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May 10, 2010 
 
 
 
 
California Energy Commission 
Attn: Docket No 08AFC5 
1516 Ninth Street 
Sacramento, CA  95814 
 

Re: Docket No. 08-AFC-5, Imperial Valley Solar Project (formerly, SES 
Solar Two) 

 
Dear Docket Clerk: 
 
 Enclosed is an original of the Opening Testimony on Behalf of the California 
Unions for Reliable Energy for the Imperial Valley Solar Project, an original of our 
Sequential and Topic Exhibit lists, a CD containing the exhibits sequentially, and a 
copy of this letter.  Please process the above and return a conformed copy of this 
letter in the envelope provided. 
 
 Thank you. 
 
      Sincerely, 

 
       /s/ 
 
      Loulena A. Miles 
 
LAM:bh 
Enclosures 
 

DATE MAY 12 2010

RECD. MAY 12 2010

DOCKET
08-AFC-5
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STATE OF CALIFORNIA 
California Energy Commission 

 
 

In the Matter of: 
 
The Application for Certification  
for the IMPERIAL VALLEY SOLAR 
PROJECT 
 

  
 
Docket No. 08-AFC-5 

 
CALIFORNIA UNIONS FOR RELIABLE ENERGY 

SEQUENTIAL EXHIBIT LIST
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EXHIBIT 
NO. 

DATE TITLE SUBJECT SPONSOR 

400 5/10/10 Opening Testimony of Dr. Vernon C. Bleich on Behalf of the California Unions for 
Reliable Energy on Biological Resources for the Imperial Valley Solar Project 

Biology Vernon C. Bleich 

401 5/10/10 Bleich Declaration Biology Vernon C. Bleich 
402  Bleich C.V. Biology Vernon C. Bleich 
403 1993 DeForge, J. R., S. D. Ostermann, D. E. Toweill, P. E. Cyrog, and E. M. Barrett.  1993.  

Helicopter survey of peninsular bighorn sheep in northern Baja California.  Desert 
Bighorn Council Transactions 37:24-28 

Biology Vernon C. Bleich 

404 2000 U.S. Fish and Wildlife Service.  2000.  Recovery plan for bighorn sheep in the 
peninsular ranges, California 

Biology Vernon C. Bleich 

405 6/17/09 Memo from Guy Wagner to Toni Parr dated 17 June 2009, with a subject line of Solar 
Two Map PBHS Map.ppt 

Biology Vernon C. Bleich 

406 1990 Bleich, V. C., J. D. Wehausen, and S. A. Holl.  1990.  Desert-dwelling mountain sheep: 
conservation implications of a naturally fragmented distribution.  Conservation Biology 
4:383-390. 

Biology Vernon C. Bleich 

407 2007 Epps, C. W., J. D. Wehausen, V. C. Bleich, S. G. Torres, and J. S. Brashares.  2007.  
Optimizing dispersal and corridor models using landscape genetics.  Journal of Applied 
Ecology 44:714-724. 

Biology Vernon C. Bleich 

408 1986 Schwartz, O. A., V. C. Bleich, and S. A. Holl.  1986.  Genetics and the conservation of 
mountain sheep Ovis canadensis nelsoni.  Biological Conservation 37:179-190. 
 

Biology Vernon C. Bleich 

409 1996 Bleich, V. C., J. D. Wehausen, R. R. Ramey II, and J. L. Rechel.  1996.  Metapopulation 
theory and mountain sheep: implications for conservation.  Pages 353-373 in D. R. 
McCullough (editor).  Metapopulations and wildlife conservation.  Island Press, Covelo, 
California. 
 

Biology Vernon C. Bleich 

410 2005 Bleich, V. C.  2005.  Politics, promises, and illogical legislation confound wildlife 
conservation.  Wildlife Society Bulletin 33:66-73. 
 

Biology Vernon C. Bleich 

411 2010 Flesch, A. D., C. W. Epps, J. W. Cain III, M. Clark, P. R. Krausman, and J. R. Morgart.  Biology Vernon C. Bleich 
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2010.  Potential effects of the United States-Mexico border fence on wildlife.  
Conservation Biology 24:171-181. 
 

412 1999 Andrew, N. G., V. C. Bleich, and P. V. August.  1999.  Habitat selection by mountain 
sheep in the Sonoran Desert: implications for conservation in the United States and 
Mexico.  California Wildlife Conservation Bulletin 12:1-30. 
 

Biology Vernon C. Bleich 

413 2004 Pierce, B. M., R. T. Bowyer, and V. C. Bleich.  2004.  Habitat selection by mule deer: 
forage benefits or risk of predation?  Journal of Wildlife Management 68:533-541. 

Biology Vernon C. Bleich 

414 1997 Bleich, V. C., R. T. Bowyer, and J. D. Wehausen.  1997.  Sexual segregation in 
mountain sheep: resources or predation?  Wildlife Monographs 134:1-50. 
 

Biology Vernon C. Bleich 

415 1994 Andrew, N. G.  1994.  Demography and habitat use of desert-dwelling mountain sheep 
in the East Chocolate Mountains, Imperial County, California.  MS Thesis, University of 
Rhode Island, Kingston, Rhode Island, USA. 
 

Biology Vernon C. Bleich 

416 2005 Marshal, J. P., P. R. Krausman, and V. C. Bleich.  2005.  Dynamics of mule deer forage 
in the Sonoran Desert.  Journal of Arid Environments 60:593-609. 

Biology Vernon C. Bleich 

417  SES Solar Two LLC, Response to CURE Data Requests, Set One, 08-AFC-5. Biology Vernon C. Bleich 
418 2000 Rubin, E. S., W. M. Boyce, and V. C. Bleich.  2000.  Reproductive strategies of desert 

bighorn sheep.  Journal of Mammalogy 81:769-786. 
 

Biology Vernon C. Bleich 

419 2005 Marshal, J. P., P. R. Krausman, and V. C. Bleich.  2005.  Rainfall, temperature, and 
forage dynamics affect nutritional quality of desert mule deer forage.  Rangeland 
Ecology and Management 58:360-365. 

Biology Vernon C. Bleich 

420 1992 Bleich, V. C., R. T. Bowyer, D. J. Clark, and T. O. Clark.  1992.  Quality of forages eaten 
by mountain sheep in the eastern Mojave Desert, California.  Desert Bighorn Council 
Transactions 36:41-47. 
 

Biology Vernon C. Bleich 

421 2003 Oehler, M. W., Sr., R. T. Bowyer, and V. C. Bleich.  2003.  Home ranges of mountain 
sheep: effects of precipitation in a desert ecosystem.  Mammalia 67:385-402. 
 

Biology Vernon C. Bleich 

422 2005 Oehler, M. W., V. C. Bleich, R. T. Bowyer, and M. C. Nicholson.  2005.  Mountain sheep Biology Vernon C. Bleich 
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and mining: implications for conservation and management.  California Fish and Game 
91:149-178. 
 

423 2005 Wehausen, J. D.  2005.  Nutrient predictability, birthing seasons, and lamb recruitment 
for desert bighorn sheep.  Pages 37-50 in J. Goerrissen and J. M. Andre, editors.  
Sweeney Granite Mountains Desert Research Center 1978-2003.  A Quarter Century of 
Research and Teaching.  University of California Natural Reserve System, Riverside, 
California, USA. 
 

Biology Vernon C. Bleich 

424  SES Solar Two, Appendix Y.  Biological Resources Technical Report, Attachment B. 
Plant species observed on the Solar Two project site.  Pages B-1 – B-4. 
 

Biology Vernon C. Bleich 

425 1968 Weaver, R. A., J. L. Mensch, and W. V. Fait.  1968.  A survey of the California desert 
bighorn (Ovis canadensis) in San Diego County.  California Department of Fish and 
Game, Federal Aid in Wildlife Restoration Project W-51-R-14.  Final Report.   

Biology Vernon C. Bleich 

426 1978 Hicks, L. L.  1978.  The status and distribution of peninsular bighorn sheep in the In-Ko-
Pah Mountains, California.  USDI Bureau of Land Management, Riverside District, El 
Centro, California, USA. 
 

Biology Vernon C. Bleich 

427 1989 Dodd, N.  1989.  Dietary considerations.  Pages 109-134 in R. M. Lee (editor).  The 
desert bighorn sheep in Arizona.  Arizona Game and Fish Department, Phoenix, 
Arizona, USA. 
 

Biology Vernon C. Bleich 

428 1986 Scott, J. E.  1986.  Food habits and nutrition of desert bighorn sheep (Ovis canadensis 
cremnobates) in the Santa Rosa Mountains, California.  MS Thesis, California State 
Polytechnic University, Pomona, California, USA. 

Biology Vernon C. Bleich 

429 5/10/10 Opening Testimony of Scott Cashen on Behalf of the California Unions for Reliable 
Energy on Biological Resources for the Imperial Valley Solar Project 

- Figure 1 – Map #1 of MA blockage 
- Figure 2 – Map #2 of MA blockage 
- Figure 3 – GOEA nesting habitat 
- Figure 4 – CDFTL map 
- Figure 5 – Pictures of sensitive communities 

Biology Scott Cashen 
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- Figure 6 – SS plants near Seeley 
- Figure 7 – Yuha and W. Mesa MAS 

430 5/10/10 Cashen Declaration Biology Scott Cashen 
431  Cashen C.V. Biology Scott Cashen 
432  Calico Solar Project SA/DEIS Biology Scott Cashen 
433  Calico Solar Project.  Applicant’s response to CURE data request 162 Biology Scott Cashen 
434  Energy Commission Staff’s Rebuttal Testimony, Ivanpah Solar Electric Generating 

System 
Biology Scott Cashen 

435  Final Staff Assessment, Ivanpah Solar Electric Generating System Biology Scott Cashen 
436 3/12/10 Applicant’s Comments on the SA/DEIS.  Imperial Valley Solar (formerly solar Two) (08-

AFC-5) 
Biology Scott Cashen 

437 2010 California Native Plant Society (CNPS).  2010.  Inventory of Rare and Endangered 
Plants (online edition, v7-10a).  California Native Plant Society.  Sacramento, CA 

Biology Scott Cashen 

438 4/29/10 California Natural Diversity Database Info [internet]. Sacramento: California Department 
of Fish and Game; [cited 2010 Apr 29].  

Biology Scott Cashen 

439 2009 Bureau of Land Management. 2009. Survey Protocols Required for NEPA/ESA 
Compliance for BLM Special Status Plant Species 

Biology Scott Cashen 

440 2003 Flat-tailed Horned Lizard Interagency Coordinating Committee. 2003. Flat-tailed horned 
lizard rangewide management strategy, 2003 revision. 80 pp. plus appendices 

Biology Scott Cashen 

441 1991 Dodd CK Jr., RA Seigel. 1991. Relocation, repatriation, and translocation of amphibians 
and reptiles: Are they conservation strategies that work? Herpetologica 47(3): 336-350 

Biology Scott Cashen 

442 3/2009 Flat-tailed Horned Lizard Interagency Coordinating Committee. 2009 Mar. Annual 
Progress Report: Implementation of the Flat-tailed Horned Lizard Rangewide 
Management Strategy, January 1, 2008 – December 31, 2008. 
 

Biology Cashen 

443 4/21/09 Ecosphere Environmental Services. 2009 Apr 21. SES Solar Two AFC Supplemental 
Cumulative Analysis 

Biology Scott Cashen 

444 2005 Young KV and AT Young. 2005. Indirect effects of development on the flat-tailed 
horned lizard. Final Report submitted to Arizona Game and Fish Department, Yuma. 11 
pp. 
 

Biology Scott Cashen 

445 2007 Painter ML, MF Ingraldi. 2007. Use of Simulated Highway Underpass Crossing 
Structures by Flat-Tailed Horned Lizards (Phrynosoma mcallii), Final Report 594. 

Biology Scott Cashen 
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Arizona Department of Transportation, Phoenix, Arizona 
446 11/29/93 58 Fed. Reg. 62624 (November 29, 1993), Proposed Rule to List Flat-tailed Horned 

Lizard as Threatened. 
Biology Scott Cashen 

447 2000 Okin GS, B Murray, WH Schlesinger. 2000. Degradation of sandy arid shrubland 
environments: observations, process modelling, and management implications. Journal 
of Arid Environments Vol. 47, No. 2 

Biology Scott Cashen 

448 2006 Bates C. 2006. Burrowing Owl (Athene cunicularia). In The Draft Desert Bird 
Conservation Plan: a strategy for reversing the decline of desert-associated birds in 
California. California Partners in Flight.  

Biology Scott Cashen 

449 2004 DeSante DF, ED Ruhlen, DK Rosenberg. 2004. Density and abundance of burrowing 
owls in the agricultural matrix of the Imperial Valley, California. Studies in Avian Biology 
No. 27: 116-119 

Biology Scott Cashen 

450 2004 Rosenburg, DK and KL Haley. 2004. The ecology of burrowing owls in the 
agroecosystem of the Imperial Valley, California.  Studies in Avian Biology No. 27: 120-
135 

Biology Scott Cashen 

451 1993 The California Burrowing Owl Consortium. 1993. Burrowing Owl Survey Protocol and 
Mitigation Guidelines 

Biology Scott Cashen 

452 1995 California Department of Fish and Game. 1995. Staff Report on Burrowing Owl 
Mitigation 

Biology Scott Cashen 

453  AFC, Biological Resources, Figure 6 Biology Scott Cashen 
454 2009 US Fish and Wildlife Service, Division of Migratory Bird Management. 2009. Final 

Environmental Assessment, Proposal to Permit Take. Provided Under the Bald and 
Golden Eagle Protection Act. Washington: Dept. of Interior 

Biology Scott Cashen 

455  AFC, p. 5.6-9 Biology Scott Cashen 
456 1993 Martin TE, GR Geupel. 1993. Nest-Monitoring Plots: Methods for Locating Nests and 

Monitoring Success. J. Field Ornithol. 64(4):507-519 
Biology Scott Cashen 

457 2009 North American Bird Conservation Initiative, U.S. Committee, 2009. The State of the 
Birds, United States of America, 2009. U.S. Department of Interior: Washington, DC. 

Biology Scott Cashen 

458 1986 DeSante DF, GR Geupel. 1987. Landbird productivity in central coastal California: the 
relationship to annual rainfall and a reproductive failure in 1986. Condor. 89:636-653 

Biology Scott Cashen 

459 1996 Martin TE, C Paine, CJ Conway, WM Hochacka. 1996. BBIRD field protocol. Montana 
Cooperative Wildlife Research Unit, Missoula (MT) 

Biology Scott Cashen 

460  AFC p. 5.6-4 Biology Scott Cashen 
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461 12/28/09 California Department of Fish and Game. 2009 Dec 28. List of California Vegetation 
Alliances. Sacramento: Biogeographic Data Branch 

Biology Scott Cashen 

462 2003 BRG Consulting, Inc. 2003. Final Mitigated Negative Declaration and Environmental 
Assessment: Proposed Seeley Water / Wastewater Master Plans 

Biology Scott Cashen 

463 2010 US Fish and Wildlife Service. 2010. Species Profile: Yuma clapper rail [internet]. 
Environmental Online Conservation System.  

Biology Scott Cashen 

464 2009 Dudek. 2009. Draft Mitigated Negative Declaration for the Seeley Wastewater  
Reclamation Facility Improvements, Imperial County, California 

Biology Scott Cashen 

465 1975 Gould GI Jr. 1975. Yuma Clapper Rail Study – Census and Habitat Distribution. Wildlife 
Management Branch Administrative Report No. 75-2. Supported by Federal Aid in 
Wildlife Restoration Project W-54-R-7, Nongame Wildlife Investigations 

Biology Scott Cashen 

466 2006 US Fish and Wildlife Service. 2006. Yuma Clapper Rail 5-Year Review.  Biology Scott Cashen 
467 2006 California Department of Water Resources and California Department of Fish and 

Game. 2006. Salton Sea Ecosystem Restoration Program Draft Programmatic 
Environmental Impact Report. 

Biology Scott Cashen 

468 9/23/09 URS Corporation. 2009 Sep 23. Letter from Matt Moore, Project Engineer, to David 
Dale, Seeley County Water District 

Biology Scott Cashen 

469 1/7/10 Imperial Irrigation District. 2010 Jan 7. Comment letter on the Seeley County Water 
District’s Wastewater Reclamation Facility Improvements Project 

Biology Scott Cashen 

470 6/09 URS. 2009 Jun. Supplement to SES Solar Two Application for Certification. p. 2.6-1 Biology Scott Cashen 
471 2002 Evans Ogden LJ. 2002. Summary Report on the Bird Friendly Building Program: Effect 

of Light Reduction on Collision of Migratory Birds. Special Report for the Fatal Light 
Awareness Program (FLAP). Available at: http://www.flap.org/ 

Biology Scott Cashen 

472 1994 National Park Service. 1994. Report to Congress: Report on effects of aircraft 
overflights on the National Park System 

Biology Scott Cashen 

473  A. Letter from Sierra Club San Diego Chapter to David Dale, Seeley County Water 
District, February 2, 2010. 
 
B. Salton Sea Authority Website Information, Environmental Issues Around the Sea, 
accessed online at http://www.saltonsea.ca.gov/environ.htm on 2/2/2010. 
 
C. Letter from U.S. Fish and Wildlife Service to Seeley County Water District, February 
2, 2010, re: Draft Mitigated Negative Declaration for the Seeley Wastewater Treatment 

Biology Scott Cashen 



2218-096a 8 

Plant Improvements, Imperial County, California. 
 
D. California Environmental Protection Agency, Regional Water Quality Control Board, 
Staff Report: Water Quality Issues in the Salton Sea Transboundary Watershed, 
February 2003. 

 
E. State Water Resources Control Board – Colorado River Basin Region, website, 
www.waterboards.ca.gov/coloradoriver/water_issues/programs/salton_sea/index.shtml, 
accessed on 2/2/2010. 

 
F. Letter from Imperial County Public Works Department, January 25, 2010 re: Notice 
of Intent to adopt a Mitigated Negative Declaration for Seeley County Water District. 

 
G. Letter from Department of Toxic Substances Control to Seeley County Water 
District, January 25, 2010 re: Notice of Intent to adopt a Proposed Mitigated Negative 
Declaration for Seeley County Water District Wastewater Reclamation Facility. 

 
474 6/2/01 CNPS Botanical Survey Guidelines, December 9, 1983, Revised June 2, 2001 Biology Scott Cashen 
475 11/24/09 Protocols for Surveying and Evaluating Impacts to Special Status Native Plant 

Populations and Natural Communities, State of California, Natural Resources Agency, 
Department of Fish and Game, November 24, 2009 

Biology Scott Cashen 

476  Yuma Clapper Rail, Species Profile, US Fish and Wildlife Service Biology Scott Cashen 
477 2000 Klem, Preventing Bird-Window Collisions (2000) Wilson Ornithological Society Biology Scott Cashen 
478 5/10/10 Opening Testimony of Dr. Chris Bowles and Chris Campbell on Behalf of California 

Unions for Reliable Energy on Soil and Water Resources for the Imperial Valley Solar 
Project 

- Figure 1 – 100-year discharge comparison 
- Figure 2 – 6-hour temporal rainfall distributions 

Soil 
Water 

Chris Bowles 
Chris Campbell 
(“Bowles/Campbell”) 

479 5/7/10 Bowles Declaration Soil 
Water 

Chris Bowles 

480 5/17/10 Campbell Declaration Soil 
Water 

Chris Campbell 

481  Christopher Bowles, Ph.D., C.V. Soil Chris Bowles 



2218-096a 9 

Water 
482  Christopher Campbell, M.S., C.V. Soil 

Water 
Chris Campbell 

483 10/2006 California Department of Water Resources, California Department of Fish and Game 
(October 2006), Salton Sea Ecosystem Restoration Program, Draft Programmatic 
Environmental Impact Report, Volume I: PEIR, Hydrology chapter 

Soil 
Water 

Bowles/Campbell 

484 2005 Y.A. Wood, R.C. Graham, S.G. Wells.  2005. Surface control of desert pavement 
pedologic process and landscape function, Cima Volcanic field, Mojave Desert, 
California 
 

Soil 
Water 

Bowles/Campbell 

485 2008 Julianne J. Miller, Todd G. Caldwell, Michael H. Young, and Graham K. Dalldorf (2008) 
Verifying Curve Numbers in Arid Environments by Combining Detailed Geomorphic 
Mapping and Pedotransfer Functions 

Soil 
Water 

Bowles/Campbell 

486 2009 Young & Chen. (2009) “Soil Heterogeneity and Moisture Distribution Due to Rainfall 
Events in Vegetated Desert Areas: Potential Impact on Soil Recharge and Ecosystems 
Annual Report 2009” 

Soil 
Water 

Bowles/Campbell 

487 2007 Jon D. Pelletier, Michael Cline, Stephen B. DeLong  (2007)  Desert pavement 
dynamics: numerical modeling and field-based calibration 

Soil 
Water 

Bowles/Campbell 

488  An Introduction to Biological Soil Crusts, accessed 5/10/10 at www.soilcrust.org Soil 
Water 

Bowles/Campbell 

489 2005 James R. Angel, Michael A. Palecki, Steven E. Hollinger. (2005) Storm Precipitation in 
the United States.  Part II: Soil Erosion Characteristics 

Soil 
Water 

Bowles/Campbell 

490 2004 F. Gonzalez-Bonrino, W.R. Osterkamp (2004) Applying RUSLE 2.0 on burned-forest 
lands: An appraisal 

Soil 
Water 

Bowles/Campbell 

491 2009 Li Chen, Jun Yin, Julianne Miller, Michael Young (2009) The Role of the Clast Layer of 
Desert pavement in Rainfall-Runoff Processes 

Soil 
Water 

Bowles/Campbell 

492 2006 Peter R. Griffiths, Richard Hereford, Robert H. Webb (2006) Sediment yield and runoff 
frequency of small drainage basins in the Mojave Desert, U.S.A. 

Soil 
Water 

Bowles/Campbell 

493 3/26/10 Draft Programmatic Agreement – Imperial Valley Solar Project Cultural Janet M. Laurain 
494 5/7/09 CURE Comments on the Draft Programmatic Agreement Cultural Janet M. Laurain 
495  National Register Bulletin, Guidelines for Evaluating and Documenting Historic Aids to 

Navigation to the National Register of Historic Places 
Cultural Janet M. Laurain 

496  Letter from the National Park Service to the Energy Commission and BLM commenting Cultural Janet M. Laurain 



2218-096a 10 

on The Staff Assessment/Draft Environmental Impact Statement 
497 5/4/10 Letter from Quechan Indian Tribe, Ft. Yuma Indian Reservation, to Carrie Simmons, 

Bureau of Land Management commenting on the Draft Programmatic Agreement 
Cultural Janet M. Laurain 
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BIOLOGY 
EXHIBIT 
NO. 

DATE TITLE SUBJECT SPONSOR 

400 5/10/10 Opening Testimony of Dr. Vernon C. Bleich on Behalf of the California Unions for 
Reliable Energy on Biological Resources for the Imperial Valley Solar Project 

Biology Vernon C. Bleich 

401 5/10/10 Bleich Declaration Biology Vernon C. Bleich 
402  Bleich C.V. Biology Vernon C. Bleich 
403 1993 DeForge, J. R., S. D. Ostermann, D. E. Toweill, P. E. Cyrog, and E. M. Barrett.  1993.  

Helicopter survey of peninsular bighorn sheep in northern Baja California.  Desert 
Bighorn Council Transactions 37:24-28 

Biology Vernon C. Bleich 

404 2000 U.S. Fish and Wildlife Service.  2000.  Recovery plan for bighorn sheep in the 
peninsular ranges, California 

Biology Vernon C. Bleich 

405 6/17/09 Memo from Guy Wagner to Toni Parr dated 17 June 2009, with a subject line of Solar 
Two Map PBHS Map.ppt 

Biology Vernon C. Bleich 

406 1990 Bleich, V. C., J. D. Wehausen, and S. A. Holl.  1990.  Desert-dwelling mountain sheep: 
conservation implications of a naturally fragmented distribution.  Conservation Biology 
4:383-390. 

Biology Vernon C. Bleich 

407 2007 Epps, C. W., J. D. Wehausen, V. C. Bleich, S. G. Torres, and J. S. Brashares.  2007.  
Optimizing dispersal and corridor models using landscape genetics.  Journal of Applied 
Ecology 44:714-724. 

Biology Vernon C. Bleich 

408 1986 Schwartz, O. A., V. C. Bleich, and S. A. Holl.  1986.  Genetics and the conservation of 
mountain sheep Ovis canadensis nelsoni.  Biological Conservation 37:179-190. 
 

Biology Vernon C. Bleich 

409 1996 Bleich, V. C., J. D. Wehausen, R. R. Ramey II, and J. L. Rechel.  1996.  Metapopulation 
theory and mountain sheep: implications for conservation.  Pages 353-373 in D. R. 
McCullough (editor).  Metapopulations and wildlife conservation.  Island Press, Covelo, 
California. 
 

Biology Vernon C. Bleich 

410 2005 Bleich, V. C.  2005.  Politics, promises, and illogical legislation confound wildlife 
conservation.  Wildlife Society Bulletin 33:66-73. 
 

Biology Vernon C. Bleich 
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411 2010 Flesch, A. D., C. W. Epps, J. W. Cain III, M. Clark, P. R. Krausman, and J. R. Morgart.  
2010.  Potential effects of the United States-Mexico border fence on wildlife.  
Conservation Biology 24:171-181. 
 

Biology Vernon C. Bleich 

412 1999 Andrew, N. G., V. C. Bleich, and P. V. August.  1999.  Habitat selection by mountain 
sheep in the Sonoran Desert: implications for conservation in the United States and 
Mexico.  California Wildlife Conservation Bulletin 12:1-30. 
 

Biology Vernon C. Bleich 

413 2004 Pierce, B. M., R. T. Bowyer, and V. C. Bleich.  2004.  Habitat selection by mule deer: 
forage benefits or risk of predation?  Journal of Wildlife Management 68:533-541. 

Biology Vernon C. Bleich 

414 1997 Bleich, V. C., R. T. Bowyer, and J. D. Wehausen.  1997.  Sexual segregation in 
mountain sheep: resources or predation?  Wildlife Monographs 134:1-50. 
 

Biology Vernon C. Bleich 

415 1994 Andrew, N. G.  1994.  Demography and habitat use of desert-dwelling mountain sheep 
in the East Chocolate Mountains, Imperial County, California.  MS Thesis, University of 
Rhode Island, Kingston, Rhode Island, USA. 
 

Biology Vernon C. Bleich 

416 2005 Marshal, J. P., P. R. Krausman, and V. C. Bleich.  2005.  Dynamics of mule deer forage 
in the Sonoran Desert.  Journal of Arid Environments 60:593-609. 

Biology Vernon C. Bleich 

417  SES Solar Two LLC, Response to CURE Data Requests, Set One, 08-AFC-5. Biology Vernon C. Bleich 
418 2000 Rubin, E. S., W. M. Boyce, and V. C. Bleich.  2000.  Reproductive strategies of desert 

bighorn sheep.  Journal of Mammalogy 81:769-786. 
 

Biology Vernon C. Bleich 

419 2005 Marshal, J. P., P. R. Krausman, and V. C. Bleich.  2005.  Rainfall, temperature, and 
forage dynamics affect nutritional quality of desert mule deer forage.  Rangeland 
Ecology and Management 58:360-365. 

Biology Vernon C. Bleich 

420 1992 Bleich, V. C., R. T. Bowyer, D. J. Clark, and T. O. Clark.  1992.  Quality of forages eaten 
by mountain sheep in the eastern Mojave Desert, California.  Desert Bighorn Council 
Transactions 36:41-47. 
 

Biology Vernon C. Bleich 

421 2003 Oehler, M. W., Sr., R. T. Bowyer, and V. C. Bleich.  2003.  Home ranges of mountain 
sheep: effects of precipitation in a desert ecosystem.  Mammalia 67:385-402. 
 

Biology Vernon C. Bleich 
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422 2005 Oehler, M. W., V. C. Bleich, R. T. Bowyer, and M. C. Nicholson.  2005.  Mountain sheep 
and mining: implications for conservation and management.  California Fish and Game 
91:149-178. 
 

Biology Vernon C. Bleich 

423 2005 Wehausen, J. D.  2005.  Nutrient predictability, birthing seasons, and lamb recruitment 
for desert bighorn sheep.  Pages 37-50 in J. Goerrissen and J. M. Andre, editors.  
Sweeney Granite Mountains Desert Research Center 1978-2003.  A Quarter Century of 
Research and Teaching.  University of California Natural Reserve System, Riverside, 
California, USA. 
 

Biology Vernon C. Bleich 

424  SES Solar Two, Appendix Y.  Biological Resources Technical Report, Attachment B. 
Plant species observed on the Solar Two project site.  Pages B-1 – B-4. 
 

Biology Vernon C. Bleich 
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Introduction 
 
 I have reviewed the sections of the Staff Assessment (SA) that address 
the presence of peninsular bighorn sheep (PBHS) on the property proposed 
for the development of the project known as Imperial Valley Solar (formerly 
Solar Two) in western Imperial County.  It is my opinion that the SA fails to 
adequately analyze the potential reasons(s) that PBHS were using that 
property and, as a result, the SA fails to adequately identify the significant 
impacts of the project on the local population of PBHS occupying the 
southeastern portion of the peninsular ranges. 
 
 My critique of the SA’s analysis of impacts to PBHS centers largely on 
its failure to address three specific impacts: (I) impacts to sheep movement 
corridors among areas occupied (or habitat that may be suitable, but 
otherwise unoccupied) by PBHS; (II) impacts to PBHS through the loss of 
valuable forage in low-lying areas; and (III) the significance of the permanent 
loss of 6,063 acres of habitat used at least occasionally by PBHS.  Further, a 
fourth area of concern is the lack of an adequate analysis of cumulative 
impacts and their overall potential to influence the recovery or persistence of 
PBHS.  Cumulative impacts must be assessed before mitigation adequate to 
offset those impacts can be proposed. 
 
I. SA Fails to Identify or Mitigate Impacts to Movement Corridors 
 

Without any support, the SA concludes that the site “… does not 
provide any corridor to other habitat that would support Peninsular bighorn 
sheep.”1  As a result, the SA does not analyze the likely potential that PBHS 
observed on the project site were moving from permanently occupied areas to 
other permanently or seasonally occupied areas.  Instead, the SA dismisses 
the presence of PBHS on the project site as “…a transient occurrence.”2 

 
In actuality, PBHS occupy a number of areas surrounding the project 

site including (a) the area known as the Coyote Mountains immediately west 
of the project site and north of Interstate Highway 8, which supports a 
population of between 45 and 60 individuals;3 (b) the Fish Creek Mountains 
immediately north of the project site that are occupied by PBHS on at least a 
seasonal basis;4,5 (c) the Sierra Juarez6 located immediately south of the 

                                                 
1 Staff Assessment, SES Solar Two Project, Page ES-21. 
2 Staff Assessment, SES Solar Two Project, Page ES-21. 
3 R. Botta, California Department of Fish and Game, personal communication on 24 March 
2010. 
4 R. Botta, California Department of Fish and Game, personal communication on 24 March 
2010. 
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Jacumba Mountains near the project site; (d) the Sierra Cucapa,7 located 
immediately southeast of the project site; and (e) a portion of the Jacumba 
Mountains immediately south of Interstate 8.8  PBHS are also known to use 
the Interstate Highway 8 “island” between the northbound (westbound) and 
southbound (eastbound) lanes of that heavily traveled route.9  These 
mountainous areas have been designated as the Carrizo Mountains/Tierra 
Blanca Mountains/Coyote Mountains Recovery Area10 (henceforth referred to 
as the CTCRA) in the Recovery Plan for PBHS in the Peninsular Ranges.11  
The project site may be part of an important movement corridor in this 
Recovery Area. 

 
The project will be completely surrounded by a perimeter fence, 

effectively eliminating the potential for PBHS movement through the project 
site.  This will translate to nearly 7 miles of fence immediately adjacent to 
Interstate Highway 8 along just one side of the project.12  The SA fails to 
acknowledge that the fence will eliminate present and future movement of 
PBHS through the project site and between areas of known habitat.  The 
project’s elimination of this movement corridor may impact the recovery of 
PBHS in the CTCRA.  Therefore, it is my opinion that development of the 
project may result in direct impacts to PBHS and habitat linkage(s) in this 
recovery area. 

 
The SA’s conclusions that “[t]he site is several miles from designated 

critical habitat and does not provide any corridor to other habitat that would 
support Peninsular bighorn sheep” is not supported by the literature on this 
topic.13  It is well known that bighorn sheep moving between occupied areas, 
or even from occupied areas into unoccupied areas, are capable of moving 
long distances, and that such movements may occur more frequently than 

                                                                                                                                                 
5 M. Jorgensen, California Department of Parks and Recreation (retired), personal 
communication on 23 March 2010. 
6 DeForge, J. R., S. D. Ostermann, D. E. Toweill, P. E. Cyrog, and E. M. Barrett.  1993.  
Helicopter survey of peninsular bighorn sheep in northern Baja California.  Desert Bighorn 
Council Transactions 37:24-28. 
7 DeForge, J. R., S. D. Ostermann, D. E. Toweill, P. E. Cyrog, and E. M. Barrett.  1993.  
Helicopter survey of peninsular bighorn sheep in northern Baja California.  Desert Bighorn 
Council Transactions 37:24-28. 
8 R. Botta, California Department of Fish and Game, personal communication on 24 March 
2010. 
9 R. Botta, California Department of Fish and Game, personal communication on 24 March 
2010. 
10 U.S. Fish and Wildlife Service.  2000.  Recovery plan for bighorn sheep in the peninsular 
ranges, California. 
11 Note that the Sierra Juarez and the Sierra Cucapa are not a part of the CTCRA. 
12 Memo from Guy Wagner to Toni Parr dated 17 June 2009, with a subject line of Solar Two 
Map PBHS Map.ppt. 
13 Staff Assessment, SES Solar Two Project, Page ES-21. 
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previously recognized.14,15 Moreover, the statement that, “[m]ovement by 
bighorn sheep of this distance [6 miles] from known habitat to the west of the 
project site has not been previously documented”16 implies that such 
movements are not likely to occur.  In fact, movements by bighorn sheep of 
distances far greater than 6 miles from stereotypical bighorn sheep habitat 
are being increasingly recognized,17,18 and the value of intermountain areas 
like the project site to metapopulation function and, in turn, population 
persistence, has been repeatedly emphasized in the literature.19,20,21,22  
Further, the PBHS photographed on the project site were female, and female 
bighorn sheep are inherently conservative in their behavior and are slow to 
colonize vacant areas,23 so the presence of female PBHS on the project site 
suggests those sheep were moving from one area to another within the 
CTCRA. 

 
The statement that, “…sheep entering the area are far from escape 

habitat and would be in a highly stressed state which could put them at great 
risk as the site is already surrounded by busy highways and the railroad”24 is 
not consistent with known sheep behavior.  Bighorn sheep occupy areas 
adjacent to busy highways elsewhere, as well as other areas that receive high 

                                                 
14 Bleich, V. C., J. D. Wehausen, and S. A. Holl.  1990.  Desert-dwelling mountain sheep: 
conservation implications of a naturally fragmented distribution.  Conservation Biology 
4:383-390. 
15 Epps, C. W., J. D. Wehausen, V. C. Bleich, S. G. Torres, and J. S. Brashares.  2007.  
Optimizing dispersal and corridor models using landscape genetics.  Journal of Applied 
Ecology 44:714-724. 
16 Staff Assessment, SES Solar Two Project, Page C.2-24. (Emphasis added). 
17 Bleich, V. C., J. D. Wehausen, and S. A. Holl.  1990.  Desert-dwelling mountain sheep: 
conservation implications of a naturally fragmented distribution.  Conservation Biology 
4:383-390. 
18 Epps, C. W., J. D. Wehausen, V. C. Bleich, S. G. Torres, and J. S. Brashares.  2007.  
Optimizing dispersal and corridor models using landscape genetics.  Journal of Applied 
Ecology 44:714-724. 
19 Schwartz, O. A., V. C. Bleich, and S. A. Holl.  1986.  Genetics and the conservation of 
mountain sheep Ovis canadensis nelsoni.  Biological Conservation 37:179-190. 
20 Bleich, V. C., J. D. Wehausen, and S. A. Holl.  1990.  Desert-dwelling mountain sheep: 
conservation implications of a naturally fragmented distribution.  Conservation Biology 
4:383-390. 
21 Bleich, V. C., J. D. Wehausen, R. R. Ramey II, and J. L. Rechel.  1996.  Metapopulation 
theory and mountain sheep: implications for conservation.  Pages 353-373 in D. R. 
McCullough (editor).  Metapopulations and wildlife conservation.  Island Press, Covelo, 
California. 
22 Bleich, V. C.  2005.  Politics, promises, and illogical legislation confound wildlife 
conservation.  Wildlife Society Bulletin 33:66-73. 
23 Bleich, V. C., J. D. Wehausen, R. R. Ramey II, and J. L. Rechel.  1996.  Metapopulation 
theory and mountain sheep: implications for conservation.  Pages 353-373 in D. R. 
McCullough (editor).  Metapopulations and wildlife conservation.  Island Press, Covelo, 
California. 
24 Staff Assessment, SES Solar Two Project, Page C.2-40. 
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human use such as state parks, golf courses, areas on and adjacent to mines, 
and urbanized areas.  PBHS are also known to cross Interstate Highway 8 
and other heavily traveled routes.  Telemetry data indicate that Interstate 
Highway 8 does not preclude movement of bighorn sheep25 and the 
observation of bighorn sheep “[a]pproximately six miles east of the closest 
Peninsular bighorn sheep critical habitat”26 is consistent with an expanding 
population of bighorn sheep in the CTCRA.27  The photographs of the PBHS 
on the site demonstrate the animals were alerted to the photographer’s 
presence and then moved away, but the SA provides no evidence to support 
the conclusion that the sheep were in a “highly stressed state which could put 
them at great risk.” 

 
Moreover, the SA’s statement that, “[b]iologists for the BLM and 

consultants for the applicant have speculated that the bighorn sheep sited 
[sic] at the project location could have been flushed by OHV activity and 
possibly became disoriented and wandered onto the project site”28 is based on 
pure speculation and is contradicted by the evidence regarding known 
bighorn sheep behavior.  When bighorn sheep are harassed, it is my 
experience (and the experience of virtually every biologist that I have worked 
with that is familiar with that species) that those ungulates retreat to steep 
and rugged areas that provide the greatest opportunity to detect and evade 
threats to their well being; thus, it is unclear why the SA would suggest that 
the animals observed on the site sought an area “less safe” than the steep, 
rocky terrain often described as “escape terrain” by bighorn sheep biologists. 

 
The recent observation of PBHS on the project site, as noted in the SA, 

is encouraging in the context of increased utilization of such areas by bighorn 
sheep.29  In fact, the “transient” use of the project site by PBHS, which was 
dismissed in the SA as insignificant, can be essential to the recovery of the 
sheep in the region.  “Transient” movements by bighorn sheep among 
populations support metapopulation function, population viability and, 
ultimately, recovery of that endangered distinct population segment (DPS).  
Such movements facilitate gene flow and opportunities for colonization of 
vacant patches of habitat.  The potentially significant impacts from 
eliminating the opportunity for bighorn sheep to use the site on a transient 
basis must be addressed in the SA. 
                                                 
25 R. Botta, California Department of Fish and Game, personal communication on 24 March 
2010. 
26 Staff Assessment, SES Solar Two Project, Page C.2-56. 
27 S. G. Torres, California Department of Fish and Game, personal communication on 22 
March 2010. 
28 Staff Assessment, SES Solar Two Project, Page C.2-24. 
29 S. G. Torres, California Department of Fish and Game, personal communication on 22 
March 2010. 
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Additionally, because the project is so close to an unfenced part of the 

United States/Mexico border, it may impact movement corridors between 
Mexico and the United States.  Connectivity among populations of large 
mammals along the international border is important to the persistence of 
bighorn sheep and other large mammals in both the United States and 
Mexico,30 and habitat connectivity on both sides of the border is important to 
the conservation or restoration of bighorn sheep.31  Resource agencies must 
promote habitat expansion and protect linkage corridors within the CTCRA 
because new habitat and movement corridors are critical to the recovery of 
the DPS. 

 
Failure of the SA to address the potential for the project site to 

function as a movement corridor, compounded by the SA’s unsupported 
conclusion that use of the site by bighorn sheep was “transitory at best”32 is 
baseless, and a cause for concern.  Minimally, the SA must acknowledge that 
the site may be important in providing opportunities for PBHS to travel 
between areas of known occupied bighorn sheep habitat.  In the absence of 
data to the contrary, the SA’s unsupported conclusion that any importance of 
the project area being used for movement between such areas is “highly 
unlikely”33 is indefensible. 

 
II.   SA Fails to Identify or Mitigate Impacts to Forage Habitat 
 
 It is my professional opinion that the PBHS could also have been on 
the project site for a physiological reason and that reason is most likely the 
presence of high quality forage.  Bighorn sheep presence in an area can 
almost always be explained by a comparison of the risk of predation relative 
to the benefits associated with nutrient acquisition.  These factors, in 
combination, have a profound influence on the ways that animals select 
habitat.34,35  Unfortunately, the SA fails to analyze the significance of the 
potential nutritional benefits incurred by PBHS on the project site.  Thus, the 
second major weakness in the SA is the failure to recognize the potential 

                                                 
30 Flesch, A. D., C. W. Epps, J. W. Cain III, M. Clark, P. R. Krausman, and J. R. Morgart.  
2010.  Potential effects of the United States-Mexico border fence on wildlife.  Conservation 
Biology 24:171-181. 
31 Andrew, N. G., V. C. Bleich, and P. V. August.  1999.  Habitat selection by mountain sheep 
in the Sonoran Desert: implications for conservation in the United States and Mexico.  
California Wildlife Conservation Bulletin 12:1-30. 
32 Staff Assessment, SES Solar Two Project, Page C.2-40. 
33 Staff Assessment, SES Solar Two Project, Page C.2-40. 
34 Pierce, B. M., R. T. Bowyer, and V. C. Bleich.  2004.  Habitat selection by mule deer: forage 
benefits or risk of predation?  Journal of Wildlife Management 68:533-541. 
35 Bleich, V. C., R. T. Bowyer, and J. D. Wehausen.  1997.  Sexual segregation in mountain 
sheep: resources or predation?  Wildlife Monographs 134:1-50. 
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importance of lower elevation habitats in terms of the nutritional benefits 
available to bighorn sheep in such areas.  For example, SA states that the 
project site “… provides marginal foraging habitat”36 but then fails to provide 
any basis whatsoever for its conclusion that the project site provides only 
marginal foraging habitat.  This is inexplicable because the project site is in a 
low-lying area with a number of significant desert washes, a habitat known 
to provide rich forage for bighorn sheep, particularly during springtime. 
 
 In actuality, low lying areas, and in particular desert washes, are 
among the most productive habitats in the Sonoran Desert and support 
higher cover of vegetation and far greater plant biomass than surrounding 
upland areas.37,38  Although such areas likely are not used on a year-round 
basis, they are at times critically important to bighorn sheep in terms of 
nutrient acquisition.  Among the animals observed on the project site in late 
March 2009 was at least one that appeared to be pregnant.39  That 
observation is consistent with the peak in the birthing season among bighorn 
sheep occupying the peninsular ranges (87% of young are born during 
February, March, and April), and with one of two peaks in diet quality that 
occur among bighorn sheep in that area during March and July.40  Thus, the 
presence of female bighorn sheep on the project site during March is 
consistent with the utilization of that low-elevation habitat for the purposes 
of acquiring high-quality forage (i.e., newly emergent or actively growing 
vegetation, which is highest in moisture content, digestibility, and crude 
protein)41 during late gestation, or enhancement of body condition, which can 
have a profound effect on reproduction the following year. 
 
 Forages used by bighorn sheep elsewhere in California similarly reflect 
an increase in forage quality or diet quality during the spring growing 
season42,43,44,45 and have important implications for the reproductive biology 

                                                 
36 Staff Assessment, SES Solar Two Project, Page C.2-18. 
37 Andrew, N. G.  1994.  Demography and habitat use of desert-dwelling mountain sheep in 
the East Chocolate Mountains, Imperial County, California.  MS Thesis, University of Rhode 
Island, Kingston, Rhode Island, USA. 
38 Marshal, J. P., P. R. Krausman, and V. C. Bleich.  2005.  Dynamics of mule deer forage in 
the Sonoran Desert.  Journal of Arid Environments 60:593-609. 
39 SES Solar Two LLC, Response to CURE Data Requests, Set One, 08-AFC-5. 
40 Rubin, E. S., W. M. Boyce, and V. C. Bleich.  2000.  Reproductive strategies of desert 
bighorn sheep.  Journal of Mammalogy 81:769-786. 
41 Marshal, J. P., P. R. Krausman, and V. C. Bleich.  2005.  Rainfall, temperature, and forage 
dynamics affect nutritional quality of desert mule deer forage.  Rangeland Ecology and 
Management 58:360-365. 
42 Bleich, V. C., R. T. Bowyer, D. J. Clark, and T. O. Clark.  1992.  Quality of forages eaten by 
mountain sheep in the eastern Mojave Desert, California.  Desert Bighorn Council 
Transactions 36:41-47. 
43 Oehler, M. W., Sr., R. T. Bowyer, and V. C. Bleich.  2003.  Home ranges of mountain sheep: 
effects of precipitation in a desert ecosystem.  Mammalia 67:385-402. 
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and recruitment rates of bighorn sheep in desert environments.46  For the SA 
to denigrate the value of the project site to PBHS by referring to it as 
“marginal foraging habitat” is wholly without basis.  The SA provided no 
citation to evidence that the forage consumed by the animals on the site was 
of poor quality, low in availability, or otherwise unimportant to bighorn 
sheep.  Low-lying areas, and particularly washes, are used by bighorn sheep 
for foraging, and such use may occur only for short periods of time but can 
play critically important roles in the life history of bighorn sheep, particularly 
during years when forage production is poor.  Indeed, patterns and amounts 
of precipitation, and resultant productivity of vegetation,47,48 affect the 
distribution of bighorn sheep and, ultimately, the probability of persistence of 
populations of that species.49  Of the vegetation found on the project site,50 
many species are utilized as forage by bighorn sheep51,52,53,54 including, but 
not limited to: 
 
  
                                                                                                                                                 
44 Oehler, M. W., V. C. Bleich, R. T. Bowyer, and M. C. Nicholson.  2005.  Mountain sheep 
and mining: implications for conservation and management.  California Fish and Game 
91:149-178. 
45 Wehausen, J. D.  2005.  Nutrient predictability, birthing seasons, and lamb recruitment for 
desert bighorn sheep.  Pages 37-50 in J. Goerrissen and J. M. Andre, editors.  Sweeney 
Granite Mountains Desert Research Center 1978-2003.  A Quarter Century of Research and 
Teaching.  University of California Natural Reserve System, Riverside, California, USA. 
46 Wehausen, J. D.  2005.  Nutrient predictability, birthing seasons, and lamb recruitment for 
desert bighorn sheep.  Pages 37-50 in J. Goerrissen and J. M. Andre (editors).  Sweeney 
Granite Mountains Desert Research Center 1978-2003.  A Quarter Century of Research and 
Teaching.  University of California Natural Reserve System, Riverside, California, USA. 
47 Marshal, J. P., P. R. Krausman, and V. C. Bleich.  2005.  Rainfall, temperature, and forage 
dynamics affect nutritional quality of desert mule deer forage.  Rangeland Ecology and 
Management 58:360-365. 
48 Wehausen, J. D.  2005.  Nutrient predictability, birthing seasons, and lamb recruitment for 
desert bighorn sheep.  Pages 37-50 in J. Goerrissen and J. M. Andre (editors).  Sweeney 
Granite Mountains Desert Research Center 1978-2003.  A Quarter Century of Research and 
Teaching.  University of California Natural Reserve System, Riverside, California, USA. 
49 Oehler, M. W., Sr., R. T. Bowyer, and V. C. Bleich.  2003.  Home ranges of mountain sheep: 
effects of precipitation in a desert ecosystem.  Mammalia 67:385-402. 
50 SES Solar Two, Appendix Y.  Biological Resources Technical Report, Attachment B. Plant 
species observed on the Solar Two project site.  Pages B-1 – B-4. 
51 Weaver, R. A., J. L. Mensch, and W. V. Fait.  1968.  A survey of the California desert 
bighorn (Ovis canadensis) in San Diego County.  California Department of Fish and Game, 
Federal Aid in Wildlife Restoration Project W-51-R-14.  Final Report.   
52 Hicks, L. L.  1978.  The status and distribution of peninsular bighorn sheep in the In-Ko-
Pah Mountains, California.  USDI Bureau of Land Management, Riverside District, El 
Centro, California, USA. 
53 Dodd, N.  1989.  Dietary considerations.  Pages 109-134 in R. M. Lee (editor).  The desert 
bighorn sheep in Arizona.  Arizona Game and Fish Department, Phoenix, Arizona, USA. 
54 Scott, J. E.  1986.  Food habits and nutrition of desert bighorn sheep (Ovis canadensis 
cremnobates) in the Santa Rosa Mountains, California.  MS Thesis, California State 
Polytechnic University, Pomona, California, USA. 
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Aristida spp. (three-awn grass) 
 Bouteloua spp. (grama grass) 
 Ephedra nevadensis (Mormon tea) 
 Prosopis glandulosa (mesquite) 
 Krameria grayi (white rattany) 
 Cercidium floridum (palo verde) 
 Sphaeralcea ambigua (desert mallow) 
 Encelia farinosa (brittlebush) 
 Vigueria spp. (vigueria) 
 Opuntia acanthocarpa (buckhorn cholla) 
 Larrea tridenta (creosote bush) 
 Astragalus spp. (milkvetch) 
 Ditaxis spp. (silverbush) 
 Hymenoclea salsola (cheeseweed) 
 Bebbia juncea (sweetbush) 
 Phoradendron californicum (desert mistletoe). 
 
Indeed, bighorn sheep inhabiting the peninsular ranges are known to forage 
on more than 50 species of vegetation.55,56  Thus, the SA’s analysis of the 
project’s impacts to bighorn sheep habitat, particularly wash habitat, is 
inadequate.  Further, the SA’s analysis of the importance of this habitat to 
the survival of PBHS occupying nearby stereotypical bighorn sheep habitat is 
similarly inadequate. 
 
III. SA Fails to Identify and Mitigate Loss of 6,063 Acres of Habitat 
 
 Finally, the SA simply dismisses the loss of 6,063 acres of bighorn 
sheep habitat within the CTCRA.  All of the area that will be enclosed by the 
perimeter fence will preclude access to the project site by PBHS.57  By 
inference, an area of more than 6,000 acres that currently is available to 
bighorn sheep, and appears to support substantial areas of desert wash 
habitat,58 will suddenly become unavailable for use by those animals either 
as foraging habitat or for movement between areas of more stereotypical 
bighorn sheep habitat.  The significant impact of the loss of those 6,063 acres 
must be analyzed in the context of what is known about bighorn sheep life 
histories, nutritional needs, and population structure.  At a minimum, the SA 
                                                 
55 Hicks, L. L.  1978.  The status and distribution of peninsular bighorn sheep in the In-Ko-
Pah Mountains, California.  USDI Bureau of Land Management, Riverside District, El 
Centro, California, USA. 
56 Scott, J. E.  1986.  Food habits and nutrition of desert bighorn sheep (Ovis canadensis 
cremnobates) in the Santa Rosa Mountains, California.  MS Thesis, California State 
Polytechnic University, Pomona, California, USA. 
57 Staff Assessment, SES Solar Two Project, Page C.2-54. 
58 My interpretation of the terrain on the proposed project site as viewed using Google Earth, 
combined with previous personal observations. 
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needs to address the impact of this loss of habitat, and propose appropriate 
mitigation for that loss. 
 
IV. SA Fails to Identify and Mitigate Cumulative Impacts to PBHS 
 

It is my understanding that other alternative energy projects are 
being, or have been, proposed in the vicinity of the project site.  Due to the 
SA’s dismissal of the potential importance of the project site to PBHS, the 
cumulative impacts of such projects (e.g., Ocotillo Express) in combination 
with Imperial Valley Solar Project have not been fully assessed.  Thus, a 
discussion of the cumulative impacts of Imperial Valley, in combination with 
other developments anticipated to occur in the vicinity of the southeastern 
peninsular ranges, is necessary to more fully assess the overall impact(s) on 
PBHS.  The supplemental cumulative impact analysis for Imperial Valley 
acknowledges that much of the area north of the project site is within 
“essential habitat” for PBHS, but provides no further discussion of the 
potential for cumulative impacts.  The reason for this is unknown, but this 
apparent oversight must be addressed before the potential impacts to PBHS 
can be fully assessed and appropriate mitigation measure can be proposed. 
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At:

Declaration of Vernon C. Bleich
Imperial Valley Solar Project

Docket O8-AFC-5

I. Vernon C. Bleich, declare as follows:

I) I recently retired from the California Department of Fish and Game, where I
worked extensively and primarily with lar ge mammals in the arid ecosystems
that characterize eastern and southeastern California. As a private citizen_ I
currently offer expertise with respect to natural resource conservation issues

I hold an M.A. degree in biology, and a Ph.D. in wildlife biology. My
relevant professional qualifications and experience are set forth in the attached
curriculum vitae and the attached testimony, and are incorporated herein by
reference.

3) I prepared the testimony attached hereto and incorporated herein by reference
as it relates to the Staff Assessment/Draft Environmental Impact Statement
prepared for the project known as Imperial Valley Solar in western Imperial
County.

4) It is my professional opinion that the attached testimony is true and accurate.

5) I am personally familiar with the facts and conclusions described within the
attached testimony and if called as a witness. I could testify competently
thereto.

I declare under penalty of perjury that the foregoing is true and correct to the best of my
knowledge and belief

Dated	 May 10, 2010
	

Signed: 	





 
Curriculum Vitae     
 
VERNON C. BLEICH 
 
Eastern Sierra Center for Applied 
Population Ecology (ESCAPE) 
 
11537 36 X St. SW 
Dickinson, ND  58601 
760/937-5020 
701/225-7834 
vbleich@ndsupernet.com 
 
 
Personal Interests: 
 
Hockey (I am a former goaltender), family life, banjo, gardening, hunting, and fishing. 
 
Professional Goals: 
 
To help ensure the persistence of populations of large mammals and their habitats through the 

study of their ecology and behavior, to apply that knowledge in meaningful conservation 
efforts, and to impart that knowledge through professional activities including 
publications, teaching, and other public contacts. 

 
Education: 
 
Ph.D.  University of Alaska Fairbanks (Wildlife Biology, 1993).  Thesis: "Sexual Segregation in 

Desert-Dwelling Mountain Sheep." 
 
M.A.  California State University, Long Beach (Biology, 1973).  Thesis:  "Ecology of Rodents at 

the Seal Beach Naval Weapons Station, Fallbrook Annex, San Diego County, 
California."  

 
B.S.   California State University, Long Beach (Zoology, 1970). 
 
Professional Background: 
 
Senior Conservation Scientist, Eastern Sierra Center for Applied Population Ecology (2007 – 

present).  I provide expertise on natural resource conservation issues, particularly as they 
relate to large mammals in desert, mountain, and plains environments. 

 
Senior Environmental Scientist, California Department of Fish and Game (2001 – 2007; now 

retired).  I served as the project leader for the Sierra Nevada Bighorn Sheep Recovery 
Program, a project to conserve mountain sheep in that range and restore them to formerly 
occupied habitats.  I continued to function as the Regional Large Mammal and Desert 



specialist, with an emphasis on mountain sheep and mule deer in southeastern California.  
I also served as chair of the Sierra Nevada Bighorn Sheep Scientific Advisory Group, and 
continued to serve as a member of the Peninsular Bighorn Sheep Recovery Team. 

 
Senior Wildlife Biologist, California Department of Fish and Game (1999 - 2001).  I served as 

the Regional Large Mammal and Desert Specialist, with an emphasis on mountain sheep 
and mule deer in southeastern California.  At the request of the U.S. Fish and Wildlife 
Service I was appointed by the Department of Fish and Game to serve on the Peninsular 
Bighorn Sheep Recovery Team. 

 
Senior Wildlife Biologist, California Department of Fish and Game (1993 - 1999).  I served as 

the Regional Large Mammal Specialist and supervised the activities of 5 journeyman 
wildlife biologists in eastern California.  Emphasis species included mountain sheep, 
mule deer, pronghorn, tule elk, and sage grouse in eastern California. 

 
Associate Wildlife Biologist, California Department of Fish and Game (1986 - 1993).  I served 

as the Regional mountain sheep specialist, and supervised the activities of 5 journeyman 
wildlife biologists in eastern California.  Emphasis species included mountain sheep, 
mule deer, pronghorn, tule elk, and sage grouse in eastern California. 

 
Project Leader, California Department of Fish and Game, Federal Aid in Wildlife Restoration 

Project W-26-D (1978 - 1986).  I supervised 2 technicians, and planned and implemented 
habitat management projects designed to benefit waterfowl, sage grouse, mule deer, and 
mountain sheep in eastern California. 

 
Assistant Wildlife Biologist, California Department of Fish and Game (1975 - 1978).  I was an 

Area Biologist responsible for management of mule deer, mountain sheep, and the 
Endangered Stephens' kangaroo rat, as well as for environmental review activities in 
Riverside and San Bernardino counties, California. 

 
Junior Aquatic Biologist, California Department of Fish and Game (1974 - 1975).  I was 

responsible for fisheries management activities,  with an emphasis on wild trout and the 
Endangered unarmored three-spined stickleback in Los Angeles and San Bernardino 
counties, California. 

 
Park Ranger, Department of Recreation, City of Long Beach, California (1970 - 1973).  I was 

responsible for public education activities, routine patrol, and coordination with other law 
enforcement agencies in El Dorado Regional Park, Long Beach, California. 

 
Academic Appointments: 
 
Research Professor, Department of Natural Resources and Environmental Science, University of 

Nevada, Reno (2007 - Present). 
 
Affiliate Faculty, Department of Biological Sciences, Idaho State University, Pocatello, Idaho 

(2005 – Present) 
 



Senior Research Associate, Institute of Arctic Biology, University of Alaska Fairbanks, 
Fairbanks, Alaska (1998 - Present). 

 
Affiliate Assistant Professor of Wildlife Ecology, Department of Biology and Wildlife, 

University of Alaska Fairbanks, Fairbanks, Alaska (1993 - 1998). 
 
Research Associate, Institute of Arctic Biology, University of Alaska Fairbanks, Fairbanks, 

Alaska (1993 - present). 
 
Adjunct Assistant Professor of Natural Resource Science, Department of Natural Resource 

Science, University of Rhode Island, Kingston (1992 - 1994). 
 
Instructor, Mt. San Jacinto College, San Jacinto, California.  I instructed an introductory course 

entitled, "Wildlife Management" (1976 - 1986). 
 
Assistant Professor, Department of Biology, Rio Hondo College, Whittier, California.  I 

instructed lecture and laboratory sections of General Zoology (biology major emphasis), 
General Biology (general education emphasis), and Marine Biology (1973 - 1974). 

 
Teaching Assistant, California State University, Long Beach.  I instructed laboratory sections of 

General Biology (for non-majors) and General Zoology (for majors) (1972 - 1973). 
 
Graduate Research Assistant, California State University, Long Beach.  I prepared specimens 

and curated the collection of mammals (> 10,000 specimens) in the Bird and Mammal 
Museum, and instructed laboratory sections of General Ecology (for majors), General 
Mammalogy (for majors), and Advanced Mammalogy (1970-1972). 

 
Graduate Student Supervision: 
 

Chair of Graduate Committee: 
 

Kevin L. Monteith (Ph.D.), Reproductive ecology of migratory and resident mule deer in 
the eastern Sierra Nevada, California.  Idaho State University, Pocatello.  Graduation 
expected June, 2010.  Co-chair with Dr. R. T. Bowyer. 

 
Michael W. Oehler (M.S.), Ecology of mountain sheep: effects of mining and 
precipitation.  University of Alaska Fairbanks.  Graduated December 1999.  Current 
position: Wildlife Biologist, National Park Service, Theodore Roosevelt National Park, 
Medora, North Dakota.  Co-chair with Dr. R. T. Bowyer. 

 
Becky M. Pierce (Ph.D.), Predator-prey dynamics between mountain lions and mule deer: 
effects on distribution, population regulation, habitat selection and prey selection.  
University of Alaska Fairbanks.  Graduated May 1999.  Current position: Associate 
Wildlife Biologist, California Department of Fish and Game.  Co-chair with Dr. R. T. 
Bowyer. 
 

 



Graduate Committee Membership: 
 

Cody J. McKee (M.S.), Ecology of mule deer in the eastern Mojave Desert, California.  
University of Nevada, Reno (Graduation expected June 2011). 

 
Jeffrey T. Villepique (Ph.D.), Interactions between mountain lions and mountain sheep: 
an assessment of forage benefits and predation risk.  Idaho State University, Pocatello 
(Graduation expected December 2010). 

 
Sabrina Morano (Ph.D.), Reproductive biology of mule deer in the White Mountains, 
Inyo and Mono counties, California.  University of Nevada, Reno (Graduation expected 
June 2011). 

 
Jericho C. Whiting (Ph.D.), Behavior and ecology of reintroduced Rocky Mountain 
bighorn sheep.  Idaho State University, Pocatello.  Graduated December 2008.  Current 
position: Wildlife Biologist, Idaho National Laboratory, Twin Falls. 

 
Cody A. Schroeder (M.S.), Habitat selection by mountain sheep: forage benefits or risk 
of predation?  Idaho State University, Pocatello.  Graduated September 2007.  Current 
position: Doctoral Student, University of Nevada, Reno. 

 
Jason P. Marshal (Ph.D.), Foraging ecology and water relationships of mule deer in a 
Sonoran Desert environment.  University of Arizona, Tucson.  Graduated May 2005.  
Current position: Lecturer, University of the Witwatersrand, South Africa. 

 
Heather E. Johnson (M.S.), Antler breakage in tule elk in Owens Valley, California: 
nutritional causes and behavioral consequences.  University of Arizona, Tucson.  
Graduated January 2004.  Current position: Doctoral Student and Research Associate, 
University of Montana, Missoula. 

 
Jennifer L. Rechel (Ph.D. [Geography]), Influence of neighborhood effects and friction 
surfaces on the spatial distribution and movement strategies of desert-dwelling mountain 
sheep (Ovis canadensis).  University of California, Riverside.  Graduated August 2003.  
Current position: Wildlife Biologist, U.S. Forest Service, Pacific Southwest Forest and 
Range Experiment Station, Riverside, California. 

 
Holly B. Ernest (Ph.D.), Ecological genetics of mountain lions (Puma concolor) in 
California.  University of California, Davis.  Graduated December 2001.  Current 
position: Research Geneticist, School of Veterinary Medicine, University of California, 
Davis. 

 
Esther S. Rubin (Ph.D.), The ecology of bighorn sheep (Ovis canadensis) in the 
peninsular ranges of California.  University of California, Davis.  Graduated December 
2000.  Current position: Conservation Biologist, The Conservation Biology Institute, 
Borrego Springs, California. 
 

 



Nancy G. Andrew (M.S.), Demography and habitat use of desert-dwelling mountain 
sheep in the East Chocolate Mountains, Imperial County, California.  University of 
Rhode Island, Kingston.  Graduated May 1994.  Current position: Staff Environmental 
Scientist, California Department of Fish and Game. 

 
Awards and Honors: 
 

Honorary Lifetime Membership, 2010 (in recognition of long and continuing service to 
the Society for the Conservation of Bighorn Sheep) 

 
Wild Sheep Biologist Wall of Fame Award, 2009 (in recognition of significant 
contributions to the conservation of wild sheep in North America) (Wild Sheep 
Foundation) 

 
Lifetime Achievement Award, 2008 (In recognition of contributions toward the 
conservation of mountain sheep in California) (California Chapter of the Foundation for 
North American Wild Sheep) 

 
Honor Plaque 2007 (Group Award, in recognition of outstanding contributions toward the 
recovery of mountain sheep in the Sierra Nevada) (Desert Bighorn Council) 

 
State Statesman Award, 2006 (In recognition of outstanding contributions to the wild 
sheep of California) (Foundation for North American Wild Sheep) 

 
Trail Blazer Award, 2004 (In recognition of efforts on behalf of mountain sheep 
conservation in California) (California Chapter of the Foundation for North American 
Wild Sheep) 

 
Director’s Achievement Award, 2004 (In recognition of editorial services for California 
Fish and Game (California Department of Fish and Game) 

 
 Annual Achievement Award, 2004 (In recognition of conservation of mule deer and their 

habitats) (Southern California Chapter, California Deer Association)  
 

Alumni Achievement Award for Professional Excellence, 2002 (University of Alaska 
Alumni Association) 

 
Outstanding Alumnus Award, 2002 (College of Science, Engineering, and Mathematics, 
University of Alaska Fairbanks) 

 
Sustained Superior Accomplishment Award, 2002 (California Department of Fish and 
Game) 

 
The Desert Ram Award, 2001 (Desert Bighorn Council) 

 
 Outstanding Publication Award for a Monograph, 1998 (The Wildlife Society) 
 



Award of Appreciation, 1998 (San Fernando Valley Chapter of Safari Club International, 
CA) 

 
Professional Membership, Boone and Crockett Club, 1998 (Boone and Crockett Club) 

 
Certificate of Appreciation, 1997 (Society for the Conservation of Bighorn Sheep) 

 
"Ol' Irongut" Award, 1996 (California Department of Fish and Game, Division of Air 
Services) 

 
Resources Agency/University of California Fellowship, 1996 (Sponsored jointly by the 
California Resources Agency and the University of California, Davis) 

 
Director's Achievement Award, 1992 (California Department of Fish and Game) 

 
Outstanding Biology Department Alumnus, 1988 (California State University, Long 
Beach) 

 
Professional of the Year, 1985 (Western Section of The Wildlife Society) 

 
California Wildlife Officer of the Year, 1984 (Shikar-Safari Foundation) 

 
Award of Honor, 1984 (Society for the Conservation of Bighorn Sheep) 

 
Honorary Lifetime Membership, 1984 (Banning [California] Sportsman’s Club) 

 
Professional and Fraternal Memberships: 
 
 American Society of Mammalogists (Life Member) 
 The Boone and Crockett Club (Professional Member) 
 The Wildlife Society 
 Society for Conservation Biology 
 Southwestern Association of Naturalists 
 Wild Sheep Foundation 
 National Rifle Association 
 California Chapter, Foundation for North American Wild Sheep 
 Society for the Conservation of Bighorn Sheep 
 Minnesota-Wisconsin Chapter, Foundation for North American 
 Wild Sheep 
  
Licenses and Certifications: 
 

California Community College Credential (# 45476, Lifetime) 
State of California Blaster's License (# 2087) 
Certified in Wildlife Capture Techniques (California Department of Fish and Game) 
Certified Wildlife Biologist (1981 - The Wildlife Society) 
California Hunter Safety Instructor (# 1984) 



 
Other Professional Activities: 
 
 Editorial Activities: 
 
 Editor-in-Chief, California Fish and Game (2009 –  present) 
 

Associate Editor, California Fish and Game (1995 - 2009) 
 

 Editor, Transactions of the Western Section of The Wildlife Society (1988) 
 

Associate Editor, Transactions of the Western Section of The Wildlife Society (1986-87)  
 
 Reviewer for Journals: 
 

Conservation Biology, Journal of Wildlife Management, Wildlife Society Bulletin, 
Journal of Mammalogy, The Condor, California Fish and Game, Transactions of the 
Western Section of the Wildlife Society, Western North American Naturalist, Desert 
Bighorn Council Transactions, Southwestern Naturalist, Proceedings of the Northern 
Wild Sheep and Goat Council, Journal of Wildlife Diseases, Great Basin Naturalist, 
Bulletin of the Southern California Academy of Sciences, Journal of Zoology (London), 
Vida Silvestre Neotropical, Wildlife Biology, Wildlife Monographs, European Journal of 
Wildlife Research, Biological Conservation, Journal of Arid Environments (An average 
of about 12 reviews per year). 

 
 
 Other Activities: 
 
 2008 - Present: Member, Big Game Records Committee, Boone and Crockett Club 

 2007 - Present: Advisory Board Member, Texas Bighorn Society 

 2007 - Present: Science Advisor, Society for the Conservation of Bighorn Sheep 
2006 - Present: Member, Ad Hoc Committee on Professional Membership, Boone and 
Crockett Club. 

 
1998 - 2002: Coach and member of Board of Trustees, Sierra Roller Hockey League. 

 
1995-96: Vice Chairman, The Desert Bighorn Council. 

 
1994-98: Member, Board of Directors, The Wildlife Forensic DNA Foundation. 

 
1993 - Present: Member, Wildlife Management Professional Advisory Committee, 
Foundation for North American Wild Sheep. 

 
1991: Member, Committee on Support of Symposia and Conferences, The Wildlife 
Society. 

 



1989-1993: Member, Board of Trustees, Friends of the Eastern California Museum; 
Vice-chairman, 1991-1992; Chairman, 1993. 

 
1987-1988: Chairman, The Desert Bighorn Council. 

 
1988: Co-chairman, Wildlife Water Development Symposium, Western Section of The 
Wildlife Society. 
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Nino Southern Oscillation and mule deer harvest in California, USA.  Canadian  Journal 
of Zoology. 
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Abstract: We conducted a helicopter survey of Peninsular bighorn sheep cremnobates) in
northern Baja California, Mexico, in April 1992. The northern Baja bighorn ranges were flown from the 
international border south to Bahia San Luis A total of 116 groups adults and lambs) were 
seen in 68 resulting in an observation rate of 8.9 The overall ratios were 

Using observation proportionsof ,we estimate that adult bighorn sheep were
present in the areas surveyed. 

Key Words: Baja California, bighorn census, helicopter survey, Mexico, Ovis canadensis cremnobates, 
bighorn.
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INTRODUCTION

Peninsular bighorn sheep range from the San
and Santa Rosa Mountains in California

(Weaver 1975) south to the Santa area of
Baja California, Mexico, although the southern
extent of their range is not clearly defined (Clark
1964). Alvarez (1976) estimated the desert bighorn 
population in Baja at 4,500-7,800 using data col-
lected by field technicians accompanying hunter
groups in 1974. (1980) estimated that the
area north of San Luis supported
1,500 to 3,000 desert bighorn. However, no
systematic surveys were conducted to derive these
populationestimates.

Peninsular bighorn sheep have been legally 
harvested in Mexico since 1974. However, concern
over the illegal take and reported decline of Penin-
sular bighorn caused all hunting of these sheep to
be stopped by Mexican Presidential decree in
December 1990 until accurate population estimates
could be obtained and evaluated (1992 Federal
Register, Vol. 57, 90: In coopera-
tion with the Mexican government, National Wild-
life Council of Mexico, and the Secretary of Urban
Development and Ecology (SEDUE), the Bighorn
Institute conducted a spring helicopter survey of
bighorn sheep in the northern two-thirds of the
bighorn range in Baja California. This survey was

designed: 1) to determine a population estimate for
Peninsular bighorn in Baja California; 2) to obtain
baseline data regarding distribution, sex and age 
classification, and lambing areas; and, 3) to charac-
terize the extent and condition of bighorn habitat. 

We thank the Foundation for North American 
Wild Sheep for their generous support in funding
this project. Also, we applaud the Mexican govern-
ment, in particular M. of the National
Wildlife Council of Mexico, for his leadership and
efforts to improve the management of Baja's desert
bighorn, and M. Valenciafor his diligenceand help
in getting this project underway. 

STUDY AREA

The Baja California peninsula extends approxi-
mately 1,300 south of the United States border
and ranges in width from 45-230 km. The total
land area is approximately Our study
area was bounded by the United States border on
the north, by the southern end of the Sierra Santa 
Isabel at approximately 30 the Sierra Juarez and 
Sierra Pedro Martir ranges on the west, and the
Sea of Cortez on the east (Fig. 1). Mountain
ranges surveyed include the Sierra Cucapa, Sierra
Juarez, Sierra Tinajas, Sierra Pinta, Arroyo
Grande area, Sierra San Felipe, Sierra San Pedro
Martir, Sierra Santa Rosa, and Sierra Santa Isabel.



1993 DESERT COUNCIL TRANSACTIONS

The topography in this region is diverse, ranging
from wide valleys and arroyos to extremely rugged 
terrain of precipitous peaks and steep slopes.

METHODS

The survey was conducted during April 13-21,
1992, beginning in the Sierra Cucapa and terminat-
ing south of Sierra Santa Isabel near San Luis

A Hughes 500-D helicopter was used
and 3 observers accompanied the pilot on all
flights. The doors were removed from the helicop-
ter to maximize visibility, and observers were
rotated as needed at 1.5 to 2.0 intervals to 
reduce fatigue. Mountain ranges, with elevations
ranging from sea level to 2,460 m, were flown at
100-150 m contour intervals at speeds averaging
60-80 Ranges were flown individually from
north to south focusing on areas where habitat
appeared potentially desirable for bighorn. Conse- 
quently, only the eastern slopes of the Sierra San 

Pedro and Sierra were flown. Sur-
vey intensity was increased as dictated by habitat
quality and bighorn sign. Data collected included 
group size, sex and age classification, location, and
elevation. of feral animals were noted as
was regarding general habitat quality.

A long-range navigation (Loran-C) instrument 
was used to record bighorn locations. Using a 
modified version of the technique developed by

bighorn were classified as Class
rams, ewes, lambs, yearling males, and 
females. Approximate ages for lambs were assigned
based on pelage color, body size, and horn size. 
Rams were classified to their horn and
body size, and ages were assigned to ram classes as 
follows: Class 2-4 years; Class 5-7 years; 
Class years. The helicopter remained in
the area of sightings long enough for 2-3 observers
to verify the identity and classification of each
bighorn group, and care was taken to avoid exces-
sive hovering over animals. 

Playa

NORTHERN
BAJA CALIFORNIA,

M

Figure Mountain during April 1992 Peninsular bighorn sheep survey of northern
Mexico.
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RESULTS

Approximately 3,095 were surveyed in a
total of 68 hr of helicopter time yielding a survey 
intensity of roughly 1.3 (Table 1). A total
of 603 Peninsular bighorn were observed in 116
groups resulting in ratios of
32: Based on observation proportions of
40-60%,we estimate that approximately 780-1,170
adult bighorn sheep and 225-337 lambs were
present in the area between the international border 
and latitude

Bighorn sightings included 97 adult rams (38
Class 26 Class and 33 Class 303 adult
ewes 135 lambs, 33 yearling males, and 
35 yearling females. Group size ranged from 1-26
sheep with a mean of 5.2 bighorn per group.
five (47%) of the 116 sightings included rams of
Class or greater (16 lone rams, 12 ram-only
bands, 27 ram-ewe groups). The lambs observed
during this April s w e y varied from 1 week to
approximately 3 months of age.

Of the 8 main mountain ranges flown, the Sierra
Santa Rosa appeared to have the most bighorn per
area surveyed. ratios in each range
varied from 36-58 ewes, when Sierra
Cucapa and Sierra Juarez were excluded (due to the
low number of bighorn seen in those ranges). The

ratios ranged from 19-64 ewes,
again excluding the Sierra Cucapa due to the low
number of sheep seen there. The Sierra San Pedro
Martir had both the highest ratio (64:100)
and ratio

Vegetation appeared lush and abundant in most 
ranges with the exception of the arid region of
Sierra San Felipe. With the exception of the
northern end of the Sierra San Felipe, most ranges
contained significant amounts of water, especially
the Sierra Tinajas, Sierra San Pedro Martir.
and Sierra Santa Isabel. Numerous tinajas were
sighted and several had an estimated capacity of
over 45,000 liters. Bighorn were seen at elevations
ranging from 215-1,385 m, with a mean elevation
of 720 m.

Burros were the most common
feral animal seen during the s w e y as were
observed in bighorn habitat. The Sierra Juarez and 
Sierra Tinajas appeared to have large numbers
of burros, while fewer burros were seen in the
Arroyo Grande area. Cattle were
common in Sierra San Pedro Martir, Arroyo
Grande, and Sierra Santa Isabel. Extensivedamage
from livestock grazing was noted in Sierra Santa 
Isabel. Sierra San Pedro Martir, and Sierra

Tinajas. Feral goats (Capra hircus) were observed
running with bighorn in the Sierra Cucapa. The
few deer (Odocoileus observed were 
primarily in the Sierra San Pedro Martir. Numer-
ous coyotes were seen throughout
the study area, and 1 mountain lion (Felis concolor) 
was observed in the Sierra San Pedro Martir.

DISCUSSION

Our population estimate of 780-1,170 adult big-
horn sheep is considerably lower than the 1976
estimate of given by the Mexican 
government for this same area (Monson 1980).
Relatively little is known regarding bighorn num-
bers and distribution in Baja California; however, 
it appears that either: 1) this population has de-
clined; 2) previous population estimates were too 
high; or, 3) we underestimated the total population.

The Santa Rosa and San Jacinto Mountains in
California have been surveyed annually since 1983
using experienced observersand the same technique
as in the Baja survey. Bighorn observability, based
on the proportionof marked animals observed, has
varied from 46-67% in these surveys.
(1978) also found that 40-52% of bighorn in the
River Mountains of Nevada were seen in aerial
surveys using pilots and observers familiar with 
bighorn census techniques. In light of these find-
ings, we conclude that the number of bighorn in
Baja California was accurately estimated by assum-
ing 40-60% observability.

S w e y results revealed that the overall
. ratio was (Table 1). This low ratio may

have been a function of the time of year, the areas 
sweyed, or it may indicate an actual decrease in 
the number of rams in the population.
and Welsh (1989) reported that herds seen during
spring helicopter sweys consist predominately of
either or ram-only associations,
and 53% 16) and 24% (281116) of our
ings were or ram-only associa-
tions, respectively. The relatively high
ratio of was not unexpected since this was
a spring survey. In an analysis of helicopter
surveys conducted by the Bighorn Institute in the
Santa Rosa Mountains in California, the major
difference between spring and fall surveys was that 
45% fewer lambs were seen in the fall, although
lamb recruitment has typically been poor in this
range (DeForge 1984). Most Peninsular bighorn 
lamb mortalities in the United States have been
reported to occur during summer (DeForge and
Scott 1982): consequently, a high spring
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Table 1 . Summary of Peninsular bighorn sheep 68 hr of helicopter time surveying mountain ranges north 
of Luis in northern Baja California, Mexico in 1992.

Area
surveyed

Yearlings No. Rams Lambs
groups

Mountain range Rams Ewes Lambs Male Female Total seen Ewes Ewes 
Sierra Cucapa 92 1 0 0 0 2 0
Sierra 206 4 1 1 5 2 3 25 7 36 45
Sierra 602 2 0 0 4 2 50 0
Sierra Tinajas 252 7 36 19 3 2 67 1 1 19 53
Arroyo 740 20 85 31 4 13 153 36 24 36
Sierra San Pedro 630 21 33 19 8 2 83 14 64 58
Sierra Rosa 78 18 65 25 13 8 129 21 28 38
Sierra Isabel 495 25 70 36 3 6 140 24 36 51
Totals 3,095 97 303 135 33 35 603 116 32 45

'Including Sierra Felipe

ratio does not necessarily translate to high lamb
survival. Therefore, we believe that an estimate
based on adult bighorn numbers is more accurate 
and informative than one which includes lambs
observed in the spring. 
Our results suggest that bighorn numbers have

decreased in the northern two-thirds of Baja's
bighorn habitat 1976, Monson 1980). 
According to the U.S. Fish and Service's
proposed rule, new data demonstrating a stable or 
increasing bighorn population in Mexico could
cause the withdrawal of the proposal to list the
Peninsular ranges populationsas endangered (1992 
Federal Register, Vol. 57, We
find no support for such an action.

There are several potential problems threatening
bighorn sheep in Baja California. There has been
a long history of bighorn poaching in Baja, and
Buechner (1960) wrote of the need to enforce game
laws more strongly. Mario Luis Cossio Gabusio,
Director General de la Fauna Silvestre, Mexico, 
stated in 1975 that was the worst problem 
facing bighorn in Baja. He also acknowledged
meat hunting by natives as a problem, and stated 
that 9/19 bighorn sheep during the hunting
season had small caliber bullets in their carcasses
from previous encounters with humans (Cossio 
1975).

Another potential concern is disease exposure 
from feral animals such as cattle, goats, and burros.
We observed all of these animals in bighorn habitat
during the survey. Serologic results from 15 
bighorn sampled in the Arroyo Grande region in

1988 indicated exposure to several pathogens 
(parainfluenza-3, contagious ecthyma, bluetongue, 
and bovine respiratory syncytial virus) that can be
carried by livestock et al. 1989, Progress 
report: life history studies of desert bighorn sheep
[O. c. in Baja California, Mexico. 

Unpublished report submitted to the National 
Wildlife Council of Mexico). Feral animals may

impact bighorn sheep populations through 
direct or indirect competition for limited resources 
such as forage and water.

Predation and human encroachment may also
affect bighorn in northern Baja California. Al-
though we observed predators such as mountain 
lions and coyotes during our survey, the impact of
predation on bighorn sheep in this region is un-
known. During the the ground crew also 
encountered numerous motorized off-road vehicles 
in the basin between bighorn habitat in the
del Diablo and the foothills of the Sierra San Felipe
mountain ranges. (1976) commented on the
need to control this type of recreation in bighorn
habitat.

We believe that the current management program
in Baja California has inadequate information for
addressing potential impacts on bighorn such as
poaching, human disturbance, and resource compe-
tition and potential disease exposure from livestock. 
This survey provided some of the essential demo-
graphic needed to develop more effec-
tive management programs. A systematic survey of 
the remaining bighorn ranges south of
Luis still needs to be conducted to provide
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baseline population information throughout the
Peninsular ranges. 
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EXECUTIVE SUMMARY

Current SpeciesStatus: Thepopulationofbighornsheepin theUnitedStates~

PeninsularRangeswaslisted asan endangeredspecieson March 18, 1998. The

currentpopulationis approximately334 animals,distributedin 8 knownewe

groups(subpopulations)in Riverside,Imperial, andSanDiego Countiesfrom the

SanJacintoMountainssouthto theMexicanborder.

Habitat Requirementsand Limiting Factors: ThePeninsularbighornsheepis

restrictedto theeastfacing, lowerelevationslopes[typically below 1,400meters

(4,600feet)]of thePeninsularRangesalongthenorthwesternedgeoftheSonoran

Desert. Bighorn sheeparewide-ranginganimalsthat requireavarietyofhabitat

characteristicsrelatedto topography,visibility, wateravailability, and forage

quality andquantity. Steeptopographyis requiredfor lambingandrearinghabitat

and for escapingfrom predators.Openterrainwith goodvisibility is critical

becausebighornprimarily rely on their senseofsight to detectpredators.In their

hot, aridhabitat,wateravailability in someform is critical, especiallyduringthe

summer. A wide rangeofforageresourcesandvegetationassociationsis needed

to meetannualanddroughtrelatedvariationsin foragequality andavailability.

Limiting factorsapparentlyvary with eachewegroupandarenot well understood

in all cases. Therangeof factorsappearto includepredation,urbanrelated

sourcesofmortality, low ratesof lamb recruitment,disease,habitatloss,and

humanrelateddisturbance.

RecoveryObjective: Theobjectiveof this recoveryplan is to secureandmanage

habitatin orderto alleviatethreatssothat populationlevelswill increaseto the

pointthat this speciesmaybe reclassifiedto threatenedstatus,andultimately

delisted.

RecoveryPriority: 3C,percriteriapublishedby FederalRegisterNotice(48 FR

43098;September21,1983).

Downlisting Criteria: Peninsularbighomsheepmaybe consideredfor

downlistingto threatenedstatusasan interim managementgoal, whenall of the

following objective,measurablecriteriaaremet:
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Downlisting Criterion 1: As determinedby ascientificallycrediblemonitoring

plan,at least25 ewesmustbe presentin eachofthefollowing 9 regionsofthe

PeninsularRangesduringeachof6 consecutiveyears(equivalentto

approximately1 bighornsheepgeneration),without continuedpopulation

augmentation:

1) SanJacintoMountains

2) SantaRosaMountains--Northof Highway74

3) SantaRosaMountains--Southof Highway74 throughMartinez

Canyon

4) SantaRosaMountains--Southof MartinezCanyon

5) CoyoteCanyon

6) NorthSanYsidro Mountains(HendersonCanyonto CountyRoadS-22)

7) SouthSanYsidro Mountains(CountyRoadS-22to StateHighway78)

8) VallecitoMountains

9) CarrizoCanyon/TierraBlancaMountains/CoyoteMountainsArea

Down/istingCriterion 2: Regulatorymechanismsandlandmanagement

commitmentshavebeenestablishedthat providefor long-termprotectionof

Peninsularbighornsheepand all essentialhabitatasdescribedin sectionII.D. 1 of

this recoveryplan. Giventhemajorthreatof fragmentationto specieswith

metapopulationstructures,connectivityamongall portionsofhabitatmustbe

establishedand assuredthroughlandmanagementcommitments,suchthat

bighornsheepareableto movefreelythroughoutall habitat. In preparationfor

delisting,protectionby meansotherthantheEndangeredSpeciesAct mustbe

assured.Suchprotectionshouldinclude alternativemechanismsfor regulationby

Federal,State,and local governments,and landmanagementcommitmentsthat

would providetheprotectionneededfor continuedpopulationstability.

Delisting Criteria: Peninsularbighornsheepmaybe consideredrecoveredto a

statusno longerrequiringprotectionundertheEndangeredSpeciesAct and

thereafterremovedfrom theList of Endangeredand ThreatenedWildlife (50CFR

Part 17) whenall of thefollowing criteriaaremet:

Delisting Criterion 1: As determinedby ascientificallycrediblemonitoringplan,

at least25 ewesmustbepresentin eachofthe9 regionsofthePeninsularRanges
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listed underDownlisting Criterion #1 above,duringeachof 12 consecutiveyears

(approximately2 bighornsheepgenerations)including the6 yearsunder

Downlisting Criterion #1,without continuedpopulationaugmentation.

DelistingCriterion 2: Therange-widepopulationmustaverage750 individuals

(adultsandyearlings)with an overall stableor increasingpopulationtrendover

thesameperiodof 12 consecutiveyears(approximately2 generations)asin

delistingcriterion 1.

Delisting Criterion 3: Regulatorymechanismsandlandmanagement

commitmentshavebeenestablishedthat providefor long-termprotectionof

Peninsularbighornsheepandall essentialhabitatasdescribedin sectionlID. I of

this recoveryplan. Furthermore,connectivityamongall portionsofhabitatmust

be established,andassuredthroughlandmanagementcommitments,suchthat

bighornsheepareable to movefreelythroughoutthePeninsularRanges.

Delisting would resultin lossofprotectionundertheEndangeredSpeciesAct;

thereforecontinuedprotectionby othermeansmustbe assured.This protection

should includealternativeregulatorymechanisms,landmanagement

commitments,orconservationprogramsthat would providethelong-term

protectionneededfor continuedpopulationviability.

ActionsNeeded: In theshort-term,improving adult survivorshipappearsto hold

themostbenefitto populationincrease.Overthe long-term,theprimaryactions

neededto attainrecoveryinvolve conservationof thehabitatbaseuponwhich

Peninsularbighornsheepdepend,and effectivemanagementofbighornsheepand

conservedlands. Preventionof further fragmentation,primarily by minimizing

adverseeffectsof humandisturbance,will be critical to thepersistenceofewe

groupsborderingtheCoachellaValley. Adequatespacealongthe urbaninterface

to absorbanthropogeniceffects,andprudentmanagementofhumanactivities

within ewe grouphomeranges,will alsobe necessary.

RecoveryCosts:Total costofrecoverytasksin theImplementationScheduleis

estimatedat $73,253,000.In addition, costsofcertainspecificrecoverytaskswill

be determinedasinformationis obtainedand/orfinal actionsareundertaken.

Theseitemsaredesignatedas“to be determined”in theImplementationSchedule.
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Dateof Recovery: Severalto manydecadeslikely will be requiredbeforea

delistingtargetdatecanbe accuratelyestimated.Fecundity(reproductive

potential)andrateof populationincreaseis low comparedto someungulatesof

similar size,suchas deer. Periodicallydepressedrecruitmentratesandhigh adult

mortality ratesalso lengthenthetime to achievethepopulationobjectives

describedin this recoveryplan.If thepopulationincreasessufficientlyand all

recoverycriteriaaremet, thespeciescouldbeconsideredfor delistingby

approximately2025. However,this time frameis uncertainand couldbe

substantiallyextendedif populationstatusandprotectivemeasuresfail to meet

criteria.
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I. INTRODUCTION

Thepurposeofthis recoveryplanis to (1)establishinterim andlong-termgoals

andobjectives,(2) describesite-specificmanagementactionsto achievethese

goals,and(3) establishascheduleandestimatethe costs required to reclassify as

threatenedand ultimatelydelist thedistinctpopulationsegmentofbighornsheep

(Oviscanadensis)in the Peninsular Ranges of California, a northerly extension of

the mountainous formations of the Baja California Peninsula. This recovery plan

provides guidelines and recommendations to be used in developing and assessing

conservation and management activities to achieve recovery.

A. BRIEF OVERVIEW

1. LISTING OFBIGHORNSHEEPIN THEPENINSULARRANGES

The California Fish and GameCommission listed bighornsheepinhabitingthe

Peninsular Ranges as “rare” in 1971. In 1984, the designation was changed to

“threatened” by the California Department of Fish and Gameto conform with

terminology of the amended California EndangeredSpeciesAct. We(the Fish

and Wildlife Service) listed the distinct vertebrate population segment of bighorn

sheep occupying the Peninsular Ranges of southern California(seeAppendixA)

asendangeredonMarch 18, 1998 (63 FR 13134). For a population to be listed

under the Endangered Species Act as a distinct vertebrate population segment,

three elements are considered (61 FR4722, February7, 1996): (1) the

discreteness of the population segment in relation to the remainder of the species

to which it belongs; (2) the significance of the population segment to the species

to which it belongs,and (3) the population segment’s conservation status in

relationto theEndangeredSpeciesAct’s standardsfor listing (i.e., is the

populationsegment,whentreatedasif it wereaspecies,endangeredor

threatened?).ThePeninsularRangespopulationwill hereafterbe referredto in

this recoveryplanasthePeninsularbighornsheepandwill alternativelybe

referred to as a species, following the definition of”species” in section 3(15) of

theEndangeredSpeciesAct.
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SpeciesDistribution

The population of bighorn sheep addressed in this recovery plan extends along the

Peninsular Mountain Ranges from the San Jacinto Mountains ofsouthern

California southto theUnitedStates- Mexico international border. Though the

range extends south to Volcan Tres Virgenes near Santa Rosalia, Baja California,

Mexico, only the distinct vertebrate populationsegment within the United States

is listed as endangered and addressed in this recovery plan.

The decision to list thePeninsularbighornsheepasfederallyendangeredwas

made because of declining population numbersandcontinuinghabitatloss,

degradation, and fragmentation throughout a significant portion of the Peninsular

bighorn sheep’s range. In addition, periods of depressed recruitment, likely

associated with disease, and high predation, coinciding with low population

numbers,endangerthecontinuedexistenceof theseanimalsin southern

California. Perrecoveryplanningcriteriapublishedin theFederalRegister(48

FR43098, September 21, 1983), the Peninsular bighornsheephasarecovery

priority of 3C, indicating that it is a subspecies facing a high degree of threat but

has a high potential for recovery if appropriately managed. The “C” indicates that

recovery is in conflict with construction or other forms of economic activity.

2. ORIGIN

Wild sheep became established in North America after crossing the Bering land

bridgefrom Eurasiaduringthe late Pleistocene(Geist 1971),which beganabout

1,000,000yearsagoandended10,000yearsagoat the time ofthelast Ice Ages

and the beginning of the Holocene. Therangeofbighorn sheephassincespread

to include deserthabitatsasfar southasnorthernMexico(Manville 1980). In

North America, two speciesof wild sheep currently are recognized: thethinhorn

sheep(Ovisdalli) andthebighornsheep(Oviscanadensis).Bighornsheep,

originallydescribedby Shawin 1804(WilsonandReeder1993),wereonce

divided into sevenrecognizedsubspeciesbasedon differencesin skull

measurements(Cowan1940,Buechner1960, Shackleton1985). These

subspeciesincludedAudubonbighorn sheep(Oviscanadensisauduboni),
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Peninsular bighorn sheep(Oviscanadensiscreinnobates),Nelsonbighornsheep

(Ovis canadensisnelsoni),Mexican bighorn sheep (Ox’is canadensisinexicana),

Weemsbighornsheep(Ovis canadensisweemsi),California bighorn sheep (Ovis

canadensiscaliforniana), andRocky Mountainbighorn sheep(Oviscanadensis

canadensis).Audubonbighornsheeparenow extinct. As describedbelow, this

taxonomy has since been revised.

3. MORPHOLOGYANDTAXONOMY

The term “desert bighorn” is used to describe bighorn sheep that inhabit dry and

relatively barren desert environments, and typically includesbighorn sheep

subspeciesthathave,to date,beenclassifiedasnelsoni,mexicana,cremnobates,

andweemsi(Manville 1 980).~ Thevalidity of thesesubspeciesdelineationshas

beenquestionedandreassessedon thebasisofadditionalmorphologicaland

geneticanalyses(WehausenandRamey1993;Ramey1993, 1995; Gutierrez-

Espeleta etal. 1998; refer to sectionI.A.4). Bighorn sheepin thePeninsular

Ranges were once considered a separate subspecies and were one of the four

desert subspecies recognized by Cowan (1940) based on cranial measurements.

Cowan’s (1940) Peninsularsubspecies(Oviscanadensiscremnobates)did not

include the northern end of thePeninsularRangesin Californiaandextendedeast

acrosstheImperialValleynorthof theMexicanborder. Wehausenand Ramey

(1993)notedthat variousauthorshavearbitrarilychangedthegeographic

boundaries of this subspecies over time based on no additional data or analyses.

Ramey (1993) reanalyzedCowan’s(1940) original data using modern statistical

methods and found little support for his subspeciesof bighornsheep.In that

reanalysis, the apparent distinction of the Peninsular subspecies was found to be

an artifact of unequal age distributions among samples. Wehausen and Ramey

(1993) conducted a new cranial morphometric analysis using a new and much

larger sample and found no statistical support for a Peninsular subspecies. Ramey

(1993, 1995) also investigated this question using restriction site polymorphism

data for mitochondrial DNAand similarly found no statistical support for

description of a subspeciesin thePeninsularRanges.Basedon these

morphometric and genetic results, Wehausen and Ramey(1993) placedPeninsular
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bighornwithin theNelsonsubspecies(Oviscanadensisnelsoni),which is the

current taxonomy.

4. GENETICS

By analyzing micro-satellite andmajorhistocompatibilitycomplexloci, Boyceet

al. (1997)foundhigh levelsofgeneticdiversity within andbetweenpopulations

of desertbighornsheep,includingsheepsubpopulationswithin thePeninsular

Ranges. Similarly, Gutierrez-Espeletaetal. (1998)found significantamountsof

variationatmicrosatelliteloci amongall bighornsheeppopulationsstudied.

However, Ramey (1995) found very little mitochondrial DNA variationbetween

groups of desert bighorn. The results of Ramey(1995), Boyceet al. (1997), and

Gutierrez-Espeleta etal. (1998) differ because various molecular markers and

analytical techniques were employed. Different molecular markers (e.g.,

mitochondrial DNA, microsatellites, allozymes) are subjectto variousratesof

mutation and are likely affected by different evolutionary processes, thereby

providing different levels of insight into thegeneticvariability ofaspecies.One

similarity that has been found in all genetic studies of desert bighorn to date is that

genetic distance increaseswith geographicdistance.For example,Boyceet al.

(1997) and Bleich et al. (1996)foundsupport for partitioningofgeneticvariation

among metapopulations (e.g., the Mojave and Peninsular metapopulations), with

high levels of gene flow within metapopulations, including the Peninsular Ranges,

and low levels between metapopulations.

Within the Peninsular Ranges, at least eightsubpopulations,or ewe groups,

currently exist (Rubinetal. 1998, refer to section I.C.l). Based on sampling of

about one-third of the animals in the metapopulation, Boyceetal. (1999)found

that sevenhaplotypeswere distributedin anon-randomfashionamongtheseewe

groupsandthat a significantamountofmitochondrialDNA variationwas

partitionedamongewegroups,indicatinga high level ofgeneticstructureamong

these subpopulations (Figure 1). Theobservedstructureamongewegroupslikely

was primarily influenced by differences in founding ewes and their limited

movements through the range (W. Boyce, University of California, Davis, pers.

comm.). Boyce et al. (1999)concluded that the movement of ewes (and therefore
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Figure 1. Distribution of seven mitochondrial DNA haplotypes among bighorn sheep ewe
home-range groups in the Peninsular Ranges, California (SJ, San Jacinto Mountains, n=6; D, Deep
Canyon, n=18; M, Martinez Canyon, n6; SSR, South Santa Rosa Mountains, n=3; COY, Coyote
Canyon, n=13; NSY, North San Ysidro Mountains, n=18; SSY, South San Ysidro Mountains, n~7; V,
Vallecito Mountains, n=14; CAR, Carrizo Canyon, n19). Note that the ewe groups are distributed
approximately along a north-south gradient. A ewe group composed primarily of captive-bred
animals, located between the Deep Canyon and San Jacinto Mountains groups, was not included in
the analysis. (Reprinted with permission from Boyce et al. 1999).
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the flow of mitochondrial DNA) between ewe groups is limited but hasoccurred

at low levels in the past. This result is in contrast to the greater level of nuclear

gene flow (indicated by the analyses of micro-satellite and major

histocompatibility complex loci markers discussed above), which is mediated by

the movement of rams among ewe groups (refer to sectionI.B.2).

B. ECOLOGY

1. HABITAT REQUIREMENTS

Bighorn sheep have important habitat requirements that relate to topography,

visibility, wateravailability, andforagequalityandquantity. Duringtheir

evolution,bighornsheepdevelopedpredatorevasionbehaviorsthatdepend

critically on theuseof escapeterrain,which is generallydefinedassteep,rugged

terrain(Hansen1 980c,Cunningham1989). Escapeterrainis importantbecause

bighorn sheep typically do not outrun their predators but, rather, use their

climbing abilities to escape their enemies (Geist 1971, McQuivey 1978). When

ewesarereadyto givebirth theywill typically seekout themostprecipitous

terrain,wheretheir lambswill presumablybe safest(Geist 1971). Thepresence

ofsuchsteepterrainfor predatorevasionandlambingis, therefore,acrucial

componentof sheephabitat(seeAppendixB). Variation in slopeandaspectalso

help bighorn sheep to survive in a harsh environment. During hot weather,

bighorn seek shade under boulders and cliffs, or maymove to north facing slopes

(Merritt 1974,Andrew 1994). During inclementweathertheymayagainseek

protected caves or overhangs, or move to sunny, south facing slopes (Andrew

1994), or slopes that are protected from strong winds.

In additionto mountainousterrain,othertypesofhabitatarecrucial to the

viability of bighomsheeppopulations. M. Jorgensen(CaliforniaStateParks,

pers.comm.)hasobservedbighornat varioustimesoftheyearon numerous

alluvial fans and in washes, such as (1) the Borrego Palm Canyon alluvial fan,

used for forage during cooler months and for water from Mayto November; (2)

PalmWashtinajasin thesouthernSantaRosaMountains,awatersourcein late

summer/fallbeforewinter rains;(3) HarperFlat in Anza-BorregoDesertState
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Park;and(4) Chino Canyon,mostrecentlyin 1982,whensevenewesandlambs

wereobserved.Areasof flat terrain, suchasvalleyfloors, serveasimportant

linkages between neighboring mountainous regions, thereby allowing sheep

temporaryaccessto resources(e.g., forage,water,or lambinghabitat)in

neighboringareas,andallowing geneflow to occurbetweensubpopulations

(Krausman and Leopold 1986, Schwartz et al. 1986, Bleich etal. 1990a, Bleich et

al. 1996).

In theSierraNevadaandMoj aveDesert,thetiming of foragegreen-upin winter

is strongly influenced by elevation and mediated through temperature (J.

Wehausen,White MountainResearchStation,pers.comm.;Wehausen1980,

1983). Low rolling terrainandwashesseasonallyprovidean importantsourceof

highquality forage,with a greaterdiversity ofbrowsespeciesthanin steeper

terrain (Leslie and Douglas 1979). Washes also provide a source of high quality

browsefor longerin the summerthando otherareas(Andrew 1994). Leslieand

Douglas(1979)notedthat theseareasbecameincreasinglyimportantto bighorn

sheepnot only in summerbut duringany periodof limited forageavailability.

BatesandWorkman(1983)observedbighornsheepfeedingin flat terrainin

CanyonlandsNationalPark,andreportedthat plantproductionwashigherin

flatterterrainthanin steeperareas. Similarly, Bleich etal. (1997) reported that

duringperiodsofsexualsegregation,ramsexploitedrolling hills andflat terrain

for theirsuperiorforage. After localizedsummerrainfall events,washesand

alluvial fansprovidethediverse,high quality foragethat is especiallyimportantto

lactatingewes(Turner 1976, BureauofLandManagement1996). Hansenand

Deming(1980)describetheimportanceof succulentspringfoodsat lower

elevationsto lactatingewes.

In thePeninsularRanges,bighornsheepusea wide varietyofplantspeciesas

theirfood source.Turner(1973)recordedtheuseof atleast43 species,with

browsebeingthefoodcategorymostfrequentlyconsumed(Turner 1976, Scott

1986). Cunningham and Ohmart (1986) determined that the bighorn sheep diet in

CarrizoCanyon(at thesouthendof theU.S. PeninsularRanges)consistedof 57

percentshrubs,32 percentforbs, 8 percentcacti, and2 percentgrasses.Scott

(1986)andTurner(1976)reportedsimilardiet compositionsat thenorth end of
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therange. Plantspecieseatenby bighornsheepin the PeninsularRangeswere

also reportedby JorgensenandTurner(1973)and Weaveret al. (1968). Diet

compositionvariedamongseasons(Cunninghamand Ohrnart1986,Scott 1986),

presumablybecauseofvariability in forageavailability, selectionofspecificplant

speciesduring different timesoftheyear(Scott 1986),andseasonalmovements

ofbighornsheep.In Arizona,bighornsheepalso usedawide varietyof forage

speciesthroughouttheyearto copewith thechangingdesertenvironment(Miller

and Gaud 1989).

In ruminants,suchasbighornsheep,fetal growthis relativelyslow during the

earlystagesofgestation,with themajorityoffetal growthoccurringduringthe

final two monthsofgestation(Robbins1993). Following lambing,ewesarefaced

with thecostsof lactation,whicharetypically two to threetimeshigherthanthe

energeticcostsofgestationandmayrangefrom four to seventimes thebasal

metabolicrate(Robbins1993). Consequently,thetimeperiodsurrounding

lambing and nursing is very demanding in terms of the energy and protein

required by bighorn ewes. Failure to acquire sufficient nutrients during the last

two monthsofgestationandduringnursingcanadverselyaffectthesurvivalof

newborn ungulates (Thorne etal. 1976, Julander etal. 1961, Holl etal. 1979).

Furthermore,femalesin poorconditionmayfail to provideadequatematernalcare

following parturition(LangenauandLerg 1976,Festa-BianchetandJorgenson

1996). Crudeproteinanddigestibleenergyvaluesof earlygreen-upspecies,such

asannualgrassesandforbs,areusuallymuchhigherthanthoseof dormant

foragesduringthecritical late gestation,lambing,andrearingseasons.With their

high nutrientcontent,evenminor volumesoftheseforageswithin theoverall diet

compositionmaycontributeimportantnutritional valueatcritical life stages

(Wagner2000). However,duringthereproductiveseason,dueto thevaried

topographyofbighornsheephabitat,theseforagestypically areconcentratedon

specific sites,suchasalluvial fansandwashes,wheremoreproductivesoils

supportgreaterherbaceousgrowththansteeper,rockiersoils. Berbach(1987)

foundthat wheneweswereconfinedto apenandpreventedfrom usingall

vegetation associations during late gestation and early lactation, they and their

lambsdiedofmalnutrition.
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In hot, arid deserts,water is consideredto be an importantresourcefor bighorn

sheep(Joneset at. 1957,Blong andPollard 1968,LeslieandDouglas1979,

TurnerandWeaver1980,Elenowitz 1984,CunninghamandOhmart 1986). A

numberof studieshaveshownthat desertbighornsheepwill concentratearound

water sourcesin thesummer,with mostanimalsfoundwithin a3- to 5-kilometer

(2- to 3-mile) radiusof water(Joneset at. 1957,LeslieandDouglas1979,

Cunningham and Ohmart 1986). Lactating ewes and lambs often are more

dependenton waterandmaythusbe foundcloserto water(Blongand Pollard

1968, LeslieandDouglas1979,Bleich etat. 1997). However,thesepatternshave

notbeenobservedin all habitats(summarizedby Andrew 1994). Watersources

aremostvaluableto bighornsheepif theyoccurin proximity to adequateescape

terrainwith goodvisibility. Therefore,thejuxtapositionofopenescapeterrainto

watersourceswill influencedrinkingpatterns(Cunningham1989,Andrew 1994).

Duringperiodsofhigh rainfall, sheepdistributionis lesscoincidentwith

permanentwatersources(LeslieandDouglas1979). Theimportanceofwaterto

bighornsheephasbeenquestioned(KrausmanandLeopold1986,Broyles 1995),

andsomesmall populationsapparentlyexistwithoutstandingwater(Krausmanet

at. 1985, Krausman and Leopold 1986, and additional examples summarized in

Broyles 1995). Furthermore, it has been theorized that the addition of water to

bighornsheephabitatwould bedetrimentalif it attractedcompetingspeciesto

areasof limited forageresources(Smithand Krausman1988)orexpandedthe

range of mountain lions (Shaw 1993). However, in most populations bighorn

sheepwill drink regularlywhenwateris availableandconcentratenearwater

during summer months, and it is likely that lack of water is a limiting factor for

some populations. In the Peninsular Ranges, bighorn sheep have been observed to

useareaswithout knownperennialwaterduring somemonths,includingthe

lambingseason(E. Rubin,UniversityofCalifornia, Davis,pers.comm.).

Thepredatorevasionbehaviorofbighornsheepdependson theability to visually

detectdangerat a distance.Visibility haslong beenrecognizedasan important

characteristicof bighornsheephabitat(Hansen198Gb). Researchershavefound

that bighorn sheepwill avoidhabitat in whichdensevegetationreducesvisibility

(RisenhooverandBailey 1985, Etchbergeretat. 1989). This appears to be the
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case in the Peninsular Ranges,wherebighorn sheepusuallyremainbelow the

elevation of chaparral and otherdensevegetationassociations.

In the Peninsular Ranges, bighorn sheep habitatoccursalongtheeast-facing

desert slopes, typically below approximately 1,400-meter (4,600-foot) elevations

(Jorgensen and Turner 1975). In thesemountains,bighornsheepavoidhigher

elevations,likely becauseofdecreasedvisibility (andthereforeincreased

predation risk) associated with the denser vegetation found at higher elevations.

The elevational patterns of vegetationassociationsin thePeninsularRanges,in

combination with this predator avoidancebehavior,haveresultedin habitatuse

that is more restricted to lower elevationsthanin mostotherbighornsheep

populations.Resultsfrom helicoptersurveysand a5-yearstudyofradio-collared

bighornin theSanJacintoMountainsfoundthat bighornsheepin these

mountains,whereelevations exceed 3,000 meters (9,842 feet), were largely

restrictedto a narrowbandofhabitatbetween213 and 1,037meters(700to 3,400

feet) in elevation(DeForgeet at. 1997). In thenorthernCoachellaValley, this

lower elevation limit generally coincides with the developed urban interface. At

the lowest elevations of their range, bighorn sheep movement onto the valley floor

(Coachella Valley, ImperialValley) is restrictedby atendencyto avoid venturing

far from escape terrain and by anthropogenic factors that now preclude

intermountainmovementssuchashavebeenrecordedelsewherein thedesert.

Theavailablehabitatof Peninsularbighornsheepcan,therefore,bevisualizedas

along, narrowbandthat runsnorth-southalongthe lower elevationsofthe

Peninsular Ranges (Figure 2). This pattern of predominantly low elevationhabitat

use is unique among desert bighorn sheep populations.

2. BEHAVIOR

The social structure of bighorn sheep is matrilineal (based on female

associations). Gregarious and philopatric (faithful to natalhomerange)behaviors

confer adaptive advantageto prey species because home range familiarity and

group alertness decrease the risk of predation (Boyceetat. 1999). The ranging

patternsandhabitsofewesarelearnedby their offspring(Geist 1971). By

following olderanimals,youngbighornsheepgatherknowledgeaboutescape
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terrain,watersources,andlambinghabitat(Geist 1971). Ewesthat sharethe

same portion of a range, therefore, are likely to be more closely related to each

other than they are to other ewes (Festa-Bianchet 1991, Boyce et at. 1999), and

theterm“homerangegroup” hasbeenusedto describesuchgroups(Geist 1971).

Thesegroupsarereferredto as“ewegroups” in this recoveryplan. Ramsdo not

showthesamelevel ofphilopatryand tendto rangemorewidely, oftenmoving

amongewe groups. As youngramsreach2 to 4 yearsofage,theyfollow older

ramsawayfrom theirnatal groupduring thefall breedingperiod,or rut, and often

return after this period(Geist 1971, Festa-Bianchet1991). Ramsmayfollow the

same travel routes year after year (Geist 1971,Wehausen1980,DeForgeetat.

1997). The sexes tend to loosely segregate during much of theyear,coming

together primarily during the rut (Geist 1971, Bleich etat. 1997), which typically

peaksfrom AugustthroughOctoberin thePeninsularRanges(Rubinetat. 2000).

Duringtherut, ramsjoin theewegroupsandcompeteto breedwith receptive

ewes. Thelargestramspresumablyarethemostsuccessfulbreeders,but smaller

ramshave been reported to breed as well (Hogg 1984). During theperiodof

sexualsegregation,ewesandtheir lambsaretypically foundin steeper,more

securehabitat,while rams inhabitless steepor ruggedterrain(Geist 1971, Bleich

etat. 1997).

Bighornsheepareprimarily diurnal(Krausmanetat. 1985) but maybe active at

anytime ofday ornight (Miller et at. 1984). Theirdaily activity patternincludes

feedingandrestingperiodsthatarenot synchronouseitherwithin orbetween

groups. Foragequality influencesactivity patterns.Whenforagesarelow in

digestibility, sheepmustspendmoretimeruminatingand digestingforage.

Particlesizemustbereducedsufficiently to passfrom therumenandreticulumto

theomasum(Van Soest1982,Robbins1993). As foragesgreen-upand

digestibility increases,passageratesincreaseandruminantscanfeedmore

frequently(Risenhoover1986). Sheeptypically increasethenumberoffeeding

bouts rather than the length of individual bouts. Consequently,sheepestablisha

cycle of feeding and ruminatingthatreflectsforagequalityandoptimizesnutrient

intake (Wagner 1999, 2000).
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Bighorn sheep rely on vigilance to detectpredators.Therefore,theybenefitfrom

gregariousness and group alertness (Geist 1971, Berger 1978). Within a ewe

home range group, ewes appear to associatewith otherewesbasedon their

availability ratherthanon their matrilinealrelationships(Festa-Bianchet1991,

Boyceet at. 1999). Within home range groups, these subgroups are dynamic--

theymaysplit, reform,or changemembershipon adaily orhourlybasisas

animalsmovethroughtheirhomeranges.

Burt (1943)definedhomerangeas ‘...thatareatraversedby theindividualin its

normalactivitiesof foodgathering,mating,andcaringfor young”. Sizeof the

home rangedependson thejuxtapositionofrequiredresources(water,forage,

escape or lambing habitat)and,therefore,variesgeographically.Homerangesize

also is affected by forage quantity and quality, season,sex,andageof theanimal

(Leslie 1977, McQuivey 1978). In most populations,ram homerangeshavebeen

found to be larger than those of ewes (Simmons 1980, DeForgeet at. 1997).

DeForge et at. (1997)reportedaveragehomerangesizes(95 percent utilization

distribution) of 25.5 square kilometers(9.8 square miles) and20.1 square

kilometers(7.8squaremiles) for ramsand ewes,respectively,in theSanJacinto

Mountains,usingthefixed-kernelmethod(SeamanandPowell 1996).

Although most desert bighornsheepdo not seasonallymigratealongelevational

gradients like many populations in higherlatitude mountainranges,theydo

exhibit seasonaldifferencesin habitatusepatterns.In manypopulations,animals

will havea smallerhomerangein summer(McQuivey 1978,Leslie andDouglas

1979,Elenowitz1983),presumablydueto their limited movementawayfrom

permanentwatersources.Duringthecooleror wettermonthsoftheyear,bighorn

sheepoftenexhibit an expandedrangeasanimalsmovefarther from water

sources(Simmons1980). In addition,seasonalchangesin habitatuseare

influencedby lambingandrutting behavior(Geist 1971,Bleich et at. 1997).

Desertsheepalsoseektheearliestwinter green-upofannualsandthefirst

floweringofbrittlebush(Enceliafarinosa),whichareelevationdependent

(J. Wehausen,pers.comm.).
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Thegregariousandphilopatricbehaviorof eweslimits theirdispersaland

exploratoryabilities relativeto thoseoframs(Geist 1967, 1971). Geist(1971)

theorized,however,that ayoungewemight switch to anew ewegroupif she

encounteredneighboringsheepand followed themawayfrom hernatal ewe

group. In thePeninsularRanges,movementofradio-collaredewesbetweenewe

groupsis rare. Duringa3-yearstudy, themostextensivemovementdocumented

wasby oneewethat movedover30 kilometers(18.6miles) andtemporarily

joined asecondewegroup(Rubinetat. 1998). No emigrationofeweshasbeen

observedeventhoughradio-collaredanimalshavebeenregularlymonitoredin the

northernSantaRosaMountainssince1981 (Ostermannet at. in press)and

throughouttherangesince1993(li. Rubin,pers.comm.; DeForgeet at. 1997).

Geneticanalysesof ewedispersalsuggestthat a low ratehasoccurredin the

PeninsularRangesin theevolutionarypast(Boyceet at. 1999). Geneticand

observationaldatasuggest,however,thatrammovementsamongewe groupsare

common(Boyceet at. 1997;DeForgeetat. 1997; Rubinet at. 1998; Bighorn

Institute 1998, 1999).

An importantconsiderationin theconservationofPeninsularbighornsheepis

theirbehavioralresponseto humansandhumanactivity. Bighornhavebeen

consideredawildernessanimalbecausetheydo not thrive in contactwith human

development(Leopold 1933). Theirresponseto humanactivity is highly variable

anddependson manyfactors,includingbut not limited to: thetypeof activity,

the animal’spreviousexperiencewith humans,sizeor compositionof thebighorn

sheepgroup,locationof bighornsheeprelativeto elevationoftheactivity,

distanceto escapeterrain,anddistanceto theactivity (Weaver1973; McQuivey

1978; Hicks and Elder 1979;MacArthuretat. 1979, 1982; Wehausen1980;

Hamiltonet at. 1982; WhitackerandKnight 1998; Papouchiset at. 1999).

Responsescanrangefrom cautiouscuriosityto immediateflight or abandonment

ofhabitat,aswell asdisruptionofnormalsocialpatternsandresourceuse.

Thoughtheeffectof humanactivity in bighornhabitatis not alwaysobvious,

humanpresenceor activity in manycaseshasbeenfoundto detrimentallyalter

normalbehavioralandhabitatusepatterns(refer to sectionI.D.5). For example,

bighornbeganusingurbansourcesof food andwaterin thenorthernSantaRosa

Mountainswhendevelopmentbeganencroachingon sheephabitatin the 1950’s

14



(Tevis 1959). Though commonly thought to be the result of releasing captive

raised bighorn sheep, habituation of wild sheep to urbanhabitatsoccurredseveral

decadesbeforethe first releaseofanycaptive-rearedstockin 1985 (DeForgeand

Scott1982; Ostermannet at. in press;V. Bleich, CaliforniaDepartmentofFish

andGame,pers.comm.).

3. REPRODUCTION

In the Peninsular Ranges, ewes estimated to be between 2 and 16 years of age

have been documented to produce lambs (Rubinet at. 2000, Ostermann etat. in

press). Yearling ewes in captivity also have produced lambs (Bighorn Institute

1999). Somerams are believed to be capable of successful breeding as early as 6

months of age (TurnerandHansen1980),thoughthebreedingopportunities of

youngramsarelimited by thesocialpressureof largerrams(Hogg 1984). The

breedingperiod,or rut, occursin the latesummerand fall months. As parturition

approaches, ewes seek isolatedsiteswith shelterandunobstructedviews(Turner

and Hansen 1980), and secludethemselvesfrom otherfemaleswhile finding sites

to bear their lambs(EtchbergerandKrausman1999). In the Little Harquahala

Mountains, the physical and biological characteristics of lambingsitesdid not

differ from sites used at othertimesof theyear(ibid). Lambs are born after a

gestationof approximately6 months--171 to 185 days(TurnerandHansen1980,

Shackleton et at. 1984, Hass 1995). During a 4-year (1993 to 1996) study

conducted in the Peninsular Ranges southoftheSanJacintoMountains,the
lambing season extended from FebruarythroughAugust;however,87 percent of

the lambs were born from February to April, and 55 percent of the lambs were

born in March (Rubin et at. 2000). DeForge etat. (1997) and Cunningham (1982)

reportedasimilar onsetof the lambingseasonin theSanJacintoMountainsandin

CarrizoCanyon,respectively. In theSanJacintoandnorthernSantaRosa

Mountains ewe groups, the lambing season begins in January during some years

(Bighorn Institute 1997). Lambsusuallyareweanedby 6 monthsofage(Hansen

and Deming 1980, Wehausen 1980).

From 1993 to 1996, the reproductive patternsof five ewegroups (Carrizo Canyon,

southSanYsidro Mountains,north SanYsidro Mountains,SantaRosaMountains

15



[DeepCanyon],andnorthernSantaRosaMountains)weremonitored(referto

section I.C. I for description of ewegroups)andannuallamb productionaveraged

77 percent (0.77lambsbornper “ewe-year”)for the4-yearperiod(E. Rubin,pers.

comm.). Using a fecal-based enzyme immunoassay, Borjesson etat. (1996)

determined that in the fall of 1992, at least85 percentof sampledadulteweswere

pregnant.Both of theseobservationssuggestthat conceptionratesare not

currentlylimiting populationgrowthin thePeninsularRanges.

Lamb survival (to 6 months of age) wasvariableamonggroupsandacrossyears.

A good year of lamb survival in one group was not necessarily a good year in

another group (Rubin etat. 2000, Table 1). Of the four groups studied, the

northern Santa Rosa Mountainsgrouptypicallyhadthelowestlamb survival,

while the neighboring Deep Canyon group, locatedlessthan8 kilometers (5

miles) away,hadthehighestlamb survival.Researchersworking in thenorthern

portion of the Santa Rosa Mountains have expressed concern over the low lamb

recruitment average observed in this areasinceapproximately1977 (DeForgeet

at. 1982, DeForge and Scott 1982, Turner and Payson 1982). Although lamb to

ewe ratios observed in the Santa Rosa Mountainshavefluctuatedacrossyears

(Wehausen etat. 1987, DeForge etat. 1995), fall lamb to ewe ratios were

consistently low in the northern SantaRosaMountainsduring 1983 to 1994

(DeForge et at. 1995). During 1985 to 1998, recruitment in the northern Santa

RosaMountainsaveraged13 lambsper 100 ewes(Ostermannet at. in press,

Table2). Periodsof low lambto eweratios,aswell as clinical signsof

pneumoniaamonglambs,haveoccasionallybeenobservedin Anza-Borrego

DesertStatePark(JorgensenandTurner 1973,JorgensenandTurner1975,Hicks

1978),butyearsofhigh lamb to eweratios(Cunningham1982, M. Jorgensen,

pers. comm.) and high lambrecruitmentto 6 monthsof age (Rubinetat. 2000)

have been observedin theseareasaswell. In theSanJacintoMountains,low fall

lamb to ewe ratios were documented from 1977 to 1983. However, this group

exhibitedvariablerecruitmentthereafter,with relativelyhigh (greaterthanor

equalto 0.50)fall lamb to eweratios from 1994 to 1996(DeForgeetat. 1997).

Wehausen(1992)suggestedthat periodsof low recruitmentmaynot warrant

alarm because long-lived animals such as bighorn sheep can exist in viable
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Table 1. Lamb survival per ewegroup in thePeninsular Rangesduring 1993 to
1996 (Rubin et al. 2000,basedon observationsof radiocollared ewes).

Ewe
Group

Proportion (1.0~l0Opercent)of lambs living to 6 months of age

1993 1994 1995 1996
1993 to 1996

(# lambs)

Carrizo
Canyon

0.67 0.78 0.50 0.50 0.68 (31)

SanYsidro
Mountains-
north and

southa

0.75 0.25 0.57 0.71 0.57 (42)

Deep
Canyon

NA 0.80 0.67 0.75 0.74 (23)

N. Santa
RosaMts.

NA 0.43 0.10 0.40 0.26 (23)

adatafrom thenorthandsouthSanYsidro groupswerecombinedbecauseofsmall

samplesizesin the southSanYsidro Mountainswhenyearswereconsideredseparately.

populationsif periodsof low offspringrecruitmentareinterruptedby periodic

pulsesof high offspringrecruitment.Most ewegroupsin thePeninsularRanges

appearto haveexhibitedsuchpulsesof high recruitmentbut decliningpopulation

trends(seesectionI.C.3) suggestthat theyhavenot beensufficientto balance

adult mortalityover longertime periods. Chronicallylow lamb to eweratios

observedin thenorthernSantaRosaMountainsewegroup(DeForgeetat. 1995,

Ostermannet at. in press)areaparticularconcern. Signsofillnesshavebeen

observedamonglambsin this ewe group(DeForgeet at. 1982, DeForgeandScott

1982,DeForgeandOstermann1998a),andit is possiblethat low lamb survival is

associatedwith diseaseor diseaseprocessescomplicatedby environmental

conditions,suchashabitatmodification(refer to sectionsI.B.7 andI.D). This

ewegrouphasbeenaugmentedby captiveanimalssince1985(seesectionsL.C. I

andI.E.3),with similar averagerecruitmentrates(to approximately1 yearofage)

observedamongwild-rearedandcaptive-rearedewes(Ostermannel at. in press,

Table2). A 5-yearstudyof radiocollaredlambshasbeeninitiated in this

populationto determinecause-specificmortality (DeForgeandOstermann

I998b).
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Table 2. Peninsular bighorn ewepopulation estimatesand recruitment (lamb
survival until December)for captive-rearedand wild-reared ewesin thenorthern
Santa RosaMountains (Ostermann eta!. in review~.

Year wild- captive- Total

1985 22 0 22

1986 25 0 25
1987 25 5 30

1988 24 9 33

1989 21 11 32

1990 12 12 24

1991 11 10 21
1992 11 13 24
1993 7 10 17
1994 3 8 11
1995 3 7 10
1996 3 7 10
1997 2 7 9
1998 4 6 10

Mean NA NA NA

Lambs recruited
n (lambs/lOO ewes)

3 (12) NA 3 (12)

0(0) 0(0) 0(0)

2(8) 0(0) 2(6)
0(0) 1(9) 1(3)

0(0) 0(0) 0(0)
0 (0) 1 (10) 1 (5)
1 (9) 1 (8) 2 (8)
1 (14) 0 (0) 1 (6)
1 (33) 2 (25) 3(27)

0(0) 0(0) 0(0)
0 (0) 2 (29) 2 (20)
1 (50) 0 (0) 1 (11)

2 (50) 5 (83) 7 (70)

1 (13.9) 1(13.7) 2(13.3)

Wild-reared Captiv Total

4 (18) NA 4 (18)

No. of ewesgreater than or equal
to 2 years ofage

Severalstudieshavedocumentedapositive relationshipbetweenwinter

precipitationandlamb recruitmentin thefollowing year(DouglasandLeslie

1986, Wehausenet at. 1987). However,therelationshipbetweenprecipitation

andlamb recruitmentis nota simpleone. Wehausenet at. (1987) foundthat

periodsof low lamb survival,believedto be aresultof adiseaseepizootic,

coincidedwith periodsofincreasedrainfall. Theseauthorshypothesizedthat

increasedstandingwatercausedpopulationsof Cuticoidesmidges,a vectorof

bluetongueandepizootichemorrhagicdiseaseviruses(Hoff andTrainer1981), to

increase.Anotherhypothesisinvolving thepresenceof livestockasan outside

diseasereservoiralso waspresented(Wehausenetat. 1987). Therelationships

betweenclimate,lamb recruitment,andpopulationtrendslikely differ among

differentbighornsheeppopulations,and arenot fully understood(Rubinet at.

2000).
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In ruminants,reproductivesuccessis relatedto themothersbodyweight,accessto

resources,qualityofhomerange,and age(EtchbergerandKrausman1999).

Survival ofoffspringalso dependson birth weightanddate. Festa-Bianchetand

Jorgenson(1996)foundthat femalesheepreducethecareof lambswhen

resourcesarescarceto favor theirown nutritional requirementsovertheir lambs’

development.Excessivedisturbancealso candisrupt nutritional conditionby

affectingoptimum feeding-ruminatingcycles(Wagner2000). Ewesthat fail to

acquirea minimumlevel ofenergyreserves(i.e.,bodyweight)maynot conceive

(Wehausen1984)orwill producesmalleroffspringwith apoorerchanceof

survival (PriceandWhite 1985).

Ewesin thecaptiveherdat theBighorn Institutehadhigh lamb production(mean

83.6 percent)andrecruitment(mean71.0 percent)during 1985 to 1998.

Productionandrecruitmentof individual ewesin captivity rangedfrom 0 to 108

percent;twins wereproducedtwice. Between1985 and 1998,71 lambs(30

males,41 females)werebornto ewes2 yearsofageor older,resultingin asex

ratioat birthof0.73:1. Elevenof 71 lambs (15.5percent)bornin captivity and6

of39 lambs(15.4percent)capturedfrom thewild died in captivity. Lamb

mortalitieswereattributedto disease(n=1 1), traumaorperitonitis(n=3),and

undeterminedcauses(n=3) (Ostermannet at. in press). Lambsurvival in the

captiveherd during 1999wasthe lowestrecordedfor thispopulation,with only

two of sevenlambssurvivingto yearlingage. Resultsfrom necropsiesperformed

at theCaliforniaVeterinaryDiagnosticLaboratoryindicatedacutebacterial

pneumonia(Pasteurettaspp.)asthecauseofdeathin all five lambs. Previous

studieshaveimplicatedseverestressasa factorin pasteurellosisin domestic

ruminants(Frankand Smith1983, GilmourandGilmour 1989),andin bighorn

pneumoniaepizootics(Feuersteinet at. 1980,Sprakeret at. 1984,Festa-Bianchet

1988). During the 1999 lambingseason,captivebighornwereobservedfleeing

from thefeedingareain responseto constructionnoise from nearbydevelopment

projectson multiple occasions.Additionally, helicopterswere documentedflying

overoradjacentto theenclosuresandcausingalarmresponses(e.g., running

uphill) amongcaptivebighornon over20 occasionsbetweenJanuaryandJuly

1999(Bighorn Institute 1999). Stressresultingfrom humandisturbancemayhave

playedarole in predisposingcaptivelambsto disease.
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4. SURVIVORSHIIP

In theSan JacintoMountains,DeForgeet at. (1997)monitoredthesurvivalof

adult(2 ormoreyearsofage)radiocollaredbighornsheepduring 1993 to 1996

andestimatedannualadult survival to be 0.75 (1 equals100 percent).During

1997and1998, annualsurvival in this ewegroupwas0.67 and0.86, respectively

(BighornInstitute 1997, 1998).

In the northern Santa Rosa Mountains ewe group, adult survivorship was

monitoredduringa 14-yearperiod(1985 to 1998),andwasfoundto range

between0.50 and1.00 annually(Table3; Ostermannet at. in press).Regression

analysisdid not revealanincreasingor decreasingtrendin survivorshipduringthe

14 years. In this ewegroup,whichhasbeenaugmentedwith captiveanimals

since1985(refer to sectionsI.C.1 andI.E.3), annualsurvival ofcaptivereared

animals (n equals 73, mean 0.80) was not statistically different from that of wild-

rearedanimals(n equals43, mean0.81;Ostermannetat. in press).

DuringNovember1992 to May 1998,survivorshipof 113 adult radio-collared

bighornsheep(97ewesand16 rams)wasmonitoredbetweenHighway74 (in the

SantaRosaMountains)andtheU.S.-Mexicoborder. During this period,overall

annualadult survivalwas0.79 (Table4), with no significantdifferenceamong

threeageclassesofadults(Hayeset at. 2000). Survivorshipvariedacrossyears

(range: 0.72 to 0.91,Hayesetat. 2000),but regressionanalysisdid not reveala

decreasingor increasingtrendin survivorshipacrossyears. Annual survivorship

of individualewegroupsrangedfrom 0.70 to 0.87,and ayearof high

survivorshipin one groupwasnot necessarilya yearof highsurvivorshipin other

groups(E. Rubin,pers.comm.).

Survivalofadultbighornsheephasbeenconsideredto be high until 10 yearsof

age(Hansen198Gb),oruntil shortlybeforetheageofecologicallongevity

(CowanandGeist 1971). However,observedvaluesof annualadult survivorship

in thePeninsularbighornsheepappearlow relative to otherreporteddesert

populations: 0.91 or greaterin southeasternCalifornia(Andrew 1994),0.86 or

greaterin northwestArizona(whenhighwaymortalitieswereexcluded,

CunninghamanddeVos 1992),0.82 in New Mexico (Loganet at. 1996),and
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Table 3. Annual survival estimatesafor yearling and adult bighorn sheepin the

northern SantaRosaMountains ewegroup for calendaryears 1985 to 1998

(excluding captive-reared animals; Ostermann etat. in press).

Year Animal Months Survival

(1.0 = 100
percent)

95 percent

Confidence
Interval

1985 305 0.70 0.54-0.86
1986 282 0.88 0.76-1.00
1987 264 0.91 0.80-1.00
1988 234 0.90 0.77-1.00
1989 203 0.78 0.59-1.00
1990 145 0.79 0.57-1.00
1991 105 0.80 0.55-1.00
1992 86 0.88 0.65-1.00
1993 73 0.86 0.60-1.00
1994 45 0.50 0.10-0.90
1995 61 0.83 0.54-1.00
1996 52 0.80 0.45-1.00
1997 42 0.75 0.33-1.00
1998 42 1.00 1.00-1.00

aSu~ivalcalcujatedusingtheKaplan-Meiermethodmodifiedfor a staggeredentrydesign

(Pollocket al. 1989).

0.85 orgreaterfor fouroffive populationsstudiedin theMojavedesert

(Wehausen 1992). The one exception in the Mojave desert was a small

populationin theGraniteMountains,whichwasdocumentedto havelow adult

annualsurvival (0.72)resultingfrom predationby mountainlions (Wehausen

1992).

Survivalof Bighorn Institutecaptiveraisedyearlingandadultbighorn(n equals

73, 1985-1998)12 monthsafterreleasewas0.61. First yearsurvival for females

(0.64)washigher(p lessthan0.005)thanfor males(0.55). First yearsurvival for

bighornreleasedasadults(0.75,n equals12) washigher(p lessthan0.01)than

forbighornreleasedasyearlings(n 61, mean0.57). After thefirst year in the

wild, survival for captive-rearedsheepimprovedsubstantially. Averageannual

survival for captive-rearedbighornexcludingthe first yearafter release(0.88)was

significantly higher thansurvival duringthefirst yearafterrelease(p lessthan
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Table 4. Annual survival of adult bighorn sheep(greater than or equal to 2 years of

age)a,betweenHighway 74 (in the Santa RosaMountains) and the U.S.-Mexico

border, 1992to 1998 (Hayesetal. 2000).

Year Animal

Months

Annual Survival

(1.0 = 100percent)

95 percent Confidence

Interval
244 0.91 0.79-1.00

1993-1994 758 0.79 0.70-0.89
1994-1995 808 0.79 0.70-0.88
1995-1996 605 0.72 0.62-0.85
1996-1997 368 0.82 0.70-0.96
1997-1998 384 0.83 0.70-0.96

Total 3167 0.79 0.75-0.84
a CalculatedusingtheprogramMICROMORT (HeiseyandFuller1985).

bJune1 offirst yearthroughMay 31 of secondyear(except1992, which startedin November).

0.01)andsurvival for wild-rearedbighornduringthesametimeperiod (p equals

0.05). Mountainlion predationwastheprimarycauseof deathfor released

bighorn,followed by urbanization(Ostermannet at. in press).

Between1985 and 1998,survival for yearlingandadult bighornin thecaptive

populationat theBighorn Instituterangedfrom 0.89 to 1.0 andaveraged0.98.

Theonly adult bighornmortalityduring this time periodwas theeuthanasiaofa

terminally ill 14-year-oldewe. Threeyearlingsdied in captivity, two from disease

andoneduringtransportfor release(Ostermannet at. in press). In 1999,two

adultsandayearlingdied in captivity: a 15-year-oldramwaseuthanizedafter

collapsingfrom abrokenhumerus;a 14-year-oldramdiedfrom complications

with old ageandbronchopneumonia;and ayearlingramdied from an extensive

cervicalabscess(Bighorn Institute 1999).

5. CAUSESOFMORTALITY

Causespecificmortality in theSanJacintoMountainswasstudiedfrom 1992 to

1998. Duringthis period,five mortalitieswere attributedto mountainlion (Puma

concotor)predation,two wereattributedto bobcator mountainlion predation,and

threediedofunknowncauses(DeForgeet at. 1997;Bighorn Institute 1997,

1998).
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In thenorthernSantaRosaMountains,artificially irrigatedvegetationattracts

bighornsheepandcreatesahazard. Thoughcommonlythoughtto be theproduct

ofreleasingcaptive-rearedanimalsinto thewild, behavioralhabituationto urban

sourcesof food andwaterbeganwhenurbanizationstartedencroachinginto

bighornhabitatin the1950’s, severaldecadesbeforepopulationaugmentation

beganin 1985 (Tevis 1959,DeForgeandScott 1982,Ostermannet at. in press,V.

Bleich, pers.comm.). A studyof cause-specificmortality conductedfrom 1991 to

1996revealedthatpredationaccountedfor 28 percentof32 adultbighornsheep

mortalities (25 percentdueto lion predationand3 percentdue to eitherlion or

bobcatpredation)and34 percentweredirectly causedbyurbanization(DeForge

andOstermann1998b).The remainderofmortalitiesweredueto disease(3

percent)andundeterminedcauses(34 percent).Of the 11 adult mortalities

attributedto urbanization,5 weredueto automobilecollisions,5 werecausedby

exotic plant poisoning, and 1 bighorn ram was strangled in a wire fence. An

additionalfour bighornsheepwere struckbut not killed by vehicles. Toxic plants

causingmortality includedoleander(Neriurn oleander)andlaurel cherry(Prunus

sp.)(Bighorn Institute 1995, 1996). In 1970,a toxic, ornamentalnightshadeplant

mayhavecausedthedeathof ayoungramin PalmSprings(Weaverand Mensch

1970). Dueto an absenceof comprehensivestudiesof thetoxicity ofnon-native

plantsto bighornsheep,it is unclearhowmanyadditional ornamentalplant

speciesrepresenta risk to bighornsheepin the PeninsularRanges. Exposureto

chemicals,suchasfertilizers,herbicides,andinsecticidesusedin developedareas,

is alsoaconcern(Turner1978);however,little is knownaboutthe level of

exposureoreffectson bighornsheep.Preliminaryresultsfrom an ongoingstudy

ofradiocollaredlambsindicatethat urbanizationis alsoaffectinglamb survival in

this ewegroup. Of thenine lambmortalitiesrecordedin 1998and 1999,five

wereattributedto coyoteorbobcatpredation,oneto mountainlion predation,and

threeto thedirect andindirecteffectsof urbanization(automobilecollision and

drowningin aswimmingpool). Dogsalsohavebeenobservedto chasebighorn

ewesandtheir lambsnearresidentialareas(E. Rubin, pers.comm.). Eight of the

ninedeathsoccurredwithin 300meters(980feet) of theurbaninterface(Bighorn

Institute 1999).
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Thoughmuledeer(Odocoiteushemionus)aretheprimarypreyof mountainlions

in NorthAmerica(Anderson1983),and therangeofbighorn sheepin the

PeninsularRangeslargelyavoidsoverlapwith mule deer,lion predationthreatens

individualewegroupsin thePeninsularRanges(Hayeset at. 2000)andhasthe

potentialto affectpopulationrecovery. From November1992 to May 1998,

Hayesetat. (2000) foundtheprimarycauseofdeathof radio-collaredadult

bighornsheepbetweenHighway74 (in theSantaRosaMountains)and theU.S.-

Mexico borderwaspredationby mountainlions. Lion predationaccountedfor at

least69 percentofthe61 adultmortalitiesandoccurredin eachoftheewegroups

in this portionoftherange(Hayeset at. 2000). Annually, lion predation

accountedfor 50 to 100 percentofthe bighornsheepmortality, anddid not

exhibit a decreasingor increasingtrendduring 1993 to 1997. Lion predation

appearedto showa seasonalpattern,with themajorityof incidentsoccurring

during the cooler and wetter months of the year. A bighorn sheep’s risk of

predation did not appear to be related to its age. In this study, the remainder of

mortalitieswereclassifiedas: 16 percent--causesotherthanpredationand 15

percent--undetermined cause.

It is unknown,however,how currentlevelsof lion predationobservedthroughout

thePeninsularRangescompareto historic levels. Lions orsign oflion havebeen

observedin thehabitatof Peninsularbighornsheepsincethe 1950’s(Joneset at.

1957,JorgensenandTurner1973,Gross1987, Sanchez1988, BighornInstitute

1990). However,the literatureindicatesa lackof agreementon recentmountain

lion populationtrendsin California(Smallwood1994,SmallwoodandFitzhugh

1995,Torresetal. 1996,Wehausen1996). Pastincidentsof lion predationwere

documentedby JorgensenandTurner(1975),Gross(1987),andBighorn Institute

(1998, 1999). Reported incidents of lion predation were not commonin the past

andpredationwasnot consideredto beaseriousrisk to bighornsheep(Weaver

andMensch1970, JorgensenandTurner 1975,Cunningham1982),but it is

important to note that the increase in the number of radio-collared bighorn sheep

since1993hasgreatlyincreasedthedetectionof suchmortalities. Becauseofthe

roughdesertterrainand themannerin which lionshandletheirprey(buryingor

cachingunderdirt or brush),carcassesoflion-killed bighornsheeparedifficult to

find without theaid oftelemetry. However,deadbighornsheepwithout radio-
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collarshavebeenfoundopportunisticallyduring earlyand recentfield work, and•

it hasbeensuggestedthat theproportionofthesethat werekilled by lions may

haveincreased.It is possiblethat othercausesof mortality, for examplepast

episodesof diseases,havealteredtheproportionof mortalitiesattributedto lion

predation.

Pastfield observationsandrecordsin areasfar from theCoachellaValleyurban

interfacedocumentedmortalitiesresultingfrom predation(of lambs)by coyotes

(Canistatrans)(WeaverandMensch1970,JorgensenandTurner 1975,DeForge

andScott 1982),traincollisions(JorgensenandTurner1973),automobile

collisions(Turner 1976,Hicks 1978),poaching(Joneset at. 1957,Jorgensenand

Turner1973, Cunningham1982),andaccidentalfalls (Turner1976). Golden

eagles(Aquita chrvsaetos)and bobcats (Lynx rufus) arealsopotentialpredators.

6. COMPETITION

In thePeninsularRanges,bighornsheeppotentiallycompetefor resourceswith

othernative ungulates(muledeer),domesticlivestock(cattle),feral animals

(horses),andhumans. Bighorn sheepanddeerhabitatoverlapprimarily atthe

upperelevationsof bighornhabitat,with possiblegeographicandseasonal

differencesin thedegreeofoverlap. Jones(1980)summarizedreportsof possible

competitionfor food andwaterbetweendeerand bighornsheepin othermountain

ranges. Joneset at. (1957)andWeaveret at. (1968)speculatedthat competition

betweenthetwo speciesmayoccurbut likely waslimited in thePeninsular

Ranges.Thehabitatusepatternsofdeerin thePeninsularRangeshavenotbeen

studied;therefore,levelsofcompetitionarenotknown. Recentobservations

suggestthat non-nativehoneybees(Apis meltifera)couldaffect bighornsheepuse

ofcertainwatersources(W. Boyce,pers.comm.).

Numerousreportsandobservationsindicatethat cattlegrazingcanbedetrimental

to bighornsheeppopulations,eitherthroughdirect competitionfor forageor

water,or throughvegetationchangesin responseto cattlegrazing(reviewedby

McQuivey 1978andJones1980)andpotentialdiseasetransmission(e.g.,

DeForgeetat. 1982,Clark etat. 1985,Jessup1981, Jessup1985,Clark et at.
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1993,refer to sectionI.B.7 andI.D), althoughseeSingeret at.(1997).

Historically, largenumbersofcattleweregrazedin thePeninsularRanges(Reed

1986; AppendixA). NumbersweregreatlyreducedwhenAnza-BorregoDesert

StateParkwasestablishedin 1933 andgrazingleaseson park landswere

terminatedin 1970,althoughcattlehavecontinuedto trespasson Parklands from

adjacentallotments. CunninghamandOhmart(1986)foundthat dietaryoverlap

betweencattleandPeninsularbighornsheepin CarrizoCanyonwaslow (lessthan

orequalto 18.2 percent)but notedthat duringtheir study, thetwo speciesused

differentvegetationassociations.Theseauthorscautionedthat competitionmight

increaseif: 1) cattlewereintroducedto bighornsheephabitat(with the impact

beingmostseriousatwatersources),or 2)droughtreducedtheavailabilityof

annualplants. In 1989,cattlewereobservedatawatersourceusedby bighorn

sheepin CarrizoCanyon(Clark etat. 1993),indicatingthat cattlewereusing

bighornsheephabitatin thestudysiteofCunninghamandOhrnart(1986). Cattle

werealso foundin bighornsheephabitatin CoyoteCanyon,RockhouseCanyon,

HellholeCanyon,and Bow Willow Canyon(M. Jorgensen,pers.comm.). During

1987 to 1989, Anza-BorregoDesertStateParkpersonnelremoved117 cattle from

parkland(M. Jorgensen,pers.comm.);however,cattle(both feral orstraying

cattle,and thosecurrentlygrazedlegallyon grazingallotments)arestill found in

or nearbighornsheephabitatin thePeninsularRanges,andrepresentapotential

risk to bighornsheep.

Domesticsheeppresentproblemssimilar to cattlewith regardto competition;

however,theirpresencerepresentsan evengreaterthreatdueto an increasedrisk

of transmittingfatal diseasesto bighorn(referto sectionI.B.7 andI.D). Domestic

goatsalsoarepotentiallyseriouscompetitorsbecauseof theirability to maneuver

in roughcountry andtheirpropensityto overgrazeforage. Jonesetat. (1957)

foundapproximately30 goatsin MartinezCanyonin theSantaRosaMountainsin

1957and observedthat theyhadheavilyusedpartofthis canyon. R. Weaver

(CaliforniaDepartmentofFishandGameretired,pers.comm.)also observed

goatsin this areaandatthe southernedgeoftheU.S. PeninsularRanges(southof

Highway8) in the late 1960’s. Goatspersistedin MartinezandSumacCanyons

(SantaRosaMountains)until theearly1980’s(Bighorn Institute 1983, 1984a,

1984b,1985a,1985b;V. Bleich, pers.comm.; D. Jessupin tilt. 1999). There are
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currentlyno knowndomesticsheepor goatsin therangeofthePeninsularbighorn

sheep,thoughtransientrammovements,suchasalongtheSunriseHighway(51

in SanDiegoCounty)could encountersheeporgoatsin peripheralareas;

reintroductionof thesespecieswould createa seriousrisk to Peninsularbighom

sheep.

Many researchershavedocumentedhigh levelsofcompetition,both for waterand

forage,betweenburros(Equusasinus)andbighorn sheep(e.g.,Weaver1959,

1972, 1973;Mensch1970;SeegmillerandOhrnart1981;Andrewetat. 1997;

Jones1980). Jonesetal. (1957)reportedthepresenceof burrosin Martinez

Canyonandspeculatedthattheiruseof watersourcescould interferewith bighorn

sheepuse. BurrosalsoinhabitedRockhouseCanyon(north) from approximately

the 1930’s to theearly1970’s(M. Jorgensen,pers.comm.). No burrosare

currentlyknownto inhabit thePeninsularRanges,but theycouldposearisk for

bighornsheepif introduced. Feralhorses(Equuscabattus)currently inhabit

CoyoteCanyonin Anza-BorregoDesertStatePark(Auza-BorregoDesertState

Park,unpublisheddata)andPalmCanyon(SanJacintoMountains). Competition

betweenferal horsesandbighornsheephasnotbeenextensivelystudied,but

increasing horse populations were reported to coincide with decreasing bighorn

sheep populations in the Silver Peak Range in Nevada (McQuivey 1978).

Similarly, duringthe3-daywaterholecountsat Anza-BorregoDesertStateParkin

1999and2000, thecontinuouspresenceof 16 and21 wild horses,respectively,

arounda traditionallyusedwaterholecoincidedwith an absenceof bighorn

coming to water over both census periods (M. Jorgensen, pers. comm.).

M. Jorgensenhasobservedthat during periodsof poorrangeforageconditions,

horsescongregatearoundwatersourcesmorethanusual,causingdamagesimilar

to thatofburrosby consumingthebestavailableforageandfouling surface

waters.

Competitionwith domesticlivestock,especiallydomesticsheep(Brigandi 1995),

hasaffectedbighornsheepin thepast(refer to AppendixA). Cattlewerepresent

in thePeninsularRangesasearlyas 1775 (Bolton 1930)andweregrazedin large

numbersthroughouttherange(Turner 1976,Reed1986,Cunninghamand Ohmart

1986). Currently,competitionwith livestockis low in thePeninsularRanges
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becauseofpastandcurrenteffortsto limit livestocknumbers. However,

competitionmaystill occurin localizedsituations. Forexample,bighornuseof

HellholeCanyonhasincreasedmeasurablysincetheremovalof over two dozen

cattlefrom thecanyonand 117 cattlethroughoutthepark in 1987 (M. Jorgensen,

pers.comm.). In CanebrakeCanyon,currentBureauof LandManagement

grazingpermits allowing cattleto usewatersourceslocatedbelowbighornsheep

lambingareasmaybe affectingtheCarrizoCanyonewe group. This ewegroup

alsomaybeaffectedby cattlethat strayoutof agrazingallotmentin McCain

Valley. In addition, thepotentialrisk ofdiseasetransmissionexistsas longas

livestockoccurin bighornsheephabitat.

7. DISEASEAND PARASITISM

It hasbeenhypothesizedthatdiseasehasplayedan importantrole in population

dynamicsof bighornsheepin thePeninsularRanges(DeForgeet at. 1982,

DeForge and Scott 1982, Turner and Payson 1982, Wehausen et at. 1987).

Numerouspathogenshavebeenisolatedordetectedby serologicassayfrom

bighornsheepin theseranges.Thesepathogensincludebluetonguevirus,

contagious ecthyma virus, parainfluenza-3 virus, bovine respiratory syncytial

virus, Anaptasma,Chtamvdia,Leptospira,Pasz’euretta,Psoroptes,and

Dermacentor(DeForge et at., 1982;Clark et at. 1985, 1993; Mazet etat. 1992;

Elliott et at. 1994;Boyce 1995;Crosbieet at., 1997, DeForge et at. 1997).

DeForgeet at. (1982)foundmultiple pathogens(contagiousecthymavirus, blue

tongue,Pasteuretta,andparainfluenzavirus) and low lamb recruitmentin

associationwith overall populationdeclines. Between1982and 1998,39 lambs

showingsignsofillness(lethargy,droopyears,nasaldischarge,andlung

consolidation)werecollectedfrom theSantaRosa(northernandsouthern),

Jacumba,and In-Ko-PahMountainsfor diseaseresearchandrehabilitationatthe

Bighorn Institute(Ostermannet at. in press).Additionally, DeForgeetat. (1995)

documentedapopulationdeclinethroughouttheSantaRosaMountainsduring

1983 to 1994,resultingfrom inadequaterecruitment. Althoughacauseandeffect

relationshipbetweendiseaseandpopulationdeclinehasnot beenclearly

establishedin thePeninsularRanges,resultsfrom severalstudiesprovidesupport
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for this hypothesis(DeForgeet at. 1982,Clark et at. 1985,Wehausenet at. 1987,

Clark et at. 1993,Elliot et at. 1994, DeForgeet at. 1995). Thepresenceof feral

goatsin portionsof theSantaRosaMountainsuntil the late 1970’sto early 1980’s

mayhavecontributedto exposureofwild bighornto diseaseduring this periodof

populationdecline(D. Jessup,in th~t. 1999).

Analysisofspatialvariationin pathogenexposureamongbighornsheepsampled

between1978 to 1990showedthat Peninsularbighorn sheeppopulationsand

otherpopulationsin southernCaliforniahavehigherlevelsofpathogenexposure

thanotherpopulationsofbighornsheepin theState(Elliott et al. 1994).

However,serologicaltestshaverevealedthepresenceof antibodiesto several

infectiousdiseaseagentsin bothhealthyandclinically-ill animals(Clark et at.

1993,Elliott etat. 1994;Boyce1995,DeForgeetat. 1997),andessentiallyall of

theviruses,bacteria,andparasitesthathavebeenreportedfrom Peninsular

bighornsheepappearto be widespreadamongdesertbighornsheepin thewestern

U. S. (Jessupet at. 1990). All evidenceindicatesthat the influenceof diseasein

thePeninsularRangeshassubsidedin morerecentyears. For example,recent

samplingandexaminationofbighornsheepthroughouttherangeindicatethat

mostanimalswereclinically normal(Boyce 1995;DeForgeet at. 1997;Bighorn

Institute 1997, 1998, 1999). Severalcaveatsshouldbe kept in mind when

interpretingserologictestresultsofwild animals(Gardneretat. 1996). An

animal testingpositive for a specific pathogen: 1) mayormaynot be showing

clinical signsof the infectionandmayneverhavebeenadverselyaffectedby the

infection,2) mayno longerharborthepathogen,3) mayor maynotbe resistantto

subsequentre-infection,or4) mayhavebeenexposedto arelatedpathogenthat

inducedtheformationof cross-reactiveantibodies. Ontheotherhand,an animal

testingnegative: 1)mayneverhavebeenexposedto thepathogen,2) maybe

recentlyinfectedby thepathogenunderscrutinybut not yetproducingantibodies,

or3) mayhavebeenexposedto thepathogenanddevelopedanantibodytiter that

hassubsequentlyabated.Detectionofpathogensdoesnot, in itself, imply a causal

relationshipbetweendiseaseandpopulationdeclines. Additional researchis

necessaryto betterunderstandthis relationship. Furthermore,it appearsthat risk

ofdiseaseandparasitesmight differ amongewegroupsbasedon their exposure
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andtheirhabitatusepatterns,so future researchshouldaddressthesequestionsat

the level ofthe ewegroupandthe levelof thepopulation.

Thereducedinfluenceofdiseaseon Peninsularbighornsheep(asthey

simultaneouslycontinueto decline)suggeststhat otherfactors,suchaspredation,

habitatloss/modification,andhumanrelateddisturbancecurrentlylimit the

population. Nonetheless,diseaseand/orparasitesmaystill threatenbighornsheep

in thenorthernSantaRosaMountains. Bighorn sheepin this grouphave

exhibitedlow lamb recruitment(refer to sectionI.B.3), andclinical signsof

illnesshavebeenobservedamongadultsandlambs(DeForgeandScott 1982;

BighornInstitute 1997;DeForgeandOstermann1998a;E. Rubin, pers.comm.).

In addition,during 1991 to 1998,internalparasites(trichostrongyles)were

detectedin this ewegroup(DeForgeandOstermann1998b;E. Rubin andW.

Boyce,pers.comm.),while similarsamplingfailed to detecttheseparasitesin

bighornsheepfrom theremainderof therange(DeForgeei’ at. 1997;Bighorn

Institute 1998; E. Rubinand W. Boyce,pers.comm.). Habitatmodificationand

alteredhabitatusepatternsmayincreasetherisk ofdiseaseandparasitesin this

groupby increasingparasitesurvivalor transmissionratesin irrigated landscapes

(Bighorn Institute 1997,DeForgeandOstermann1998b). It hasbeensuggested,

for instance,that thedensityof RockyMountainbighornsheepis importantin the

transmissionof lungworms(Protostrongytus)in mesicareaswherethesnail

intermediatehostsaresufficientlycommon(UhazyandHolmes 1973). The

differentewegroupsin thePeninsularRangesapparentlyhavedifferentpathogen

exposureprofilesand risks.

C. ABUNDANCE AND DISTRIBUTION

1. HISTORIC ABUNDANCE AND DISTRIBUTION

Bighornsheephavebeendocumentedin thePeninsularRangessinceearly

explorerssuchasAuza observedthemin the1700’s(Bolton 1930);however,

rangewidepopulationestimateswere not madeuntil the I 970’s. Published

estimateswereashigh as971 in 1972(Weaver1972),and 1,171 in 1974(Weaver

1975),while morerecentestimateswere570 in 1988 (Weaver1989),400 in 1992

(U.S. FishandWildlife Service1992),andbetween327 to 524 in 1993 (Torreset

at. 1994). Accuracyof theestimatesin theearly 1970’s(pre-helicoptersurveys),
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especiallyin theSanJacintoMountains,hasbeenquestionedby several

authorities(Wehausen1999;V. Bleich, pers.comm.)(seesectionI.C.3 below for

moredetails).

An examinationof pastrecordsandcurrentdatasuggeststhat thedistribution of

bighornsheephasbeenalteredduring thepast25 years. No newewegroupshave

beendocumentedto form, but ewegroupsalongtheMexicanborderand in the

northernSanJacintoMountains(north ofChinoCanyon)havedisappearedsince

the 1980’s. Lossoftheborderpopulationwaspoorlydocumentedbut the

constructionofInterstate8 in themid-1960’s,railroadactivity, livestock grazing,

poaching,andfire suppressionappearto be likely contributingcauses(Rubin et

at. 1998). DeForge etat. (1997)suggestedthat disturbanceandhabitat

fragmentationweretheprincipalcausesofchangesin distributionin thenorthern

SanJacintoMountains. In thenorthernSantaRosaMountains,thenumberand

distributionofewesis substantiallyreducedfrom the 1980’s,with formerly

importantuseareas,suchasCarrizoandDeadIndianCanyons,currently

supportingfew animals(J. D. Goodman,Universityof Redlands,unpublished

data1963; DeForgeandScott 1982;DeForgeet at. 1995; Bighorn Institute 1998,

1999). TheFishCreekMountainsandareasto thewestoftheVallecito

Mountains(theSawtoothRange,OriflammeMountains,andthelower elevations

oftheLagunaMountains)arebelievedto havesupported“transient”useby sheep

in the past (Weaver etat. 1968, Weaver 1972).

Thedistributionof eweshasbecomemorefragmentedin therecentpast,although

evidenceis not availableto suggestthatramusehasbeencurtailed. At the

southerndistributional limits oftheU.S. population,theconstructionofInterstate

8 precededthelaterdisappearanceofbighornsheepalongtheMexicanborder,

thoughramsstill continueto be foundoccasionally(Jessup,in titt. 2000). At the

extremenorthernendof their range,ewegroupoccupationceasedin thenorthern

SanJacintoMountainsabout20 yearsafterconstructionofthePalmSprings

AerialTramwayin ChinoCanyon,thoughramsstill crossChinoCanyonand

makeuseofmuchoftheareaformerlyoccupiedby theewegroup. Rubin etat.

(1998)suggestedthat in portionsof therange,roadsor increasedtraffic have

contributedto fragmentationby restrictingewemovement,asevidencedby the

distributionallimits of four ewegroupscurrentlycoincidingwith roadways. In

the 1970’s,eweswereobservedto crossHighway74 in the SantaRosaMountains
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(V. Bleich, pers.comm.; D. Jessup,in titt. 1999)andsheepwerestruck by cars

“whereancestralbighorntrails arebisectedby thehighway” (Turner1976).

Thougha radio-collaredewecrossedHighway74 in 1982(DeForgeandScott

1982),no radio-collaredeweswereobservedto crossthis roadfrom 1993 to the

present.CaliforniaDepartmentofTransportationrecordsindicatethat traffic on

this roadhasapproximatelytripled since1970. Since1991,at leastfive rams
havebeenstruckby carswhile crossingHighway74; two werekilled (Bighorn

Institute 1991, 1999). In addition,asignificantreductionin bighornusein

portionsoftheSantaRosaMountainshasbeenobservedsincethe constructionof

theDunnRoad(DeForgein litt. 1997).

2. RECENTABUNDANCE AND DISTRIBUTION

RecentabundanceestimatesofPeninsularbighornsheepnorthoftheU.S.-Mexico

borderwere347, 276, and334 animals(excludinglambs)in 1994, 1996,and

1998,respectively(Table5). Currently,at leasteight subpopulations(ewe

groups)existin therange(Rubin et at. 1998) (Figure 3, Table 6). It is possible

that theSantaRosaMountainssoutheastofHighway74 andtheVallecito

Mountains are each inhabited by more than one ewe group, but additional data are

requiredto confirm this. During 1994 to 1998,thelargestewegroupsin the

PeninsularRangestypically consistedof lessthan30 ewes,while somegroups

hadlessthan 15 ewes(DeForgeet at. 1997; Rubinet at. 1998, 1999; Ostermann

etat. in press)(Table6). TheSanJacintoewegroupcurrentlyconsistsofsix

knownewes(Bighorn Institute 1999). Althoughpermanentemigrationof ewes

betweengroupshasnotbeenobserved,a limited numberof temporarymoves

betweensomegroupsweredocumentedin recentyears(Bighorn Institute 1998,

1999; Rubinetat. 1998),andgeneticevidenceindicatesewemovementin the

past(Boyceet at. 1997). Rammovementsbetweenewegroupsaremorefrequent

(DeForge et at. 1997,Rubinetat. 1998, refer to section I.B.2). These

observationaldataaresupportedby geneticanalyses(Boyceet at. 1997,Boyceet

at. 1999,refer to sectionI.A.3). Theexistenceof distinct ewegroupsthatare

connectedby limited movementof bighornsheepsuggeststhat Peninsularbighorn

sheepcompriseametapopulation(Levins 1970,Torreset at. 1994, Bleich et at.

1996, Boyceetat. 1997). Bighornsheepexhibit apatchydistributionasa result

of naturalbreaksin mountainoushabitat(Schwartzetat. 1986;Bleich et at.

1 990a, 1996),andgeneticanalysessupportthehypothesisthat discreteewe
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Figure 3. Distribution of bighorn ewes in the Peninsular Ranges, California, 1992-1995. Stippled and
shaded areas indicate regions used by home-range groups of ewes identified in this study. 1-Carrizo
Canyon, 2a-south Vallecito Mountains, 2b-north Vallecito Mountains, 3-south San Ysidro Mountains,
4-north San Ysidro Mountains, 5-Coyote Canyon, 6a-Santa Rosa Mountains east of Highway 74
(south), 6b-Santa Rosa Mountains east of Highway 74 (Martinez Canyon), 6c-Santa Rosa Mountains
east of Highway 74 (Deep Canyon), 7-Santa Rosa Mountains west of Highway 74, 8-San Jacinto.
Mountains (U indicates general location of this group, DeForge et aI. 1997). Wide hatch marks
indicate possible connectivity between ewe groups in the Vallecito Mountains and in the Santa Rosa
Mountains. (Reprinted with permission from Rubin et al. 1998).
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groupsexistedin thepast(Boyceet at. 1999). However,it appearsthat some

separationsbetweengroupsareof anthropogenicorigin andmovementof ewes

hasbeenreducedby humanactivity (DeForgeetat. 1997,Rubinei at. 1998,refer

to sectionL.C.2).

Two captivepopulationsofPeninsularbighornsheepcurrentlyexist. TheLiving

DesertMuseum,an educationaland zoo facility in PalmDesert,California,

maintainsasmall group(sevenadult femalesandtwo adult males)at its facility.

Theseanimalsareusedprimarily for educationalpurposes(Terrie Correll,The

Living Desert,pers.comm.). TheBighorn Institute,alsoin Palm Desert,

maintainsasmall captiveherdof approximately30 animals. This private,

nonprofitorganization,establishedin 1982undertheauthorizationof the

CaliforniaDepartmentof FishandGamewith aMemorandumofUnderstanding,

Table 5. Abundanceestimates(and 95 percent confidenceintervals) of bighorn

sheepin the PeninsularRangesnorth of the U.S.-Mexicoborder during 1994,1996,

and 1998. Estimatesexcludelambs (DeForgeetal. 1995; Bighorn Institute 1996,

1998).

Region 1994 1996 1998 Source(s)

Anza-Borrego

DesertStatePark

(including all

habitatoutsideof

SantaRosaandSan

JacintoMountains)

214.0

(149.8to

278.6)

163.0

(131.8to 194.2)

180.7

(149.5to

211.9)

Rubinetat.

1998, 1999

SantaRosa

Mountains

115.5

(91.5to 139.5)

93.8
(71.8to 115.8)

129.0
(91.1to 166.9)

DeForgeet at.
1995,Bighorn

Institute 1996,
1998

SanJacinto

Mountainsa

17 (NA) 19 (NA) 24 (NA) DeForgeet at.

1997, Bighorn
Institute 1998

Total 347
(253 to 458)

276
(210to 439)

334
(262 to 434)

aMinimum numberknownto be alive,basedon absolutecounts(intensivefield studiesof radio-

collaredanimals in combinationwith annualhelicoptersurveys). Confidenceintervals

unavailable.
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conductsresearchandmaintainsabreedingherdat its facility (referto section

J.E.3). Since 1985,77 animalsfrom this herdhavebeenreleasedinto thewild.

Ewe groupsin theSanJacintoandnorthernSantaRosaMountainshavebeen

augmented with captive-reared sheep (n equals 3 in 1997 and 74 during 1985-

1998, respectively)(Ostermannet at. in press).

3. POPULATION TRENDS

Althoughbasedon different techniques,acomparisonof early(pre-1977)and

currentpopulationestimatessuggestsagreatdeclinein Peninsularbighornsheep

numbers.Earlyestimateswerebasedon waterholecountsor foot surveys,

whereashelicoptersurveyswereusedto generatepopulationestimatesstartingin

Table 6. Ewe abundanceestimates(and 95 percentconfidenceintervals) per ewe

group generatedfrom helicopter surveysduring 1994,1996,and 1998(Rubin etal.

1998,1999; DeForgeetal. 1997;DeForgeetal. 1995;Bighorn Institute 1996,1998).

Current ewegroup

delineation

Year

1994

Year

1996

Year

1998

I. CarrizoCanyon 39.0

(20.9-57.2)

23.5

(17.7-29.3)

19.0

(19.0-19.0)
2. Vallecito Mountains 17.7

(6.7-28.6)

19.0

(19.0-19.0)

30.2

(24.3-36.1)
3. SouthSanYsidro

Mountains

15.3

(9.9-20.6)

12.3

(6.9-17.8)

23.0

(8.3-37.7)
4. North SanYsidro

Mountains
32.0

(9.5-54.5)
22.1

(16.2-28.1)
15.3

(6.2-24.5)
5. CoyoteCanyon 21.8

(15.4-28.2)

23.0

(5.5-40.5)

22.8

(17.5-28.0)
6. Santa Rosa

Mountains

east of Hwy. 74

66.2

(42.4-90.0)

83.0

(27.3-138.7)

48.3

(31.6-65.0)

7. SantaRosaMts.
westofHwy. 74

15.9
(13.5-18.3)

14
(14.0-14.0)

11.6
(9.7-13.5)

8. SanJacinto
Mountainsa

(
(na)

(
(na)

(
(na)

~Minimumnumberknownto be alive, basedon absolutepopulationcounts(intensivefield studies

of radiocollaredanimalsin combinationwith annualhelicoptersurveys). Confidenceintervalsare

unavailable.
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1977. Annualhelicoptersurveysconductedin theSantaRosaMountainssince

1977 indicatearegionalpopulationdecline(DeForgeet at. 1995,Wehausenetat.

1987),with a 69 percentdeclineobservedbetween1984and 1994(DeForgeetat.

1995). Rubinetat. (1998) examinedtrendsin abundanceoutsideof theSanta

RosaMountainswith theuseof a26-yeardatasetof annualwaterholecount

observations in Auza-Borrego Desert State Park. These dataindicatedthat

declineshad occurredin some,but not all, ewegroups. This resultsuggeststhat

abundancetrendsareindependentamongewegroups,andis in agreementwith

field datathat showindependentdifferencesin lamb recruitmentandadult

survivalamongewegroups(Rubin et at. 2000.,Hayesetat. 2000, refer to

sectionsI.B.3 andI.B.4). Climatic patternsarehighly correlatedacrossthe

PeninsularRanges,suggestingthat otherlocal factorsspecific to ewegroupsplay

importantrolesin determininglong-termabundancetrends(Rubin et at. 1998).

Independentpopulationtrendsalsowereobservedamongewegroupsin the

Mojave Desert (Wehausen 1992).

DeForgeet at. (1997) foundthat bighornsheepin theSanJacintoMountains

declinedbetween1984 and 1987. Sincethat time thesubpopulationinhabiting

these mountains has been stable but precariously small (Table 7). In the Santa

RosaMountains, mark-recapture estimatesgeneratedfrom helicoptersurveydata

indicatedthat bighorn sheepnumbersappearedto remainstableatlow numbers

from 1990to 1995, following alargepopulationdecline(DeForgeet at. 1995). In

thenorthernpartof thesemountains,thecurrentnumberof animalsis

approximately50 percentofthenumberpresentduringthe 1980’s(Table 8).

Helicoptersurveyssouthof theSantaRosaMountains,encompassingall

Peninsularbighornsheephabitatoutsideof theSantaRosaandSanJacinto

Mountains,indicateda28 percentdeclinein ewenumbersin arecent2-year

period(from an estimateof 141 femalesin 1994 to 102 femalesin 1996;Rubinet

at. 1998), and a statisticallynon-significantincrease(from approximately102 to

112 females)from 1996 to 1998 (Rubinet at. 1999).

Thoughcauseandeffect relationshipsfor thesepopulationdeclinesamongewe

groupshavenot beendocumented,likely contributingfactorsare: high predation

rates;disease;andcumulativeeffectsof habitatloss,modification,fragmentation

andhuman-relateddisturbance.
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Table 7. Ewe population estimates for the San Jacinto Mountains from 1993 to

1999 (DeForgeetal. 1997;Bighorn Institute 1997,1998,1999).

Year Number of ewes

(yearlings and adults)

1993 10
1994 7
1995 8
1996 7
1997 9
1998 8
1999 6

a

Table 8. Fall population estimates of adult (1 year or older) bighorn sheepin the

northern SantaRosaMountains from 1985 to 1998 (Ostermann etal. in press).

Fall population Number of captive-

estimateof reared bighorn in

yearling and adult the population

Year bighorn (ewes)
1985 40(22) 1
1986 46(25) 5
1987 52(30) 16
1988 52(33) 19
1989 50(32) 20
1990 41(24) 26
1991 30(21) 17
1992 35 (24) 20
1993 27(17) 16
1994 23(11) 16
1995 24(10) 16
1996 21(10) 16
1997 22(11) 16
1998 22(10) 15

a minimumnumberknownto bealive, basedon absolutepopulationcount.
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D. REASONSFOR LISTING

The following discussionis organizedaccordingto the listing criteriaunder

section4(a)(1)of theEndangeredSpeciesAct.

I. THE PRESENTORTHREATENED DESTRUCTION,MODIIFICATION,

OR CURTAILMENT OF THEIR HABITAT ORRANGE

Habitat lossis a leadingcauseofcurrentspeciesextinctionsand endangerment

(Burgmanetat. 1993). It represents aparticularlyseriousthreatto Peninsular

bighornsheepbecausethey live in anarrowbandof lowerelevationhabitatthat

representssomeofthemostdesirablerealestatein theCaliforniadesertandis

beingdevelopedat a rapidpace. At least7,490hectares(18,500acresor about30

squaremiles) of suitablehabitathasbeenlost to urbanizationandagriculture

within the rangeof thethreeewegroupsthat occuralongtheurbaninterface

betweenPalmSpringsandLa Quinta(seethemapsreferencedin Appendix B).

Within thenarrowbandofhabitat,bighornsheepneedto be ableto movedaily,

seasonally,andannuallyto makeuseof sparseandsometimessporadically

availableresourcesfoundwithin theirhomeranges.As humansencroachinto this

habitat,theseresourcesareeliminatedor reducedin value,andthesurvivalof ewe

groupsis threatened.Bighorn sheeparealsosensitiveto habitatloss or

modification becausetheyarepoordispersers(Geist 1967, 1971),largelylearning

their rangingpatternsfrom olderanimalsratherthanon theirown(refer to section

I.B.2). Whenhabitatis lost or modified, theaffectedgroupis likely to remain

within their familiarsurroundingsbutwith reducedlikelihoodof population

persistence, due to reducedquantityand/orqualityof resources.Habitat

fragmentationis amajorthreatto bighornsheep(Schwartzet at. 1986, Bleich et

at. 1996) and Peninsularbighornsheepareparticularlyvulnerablebecauseof the

narrowelevationalbandofsuitablehabitat,behavior(useof low elevationhabitat

andewehomerangefidelity), andpopulationstructure. Fragmentationposesa

particularly severethreat to specieswith ametapopulationstructurebecause

overall survival dependson interactionamongsubpopulations.Encroaching

urbandevelopmentandanthropogenicdisturbanceshavethedual effect of

restrictinganimalsto a smallerareaand severingconnectionsbetweenewe

groups. Movementsby ramsthroughdowntownPalm Springs(Tevis 1959,

DesertSun,9/12/1995,DeForgeetat. 1997)mayprovideinsight intopastbighorn
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movementpatterns.Formerlong-distancemovementsacrossthevalley floor to

thenorth and eastof theCoachellaValley, thoughneverdocumented,likely

occurredastheycurrentlystill do betweenothermountainrangesin the desert

southwest(Bleich etat. 1996;J.Wehausen,pers.comm.). Thepotential for such

movementsnow hasbeeneliminatedby high densityurbandevelopment,major

freeways,fences,agriculture,andcanals. Themovementoframsandoccasional

ewesbetweenewe groupsmaintainsgeneticdiversity andaugmentspopulations

ofindividual ewe groups (Soul~ 1980,KrausmanandLeopold 1986, Schwartzet

at. 1986, Burgman et at. 1993, refer to sectionII.A.2). Theoccasionalmovement

of ewes can result in a “rescue effect” (Brown and Kodric-Brown 1977) by

increasingthenumberofewesin adecliningewegroup. Temporarymovesby

femalesbetweenneighboringewegroupscouldalsoprovidenewhabitat

knowledgethat facilitatesfuturerangeexpansion(Geist 1971). Increased

fragmentationreducessuchpossibilities.

Beyondphysicalbarriersto movement,fragmentationalso canresultfrom less

obviousformsofhabitatmodification. As describedabovein sectionI.C.2,

increasedtraffic on roadsapparentlymakebighornsheep,especiallyewes,

hesitantto crosstheseroads(Rubinet at. 1998). Animals that do crosssufferan

additionalrisk ofmortality (Turner 1976,McQuivey 1978,Cunninghamand

deVos1992,DeForgeandOstermann1 998b,BighornInstitute 1999),with the

resultthat agroupwhoserangeis bisectedby theroadcanhavereducedviability

in the long term(CunninghamanddeVos1992). Humandisturbancealongroads

andtrails cancausesheepto avoidthoseareas(Papouchisetat. 1999),potentially

affectingbighornsheepmovementandhabitatuse(referto sectionI.B.2), thereby

“fragmenting”bighornsheepdistributionalthoughthehabitatappearsto be intact.

DevelopmentandhumanpopulationsalongtheeasternslopeofthePeninsular

Rangescontinueto grow ata rapidpaceatthe lowerandupperelevational

boundariesof Peninsularbighornsheephabitat. TheCoachellaValley

AssociationofGovernmentsanticipatesthat by theyear2010,thehuman

populationtherewill increasefrom 227,000to over497,000,not including

165,000to 200,000seasonalresidents.Bighornpopulationdeclinestypically have

beenmostpronouncedin ewegroupsadjoiningtheurban interfacein Coachella

Valley. Thedeclinein local bighornpopulationsin theSanJacintoandnorthern

SantaRosaMountainsparallelsthedemiseof sheeppopulationsnear
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AlbuquerqueandTucson(Krausmanetat. in prep.),othermajormetropolitan

areasthathaveencroachedinto sheephabitatin thedesertsouthwest. Other

cumulativefactorscausedby humanactivitieswithin bighornsheephabitatare

discussedin detailbelow(referto sectionI.D.5).

2. OVERUTILIZATION FORCOMMERCIAL, RECREATIONAL,

SCIENTIFIC, OR EDUCATIONAL PURPOSES

Thereis no regulatedhuntingseasonfor Peninsularbighornsheepin theUnited

States,andpoachingis rarelydocumented.Precautionsshould continueto be

taken,however,to preventpoaching.TheBighorn InstituteandLiving Desert

Museumeachmaintainacaptivepopulationof Peninsularbighornsheepfor

scientific andeducationalpurposes.This useis thoughtto haveno negative

impacton free-rangingbighornsheep. Researchersarerequiredto obtainState

and FederalpermitsbeforehandlingPeninsularbighornsheep. Althoughcurrent

researchtechniquesarenot believedto havea negativeimpactonbighornsheep,

how researchis carriedout mustalwaysbe aconsideration(Bleich etat. 1994,see

Appendix D).

3. DISEASEAND PREDATION

ThewestwardspreadofEuropeansandtheir domesticlivestockacrossNorth

Americawasthoughtto play asignificantrole in reducingthedistribution and

abundanceofbighornsheepdueto the introductionofnew infectiousdiseases

(Spraker1977, Onderkaand Wishart1984). In particular,domesticsheephave

beenrepeatedlyimplicatedin Pasteurettapneumoniadie-offsofbighornsheep.

In thePeninsularRanges,a numberofpathogenshavebeenisolatedordetected

by serologicalassayfrom bighornsheep(refer to sectionI.B.7). In theSantaRosa

Mountains,manyyearsofhigh lambmortality from an apparentdiseaseepizootic

contributedto apopulationdeclinefrom inadequaterecruitment(DeForgeand

Scott 1982, Wehausen et at. 1987,DeForgeet at. 1995). Althoughdiseasesdo

not currently appear to be limiting population growth throughout the range, they

poseapotentialthreatthat couldoccurat any time, especiallyif diseaseepisodes

canbe precipitatedby chronic levelsof disturbance(Geist 1971, Hamiltonetat.

1982, Sprakeret at. 1984,King andWorkman1986,Festa-Bianchet1988,Desert

Bighorn Council 1992).
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Mountainlion predationis an apparentlimiting factor for someewegroupsin the

PeninsularRanges;69 percentof61 mortalitiesofradiocollaredsheepfrom 1992

to 1998betweenHighway 74 in theSantaRosaMountainsandMexicanborder

areattributedto mountainlions (Hayeset at. 2000). Therelatively low

survivorshipofadults(sectionI.B.4) and associatedpopulationdeclineshave

recentlyaffectedtherecoveryof mostewe groups.

4. THE INADEQUACY OF EXISTING REGULATORY MECHANISMS

In 1971, thePeninsularbighornsheepwaslisted underCaliforniaStatelaw asa

rarespecies.Thedesignationwaschangedto “threatened”in 1984 to standardize

terminologyof theamendedCaliforniaEndangeredSpeciesAct. The Peninsular

bighornsheepalsois listedby theStateasa“fully protectedspecies”underthe

FishandGameCode(Section4700). TheCaliforniaEnvironmentalQuality Act,

whichallows public commentandgenerallyrequiresmitigationfor significant

environmentaleffects,includingadverseimpactsto Stateand federallylisted

species,hasnot resultedin conservationbenefitssufficient to maintainstable

populations.

The BureauofLandManagementand CaliforniaDepartmentof Fishand Game

jointly developedtheSantaRosaMountainsHabitatManagementPlanin 1980

andMcCainValley HabitatManagementPlanin 1984 to addresstheneeds,as

identifiedat that time, ofbighornsheepin theseareas.TheDepartmentofFish

and GamealsoestablishedtheCarrizoCanyonandMagnesiaSpring Ecological

Reservesto protect importantwateringsites. Theeffectivenessofthese

managementareasin theSantaRosaMountainshasbeenlimited becauseof

heavyhumanuse,lackof managementpresence,and limited funding. Thelackof

fundsalsohaspreventedacquisitionof all privatelandswithin theprotectedareas,

resulting in continued fragmentation by development. The existence of private

inholdingswithin theboundariesof Anza-BorregoDesertStateParkis alsoa

potentialthreatto Peninsularbighornsheepbecausetheselandsincludeprime
bighornsheephabitat,but a lackof funding and/orunwilling sellershave

preventedpublicacquisitionto date.

In California, it is Bureauof LandManagementpolicy to conserveState-listed

plantsand animalsandto useits authoritiesin furtheranceofthepurposesofthe
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Stateof California’srareandendangeredspecieslaws.TheBureauofLand

ManagementandCaliforniaDepartmentof FishandGamehavedeveloped

conferenceproceduresto promotecooperationin theapplicationofthis policy,

althoughtheyareinconsistentlyimplemented. NeitherStatelisting nor the

proposedFederallisting of bighornsheeppromptedlandmanagementagenciesto

effectively addressadverseeffectsassociatedwith landexchanges,recreational

andcommercialuses,and livestockgrazingprograms. Althoughdomesticsheep

on Federallandsin the PeninsularRangesarenot a currentthreat,adverseeffects

from cattlegrazing(including resourcecompetition,degradationof watersources,

anddiseasetransmission)require resolution.

A numberof developmentprojectswith potentiallysignificantadverseeffectson

bighornsheeprecentlyhavebeenapprovedbecauseprojectproposalsand local

GeneralPlansformostof the cities in the CoachellaValley inadequatelyaddress

threatsto the long-termconservationof Peninsularbighorn sheep. Thoughsome

habitatprotectionis derivedfrom the presenceof theStateandfederally listed

leastBell’s vireo ( Vireo bettiipusittus)andsouthwesternwillow flycatcher

(Empidonaxtraitiji extimus),benefitsarelimited due to thespecializedhabitats

(riparianwoodland)usedby thesebirds. Section404 oftheCleanWaterAct

providesprotectionthrough theU. S. Army Corpsof Engineers’regulationofthe

dischargeofdredgedandfill materialinto certainwatersandwetlandsofthe

UnitedStates,but Corps’jurisdiction canbe avoidedundervarioussituations.

5. OTHER NATURAL OR MANMADE FACTORSAFFECTING THEIR

CONTINUED EXISTENCE

Drought: Prolongeddroughtis anaturalfactor thatcanhavenegativeimpactson

desertbighornsheeppopulations,eitherby limiting watersourcesor by affecting

foragequality (Rosenzweig1968,Hansen1980a,Monson1980, Douglasand

Leslie 1986, Wehausenetat. 1987, refer to sectionI.B.1). Duringdroughtyears,

theconcentrationofbighornsheepnearremainingwatersourcesmayincrease

competitionfor forageaswell aswater,therebylimiting populationgrowth

throughdensitydependentregulation(Caughley1977,Gotelli 1995). In addition,

increased density potentially renders animals more susceptible to diseases or

parasites(AndersonandMay 1979,May andAnderson1979).
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Human Disturbance:Humandevelopmentaffectssheepthroughhabitatloss,

fragmentation, orothermodification(refer to sectionI.D. 1 .1), but theseimpacts

alsoextendintobighornsheephabitatbeyondtheurbanedge. Thougha growing

humanpopulationandincreasedactivity adjacentto andwithin bighornsheep

habitathavepotentialto adverselyaffectbighorn sheep,accuratemappingof trail

locationsandquantitativemonitoringof recreationaltrail usehavenotbeen

conducted.In addition, incrementalproliferationoftrails hasgone largely

unaddressed.

Numerousresearchershaveexpressedconcernoverthe impactof humanactivity

on Peninsularbighornsheep(e.g.,JorgensenandTurner1973,Hicks 1978,Olech

1979,Cunningham1982,DeForgeandScott 1982,Gross1987, Sanchezetat.

1988),aswell ason sheepin otherareas(Graham1980,Gionfriddoand

Krausman1986, SmithandKrausman1988). Leopold(1933)consideredbighorn

sheep a wilderness animal because they fail to thrive in contact with urban

development.A varietyofhumanactivitiessuchashiking, mountainbiking, hang

gliding, horsebackriding, camping,hunting,livestockgrazing,dogwalking, and

useof aircraftand off-road-vehicleshavethepotential to disruptnormalbighorn

sheepsocialbehaviorsanduseof essentialresources,orcausebighornsheepto

abandontraditionalhabitat(McQuivey 1978,MacArthuretat. 1979, Olech 1979,

Wehausen1979,Leslie andDouglas1980,Graham1980,MacArthuretat. 1982,

Batesand Workman1983,Wehausen1983,Miller andSmith 1985,Krausman

andLeopold1986,Krausmanetat. 1989,Goodson1999,Papouchiset at. 1999).

Attemptsto ascriberelativeimportance,distinguishamong,orgeneralizethe

effectsof differenthumanactivitieson sheepbehaviorarenot supportable,given

therangeofpotential reactionsreportedin the literatureandthedifferent variables

impinging on givensituations.

Althoughcaseshavebeencited in which bighornsheeppopulationsdid not

appearto be affectedby humanactivity (e.g.,Hicks andElder 1979,Hamiltonet

at. 1982),numerousresearchers,includingtheseauthors,havedocumentedaltered

bighorn sheepbehaviorin responseto anthropogenicdisturbance.Evenwhen

bighornsheepappearto be tolerantof aparticularactivity, continuedandfrequent

usecancausethemto avoidan area,eventuallyinterferingwith useofresources,

suchaswater,minerallicks, lambingor feedingareas,or useoftraditional

movementroutes(Jorgensenand Turner 1973,McQuivey 1978,Graham1980,
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Leslie andDouglas1980,DeForgeand Scott1982, Hamilton et’ at. 1982,

Krausmanand Leopold1986, Rubin ei’ at. 1998). In addition,disturbancecan

result in physiologicalresponsessuchaselevatedheartrate(MacArthuretat.

1979, 1982),evenwhenno behavioralresponseis discernable.It wasrepeatedly

cautionedthat humandisturbancethreatenedtheviability ofabighornsheep

populationin theSantaCatalinaMountains,outsideof Tucson,Arizona

(Etchbergeretat. 1989, Krausman et at. 1989,Krausman1993,Krausmanet at.

1995). In thesemountains,Etchbergerei’ at. (1989) foundthat habitatabandoned

bybighornsheephadgreaterhumandisturbancethanoccupiedhabitat. Today,

this populationis extinct, ornearlyso,andhumanactivitiesapparently

contributedto its demise(Schoenecker1997;Krausmanet at. in prep.;

P. Krausman, pers. comm.).

A high level ofhumanactivity occursin thehabitatofPeninsularbighornsheep.

Forexample,duringarecent10-hourperiodin spring,49 hikers,2 mountain

bikers,and 13 dogs(9 unleashed)werecountedin CarrizoCanyonin thenorthern

SantaRosaMountains(Bureauof LandManagement,unpublisheddata). This

trail bisectsa lambingareathat hasreceivedreducedlevelsof sheepusein recent

years. A eweandherlamb wereobservedto wait for overS hoursto cometo

waterbecauseofcontinuousoff-road vehicletraffic (JorgensenandTurner 1973).

Jorgensen(1974)reportedthatbighornsheepuseofimportantwaterholeswas50

percentloweron dayswith off-roadvehicle traffic. In CarrizoCanyon,Hicks

(1978)observedagroupofbighornsheepflee from aspringareawhenaNavy

helicopterpassedoverhead,Olech(1979)notedthatbighornsheepdid not use

waterholeswhenmotorcycleswere heardnearby,andCunningham(1982)

speculatedthat theuseof springsby humans(recreationistsandpersonsentering

CaliforniaacrosstheU. S.-Mexicoborder)reduceduseofthis resourceby

bighornsheep. Sanchezei’ at. (1988)recommendedthat futuremanagement

efforts should attemptto reducehumanimpactson bighornsheepin Carrizo

Canyon. As thehumanpopulationof thesouthernCaliforniadesertgrows, such

humanactivity in bighornsheephabitatwill increase.

Bighorn sheepresponsesto humanactivity aredifficult to predict(Miller and

Smith 1985)anddependon typeof activity, seasonof theactivity, elevationof the

activity relativeto resources(Hicks 1978,Graham1980),anddistanceof the

activity from resourcescritical to bighorn sheep(Miller andSmith 1985),among
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othervariables. For instance,eweswith lambstypically aremore sensitiveto

disturbance(Light andWeaver1973,Wehausen1980),asareanimalsthat are

approachedfrom higherelevations(Hicks 1977,Graham1980). Papouchiset at.

(1999)foundbighornsheepto be moresensitiveto disturbanceduring springand

fall, correspondingwith the lambingandrutting seasons.Etchbergerand

Krausman (1999) observed the abandonment of lambing habitat while

constructionactivitieswereongoing.

Livestock Grazing and Water Diversion: Humanactionsalsoindirectly affect

useofresourcesby bighornsheep. Domesticlivestockandferal animalscan

reducethe availability andquality of resources(waterand forage)requiredby

bighorn sheep(referto sectionI.B.6), andcanfunctionaspotentialvectorsfor

diseasessuchasbluetonguevirus. In portionsofthe range,waterhasbeen

pumpedfrom aquifersanddivertedawayfrom springsfor useby ranchesand

privateresidences,reducingand eliminatingthewatersourcesuponwhich

bighorn sheepdepend(Tevis 1961;Blong 1967; Turner1976;M. Jorgensen,pers.

comm.).

Non-native Plants: In the Peninsular Ranges,the presenceof tamarisk (Tamarix

sp.),alsoknown assaltcedar,representsa seriousthreatto bighorn sheep.This

exoticplant wasintroducedasan ornamentaland windbreakbut is now a major

weedproblem(Lovich etat. 1994). It consumes large amounts of water and has

rapidreproductiveanddispersalrates(Sanchez1975,Lovich et at. 1994),

enabling it to outcompete native plant species in canyon bottoms and washes. It

hasthefollowing negativeeffectson bighornsheep: 1) it reducesor eliminates

standingwaterthat bighornsheepdependon, 2) it outcompetesplant speciesthat

bighornsheepfeedon, and 3) it occursin thick, often impenetrablestandsthat

block accessofbighornsheepto watersourcesandprovidecoverfor predators.

Tamariskhasalsobeenrecognizedasathreatto otherbighorn sheeppopulations

(Sanchez1975)andnativeecosystemsin general(Lovich etat. 1994). Effective

eradication methods are possible (Barrows 1994) and eradication programs

currently areunderwayby theAguaCalienteBandof Cahuilla Indians,Bureauof

LandManagement,andAuza-BorregoDesertStatePark.

Fire Suppression: As describedin sectionI.B.2 of this recoveryplan,bighorn

sheeprely on vigilanceandvisibility to detectandavoidpredators.Long-term
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fire suppressionresultsin taller andmoredensestandsofvegetation,thereby

reducingopennessandvisibility andin turn makingbighornsheepmore

susceptibleto predation(SierraNevadaBighorn SheepInteragencyAdvisory

Group 1997). In this samemanner,fire suppressioncan influencethedistribution

andhabitatusepatternsofbighornsheepby causingavoidanceof areaswith low

visibility (RisenhooverandBailey 1985,Wakelyn 1987,Etchbergeret at. 1989,

Etchbergeret at. 1990,Krausman1993,Krausmanet at. 1996). In addition,Graf

(1980)suggestedthat fire suppressionreducesforageconditionsin somebighorn

sheepranges.In thePeninsularRanges,changesin vegetationsuccessionare

evidentin someportionsofbighornsheeprange,primarily in higherelevation

chaparralandpinyon-juniperhabitats,andhaveapparentlyinfluencedbighorn

sheepuseofcertaincanyonsandsprings(M. Jorgensen,pers.comm.). Although

temperatureandrainfall likely influencethepatternofvegetationassociations

along the eastern slopes of the Peninsular Ranges more than fire frequency does, a

number of researchers havepointedout that fire is an importanttool in the

management of bighorn sheep habitat (Graf 1980, Smith and Krausman 1988,

Krausman et at. 1996, Sierra NevadaBighorn SheepInteragencyAdvisoryGroup

1997).

E. PAST AND CURRENT MANAGEMENT! CONSERVATION

ACTIVITIES

1. FEDERALAGENCIES

1.1 UnitedStatesFish and Witdt~feService. We listed thePeninsularbighorn

sheepasa Category2 candidatefrom September18, 1985(50FR 37958)until

May 8, 1992,whenit wasproposedfor Federallisting asan endangeredspecies

(57FR 19837). Betweenthedateoftheproposedrule andfinal listing on March

18, 1998(63 FR 13134),certainFederalactivitieswerereviewedunderthe

section7 interagencyregulations(50CFRPart402)andconferenceprocedures

for proposedspecies.SinceFederallisting, themandatoryrequirementsof

sections7, 9, and 10 of theEndangeredSpeciesAct havebeenin effect, in

additionto theallocationof recoveryfundingto theStateundersections4 and 6

of theAct. On July 5, 2000,we proposedto designatecritical habitatthroughout

thePeninsularRangesin California(65 FR 41405). This recoveryplan is

preparedpursuantto section4(f) of theEndangeredSpeciesAct, which requires
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usto givepriority to thepreparationandimplementationofrecoveryplansto

thosespeciesthat aremostlikely to benefit from suchrecoveryplans,particularly

thosethatare,or maybe, in conflict with constructionor otherdevelopment

projectsor otherformsof economicactivity.

1.2 BureauofLandManagement.Approximately26 percentof bighomsheep

habitat in thePeninsularRangesis on public landsadministeredby theBureauof

LandManagement(Figure4). This managementwascustodialin thePeninsular

Rangesuntil implementationoftheCaliforniaDesertConservationAreaPlan

beganin 1980. Implementationofthis plan includedpreparationofthe Santa

RosaMountainsHabitatManagementPlan(1980),McCainValley Wildlife

HabitatManagementPlan(1984),andIn-Ko-PahAreaofCritical Environmental

ConcernManagementPlan(1988),which identifiedactionsto be takenfor the

benefitof bighornsheepin thePeninsularRanges.From 1988 to thepresent,

usingLandandWaterConservationFunddollarsappropriatedby Congressand

taking advantageof landgifts ftom privateindividuals,theBureauofLand

Managementacquiredabout4,520hectares(11,165acres)ofbighornsheep

habitatin thePeninsularRanges,primarily in theSantaRosaMountainsNational

ScenicArea. It shouldbenotedthatwithoutthehelp oftheSantaRosa

MountainsConservancy,agroupofprivatecitizensconcernedwith conservation

oftheSantaRosaMountains,theLandandWaterConservationFunds‘might not

havebeenmadeavailablefor thesepurchases.Otherconservationactivities

included:

• Installationofgap fencingto eliminatecattlegrazingfrom steepterrain

and from watersourcesin canyons;

• Reductionin grazingpressureon allotments;

• Closureof mostroutesoftravel eastofMcCainValley Road,exceptto

privateinholdings,to ranchers,andto CarrizoandSacatoneOverlooks;

• Designationof wildernessstudyareasandsubsequentmanagementfor

non-impairmentofwildernessvalues;

• Designationof Jacumba,CarrizoGorge,CoyoteMountains,Sawtooth

Mountains,FishCreekMountains,andSantaRosaWildernessAreasby

Congress,with attendanteliminationofvehicularaccess;
• Tamariskcontroleffortsaroundwatersources;

• EstablishmentoftheSantaRosaMountainsNationalScenicArea Visitors

Center to provide public education;
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• Financialassistanceto theBighornInstituteduring its formativeyears,as
well aslandtransferandleaseundertheRecreationandPublicPurposes

Act;

• Temporary closure to dogs on most lands in the Santa Rosa Mountains

National Scenic Area; and

• Closureof roadsinto DeadIndianCanyonandCarrizoCanyon.

OnOctober25, 2000, legislationwassignedto createtheSantaRosaandSan

Jacinto Mountains National Monument. The monument covers 110,000 hectares

(272,000acres),including landsadministeredby theBureauof Land

Management, U.S. Forest Service, California Department of Fish and Game,

California Department of Parks and Recreation, Agua Caliente Band of Cahuilla

Indians, Coachella Valley Conservancy, and private owners. The designation will

prohibit mining and off-road vehicle use on federal lands, support coordinated

land management by federal agencies, and increase the area’s funding priority.

1.3 US. ForestService.The San Bernardino National Forest is responsible for

management of bighorn sheep habitat on some public lands. Approximately 3

percentofbighornsheephabitatin the PeninsularRangesis on U.S. Forest

Serviceland(Figure4). Since1978,theForestServicehasacquired3,107

hectares(7,680acres)of land in orwithin 1.6 kilometers(1 mile) of Peninsular

bighornsheeprange. CurrentmanagementoftheSanBernardinoNationalForest

is guidedby theForestLandandResourceManagementPlan(ForestPlan)

establishedin 1989. ForestPlan standardsandguidelinespertainingto Peninsular

bighorn sheep include the following: “coordinate with Bureau of Land

Managementto managethe SantaRosabighornsheeppopulationin accordance

with the(SantaRosaMountainsWildlife) habitatmanagementplan”; “establish

seasonalclosuresasnecessaryto protectimportanthabitat”; “managedomestic

sheepandgoatgrazingto preventdiseasetransferto bighornsheep[a minimum

3.2-kilometer (2-mile) buffer is recommended]”;and“avoid introducingbarriers

to movement of bighorn sheep.” Recent proposed changes in management

relative to Peninsularbighornsheeparediscussedin aprogrammaticBiological

Assessmentcompletedby theSanBernardinoNationalForest(January27, 1999).

This assessmentevaluatedall ongoingactivities occurringin Peninsularbighorn

sheep habitat within the San Bernardino National Forest. Specific actions that

will be implemented include: 1) cattle will be removed from portions of

allotmentsthatoverlapbighornsheephabitat(Wellmanallotment), 2) fences
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within and adjacent to bighorn sheep habitat will comply with specifications listed

in sectionII.D. 1 .2 ofthis recoveryplan,3) abarrierwill be constructedalongthe

gatedclosureonPalmCanyonDrive (alsoknownasDunnRoad)to reduce

unauthorizedvehicularuse,and4) guidelinesfor managementof hiking,biking,

andequestriantrails (e.g.,seasonalclosures)will follow recommendations

outlinedin sectionII.D. 1.2 ofthis recoveryplan.

Additional actionsrecommendedin theSanBernardinoNationalForest

Biological Assessment include: 1) the Forest Service should not authorize forage

use by domestic livestock where they currently do not graze in bighorn sheep

habitat,2) otherexisting grazingallotmentson theSanJacintoRangerDistrict

should not be converted from cattle to domestic sheep or goat use, and 3) the

minimum buffer distance between domestic sheep grazing and bighorn sheep

habitat should be increased from 3.2 kilometers (2 miles) (the current Forest Plan

standard)to 14.5 kilometers(9 miles) throughouttheForest.

2. STATE AGENCIES

2.1 Catfornia DepartmentofFishand Game. To designate areas important to

bighorn sheep conservation in the Santa Rosa Mountains, the Department of Fish

andGameestablisheda StateGameRefugepursuantto FishandGameCode

section10837. Statelandsadministeredby theDepartmentofFishandGame

total about 3 percent of bighorn habitat in the Peninsular Ranges (Figure 4). To

furtheridentify andimplementmanagementneeds,theDepartmentofFishand

Gamecoordinatedwith theBureauofLandManagementin thecompletionofthe

SantaRosaMountainsWildlife HabitatManagementPlan(BureauofLand

Management 1980). Currently, the Department of Fish and Game’s management

activities for bighornsheepareatthehighestlevel in theState’shistory. Funds

providedthroughthesaleof EnvironmentalLicensePlatesandthroughthe

auctionof specialfund-raisingpermitshaveenabled the Department of Fish and

Gameto supportanumberof importantresearcheffortsconcentratingprimarily

on populationcharacteristicsand thediseasestatusofbighornsheep.The

Departmentof FishandGamecooperateswith severaluniversities,agencies,and

non-profitorganizationsin supportofbighorn sheepresearchandconservationin

California. Conservationgoalsfor bighornsheep,aspublishedin theStatewide

Plan for BighornSheep(CaliforniaDepartmentof Fishand Game1983),areas

follows:
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1. Maintain, improve,andexpandbighorn sheephabitatwherepossibleor

feasible.

2. Reestablishbighornsheeppopulationson historicrangeswhere

feasible.

3. Increasebighornsheeppopulationssothat all racesbecomenumerous

enoughto no longerrequireclassificationasrareor fully protected.

4. Provide for aesthetic, educational, and recreational uses of bighorn

sheep.

The California Department of Fish and Game’s Bighorn Sheep Management

Program maintains an inventory of the distribution of bighorn sheep in California.

This assessment of bighorn sheep populations has been conducted as part of a

long-termmanagementplanfor mountainsheepin California. Thepopulationsof

bighorn sheep in California are grouped into metapopulations, or ‘systems’ of

populations, that best represent logical regions to manage for the long-term

viability of the species. This regional approach recognizes the importance of

inter-mountain areas that allow movement and exchange of individuals between

populations, the re-colonization of vacant habitats, and the interagency

coordination of land management. The program’s definition of regional

populationsconsidersnot only vegetativeandgeographicboundaries,but also

man-made barriers that define distributions and have resulted in the fragmentation

of habitat. Given the need to understand the status and dynamics of regional

populationsofbighornsheep,this typeof inventoryshouldprovidean indexfor

documenting regional population changes over time, and help evaluate the success

or failure of management actions at a meaningful level. Further, this approach

mayhelp identify the“missingpiecesofthepuzzle” for optimizing future

reintroduction and management efforts to ensure population viability.

Although a metapopulation approach is an important biological principle for long-

term survival of bighorn sheep populations, it is equally important as a

management concept that prioritizes regional coordination for bighorn sheep

populationandhabitatmanagement.For example,dataregardingextinctionand

recolonizationarelimited, andthebiologicaljustification for consideringsome

regionsastruemetapopulationsis thereforeincomplete. Nevertheless,giventhe

needfor regionalmanagementof bighornsheeppopulations,metapopulations

havebeendefinedbasedon thebestunderstandingof theregions. Several
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investigationshavepostulatedthe importanceof populationsizeandgenetic

diversityto the long-termviability ofbighornsheeppopulations.

CaliforniaStatelaw (AssemblyBill 560),whichwasenactedunderan emergency

provisionin September1999,allows controlofmountainlions to protect

threatened,endangered,fully protected,andcandidatesheepspecies. In these

cases, selective removal of lions is an alternative short-term emergency measure

to facilitate recovery of vulnerable sheep populations, such as in the Peninsular

Ranges (refer to section II.D. 1.3).

2.2 Catfornia DepartmentofParks andRecreation.Two Stateparksarewithin

therangeof thePeninsularbighornsheep:Auza-BorregoDesertStateParkand

Mount San Jacinto State Wilderness. Anza-Borrego Desert State Park comprises

243,000hectares(600,000acres)alongthebackboneof thePeninsularRanges,

encompassing approximately 47 percent of this species’ existing habitat within the

United States (Figure 4). The park also supports a majority of the rangewide

sheep population (Rubin etat. 1998). Therefore, recovery of the species hinges

greatlyon thesuccessfulmanagementofbighornsheephabitat in this Statepark.

Anza-Borrego Desert State Park has been actively involved in the conservation of

bighorn sheep for 30 years (Table 9).

2.3 CoachettaVatteyMountainsC~onservancy. TheConservancywasestablished

by California State legislation in 1990 to “acquire and hold, in perpetual open

space, mountainous lands surrounding the Coachella Valley and to provide for the

public’s enjoyment of and the enhancement of their recreational and educational

expenences on those lands in a manner consistent with the protection of the lands

and the resource values specified in Section 33500 [PublicResources Code]”.

The Conservancy has acquired either fee title or a conservation easement on 973

hectares (2,405 acres) in the San Jacinto and Santa Rosa Mountains, and has

assistedotherentitieswith additionalacquisitions. TheConservancyis preparing

the CoachellaValleyMultiple SpeciesHabitatConservationPlanundercontract

to the Coachella Valley Association of Governments (refer to section I.E.3.2).

3. LOCAL ORGANIZATIONSAND AGENCIES

3.1 BighornInstitute. TheBighorn Instituteis anonprofit,tax-exempt

organizationthatwasformed in 1982 to investigatethe causesof bighornsheep
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declines, particularly Peninsular bighorn sheep. The Institute is located in

RiversideCounty,California,adjacentto theCity of PalmDesert. Its facilities,

which include an office, laboratory, staff residence, and pens for a captive

breedingherdofPeninsularbighornsheep,arelocatedon 120 hectares(297acres)

of land at the base of the Santa Rosa Mountains.

The Institute began monitoring radio-collared bighorn sheep in the northern Santa

Rosa Mountains and the San Jacinto Mountains in 1982 and 1992, respectively.

Long-term studies of the population characteristics, distribution, reproductive

success, nutrition, movements, and general ecology of these bighorn sheep are

ongoing. In the spring of 1998, the Institute initiated a multi-year study of cause-

specific mortality of radio-collared lambs in the northern Santa Rosa Mountains.

The Bighorn Institute has conducted annual helicopter surveys of bighorn sheep in

the Santa Rosa Mountains since 1982 and in the San Jacinto Mountains since

1987, and has also surveyed bighorn sheep throughout the Peninsular Ranges in

Mexico. Since 1982, 39 sick lambs have been captured from the U.S. Peninsular

Ranges for disease research and rehabilitation at the Institute. In 1985, the

Institute began a Captive Breeding and Population Augmentation Program.

Although this program began as a by-product of disease research on causes of low

lamb survival (DeForge etat. 1982, DeForge and Scott 1982), in 1995 it was

redirected as a formal captive breeding program with the primary goals of

producing stock for augmenting and re-establishing wild populations, and

conducting a research program in the Santa Rosa and San Jacinto Mountains.

Captive bighorn are maintained in 12-hectare and 3-hectare enclosures

encompassing rugged hilltops. Ramsand ewes are selectively combined for the

breeding season and the parentage of all captive-born animals is recorded.

Captive animals are not available for public viewing and a standardized feeding

and observation routine is used to limit exposure to humans (Ostermann et at. in

press).

Before release, all bighorn are health-tested, eartagged, and fitted with mortality-

sensing radiocollars. Within the northern Santa Rosa Mountains, bighorn have

been released in Bradley Canyon (n equals60),eastMagnesiaCanyon(n equals

6), andwestMagnesiaCanyon(n equals8). Of the74 captive-rearedbighorn

releasedinto the northernSantaRosaMountains,49 (22males,27 females)were

captive-born and 25 (12 males, 13 females) were wild-born lambs brought into

captivity for research and rehabilitation at I to 5 months of age (Ostermann et at.
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Table 9. Past and presentconservationactivities in Anza-Borrego Desert State

Park.

Year Description of activities
1968 Field studieswere conductedin Anza-Borregoaspartof a statewide

statusreporton bighornsheep(Weaver1972, 1975, 1989;Weaveretat.

1968;WeaverandMensch1970).
circa 1970 ConstructionofBlue Springguzzlerin Vallecito Mountainswith the

Society for theConservationofBighorn Sheep.
1971 The annual Anza-Borrego Bighorn Sheep Count began with about 25

volunteers. A waterhole count has been conducted every summer since

this time and now involves about 75 volunteers counting 24 watering

sites. Over 2,000 volunteers have donated over 60,000 hours to date.
1972-1975 Jorgensen and Turner (1973, 1975) conducted 4 summers of bighorn

sheep research and documented over 100 water sources used by bighorn

sheep. Russi (1978) continued this work in 1976.
1973-

present

Tamarisk removed from riparian areas within bighorn sheep habitat to

enhance water availability and native plant community regeneration.

Currently, a Riparian Restoration Team works full time to remove

tamarisk and other exotic plants. Approximately 208 kilometers (120

miles) of canyons and stream courses have been treated by the team to

date.
1975 A seasonalclosureofbighornsheepwateringareasin CoyoteCanyon

duringJune15 to September15 wasimplemented.This closurewas

expandedin 1996 from June1 to October1.
1982 A bighornsheepguzzlerwasconstructedin collaborationwith

California DepartmentofFish andGameat LimestoneSpringin the
SantaRosaMountains.

1982 163,085hectares(403,000acres)ofAnza-BorregoDesertStatePark
weredesignatedasStateWildernessAreas,settingasidea largeareaof

1983-

present

Parkstaffassistedin annualhelicoptersurveysof theentire SantaRosa

andSanJacintoMountainranges(DeForgee at. 1995, 1997).
1983-1992 ParkstaffassistedtheBighornInstitutewith diseaseresearch.
1987 Feral cattle (117) were removed from bighorn sheep habitat by

helicopter at a cost of $70,000, culminating 16 years of effort to remove

domestic cattle from park lands.
1987 Six bighornsheepguzzlerswereconstructedin the Vallecito Mountains

to providewaterwherenaturalspringsand streamshadbeenusurpedby

humanactivity. Over200volunteersand$30,000were usedand

expendedrespectively,in theproject.
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Table 9. Continued

1987-1988 Gapfencing[22.5kilometers(14miles)] was constructedin the upper

elevationsof the parkto keepstraycattlefrom entering from

neighboringlands. A specialSenateappropriation($200,000)was

obtainedfor thisproject.
1992-

present

Cooperatedon PeninsularRangesBighorn SheepPopulationHealth

Studywith Universityof California (Davis)andthe Zoological Society

of SanDiego.
1994-1998 Helicoptersurveyswereconductedin Anza-BorregoDesertStatePark,

in collaborationwith the Universityof California - Davis andCalifornia

Dept._ofFish_and_Game_(Rubin_et_al._1998,1999).
A 15-minutemovie “The Bighorn of Anza-Borrego”wasproduced.

This movie is seenby thousandsof parkvisitors eachseasonin the

Anza-BorregoVisitor Center.

1995-1996

1996 TheCoyoteCanyonPublic Use Planwas implemented,calling for the

closureof Middle Willows andUpperWillows to motor vehicular

traffic. This trail segmentis 5 kilometers(3.1-miles)long.

in press). In 1997, three captive-reared ewes were released into Tahquitz Canyon

in the SanJacintoMountains. Two of thesefemaleswere captive-born,andthe

third wasawild-born ewecapturedasa lamb from the northernSantaRosa

Mountains(OstermannandDeForge1996,BighornInstitute 1997).

3.2 CoachettaVaiteyMutu~teSpeciesHabitat ConservationPlan. This ongoing

planningeffort is sponsoredby theCoachellaValley Associationof Governments,

with thecooperationof theFishandWildlife ServiceandCalifornia Department

of Fish andGame,andhasbeenin preparationsince1996. Within theareasat

issuein this plan,theAssociation’smembershipincludestheCountyof Riverside

andall ninecitiesin theCoachellaValley, aswell as theAguaCalienteBandof

CahuillaIndians. Thoughtheplanis not yet complete,it currentlyproposesto

addressthe conservation needs of bighorn sheep. Lands in the San Jacinto and

SantaRosaMountainsset aside in the past and future by the cities and Riverside

Countyasopenspacewill provideimportantcontributionsto bighorn sheep

recoveryandcompletionof thehabitatconservationplanif thoselandsare

managedappropriately. If theplanis adopted,participatingFederal,State,and

local governmentswill cooperatein implementingan agreeduponconservation

strategyfor bighorn sheepandotherspeciesovera largeareaof the SanJacinto

andSantaRosaMountainsin RiversideCounty.
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4. INDIAN TRIBES

4.1. Agua CatienteBandofCahuittaIndians. TheAguaCalienteBandof

CahuillaIndians(Tribe) is a federallyrecognizedIndian Tribe whosereservation

wasestablishedin 1876 by ExecutiveOrder. TheAguaCalienteIndian

Reservationencompasses13,000hectares(32,000acres)of land in thewestern

CoachellaValley andis encompassedwithin acheckerboardownershippattern

that supportsa significantamountof bighornsheephabitat.

TheTribe hasa long andrich historyof landstewardship,particularlyin the

foothills oftheSanJacintoandSantaRosaMountain ranges.Fordecades,the

TribehasmanagedtheareaknownastheIndianCanyonsfor cultural resource

protectionand useby thepublicasaTribal park. Protectionof thenatural

resourcesofthereservationandIndianCanyonshasbeentheforemostpriority of

theTribeandhasbeenacknowledgedby theSecretaryoftheInterior.

Currently,the Tribeis preparingacomprehensiveResourceManagementPlanfor

thereservationthat will protectcultural,wetland,landuse,andwildlife resources.

TheTribeactivelyparticipatesandholdsseatson theCoachellaValley

AssociationofGovernments,CoachellaValley MountainsConservancy,and

PlanningAdvisory GroupoftheCoachellaValley Multiple SpeciesHabitat

ConservationPlan.

TheTribe’s PlanningandEnvironmentalDepartmentpresentlyconsistsof 10

professionalsandtechnicianswho, atthedirectionofthe Tribal Council,oversee

all landmanagementissues.TheTribal ResourceManagementPlanwill address

themanagementandprotectionofendangeredspecies,includingbighorn sheep.

To theextentfeasible,theTribe intendsto cooperatewith interestedandaffected

agencieswho sharein the implementationof this recoveryplan.

4.2. Torres-MartinezDesert CahuittaIndians. This federallyrecognizedtribe

supportsapproximatelysix sections(1,554hectaresor 3,840acres)of bighorn

habitatin theextremesouthernSantaRosaMountains.

4.3. Morongo BandofMissionIndians. This federallyrecognizedtribe supports

oneirregularly shapedsection(about280 hectaresor 700 acres)ofbighornhabitat

at theextremenorth endoftheSanJacintoMountains.
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II. RECOVERY

A. CONSERVATION PRINCIPLES USED IN THIS RECOVERY PLAN

Thefollowing sectionsdiscussgeneralconservationprinciples in thecontextof

ourcurrentknowledgeregardingPeninsularbighornsheep,andoutline the

relationshipof theseprinciples to therecoverycriteriafor this species.

Conservationtheoryrecognizesthat populationandgeneticissuesneedto be

addressedin speciesconservation(Lande1988),althoughpopulationthreatspose

agreatershort-termrisk to Peninsularbighornsheep.Theconservationof

Peninsularbighornsheeprequiresanunderstandingofhabitatuse,population

dynamics,behavior,andspatialpopulationstructure,aswell. Ecosystem

protectionprovidesan additionalimportanttool in speciesconservation.Theuse

of modelsin conservationdecision-makingfor therecoveryof bighornsheepin

thePeninsularRangesalsois discussedbelow.

I. POPULATIONCONSIDERATIONS

Populationparametersareimportantto theviability ofall populations;however,

theyarean especiallyimportantconsiderationin the conservationof small

populations(Gilpin andSoul~ 1986). Variation in populationparameters(birth,

death,immigration,andemigrationrates,as well aspopulationageandsex

structure)cancausefluctuationsin populationsizethat makesmall populations

especiallyvulnerableto extinction. Lande(1988)notedthat a shortcomingof

somepastrecoveryplanshasbeenan inadequateemphasison factorsrelatedto

populationcharacteristics,andcautionedthat for manywild populations,risks

relatedto populationparametersareof moreimmediateimportancethangenetic

concerns.

The smallnumberof Peninsularbighornsheep(334 adultsestimatedin 1998)

mandatesthatpopulationdynamicsbe of concernin their conservation.

Furthermore,Peninsularbighornsheepoccurin discreteewe groupsthat have

ecologicalsignificancerelativeto thegeneticanddistributionalstructureofthe

population(Rubin etat. 1998,Boyceet at. 1999),andthereforerepresentan

importantmanagementandconservationunit (Bleich etat. 1996). The

persistenceof suchsubgroupsareimportantto theviability oftheentire
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population(Soul~ 1987). Someof thesegroupsincludelessthan20 ewes,making

themhighly vulnerableto chancevariationin birth and deathevents.Thehigh
maleto femalesexratio in theSanJacintoMountains (DeForgeet at. 1997)

providesan example.

Becauseewegroupsareconnectedby movementsoframsand rarerdispersalby

ewes,Peninsularbighornsheepare consideredto comprisea metapopulation

(Torresetat. 1994,Bleich etat. 1996,Boyceetat. 1997). Metapopulations

typically areassumedto exist in a stateof balancebetweenpopulationextinctions

andcolonizations(HanskiandGilpin 1991). However,in thecaseofPeninsular

bighorn sheep, the use of a metapopulation approach should not diminish the

importance of individual ewe group viability for the following reasons. Bighorn

sheeparerelativelyslowcolonizers(Geist 1967, 1971; Bleich et at. 1996) and

thereforemetapopulationextinction-colonizationprocesseswould haveto

functionoveravery long time period. Recentabandonmentof habitatanda lack

of knowncolonizationssuggestthatPeninsularbighornsheepcomprisea

nonequilibriummetapopulation”(i.e.,extinctionsareoccurringata fasterrate

thancolonizations)(Harrison1994,Hanskiand Simberloff1997). Hanskiand

Gilpin (1991)cautionedthat suchsystemsmustbemanagedcarefullybecause
theymaynot necessarilyfunctionasa metapopulation.Therefore,extirpationsof

existingewegroupsshouldbe avoided,while colonizationofhabitatshouldbe

promoted.

In thePeninsularRanges,a varietyoffactorshavereducedbighornsheepnumbers

to levelswhererandomvariationsin populationcharacteristicsandenvironmental

factorshavebecomeseriousthreats.Therefore,thisrecoveryeffort shouldstrive

to increasetheoverall populationofbighornsheepby addressingand,where

possible,reversingprocessesthat causedthepastpopulationdecline. This effort

will entail implementingactionsthat increasethesizeof individual ewegroupsby

reducingmortality rates,increasingrecruitment,andallowing inter-group

movementsto occur.

2. GENETIC CONSIDERATIONS

Maintaininggeneticvariation is an importantconservationgoal becauselossof

geneticvariability canresultin inbreedingdepression(a lossoffitness)and the

inability of populationsto respondto long-termenvironmentalchanges(Gilpin
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and Sould1986, Rallsei’ at. 1988,Lande1988,Meffe and Carroll 1994,

FitzSimmonset at. 1995). By reducingthefitnessof individuals,lossofgenetic

variationalso canreducethegrowthratesandresilienceof populations(Lacy

1997). Lossof geneticvariationis a specialconcernwhendealingwith small

populationsbecauseheterozygosityis lost (throughtheprocessesof founder

effects,populationbottlenecks,geneticdrift, andtheeffectsof inbreeding)more

quickly in small populationsthanin largeones(Meffe andCarroll 1994). In the

PeninsularRanges,movementofmalesapparentlyhasmaintainedgeneflow

between ewe groups, resulting in a relatively high level of genetic diversity

(Boyceet at. 1997). However, increased habitat fragmentation couldreducethe

connectivityamonggroups. If ewegroupsbecomeisolated,theywill facean

increased risk of losing genetic variability in additionto vulnerability to natural

random fluctuations in the population.

Evenif geneflow is maintainedamongewegroupsin thePeninsularRanges,the

overall population size (approximately 334 adults) is small enoughto cause

concern. The effective population size (N) (Crow and Kimura 1970), which
e

determinestherateatwhich heterozygosityis lost, is evensmallerthanthecensus

size. Au effectivepopulationsizeof 500 individualshasbeensuggestedasthe

minimum recommendedfor maintenanceof geneticvariation for future

evolutionarychange(Franklin 1980,LandeandBarrowclough1987,Franklinand

Frankham1998),while Lande(1995)suggestedthat this numbershouldbe even

higher. The currentcensussizeofPeninsularbighornsheepfalls far below even

thelowerrecommendation.Becausereducedpopulationlevelsmayplace

Peninsularbighornsheepatrisk, importantgoalsof this recoveryeffort areto

increasetheabundanceofPeninsularbighornsheepandmaintainasmuchgenetic

variationaspossible. This recoveryplanrecommendsmaintenanceof

connectivitywith populationsin BajaCaliforniaand it maybedeemed

appropriatein the future to recreateconnectivityor inducegenemigrationwith the

MojaveDesertmetapopulation.

Althoughtheobservedgeneticvariationamongewegroupsin thePeninsular

Rangesis not knownto conferadaptiveadvantageto local environments,genetic

theoryholds thatexisting geneticvariationshouldbe maintained“in asneara

naturalgeographicdistributionaspossible,so that evolutionaryandecological

processesmaybeallowedto continue” (Meffe andCarroll 1994). In Peninsular

bighornsheep,asin manytaxa,geneticvariationis partitionedamongandwithin
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subunitsorewegroups(Meffe andCarroll 1994,Boyceet at. 1999,refer to

sectionI.A.3). Althoughthereis no evidenceto suggestthat bighornsheepin the

PeninsularRangeslackgeneticdiversity, aconservativeapproachto genetic

conservationsuggeststhat recoverytasksshouldrecognizeandattemptto

preserveexistinggeneticstructurewheneverpossible.This approachwill require

preservation of multiple ewe groups, maintenance of movement opportunities

betweengroups(Schwartzet at. 1986),andjudiciousprotocolsforpopulation

augmentation, reintroduction, and captive breeding programs (Ryman and Laikre

1991,Elliott andBoyce 1992,seeAppendixC). Becausethemajorproblems

facingbighomsheepin thePeninsularRangesrelateto populationdynamicsand

viability, genetictheoryshould not over-ridemanagementobjectivesto maintain

and expandthenumberandsizeofewegroupsthroughoutthePeninsularRanges.

This objectivecanbeaccomplishedby selectingaugmentationandreintroduction

stockfrom theclosestavailablepopulations(Wehausen1991,Ramey1993,

WehausenandRamey1993, Gutierrez-Espeletaetat. 1998).

3. ECOSYSTEMPROTECTION

Lossofhabitatis recognizedastheleadingcauseofspeciesendangermentandthe

leadingthreatto globalbiodiversity(Groombridge1992,Nossand Murphy 1995).

It is alsoconsideredthemostsignificantthreatto theviability ofbighornsheep

populations(Bleichet at. 1996). Thepotentiallynegativeimpactsthathabitatloss

anddegradationhaveon bighornsheeparepresentedin sectionI.D. Although

habitatlossmaynotdirectly causemortality in bighornsheep,lossofimportant

resources(e.g.,water,forage,escapeterrain,lambingareas,movementlinkages)

ultimatelyreducescarryingcapacity,which canaffect survivalandrecruitment

rates. In somecases,thecauseofdeathmaybe documentedasdisease,

malnutrition,orpredation,etc.,whenin facthabitatloss wasthe underlyingcause

that resultedin death. In addition,alteredlandusesthat supportlargerhuman

populationsintroduceincreasedlevelsof anthropogenicdisturbancein adjoining

habitat. Thedeclineorextirpationofbighornpopulationsnearothermetropolitan

areassuchasTucsonneartheSantaCatalinaMountainsandAlbuquerquenearthe

SandiaMountains(Krausmanet at. in prep.),providecasehistory examplesof

apparentvulnerabilityof bighornto urbaninfluences. This recoveryplanwill

attemptto avoidrepeatingthesescenarios,andaccordinglyadoptstheapproachof

conservingthelargerecosystemuponwhichbighornsheepin thePeninsular

Rangesdepend,asaffordedundersection2(b)oftheEndangeredSpeciesAct.
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Such an ecosystem approach also will benefit numerous other commonand

uncommon species.

4. THE USEOF POPULATIONMODELS TO HELP GUIDE RECOVERY

ACTIONS

Models have become an important tool to scientists attempting to understand

complexprocessesbecauseintuition is oftennot reliable (National Research

Council 1995). Conservation biologists frequently use models to gain a better

understanding ofthe many interacting factors (environmental, population, and

genetic)that placea speciesor population at risk. The comprehensivemodeling

of these factors was christened “population vulnerability analysis” by Gilpin and

Sou1~ (1986). Typically, the goal of a population vulnerability or “viability”

analysis is to evaluate the risk of extinction, either in terms of estimated time to

extinction or the probability of extinction in a given time interval (Boyce 1992).

As such, a population viability analysis is similar, in concept, to risk analyses used

to understand issues of public health and safety (Ginzburg etat. 1982).

Population viability analyses, like other forms of risk analysis, contain a degree of

uncertainty becausethey attempt to determinethe likelihood offuture events

based on past and present patterns (of population dynamics, environmental

conditions,etc.). All models are inherently dependentonunderlying assumptions

(Starfield and Bleloch 1991)and on the quality ofdata entered into the model.
Therefore, the results of a population viability analysis must be interpreted with

caution (Caughley 1994, Beissinger and Westphal 1998). Inclusive population

viability analyses may not be appropriate when data are limited (Beissinger and

Westphal1998). This limitation doesnotmeanthattheuseofmodelsshouldbe

discouraged(Ak~akayaandBurgman1995,Starfield 1997, Beissingerand

Westphal1998).

Au additionalroleofmodelingin conservationbiologyis asadecisionmaking

tool (StarfieldandBleloch 1991,Walsh1995,Starfield 1997). Modelscanbe

usedto comparetherelativeeffects(ratherthantheabsoluteoutcome)of

alternativemanagementstrategiesorenvironmentalscenarios(Starfieldand

Bleloch 1991,NationalResearchCouncil 1995,Walsh 1995,Starfield1997,

BeissingerandWestphal1998)andcanhelpguidemanagementstrategiesor
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focusfutureresearchefforts. Smaller,focusedmodelshavegreatpotentialin

guidingconservationdecisions(Starfield andBleloch 1991,Starfield 1997).

Useof modelingcanhelp to elucidateseveralissuesrelatedto therecoveryof

Peninsularbighornsheep(referto sectionll.D.2.2). Modelsshouldbedesignedto

askspecificquestions(Starfield1997)that increaseourunderstandingofthe

ecologicalprocessesin thePeninsularRanges,andshouldbecoupledwith field

studiesofthebighorn sheep(BeissingerandWestphal1998). It maybeuseful to

simulateshortertimeperiods,aswell asthe 100 to 200 yearintervalstypically

usedin populationviability analyses,so thatmodelpredictions(aswell asmodel

assumptions)canbeevaluatedwith theuseof field studyresults(Beissingerand

Westphal1998). This typeofapproachwill allow conservationbiologiststo learn

from themodelsand field studies,andwill allow conservationeffortsto be

adaptive(Minta andKareiva1994).

B. OBJECTIVES AND CRITERIA

1. RECOVERYOBJECTIVE

Theultimateobjectiveofthis recoveryplan is to protectandmaintainsufficient

individuals andhabitatof bighornsheepin thePeninsularRangesto eventually

delist this species.Therecoveryof Peninsularbighornsheepwill involve atwo-

stageprocess,beginningwith an interimgoalof downlistingofthespeciesfrom

endangeredto threatenedstatus,followedby long-termrecoveryandremovalof

threatenedstatus. As newinformationbecomesavailable,thedownlistingand

delistingcriteriamaywarrantmodificationthrough futurerevisionsto the

recoveryplan.

2. DOWNLISTING CRITERIA

As aninterim managementgoal,Peninsularbighornsheepmaybe consideredfor

downlisting(reclassificationto threatenedstatus)whenall of thefollowing

objective,measurablecriteriaaremet:

Downtisting Criterion 1: As determinedby ascientificallycredible

monitoringplan,at least25 adult ewesarepresentin eachof thefollowing

9 geographicregions(Figure5) during eachof6 consecutiveyears
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(equivalentto approximatelyonebighomsheepgeneration),without

continuedpopulationaugmentation:

1. SanJacintoMountains

2. SantaRosaMountains--NorthofHighway74

3. SantaRosaMountains--SouthofHighway74 throughMartinez

Canyon

4. SantaRosaMountains--SouthofMartinezCanyon

5. CoyoteCanyon

6. North SanYsidro Mountains(HendersonCanyonto County

RoadS-22)

7. SouthSanYsidro Mountains(CountyRoadS-22to State

Highway78)

8. VallecitoMountains

9. CarrizoCanyon/TierraBlancaMountains/CoyoteMountains

Area

Justification: Thenineregionswere selectedon thebasisofmaintaining:

(1) historicaldistribution,(2) homerangeherdmemory,and(3)

connectivityamongewegroupsto facilitatere-colonizationin theeventof

localizedextirpations.RecoveryTeammemberswith knowledgeof

currentandhistoricalconditionsjudgedthat eachareawascapableof

supportingat least25 eweswith associatedsubadultsandrams. Within

eachofthenineregions,fluctuationin thenumberofewegroups,

including re-colonizationof formerhabitats,is expectedunderthe

metapopulationmodel. As such,ewe groupsmaymerge,split, and

redistributethemselvesover time. Although the9 areassupportrespective

carryingcapacitieswell in excessof 25 adult ewes,a downlistingobjective

basedon maximumattainablepopulationsizewasnot selectedbecause

staticpopulationlevelsat full rangecapacitycannotbemaintainedin

naturallyvariableenvironments,evenassumingintensivemanagement

capability. Theminimumgroupsizeof 25 adult femaleswasselectedby

RecoveryTeamconsensusbecauseit:

1. would reducerisk ofextirpationfrom randomnaturally

occurringeventsto an acceptablelevel;
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2. shouldbe achievablewith prudent,populationandland

managementpractices;

3. is consistentwith managementobjectivesfor bighornsheepin

othermetapopulations;

4. shouldmaintainewegroupknowledgeof a largehomerange

that will minimizetheextentof geographicgapsbetweenewe

groups,therebyfacilitating interchangeof genesandpopulations

within themetapopulation;

5. falls well within knownor estimatedhistoricalpopulation

levels;and

6. shouldprovide,in all but themostcatastrophicscenarios,

sufficient time for managementinterventionto preventextirpation.

DowntistingCriterion 2: Regulatorymechanismsand landmanagement

commitmentshavebeenestablishedthat providefor long-termprotection

of Peninsularbighornsheepand all essentialhabitatasdescribedin

sectionII.D.l ofthis plan.

Justification: Given themajorthreatoffragmentationto specieswith

metapopulationstructures,connectivityamongall portionsof habitatmust

beestablishedandassuredthroughlandmanagementcommitments,such

that bighornsheepareableto movefreelythroughoutall habitat. In

preparationfor delisting,protectionby meansotherthantheEndangered

SpeciesAct mustbe assured.Suchprotectionshouldincludealternative

regulatorymechanismsby Federal,State,andlocal governments,andland

managementcommitmentsthat would providetheprotectionneededfor

continuedpopulationstability.

3. DELISTING CRITERIA

As along-termmanagementgoalof thePeninsularbighornsheep,threedelisting

criteriaare proposed;

Detisting Criterion I: As determinedby a scientificallycredible

monitoringplan,at least25 ewesmustbepresentin eachof the9 regions

(Figure5) listedunderDownlisting Criterion #1 above,duringeachof 12

consecutiveyears(approximately2 bighornsheepgenerations),including
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the6 yearsunderDownlistingCriterionHI, without continuedpopulation

augmentation.

DetistingCriterion 2: Therangewidepopulationmustaverage750

individuals(adultsandyearlings)with astableor increasingpopulation

trendover 12 consecutiveyears(sametime periodasDelisting Criterion

#1 above).

Justification: RecoveryTeammemberswith knowledgeofhistoric and

currentpopulationlevelsevaluatedthecondition ofexistinghabitatand

determineda carryingcapacityofapproximately1,000bighornsheepin

thePeninsularRanges,which approacheshistoricalpopulationestimates.

Therequired12-yearaveragepopulationestimateof 750animalsis based

on theassumptionthat achievingtheobjectivesin Downlisting Criterion

#1 ofat least25 femalesin eachof the9 geographicareaslikely will result

in someareassupportingsubstantiallymorethan25 ewesandothersheep.

This scenariolikely will resultin an overall metapopulationsizethat

fluctuatesbetween600 and 1,000sheep,averagingabout750 sheepwith a

normalsexratio,or approximately75 percentofestimatedcarrying

capacity. An averagepopulationlevel would allow for naturalpopulation

fluctuationsin arandomenvironmentandis believedto bereasonably

attainableassumingimplementationofthemanagementmeasures

prescribedin this recoveryplan.

Detisting Criterion 3: Regulatorymechanismsandland management

commitmentshavebeenestablishedthatprovidefor long-termprotection

ofPeninsularbighornsheepandall essentialhabitatasdescribedin

sectionII.D. I ofthis recoveryplan. Protectionconsideredlong-termcan

beprovidedthroughappropriateinstitutionalpractices,suchasStatePark

GeneralPlans,an amendedCaliforniaDesertConservationAct Plan,an

amendedForestPlan,acompletedCoachellaValley MultispeciesHabitat

ConservationPlan,andnaturalresourcemanagementplanson Tribal

lands. In addition,connectivityamongall portionsof habitatmustbe

establishedandassuredthroughlandmanagementcommitmentssuchthat

bighornsheepareableto movefreelythroughoutthePeninsularRanges.

Delisting would resultin loss ofprotectionundertheEndangeredSpecies

Act; thereforecontinuedprotectionby othermeansmustbeassured.
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Justification: Thisprotectionshouldincludealternativeregulatory

mechanisms,landmanagementcommitments,orconservationprograms

that would providethe long-termprotectionneededfor continued

populationviability.

Recoveryof Peninsularbighornsheeplikely will takeseveraldecadesor longer

dueto a low reproductiverate(e.g.,only oneoffspringper femaleperyearand

reproductionstartingusuallyat 2 yearsof age). Theabovecriteriawill be revised

asnecessarythrougha recoveryplanamendmentor revisionif newinformation

becomesavailable,or if thesecriteriano longerpassscientificmusteror otherwise

meettheconservationneedsofthis speciesbasedon thebestavailable

information.

C. RECOVERY STRATEGY

This recoveryplandescribesa strategyto recoveranddelistbighornsheepin the

PeninsularRanges.The strategyconsistsoftaking necessaryactionsto: (1)

improvepopulationvariables(reproduction,recruitment,survivorship),and(2)

secureand effectivelymanagehabitat,including linkagesbetweenewegroup

homeranges.Therecoveryactionsto implementthis strategyareorganizedin the

narrativeoutlinebelow. This recoverystrategyis a synthesisofknowledge

accumulatedon bighornsheepin desertenvironmentsandelsewherein North

America. Fourbiologicalprinciplesofbighornbiologyareevidentfrom past

researchandhavebeenincorporatedinto managementguidelinesby various

agencies(e.g.,McQuivey 1978, Wilson etat. 1980, SmithandKrausman1988,

Bureauof LandManagement1996,NewMexico Departmentof GameandFish

1995):

1. Bighorn sheeparewide-ranginganimalsthat arespatiallydependenton

largetractsofhabitatthat provideadiversity of resourcesneededto offset

seasonal,annual,andlongertermcyclesofenvironmentalvariability and

scarcity;

2. Metapopulationstructurerequireshabitatcontiguitybetween/among

constituentdemes(ewe groups)to allow for long-termshifts in

distributionand geneticinterchange;
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3. Bighornsheepappearto lack naturaloracquiredresistanceto some

diseasesand remainhighly vulnerableto diseasesintroducedby domestic

sheep; and

4. Behavioralresponsesto human-relatedactivitiescanbe variableamong

individualsandpopulations,which canadverselyaffect habitatuse

patternsandpopulationpersistence.

In theshort term,acquisitionandconservationoftherelativelynarrowbandof

habitatthatstill remainsis crucial to attainingthepopulationrecoveryand

delistingobjectivesofthis recoveryplan. Given the: (1) inability ofbighorn

sheepto usehigherelevationhabitatsbecauseof excessiveshrubandtreecover,

(2) incompatiblelandusesthat haveencroachedinto habitatalongthe lower

elevationalslopesofthePeninsularRanges,and (3) pervasiveinfluenceofhuman

activities throughoutbighornhabitat,thefutureofbighorn sheepin the

PeninsularRangeswill dependon rapidandadequateprotectionoflower

elevationalareasthat providecritical resources,suchasforaging,watering,

lambing,andrearinghabitats. Short-termmanagementactionsto increase

populationrecruitmentandadult survivorshiparealsonecessaryto effect

populationincrease.

Paststudieson bighornsheepin desertandmountainenvironmentshaveamassed

awealthofapplicableknowledgethat guidesthemanagementprescriptionsofthis

recoveryplan. Muchofthis work appliesto bighornsheepin generaland,

therefore,neednot be reexaminedthroughfurther researchin thePeninsular

Ranges.Themonitoringandresearchtasksrecommendedin this recoveryplan

areintendedto addressthe longer-term,morecomplexenvironmental

relationshipsthat haveposedmanagementdifficulties in thepast. Thesetasks

will requiresubstantialinvestmentby numerouspartnersif theyareto be

successfullyaccomplished.However,only throughsuchacooperativeeffortwill

it be likely thattheknowledgerequirementsfor effectivemanagementbe met.

Thesuccessofthis recoveryplanwill alsodependon strongeducationandpublic

awarenessprograms.A numberof recoveryactionsoutlined in this planwill

directlyaffect thegeneralpublic. Therefore,thegeneralpublic needsinformation

andoutreachon proposedactionsbeingtaken,especiallyin localizedareasof

action. Programsthatinclude comprehensiveandaccuratefactsabouttheecology
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ofPeninsularbighornsheepandthethreatsthat facethem, will becrucial to

obtainingpublic supportfor conservationmeasures.

D. NARRATIVE OUTLINE FOR RECOVERY ACTIONS ADDRESSING

THREATS

Recoveryactionsarefirst describedin generalbelow,andthenareidentifiedas

site-specifictasks,with referenceto theirappropriaterecoveryregions,in section

ll.E. Thefollowing tasksconsistof interim andlong-termmanagementgoalsand

activitiesthatrangefrom single eventactionsorstudiesto continuousefforts

extendingacrosstheentirerecoveryimplementationtime line. Thetask

descriptionsandtheimplementationschedule(PartIII ofthisrecoveryplan)help

framethedurationoftherespectivegoals/actionsandresponsibleentitiesfor

takingtheleador assistingothersin implementationresponsibilities.

1. PROMOTEPOPULATIONNCREASEAND PROTECTHABITAT

1.1 Protect, acquire,enhance,andrestorehabitat. Thehistoric rangeof

Peninsularbighomsheephasbeenadverselyaffectedby urban

development,agriculture,mining activities,andhighwaysthathaveledto

thedestruction,modification, andfragmentationofhabitat. Further

developmentcanbeexpectedin the future. As pointedout in sectionI.D

of this recoveryplan,theviability and,therefore,therecoveryof

Peninsularbighomsheeparecritically dependentonavailabilityofhabitat.

Consequently,animportantpartof this recoveryeffort is theprotection

andrestorationofremaininghabitatessentialto Peninsularbighornsheep

conservation.

1.1.1 Protectessentialhabitat. Essentialhabitatis thathabitat

believednecessaryfor recoveryandshould,therefore,beprotected

from furtherlossor degradation(Figures2, 4-9). It is likely that

thevalley floor to theeastandthenorthof thePeninsularRanges

(e.g.,CoachellaValley, ImperialValley) historicallywasusedby

bighornsheep,for exampleduring long-distancemovesto and

from othermountainranges.Exposureto thehazardsofhigh

densityurbandevelopment,major freeways,fences,agriculture,

andcanals,now wouldbeconsidereddetrimentalto bighornsheep
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recovery. Therefore,thevastmajority ofthevalleyfloor to the

eastofthePeninsularRangesis not consideredessentialhabitat.

Consequently,“essentialhabitat”comprisesthoseareasbelievedto

benecessaryfor a self-sustainingbighornpopulationwith ahigh

probability for long-termsurvival (recovery)in thePeninsular

Rangesof theUnitedStates. Essentialhabitat,therefore,consists

ofthosephysicalandbiological resources(space,food,water,

cover) neededfor: (1) normalbehaviorandprotectionfrom

disturbance,and(2) individuaL/populationgrowthandmovement,

including dispersalnecessaryto supporta futurepopulation

expansionto meettherecoveryobjective(delistingcriteriaof

approximately750 animals).

Much ofthehistoricalrangeofthesheepis neededto sustainthe

largerpopulationlevelsnecessaryfor recoverybecause:

a. Habitatmaybecolonizedandinhabitedby futureewe

groups(Bleich etat. 1996),if, for instance,population

spatialstructureorenvironmentalconditionschange,orthe

populationgrowsasaresultofrecoveryactions. Thelong-

termpersistenceofametapopulationdependson the

numberofhabitatpatchesthat areavailablefor

colonization(Hanski 1989). An importantphenomenon,

which is not intuitively obvious,is thatdestructionofonly

a fraction ofavailablehabitatcandrive ametapopulationto

extinctionby disruptingthebalancebetweencolonization

andextinctionrates(May 1991). Evenlocallyabundant

speciescansometimesbevery closeto extinctionif the

proportionofsuitablehabitatis neartheextinction

threshold(Lande1987).

b. Movementthroughouttherangeis neededto sustainthe

metapopulation(Bleich etat. 1 990a).
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c. Thefactorslimiting theviability ofPeninsularbighorn

sheeparenotyet fully understoodand,in general,bighorn

sheephabitatuseand selectionneedto bemorethoroughly

examined(McCartyandBailey1994). It is therefore

necessaryto protectall remainingsuitablehabitat.

d. Thehabitatof Peninsularbighornsheepis restrictedto a

narrowbandalong thebaseofthePeninsularRanges,from

theSanJacintoMountainssouthto Mexico. In someareas,

this bandis lessthan6 kilometers(4 miles) wide, so

essentiallyno true“core” habitatexists. Without

protection,connectivitycouldbeseveredat anypoint along

this narrowbandofhabitat.

e. Habitatneartheeasternedgeof this bandoftencoincides

with alluvial fansandcanyonwashes,which provide

Peninsularbighornsheepwith importantresources(referto

sectionI.B.1).

f. Unpredictablechangesin global climatewarrantretention

of futureoptionsin habitatconservationstrategies.

Thedelineationofessentialhabitatwasbasedon habitatfeatures
knownto be importantto bighomsheep,ratherthanbeingbased

solelyon currentusepatterns,becausepopulationnumbers

currentlyarelow andusepatternsareknownonly for arecentshort

timeperiod. In addition,datacollectedon radio-collaredanimals

(a sampleoftheentirepopulation)representa subsetofthetotal

areaused.Methodsusedto delineateessentialhabitatareoutlined

in AppendixB. Compilinghistoricaldataandconducting

recommendedecologicalresearchwill furtherunderstandingof

how bighornsheepuseavailablehabitat.SeeFigures2, 4-9 for

mapsofessentialhabitat.

1.1.2. Securehabitat. Bighorn sheephabitatthatis currentlyin

privateownershipshouldbe secured(e.g.,purchasedor acquired

by exchangeon avoluntarybasis)by StateorFederalagenciesand
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managedcompatiblythroughindividual or regionalhabitat

conservationplansorprograms(e.g.,CoachellaValley

MultispeciesHabitatConservationPlan,which will delineatethese

landsin its planningarea),sothat properprotection,management,

andrestorationmeasurescanbe implemented.Interagency

conservationplansorotherpotentialagreementsmadewith local

governmentsandprivatelandownersshouldassure:(1) long-term

protectionoflandsundercity andcountyjurisdiction, and(2)

appropriatelandusesadjoiningbighomsheephabitatto prevent

indirecteffectsfrom degradinghabitatvalue. Limited fundsfor

landacquisitionwill requireprioritizing parcels;thevalueofeach

tractof landshouldbeevaluatedaccordingto thefollowing

criteria,althoughnotnecessarilyin theorderlisted below:

a. At the levelof individual ewe groups: how importantis

this landin supportingaewegroupin this area?

b. Doesthis landincludeparticularlyimportantresources

(e.g.,watersources,escapeterrain,habitatfor lambing,or

importantforageresources)for thebighomsheep?

c. Doesthis landrepresentimportanthabitatfor movement

anddispersalnecessaryfor connectivityamongewegroups

throughoutthePeninsularRanges?

d. Hasthis ewegroupalreadyexperiencedhabitatloss?

e. Would acquisitionofthis landreducethecumulative

negativeeffectsofurbangrowth?

f. Is thehabitatimminently threatened?

A list ofprioritizedparcelsshouldbepreparedandupdated

annuallyby landmanagementagencies(BureauofLand

Management,U.S. ForestService,CaliforniaDepartmentofFish

andGame,Auza-BorregoDesertStatePark,CoachellaValley

MountainsConservancy)to facilitateacquisitionwhen
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opportunitiesarise.Methodsto facilitatepublic andprivate

cooperationshouldbepursued,suchas: (1) developmentof land

useplanningguidelines(e.g. theCoachellaValley Multiple

SpeciesHabitatConservationPlan, conservationguidelinesin

AppendixF), (2)developmentofa public educationandoutreach

program(refer to II.D.3), and(3) developmentof supportingmaps

that betteridentify andexplainbighornsheepecologyand

conservationrequirements.

1.1.3 Maintain, manage,andrestorehabitat qualit’,.’ and

connectivity. As mentionedin sectionI.D. of this recoveryplan,

therecoveryofPeninsularbighornsheepis dependenton the

existenceofadequatehabitat. Maintenance,management,and

restorationofessentialhabitatwill allow for geographicexpansion

whenpopulationnumbersincrease.Theability ofbighorn sheepto

movefreely throughoutall partsof therangeis critical to recovery

becauseit: (1) facilitatesexchangeofgenesbetweenewegroups,

(2) allowshabitatcolonization,and(3) allowsselectionof

alternativehabitatin responseto predationpressureortemporary

changesin habitatquality (Schwartzet al. 1986,Bleich et al. 1996)

orhuman-relateddisturbance.Shifts in habitatuseoccurmore

readilywithin existingewe grouphomerangesbut homerange

boundariesthemselvesalsocanchange,albeit lessfrequentlyand

moreslowly overtime. Therefore,in additionto protectionof

designatedessentialhabitat,thefollowing measuresshouldbe

takento restoreandmaintainhabitatquality andto assure

connectivitythroughouttherange:

1.1 .3.1 Removeexoticvegetationandpreventfurther

invasionby exoticplants. This item refersprimarily to

control oftamansk(Tamarixspecies)alongstreamcourses

but also appliesto otherspeciessuchasfountaingrass

(Pennisetumsetaceum)in selectregions. Additional

fundingshouldbe securedto continueandexpandcurrent

tamariskremovalprogramsthroughoutthe Peninsular

Ranges.Theseprogramsshouldinclude, or becoordinated

with, efforts to eradicatetamariskoutsideofbighornsheep

77



habitat,asthis will reducefuture invasioninto bighorn

sheephabitat.Tamariskeradication,suchasatThousand

PalmsOasis,canresultin immediatereappearanceof

surfacewater(Barrows1994),which canhelpexpand

sheepdistribution.

1.1.3.2Reduceor eliminatewild horsepopulationsfrom

bighornsheephabitat. Thoughburrosandgoatsare

currentlyabsent,theyalsoshouldbeeliminatedif they

becomeestablished.Thereductionorremovalofnon-

nativeungulateswould: (1) eliminatepotentialsourcesof

competition,(2) reducepotentialdestructionofwater

sourcesandvegetation,and (3)benefitotherriparian

dependantwildlife, suchasleastBell’s vireo and

southwesternwillow flycatcher. The involvedStateand

Federalagencies,alongwith theAguaCalienteBandof

CahuillaIndians,shoulddeterminewhetherwild horse

managementin CoyoteCanyon(Anza-BorregoDesertState

Park)andPalmCanyonis consistentwith bighornrecovery

objectivesin theseareas. Any continuationof feral horse

grazingshouldbe contingentuponthedemonstratedability

to implementan effectivemanagementandmonitoring

programto ensureagainst: (1) thepossibilityof

competitionwith sheepfor food andwater,(2) trespass

onto otherlandownerships,and(3) risks to public safety.

1.1.3.3 Implementafire managementplan that recognizes

fire asa naturaldisturbanceinfire-adaptedhabitatsofthe

PeninsularRangesecosystemandasa processthathelps

maintain bighornsheephabitat. A wildland fire policy

shouldestablishfire managementareasfor naturaland

managementignited prescribedfires. Furtherresearchon

theuseoffire asa managementtool should helpguidesuch

aplan(SmithandKrausman1988,Krausmanetal. 1996;
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andrefer to sectionII.D.2.3). However,fire canrepresenta

seriousthreatto bighornhabitatquality in Sonoranscrub

plant communities,which unlikechaparralarenot well

adaptedto fire disturbance.

1.1.3.4 Maintain existingwatersourcesandconsider

providingadditionalsourceson public lands if water is

thoughtto be a limitingfactor in particular areas.Water

developmentshouldbe incorporatedinto researchthat

investigatestheeffect that theadditionofwaterhason

bighornsheepand otherspecies(referto sectionII.D.2).

1.1.3.5 Maintain andre-establishconnectivitythroughout

all habitat. Bamersto movement(roads,fences,increased

useof off-road vehicleareas,renewedrailroadactivity)

shouldbe prevented.Potentialbighornsheepcrossing

areasshouldbe identifiedandbridgedor tunneledto

attemptreestablishingconnectivity. Typical culvertsare

notadequatebecausebighornsheeparenot knownto move

throughdark tunnels. Existing roadsappearto represent

barriersbetweenfour currentewe groups(Rubinetal.

1998);solutionsto promoteconnectivityshouldbe

attempted.Anotherimportantrecoverygoal is to

reestablishconnectivityto habitatsouthofInterstate8 and,

ultimately,to Mexico. This taskwill requirethe

cooperationoftheCaliforniaDepartmentof Transportation

to incorporatebighornsheepmovementopportunitiesinto

their futureconstructionplans. Coordinationwith Border

PatrolandtheMexicangovernmentwill beneededto

controlhumandisturbanceandthethreatofdisease

transmissionfrom domesticsheepandgoatswhile

reestablishingconnectivityacrosstheinternationalborder.
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1.2 Reduceor eliminatedirectand indirect humanimpacts. In additionto

habitatloss,habitatmodificationandhumanactivities oftendirectlyor

indirectlyaffect Peninsularbighornsheephabitatuse(referto sections

I.B.5 and I..D.5). Thefollowing actions,which shouldall be accompanied

by strongeducationalandpublic awarenessprograms(referto section

II.D.3), will reducetheseimpacts.

1.2.1 Reduceimpactsfrom existingandfuturedevelopmentsand

projects.Theserecommendedactionspertainto anyproject

(residential,recreational,resort,commercial,agricultural,or

mining) that hasbeenconstructedwithin bighornsheephabitat,or

anyprojectadjacentto bighornsheephabitat.Thoughhabitatand

opportunitiesfor sheepmovementthroughoutall suitablehabitat

shouldbe maintained,habitatusealongtheimmediateurban

interfaceshouldnotbe encouragedbecauseofrisks associatedwith

behavioralhabituation.

1.2.1.1 Constructfencesto excludebighornsheepfrom

urban areaswheretheyhavebegunor maybeginusing

urban sourcesoffoodandwater. Fencesserveseveral

functionsincluding: (1) separatingbighornsheepfrom

potentialthreatsof urbanization(e.g.,toxic plants,

parasites,accidents,vector-bornediseases,traffic,

herbicides,pesticides,behavioralhabituation),(2)

controllinghumanandpetaccessto remainingbighorn

sheephabitat,(3) preventingbighornsheepfrom becoming

habituatedto anddependentuponartificial sourcesof food

andwater,and(4) modifying habituatedbehaviorsand

redirectioninto remainingnativehabitat. In thenorthern

SantaRosaMountains,ongoingcoordinationwith cities

andlandownerson a regionalfencingstrategywill be

critical to the long-termhealthand maintenanceof this ewe

group. Retrofittingexistingdevelopmentswith fences

wheresheepcurrentlyexploit urban foodandwatersources
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is particularlyimportant;cooperationby residential

landownerswill be critical to the successofexcludingthe

northernSantaRosaMountainsewegroupfrom urban

habitats.Along theremainderoftheurbaninterface,where

sheephavenot yet shownindicationsofhabituationto

humanhabitats,futurebehavioralhabituationalsomay

occur. Although fencingmaybeviewedasa last resort to

otherpotential formsofaversiveconditioning,prudent

planningdictatesthatmitigationbe requiredto offset the

likelihood of futureadverseeffects(behavioralhabituation

andincreasedmortality rates)whennewprojectsare

approvedalongtheurbaninterface. Thoughactual fence

constructioncouldbecontingentuponfutureuseby sheep

and theineffectivenessofotherpotentialdeterrents,the

wherewithal,responsibilities,andeasementsfor fences

shouldbedeterminedandsecuredatthetimeof project

approval. Fencesshouldbe 2.4 meters(8 feet) high,or

functionallyequivalent,andshouldnotcontaingapsin

which bighornsheepcanbeentangled.Gapsshouldbe 11

centimeters(4.3 inches)or less. This fencedesignshould

only beusedat theurbaninterface.Referto section

II.D. 1.2.2 for guidelinesfor livestockfenceswithin bighorn

sheephabitat.

1.2.1.2 Avoidnon-nativevegetationalong unfencedhabitat

interfuceswhereit mayattract or concentratebighorn

sheep. Along fencedsectionsoftheurban interface,

ornamentalandtoxic plantsshouldnot extendoveror

throughfenceswheretheymaybeaccessibleto browsing

bighornsheep.

1.2.1.3 Promotethe useofnativevegetationandlimit the

planting ofexoticspecies(includinggrass)in areas

accessibleto bighornsheep.A list of locally nativeplants
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shouldbeprovidedto developers,landscapers,and

homeowners.On Bureauof LandManagementlands,

especiallylivestockgrazingallotmentsin andnearbighorn

sheephabitat,utilize only nativevegetationin fire

rehabilitationandrangeimprovementprojects.

1.2.1.4 Prohibit theuseofanyknowntoxicplants where

theymaybe accessibleto bighornsheeporpotentially

invadebighornsheephabitat. A list of knowntoxic plants

shouldbeprovidedto all developers,landscapers,and

homeowners.

1.2.1.5 Discouragetheuseofplantsknownto invadeand

degradebighornsheephabitat (e.g., tamarisk,fountain

grass).

1.2.1.6 Prohibit intentionalenticementofbighornsheep

ontoprivateproperty. This item includes,but is not

limited to, vegetation,mineral licks,orunfencedswimming

pools,ponds,or fountainsuponwhichbighornsheepmay

becomedependentfor water.

1.2.1.7 In unfencedareas,monitorthe useofpesticides,

fungicides,herbicides,andfertilizers if sheepare using

urban landscapes.All productsusedshouldbewarranted

by themanufacturerto not beharmfulto wildlife when

appliedat the labelrate,andno applicationsshouldexceed

the label rate. Coordinationwith landownersand

homeownergroupsis needed.

1.2.1.8 Regulatethediversionorprocurementofwater,

whetherfor humanuseor irrigation, andwhetherfrom

springsor aqu~fers,that wouldreducenatural water

sourcesusedby bighornsheep. Coordinationwith land
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ownersandtheStateWaterResourcesControlBoardis

neededto redresspotentialwaterrights conflicts. The

RegionalWaterQuality ControlBoard’sBasinPlanshould

recognizebighornsheepasabeneficialusefor perennial

andseasonalwaterswithin essentialhabitat.

1.2.1.9 Prohibit theconstructionofwater bodiesin

developedareasadjoiningsheephabitat that maypromote

thebreedingofmidges(Culicoidessp.)and

monitor/controlvectorsin existingproblematicponds.

Waterfeaturesshouldbe designedto eliminateblue-tongue

andothervector-bornediseasesby providingdeeperwater

(over0.9 meters[3 feet]), steeperslopes(greaterthan30

degrees),andif possible,rapidly fluctuatingwaterlevels

(seeMullens 1989,Mullens andRodriquez1990).

Landownersandmanagersshouldcoordinatewith local

mosquitoandvectorcontroldistrictsto ensuremanagement

ofexistingwaterbodiesthat harborvectorspecies.

1.2.1.10Discouragetheart~ficialfeedingofcoyotes

becauseofthepotentialfor increasingpredatorabundance

andconsequentpredationon bighornsheep.

1.2.1.11 Establisha methodandsecurefunding to

consistentlymonitorandenforceall actionslistedunder

task1.2.1.

1.2.2 Reduceor eliminatedetrimentalhumanactivitieswithin

bighornsheephabitat. A varietyofhumanactivities canaffect

bighornsheep(referto sectionI.D). Bighorn sheepmayreactin

two ways(Papouchisetal. 1999): (1) avoidanceofdisturbanceor

humanencounters(potentiallyincludinghabitatabandonment),

and(2) habituationto sourcesof disturbanceif theyaresufficiently

predictable.Behavioralhabituationcan includeadjustmentsto
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timing ofusein certainareas,suchasby avoidingtheareauntil the

disturbanceis gone(Hamilton et al. 1982)or fleeing the

disturbanceand returningwhenthedisturbanceis absent.

Expansiveurbandevelopmentin andaroundbighorn sheepin

deserthabitatshasoccurredin threemetropolitanareasto date--

Albuquerque,Tucson,andCoachellaValley—andin all instances,

habitatabandonmentandpopulationdeclinehasresulted

(Gionfriddo andKrausman1986;Krausman,in litt. 1998;

Krausmanetal. In prep.). Bighornsheephavedemonstrated

greaterresilienceto humandisturbancein moreremotelocales

suchasAlberta(MacArthur et al. 1982)andtheSierraNevada

(Hicks andElder 1979),thoughbighorn alsoareknownto avoid

excessivehumandisturbancein areaswell away from urban

centers(Papouchisetal. 1999).

Giventhepotentialbehavioralvulnerabilitiesofbighornsheepto

humandisturbance(including dogs)andassociatedrisksto the

persistenceofcurrentlydepressedpopulationsin theCoachella

Valley, abiologicallyconservativemanagementapproachis

appropriatein thePeninsularRanges.Thepublic shouldbe

educatedregardingproblemsassociatedwith human-sheep

relationships,andencouragedto continuesupportingconservation

efforts (SmithandKrausman1988).A trails managementprogram

is currentlyin placeon Anza-BorregoDesertStateParkand

appearsto be providing alevel ofmanagementthat is maintaining

relativelystablepopulationlevelsof bighornsheep.Thesuccessof

thisprogrammaybeattributableto anintensiveeducational

program,alongwith prohibitionsagainstdogs(on trails) andother

disruptiveactivities,andastrongmanagementpresenceto ensure

adequatecompliance. In addition,themostheavilyusedareas

typically arelocatedin steepterrain that limits thenumberand

locationoftrails to relatively fewnarrowcanyonbottoms. Sheep

arebetterableto coexistwith recreationalusewherehuman
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disturbancetypically occursatelevationslower thanwheresheep

spendmostoftheir time(Hicks 1977).

Thefollowing sectionprimarily focuseson thenorthernCoachella

Valley thoughtheprinciplespertainrangewide.Therelative

remotenessofthe Anza-Borregoregionrenderscomparisonswith

theheavilypopulatedCoachellaValley difficult, but recreation

activities couldbe vieweddifferentlybecausetheyarepart ofa

cumulativesetof factorsaffectingthe sheep,someofwhich (e.g.,

development-relatedpressuresin sheephabitat)aremoreintensein

theCoachellaValley. Thoughcauseand effect relationshipshave

not beenestablished,theproportionallylargerpopulationdeclines

in thenorthernSantaRosaandSanJacintoMountainsthan

elsewheremaybe relatedin part to therelativelyhigherlevelsof

humandisturbanceassociatedwith thelargermetropolitanarea.

Othercontributingfactorsmayincludethemoreextensiveand

interconnectedtrail systemthat is not largelyrestrictedto canyon

bottoms. Most of thetrails headupslopeandintersectothertrails

athigherelevations,forming an extensivetrail network throughout

ewegrouphomeranges,including lambing,rearing,andwatering

habitat. Thepatchworkof differing landownershipshas

contributedto managementdifficulties. Thetypesoftrail use

activities,aswell asproliferationofnewtrails, alsohavegone

largely unregulated.TheDunnRoad,constructedillegally in the

northernSantaRosaMountainsin the I 970s,alsois considereda

trail sincemuchof theuseis by recreationalpedestriansand

bicyclesandvehicularaccessis restricted.Travel in washesby

vehiclesandon foot alsoshouldbeconsideredtrail use.

TheAguaCalienteBandof CahuillaIndianscurrentlyis preparing

awildlife habitatmanagementplanfor thereservation,including a

trails managementprogram,which shouldbecoordinatedwith the

largerplanningeffort to ensureattainmentofregionalobjectives.

TheTribe recentlybanneddog useon its trails system,andwill
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coordinateits efforts with otheragencieswhenadraftplan is

complete.

Researchshouldfocuson how differentkinds andlevelsof

disturbanceaffect bighornbehaviorandhabitatusepatterns.The

prevailinglackofbaselinedataon location,types,andextentof

trail usemustbe overcomeasaprerequisiteto studyingandbetter

understandingtheseeffects.

1.2.2.1 Developand implementa trails management

programwith affectedlandmanagementagencies,

scientWcorganizations,andusergroups. A trails program

in theSanJacintoand SantaRosaMountainsnecessarily

will requireinteragencycooperation,with specific

responsibilitiesand levelsof funding identified. Thecities

andprimarylandmanagementagencies,with theBureauof

Land Managementin a leadershiprole, shouldcoordinate

with usergroupsin developingaplanwith theFishand

Wildlife ServiceandtheDepartmentofFish andGameso

that it canbe effectivelyimplementedon aregionalbasis.

Regularinteragencymeetingsshouldbe scheduledto

ensureeffectivecoordinationandimplementation.The

programshouldconsistof thefollowing components:

a. Public education. Preparationof apublic educationand

outreachprogramis neededsothat trail usersbetter

appreciateand understandbighornsheepand other

biologicalvaluesassociatedwith thePeninsularRanges.

Also seeSectionII.D.3. Most membersofthepublic likely

will voluntarilyrefrain from recreatingin sensitivehabitats

during critical seasonsif theyunderstandtheeffectsof

humanrelateddisturbanceon bighornsheep.Nonetheless,

monitoringand enforcementwill be necessaryto provide

effectivemanagement.
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b. Prohibition ofdogsin bighornsheephabitat. Dogs

shouldremainin developedor designatedareas

(campgrounds,picnic areas,on pavedroads,etc.)under

restraintandpreventedfrom roaminginto bighornsheep

habitat.

c. Lambingandrearing habitat. Seasonalrestrictionsare

neededon selectedtrails that bisectlambinghabitat. In this

Recovery Plan, the lambing season is defined as January 1

to June30, andlambingandrearinghabitatis definedas

thoseareasin whichewesandlambsareobservedduring

thisperiod.Thesedefinitions werechosento provide

protectionfor themajorityof lambsduring thefirst 3

monthsoflife andto allow ewesundisturbedaccessto

lambingareasprior to thepeakparturitionmonths

(FebruarythroughApril). Trails that arecurrentlyknownto

resultin disturbance to lambing and rearing habitat are

listed in Table 10.

d. Watersources. Seasonalrestrictionsor trail relocations

maybe appropriatefor selectedtrails that leadto water

sources. Trail useshouldbe avoidednearcritical summer

watersourcesfrom June 1 throughSeptember30, and other

times,as well, if water is scarce.Trail useis prohibitedby

regulation[seeCaliforniaGovernmentCode,Title 14,

Section630(b)(ll)(A) and(30)(A)] at MagnesiaSprings

andCarrizoCanyonEcologicalReserves.Trailsthat are

currentlyknownto conflictwith thesummerwater

requirementsarelistedin Table 10.

e. Trail management.Trails that conflict with lambing,

rearing,andwaterrequirementsshouldbe addressed

throughmanagementtools, suchasseasonalrestrictionsor
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Table 10. Trails and areas with potential conflicts that should be addressedin an

interagencytrails managementplan.*

Trail

Conflicts with

Lambing from
January 1

through June

30

Conflicts with

Water stress
from June 1

though

September30

Comment

N. Lykken trail X X
Skyline trail X
Museumtrail (Palm
Springs)

X X Applies abovepicnic
tableat DesertRider’s
Park.

SouthLykken trail X
Picnic table trail
(southofTahquitz

Canyon)

X Appliesabovepicnic
table.

TahguitzCanyon X X
DunnRoad X X
MurrayHill trail
complex

X X

CathedralCanyon

trail

X X

Mirage trail (Bump

and Grind)

X Applies above the flat

overlook
Art Smith,Schey,
andconnectingtrails

X X

CarrizoCanyontrail X X
BearCreekCanyon
trail

X X

Boo Hoff trail X X
Guadalupetrail X X
Morrow trail X X
This list of trails should be updated annually through the interagency trails program,

basedon the mostcurrentinformation.

relocations.Permanentclosuresmaybenecessarywhere

relocationis not possibleandseasonalrestrictionscannot

be effectively monitored or enforced. Trails should be used

asa tool to focushumanactivity away from areasof

concern. Newtrails in bighornhabitatshouldbeavoided,

88



exceptin selectareasalongtheurbanedge,wherethey

couldprovidetwo benefits—alleviatepressureon trails that

intrudedeeperinto sheephabitat,andprovideadisturbance

barrierto discouragepotential sheepattractionto urban

sourcesof food andwater. Any new trails shouldminimize

adverseimpactsto alluvial fans,canyonbottoms,andother

areasthatmayprovideessentialseasonalforageconditions

while still accomplishingtheobjectiveofroutinguseaway

from themoresensitiveareas.

f. Monitoring, enforcement,andresearch. A management

presenceby uniformedpersonnelshouldbedeployed

during peak use periods to educate the public, monitor

compliance with trails rules, and enforce rules against any

violations. Monitoring of bighom sheep habitat use

patterns should be designed to detect behavioral responses

that canadaptivelyfeedbackinto revisedmanagement

measures.Experimentalresearchto furtherour

understandingof human/sheepinteractionsalsoshouldbe

conducted.SeeSectionII.D.2.7.

1.2.2.2Manageactivitieswithin bighornsheephabitat that

fragmentor interferewithbighornsheepresourceuse

patternsor otherbehaviorsto reduceor eliminateadverse

effects. This task includes but is not limited to road traffic,

trail use, off-trail activity, and aerial activities, such as hang

gliders and helicopters, which may have a negative effect

on bighorn sheep. For example, the U.S. Navy currently

implements a 457-meter (1,500-foot) minimum ceiling for

military flights above bighorn sheep habitat in the north end

of the Anza-Borrego Desert State Park and a 60-meter

(200-foot)minimumceiling in theremainderof thepark.

The 457-meter(1,500-foot) minimumceiling should apply

to all flights overanybighornsheephabitat.
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1.2.2.3 Managelivestockgrazingto reducecompetitionfor

scarceresourcesand to minimizethepotentialfor disease

transmission.Existing (Canebrake, with lambing and

wateringhabitat) and currently inactive (Vallecito and

Oriflamme)allotmentsshouldbeevaluatedandmodified or

closed, if necessary to achieve recovery objectives. The

McCain Valley allotment should also be assessed to ensure

compatibility with adjoining sheep habitat. If the closure of

one or more livestock grazing allotments is determined

necessary to remove the impediments to recovery described

above in Section I.B.6 concerning competition or in Section

I.B.7 concerning disease transmission, the Bureau of Land

Management should develop proposed land use plan

amendments to effect such closure(s). Until decisions are

made regarding potential allotment modifications or

closures,thecurrentallotmentboundariesshouldbe fenced

according to Bureau of Land Management fence

specifications for cattle and bighorn sheep (Bureau of Land

Management 1989). If any allotments, or portions thereof,

that overlap with bighorn sheep habitat are subsequently

closed through land use plan amendments, the fences

around such allotments should be removed following the

cessation of livestock grazing.

1.2.2.4 Prohibit thegrazingofdomesticsheepwithin 14.5

kilometers(9 miles,)ofbighornsheephabitat toprevent

diseasetransmission.

1.2.2.5 Requireall cattlegrazing allotmentsadjacentto

bighornsheephabitat to befencedwherecattlestraying

into bighornsheephabitat degradesforageor water

resources.Fencesshould complywith Bureauof Land

Managementspecificationsfor cattle fencesin bighom

sheephabitat(BureauofLandManagement1989).
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1.2.2.6 Prohibit the useofgoatsaspackanimalsin

bighorn sheephabitat. Goats are known to transmit

diseases to bighorn sheep. Other pack animals, such as

llamasand camels,shouldbe assessedfor potentialdisease

risk andprohibitedif arisk exists.

1.2.2.7 Establisha methodandsecurefundingto

consistentlymonitorandenforceall actionslistedunder

task1.2.2.

1.3 Reducemortality rates. Low survivorship of adult Peninsular bighorn

sheepcurrentlythreatenspopulationviability (referto sectionI.B.4).

Measuresto improve survivorship arefundamentalto this recoveryeffort.

1.3.1 Reducemortality dueto unnaturalcauses.A number of

mortalities of Peninsular bighorn sheep have been caused directly

or indirectly by human activities. Somemortality factors, such as

poisoning by plants and vehicular collisions, are a byproduct of

urban developments built within or adjoining bighorn sheep

habitat, or human presence in bighorn sheep habitat (refer to

section II.D.1.2). Additional causesofmortality shouldbe reduced

with thefollowing actions:

1.3.1.1 Prohibitfencesin which bighornsheepmay

becomeentangledor strangled,or that interrupt habitat

connectivityor blockmovementofbighorn sheepwithin

remaininghabitat. At theurbaninterface,fencesshould

not containgapslargerthan 11 centimeters(4.3 inches)

(referto sectionII.D. 1.2.1 .1). All other fencesshould

complywith BureauofLandManagementspecifications

for fenceswithin bighornsheephabitat(Bureauof Land

Management 1989).
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1.3.1.2 Post all movementareasor areasofbighornsheep

concentrationnear highwayswith bighornsheepcrossing

signsto warn motorists. Post informationalwarningsigns

at theentranceto blind curves. Solutions need to be

identifiedandimplementedto reducetheextentof

vehicularrelatedmortality alongproblematicroad

segmentssuchasHighway74 abovePalmDesert,S-22
westofBorregoSprings,andHighway78 southofBorrego

Springs. If monitoring indicates that more effective

warningsystemsareneeded,flashingyellow lightsand

intensifiedsignage,etc.,shouldbe phasedin. Coordination

with Caltrans and the counties will be required.

1.3.2 Reducemortality dueto natural causes.Predation by

mountainlions representsathreatto theviability of bighornsheep

in the Peninsular Ranges (refer to sections I.B.4, I.B.5, andI.D).

Selective removal of lions may therefore be necessary to facilitate

recovery. The goals of reducing predation pressure are to protect

small subpopulations from extinction and to stimulate population

increases.The following guidelines for implementing predator

managementweredesigned to facilitate recoveryofPeninsular

bighornsheep in accordance with the recovery criteria established

in this recovery plan. The first level of predator control is

essentiallyan emergencyactionto protectsmall subpopulations

from extinction. This level of management wasidentified to help

thepopulation meetdownlistingcriterion#1 (thepresenceof25

ewesin each of the9 recovery regions), while the second level of

lion control will be conducted, if necessary, to facilitate

achievementof delistingcriterion#2.

Removal of mountain lions should beselectiveandonly target

individual lions knownto be,or suspectedof, preyingon bighorn

sheep. Predator management should not be implemented as a

mitigation measure for habitat loss because it is a temporary
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remedyfor a potentialshort-termproblemanddoesnot offset the

permanent impact of habitat loss. Lion removal must be

accompaniedby carefulmonitoringto determineif predatorcontrol

achievesthedesiredprotectionofbighornsheep(referto section

II.D.2.5). Theeffectsofpredatormanagementshouldbe

incorporated into ecosystem level research on the predator/prey

relationships among bighorn sheep,lions, and deer(refer to section

ll.D.2.3). Thecriteria for implementingpredatorcontrolmayneed

to be changed as knowledge regarding this predator-prey

relationship and the balance between predation and population

viability are better understood (refer to section II.D.2). The

ultimategoal is to restorean ecologicalsystemthat includesviable

predator/prey systems in which no predator removal is necessary.

PredatorRemovalLevelI. Predator removal should be

implemented if therearefewer than 15 adult femalebighornsheep

in a givenrecoveryregion(refer to the9 regionsin sectionII.B)

andpredationis aknownmortality factor. In this circumstance,

protection of individual bighornsheepis critical for ensuring

bighornpopulationsurvivalandpersistencein therecoveryregion.

Lion removalshouldbe implementedsolelyin therecoveryregion

of concern, and continue until population growth is reestablished to

a trajectory expectedto achievethe downlisting threshold of25

adult ewesin theregion.

PredatorRemovalLevel2. Predatorremovalmayalsobe

implemented if there are greater than 25 ewes in each of the 9

recoveryregions,to furtherfacilitatethe long-termgoalsof

population recovery. Lion removal should only occur if lion

predation is the primary cause of mortality and low survivorship is

determinedto be limiting populationrecovery. Careful

monitoring, habitat evaluation, and possibly computer simulations

shouldbeusedto determineif, when,andwherepredatorremoval

shouldoccur. Predatorremoval shouldbediscontinuedif available
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evidence indicates that: (1) lion predation no longer limits bighorn

sheep populationgrowth,and(2) continuedremovalwould no

longerresultin apopulationexpansionwithin therecoveryregion

necessaryfor theoverall recoveryof themetapopulation.

1 .4 Developa long-termstrategyandmaintain thecurrentcapabilityfor

captivebreeding,reintroduction,andaugmentationprograms. A small

captivebreedingherd(14animalsin 1998)existsat theBighorn Institute

(refer to sections I.C. 1 and I.E.3) and is managed according to the

guidelinesoutlinedin AppendixC. This herdwas establishedin 1984to

facilitatethestudyof low lamb survival. Animalsborn or rehabilitatedat

thefacility havebeenreleasedinto thenorthernSantaRosaMountains(n

equals74)ortheSanJacintoMountains(n equals3),typically assmall

groupsofyearlings,since1985(Ostermannetal. in press).

The Recovery Team should develop a long-term strategy that identifies the

process and circumstances under which captive breeding, reintroductions,

and augmentations may be appropriate and carried out, including the

potential introduction of animals from adjoining metapopulations.

Reintroductionandaugmentationarepotentialtools to (re)establishewe

groupsandrestoreconnectivityamongneighboringgroups. Augmentation

ofdwindlinggroupsmayserveasa“rescueeffect” (Brown andKodric-

Brown 1977), thereby reducing the risks associated with naturally

occurring random variations in populations. Augmentation may also play

an important role in the conservation of bighorn sheep because habitat use

patterns are learned from experienced animals. Once use of a particular

area is discontinued by females,it maybemoredifficult for inexperienced

sheep to become established in this area (refer to section I.B.2). Finally,

augmentation can be of value to address genetic concerns.

Reintroduction and augmentation programs are recognized conservation

tools and have been used extensively to manage bighorn sheep populations

(Bleich et al. 1990b, Ramey1993);however,theycomewith aset of

potential problems (Campbell 1980, Kleiman 1989, National Research
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Council 1995). Reintroductions and augmentations also must be

coordinated with other recovery efforts. That is, they are meant to play

supportive roles to other measures that protect Peninsular bighorn sheep

andtheirhabitat,theyshouldbe supportedthroughpublic relationsand

education programs (Kleiman 1989, National Research Council 1995), and

theyshouldbeprecededor accompaniedby otherconservationmeasures

to restore population viability (Stanley Price 1991). Finally, decisions

regarding reintroductions and augmentation need to consider the genetic,

disease, and population structure consequences of such actions.

Although there are advantages to using free-ranging animals in

augmentations and reintroductions, captive breeding also can provide

animals for releases. In addition, captive propagation can be used as a

recovery tool to: 1) conduct recovery related research, 2) maintain genetic

diversity orgeneticlineages,and3) maintainrefugial populations.

The long-term strategy should specify the goals of reintroduction and

augmentation activities, and describe the steps that will be followed to

reach these goals. The strategy should be consistent with the guidelines

adopted by the Conservation Breeding Specialist and the Reintroduction

Specialist Groups of the Species Survival Commission of the International

Union for the Conservation of Nature and Natural Resources, The World

Conservation Union, and those of the American Zoo and Aquarium

Association’s Caprinae Taxon Advisory Group. Appendix C outlines

additional considerations and a protocol for captive breeding and release

of captive animals.

2. INITIATE OR CONTINUE RESEARCHPROGRAMSNECESSARYTO

MONITOR AND GUIDE RECOVERY EFFORTS.

This section focuses on research topics with management applicability needed for

recovery. The approach is to design management actions so that: (1) results can

bemeasured,(2) efficacycanbeevaluatedastestablehypotheses,and(3)

alternative or refined actions can be formulated and tested again (adaptive
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management, as defined by Holling 1978). However, adoption of this approach

for bighornsheeprecoverylikely will bemoreproblematicthanfor mostspecies.

Manyresultswill not becomeapparentfor manyyearsbecausesheeparelong-

lived andbehaviorcanbe slow to changeanddifficult to document.

2.1 Monitorpopulationstatus. Thestatus, population dynamics, and

population trends of Peninsular bighorn sheep should be monitored so that

thesuccessof thisrecoveryeffort canbe evaluated.Consistentlong-term

monitoring will allow use of adaptive management approaches that would

increase the effectiveness of recovery efforts. Continued monitoring is

alsoa necessarycomponentoffuture research.Populationmonitoring

(abundance, distribution, recruitment) should be coordinated with other

research (e.g., survivorship, habitat selection) to maximize cost efficiency

and the data collectedper animal collared, as well as to minimize handling

and marking animals.

2.1.1 Monitor abundance.All bighorn sheep habitat in the

Peninsular Ranges should be surveyed by helicopter at least every

other year to generatepopulation estimates. Initially, this will

require that a known number of radio-collared animals are
distributed throughout the range so that mark-recapture abundance

estimations can be generated. The number of collared animals

should be sufficient to achieve an accuracy of plus or minus 25

percent with a probability of 0.05, following the methods described

in Krebs (1989) and Robson and Regier (1964), or approximately

30 percent of the estimated ewe population should be radio-

collared. However,a“sightability” estimatemaybe generated

after additional surveys are conducted, thereby eliminating the

need to maintain this percentage of radio-collared animals. This

approachwould be especiallybeneficial if/when population

numbers become large. Where ewe group delineations are known,

estimates of abundance should be generated for individual ewe

groups as well as for the entire range. Annual waterhole counts

should be continued in Anza-Borrego Desert State Park and
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perhapsreinitiated in the SantaRosa and San Jacinto Mountains.

Data from waterhole counts can be used to potentially provide

important information about population characteristics (e.g., lamb

to ewe ratios and/or ram to eweratios) and to index abundance.

Continuation of waterhole counts concurrent with helicopter

surveys (for 5 to 10 years) may reveal a relationship between

abundanceindicesand populationestimates.This relationshipmay

allow biologists to use historical waterhole count data (collected

over 28 years) to estimate historical abundance patterns. Aerial

surveys and waterhole counts should be conducted according to the

protocols in Appendix E.

2.1.2 Monitor distribution. Further data should be collected on

distribution of Peninsular bighorn sheep. Ground surveys for

bighorn sign should supplement aerial surveys and telemetry

studies to further define habitat usepatterns. Questionsregarding

distribution include but are not limited to: (I) how many ewe

groups are currently found in the Santa Rosa Mountains and

Vallecito Mountains, (2) if augmentation or reintroductions are

necessary,whereshouldtheseoccur,and(3) howdo thenumber

and distribution of ewe groups change over time as conditions or

populationnumberschange?

Abundance monitoring (see task 2.2.1.1) will initially require that

radio-collared animals be distributed throughout the range. The

locationofeachanimalshouldbeobtainedvia visual locationor

fixed wing aircraft telemetry surveys,at leastbiweekly. In

addition, the locations of all observed animals without collars

should be recorded during biennial helicopter surveys.

2.1.3 Monitor recruitment. Reproductive success, which includes

lamb production and recruitment, should be monitored on a yearly

basisin all ewe groups. Trackingandobservingindividually

markedewesgeneratesthemostusefuldatabecauselamb survival
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to specific ages can be determined, and the reproductive success of

individualewescanbe tracked. Alternatively, the lamb to ewe
ratioofeachewegroupcouldbemeasuredatvarioustimesof the

year (e.g.,during waterhole counts or helicopter surveys). Ground

surveys should be organized if feasible. If lamb mortality is found

to be high in specificewegroups,theradio-collaringof lambsmay

benecessaryto identify causesofmortality. Recruitmentshould

be comparedamongewegroups,years,andmanagementstrategies.

2.1.4 Monitorsurvivorshipandcause-speqficmortality. Adult

survivorship should be monitored annually in all ewe groups. This

monitoring would require that radio-collared rams and ewes are

present in each area and telemetry signals are monitored on a

regular (at least biweekly) basis. It is important that all mortalities

be investigated promptly so that cause specific mortality rates can

becalculated. A standardizedmortality siteinvestigationprotocol

should be established. Whenever possible, fresh carcasses or tissue

samples should be collected and submitted to the California

Veterinary Diagnostic Laboratory for pathological examination.

Survivorship and cause-specific mortality should be compared

among ewe groups, years, and management strategies.

2.2 Developpopulationmodels. Although asubstantialamountof

knowledge exists regarding bighorn sheep in the Peninsular Ranges and

elsewhere, there is a need for further research regarding their ecology and

the factors that influence population viability. Incorporating existing

knowledge into models may provide insight into the ecology of Peninsular

bighorn sheep and the system to which they belong. Rather than using the

absolute results of models to make policy or management decisions,

however, the relative outcomes of alternative models should be used to

guidemanagementdecisions(Beissingerand Westphal1998)and future

research efforts. Models uncover knowledge gaps and thereby guide

future researchandgeneratehypothesesthat would not otherwisebe

addressed. The recovery of Peninsular bighom sheep will benefit from
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answers to a number of questions. These questions include, but are not

limited to: (1) how do thenumberofewe groups,sizeofgroups,andlevel

of connectivityamonggroupsaffectpersistenceprobabilitiesofthe
metapopulation, and (2) what are the relative long-term effects of various

levelsofadult andjuvenilemortality on populationviability?

Although theabovequestionspertainprimarily to viability from the

perspectiveofpopulationnumbers,futuremodelscouldalso incorporate

data to assess genetic diversity. Additional models should explore habitat

selection versus availability.

2.3 Researchtherelationshipsbetweenbighorn sheep,mountainlions,

muledeer, andhabitat. In thePeninsularRanges,mountainlions and

mule deer are found within bighorn sheep habitat, and are important

variablesaffectingthis ecosystem(Hayeset al. 2000). To increaseour

knowledgeoftheecologyof Peninsularbighornsheep,abetter

understanding of predation, interspecies relationships, and habitat

selection is needed. Information regarding the relationships will be

valuable in making future management decisions to facilitate population

recovery, including decisions regarding habitat management, reduction of

mortality due to predation, and whether other species should be managed

to achieve recovery of Peninsular bighorn sheep. Pertinent research goals

include, but are not limited to:

a. Estimatethenumberofmountainlions preyingon bighornsheep.

b. Examine movement patterns of mountain lions within and adjacent

to bighorn sheep habitat, and attempt to identify influencing

factors.

c. Examine the spatial and temporal patterns of mountain lion

predation on bighorn sheep and mule deer in relation to the

distributionof bothprey species,season,climatepatterns,and

habitatcharacteristics.
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d. Describethehabitatusepatternsanddistributionofmule deerin

and near bighorn habitat.

Answering some of these questions requires long-term study (perhaps 10

ormoreyears). Sucha studywould requireextensivemonitoringand

habitat study of all three species. Experimental approaches involving

removalof mountainlions andmanipulationofmuledeerpopulationsand

habitat should be designed to test the outcome in terms of predation rates

on bighornsheep.

2.4 Investigatethe relationshipsbetweenbighornsheepandcoyotesand

bobcats. Although mountain lions appear to be the primary predator of

adult bighorn sheep, predation by coyotes or bobcats also may affect the

viability of bighorn sheep populations, primarily through predation on

lambs. Factors that put bighorn sheep at risk from these predators should

be investigated. Studies should examine what impact expanding

urbanization, the use of urban environments, and artificial water sources

may have on the relationship between these three species.

2.5 Investigatetheefficacyoftemporarysuppressionofnatural

predation. Mountain lion predationcurrentlyis theprimarycauseofdeath

ofadult radio-collaredbighornsheepin mostewegroupsin thePeninsular
Ranges, and threatens population viability (refer to sections I.B.4 and

I.B.5). Any measuresto interveneshouldbe designedsothat the

effectivenessofvarioustechniquescanbeevaluated.Thepresenceof

lions and otherpredatorsin theareaof interestshouldbe monitoredaspart

oftheinvestigation. Becausemortalityandmountainlion predationrates

fluctuate across years (refer to sections I.B.4 and 1.B.5), it will be

important to evaluate the effectiveness of these actions over multiple

years.

2.6 Researchhabitat use/selectionanddispersalbehavior. Habitat use by

sheephasbeenstudiedby anumberofresearchers(refer to sectionI.B.l),

but manyquestionsremain. In thePeninsularRanges,asin manyother
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bighorn sheep habitats, the specific factors that limit populations are not

well understood.A betterunderstandingofhabitatusepatternsand factors

underlyinghabitatselectionwill aidourunderstandingof resource

requirements and promote informed management decisions. Selected

topics for future researchinclude: (1) waterandnutritional requirements

andhow thesefactorsaffect populationcharacteristicsanddistribution,(2)

how and where habitat use and movement are influenced by disturbance

barriers and sources of fragmentation, (3) habitat use and how it relates to

predator evasion, (4) how habitat quality influences dispersal behavior,

and (5) how human disturbance affects habitat use patterns.

Documentationof habitatusefor essentiallife functions,suchas lambing,

rutting, summer water stress, and dispersal, is needed. A detailed

vegetation map with sources of fragmentation for the entire Peninsular

Rangeswould facilitateanalysesof thesevariableson habitatusepatterns.

A number of questions exist regarding dispersal behavior. For example,

how often do ewes move between groups? Although preliminary data

suggestit occursata low rate,long-termmonitoring(two ormorebighorn

sheep generations) may be necessary to more accurately estimate the

frequency of such moves. Other questions include, but are not limited to:

(1)what conditions(populationdensity,foragequality, time ofyear)are

associatedwith movementofanimalsbetweenewe groups;(2) what

habitatfeaturesareassociatedwith movementpaths;(3) how doesrange

expansionoccur;and(4) how far (andamonghowmanyewegroups)do

ramstypically move?Thefrequencyanddurationofmonitoringwill

depend on the specific research questions. For example, long-term studies

are needed to document dispersal behavior, while frequent or nearly

continuous monitoring maybe necessary for studying habitat selection and

usepatterns(Laundre etal. 1987). Theuseof GlobalPositioningSystem

collarsmayprovideavaluabletool in suchstudies.

2.7 Evaluatethe effectofhumanactivitieson bighornsheep. Given the

historyof bighornsheeppopulationdeclinesand extirpationsin other

areasnearurbancenters,informationis neededonhow to manage
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recreational activity in a manner that does not interfere with bighorn

habitatuse.Becauseknowledgeofthe locationandextentof human

activity is aprerequisiteto conductingresearchandmaking informed

management decisions, responsible land management agencies should

placea highpriority on obtainingthis information.A varietyof study

designsmaybeappropriate,suchas: (1) experimentally prescribing

different management techniques and measuring results, (2) measuring

physiologicalchangesin individuals in responseto differentdisturbance

regimens,(3) determiningtheeffectsofhumanactivitieson bighorn

populationcharacteristics(e.g.,reproductionandrecruitmentrates),and

(4) determiningtheeffectsofhumanactivity on bighornbehavioral

patterns or activity cycles. It is critical that studies seeking to detectthe

effects of human disturbance have sufficient sample sizes and statistical

powerto avoidtypeII statisticalerrors(acceptingafalsenull hypothesis).

2.8 Researchdiseaseandpreventivemeasures.Thereis aneedto provide

ongoingscreeningforpathogensand exposureto infectiousdiseasesto

detectandmitigateemergingepizootics.Although infectiousdiseasesdo

not currentlyappearto playan importantrolein populationdynamicsof

bighorn sheep in most of the Peninsular Ranges, it will be important to

continuemonitoringthepresenceandimpactof infectiousdiseasesin ewe

groups because outbreaks could occur at any time. Since it will be

essentialto radio-collaranimalsto monitorewegroups,biological samples

shouldbe collectedatthetime ofcaptureandtestedfor presenceof

infectious disease. In particular, whole blood and serum should be

analyzed for the presence of specific pathogens and antibodies to those

pathogens.A standardizedsamplingprotocolshouldbedevelopedandthe

laboratories used by researchers should be identified in all reports so that

testingcanalsobestandardized.Whenfeasible,freshcarcassesshouldbe

takenimmediatelyto theCaliforniaVeterinaryDiagnosticLaboratoryin

San Bernardino for necropsy. A standardized necropsy protocol should be

developed,and necropsyreportsmadeavailableto all agenciesand

researchers.
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At this time, preventive measures such as vaccination or anthelmintic

treatmentsdo not appearto be warrantedin any oftheewe groupswith the

exceptionof thenorthernSantaRosaMountainsewegroup.Nematode

parasites have been documented in this group and nematode treatment may

beappropriate.Treatmentschemesshould be designedsothatthe

effectiveness of each treatment can be evaluated (control animals or

groups should be used). Infectious disease data should be re-evaluated

periodically or continuously, and recommendations regarding treatment

andpreventivestrategiesbasedon researchfindings.

Pathogen monitoring should be extended to cattle and mule deer in the

PeninsularRanges.Otherungulatesmayserveasreservoirsfor cross

transmission of bluetongue to bighorn sheep.

2.9 Researchgeneticsofbighornsheepin thePeninsularRanges.

Genetic issues should be considered and re-evaluated during the recovery

process, especially as new methods become available. Samples should be

usedin associationwith thosealreadycollectedto moreclearlydelineate

populationstructure,to estimategeneflow, to identify themost

appropriatesourcestock(free rangingandcaptive)for translocation,to

assesstherisk of inbreedingandoutbreedingdepression,to testif there

hasbeenarecentpopulationbottleneckwithin a subpopulation,andto

monitor loss of variation due to changes in breeding structure. Research

directedtowardstheestimationoftheeffectivepopulationsize(N) should
e

be a priority, and genetic variability should be directly monitored (Lande

andBarrowclough1987). In addition,analysesofsamplescollectedfrom

bighorn sheep within and outside of the Peninsular Ranges would be

useful to better estimate the phylogeographic structure of desert bighorn

sheep and to further identify management units. DNA samplesshouldbe

collectedfrom everyanimalcapturedin thePeninsularRangesandfrom

adjacentpopulations,usingastandardizedsamplingprotocol. A DNA

bankhasbeenestablishedat theUniversityof California atDavisthat

consistsof over700 samples from bighorn sheep in the Southwest,

including over 100 samplesfrom thePeninsularRanges. Given recentand
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anticipatedtechnologicaladvancements,collection andlong-termstorage

of germinalandsomaticcellsfrom capturedanimalsshouldbe initiated

for future use.

3. DEVELOPAND IMPLEMENT EDUCATION AND PUBLIC AWARENESS

PROGRAMS.

Conservationefforts havea higherchanceofsuccessif theyaresupportedby the

local community. A numberof recoveryactionsoutlinedin this recoveryplan

will directly affect thegeneralpublic. It is thereforeimperativethat strongpublic

educationandawarenessprogramsbe implemented.Thepublic needsto be

informedofthereasonswhy specificrecoveryactionsarebeingtaken. This task

will requirean educationprogramon theecologyofPeninsularbighornsheep,

what threatsthis speciesis currentlyfacing, andhow recoveryactionswill reduce

thesethreats. Coordinationwith thepublic andinterestgroupswill be particularly

importantfor controversialissues,suchastrails andpredatormanagement.This

knowledgeshouldtranslateinto a respectand concernfor this species,leadingto

supportfor conservationmeasures.

Severalprogramsandsourcesof informationpertainingspecificallyto Peninsular

bighornsheepalreadyexist. Interpretivedisplaysandmaterialsarefoundat the

Visitor Centerin Anza-BorregoDesertStatePark,theBureauof Land

ManagementVisitor Centerin PalmDesert,Bighorn Institute,Living Desertin

PalmDesert,and PalmSpringsDesertMuseum. In addition,local interestgroups

havehostedguesttalksby biologistsstudyingbighornsheep. Theseprograms

shouldbe continuedandadditional programsestablished,suchasinformation

providedto thepublic throughthetourist industryand ecotourismoperators.The

effectivenessofeducationalprogramswould be increasedif ahigherdegreeof

coordinationexistedamongindividual programsand otherrecoveryactivities.

This coordinationwould not only allow eachprogramto presentthemostaccurate

andupdatedinformation,but would alsolet thegeneralpublic seethat the

recoveryofPeninsularbighornsheepis acollaborativeeffort supportedby

multiple agencies,organizations,andindividuals. Specificrecoveryactionsare:
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3.1 Distribute informationrelatedto recoveryefforts. Updatedand

accurateinformationshouldbe availableto interestedindividuals,groups,

or local governments.This materialshouldbe providedby thekey

agenciesinvolved in therecoveryeffort andshouldincludeinformation on

theecologyofPeninsularbighornsheep,currentthreatsto population

viability, and explainrecoveryactions. Informationdisseminationshould

coordinatewith theCoachellaValley Multiple SpeciesHabitat

ConservationPlan.

Theneedfor specificrecoveryactionsshouldbeexplainedto thegeneral

public. For example,homeowners,landmanagers,anddevelopersshould

be providedwith informationthat explains: (1)why restrictionson toxic

plants,fences,andpesticidesareneeded,and(2)why artificial feedingof

coyotescouldadverselyaffectbighornsheep. Recreationgroupsshould

beprovidedwith informationthat explainswhy certaintrail closuresare

necessary.Interpretivesignsshouldbe postedatall trailheadsthat enter

bighornsheephabitat. Traineddocentscouldbepresentat popular

trailheadsduringhigh trail usageperiodsandduringperiodsoftrail

closuresto provideadditionalinformationandanswerquestions.

3.2 Continue,update,and coordinateexistingeducationprograms.

Existing programsshouldbeexpandedandregularlyupdatedto providean

accurateview of ourcurrentknowledgeregardingPeninsularbighorn

sheep.Dynamicdisplaysthat featureup-to-datepopulationstatusand

monitoringactivities,currentresearchprojects,andconservationactivities

likely will bemosteffective. Eachprogramshouldhighlight not only how

its agency’sor organization’sactivitiescontributeto therecoveryof

Peninsularbighornsheep,but howtheseactivitiescomplementthoseof

otheragencies/organizations.Au annualmeetingof governmentofficials

includingtheFishandWildlife Service,theBureauof LandManagement,

CaliforniaDepartmentofFishandGame,CaliforniaDepartmentofParks

andRecreation,U.S. ForestService,researchersfrom theUniversityof

Californiaat Davis,Bighorn Institute,andothers,asappropriate(e.g.

educationalfacility representativesor public relationsdirectors),should be
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heldto facilitatetheexchangeofinformationandideasfor improving and

updatingeducationprograms.

3.3 Developadditional educationalprograms. An educationalprogram

targetinglocal schoolsshouldbe developed.This programmight include

a teachingpacketthat schoolteacherscanuseto introducetheir studentsto

Peninsularbighornsheepandthedesertecosystemin general. Classroom

activitiescouldbe combinedwith visits from biologistsortoursof bighorn

sheephabitat,possiblyin conjunctionwith existingprograms(e.g.,at

Auza-BorregoDesertStateParkandTheLiving Desert). Current

conservationissues,populationmonitoring,andresearchprojectscouldbe

incorporatedinto this typeofprogram,possiblythroughtheuseof

informativevideosorwebsites. Cunningham(1993)outlinedtheuseof

suchan interactiveprogramin Arizona.

Thefeasibilityofadditionaleducationalprogramsshouldbe investigated.

Possiblesites/organizersaretheZoologicalSocietyof SanDiego, theLos

AngelesZoo, andmuseumswithin RiversideandSanDiego Counties.

Additional goalsof existingandnewlydevelopedprogramsshouldbe to:

a. Reachpeoplewhowould not typically beexposedto traditional

programs(i.e., individualswho might not frequentvisitor centers

orwho do not haveschool-agedchildren). This goalmight be

accomplishedby promotinginformativepresentationsatsenior

citizencenters,homeownergroupmeetings,touristcenters,or golf

clubs. In addition,local and nationaltelevisionprogramsfeaturing

thePeninsularbighornsheepshould be developed,andpress

releasesshouldbe encouraged.

b. Stressan ecosystemapproachin whichhabitatprotectionis an

integralpartoftherecoveryofPeninsularbighornsheep.
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c. Encouragethepublic to takepart in conservationactivities. A

prime exampleis 28 yearsof waterholecountdatathat havebeen

collectedbyvolunteercountersin Anza-BorregoDesertStatePark.

Habitatrestoration,suchastamariskremovalor water

developmentalsorepresentidealvolunteerprojects. An

observationlogbookmight be establishedat visitor centersto allow

visitors to recordbighornsheepandotherspeciestheyobserved.

d. Conductpublic attitudeassessmentsto determinethe effectiveness

of specificprogramsandguidefuture activities.

3.4 Distributea protocolto selectlaw enforcement,public health, and

safetyoffcialsfor thehumanetreatmentofinjuredbighornsheep. Injured

bighornsheeparesometimesfoundby motorists,pedestrians,orhikers

who thenreportthesituationto public officials in a varietyof agencies.

Personneloftheseagenciesoftenarenot knowledgeableaboutmedicalor

humanetreatmentproceduresfor injuredanimals. A protocolneedsto be

developedand distributedto city, county,State,and Federalagenciesthat

arelikely to receivereportsof injuredanimalsthat providesinformation

on appropriatecontactswho arequalifiedto diagnoseandtreatinjured

animals. Informationfrom suchcasesshouldbecollectedandmaintained

by oneagencyso that acompletedatabaseis availablefor researchersand

managers.

E. SITE SPECIFIC RECOVERY TASKS.

In this section,therecoveryactionsdescribedin sectionII.D arefurther identified

assitespecificrecoverytasks. Theyarematchedwith theninerecoveryregions

listedundertherecoverycriteria(Table 11). Sitespecifictasksfor eachofthese

areasare indicatedin Table 12.
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Table 11. Recoverycriteria regions.

RECOVERYREGIONS

1. SanJacinto Mountains

2. SantaRosaMountains--Northof

State Highway74

3. SantaRosaMountains--Southof Highway 74

throughMartinezCanyon

4. SantaRosaMountains--Southof Martinez

Canyonto slopeswestofVillage Peak

5. CoyoteCanyon--eastandwestsides

6. North San Ysidro Mountains--Henderson

Canyonto CountyRoadS-22

7. SouthSanYsidro Mountains--CountyRoadS-22

to StateHighway 78

8. Vallecito Mountains/FishCreekMountains

9. CarrizoCanyon/TierraBlanca

Mountains/CoyoteMountainsA/southof Interstate8
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Table 12. Site specific tasksrecommendedfor eachrecovery region. Refer to the narrative outline (section II.D) for a

completedescription of recovery actions.

RecoveryAction

(abbreviated)

RecoveryRegion

SR-
N74

SY-S VM/
EC

SJ

——
x x

SR-
S74
—
x

SR-
MCS
a
x

CC

—
x

SY-
N
———
x x x

CC/TB!
CM
—
x1.1.1 Protectessentialhabitat

1.1.2 Securehabitat x x x x x x x x x
1.1.3.1 Removeexoticvegetation X X X X X X X X X

1.1.3.2 Reduce/eliminatewild horses x x
1.1.3.3 Implementfire managementplan x x x x x x x x x
1.1.3.4 Maintain/providewatersources x x x x x x
1.1.3.5 Maintain/reestablishhabitatconnectivity x x x x x x x x x
1.2.1.1 Constmctfences(aturbaninterface) x x x
1.2.1.2 Avoid non-nativevegetation x x x
1.2.1.3 Promotenativeplants,limit exotic plants x x x
1.2.1.4 Prohibituseof toxic plants x x x
1.2.1.5 Discourageuseof exotic invasiveplants x x x
1.2.1.6 Prohibitenticementontoprivateproperty x x x
1.2.1.7 Monitor useof pesticide,herbicides,etc. x x x
1.2.1.8 Regulatewaterdiversion/procurement x x x x x x x x x
1.2.1.9 Prohibit artificial watersources(Culicoides) X X X

1.2.1.10Discouragefeedingcoyotes x x x
1.2.1.11Securefunds/methodsto monitor x x x x x x x x x
1.2.2.1 Developtrails managementprogram x x x x
1.2.2.2 Prohibit activities withnegativeimpacts x x x x x x x x x
1.2.2.3 Minimize livestock grazingimpacts x x x
1.2.2.4 Prohibitdomesticsheepgrazing x x x x x x x x x
1.2.2.5 Fenceneighboringcattleallotments x x x
1.2.2.6 Prohibit goatsaspackanimals x x x x x x x x x
1.2.2.7 Securefunds/methodstomonitor x x x x x x x x x



Table 12. Continued.

RecoveryAction

(abbreviated)

RecoveryRegion

SJ SR-
N74

SR-
574

SR-
MCS

CC SY-
N

SY-S VM/
FC

CC/TB!
CM

1.3.1.1 Regulatefenceconstructionanddesign x x x x x
1.3.1.2 Postlmonitorhighwaycrossingareas x x x x x x

1.3.2 Reducemortality dueto naturalcauses x x x x x x
1.4 Developreintro/augment.strategy x x X

2.1.1 Monitorabundance x x x x x x x x x
2.1.2 Monitordistribution x x x x x x x x x
2.1.3 Monitorrecruitnient x x x x x x x x x
2.1.4 Monitor survivorship/causesof mortality x x x x x x x x x

2.2 Developpopulationmodels x x x x x x x x x
2.3 Researchbighom/lions/deer/habitat x x x x x x
2.4 Researchimpactof coyotes/bobcats x x x x x x x
2.5 Researchmethodsto decreasepredation x x x x x x
2.6 Researchhabitatuse/dispersal x x x x x x x x x
2.7 Monitor humanimpacts x x x x x x x x
2.8 Researchdisease/prevention x x x x x x x x x
2.9 Researchgenetics x x x x x x x x x
3.1 Distributerecoveryinforniation x x x x x x x x x
3.2 Cont./updatepublic educationprograms x x x x x x x x x
3.3 Developnew public educationprograms x x x x x x x x x
3.4Distributeprotocol for injuredsheeptreatment x x x x x x x x x

SI: SanJacintoMountains
SR-N74: SantaRosaMountains - northof Highway 74
SR-574:SantaRosaMountains- southof highway 74
SR-MCS: SantaRosaMountains--Southof Martinez Canyon
CC: CoyoteCanyon--eastandwestside

SY-N:
SY-S:

North SanYsidro Mountains
SouthSanYsidro Mountains

VM/FC: Vallecito/FishCreekMountains
CC/TB/CM: CarrizoCanyon/TierraBlanca

Mountains/CoyoteMountains



III. IMPLEMENTATION SCHEDULE

TheImplementationSchedulethat follows outlinesactionsand estimatedcostsfor

thePeninsularbighornsheeprecoveryprogram,asset forth in this recoveryplan.

It is aguide for meetingthe objectivesdiscussedin part II of this plan. This

scheduleindicatestaskpriority, tasknumbers,taskdescriptions,durationof tasks,

responsibleagencies,andestimatedcosts. The agenciesresponsiblefor

committingfundsarenotnecessarilytheentitiesthat will carryout thetasks. The

agencyor agencieswith leadresponsibilityfor eachtaskareindicatedin thetable.

Initiation oftheseactionsis subjectto theavailability of funds.

TheImplementationScheduleindicatesspeculative,futurecosts(preparationof

additional plans,orresearchprograms,etc.)as “to be determined”. Somecosts

appearaszerobecauseindirectcosts,suchasthoseincurredby: (1) contributions

oftime andmaterialsby agenciesandothergroups,and(2) administrativeor

regulatorycostsby public agencies,arenot includedin costtotals. Costsof

continuoustasksareestimatedassuminga25-yeartime to recovery.Thoughthe

ImplementationScheduledoesnot distinguishbetweenpublic andprivatecosts,

no identifiableor specific expendituresarelikely to beneededby theprivate

sector,otherthanvoluntaryefforts contributedby nonprofitorganizationsand

citizengroups. Priorities (Column 1 of thefollowing table) areassignedas

follows:

Priority I - An actionthat mustbe takento preventextinctionor to preventthe

speciesfrom declining irreversibly.

Priority 2 - An actionthat mustbe takento preventa significantdeclinein

speciespopulation/habitatqualityor someothersignificant

negativeimpactshortof extinction.

Priority 3 - All otheractionsnecessaryto providefor full recoveryofthe

species.
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Abbreviations usedin the Implementation Schedule:

To be determined

Continuous

CoachellaValleyMultiple SpeciesHabitatConservationPlan,

which includesparticipatingcities, CountyofRiverside,and

landowners

PalmSprings,CathedralCity, RanchoMirage,Palm Desert,Indian

Wells, andLa Quinta

SanDiego, Imperial,andRiversideCounties

ACBCI

BI

BLM

CALTRANS

CDFG

CDPR

CVMVCD

CVMC

CVWD

DoD

FWS

RWQCB

RC

RCFCWCD

SDZS

UCD

USFS

*

AguaCalienteBandof CahuillaIndians

Bighorn Institute

BureauofLandManagement

CaliforniaDepartmentof Transportation

CaliforniaDepartmentofFish andGame

CaliforniaDepartmentof ParksandRecreation

CoachellaValley MosquitoandVectorControlDistrict

CoachellaValleyMountainsConservancy

CoachellaValleyWaterDistrict

DepartmentofDefense

U.S. FishandWildlife Service

RegionalWaterQuality ControlBoard

RiversideCounty

RiversideCountyFlood ControlandWaterConservationDistrict

SanDiegoZoologicalSociety

UniversityofCalifornia - Davis

U.S. ForestService

LeadAgency

TBD

cont.

MSHCP

Cities

Counties

AGENCIESAND ORGANIZATIONS
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RECOVERY PLAN IMPLEMENTATION SCHEDULE FOR PENINSULAR BIGHORN SHEEP

Responsible

Agencies

Cost (SI ,000s)

jFYj F’i’

Priority

—
I

Task Task Description

Task

Duration

(Years)

—____
cont. ACBCI*, BLM*,

FWS*, CVMC*,
MSHCP*,

CDFG*, CDPR*,
CVWD*

Total

Estimated
Cost

(SI ,OOOs)

~L2il22L2LIJL
0 0 0 0 0 0

FY FY FY

I
I I

Protect essential habitat

1.1.2 Secure habitat cont. BLM*, CDFG*,

CVMC*, CDPR*,

MSHCP*

70,000 TBD TBD TBD TI3D TBD

I 1 3 1 Removeexoticvegetationandprevent

invasionby exoticplants

cont. ACBCI*, BLM*,
CDFG*, CDPR*,

CVWD*,
RCFCWCD*

250 10 10 10 10 10

1 1.1.3.2 Reduce/eliminate wild horses 5 ACBCI*, BLM*,
CDPR*

TBD TBD TBD TBD TBD TBD

I 1.1.3.4 Maintain/provide water sources 5 13LM~, CDFG*,
CDPR*

50 20 20 10 0 0

1 1.1.3.5 Maintain/re-establish habitat
connectivity

cont. BLM* , FWS*,
CDFG*, CDPR*,

Caltrans*, MSHCP*

TBD TBD TBD TBD TBD TBD

1 1.2.1.1 Construct fences to exclude bighom
sheep from urban areas

5 MSHCP*, CDFG, FWS 500 100 100 100 100 100

I 1.2.1.4 Prohibit use of toxic plants cont. MSHCP* 0 0 0 0 0 0

I 1 2 1 8 Regulate water diversion/procurement cont. RWQCB*, CVWD* 0 0 0 0 (1 0



RECOVERY PLAN IMPLEMENTATION SCHEDULE FOR PENINSULAR BIGHORN SHEEP

Responsible

Agencies

Priority

—I

Task Task Description

Task

Duration

(Years)

—cont.

Total

Estimated

Cost
($1,000’s)

1...............MSI~1CP* 0

Cost (S 1,000’s)

IFYI FY

..2L 02 03 I...~2LI2~——— —0 0 0 0 0

FY FY

02

FY

03III .2 I. Secure funding to implement measures

I 1.2.2.1 Develop and implement a trails
management program

cont. RLM*, CDFG, USFS,
FWS, MSHCP

TBD TBD TBD TBD TBD TI3D

I I 2 2 2 Prohibit fragmenting and interfering
activities

cont. BLM*, USFS*, FWS*,
DoD*, CDFG*, CDPR*

Counties*, Cities*

TBD TBD TBD TBD TBD TBD

I 1.2.2.3 Minimize livestock grazing impacts 5 BLM¶ USFS* 25 5 5 5 5 5

1.2.2.4 Prohibit grazing by domestic sheep 5 BLM*, USFS* 0 0 0 0 0 0

I 1.2.2.7 Secure funding to implement measures cont. BLM*, IJSFS*, FWS*, 0 0 0 0 0 0

1.3.2 Reduce mortality due to natural causes cont. CDFG*, CDPR, FWS,
BLM

TBD TBD TI3D TBD TBD TBD

I 2 11 Monitor abundance cont. CDFG*, CDPR, BLM,

FWS, BI

323 11 15 11 15 11

I 2 I 2 Monitor distribution cont. CDFG*, CDPR, I3LM,
FWS, BI

323 II 15 11 15 II

I 2.1.3 Monitor recruitment cont. CDFG*, CDPR, BLM,
FWS, RI

323 11 15 11 15 II

I 2.1.4 Monitor survivorship and cause-specific
mortality

cont. CDFG*, CDPR, BLM,
FWS, BE

125 5 5 5 5 5

2 1.1.3.3 Implement fire management plan 5 USFS*, BLM, CDFG,

CDPR

TBD TI3D TBD TBD TBD TBD

2 1.2.1.2 Avoid non-native vegetation cont. MSHCP* 0 0 0 0 0 0



I; RECOVERY PLAN IMPLEMENTATION SCHEDULE FOR PENINSULAR BIGHORN SHEEP

Priority Task

—
I 2 1 9

Task Description
Task

Duration

(Years)

—
cont.

Responsible

Agencies

Total
Estimated

Cost

(SI,000’s)

Cost (S 1,000’s)

}FYj FY

K2LL2L
——— —

0 0 0 0 0

FY[ FY IFY

Oil 02103
2

2 Prohibit (7ulicoides water sources MSHCP* 0

2 1.2.2.5 Fence cattle allotments adjoining habitat 3 BLM* TBD TBD TBD TBD 0 0

2 1.2.2.6 Prohibit goats as pack animals cont. BLM*, USFS*,
CDFG*, CDPR*

0 0 0 0 0 0

2 1.3.1.1 Regulate fence design/construction cont. BLM*, USFS*,
MSHCP*

0 0 0 0 0 0

2 1.4 Develop captive breeding,
reintroduction, augmentation strategy

cont. BI,* CDFG,* FWS* TBD TBD TBD TBD TBD TBD

2 2.2 Develop population models 3 TBD 30 10 10 10

2 2.3 Research the relationships between
bighorn, mountain lions, mule deer, and
habitat characteristics

5 FWS,* CDFG,*
CDPR*, SDZS*, UCD*

650 130 130 130 130 130

2 2.5 Investigate the efficacy of temporary
suppression ofnatural predation

5 CDFG*, FWS, CDPR 150 30 30 30 30 30

2 2.6 Research habitat use/selection and

dispersal behavior

10 TBD ISO 15 15 15 15 IS

2 2.7 Monitor the effects of human
disturbance

3 CDFG*, BLM, CDPR,
USFS, FWS

TBD TBD TBD TBD

2 2.8 Research disease and preventive

measures

3 TBD TBD TBD TBD TBD

2 2.9 Research genetics 3 TBD TBD TBD TBD TBD



RECOVERY PLAN IMPLEMENTATION SCHEDULE FOR PENINSULAR BIGHORN SHEEP

Priority Task Task Description
Task

Duration

(Years)

Responsible

Agencies

Total
Estimated

Cost

($l,OOO’s)

Cost (51,000’s)

—1~
FY FY FY FY FY

01J02j03j04J05
— ——— —

2 2 2 2 2
2

2 3.1 Distribute information on recovery
efforts

cont. FWS*, BLM, CDFG,
BI, MSHCP, CDPR,

USFS

5

50

2 3.2 Continue, update, and coordinate
existing programs

cont. FWS*, BLM, USFS,
CDFG, BI, CDPR,

MSHCP

50 2 2 2 2 2

2 3.3 Develop educational programs cont. FWS*, BLM, USFS,

CDFG, MSHCP,CDPR,
BI

50 2 2 2 2 2

3 1.2.1.3 Promote native plants cont. MSHCP* 29 5 I I I I

3 1.2.1.5 Discourage use of exotic invasive plants cont. MSHCP* 0 0 0 0 0 0

3 1.2.1.6 Prohibit enticement on private property cont. MSHCP* 25 I I I I I

3 1.2.1.7 Monitor use of pesticide, herbicides 5 MSHCP* 25 5 5 5 5 5

3 1.2.1.10 Discourage feeding coyotes cont. MSI~1CP* 0 0 0 0 0 0

3 1.3.1.2 Post/monitor highway crossing areas cont. Caltrans*, BLM,

CDPR, CDFG

25 TI3D TBD TBD TBD TBD

3 2.4 Investigate the relationships between
bighorn, coyote, and bobcat

10 TBD 100 10 10 10 10 10

3 3 4 Injured sheep treatment protocol cont. CDFG*, FWS, I3LM,
MSHCP

0 0 0 0 0 0

Total estimatedcostofrecovery: $73,253,000 +
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V. APPENDICES

APPENDIX A. AN OVERVIEW OF THE PENINSULAR RANGES

ThePeninsularRangesare locatedin southernCaliforniaandMexico, in the

ColoradoDesertdivision oftheSonoranDesert(Ryan 1968). On thenorth, the

PeninsularRangesareborderedby theTransverseRanges.From this point, they

extendsouthinto Mexico, forming thebackboneofBajaCalifornia. In

California,the rangesform aprominentnaturalprovince(Sharp1976)that is

boundedon theeastby theSaltonTrough. To thewest,theprovinceextendsto

thePacific Ocean,asa 130-kilometer-wide(80-mile-wide)seriesofnorthwesterly

trendingbasinsandranges.Thebasinsform channelsbelowsealevel andthe

rangesform theislandsof SanNicolas,SantaBarbara,SantaCatalina,andSan

Clemente.

Thehighestpeakin theSanJacintoMountainsis the3,292-meter(10,800-foot)

highSanJacintoPeak. Toro Peak,at 2,655meters(8,700feet),is thehighest

peakin theSantaRosaMountains(Oakeshott1978). TheSaltonSea,locatedto

theeastofthePeninsularRanges,is found in the largestlandmassbelowsealevel

in theWesternHemisphere(Ting andJennings1976). Historically,the Salton

Seahasalternatedbetweena freshwaterlakefed with watersfrom the Colorado

River,andadying brackishpondwhenthewatersof theColoradoRiver flowed

insteadto theGulf ofMexico. Whenfilled, theSaltonSealappedat thefoothills

oftheSantaRosaMountains. Sinceapproximately1907,however,theseahas

beenan increasinglysaltydepositoryfor agriculturalwastesoftheCoachellaand

ImperialValleys (Ting andJennings1976).

Bighorn sheepinhabittheeasternslopesofthePeninsularRangesin habitat

characterizedby steepslopesandcliffs, canyons,washes,andalluvial fans. The
remainderofthis appendixwill, therefore,providean overviewof theeastern

slopesof thePeninsularRanges.

Within bighornsheephabitat,annualrainfall is variablewith maximaof35 to 470

millimeters(1.3 to 18.5 inches)during thepast36 years(National Oceanicand
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AtmosphericAdministration,1962 to 1997). Rainfall exhibitsabimodal

distributionpatternwith most(approximately70 percent)occurringin thewinter

monthsanda lesseramountin the late summermonths. Winter rains areofthe

Pacific marinetype,characterizedby steadylong rain showers,whichpromotethe

springpeakin plant productivity. Summershowersareof theGulfmarinetype,

whichresultin localizedandsometimesfierce thunderstorms(Lindsayand

Lindsay1991). Maximumtemperaturein bighornsheephabitatoftenreaches46

degreesCelsius(115degreesFahrenheit)in summer,while wintersaremild, with

temperaturesoccasionallyreachingfreezing(NationalOceanicand Atmospheric

Administration, 1962 to 1997).

OntheeasternslopesofthePeninsularranges,vegetationassociationsare

coniferousforest,primarilyponderosapine (Pinusponderosa),Jeffreypine (Pinus

jeffreyi), Coulterpine (Pinuscoulteri),and whitefir (Abiesconcolor)above

approximately1,800meters(5,905feet), chaparralaboveapproximately1,500

meters(4,920feet),andpinyonpine(P. monophylla)-juniper(Juniperus

cal~fornica)aboveapproximately1,200meters(3940feet). Lowerelevationsare

dominatedby agave(Agavedeserti),ocotillo (Fouquieriasplendens),cholla

(Opuntiaspp.)andpaloverde(Cercidiumfioridurn),creosote(Larrea tridentata),

paloverde-mesquite(Prosopisspp.)associations(Ryan 1968). Bighornsheep

typically arefoundat elevationslessthan1,400meters(4,600feet)(Jorgensen

and Turner 1975),usuallystayingat elevationsbelow thechaparraland pinyon

pine-junipervegetationassociations.Theseassociationscanrepresentvisual

obstructionbecauseofdenserandtallerstructures,andthereforemakebighorn

sheepmoresusceptibleto predation(referto sectionI.B. I andI.B.2).

ThePeninsularRangesareinhabitedby a largenumberofmammalianspecies

(reviewedby Ryan 1968). Theonly nativesympatricungulateis themule deer

(Odocoileushernionus). Bighorn sheepanddeerdistributionsoverlapat theupper

elevationsof bighorn sheephabitat,with possiblegeographicandseasonal

differencesin the degreeofoverlap. Deerareobservedmorefrequentlyat lower

elevationsduringthewintermonths. Potentialnativepredatorsofbighorn sheep

aremountainlions (Pumaconco1or~,bobcats~Lvnxrufus),coyotes(C’anis

latrans),and goldeneagles(Aquila chrvsaetos).Thesespeciesarefound

throughoutbighornsheephabitatin the PeninsularRanges.
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APPENDIX B. DELINEATION OF ESSENTIAL HABITAT FOR

BIGHORN SHEEP IN THE PENINSULAR RANGES

Intended useof the map (Figures 2, 4-9)

A numberofhabitatmodelshavebeendevelopedto ratebighornsheephabitat

(e.g.,Hansen198Gb,Holl 1982,Armentroutand Brigham 1988,Cunningham

1989, Dunn 1996)andcomponentsofbighornsheephabitathavebeenexamined

ordiscussedby numerousresearchers(e.g.,Hansen1980a,McCartyandBailey

1994). It hasbeensuggestedthat someofthesemodelsbeusedto ratebighorn

habitatin thePeninsularRanges. However,applicationofthesemodelshereis

inappropriatebecausetheyweredevelopedin otherareasandlife zoneswhere

bighornsheepexhibit differenthabitatrequirements.For example,theHansen

model hasbeenshownto beoflimited valuein measuringhabitatquality in areas

outsidethehabitatsin which it wasderived(AndrewandBleich 1999)andis no

longerusedby theCaliforniaDepartmentofFishandGame(S. Torres,California

DepartmentofFishandGame,pers.comm.). Cunningham(1989)suggestedthat

suchhabitatmodelsneedto be modifiedbeforebeingappliedto novelbighorn

sheephabitat.

Thepurposeofmappingbighornsheephabitatin this recoveryplan is not to rate

therelativevalueofhabitattypesandareaswithin thePeninsularRanges,but to

identifythoselandsin needofprotection,restoration,andmanagementthat are

essentialto bighornsheeprecovery(refer to sectionI1.D.1). Ratingthequalityof

sheephabitatwould requirea morethoroughunderstandingof habitatselection
versushabitatavailability; studiesthat addressthis topic in thePeninsularRanges

havenot beenconductedto datebut arerecommendedundersectionII.D.2.6.

Thoughbighornsheephabitatsometimescanbedescribedby its function(e.g.,

habitatfor escapeor lambing),Wilsonetal. (1980)andBleichet al. (1996)

concludedthatall habitattypesusedby bighornsheepin desertenvironmentsare

necessaryfor their populationviability. TheSantaRosaMountainsWildlife

HabitatManagementPlan(Bureauof LandManagement1980),a long-standing

plandevelopedandimplementedundertheSikesAct (16 USC 670aetseq.,

Public Law 86-797)alsorecognizedthis, stating“(e)achacreof bighornhabitatis

importantin maintainingthepresentpopulation”.
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Thepurposeofthis mappingeffort is to delineatethoseareasbelievedto be

necessaryfor aself-sustainingbighornpopulationwith ahigh probability for long-

termsurvival andrecoveryin thePeninsularRangesoftheUnitedStates.

“Essentialhabitat”,therefore,consistsofthoseareasthat providebighornsheep

with thevariousphysicalandbiological resources(e.g., space,food,water,cover)

potentiallyneededfor: (1) individual/populationgrowthandmovement,and(2)

normalbehaviorwith protectionfrom disturbance.Essentialhabitatshouldbe

protectedfrom furtherloss or degradation(referto sectionII.D. 1.1). Thevalley

floor to theeastandthenorth of thePeninsularRanges(e.g., CoachellaValley,

ImperialValley) likely was usedhistoricallyby bighornsheepduringrare,long-

distancemovesto andfrom othermountainranges.However,no suchmoves

havebeendocumented.Furthermore,thechanceofsuchmoveshasessentially

beeneliminatedby high densityurbandevelopment,majorfreeways,fences,and

canals. Consequently,thevastmajority ofthevalley floor to theeastofthe

PeninsularRangesis not includedasessentialhabitatandis now detrimentalto

future useby sheep.

Approach used

Thedelineationofessentialhabitatwasbasedon physicalandbiological features

knownto be importantto bighornsheep.Thesefeatureswereidentifiedby

reviewingpertinentliteratureandby drawingon thecollectiveknowledgeand

experienceoftheRecoveryTeamandotherbiologistswhohavestudiedbighorn

sheepin thePeninsularRanges.Theknowledgeofsuchbiologistsplayedan

importantrole in themappingexercisebecausePeninsularbighornsheepoccupya

habitatthat hasmarkedclimateandvegetationaldifferencescomparedto habitat

ofmostotherbighornsheeppopulations.ThePeninsularRangesarelocatedin

theColoradoDesert,a division of theSonoranDesert,whichexperiences

differentprecipitationpatterns(timing and intensityofrainfall) thantheMojave
or otherSonorandesertsandcontainsasomewhatdifferentflora (Jaeger1957,

MacMahon1985). Thesedifferencesappearto causePeninsularbighornsheepto

usehabitatdifferentlythanbighornsheepin otherareas.For example,dense

vegetationat higherelevationsofthePeninsularRangesrestrictsbighornsheepto

the moreopendesertslopesatlower elevations. For this reason,researchers

familiarwith bighornsheepin thePeninsularRangeshavereferredto these
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mountainsasthe“upside-downmountainranges”(R. Weaver,California

DepartmentofFishand Gameretired,pers.comm.). Therefore,published

informationregardinghabitatusepatternsofbighornsheep,in general,was

supplementedwith knowledgeregardinghabitatusepatternsofPeninsular

bighornsheep,to identify habitatfeaturesthat determinethedistributionof

bighornsheepin theseranges.

Delineationofessentialhabitatis not basedsolelyon knownusepatternsbecause:

(1) populationnumberscurrentlyarelow andsmall populationsuselesshabitat

thanlargerpopulations,suchaswill be neededfor recovery;(2) bighornsheepare

difficult to detect;(3)usepatternsareonly knownfor a recentshort time period;

(4) telemetrydataon radio-collaredanimals(a sampledsubsetof theentire

population)representsonly theareausedby markedanimals,not the entireherd;

and(5) habitatlossandhumandisturbancelikely inhibits useofsomelower

elevationhabitat.However,thedelineatedhabitatboundarieswerereviewedby

RecoveryTeambiologistsstudyingbighornsheepin thePeninsularRangesto

verify thatthemappedhabitatencompassedmostareasknownto be usedby

animalscurrentlyor in therecent(25 to 30-year)past. However,numerous

documentedlocationsofsheepfell outsidetheessentialhabitatboundaries(Figure

6). Theresultingmapalso wascomparedagainstapreviousmodelingeffort

(Bureauof LandManagement1980)aspartofthevalidationand refinement

process(seebelow).

Choiceof habitat components

Habitatrequirementshavebeenexaminedby numerousresearchersin thepast

(e.g.,Cunningham1989,McCartyandBailey 1994). Topographiccover,water,

andforageappearto bethemostconsistentlyrecognizedhabitatrequirements,

althoughothercomponentssuchasmineralavailability, thermalcover,aswell as

absenceofcompetitionwith otherungulatesanddisturbancefrom human

activitiesalsohavebeensuggestedto be important(Cunningham1989,McCarty

andBailey 1994).

Becausethesehabitatcomponentsand characteristicslargelydeterminehow

bighornsheepusetheirhabitatin thePeninsularRanges,informationavailableon
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thesepotentialmodelparameterswerecompiledfor analysis. Datathat are

availableconsistedof: (1) a fairly comprehensiveinventoryofwatersourcesfor

Anza-BorregoDesertStatePark,(2) awater sourcesurveyby theBureauof Land

Managementfor thenorthernpartsoftherange,(3) vegetationcommunitymaps,

and(4) topographicrelief.

In desertenvironments,wateris aknownlimiting factorfor manyspeciesof

plantsandwildlife. However,somepopulationsofbighornsheepareknownto

exist in areaswithoutsourcesofperennialwater(summarizedin Broyles 1995),as

is knownto be thecasein partsofthePeninsularRangesfor at leastsomepartsof

theyear(refer to sectionlB. 1). In thePeninsularRanges,thepresenceof

perennialwateris knownto bealimiting factoronly duringprolongeddroughtsor

summerswithoutsignificantthunderstormactivity. However,giventhenumerous

dependablewatersourcesin theSanJacintoMountainsand otherportionsofthe

range(e.g. centralSantaRosaMountains),waterlikely doesnot limit sheep

distributionin theseregions,evenunderdroughtconditions. Thevariablequality

and lackofreliablewatersourcedatain someportionsof thePeninsularRanges,

andthefact thatwateravailability doesnot limit habitatusein muchofthese

ranges,resultedin thedecisionto not usewatersourcesto delineatebighornsheep

habitat. Availableobservationalrecords(Figure6) indicatethatsheeprangeat

least16 kilometers(10miles) from knownperennialwater sources.Given the

existingdistributionof water,sheeparecapableof using,andthereforecanbe

expectedto use,all areasmappedasessentialhabitat.

Generalizedplantcommunitymappinghasbeencompletedwithin bighornhabitat

throughoutRiversideCounty,anddetailedmappinghasbeencompletedin Anza-

BorregoDesertStatePark. However,bighornsheeparegeneralistforagersand

plantsknownto be eatenarebroadlydistributedacrosshabitattypesin the

PeninsularRanges.Extremetopographicreliefprovidesa diversityof

interdigitatedhabitatsandplantcommunitiesacrossthemountainousslopes,

canyons,washes,and alluvial fanswithin thehomerangeofeachewe group.

Consequently,thedistributionof forageplantsdoesnot appearto limit sheep

distribution,thoughit caninfluenceseasonalhabitatusepatterns.
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Theprimaryhabitatcomponentsthat limit thedistributionofbighornsheepin the

PeninsularRangesmaybethoseassociatedwith predatorevasion. Unobstructed

visibility is recognizedasan importanthabitatcharacteristicby manyresearchers

(e.g.,Geist 1971,RisenhooverandBailey 1985,Fairbankset at. 1987,Etchberger

etat. 1989). Bighorn sheeprely on theirkeenvisionandclimbing ability to detect

andevadetheirpredators(Geist 1971). Thepresenceofescapeterrainand an

unobstructedview are,therefore,keyhabitatrequirements(Geist 1971).

All bighornsheephabitatmodelsrecognizeescapeterrainasa keyhabitat

component.However,thedefinition of“escapeterrain” varieswidely (McCarty

andBailey 1994). Someresearchersdefinedit by aminimumslope(e.g.,Andrew

etat. 1999, Dunn1996)or slopeplus aqualitativemeasureofruggedness(e.g.,

Holl 1982,RisenhooverandBailey 1985,ArmentroutandBrigham 1988),while

othershavedescribedescapeterrainwith word modelsthatincorporatea

qualitativedescriptionof slopeandruggedness(e.g., Hansen1 980b,Elenowitz

1983,Gionfriddo andKrausman1986,Fairbanksetat. 1987,Cunningham1989).

Thedifficulty in determininga universaldefinitionmaybebecausebighornsheep

in differentmountainrangeshaveaccessto differenthabitat(in termsofslopeand

ruggedness),and/orbecauseuseofescapeterrainvarieswith groupsize

(RisenhooverandBailey 1985),groupcomposition,andseason(Cunninghamand

Ohmart1986,Bleichet a!. 1997). Furthermore,escapeterrainhasbeendescribed

ashabitatused“for escapefrom perceiveddanger”(VanDykeetat. 1983). This

definitionrecognizesthat escapeterrainis basedon abighornsheep’sperception,

somethingthatapparentlydiffers amongindividuals andpopulations.Desert

bighornsheepfrequentlyhavebeenfoundat slopesof21 to 50 percent(Elenowitz

1983),slopesgreaterthanor equalto 20 percent(Andrewet at. 1999),andslopes

averaging13 to 34 percent(Bleich et at. 1997). A minimumslopeof 20 percent

wasused(in combinationwith canopycover)to definebighornsheephabitatin

NewMexico (Dunn 1996). A slopeof greaterthanor equalto 20 percentwas

adoptedastheminimumrequiredasescapeterrainfor bighornsheepin the

PeninsularRanges.The first stepofthehabitatmappingprocesswas,therefore,

to identify all patchesoflandhavingaslopeof greaterthanorequalto 20 percent

(seefollowing methods).
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Bighorn sheeparecloselyassociatedwith mountainoushabitatand oftenare

hesitantto venturefar from escapeterrain(Geist 1971). Although theyhavebeen

documentedto movegreatdistancesfrom escapeterrainon rare occasions

(Schwartzet at. 1986),it is not uncommonto observeanimalsmovinga short

distancefrom escapeterrainin searchof forageor watersources,ormoving

betweenneighboringmountainmasses.Washesand alluvial fansoftensupporta

higherdiversity, quality, and quantityofforagespeciesthanlessproductiverocky

slopes(LeslieandDouglas1979),seasonalandperennialwatersources(Wilson

etal. 1980,HollandandKeil 1989),beddingand thermalcover(Andrew 1994),

alternativeforagesourcesin times ofdrought,resourcescarcity,andstress(Leslie

andDouglas1979,Bleich eta!. 1997),anda sourceofforagewith higher

nutritionalvalueduring thelambingandrearingseason(Hansenand Deming

1980). Also referto sectionI.B. 1. Sincetemperaturevariesinverselywith

elevation,theearliestwinter foragegrowthoccursat lowerelevations(Wehausen

1980, 1983),andsheepoftenseekthis earlysourceofnutrients. Thecritical

importanceto bighornofaccessto avarietyof feedinghabitatswasdemonstrated

in theWhippleMountainswhenreintroducedsheepwereconfinedto an enclosure

containingwhatwasconsideredampleforage. At lambingtime, both ewesand

theirnewlambsbegandyingofmalnutrition(Berbach1987),apparentlybecause

theywerenot freeto seekout habitatscontainingmorenutritious forage.

Researchershavedocumentedanimalsrangingata varietyof distancesfrom

mountainousterrain,e.g., 1.6 kilometers(0.80mile) (Denniston1965),0.8

kilometer(0.50mile) (MeQuivey 1978),1.3 kilometers(0.70mile) (Leslie and

Douglas1979),greaterthan 1 kilometer(1.6miles) (Burger 1985),greaterthan

1.6 kilometers(1 mile) (Bleich eta!. 1992),andgreaterthan2.5 kilometers(1.6

miles) (Andreweta!. 1997). Joneset at. (1957)reportedbighorn sheepforaging

asfar as2 kilometers(1.2miles) from thebaseof theSantaRosaMountains.

Elsewherein thePeninsularRanges,bighornsheepwerefrequentlyobserved

within 0.8 kilometer(0.5 mile) from mountainoushabitatfeedingin or moving

acrosswashesandalluvial fans(DeForgeandScott 1982;E. Rubinand M.

Jorgensen,pers.comm.). Accordingly,thesecondstepof themappingprocess
wasto includehabitatwithin 0.8kilometers(0.50mile) of slopesgreaterthanor

equalto 20 percent.
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To identify slopesof 20 percentor greater,7.5’ digital elevationmodels(DEMs)

weremergedtogetherover theentirestudyarea.Thesedigital elevationmodels

are30-meterby 30-meter(98-footby 98-foot) cell grids with avertical accuracy

of 7 meters(23 feet). All grid cellswerethenaggregatedintoslopeclasses.Next,

theslopeclasseswere analyzedto selecthabitatwithin 0.8 kilometer(0.5mile) of

slopesof greaterthanor equalto 20 percent. This selectionwasaccomplishedby

first lumping slopesgreaterthanor equalto 20 percentinto oneclassin a

derivativegrid. A bufferof 0.8 kilometer(0.5mile) wasthenappliedto the

perimeterof all areasofslopein thederivativegrid.

In thePeninsularRanges,bighornsheephabitatis delimitedatupperboundaries

by densevegetationassociations(primarily chaparral)that reducevisibility and

likely increasesusceptibilityto mountainlion predation.Measuringvisibility (by

actualfield measurements)to delineatetheupperboundaryofhabitatwould

requirestudybecauseit is currentlynotknownwhatvisibility thresholdis

acceptableto bighornsheepin thePeninsularRanges.Fire frequencyandits

effect on plant successionchangesvisibility thresholdsovertime (refer to section

I.D). Therefore,to determinetheupperboundaryofbighornsheephabitat,the

westernmostareasusedby bighornsheepwithin thepast25 to 30 yearswere

identifiedandthevegetationassociationsin theseareaswereappliedrangewide

wheredetailedvegetationanalyseswereavailable. Becauseadetailedvegetation

mapwasnot availablerangewide,ateamof biologistsexperiencedwith

Peninsularbighornsheepflew theentireupper/westernboundaryline in a

helicopterandvisually assessedvegetationassociations.Thepathofthe flight

wasdeterminedby consensusamongthebiologistsandwasrecordedvia a Global

PositioningSystem(GPS). The antennaof aTrimble Navigation,LTD., Global

PositioningSystem wasmountedin thehelicopterandpositiondatawere

recordedevery10 seconds.A total of228 kilometers(142miles) wereflown. A

basestation GlobalPositioningSystem,locatedin theAnza-BorregoDesertState

Park,wasrunduring theentireflight. Trimble NavigationPathfinderOffice

softwarewasusedto postprocessthecollectedGlobalPositioningSystemdata

usingbasestationinformation. Trimble NavigationPathfinderOffice (IM) was

thenusedto exportthedataasan ESRI NRC/INFOGeographicInformation

Systems(GIS) readablefile. Only correcteddatawereusedto build theresulting

GeographicInformationSystemlayer. Becausethis line is dynamicin responseto
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fire frequencyandlikely hasshiftedto a lower elevationwith theadventof fire

suppression,a0.8 kilometer(0.5 mile) extensionwas addedto thewestsideof

this line.

Theresultingline in Anza-BorregoDesertStateParkwascheckedagainstdetailed

GeographicInformationSystemmappingof vegetationassociationswithin the

park (Keeler-Wolfet at. 1998). Vegetationassociationsnot typically usedby

bighornsheepin thePeninsularRangeswereexcludedfrom essentialhabitat.

Theseassociationsprimarily includedMuller’s oak (Quercuscornelius-rnutteri),

sugarbush(Rhusovata), chamise(Adenostomafascicutatum),andmanzanita

(Arctostaphvlosspp.)associations.Associationsencompassedwithin bighorn

sheephabitatincludedbrittlebush(Encetiafarinosa),desertlavender(Hyptis

emo,yi),cholla (Opuntiaspp.),burro-weed(Ambrosiadumosa)and creosote

(Larrea tridentata), andothercreosoteassociations.Theresultingline supported

thehabitatboundarythatwasderivedduring thehelicopterflight alongthe

westernmarginofcurrentbighornsheephabitat.

To validatethechoiceofgreaterthanorequalto 20 percentslopeand0.8

kilometer(0.5mile) distancefrom this slopeasmodelparameters,Recovery

Teammembersexperiencedwith Peninsularbighornsheepflew theeasternmost

line ofbighorn sheephabitatin anorthernportionof therange(SanJacinto

MountainsandSantaRosaMountains). Thepathofthis flight wasdeterminedby

consensusamongtheteammembers,basedon theirobservationsofbighornsheep

in theseranges,andwasbelievedto representthe low elevation(easternmost)

boundaryofhabitatcommonlyusedby Peninsularbighornsheep.The pathofthis

flight, which wasrecordedvia GlobalPositioningSystem,supportedthechoiceof

the greaterthanorequalto 20 percentslopeplus 0.8kilometer(0.5mile) distance

from thisslopeastheeastern,lower elevationhabitatboundary.

Theresultinghabitatboundarieswerereviewedby RecoveryTeammemberswho

havestudiedbighorn sheepin thePeninsularRangesto verify whetherthoseareas

knownto beusedby sheepin therecentpast (within thepast25 to 30 years)were

includedwithin themodeledhabitatboundaries.This reviewincludeda

comparisonof bighornsheepsighting locationsagainstthemapandverified that
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mostareasusedby sheepwithin thepast25 to 30 yearswereincludedwithin the

modeledhabitatboundaries(Figure6).

Mapping Refinement

Uponfurtherreviewby RecoveryTeammembers,it wasdeterminedthat the
modeledhabitatincludeda habitattypenot likely to beusedby Peninsular

bighorn sheep.This habitattype,classifiedasmudhills (Augustineand Ward

1995)wasfoundin theBorregoBadlandsandCamzoBadlandsofAnza-Borrego

DesertStatePark. Muchofthis soil typewasremovedfrom thedelineatedmap

becauseit did not correspondwith knownbighornsheephabitatusepatterns.

Conversely,thepreliminaryhabitatboundariesexcludedseveralsmall islandsof

“nonhabitat”(definedby themodelingof slopeanddistancefrom slope). Because

RecoveryTeammembersfamiliarwith theareasconsideredtheseislandsto be

bighornsheephabitaton thebasisof knownsightingsin nearbyor comparable

areas,theseislandswereincludedin delineatedhabitat.

A small numberof knownobservationsfell outsidethe delineatedboundariesat

lowerelevationson relatively flat terrain,suchasClarkDry Lakeand Coyote

Canyon. Theseobservationssupportpreviouslypublishedreportsofbighorn

sheepoccasionallymovingawayfrom mountainousareas.However,therelative

rarityofrecordsbeyondthe0.8 kilometer (0.5mile) distancefrom slopewas

judgedto indicatethat suchhabitatwasnot essentialto populationrecoveryif the

habitatdelineatedwithin the0.8 kilometer(0.5mile) distancefrom slopewere

protected. In otherareas,theoppositeprocesswasrequiredto minimize the

habitatedgeto arearatio consistentwith soundtenetsofresourcemanagement

andpreservedesign. Along somesegments,the0.8 kilometer (0.5 mile) distance

from slopewasexpandedslightly to capture“nonhabitat”areasthat wouldhave

representeddeepbut narrowintrusionsinto an otherwisestableandmanageable

essentialhabitatboundary.

Furthermodificationsweredeemednecessaryalongtheurbaninterfacein the

CoachellaValley. The0.8 kilometer(0.5 mile) distancefrom slope largely has

beenlost to urbandevelopment.Muchofthe remainingvalley floor andalluvial

habitatwithin the0.8 kilometer(0.5 mile) distanceis highly fragmentedand
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degradedwith marginalor detrimentalvalueto bighornconservation(e.g.,vacant

lots alongHighway111, parcelsborderedon threesidesby urbandevelopment).

A seriesofmeetingswith affectedjurisdictionsand majorlandownerswas

convenedundertheauspicesoftheCoachellaValleymultiple-speciesplanning

effort to discussandrefinethedelineationof essentialhabitatalongtheurban

interface. Landswithoutlong-termconservationvaluewereexcludedfrom

essentialhabitat(Figures7, 8, 9). Thelargerfragmentsthat still remainwere

includedwithin essentialhabitatwheretheywerecontiguouswith mountainslope

habitatandofa configurationamenableto effectivemanagement.Subjectto

implementationofrequiredconservationmeasures,theessentialhabitatboundary

doesnot includedevelopmentprojectspreviouslyreviewedandapprovedby us.

Finally, pursuantto SecretarialOrder3206 June5, 1997, wehaveenteredinto

governmentto governmentdiscussionswith thevariousAmericanIndiantribes

thatpossesslandsin bighornsheephabitat. Wecoordinatedwith thetribesto

encouragetheir participationin delineatingessentialhabitatanddevelopingthe

PeninsularbighornsheepRecoveryPlanin awaythatpromotesrecoveryofthe

speciesandminimizesthesocial,cultural,andeconomicimpactson tribal

communities. We workedwith andsupportedtheeffortsofthe Torres-Martinez

DesertCahuillaIndiansto obtaindataon thevalueof Reservationlandsto

bighorn sheepconservationbut theTribehasnot agreedthatsufficient

informationis availableto demonstratethat theirlandsareessentialto recovery.

Basedon coordinationwith theMorongoBandof MissionIndians,tribal lands

within theessentialhabitatboundarywill be includedfor sheepconservation.The

AguaCalienteBandof CahuillaIndianshascoordinatedwith us in thedelineation

and haveagreedthata reservation-widehabitatconservationplanningeffort will

determineappropriatelandmanagementissuesat a finer scalewithin theessential

habitatboundary.
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APPENDIX C. GUIDELINES FOR DEVELOPING A LONG-TERM
STRATEGY FOR REINTRODUCTION, AUGMENTATION, AND

CAPTIVE BREEDING OF BIGHORN SHEEP IN THE PENINSULAR

RANGES

Thepurposeof this appendixis to provideguidelinesfor developinga long-term

strategyfor reintroduction,augmentation,andcaptivebreedingofbighornsheep

in thePeninsularRanges,asidentifiedin therecoveryplan (task1.4). This

appendixis organizedinto two sections.Thefirst sectionoutlinessomeof the

preliminarystepsneededto identify casesin whichreintroductions,

augmentations,andcaptivebreedingmaybeappropriate,andhighlightssome

importantconsiderationsin thedevelopmentof a long-termstrategy.Thesecond

sectionpresentsprotocolsfor captivebreedingandreleaseofcaptiveanimals,and

representsguidelinespreparedby theBighornInstitutefor an existingcaptive

breedingandreleaseprogram. This sectionaddressesmanyofthe issues

identifiedin ourPolicyRegardingtheControlledPropagationofSpeciesListed

UndertheEndangeredSpeciesAct (65 FR 56916;September20, 2000).

I. Considerationsin developing a long-term strategy for reintroductions and

augmentations

A numberofdecisionsmustbemadewhendevelopingalong-termstrategyfor

augmentationandreintroductionofbighornsheepin thePeninsularRanges.

Importantpreliminarystepsarepresentedherein outline form:

1) Identify thegeneralgoalsofthe long-termstrategyin relationto theoverall

recoveryeffort. Thesegoalsshouldconsidertheviability ofthepopulation

with respectto populationdynamicsandgenetics.

2) Determineif existingewegroupsshouldbeaugmentedor newgroups

established.A populationmodel,using estimatedpopulationparameters(e.g.,

abundance,recruitment,survivorship,dispersal),shouldbeusedto evaluate

theeffectivenessof variousoptions(including theoptionof no augmentation

or reintroductions)on theviability ofthemetapopulation.
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3) Identify and prioritizesites for augmentationsandreintroductions.This

assessmentmustevaluatenot onlythesite’s importanceto theviability of the

entirepopulation,but alsomustaddressthefollowing questions:

a) Whatis/wasthecauseof extinctionor endangermentin this location?

b) Hasthiscausebeenminimizedor removed?

c) Is reintroductionoraugmentationthebestconservationoptionfor this

particularsituation?Haveothernecessarymeasures,suchashabitat

restorationorprotection,beentaken?

4) Determineaugmentationandreintroductiontechniques.Thesuccessof

previousbighornsheepaugmentationandreintroductionprojectshasbeen

mixed, anda numberofquestionsremain(DesertBighornCouncil 1996). In

reintroducingor augmentingPeninsularbighornsheep,thefollowing issues

needto be evaluated:

a) Determinewhetherto usecaptiveor free-ranginganimals. Forthe

following reasons,cautionshouldbe exercisedwhenusingcaptive

animals:

i) If multiple, consecutivegenerationsofanimalsarebredin captivity,

theymayundergo“domesticationselection”;that is, captive

individualsmayhavebehavioralormorphologicalphenotypesthat

performwell in captivity butnot in thewild. In addition,captive

animalsmayhavebeenraisedin an overly protectiveenvironment

whereselectionagainstdeleteriousgeneswasrelaxed(Brambell 1977,

Campbell1980, Elliott andBoyce 1992,Bushet a!. 1993).

ii) Captiveanimalsmaybe diseasevectorsto wild populationsif they

havebeenexposedto novel diseasesduring exsitu (outsidethe

originalsite,orcaptive)propagation(Campbell1980,Woodfordand

Kock 1991,Bushetat. 1993),or if theyhavecontinuedto harbor

pathogensthat havebeen“purged” from wild populations.

iii) Theuseof captiveanimalsduring augmentationscanreduceor

increasetheeffectivepopulationsizeofthewild population(Ryman

andLaikre 1990,Elliott andBoyce 1992).

Part 11 ofthis appendixprovidesprotocolsby which theseconcernsmaybe

minimized. Releasesof free-ranginganimalsaretypically moresuccessful
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thanarethoseofcaptiveanimals(Griffith eta!. 1989,Gordon1991,

StanleyPrice 1991);however,an advantageofusingcaptiveanimalsis
that theirgeneticprofilestypically areknown. In addition,thepotential

effectson population(StevensandGoodson1993)andgeneticsof

removinganimalsfrom thewildpopulationmustbe considered.Currently

thesmall sizeofewegroupswithin thepeninsularRangeslimits the
availability of free-ranginganimalsfor translocation.Additional genetic
studiesmayhelp identify sourceswithin the PeninsularRangesor

elsewhere.Futureprojectscould involve both captiveandfree-ranging

bighornsheep.

b) If captiveanimalsareto beusedin reintroductionsandaugmentations,

determinethedesiredsizeofthe captiveherd,and optimumfacilities and

managementtechniques.Onealternativeis to establisha largecaptive

herdthatis housedin a largerenclosureandmanagedlessintenselythan

theexistingcaptiveherd. An approachsimilar to this is usedby theNew

MexicoDepartmentofGameandFish(1997)at theirRedRockWildlife

Area,wherebighornsheeparehousedin a fencedareaofover 500
hectares(1,235acres). Potentialadvantagesofsuchafacility arethat

releasedanimalsmayhavetraits morecharacteristicof free-ranging

animals(asopposedto animalsraisedin a moreconfinedenvironment),

andalargercaptivepopulationmaylessengeneticconcernsassociated

with small founderpopulations. As with anycaptivebreedingprogram,

however,thesourceofanimalsfor this captivepopulationwould haveto

be considered,andbothpopulationand geneticmanagementguidelines
would haveto beaddressed(seepartII ofthisappendix).

c) Determinethebestpopulationcompositionofreleasedgroups. This

considerationapplieswhethercaptiveorfree-ranginganimalsareused.

Thenumber,age/sexcomposition,andexperienceofreleasedanimalsare

importantconsiderations(LenarzandConley 1980, Wilsonand Douglas

1982,Kleiman 1989). Thegregariousbehaviorof bighornsheepsuggests
that largergroupsaredesirable(Wilsonand Douglas1982). However,

smallergroupsizesmore likely mimic naturalre-colonizationevents. The

sexratioshouldmaximizethereproductivepotentialofthereleasedgroup
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orthewild populationduringreintroductionsand augmentations

respectively.Forbighornsheep,this typically meansalow ramto ewe

ratio (Lenarzand Conley 1980). Younganimalshavehighreproductive

value(Gotelli 1995)andhaveastrongtendencyto integratewith existing
herdswhenusedasreleasestock(Ostermannet al, in press),anl thusare
desirablefor augmentationprograms. LenarzandConley(1980)

suggestedthattheoptimum agefor releasedbighornsheepis 3 years.
However,inclusionofa smallnumberofolderorfree-ranging,and

presumablymore experienced,individualsincreasesthe likelihood of

successofareintroduction.Theeffect ofthesevariablesneedsto be

considerednotonly with respectto howtheywill influencesuccessof the

release,but alsohow theremovaloftheseanimalswill affect thesource

stockfrom whichtheycame(StevensandGoodson1993).

d) Identify appropriatereleaseanimalsbasedon pedigreeandproximity to
theintendedreleasearea. Thoughbasedsolelyon genetictheory,this
approachis conservativelydesignedto: (1) preservethepotential for
geneticadaptationsto local conditions,(2) preventoutbreedingdepression,

and(3) maintaintheexistinggeneticstructurecurrentlyfoundamong

Peninsularbighornewegroups(Brambell 1977,Boyceet a!. 1999).

However,otheroptionsareavailableto preventlossofheterozygosityin

thewild population(May 1991). In general,thepreservationofthegene

pool oftheentiremetapopulation(wild andcaptivepopulationsincluded)

shouldbetheprimaryconcern(Foose1991). Therefore,when
reintroducingoraugmentinganimals,caremustbetakento avoid genetic

swampingofnativepopulations(Kleiman 1989, Rymanand Laikre 1991,

Foose1991,Elliott andBoyce 1992). Furthermore,during any

reintroductionoraugmentation,thenumberandsexratioofreleased

animalsmustbeconsidered,asit will affect effectivepopulationsize

(Crow andKimura 1970,FitzSimmonset at. 1997). The secondsectionof
thisappendixdiscussesthegeneticconsiderationsofcaptivebreedingand

releaseof captiveanimalsin detail.
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e) Determinethemosteffectivemeansofreleasinganimals. These

considerations,which applyto boththereleaseofcaptiveand free-ranging

animals,shouldinclude:

i) Whetherto usea ‘soft’ or ‘hard’ release(Berbach1987,Mooreand

Smith 1991).

ii) How far to movefree-ranginganimalsduringreintroductionsand

augmentations.Thephilopatricbehaviorofbighornsheepmay result

in animalsattemptingto returnto theirnatalhomerange. Researchon

dispersalandmovementpatternsmayguide thesedecisions(refer to

sectionII.D.2 of this recoveryplan).

iii) Duringwhich timeof yearto conductreleases.

iv) Whatspecificreleasesite to use. For instance,how far shouldrelease

sitesbe from otherbighornsheep(Bleich et at. 1996)or from human

development?This questionmaybeassessedby releasingand

monitoringasmall numberof sentinelanimalsduring a feasibility

study(Kleiman 1989,Chivers1991).

5) Determinemethodsfor monitoringand assessingthe successofreintroduction

oraugmentationprograms,in relationto thegoalsof this recoveryeffort

(StanleyPrice1991),and identify a specificschedulefor future reviewand

possiblerevisionof the long-termstrategy.

II. Captive breeding and releaseofcaptive bighorn sheep

While it is nota long-termsolution(Snydereta!. 1996),captivebreedingis a

powerful tool for rescuingspeciesthreatenedwith extinction(Caughley1994,

Philippart1995,CaughleyandGunn 1996). Captivebreedingcanalsobeusedto

delayextinctionwhile theagentsof adeclineareinvestigated(Caughleyand

Gunn 1996). Otheradvantagesofcaptivepropagationinclude theability to

moderateenvironmentalvariance,managegeneticdiversity, increasetheeffective

populationsize,andexpandanimal numbersto providestock for wild populations

(Fooseet at. 1995). Releasingcaptive-bornanimalsinto thewild to supportweak

populationsis an increasinglycommonpractice(Griffith et a!. 1989,Kleiman

1989,Snyderetat. 1996).
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Although therearebenefitsofcaptivepropagationprogramsfor releasinganimals

into thewild (Griffith etat. 1989,Kleiman 1989,Caughley1994,Fooseet at.

1995),theseprogramscanbe costly, labor intensive,andtheireffectivenesshas

beenquestioned(Campbell1980,Philippart 1995, CaughleyandGunn 1996,

Snyderet a!. 1996). Additionally, therearea numberofpotentialrisksassociated

with captivebreedingandreleaseprograms. Our PolicyRegardingControlled

Propagationof SpeciesListed UndertheEndangeredSpeciesAct (65 FR 56916;

September20, 2000)identifiedthefollowing risks that mustbe addressedwhen

planningcontrolledpropagationand reintroductionprograms:(1) removalof

naturalparentalstockthat mayresultin an increasedrisk ofextinctionby

reducingtheabundanceof wild individualsandreducinggeneticvariabilitywithin

naturallyoccurringpopulations;(2) catastrophiceventsthat cancausethe lossof

someorall ofthecaptivepopulation;(3)potential for inbreedingorotheradverse

geneticeffectsthat mayresultfrom increasingonly aportionofthegenepool; (4)

potentialerosionof geneticdifferencesbetweenpopulations;(5)exposureto new

selectionregimesin controlledenvironmentsthat maydiminish capacityto

surviveandreproducein thewild; (6) geneticintrogression;(7) increased

predationor competitionfor food,space,and/ormates;and(8) diseasetransfer.

Adheringto establishedcriteriaandupholdingstandardizedprotocolswill

contributeto thesuccessofreintroductionandaugmentationprogramsandreduce

theaccompanyingrisks. In this appendix,generalizedcriteriaandguidelinesfor

reintroductionandaugmentationprogramsarecombinedwith knowledgeof

desertbighornsheepecologyto createmorespecific guidelinesfor Peninsular

bighornsheepcaptivebreedingandreleaseprograms.

In this appendix,reintroductionis definedasthemovementof wild orcaptive

animalsinto formerly occupiedhabitat,while thereleaseofanimalsinto currently

occupiedhabitatis termed“augmentation”or “restocking.” Theultimate

objectiveof theseguidelinesis to establishwild, free-rangingherdsthatno longer

rely on captivebreeding. Separateguidelinesshouldbedevelopedfor captive

breedingprogramswith otherprimarygoals.
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Before commencingacaptivebreedingprogram,afeasibility studyshouldbe

conductedto determineits necessityand potentialfor success.Thefollowing

generalcriteriashouldbeconsidered(Kleimaneta!. 1994): thewild population’s

needfor supportwith respectto geneticdiversity andpopulationstructure,the

availabilityofstock,removaloftheoriginal causeofdecline,protectionof

sufficienthabitat,local politics, governmentalandnongovernmentalagency

support,reintroduction/augmentationtechnology,knowledgeof speciesbiology,

andsufficient financialresources.A summaryofthesecriteria,which aregrouped

into fourcategories,is providedbelow.

Needfor populationand/orgeneticsupport
Becausecaptivebreedingandreintroduction/augmentationprograms

requirelargefinancialandlogisticalcommitments,theneedfor population

and/orgeneticsupportmustfirst be clearlyestablished(Kleiman 1989,

Phillipart 1995, Snydereta!. 1996). TheInternationalUnion for the

ConservationofNatureandNaturalResources(1995)guidelinesfor

reintroductionandaugmentationsrecommendconductingapopulationand

habitatviability workshopbeforeinitiating aprogram. A population

viability analysismayalsofacilitatethedesignandobjectivesofthe

programby providingdirectionon thenumberofanimalsneeded,and

hencethesizeofthefacility needed,andwhetherrestocking(augmenting

populations)or reintroduction(establishingnewgroups)is preferred.

Captivebreedingis oftenexpensiveandnot alwaysthemostcost-efficient

conservationstrategy(Kleiman 1989,Kleimanetat. 1991, Snyderet at.

1996). It mustbeconductedin conjunctionwith otherconservation

measures,andshouldbe basedon specificrecommendationswithin a

recoveryormanagementplanso that it doesnot unjustlypreemptother

recoverytechniques(Snydereta!. 1996).

Environmentalconditions
Captivebreedingshouldonly beundertakenif suitable,unsaturatedhabitat

is available(Brambell 1977,Kleiman 1989, Ounsted1991)andrelease

siteshavesufficient carryingcapacityto support theexpansionofthe

reintroducedor augmentedpopulation. Ideally, releasesitesshould be
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legally protected(Kleimaneta!. 1994). Removingorcontrollingthe

original cause(s)ofdeclineis an essentialstep,asfailure to do so is a

primaryreasonthat reintroductionandaugmentationeffortsare

unsuccessful(Brambell 1977, Ounsted1991,Kleimanet a!. 1994).

However,in somesituations,augmentingapopulationwhile investigating

thecauseofdeclineis an acceptablepractice(CaughleyandGunn 1996).

Thephilopatricbehaviorofbighornsheep(Geist 1971)suggeststhereare

advantagesto augmentinga populationto retaintraditionalherd

knowledge,ratherthanreintroducinganimalsafterextirpation,particularly

if this would allow researchinto thecauseofdecline.

Biopolitical conditionsandfunding
Althoughno breedingprogramcanbe successfulwithout knowledgeof

thespecies’biologyorreintroduction/augmentationtechnology,non-

biological factorssuchaslong-termfunding,projectadministration,and

communicationamongparticipatingorganizationshavebeenfoundto be

importantdeterminantsfor programsuccess(StanleyPrice 1991,Becket

a!. 1994,Kleimaneta!. 1994). Feasibilitystudiesshouldinclude

investigatingprospectsfor long-termfundingandobtainingthesupportof

all relevantgovernmentalandnon-governmentalagencies.Inadequate

funding could severelylimit theprogressandsuccessof theprogram.

Therefore,programsshouldnotbe initiated until fundingis securedto

ensurethat all phases(diseasetesting,research,post-releasemonitoring,

etc.)will beaccomplished.Becausecaptivebreedingprogramsarea

multidisciplinaryundertakinginvolving peopledrawnfrom avarietyof

backgrounds(InternationalUnion for the ConservationofNatureand

NaturalResources1995),thedecisionmakingstructure,aswell asthe

authorityandresponsibilityofeachgroupinvolved shouldbeclearly

delineated(Kleimaneta!. 1994).

Knowledgeofthespeciesand reintroduction/augmentationtechnology
Knowingtheecologicalrequirementsofa speciesis necessaryfor a

successfulbreedingandreleaseprogram. For manyspecies,thelackof

basicinformationandreleasetechnologynecessitatesdetailedstudies

examiningthespeciesbehaviorandbiological needsbeforeestablishinga
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breedingprogram(Kleiman 1989, StanleyPrice 1991). However,pastand

ongoingcaptivepropagationprogramsfor desertbighornsheep(Calkins

1993,New Mexico Departmentof GameandFish 1997,Ostermannetal.

in press)havedemonstratedthepotentialfor establishingself-sustaining

captivepopulationsand thetechniquesdevelopedfor translocations

(RowlandandSchmidt 1981,Wilson andDouglas1982)provide

information that canbe appliedto releasingcaptive-rearedanimalsinto the

wild.

Husbandry

Large,predator-proofenclosureswith nativevegetation,naturalhabitatfeatures,

andadequatefood,salt,mineral,andwaterresourcesareneeded.Native

vegetationshouldbe retainedin theenclosure,andsupplementalfeedmaybe

requiredto preventover-browsing.An enclosurethat containsa varietyof habitat

typesandtopographicrelief will allow captiveanimalsto exhibit naturalbehavior,

suchasusing escapeterrainin responseto disturbance.Presumably,housing

captiveanimalsin conditionsassimilarto thereleasesiteaspossiblewill ease

their transitionto awild environment.During thenonbreedingseason,adult

malesandfemalesshouldbe separatedor haveampleroomto naturallysegregate.

To reducediseasetransmissionrisks, captivepopulationsshouldbemaintained

within thenaturalrangeoftheanimal,in single-speciesfacilities that do not

regularlyexchangestock(Snydereta!. 1996). Thedesignoftheenclosureshould

allow for thesafecaptureofanimalsfor samplingand/orrelease.Enclosure

fencingshouldbegreaterthanorequalto 3 meters(10 feet)in heightabove

groundandextendaminimum of 0.61 meter(2 feet)underground,or employ

otheroptionsto excludepredators.Mountainlions haveenteredenclosuresand

killed captivebighornsheepon severaloccasions(Blaisdell 1971, Sandovol1979,

Winkler 1977). Monitoringconsistingof at leastdailychecksoftheenclosure

and animalsis necessaryfor detectinghealthconcerns,causesofmortalities,and

disturbances.

Diseasepreventionandscreening

Diseasepreventionis ofprimaryimportancefor desertbighornsheepcaptive

breedingprograms.Ofall North Americanwild ungulatespecies,wild sheepare

possiblythemostsensitiveto commonlivestockdiseasesandparasites(Jessup
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1985). Diseaseoutbreaksterminatedreintroductionefforts atboth theLavaBeds

NationalMonumentin California(Blaisdell 1982)andtheSierraDiablo pensin

Texas(Brewer 1997),two initially successfuldesertbighornsheepbreeding

operations.Diseasein thecaptiveanimalsandpoorreintroductionsuccessled to

thereleaseofall bighornsheepfrom theZionNationalParkcaptivepropagation

enclosure(McCutchen1978). Outbreaksofblue-tonguereducedtheRedRock

populationby approximately18 animalsin 1985and25 animals1991 (New

Mexico DepartmentofGameandFish 1997). SeesectionI.E.3 for information

on thecaptivepopulationatBighorn Institute.

Diseaseconsiderationsfor augmentationprogramsincludethepotentialof

introducingdiseaseto thewild populationwhenreleasingcaptive-rearedstock

and theimpactofdiseasesendemicin thewild populationon releasedanimals

(Viggerseta!. 1993). Theprevalenceofdiseasein thewild andcaptive

populationwill determinetheneedto eradicatepathogensin animalsbroughtinto

or releasedfrom captivity andwhetherto releaseorbreedcertainanimals.

Eliminationofall pathogensfrom captiveanimalsis not expectedor

recommended(Bushet a!. 1993,Viggerseta!. 1993),asthismayreducetheir

immunity to diseaseandplacethematrisk ofdiseasesendemicin thewild

population. Regular,standardizeddiseasemonitoringofboththewild andcaptive

populationsis stronglyrecommended.

Diseasepreventionmeasures

Captivebreedingfacilities shouldbe closedto thepublic andthestaff

shouldpracticerigorousdiseasepreventionmeasures,includingavoidance

of potentialdiseasetransmissionfrom othercaptivestocksaswell as

betweenwild andcaptivebighornsheep.All potentialroutesfor disease

transmissionfrom domesticlivestockshouldbe anticipatedandavoided.

For example,whenpurchasinghay, careshouldbe takento avoiddealers

who rotatetheircropswith domesticlivestockgrazing.

Separatequarantinefacilities shouldbe availableto houseincomingstock;

however,animalsknownto besick shouldnot be brought into captivity. It

is importantto determinethecauseof deathfor all animalsthat die in

captivity or soonafterreleaseinto thewild. Freshcarcassesshouldbe
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refrigeratedandtransportedto aveterinarydiagnosticlaboratoryfor full

necropsy.

Disease-freecertification
Diseasescreening(hematology,serumchemistry,serology,virus isolation,

ova andparasitetests,andbacterialculture) shouldbeperformedon

greaterthanorequalto 25 percentofthecaptiveanimalsat leastannually,

andon all pre-releaseanimalswithin 30 daysprior to their releaseinto the

wild. Healthscreeningof pre-releasebighornsheephelpspreventthe

introductionofdiseaseinto thefree-rangingpopulationandoptimizethe

releasedanimal’schancesfor survivalin thewild. Screeningof wild-

caughtbreedstockreducesthechanceofintroducingdiseaseto thecaptive

population. All bighornsheepenteringor leavingthecaptivebreeding

programshouldbecertifiedas“disease-free.”Disease-freecertification

requiresthat within 30 daysprior to release: (1) theanimalsappear

healthyandshowsno signsof activeinfectionuponvisualexaminationby

anU.S. Departmentof Agricultureaccreditedveterinarianfamiliar with

bighornsheep,(2) recentlaboratoryresults(from testing describedabove)

do not indicateactiveinfectionorotherhealthconcerns,(3) theanimal

testsnegativefor OvineProgressivePneumonia(AGlID test),and(4) the

animalshavenotbeenexposedto diseasedanimalsin thecaptivebreeding

facility.

Treatmentofsickanimalsin captivity

Animalsshowingsignsof illness(e.g.,droopingears,nasaldischarge,

coughing,lethargy,weight loss)shouldbecloselyobservedand

biologically sampledto attemptto determinethecauseofillness. Bighorn

sheepin poorcondition,needingfrequenttreatment,or exhibitingsignsof

infectiousorcontagiousdiseaseshouldbe placedin quarantine.

Treatmentshouldbe providedunderveterinarysupervisionif the

conditionis life threatening,unlessresearchneedsdictateotherwise.

Principlesguidinggeneticmanagement

Geneticmanagementstrivesto minimize thelossof naturallyoccurringgenetic

variability by preservinggenesof founderswho representa genepool of interest
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(Ballou andLacy 1995). Goalsfor thegeneticmanagementof captivepopulations

usually includeretaininggeneticvariationfor future evolutionarypotential,

minimizing geneticchangesthat mayoccurwhile a speciesis in captivity, and

avoidinginbreeding(FooseandBallou 1988,HedrickandMiller 1992,Foose

1991,Fooseeta!. 1995). Concernsaboutthefitness,evolutionarypotential,and

locally adaptedgenepoolsof naturalpopulationsrequirethat conservationefforts

alsoconsiderintraspecificgeneticvariation(Soul~ 1986,Millar andLibby 1991,

HedrickandMiller 1992,Cronin 1993). Molecularmarkers(allozymes,
restrictionfragmentlengthpolymorphisms,microsatellites,mitochondrialDNA)

canaid in identifying currentandhistoric levelsofpopulationsubdivision,gene

flow, andpopulationcharacteristics(Milligan eta!. 1994,Avise 1995). However,

it is importantto notethatmolecularmarkersidentify only a small portionof the

genomeandarenot specificallyornecessarilytied to traitsinvolved in either

adaptationor fitness.

Identifying thegeneticstructureofthepopulationbeingaugmentedis considered

afirst steptowardsassuringthat appropriatesubpopulationsaretargetedfor

propagationandrelease(Brambell 1977,Lyles andMay 1987). Peninsular

bighornsheeparedistributedin ametapopulationcomprisingapproximatelyeight

subpopulations,althoughthedegreeto which this structurereflectsanthropogenic

forces is unknown(Torreseta!. 1994,Boyceet a!. 1997, Rubinet a!. 1998,Boyce

eta!. 1999).

Thegeneticeffectsofpopulationsubdivisionarequantifiedby thefixation index

(F; Wright 1951),whichdescribestheproportionofgeneticvariationwithin

bighornsheepsubpopulationsrelativeto thetotal variationin thepopulation. The

fixation indexcanalsobeusedasan index of geneticdifferentiationamong

populations.A high fixation indexvalueindicatessignificantgenetic

substructuringofthepopulation. Moderatevalues(definedasF of0.05 to 0.15,
ST

Wright 1978)for meanF were foundfor six populationswithin thePeninsular
ST

RangesusingnuclearDNA markers(micro-satelliteloci [F equals0.113] and

themajorhistocompatibilitycomplexloci [F equals0.120]). Theysuggest
ST

therearerelativelyhigh levelsofmale-mediatedgeneflow amongpopulations

(Boyceet a!. 1997). Whenmanaginga groupofcloselyrelatedsubpopulations

migrationshouldbemaintainedwhile alsoallowing for geneticdifferentiation
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amongdemesin responseto local selectivepressure(Nelsonand Soul~ 1987,

Rymaneta!. 1995).

Otherfactorsto considerin reintroductionoraugmentationprogramsareeffectsto

thenative genepool, including introgression,andan increasein thevariancein

family sizeor thenumberof offspringper individual (Rymanet a!. 1995).

Introgressionoccurswhenpopulationswith differentgeneticcharacteristicsare

mixed. It maycausethelossoflocally adaptedgenesthroughinterbreeding,loss

ofentire genepoolsasaresultofdisplacement,and/orhomogenizationof a

previouslygeneticallystructuredpopulationthroughswampingwith acommon

genepool. Factorsrelatingto introgressionthat shouldbeconsideredinclude: the

amountofgeneticdivergencebetweenthecaptiveandwild populations,the

geneticpopulationstructureofthewild population,andthenumberof animalsto

be releasedrelativeto thesizeof therecipientpopulation(Rymaneta!. 1995).

Withoutknowledgeof thegeneticcharacteristicsof thenaturalpopulation,it is

nearlyimpossibleto predicttheoccurrenceor importanceofchangesin the

geneticstructureof theaugmentedpopulation. Althoughproblemswith

outbreedingdepressionusuallyinvolve populationsthat aredistinct subspecies,

theeffectsofgeneticmixing aredifficult to predict,rangingfrom no effect to

outbreedingdepressionevenwithin thesamespeciesundersimilarcircumstances

(Rymanet a!. 1995). Therearesomecircumstanceswhenintrogressioncanbe

beneficial,for example,whenanaturalpopulationhasbeengeneticallydepleted

over an extendedperioddueto small populationsize (Rymanet al. 1995).

A secondproblemwith captiveor supportivebreedingprogramsis thepotentialto

increasethe variancein family sizeornumberofoffspringproducedper

individual (Rymanet a!. 1995). Taking afraction ofthewild populationinto

captivity for enhancedreproductionand survivalmayincreasepopulation

numbers,but it canreducegeneticvariationby inflating thevariancein family

size,aparameterthat is inverselyrelatedto thegeneticallyeffectivesizeofthe

population(RymanandLaikre 1991). Pedigreeanalysis,rotationofbreeding

stock,and geneticmanagementof thecaptiveandwild populationscanhelp

lessenconcernsassociatedwith introgressionandvariancein family size. For

example,in thenorthernSantaRosaMountains,the origin (captiveorwild-born)

ofall animalsin this herd is knownandthesire and/ordamofmostindividualsis
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known(OstermannandDeForge1996). In this case,particularwild-born bighorn

sheepnativeto thegenepool canbe targetedfor captivepropagationif necessary.

This situationpresentsa uniqueopportunityto usehigh intensitygenetic

management(Lacyet a!. 1995)to improveormaintainthegeneticvariability in a

free-rangingpopulation.

Se!ectionofbreedingstock

Evenwhenthemain goalof anaugmentationprojectis to providepopulation

support,Kleiman (1989)recommendedfirst consideringthegenetic

characteristicsof potentialreleaseanimals. Animalsreleasedinto thewild should

be similar to thenativeanimalsoftheregionbecauseoverevolutionarytime,

successfulpopulationsareexpectedto becomemorphologically,physiologically,

andbehaviorallyadaptedto the local environment(Brambell 1977,Kleiman 1989,

Lynch 1996). Obtaininglocally adaptedstockfor captivebreedingandrelease

into thewild is proposedasamethodto approximatethecorrect,locally adapted

genotype,althoughthis mayaddrelatively little geneticvariability to thewild

population(Lyles andMay 1987). However,giventhehabitatfragmentationand

small sizeofseveraldemesin thePeninsularRanges,geneticexchangeto avoid

inbreedingdepressionshouldbeconsidered.

Only bighornsheeplessthan 1 yearof agearerecommendedfor capturefor

breedingstockif animalsareto be placedin small enclosures(approximatelyless

than2 hectares[5 acres])for quarantine.Youngbighornsheepadjustmore

readilyto a captiveenvironmentthanadult bighornsheep(J. DeForge,pers.

comm.),which havediedfrom colliding with fenceswhile in captivity (Montoya

1973,Sandoval1981). Largerenclosureswould reducethis risk.

Matingstrategies

Appropriatelevel of geneticmanagementofcaptivepopulationsdependson the

informationavailable,intendedintensityofmanagement,andgoalsof the

program(Lacyeta!. 1995). Breedingprogramsfor bighornsheepvary from small

populationsreceivinghigh-intensitygeneticmanagementto largeherdswhere

only low-intensitygeneticmanagementis possible. Severallow-intensitymating

strategiesbasedon maximizingtheeffectivepopulationsizeand maximum

avoidanceofinbreedinghavebeendeveloped(Princee1995). Thisdocument
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focuseson conceptsfor intensivegeneticmanagement,which appliesmainly to

small captivepopulations.

Thegeneticimportanceof ananimalis definedasa measureoftheprobability

that it carriesfoundergenesthatare currentlyatrisk ofbeing lost (MacClueret al.

1986,Ballou and Lacy 1995,Thompson1995),thoughthis valuemaybe

compromisedby thepresenceofdeleteriousgenes.Althoughanimalswith many

living relativesin apopulationmaybe lessgeneticallyvaluablethananimalswith

few relatives,this largergroupofrelativesmaybemoresuccessfuldueto superior

fitness. “Mean kinship”, one ofseveralmethodsusedto identify genetically

importantindividuals, is definedastheaverageof thekinshipcoefficients

betweenan individualandall living individualsincludingitself (Ballou andLacy

1995). Animalswith low meankinshipvaluesaregeneticallyimportant. Because

meankinshipis insensitiveto theagestructureofapopulation,theconceptof

kinshipvaluewasintroduced. “Kinship value”considerstheageandreproductive

valueofanimalswhencalculatingmeankinship (Ballou andLacy 1995). Kinship

valueswill exceedmeankinship for animalswhoserelativesareofprime

reproductiveage.

Boththeoryandcomputersimulationstudiessuggestthat matingstrategiesbased

on meankinship (andthereforekinshipvalue)retainthehighestlevelofgeneand

allelediversity (Ballou andLacy 1995,Miller 1995). To theextentpossible,a

strategybasedon kinshipvalue(Ballou and Lacy 1995)shouldbeusedto arrange

matingsin thecaptivepopulation,precludingmatingsbetweenrelatives. Target

founderrepresentationandkinshipvaluecanbeusedto assessthegenetic

importanceof animalsandhelpdirectrotationofbreedingstock. Ramswill

generallycontributegenesfasterthanewesandwill thereforeneedto be rotated

morefrequentlythanewes.

Geneticevaluation

Captivebreedingprogramsshould includeprovisionsfor genetictesting,

including mitochondrialDNA sequenceanalysisand microsatellitetyping on all

foundersin thecaptivepopulation. Genetictestingof captive-bornoffspringis

particularlyimportantin populationswith low intensitygeneticmanagementor in

caseswherepaternityis unknown. Moleculargeneticanalysescanbeusedto
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determinethegeneticsimilarity betweencaptive-rearedand free-rangingsheep,as

well asto constructpedigreesfor captiveorwild populations.

Populationmanagement

Generalobjectivesfor populationmanagementof largecaptivepopulationswith

multiple generationsin captivityare: (1) establishmentof a self-sustaining

captivepopulation,(2)expansionofthepopulationto apredeterminedcarrying

capacityasquickly aspossiblewithin geneticmanagementguidelines,(3)

stabilizationof thepopulationat agivencapacity,with an ageandsexratio that

will achievethegoalsof theprogram(suchasproductionofsurplusstockfor

release)(FooseandBallou 1988). For small captivebreedingprograms,

populationmanagementis mostrelevantto thebehavioralstabilityofthecaptive

populationandminimizingtheimpactofstockrotation. In mostcasesbighorn

sheepshouldbe releasedinto thewild by 10 yearsof age,to preventan

accumulationofold-ageanimals.Ewesthat fail to recruita lamb for 3

consecutiveyearsshouldbeconsideredfor releasebecausetheyarenot

contributingto thegoalof producingstockfor releaseinto thewild.

Surplusor unfit animals
Healthyanimalsdisplayingabnormalbehavioralor physiological

characteristicsshouldbe evaluated.Preferably,if thecharacteristichas

potentialto be alteredto allow releaseinto thewild, theanimal shouldbe

retainedin captivityuntil suitablefor release. If ananimal’sgenetic

characteristicscauseit to be unfit for releaseinto targetpopulations,that

animalcanbe releasedintoanontargetsubpopulationsolong as

deleterioustraits arenot introducedto thewild. Becausetheprimarygoal

of captivepropagationis reintroductionor augmentation,bighornsheep

shouldbereleasedinto thewild wheneverpossible.As a lastresort,

animalsmaybe transferredto azoo facility in cooperationwith the

AmericanZoologicalandAquariumAssociation.
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ReleaseandMonitoring

Researchanddatacollection on the captivepopulation

Captivepopulationscanprovidean ideal controlpopulationfor

experimentalordevelopmentalstudies. Dataon thepopulation

characteristics,behavior,physiology,nutrition, anddiseasesofthecaptive

populationshouldbecollectedto the extentpossiblewithoutriskingthe

animals’ survivalorability to bereleasedinto thewild. Handlingor

continuousobservationat closerangeshouldbeminimizedto avoid

habituation. The captivepopulationat BighornInstitutehasbeenusedin

severalstudies(Castroetal. 1989,Jessupetal. 1990,Borjessoneta!.

1996)that requiredlittle orno additionalhandling.

A SPARKS(SinglePopulationAnalysisandRecordsKeepingSystem;

InternationalSpeciesInformation System[ISIS] 1989)orsimilar format

studbookshould bemaintainedto recordtheidentification,sex,parentage,

dateofbirth, releasedate,releaselocation,and dateaswell ascauseof

deathfor eachindividualbornor broughtinto captivity. Marking of

animalsto facilitate datacollectionmaybe necessaryin largecaptive

populations. Locationsofbirthswithin enclosuresand individualewe

reproductivesuccessshouldalsobe recorded.Notesrecordingthe feeding

rations,generalhealth,andbehaviorof captiveanimals,andunusual

environmentalconditionsshouldbe collectedat leastoncedaily.

Researchanddatacollection on releasedbighorn sheep

Eachreleaseshouldbedesignedasanexperimentto testvarious

techniquesrelatedto factorssuchasreleasesiteandtime (May 1991).

Monitoringpost-releaseanimalsis oneof themostcritical componentsof

areintroductionor augmentationprogrambecauseit allows for the

assessmentof methods,useofadaptivemanagement,andcanprovidea

frameworkfor theoreticalstudies. All releasedbighornsheepshouldbe

fitted with aradiocollarandeartagandmonitoredasfrequentlyas possible

(more thanweekly)to recordtheir integrationprocess,habitatuse,

behavior,health,survivorship,andreproductivesuccess.At aminimum,

monitoringshouldbe designedto documentsurvivalandreproductive
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rates,cause-specificmortality, habitatuseofreleasedbighornsheep

thoughtheir first yearin thewild, andkeybiotic andabiotic factors,such

ashabitatquality andweather.Most importantly,post-releasestudies

should providedatato evaluatethesuccessof theprogram. Long-term

(greaterthanor equalto 3 years)monitoringon at leastamonthlybasisof

greaterthanor equalto 50 percentofreleasedanimalsin asubpopulation

shouldbeincludedin all programs.Monitoringofpost-releaseanimals

should includeplannedstudiescomparingcaptive-rearedandwild-reared

sheep(e.g.,reproductivesuccess,survivorship,vigilance,maternal

behavior,reactionsto disturbance,etc.),andtheoreticalstudies(May

1991,SarrazinandBarbault1996).

Peer-reviewedProgramAssessment

Guidelinesfor reintroductions(Kleiman 1989,StanleyPrice 1991,Chivers1991)

suggestan assessmentphasein which theexperiences,results,andconclusionsof

areintroductionoraugmentationprogramwouldbepublishedatintervalsor atthe

completionof thestudy. Short-termsuccessof suchprogramscanbeevaluated

by: 1) thesurvivaland/orreproductiveratesofreleasedanimals,or2) theamount

of geneticdiversityretainedand/orhabitatpreserved,or 3) public educationand

researchinterestgenerated,or4) thetime gainedto allow continuedresearchinto

theproblemssuppressingthepopulation(Kleiman 1989;Caughleyand Gunn

1996). Themulti-facetednatureof captivebreedingandreleaseprograms

requiresthat assessmentsexamineboththecaptivebreedingandreleasephases,as

well asthe indirectbenefitsgeneratedfrom theprogram. Reportingfailures

encounteredin captivebreedingandreleaseprogramsis ofequalor greatervalue

thanreportingsuccesses,althoughit is donemuch lessfrequently.
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APPENDIX D. GUIDELINES FOR SAFELY CAPTURING. HANDLING,
AND MONITORING BIGHORN SHEEP

Standardresearchmethods,includingsurveys(foot, helicopter,and fixedwing

aircraft),field capture,biological sampling,andradiotelemetrymonitoringhave

beenusedfor assessingabundanceandabundancetrends(DeForgeeta!. 1995,

1997;Rubin eta!. 1998),recruitmentpatterns(Wehausenet a!. 1987, DeForgeet

a!. 1995,DeForgeeta!. 1997,Rubinet a!. 2000, Ostermannet a!. in press),adult

survivorshipandcause-specificmortality (Hayeseta!. 2000,DeForgeeta!. 1997,

DeForgeandOstermann1998b,Ostermanneta!. in press),healthstatusand

diseaseexposure(DeForgeeta!. 1982;Clarketa!. 1985, 1993;JessupandBoyce

1993; Elliott eta!. 1994; Boyce1995;Crosbieet a!. 1997),geneticprofiles

(Boyceeta!. 1997, Boyceeta!. 1999),and spatialdistributionofthepopulation

(Rubin et a!. 1998)in specificsubpopulationsofbighornsheepwithin the

PeninsularRanges.Adaptivemanagement(Holling 1978)will requirethe

continueduseofthesefield researchmethodsto achieverecoveryof Peninsular

bighornsheep.

As with anyhumanintervention,theseresearchmethodsarenot withoutrisks and

consequencesfor free rangingbighornsheep.Low-level helicoptersurveys

providean effectivemethodfor estimatingpopulationsizeanddistribution.

However,alterationsin behavior,movement,and distributionofbighorn sheep

resultingfrom helicopterdisturbance(Bleich et a!. 1990a)couldpotentially

introducebiasinto thoseestimatesoradverselyaffect survivorshipand

reproductionin bighornsheeppopulations(Bleich eta!. 1994). Jessupeta!.

(1984)comparedtherelativerisksandbenefitsof differentcapturemethods,

includingdrop-netting,drive-netting,dartingfrom helicopters,stationarycorral-

trappingandtheuseofahand-heldnetgun operatedfrom a helicopter. Some

methodswerefoundto be inherentlysaferthanothers. All methodspresented

somerisk to individualanimals,andno singlemethodofcapturewasbestfor all

situations. Bleich eta!. (199Gb)documentedchronicinjuries to themandibles

andnecksof bighornramsfrom ill-fitting radiotelemetrycollarsandproposed

potentialadverseeffectson foragingbehavioranddecreasedfitnessof these

otherwisedominantmales.
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Throughconstantcritical re-assessmentof researchactivities,risks canbe

recognizedandaddressedto minimize the impactoftheseactivitieson bighorn

sheeppopulations.In thepast,epidemiologicalanalysisofcapturedata

documentedthe relativesafetyofdropnetand helicopternetgun captureof

bighornsheepoverothermethodsincludingdrive-net,chemicalimmobilization,

andcorraltrapping(Jessupet a!. 1988). Recommendationson collar tightness

(Bleich et a!. 1 990b)havereducedjaw andneckinjuries in bighornramsin recent

years. Risksassociatedwith futureresearchactivitiescanbeminimizedby

requiring: (1) adequatejustification for the activity, (2) thoroughplanning,(3)

selectionofappropriatesurveyandcapturemethods,experiencedpersonnel,and

properequipmentfor theactivity, and(4) constantcritical re-assessmentof

researchactivitiesto recognizeandaddressproblemsarisingfrom theseactivities.

Guidelinesfor specificresearchactivities

Surveys

Fixed-wingaerialsurveyshaveavery low probabilityofaffectingbighornsheep

becauseaircraftaretypically flown at high altitude. During theseflights,

telemetrylocationsof radio-collaredanimalsareobtainedbutvisualobservations

arenot usuallyattempted.Therisk ofdisturbanceto bighornsheepis greater

duringhelicopterandfoot surveys.

Helicoptersurveysmaytemporarilydisruptnormalbighornsheepbehaviorand

maynegativelyaffect bighornsheepif not conductedproperly. Helicopter

surveysshouldbeavoidedduringperiodswhenbighornsheepmaybeespecially

sensitiveto disturbance.Theseperiodsincludethe late winter throughearly

summermonths,whenthemajorityofewesgive birth, andthesummermonths,

whenbighornsheeparedependenton scantwatersources.During surveys,the

helicoptershouldonly remainabovea groupofanimalslong enoughto determine

groupsizeandcomposition. If thegroupappearsto be runningexcessively,if

terrainconditionsarepotentiallydangerousfor theanimals,or if younglambsare

observedin a group,thesafetyoftheanimalsshouldtakepriority over data

collection,andthesurveycrew shouldcontinuemovingto thenextportionofthe

surveyarea. During surveys,the locationofroadsshouldbeconsidered,and
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flight pathsshouldproceedfrom roadsinto habitat,so asto avoiddriving animals

towardsautomobiletraffic.

Foot surveysarenot typically considereda risky researchactivity but the

following considerationswill further reduceanynegativeimpacton bighorn

sheep. Bighornsheepappearto be morecomfortablewhentheyareableto

remainhigherthantheirhumanobserversandwatchthemfrom adistance.

Observersshouldapproachbighornsheepfrom belowandavoidapproachingtoo

closely. Careshouldbe takento avoidstartlingbighornsheepby appearing

suddenlyaroundacornerorovera ridge. Time nearspringsand guzzlersshould

bekept to a minimumto avoiddisplacementofanimalsfrom watersources,

especiallyduring thesummer.

Capture
Theactivemanagementofbighornsheepmayrequire: (1) markingor taggingto

determinepopulationnumbers,rangeusage,movementpatterns,behavior,

reproduction,survival,andcause-specificmortality; (2) treatingorsampling

diseasedindividuals;(3) samplingofhealthybighornsheepfor research;and(4)

relocation(Jessupet al. 1984). In skilled, experiencedhands,theuseofa netgun

from ahelicopterhasbeenshownto beasafemethodofcapture,with fewer stress

relatedcomplicationsand lower injury andmortality ratesthanothermethods

(Jessupet a!. 1988). Dueto thesteep,roughterrainandthescattereddistribution

ofbighornsheepfoundin thePeninsularRanges,netgun captureappearsto be

themostpracticalandcost-effectivecapturetechnique.Theuseof dropnetsand

tanglenetsmayalsobenecessaryon therareoccasionwhenan animalhasto be

capturedwithin or on thefringesof theurbanenvironment.Thesafeuseofthese

techniquesrequirescarefulplanningandadequatenumbersof experienced

personneltrainedin handlingnet-capturedbighornsheep.Thoroughdiscussions

ofcapturemethodsandveterinarymedicalconcernscanbe foundin The Wi!d!fe

RestraintHandbook(CaliforniaDepartmentofFishandGame1996),and the

Wild!~feRestraintSeries(InternationalWildlife VeterinaryServices1996).

Themostcommonveterinaryproblemsoccurringduringthehelicopternetgun

captureof bighornsheeparephysicalinjury, capturestress/capturemyopathy

(disorderofmuscletissueor muscles)andhyperthermia.Physicalinjury can
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occurwhenanettedanimaltumbleson rough,rockyterrain,takesa fall down a

steepslope,orwhenthe nettanglesaroundtheanimal’sneckandcompromises

respiration. Therisk ofphysicalinjury canbeminimizedby nettingtheanimalas

it runsuphill orcapturinganimalson relatively flat saddlesor in flat sandycanyon

bottoms. Capturestress/capturemyopathyoccurswhenananimalseverely

overexertsitself, resultingin pathologicmetabolicchangesandcellulardamagein

muscletissueandinternal organs.Hyperthermiaoccurswhenan animal’sheat

productionfrom muscleactivity exceedsits ability to dissipatethat heat. Dueto

thephysicalexertionexperiencedduring helicopterpursuit,therectaltemperature

ofmostbighornsheepat capturewill be higherthan38.9 degreesCelsius(102

degreesFahrenheit),considerednormalfor restingdomesticsheep(California

Departmentof FishandGame 1996),andwill oftenreach39.4 to 40.6 degrees

Celsius(103to 105 degreesFahrenheit)or greater. Theseanimalsaresusceptible

to hyperthermiaregardlessof theambient temperature.Dousingwith water

aroundtheflanks, inguinalregion, thorax,head,and neckatcaptureto cool the

animalshould be routineduring warmweatherandanytimean animalshowsan

increasingtrendin rectaltemperature.Animalswith heavywinterpelagealso

mayhaveaproblemdissipatingheatevenin coldweatherandmayrequireefforts

to coolthem. Keepingchasetimeswithin conservativelimits will preventmost

problemswith capturestress/capturemyopathyandhyperthermia.A “safe” chase

time will varywith theconditionoftheanimal,terrain,environmentalconditions,

andtheintensityof pursuit. Most individual chasetimes duringCalifornia

DepartmentofFishandGamebighornsheepcapturesareunder3 minutes.

Pursuitof arunninganimalshouldnot exceed5 minutes. Attention mustbepaid

to total chasetime as animalsin agroupmaybe run repeatedlyasindividualherd

membersarecaptured. Pursuitshouldbe calledoff if theanimalappears

disoriented,exhausted,or injured,oranytimea memberofthecapturecrew

determinesthat thereis excessiverisk in continuingthecaptureeffort.

Prolongedrestraintcanalsocontributeto capturestress/capturemyopathyand

hyperthermia.Mostbighorn sheepceasestrugglingwheneyecoversandhobbles

areapplied. Positioningtheanimal in anormalrestingpositionwith its headup

will allow thesheepto belchruminal gasandminimizebloat andregurgitation.

Vital signsshouldbe takenimmediatelyandmonitoredcontinuouslyto monitor

theneed/effectivenessof cooling treatmentor to determineif a severelydistressed
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animalshouldbe released.A severelycompromisedanimal thatis not ambulatory

requiresaggressivetherapy. Jessup(1999)recommendedthat wild sheepwith

rectal temperaturesgreaterthan41.7 degreesCelsius(107degreesFahrenheit),

respirationratesof 75 perminute,and/orheartratesgreaterthan200 perminute

receiveintensivetreatmentfor capturestress/myopathyincludingcooling baths,

balancedintravenousfluids, anti-inflammatorydrugs(fast actingcorticosteroids),

vitamin andmineral supplements,and possiblyintraperitonealbicarbonate.

Medical treatmentof amoderatelycompromisedanimalthat is ambulatory

involvesthetrade-offofcontinuedstressduringthetreatmentperiodwith the

benefitsofmedication. Somemedicationsthemselvesmayhaveadverseeffects

whenadministered.For example,pharmacologicdosesofcorticosteroidsusedin

treatingshockmayinduceparturitionin ewesin late stagesof pregnancy(Plumb

1995). In a field situation,thedecisionto treator releaseis ajudgementcall made

by capturepersonnelin consultationwith an experiencedwildlife veterinarian.

Air transportofbighornsheepto basecampsshouldbeaccomplishedin “sheep

bags”(heavyweaveplasticmeshbagscustomdesignedfor this purpose),which

supporttheanimal in a sternalposition. “Air transportofmountainsheepupside

downsuspendedby theirhobbledlegs is inappropriateandunnecessary”

(Jessup1999). Duringcapturesusingbasecampprocessing,thecapturecrew

shouldbepreparedto processanimalsexhibitingcapturestressat thecapturesite

to reducethehandlingtime.

Processing(applicationoftagsandcollars,collectionofbiological specimens,

administrationofprophylacticmedications)shouldbe carriedout in aquick,

efficientmannerwith minimal disturbanceto theanimal. Prior to release,the

animalshouldbepositionedso that releaseoccursin thedirectionwith thefewest

physicalhazardsandthat allows theanimalto movetowardtheareafrom which it

wascaptured.

Otherissuesto considerwhencapturingandhandlingbighornsheepinclude:

Pregnancystatus- captureof ewesin thelast two monthsofpregnancy

shouldbe avoidedwheneverpossible(Decemberthroughearlysummer).
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Cautionshouldbeusedwhencapturingeweswith veryyounglambs

(springthrough late summer)dueto possibleabandonmentofthe lamb or

exposureof the lambto predationin theabsenceofthemother. These

ewesshouldbe processedat thecapturesite,andshouldnot be transported

to abasecamp.

Extremecautionshouldbeusedwhencapturingyounglambs. Lambs

shouldbeprocessedandreleasedat thecapturesitewheneverpossible.

Wheneverpossible,processingat thecapturesite is preferredto minimize

stresson theanimal,However,for adult animals,thechoiceofprocessing

at thecapturesiteor transportto abasecampwill varywith local

conditions. Very importantfor ewesandlessso for rams,the locationand

distanceofbasecampsfrom thecapturesiteshouldallowdirect access

backinto the areain whichthe animalwascaptured. A generalguideline

is thatthereleasesiteshouldbewithin thehomerangeoftheewegroup

andwithin 5 kilometers(3.1 miles) ofthe capturelocationwith no

insurmountableordangerousobstaclesseparatingtheanimalfrom its

homerange.

Capturepersonnelshouldbemadeawareofhumansafetyandzoonotic

diseaseconcerns.

Keypointsto considerbeforecaptureof bighornsheep:

A detailedcaptureplanmustbepreparedin advanceofthecapturethat

outlinesgoals,methods,potentialproblems,personneland safety

procedures(CaliforniaDepartmentofFishandGame1988).

A pre-capturemeetingshouldbe mandatoryfor all participatingpersonnel.

All personnelmustbe trainedin properanimalhandlingtechniques.

Experiencedveterinaryassistanceandemergencymedicalsuppliesand

equipmentshouldbe readilyavailableto treataphysicallydistressedor
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injuredanimal. Frequentpost-capturemonitoringof individual bighorn

sheepis mandatoryto determineeffectsof capture,tags,andcollarson

survivorship,reproduction,andwell being.

A written reportshouldbepreparedaftereachcapturethat documentsthe

activity, providesacritical assessmentof thecapture,and suggests

improvementsfor futurecaptureactivities.
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APPENDIX E. PROTOCOLS FOR MONITORING POPULATION

ABUNDANCE

This appendixpresentsprotocolsfor two methodsofmonitoringtheabundance

andpopulationtrendsof Peninsularbighornsheep.Thesetwo methodsare: (1)

waterholecountsand(2) aerialhelicoptersurveys. For explanationsof

terminology(e.g.,ewegroup)or referenceto specificnamesoflocations,please

refer to themain body oftherecoveryplanandpaperscited therein.

Waterholecountshavebeenconductedin selectedpartsofAnza-BorregoDesert

StateParksince1971 (M. Jorgensen,pers.comm.)and havebeenusedto assess

abundancetrendsofPeninsularbighornsheep(Rubin et a!. 1998). Prior to 1993,

no markedanimalswerepresentin the areasin whichcountswereconducted.

Countdatawere,therefore,only appropriatefor useasan index ofabundance

ratherthanfor calculationof anabsolutepopulationestimate.Since1993,

however,collaredanimalshavebeenpresentandwaterholecountdatacanbe

usedto generatepopulationestimatesfor someewegroupsin Anza-Borrego

DesertStatePark.

Waterholecountsareorganizedandconductedby volunteersunderthedirection

ofParkstaff. Althoughhelicoptersurveysprovidea morecomprehensive

populationestimationtool, waterholecountsshouldbe continued. Continuation

for atleast 10 moreyearswill allow investigatorsto determinethecorrelation

betweenwaterholecountandaerialsurveypopulationestimates,which maymake

it possibleto generatehistoricalpopulationestimatesusing earlywaterholecount

data. In addition,waterholecountsprovidedatathat aredifficult to determine

from a helicopter(e.g.,reproductivestatusofindividually markedewes;refer to

sectionII.D.2.1 of therecoveryplan),andprovidean opportunityfor the

communityto participatein Peninsularbighornsheepconservationprojects(refer

to sectionII.D.3).

Helicoptersurveyshavebeenconductedin theSantaRosaMountainsannually

since1977 (Wehauseneta!. 1987,DeForgeeta!. 1995),theSanJacinto

Mountainsin 1983, 1984,andannuallysince1987(DeForgeeta!. 1997),andin

somepartsof Anza-BorregoDesertStateParkin theearly 1980’s(M. Jorgensen,
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pers.comm.). Radio-collaredanimalshavebeenpresentin thenorthernSanta

RosaMountainssincetheearly1980’s(DeForgeet a!. 1995)andin theSan

JacintoMountainssince1992(DeForgeet a!. 1997). In 1994, 1996,and 1998,

radio-collaredanimalswerepresentthroughoutthePeninsularRangesandsurveys

coveredall partsof therangesfor thefirst time, making it possibleto generate

populationestimatesfor theentirerangeaswell asfor subregions(Rubinet a!.

1998). Currently,helicoptersurveysin the SanJacintoMountainsandtheSanta

RosaMountainsareconductedby CaliforniaDepartmentof Fishand Gameand

theBighorn Institute,while surveysoftheremainderoftherangeareconducted

by CaliforniaDepartmentofFishandGameand Anza-BorregoDesertStatePark.

Thefollowing sectionsoutlinespecificprotocolsfor eachmonitoringtechnique.

Aerial Helicopter Surveys

Frequencyofsurveys

Helicoptersurveyscoveringtheentire rangeshouldbeconductedat leastevery

otheryear. Recently,theSanJacintoMountainsandSantaRosaMountainshave

beensurveyedannually,while theremainderof therangehasbeensurveyedevery

otheryear(1994,1996, 1998).

Timeofsurvey

Helicoptersurveysshouldbeconductedideallybetweenlate Septemberand early

November.This methodreducestherisk to bighornsheepby avoidingperiods

whenyounglambsarepresent,periodswhenewesreachlate gestation,and

monthsofhigh summertemperatures.In addition, this time periodcoincideswith

partoftherut, orbreedingseason.This approachallows themostaccurate

estimateofthesexratiobecausebighorntendto congregateduring this time.

Areasto besurveyed

All bighorn sheephabitatin thePeninsularRangesshouldbe surveyed.For

consistencyamongyears,thesamepredeterminedareasshouldbe flown every

year,with thesameamountof time (effort) spentperareaduringeachyear. Flight

areasandassociatedapproximatesurveytimesareincludedin this appendix

(TablesE-l andE-2). Mapsarenot includedherebecausethegeographic

referencesin theTablesbelowaccuratelydescribethesurveyareasandthis plan is
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TableE-l. Approximatepolygonsflown by Bighom Institutein annualhelicoptersurveysof the

SanJacintoandSantaRosaMountains. Topographyandsheepsign influencedtheamountof

timespentperarea. Flight polygonsweredevelopedwhile thepopulationwasat a low, andsome

areaswheresheepsign(trailing, bedsites,etc.)hasnotbeennotedfor severalconsecutiveyears

areflown lessintenselythan areaswith sign. If the populationincreases,moretimemaybe

neededto thoroughlysurveyareasthat are only cursorilysurveyednow. Flight timesareactual

timewithin thepolygon.

Polygon Area/Canyons Notes

Number

SanJacintoMountains:

west fork of PalmCanyonnorth to

Blaisdell Canyon

2 SantaRosaMountains:

CalciteMine westto Rattlesnake

Canyon
3 SantaRosaMountains:

westernSantaRosaMountains,westof

RattlesnakeCanyonto Buck Ridgeand

RockhouseCanyon
4 SantaRosaMountains:

Big Washnorth, WonderstoneWash,

TravertinePalms,andBarton,Alamo,

andsouthernSheepCanyons.
5 SantaRosaMountains:

northSheepCanyon,Martinez Canyon
6 SantaRosaMountains:

Agua Alta andToro Canyons
7 SantaRosaMountains:

Guadalupe,Devil, andBearCanyons
8 SantaRosaMountains:

Coyote,Sheep,Deep,Carrizo,andDead

IndianCanyons.
9 SantaRosaMountains:

Magnesia,Bradley, andCathedral

Canyons.

Approx.
flight time
(hours)
2.25

2.25

2.25

1.75

Areassouthof Andreasandnorth

of Chino havebeenflown less

intenselyin recentyearsdueto

lackof bighorn sheepsign. It will

be necessaryto addsurveytime if

distribution expands.

Buck Ridgeflown cursorily.

Barton,Alamo,andSheep

Canyonsflown cursorilydueto

lack of sign.

1.25

2.00

2.25

2.25

2.00

PolygonshouldincludeIndio and

EisenhowerMountains.

WesternCathedralCanyon

appearsto havebeenabandoned

recently— minimal flight time

spentwestof CathedralCanyon.

Surveysmayneedto intensify

westof CathedralCanyonproper

if thepopulationincreases.
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TableE-2. Surveypolygonsflown inbighorn sheephabitatoutsideof theSantaRosaandSan

JacintoMountains. Flight timesareactualtimewithin thepolygon.

Polygon Area PolygonDescription

Number
10
11
12
13
14
15
16
17
18
19
20

21 CarnzoCanyonarea
22 ‘‘

23 ‘‘

24 ‘‘

25 FishCreek

Mountains
26 CoyoteMountains
27 5. of Interstate8

CoyotePeak
NE side of CoyoteCanyon
SW side of CoyoteCanyon
N of CountyRd22 (MontezumaGrade)
Sof CountyRd22 andYaqui Ridge
PinyonRidgeandN side of SentenacCanyon
PinyonMts to Pinyon Canyon
SunsetMm, HarperFlats,to HarperCanyon
HarperCanyonto HapahaFlatsto Alma Canyon
Alma Canyonto FishCreekWashto Split Mm
WhalePeak(FishCreekWashto Smuggler

Cyn)
TierraBlancaMts to RockhouseCanyon
W sideCarrizoWash(to BlackwaterCanyon)
CamzoGorgeto Tule Cyn, E. to DosCabezas
E sideof CarrizoWash(N of railroadtracks)
FishCreekMountains

CoyoteMountains
DosCabezasto U.S.-Mexicoborder

Approx. flight

time(hours)
1.25
3.00
2.25
2.75
2.00
1.00
2.25
1.50
1.75
1.25
1.25

2.00
1.25
2.00
1.25
1.75

1.75
2.00

CoyoteCanyon

N. SanYsidro Mts
S. SanYsidro Mis

Vallecito Mountains

not intendedto representacomprehensivecompendiumofinformationrelatedto

bighornconservationactivities.

Surveytechniques

Thesurveycrewconsistsofthreeobserversin additionto thepilot. When

possible,thesamepilot andpoolofexperiencedobserversshouldbe usedeach

year. Thedoorsof thehelicoptershouldbe removedfor optimumvisibility. Each

polygonshouldbe flown systematicallyat 40 to 60 kilometersperhour(25 to 35

miles perhour), following topographiccontoursof 100to 150-meter(330to 490-

foot) intervals. Thepilot andtheobserversshouldnot beawareofthe locations

ofradio-collaredsheep,andtelemetryshouldnot be usedto locategroupsor

individuals. Thenumberof radio-collaredanimalsin eachsurveypolygonshould

be determinedimmediatelybeforeor during thehelicoptersurvey,by additional

personnel,usingaerial fixed-wing or groundmonitoring. Theseanimalsserveas

“marked” animalsin thecalculationofabundanceestimatesusing mark-recapture

methods(seebelow).TheGlobal PositioningSystembasestationat Anza-

BorregoDesertStateParkheadquartersshouldbe runduringtheentiresurveyso
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that GlobalPositioningSystemlocationdatacanbecorrectedby staffattheir

GeneralPlanoffice. All four individualsin theflight crew areconsidered

observers,andeachofthethreepassengersis assignedoneof thefollowing

additional tasks:(1) to monitor theprogressoftheflight on a topographicalmap,

advisethepilot of polygonboundaries,andrecordthelocationof eachobserved

sheepon themap,(2) maintainadatasheetonto which thedate,time, elevation,

groupsizeandcomposition,numberofcollaredanimals,and,possibly,

identificationof collaredanimalis recordedfor eachgroupofanimals,or(3)

recordtheflight ofthesurveyandthelocationof eachobservedanimalusinga

GlobalPositioningSystemunit. All observedanimalsshould be classifiedas

yearlingewe, adult ewe,yearlingram,ClassII ram,ClassIII ram,ClassTV ram,

or lamb (classificationsmodifiedslightly from thoseusedby Geist1971). When

possible,simultaneousdouble-countsshouldbeconductedduringeachsurvey,

following themethodsofGrahamandBell (1989),to providean additional

abundanceestimate.All sightingsof feral animalsand deershouldberecorded

duringsurveys. Thelocationandcondition ofsprings,tinajas,andotherwater

sourcesalsoshouldbe recorded.

Data Ana!yses

Populationestimatesshouldbe generatedusingestimatorssuchasChapman’s

(1951)modificationofthePetersonestimator(Seber1982),or thejoint

hypergeometricestimator(e.g.,Nealeta!. 1993). Estimatesshouldbecalculated

separatelyfor eachsexandfor thetotal population(ramsandewescombined). In

theeventthat low numbersofcollaredramspreventtheestimationofram

numbers,theramto eweratio andtheestimatednumberofewescanbe usedto

generatean estimateof adultnumbers. Confidenceintervals(95 percent)should

becalculatedusingmethodssuchasthoseofSeber(1982). Simultaneousdouble-

countdatashouldbeusedto estimatethenumberofgroupsmissedandto

generatean additionalestimateof theminimumnumberof animalspresentwithin

thesurveyedareas(GrahamandBell 1989). All reportedresults(e.g.,lamb to

ewe orramto eweratios) shouldclearlystatewhetherornot yearlingsare

included.
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Estimatesshouldbegeneratedfor theentirerange,aswell asfor individual ewe

groups. It is importantto notethat ewegroupdistribution maychangeslowly

overtime. Monitoring ofradio-collaredewesto determineewegroupstructure

will therefore,haveto be continued,andstratificationofsurveydatamayhaveto

bemodified slightly. Furthermore,ewegroupdelineationsin theSantaRosa

Mountainssouth ofHighway74 and in theVallecitoMountainsstill needto be

moreclearlyresolved.

Further considerations

Initially, a sufficientnumberofactiveradio-collaredanimalsmustbepresentin

eachportionoftherangefor usein mark-recaptureestimatecalculations. The

numberofcollaredanimalsshouldbe sufficient to achievean accuracyofplus or

minus25 percentwith probabilityof 0.05, following themethodsdescribedin

Krebs(1989)and RobsonandRegier(1964),or approximately30 percentofthe

estimatedewepopulationshouldberadio-collared. However,a“sightability”

estimatemaybegeneratedafteradditionalmultiple surveysareconducted,

therebyeliminatingtheneedto maintainthispercentageofradio-collaredanimals.

This approachwouldbeespeciallybeneficialif/when populationnumbersbecome

large.

As batteriesexpire,collarsbecomenon-functionalandtheactualnumberof

markedanimalspresentin thesurveyareabecomesdifficult to know. Only those

bighornsheepwith functionalcollarsshouldbe usedasmarkedanimals. This

approachwill requirethat bighornsheepwith “functional” collarsbe

distinguishablefrom thosewith “nonfunctional” collarsat aglance,from the

helicopter. Therefore,anaccurateinventoryof all collaredanimalsmustbe

maintainedandthechoiceofcollarandeartagcolor combinationsmustbe

consideredduringcollaringefforts. No newlycollaredanimalshouldmatch(in

collar and eartagcolor combination)an animalthat is possiblystill presentin the

field.

Within apolygon,an attemptshouldbe madeto “sweep”acrossthesurveyarea,

ratherthan flying over an areamorethanonce. This methodwill reducethe

chanceofdoublecountinganimals. Helicopteractivity at timescausebighorn

sheepto move(Bleich et a!. 1994);therefore,adjacentpolygonsshould,when
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possible,be flown consecutivelyso that groupscanberecognizedandpossible

doublecountseliminated. Theflight polygonsdelineatedin this documentwere

chosen,in part,sothatnaturalbreaksin topographyorroadwayscoincidedwith

polygonboundaries.

Datashouldbe maintainedin an electronicdataset that canbeusedby

investigatorsin thefuture. All rawdatashouldbe retained.Thatis, datashould

not besummarizedbeforebeingenteredinto adataset.

Waterhole Counts

FrequencyofCounts

Waterholecountsshouldbeconductedannually.

TimeofCounts

Countsshouldbeconductedat thesametimeeveryyearso that yearly

comparisonsofram:eweratios, lamb:eweratios,groupsize,andnumberof sheep

observedat watersourcesaremostmeaningful. In addition,countsshouldbe

conductedduring thehottestanddriesttime oftheyearto maximizethenumber

of animalscomingto drink atwatersources.Countshavetypically been

conductedduringtheJuly4thweekend,andshouldcontinueto beheldbetween

mid Juneandthefirst weekof July.

Areasto beCounted

Annual countshavebeenconductedin thesouthernpartof thepark (Carrizo

Canyonarea)during 1973 to 1982,andin thenorthernpartofthepark (San

Ysidro Mountains,CoyoteCanyon,andone site in thesouthSantaRosa

Mountains)since 1971. Countsin thesouthernportionoftheparkwere

discontinuedafter1982becauseof the largenumberofvolunteersthat were

neededto conductcountsatbothendsof theStatepark, andthecomplex logistics

oforganizingand gettingteamsset up in fairly remotecountsites.

In thepast,thenumberof sitescountedin eachareahasvariedslightly across

yearsbecauseof variationin thenumberofavailablevolunteersor unexpected

problems(for example,a fire nearcountsites). Thenumberofsitesdid not

211



significantly influencethenumberofsheepcountedin eachportionofthe range

(Rubin et a!. 1998). However,an attemptshouldbe madeto keepthenumberand

locationsofcount sitesconstantduring futureyears. Priority sitesshouldbe those

that havebeencountedmostconsistentlyin thepast. Additionalor “secondary”

sitesshouldbecountedwhenadditionalvolunteersareavailable. Dataanalyses

canthenfocuson datacollectedat “priority” sites,while “secondary”sitescanbe

usedfor morecursorymonitoringofsheeppresence.

CountTechniques

Teamsofthreeto five observersshouldbeassignedto eachcountsite. Eachteam

shouldincludeatleasttwo individualswho areexperiencedat classifyingbighorn

sheepby ageandsex. At eachcountsite, theentireteamshouldbe stationedat a

locationthat allowsobservationof animalscoming to awatersource,while

minimizing disturbanceoftheanimalsor interferencewith theiruseof thewater

source.Theselocationshavebeenidentifiedby Anza-BorregoDesertStatePark

personnel.While at thesesites,observersshouldminimize noiseand movement.

Observationsshouldbe madeduring 7 a.m.to 5 p.m. on 2 consecutivedaysand 7

a.m.to 2 p.m.on thethird day. During theseperiods,observersshould

systematicallyscanall areaswithin view andrecordall sheepobservationson the

supplieddatasheet. Datato be recordedincludedate,time, temperature,group

size andcomposition,thepresenceof collaredanimals,and,if possible,the

identificationofcollaredanimals. Additionally, interactionsamongindividuals

(e.g.,breedingbehavior,lamb nursingbouts)and observationsofotherspecies

(e.g.,deer,coyotes,birds)shouldbe recorded.Thelocationofeachgroupof

bighornsheepshouldbenotedon a topographicmap.

Repeatsightingsofindividual sheepshouldbe recordedassuch,but theyshould

notbecounted.At theendofeachday, eachteamshouldreviewand discusstheir

observationswith neighboringteamssothat repeatobservationscanbe identified

andeliminatedfrom thefinal tally.

DataAnalysis

Theprimaryuseofdatacollectedduringwaterholecountsis to monitor

abundancetrends. Rubinet a!. (1998)usedcountdatato assesslong-termtrends.

In this case,linear regressionanalysiswasusedto determineif thenumberof
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ewesobservedperday showedan increasingor decreasingtrendover a periodof

10 to 26 years. If asufficientnumberofcollaredanimalsarepresentin eachewe

grouparea,abundanceestimatescanbe generatedfor someewegroups,using

mark-recapturetechniques.Lambto eweratioscanbe calculatedto monitor

reproductivesuccessofewe groups. Most lambsare3 to 5 monthsold during

waterholecountsandtheseratioswill not be directlycomparableto ratios

generatedfrom helicoptersurveys,whichrepresentlambrecruitmentto an older

(approximately6 to 8 months)age. Thereproductivestatus(lambpresentversus

notpresent)of individual radio-collaredewescansupplementobservationaldata

collectedby biologistsmonitoringreproductivepatternsofPeninsularbighorn

sheep. Ramto eweratiosshouldbegeneratedfor comparisonamongyears. The

rut typically peaksafterJuly,sotheseratios mayunderestimatetheactualramto

eweratiossincesomeramsmaynothavejoined ewegroupsyet.

Further Considerations

To makewaterholecountdataasusefulaspossiblefor future investigators,it is

importantfor teamsto determinethecompositionofeachgroupasaccuratelyas

possible.Given thegreatdistancessometimesinvolved,aneffort shouldbe made

to equipeachteamwith a spottingscopeandat leastoneindividual shouldbe

experiencedat using it to observeandclassifybighornsheep.

All newobserversmustcompleteaonedayorientationandtrainingsessionledby

Anza-BorregoDesertStateParkpersonnel.In addition,all new observersmustbe

pairedwith individualsexperiencedat classifyingbighornsheepin thePeninsular

Ranges(Bleich 1998).

Datashouldbe maintainedin an electronicdatasetfor usein thefuture. All raw

datashouldberetained.Thatis, datashouldnotbe summarizedbeforebeing

enteredinto a primarydataset.

Reinitiationofwaterholecountsin theSantaRosaMountainsshouldbe

considered.Thisapproachmayenhancetheprobabilityofdetectingrelationships

betweenaerialhelicopterdataand waterholecountdata,therebyfacilitating a

retrospectiveinterpretationof numbersof sheepin the SantaRosaMountainsin

thepast.
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APPENDIX F. RECOMMENDED CONSERVATION GUIDELINES

BACKGROUND

Bighorn sheepin thePeninsularRangesareaffordedprotectionpursuantto the

CaliforniaFishandGameCode(sections4700 asa fully protectedspeciesand

2050asa threatenedspecies).Section4700of theFishand GameCodedoesnot

allow for issuanceofpermitsor licensesto takefully protectedmammals,except

for scientificresearch,notwithstandingany otherprovisionoflaw; therefore,a

CaliforniaEndangeredSpeciesAct section2081 permitthat wouldauthorize

incidentaltakeofPeninsularbighornsheepcannotbeissued. This take

prohibition in turn limits thetypeof mitigation that canbe requiredpursuantto

theCaliforniaEnvironmentalQuality Act. Thesheepalsois listed at50 CFR§
17.11by theU.S.Fish andWildlife Serviceasanendangeredspeciesand

protectedagainsttakeat 50 CFR§ 17.21. Regulationsthatauthorizetakeunder

prescribedcircumstancesarefoundat 50 CFRParts17 and402.

TheCaliforniaEnvironmentalQuality Act requiresthat mitigationmeasuresbe

identifiedandimplementedfor any significant impactsunlessa findingofover-

riding considerationsis adopted.Section15370oftheCaliforniaEnvironmental

Quality Act Guidelinesprovidefive categoriesofmitigationmeasures:“...avoid,

minimize, rectify, reduceor compensate.”Theseforms ofmitigation are

appropriatefor bighornsheeponly to theextentthattheyavoidtakeof the

species,pursuantto Section4700 oftheFishand GameCode,andavoidtake

under50 CFR § 17.21,unlessotherwiseauthorizedby theU.S. FishandWildlife

Serviceunder50 CFR§ 17.22. Accordingly,theFishandWildlife Serviceand

CaliforniaDepartmentofFishandGameworkwith leadagenciesandproject

proponentson acaseby casebasisto identify whichforms of mitigation would be

appropnate.

OBJECTIVES

Theobjectiveof theseguidelinesis to providea setofconsistentmitigation

measuresfor projectproposalsthat do nototherwisethreatensustainablebighorn

sheeppopulationsneededfor recovery.Thesemitigationmeasuresarenot
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intendedfor projectsproposedin locationsthat would fragmenthabitator

precludeeffectivereservedesignandmanagementof thespeciesbecausethose

adverseeffectscannotbe offset. In suchinstances,theFishandWildlife Service

andCaliforniaDepartmentof Fish andGamemayrecommendadditional

avoidance,minimization, andmitigationmeasuresto ensureagainstthe likelihood

of significantadverseeffectsthatwould impingeon takeandjeopardythresholds.

Throughpropercoordination,our agencieswill assistlocal, State,andFederal

governmentsin identifyingwhethertheadverseeffectsofprojectproposalscanbe

mitigatedto a level of insignificance,basedon project location,size,andpotential

for indirecteffects,which typically aretheprimarycriteriainfluencingthetype

andseverityof impact. Theseguidelinesmayrequirefuture modificationbased

on theavailability ofnewinformationon threats,ecologicalrequirements,species

status,etc.

CONSERVATION MEASURES

I. HABITAT COMPENSATION: Acquisitionof off-site habitatmaybe

appropriateto offsetanyresidualeffectsafterapplicationofappropriateavoidance

andminimizationmeasures.For projectsadjacentto bighornsheephabitatthat

provide infrastructureto supportlargerhumanpopulations,habitatcompensation

is generallyappropriatebecauseof theconsequentincreasedlevelsofhuman-

relateddisturbancein adjoiningopenspace.Thecumulativeeffectsof human

disturbancemaybemitigatedby acquisitionofsheephabitatthatwould otherwise

bevulnerableto futuredevelopment.Projectsadjacentto sheephabitatthat do

not resultin indirecteffectsto adjoiningsheephabitatgenerallylackamitigation

nexus.

To maintainsustainablesubpopulations(ewegroups),compensationhabitat

shouldbe acquiredwithin therangeof theaffectedewegroupandat an elevation

comparableto the impact. Bighorn sheepin thePeninsularRangesaremainly

threatenedby habitatlossatlower elevationsthat provideuniqueresources

unavailablefartherup themountainslopes. Therefore,lossof uniqueor limiting

resourcesat lower elevationscannot beoffsetby conservationof different

resourcesassociatedwith habitatsat higherelevations.
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Habitatacquisitionpromotessurvivalandrecoveryby reducingthepotential

futurelossofbighornsheephabitatthroughpermanentprotectionofland

currentlyavailablefor development.Amount of compensationwill bedetermined

on acaseby casebasisbecausetheeffectsof individual projectsarevariable. A

managementendowmentshouldaccompanyall acquiredlandsso that the

responsiblepublic agencyhastheability to effectivelymanageconservedlands.

II. FENCING: Fencingalong theurbaninterfaceprovidesabarrierthat separates

bighornsheepfrom urbanizationthreats(e.g.,diseaseandmortalityassociated

with toxic plants,traffic, parasites,irrigatedlandscapes,pesticides,etc.). Fencing

alsocanhelpmitigatetheadverseeffectsof incompatiblelandusesadjoining

sheephabitat. For example,fencingcontrolshumanaccessintohabitatthat may

otherwiseconflictwith managementobjectivesto minimizehumandisturbance,

especiallyduringsensitivetime periods,suchaslambing. Landusesalongthe

habitatedgeshouldbe designedto not introduceadditionalhumandisturbance.

Recreationalaccessshouldbe providedonly whereaccessis coordinatedwith

naturalresourceagenciesand is consistentwith managementobjectivesin the

regionaltrails plan. Fencingdoesnot offset theeffectsof habitatlossand should

be locatedalongtheedgeandnot within sheephabitat.

A. Fencingshouldbe mandatoryfor anynewdevelopmentin or

adjacentto sheephabitat,wherebighornsheephavebegunormay

beginusingurbansourcesof foodand water.

B. Fencesshouldbe 2.4meters(8 feet)high,chain-linkor functional

equivalent.

C. Fencesshouldnot containgapsin which sheepcanbeentangled

[gapsshouldnotbe largerthan 11 centimeters(4.3 inches)].

III. TOXIC PLANTS: Landscapeplantscancausesicknessor death. Only local

nativeplantsshouldbeusedalong thewildland interface.Known andpotential

toxic plantsshouldnot be usedin areasaccessibleto bighornsheep.Ornamental

plantscurrentlyknownto betoxic to sheepincludeoleander,Prunusspecies,and

plantsin thenightshade(Solanaceae)family.
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IV. LAMBING SEASONAND HABITAT RESTRICTIONS: Seasonal

restrictionsduring this periodminimize impactsto bighornsheepata critical

stageoftheir life cycle. Lambinghabitatis oftenemphasizedbecauseof the

sensitivenatureandbehaviorofewesandlambs. Lambinghabitatcomprises

thoseareasusedfor breeding,sheltering,andnurturingof lambsup to thetime of

weaning,includingthoseareasoccupiedbyewes1 monthbeforegiving birth.

Thoughthelambingseasoncanspanthemajority ofthecalendaryear--fromlate

winterthroughsummer,January1 throughJune30 encompassesthemajorityof

the lambingseason.Trails that traverselambinghabitatshouldbe managedduring

this periodorrelocatedoutsideof sensitivehabitatareas.

V. SUMMER WATER SEASON: Availablewatersourcesduringsummer

monthsarehighly restrictedandbighornsheeparevulnerableto disturbancein

theseareas.If summerrainsfail, watermayremainscarceuntil thefirst winter

rains. Accordingly,interagencycooperationwill beneededto adapttrails

managementprescriptionsto thewaterrequirementsofbighornsheep.Public

education,signage,rangers,andotherformsofmanagementshouldbe providedat

appropriatelocationsto controlaccessduring this period.

Title 14 ofthePublicResourcesCode,Section550(b)(1)andSections630(b)(l I)

and(30) restrictsaccessto waterholeson Statelandsin the SantaRosa

Mountains. Closureperiodsarefrom June15 to September15.

VI. WATER FEATURE DESIGNSPECIFICATIONS: Any artificial water

features(e.g.ponds,lakes) in areasadjoiningbighornhabitatshouldbe designed

to precludeshallow,vegetatededgesthat providebreedinghabitatfor Cu!icoides

midges,an invertebratediseasevector forbluetonguevirus. Waterbodiesshould

bedesignedwith steepsidesanddepthsat least0.6 to 0.9 meters(2 to 3 feet)

alongtheedge[see: Mullens,B. A. 1989. A quantitativesurveyof Cu!icoides

variipennis(Diptera: Ceratopogonidae)in dairywastewaterpondsin southern

California. J.ofMedical Entomology26(6):559-565;andMullens,B. A. andJ.

L. Rodriquez. 1990. Cultural managementof bluetonguevirus vectors. Calif.

Agriculture44(l):30-32].
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WILDLIFE AGENCY RECOVERY AND MANAGEMENT

RESPONSIBILITIES

AUGMENTATION: Augmentationis apotentialrecoverytool thatis addressed

within thecontextoftherecoveryplanandwould be useduntil a self-sustaining

populationis established.Thereleaseofcaptiverearedor translocatedwild

animalsto establishnewpopulationsor supplementsmallpopulationsarenot

acceptablemitigationmeasuresbecausetheydo notcompensatefor thepermanent

lossofhabitatorensurethecontinuedviability of habitatto supportself-

sustaining,wild populations.

PREDATORCONTROL: Predatorcontrol is apotentialmanagementtool

availableto theFishand Wildlife ServiceandCaliforniaDepartmentofFishand

Gameto addressspecificsituations.Bighorn sheepareadaptedto survivenatural

levelsofpredation,drought,disease,competition,etc.,whichdo not pose

problemsin properlyfunctioningecosystems.Becausepredatorcontrolis a

temporarysolutionto remedyashort-termproblem,it doesnot constitute

mitigation for thepermanentlossofsheephabitat.
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APPENDIX G. RESPONSETO COMMENTS

The following issuesareacompilationof all substantivecommentsreceivedby

theFishandWildlife Servicefrom technicalreviewers,agencies,andthepublic,

which werenot otherwiserespondedto by directly incorporatingchangesinto the

text ofthefinal recoveryplan. Theissuesareorganizedby generalsubjectmatter.

LEGAL ISSUES

Issue.~ Designationofessentia!habitat i!lega!lv usurpsauthorityover local !and

usep!anningby imposingprohibitionsonprivatepropertyandmandating

erectionoffences.Ident~fyingprivate!andsfor protectionwithout committing

Federa!fundingor conservationincentivesexposes!oca!governmenttoproperty

taking lawsuitsbecausecities andcountieslackthewherewithalto cooperatein

implementationoftheplan. To avoidrepresentinga moratoriumonfuture

deve!opment,can somedeve!opmentin essentia!habitat goforwardif adequately

mitigated,and fso, whatcriteria or standardswouldbe used?

Response:Essentialhabitat(in contrastto critical habitat,discussedbelow) is a

nonregulatoryindicationofthoseareaswebelieveto beimportantto the

conservationof bighornsheep.Themapis intendedto provideinformationthat

canadvanceconservationefforts throughtheactivitiesof otheragenciesandthe

public. By sharingbiological information,we intendto promotepublic policy
decisionsthat balancetheconservationneedsofbighornsheepwith other

competinglanduses.As such,thedesignationofessentialhabitatdoesnot affect
thediscretionof local andStategovernmentsor privatelandownersoverlanduse

decisions. Given thebiological importanceofthehabitatto recovery,limited

developmentcouldoccurin essentialhabitatif adequatelymitigatedanddesigned

to be compatiblewith bighornsheeprecovery. Furthermore,the identificationof

areaswith biological importancecan provideawider rangeofpotential landuses

that generateeconomicopportunity. For example,localgovernmentsandprivate

landownerscanstructureeconomicincentivesto conservebighornhabitatby

creatingprogramswherebydevelopmentsin otherareascanprovideasourceof

incometo landownerswith habitatof higherconservationvalue. This mitigation

bankconcepthasgainedwidespreadacceptancein numerousotherareaswhere
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localgovernmenthascreatedamitigation nexusthatavoidspropertytaking

lawsuitsandpromotesregionalhabitatconservationplanning.

Issue: MembershipoftheRecoveryTeamandpeerreviewteamconsistsof

individualswhoselivelihooddependsonfunding,permits,andrecommendations

from theStateandFederalgovernment.Therefore,theseindividua!s are

reluctantto voicecriticismswith therecoveryplanningprocessforfear of

retribution. In addition, authorsofthedraft recoveryplan standto gain

financially bycreatingan opencheckbook/cashcowwith questionableresearch

projectshavingno accountability.

Response:At ourinvitation, membersagreedto participateon theRecovery

Teamfor thepurposeofprovidingscientificadviceto theFishandWildlife

Serviceandcooperatingagencies,includingassistancein developingand

implementingtherecoveryplan. Thedraft recoveryplanwas largelywrittenby
teammemberswho providedtheinformation andopinionsneededto completea

draftplan. Thoughconsensuswasachievedon mostissuesaddressedby theteam,
weandcooperatingagenciesjudgedhowbestto incorporatevariousviewswhere

full agreementwasnot reached.Manyof theresearchtopicsrecommendedin the

recoveryplanareareflectionofscientificquestionsthat remainunresolved.Any

funding to addresstheseresearchneedswill bedirectedon a competitivebasisto

thebestqualified individualsavailable. Fundingandpermittingactionsby usand

cooperatingagencieshaveandwill follow applicablelawsandregulationsthat

ensureagainstpreferentialtreatmentandcapriciousbehavior. RecoveryTeam

membersarenotdependentupontheFishand Wildlife Serviceor the listing of

bighornsheepfor their continuedlivelihood. Membersareunderno obligation

whatsoeveranddo notenjoyeconomicbenefitfor theirvoluntaryparticipationon

theRecoveryTeam.

Issue: Unduerelianceon unpublishedinformationfails tojustify thespendingof

$16Mevery5yearsfor severaldecades.Theconclusions,recoverycriteria, and

habitat mappinglackcredibility dueto their relianceon over 100 unsupported

citationsand thatunderlyingdata wereintentional4’ withheldfrompublic review.

Thepublic hasa right to inspectall theunpublishedinformationcited in thedraft

plan as an aid to provideinformedcomments;therefore,thepublic comment
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periodshouldbe extendeduntil after thesedatahavebeenmadeavailable.
Followingtheresponseto all commentsandcorrectionofmanydeficiencies,the

draft recoveryplan shouldbe circulatedagainfor public review.

Response:Thedraft recoveryplan wasbasedon thebestavailabledata,which

includespersonalexperienceofcredibleresearchers.Unpublishedinformation

cited in thedraft recoveryplanwasdocumentedandcompiledprior to completion

of thefinal recoveryplanandhasbeenavailablealongwith publishedpapers,for

public inspection.Any factsor interpretationsbasedon unpublishedinformation

cited in thedraft recoveryplanfor whichdocumentationcouldnot be obtained
havenot beenincludedin thefinal recoveryplan. Justificationfor research

recommendedin therecoveryplanwasnotbasedon citedunpublished

informationbuton consensusrecommendationsoftheRecoveryTeamand

concurrencebythecooperatingagencies.Uponreassessingtherelative

importanceof theunpublishedinformationcitedin thedraft recoveryplanto the

findings andconclusionsin therecoveryplan,wehavedeterminedthat the

unpublishedinformationunavailablefor review in thedraft recoveryplandid not

materiallyaffect any significantfindingsor recommendationsin thefinal recovery

plan. As aresult,weelectedto not reopenthepublic commentperiod. In

responseto any substantivecommentsreceivedafterreviewofthe unpublished

information,therecoveryplanmaybe appended,revisedorupdated.

Issue: Therecoveryplan is toogeneralto meetthespec~ficcriteria at 16 U S.C.
1533(1). Theunusablescaleoftheessentialhabitatmapwasintentionallyvague

andfails to meetthesitespeqficstandardsfor describingmanagementactions

necessaryfor recovery.

Response:Section4(f) oftheAct requiresthatrecoverycriteriabemeasurable

and sitespecific,with estimatesofassociatedtimeframesand costs.We believe

that theserequirementshavebeensatisfied. Thescaleofthedraft essentialhabitat

mapin thedraft recoveryplanwasdesignedto portrayaspecificconceptoutside

and alongtheurbaninterfacebasedon bighornhabitatrequirementsand

principlesofconservationbiology. Thedraftmapwasdesignedto elicit input

from interestedpartiessothat thefinal mapcouldbestreflect theconcernsof

local interests.Weelectednot to depictdraft essentialhabitatin thedraft

223



recoveryplanat aparcelspecific scalebecauseit would haveengendered

unnecessaryand unproductivecontroversyandsuggesteda predetermined

outcome. We schedulednumerousmeetingswith all local jurisdictionsandmajor
landownersto refinetheboundariesalongtheurbaninterface. As described

belowundertheEssential/CriticalHabitatsection,consensusamongFederal,

State,andlocal governmentswasachievedalongthemajority oftheurban

boundary.

Issue: A recoveryplan is unnecessary~fbighornsheepin thePeninsularRanges

aresynonymouswith theNelson‘s subspecies.

Response:Section4(f) of theAct requirespreparationofrecoveryplansfor listed

specieswheneverprudent. This commentimplies that bighornsheepin the

PeninsularRangesdo not comprisean entitythat canbe listed undertheAct.

Pleaserefer to theFederalRegisterNotice,datedMarch 18, 1998,aswell as

sectionl.A. 1. of therecoveryplan,for a discussionof theapplicability ofour

policy on implementingtheAct’s provisionsfor listing distinct vertebrate

populationsegments.

Issue: The Fish and WildlfeService‘s authorityandintendeduseofthe
“RecommendedConservationGuidelines” in AppendixF is notapparent.

Furthermore,theguidelinesappearintendedto restrictthepowerandoverride

thelegislativeauthorityof leadagencies.

Response:TheFishandWildlife ServiceandDepartmentofFish andGame
preparedtheseguidelinesto assistlocal governmentsin theirimplementationof

theCaliforniaEnvironmentalQuality Act andlandusedecisionmaking,not to

usurpthediscretionof othergovernmentalagencies.It is ourintentionto provide

consistentguidanceasearlyas possiblein thedecisionmakingprocesssothat (1)

ourrecommendationsdo not comeasa surpriselater on in theplanningprocess,
and(2) projectscanbedesignedto accommodatethehabitatrequirementsof

bighornsheep.
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PROCEDURALISSUES

Issue: Thebibliograpiwcontainsmanyblanksfor theauthorsnames,indicating

that suchinformationcannotbe relied upon.

Response:Theblanklines in placeof thenameofanauthoris a bibliographic

conventionthat indicatesthesameauthorasfor theprecedingreference.In the

final planthebibliographicformat hasbeenrevisedto show full references.

Issue. The recoveryplan shoulddescribehow thepublic will trackagency

implementationofrecoverytasks,be involvedin prioritizing lands to be acquired,
beinvolvedin futuremodificationsto recoverycriteria, commenton land

exchanges,etc. Similarly, thedraft recoveryplan did not ident~fr how entities,

suchaslocalgovernment,wereexpectedtofulfil! assignedtaskresponsibilitiesin

theImplementationSchedule.The recoverytasksoften lacksitespec~cityanddo

not ident~fyapplicablemechanismsor responsibleentitiesfor implementingthe

tasks. For example,thehabitatprotectionobjectivefor task1.1 doesnot describe
who, how, or wherethe action wouldbecompleted.As a result, affectedparties

havebeenpreventedfromprovidingmeaningfulreviewoftherecoveryplan.

Response:Thepublic cantrackimplementationby communicatingdirectlywith

theagenciesassignedto implementspecific tasks. Progressandupdatesshould

be incorporatedinto thepublic educationandoutreachprogramsrecommendedin

therecoveryplan. Thepublic mayalsotracktheextentofappropriations

allocatedby legislativebodiesasan indicationof agencycapabilityfor

implementingtherecoveryplan. Local governmentsshould interprettherecovery

plan asguidancefor contributingto therecoveryprocess.Manyoftheprovisions

in therecoveryplan shouldbeimplementedthroughtheregionalhabitat

conservationplansponsoredby theCoachellaValley Associationof

Governments.Thisplanrepresentsastakeholdersgroupthatprovidesan

opportunityfor involvementby all interests.Any of therecoverytasksthat apply

to respectivejurisdictionsshouldbeviewedasan opportunityto cooperatively

participatewith otheragenciesin thecommongoalofbighornsheeprecovery.
We encouragelocal governmentsto usetheir applicableauthoritiesfor

conservation/managementofopenspacein thefurtheranceofbighornrecovery.
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Participatingagenciescanprovidemoredetailedguidanceon therolesand

responsibilitiesof local governmentascasespecificquestionsarise. If the

recoveryplan is updatedorrevisedin thefuture,thepublic will be givenanother

opportunityto commenton theplan.

Issue: The recoveryplan shouldcontain an economicimpactanalysisto estimate

thecostsofrecovery. The total estimatedcostsofrecoveryimplementation

shouldbedeterminedandprovidedto thepublicfor commentbeforethe recovery
plan is approved. Projectedfundinglevelsfor monitoringappearinadequate;~fa
long-termmonitoringprogram is needed,whyarecostsprojectedfor only 5

years.

Response:Thoughaneconomicimpactanalysisis notrequiredby law or

regulation,section4(f) oftheAct requiresan estimateofcoststo achieve

recovery.We haveprojectedtotal costsbasedon aroughestimateof 25 yearsto

recovery,with moredetailedcostestimatesfor thefirst five years. Certaincosts

aredifficult to estimateaccuratelywithout detailedscopesofwork, realestate

appraisals,etc. As aresult,cost estimatesin theImplementationScheduleshould

be viewedasapproximationsthat inform thepublic andparticipatingagencies

abouttheresourceestimatesnecessaryto achievetherecoveryobjectivesofthe

recoveryplan.

Issue: The recoveryplan shoulddescribethestudyareasfor all research

conductedin thePeninsularRanges.

Response:Thereadershouldreferto thereferencescited to obtainmoredetailed

informationon thestudymethodsof literaturecited in therecoveryplan. The

purposeofthis recoveryplan is not to compileandsummarizeall research

conductedin theareaat issue.

Issue: Relianceuponforthcomingplanningefforts,suchas theCoachellaValley

multispeciesplan to addressimmediatebighornsheepconservationneeds,

unnecessarilydefersactionsneededto avertthenear-termrisk ofextinction.
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Response:Wearenot awareof anysuchdeferralsandintendto useour legal
authoritiesundersections4 (designationofcritical habitat),7 (interagency

consultation),and 10 (habitatconservationplanning)wheneverappropriateduring

the interim periodwhile theCoachellaValleyplan is in preparation.

Issue: The recoveryplan shouldcritically examinepastmanagementmistakesso

that theyarenotrepeatedin thefuture.

Response:Muchoftherecoveryplanreflectson thepast(e.g.,sectionI.D) and

looks to thefuture (e.g.,sectionII.D). ManyoftheRecoveryTeammembers

havemanyyearsofexperiencein thePeninsularRangesand,therefore,havea

solidhistoricalperspective.A focused,intensivehistoricalinquiry likely would

resultin arguableconclusionsofdubiousmerit thatcould adverselyaffect current

interagencycooperation.Thepurposeofrecoveryplansis to assessthecurrent

situationwith aview towardsfuturefeasibilityof implementingneeded

conservationactions.

Issue: Manyofthetableswerenot asdescriptiveastheycouldhavebeen

because(1) thetablesexcludedpotentiallyavailabledata,suchasfromyears

beforeor after thosepresentedin thetables,and (2) statisticalanalyseswerenot

conducted.

Response:In someinstances,morerecentdatawerenot available;in othercases,

datafrom earlieryearswerenot comparablebecauseof differentdatacollection

methodologies;andin othercircumstances,availabledatahavenot yetbeen

compiledand analyzed. In mostinstances,statisticalanalyseswerenot included

becausethis informationwasprovidedin thereferencescitedandbecausethe

purposeof recoveryplansis moreinformativeandprescriptivethananalyticaland
quantitative.

Issue: The recoveryplanshoulddiscussthefinancialsituationoftheBighorn

Institute,along with a detailedcritique ofoverall operations.

Response:Financialissuesassociatedwith theBighorn Institutearenot aconcern

oftheFishandWildlife Serviceorcooperatingagencies.Overalloperations
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regardingresearchandcaptiverearinghavebeenthesubjectofannualreviewsby

theCaliforniaDepartmentof FishandGameprior to Federallisting andnow fall

underthepurviewofsection10(a)(1)(A),not section4(f) oftheAct.

Issue: A repositoryfor all data collectedon bighorn sheepshouldbe createdand

madeavailable to thepublic at large.

Response:Creationof sucharepositorywould notbepossibleunlessagencies
andresearchersdonatedproprietaryinformationandpersonalproperty. The

conceptposesnumerouslegal,economic,andadministrativeissuesthatexceed

ourauthoritiesandthoseofcooperatingagencies.

Issue: NumerouscommentsrequestedtheFish and Wildl~fe Serviceand

cooperatingagenciesto conductadditionalresearchandfurther analyzedata not

in theirpossessionbeforeissuinga recoveryplan.

Response:TheAct’s mandateto usethebestavailableinformationdoesnot

requireusto conductadditionalresearchorobtainunavailabledataasa

prerequisiteto preparingandcompletingrecoveryplans. A courtstipulated

settlementagreementrequiredcompletionoftherecoveryplanunderan

establishedschedule.

Issue: The draft recoveryplanfocusesexcessivelyon habitat conservation

insteadofpopu!ationrecovery;thevariousproblemsshouldbedealt with in

orderof importance.

Response:As describedin thedraft andfinal recoveryplans,multiple, apparently

cumulativefactorsaredepressingpopulationlevels,with contributingcauses

differingamongewegroups. Therelativeimportanceof factorsaffecting

reproduction,recruitment,andadult survivalarepoorly understoodin someewe

groups,thoughintensivelystudiedin others. Thesecomplexitiesmakeit difficult

to determine relativeimportanceandmanagementpriority. Therefore,wehave

andwill addressconcurrentlyall probablefactorsaffectingindividual ewegroups

to theextentpossible. If thehabitatbaseuponwhich bighornsheepdependis not
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protected,sufficient spacewill not be availableto support“recovered”population

levels.

Issue: The Fish and Wildlife Serviceshouldlist credentialsofRecoveryTeam

members.

Response:By practiceand for consistency,we do notprovidethis information

regardingteammembers.Memberswereselectedfor a varietyofskills and

experiencesthatmaynot beapparentfrom briefsynopses.

Issue: The Fish and Wildl~feServicerejected,without explanation,many

commentsprovidedbyRecoveryTeammembersthemselves.Disagreements

within theteamshouldbe discussedin therecoveryplan.

Response:Thevariousviews heldbymembersof theteamwerediscussedopenly

at team meetings until a consensusemerged. Various iterations, including the
final recoveryplan,havebeenreviewedmultiple timesby teammembers,andall

commentshavebeenincorporatedinto therecoveryplan directlyoraftergroup

discussionwherefurtherconsiderationwaswarranted.We areunawareofany

significant scientificdisagreementwithin the teamregardingthecontentofthe

recoveryplan. Regardless,theFishandWildlife Serviceandcooperating
agenciesassumeultimateresponsibilityfor therecoveryplan,inasmuchas

RecoveryTeamsfunction asexpertadvisorsto theFishand Wildlife Service.

Issue: Thepeerreviewprocessofthedraft recoveryplanwasflawed,failed to

addressall the issuesraisedandtofollow academicprotocol,and therefore,

shouldnot be referredto aspeerreview. The draft recoveryplan misleadsthe

public into thinkingthat thepeerreviewersendorsethedraftplan.

Response:Thepeerreviewprocessreferredto in thedraft recoveryplan

representedseparatetechnicalandagencyreviewsprior to public releaseandwas
not intendedto follow academicprotocols. Thoughmostofthecomments

receivedby thetechnical(peer) reviewerswereaddressedin thedraft recovery

plan,thedraft recoveryplandid notclaim that thereviewersnecessarilyagreed

with or endorsedtheplan. TheRecoveryTeamandFishandWildlife Service
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haveincludedandaddressedin this list of issuesand responsesall substantive

commentssubmittedby technicalreviewersnototherwiseincorporatedinto the

draftor final recoveryplans.

Issue: Researchtasksin therecoveryplan shouldidentifytestablehypotheses.

Response:TheRecoveryTeamis not aresearchteam;therefore,thisrecovery

planrepresentsa generalstrategyfor recoverythat identifiesmajorresearchtopics

that shouldbepursued.It wouldnot be appropriateto proposevarious

experimentaldesignsandhypothesesat this time becausetheadditionallevel of

analysisrequiredshouldmoreproperlyoccurwhendetailedresearchproposalsby

individual researchersareprepared.

Issue: The RecoveryTeamshouldincludea trainedlanduseplannerto improve

theeffectivenessofcoordinatingconservationactivitieswith localjurisdictions,

suchasthecities and counties.

Response:Oneofthe currentRecoveryTeammembershasan extensive

backgroundin landuseplanning,havingworkedin that capacityfor numerous

jurisdictionsfor manyyears. In addition,severalothermemberswork routinely
with local governmentin landuseplanningmattersandhaveathorough

understandingoflegalandproceduralrequirementsneededto coordinateeffective

interagencyconservationprograms.

ESSENTIAL/CRITICAL HABITAT ISSUES

Issue: All localjurisdictionsshouldbeextendedthesameopportunityasthe

Indian tribes in determiningessentialhabitatboundaries. Failure to do sowill

doomtherecoveryplanningeffort.

Response:FederallyrecognizedIndiantribesenjoy aspecialrelationshipandtrust

privilegesundernumerousexecutive,legislative,andjudicial mandatesnot

extendedto non-Tribalentities. Nonetheless,within thecontextoftheCoachella

Valley multispeciesplanningprogram,the FishandWildlife Serviceand

CaliforniaDepartmentofFishand Gameconvenednumerousmeetingswith city
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andcountygovernmentsto discussandrefineessentialhabitatboundariesin a

processsimilar to that usedwith thetribes. TheFishand Wildlife Service,

Departmentof FishandGame,andlocaljurisdictionsachievedagreementalong
virtually theentireurbanboundaryexceptfor aboutsix proposedprojectsites.

TheFishandWildlife ServiceandDepartmentof FishandGamewill attemptto

resolveresidualdifferencesfor eachoftheproposeddevelopmentsthrough

individualregulatoryactions.

Issue: Thesuggested20percentslopedelimitinglowerelevationalboundariesin

mostcasesliesbelowthe213-meter(700-foot)lower elevationlimit described

elsewherein therecoveryplan asthe lowerelevationallimit ofsheepdistribution.

Theessentialhabitat line shouldbesetalongthe213-meter(700-foot)elevation

contourfrom PalmSpringsto La Quinta, which wouldavoidlambingand
wateringareasandprovideopportunitiesfor unrestrictedhiking. Essential

habitatshouldnotextendonto thevalleyfloorfarther than existingwildernessor

theproposedNationalMonumentboundary. The mapappearsto representa no

growth effort that wouldextortextrememitigationfrom developers.

Response:The213-meter(700-foot) lowerelevationallimit ofsheepdistribution

typically correspondsto theurbaninterfaceatthenorthernendoftheCoachella

Valley,whereasin the southernendof thevalley,the urbaninterfaceoccursalong

lowerelevationalcontours. As describedelsewhere,sheepin thePeninsular

Rangesareadaptedto surviveat lowerelevationsanddependon lowerelevational

slopesand alluvial habitatsfor importantresources.Theextentof suitablehabitat

is influencedby soils, aspect,andothertopographicfeaturesthat do not

necessarilycorrespondwith fixed elevationcontourlines,orwildernessand

proposedmonumentboundaries,whichwereestablishedfor avarietyofreasons
apartfrom thehabitatneedsof bighornsheep.

Issue. Habitat compensationshouldnot be requiredfor developmentadjacentto

sheephabitat becausedevelopmentofthesefragmentedareaswouldnot affect

sheep.

Response:Mostoftheproposeddevelopmentalongtheurbaninterfaceoccurs

within, ratherthanadjacentto, sheephabitat. As discussedin therecoveryplan,
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bighornsheepin thePeninsularRangesspendmuchoftheir time at lower

elevations,whereotherwisescarceresources,suchasfoodandwater,commonly

occur. Flattertopographycontainsmoreproductivealluvial soils that support

morediverseandnutritional foodsourcesthanoccursonsteeper,rockierslopes.

Thoughalluvial habitatsaremorefragmentedby urbandevelopment,these

smallerpatchesstill supporthabitatvalue,thoughmuchreducedfrom historical
conditions. Developmentofhabitatfragmentsalsoindirectly affectssheepby

supportingalargerhumanpopulationthat increasestheamountofdisturbancein

adjoiningsheephabitat. As long assuitablehabitatconditionsexistwithin the

historicalrangeofthespeciesanddevelopmentresultsin indirectadverseeffects

to sheepin nearbyhabitat,local governmentshaveamitigationnexusunderthe

CaliforniaEnvironmentalQuality Act. Mitigationmeasurescanbedesignedto
conservelargerpatchesofcomparablevaluehabitatby requiringoffsite habitat

replacement,therebycontributingto theconservationofsheepevenif smaller

habitatfragmentsarepermittedfor development.To contributeto recovery,we

recommendthatlocal governmentsconsideroffsite habitatreplacementfor

permitteddevelopmentofresidualhabitatsbetweenthe essentialhabitatboundary

and800 meters(2,624feet)from toeof20 percentslope.

Issue: Proposeddesignationofessentialhabitat requiresadequatelegal noticeto

landownersin thevicinity ofhabitatproposedfor conservationsothatan

opportunityto commenton theproposalisprovided. Thepublic commentperiod

shouldbeopenedindefinitelyuntil essentialhabitat is displayedon detailed

aerialphotographyandhasbeenmadeavailablefor public comment.A more

detailedmapofessentialhabitat thenshouldbeprovidedfor public comment

beforetherecoveryplanis completed.

Response:TheFishandWildlife Servicebroadlyannounceda45-daypublic

commentperiodon thedraft recoveryplan(64 FR 73057;December29, 1999),

which wasextendedan additional weekasaconvenienceto thepublic. This

noticingprocessfulfilled all legal requirements.As describedabove,theFishand

Wildlife Servicecoordinatedwith affectedinterestsin solicitinginput and

promotingdiscussionto achieveconsensuson theessentialhabitatboundary.
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Issue.Thedraft recoveryplan doesnot adequatelydescribetheimportanceofthe

Mount SanJacintoStateParkto sheeprecovery.

Response:Theparkis largelylocatedabovetheelevationwherebighornsheep

normallyoccur.

Issue.~ Theessentialhabitatmapshouldmodelfoodandwater resourcesaswas

donefor physiography.

Response:Foodandwaterresourcesgenerallyaretoo dynamicto quantify

becausetheirdistributionis a functionofunpredictablyvariablerainfall patterns.

For example,randomlyoccurringthunderstormsdo notprovideuniformly

distributedmoistureregimensthroughoutsheephabitatbut ratherresult in

localizedgreen-upfollowing high intensity, shortdurationprecipitationevents.

Sheeptypically respondto thesesporadiceventsby exploitingephemeralsources

offood andwater. Patternsofsheepdistributionrelativeto perennialwater

sourceshavebeenanalyzedanddiscussedin AppendixB.

Issue: The draft recoveryplan didnot identify thespec~ficprojectspreviously

approvedbytheFishand Wildl~feServicethatwouldbeexcludedfrom areas

mappedasessentialhabitat. Essentialhabitat shouldbe designatedon areas

previouslyapprovedby theFish and Wildl~feServicefor developmentWscient~fic

data indicatetheseareasshouldbepart ofcritical habitatfor recovery. Essential

habitatshouldincludenotyetconstructedprojectsthathavebeenpreviously

approvedbytheFish and WiIdl~feServicebecausetheseareasareneededfor
sheeprecovery.

Response:TheFishandWildlife Servicecompletedsection7 consultationon the

Ritz-CarltonGolfCourseandMiradadevelopmentprior to releaseofthedraft
recoveryplan,and completedsection7 conferenceson theJimenezPit, Cahuilla

ZoneReservoir,and Shadowrockprojectsprior to listing. TheFishandWildlife

Serviceandprojectproponentsagreedto reconfigurationofprojectdesignsand

otherconservationmeasureson theformer four projects.Agreementon thelatter

projecthasnotbeenachievedandtheaffectedareais consideredessentialhabitat
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unlesstheprojectis reconfiguredto beconsistentwith thesection7 conference

opinion.

Issue: Critical habitatshouldbe designatedevenfit divulgeslocationsand

consequentlyexposessheepto harm.

Response:On July 5, 2000,theFishandWildlife Servicepublishedaproposed

rule (65 FR 41405)to designatecritical habitatundera separateprocesspursuant

to arecentsettlementagreementwith theplaintiffs who challengedournot

prudentfinding that accompaniedthe listing. This topic wasdiscussedin the

proposedrule.

Issue. Therecoveryplanshoulddescribetherelationshipofessentialhabitat and

critical habitatfrom a regulatoryandproceduralperspective.

Response:Thoughthetwo designationsaresimilar in theirfocuson defining

future survivalandrecoveryneeds,theydiffer significantly from aregulatory
perspective.Forpurposesofthis plan,essentialhabitatis an informative

designationintendedto providescientificguidanceto cooperatingagenciesand

thepublic, while critical habitatis statutorilydefinedwith implementing

regulations that govern Federal agencyactivity. Critical habitat receives
protectionundertheAct throughtheprohibitionagainstdestructionoradverse

modificationofcritical habitatasset forth undersection7 oftheAct with regard

to actionscarriedout, funded,or authorizedby a Federalagency.Asidefrom the

protectionthat maybeprovidedundersection7, theAct doesnotprovideother
formsofprotectionto landsdesignatedascritical habitat. Critical habitat

designationdoesnot imposeany restrictionsto activitieson privateor othernon-

Federallandsthat do not involve aFederalpermit,authorization,or funding. The

processfor designatingcritical habitatis distinct from theprocessfor completing

therecoveryplan. A proposalto designatecritical habitatfor thePeninsular

bighornsheepwaspublishedin theFederalRegisteron July 5, 2000(65FR
41405). Theessentialhabitatmappedin therecoveryplanhasthesameboundary

astheproposedcritical habitat,with slightdiscrepanciesintroducedby a legal

descriptionfor critical habitatalongboundariesimposedby a

township/range/sectioncoordinategrid.
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Issue: Undevelopedbutfencedpropertyshouldnot be mappedasessential

habitat.

Response:Areasthatcanbeenhancedorrestoredareincludedasessentialhabitat

if theyarenecessaryfor recovery. Fencingoftendoesnot establishan effective

movementbarrierto sheep,thoughit cancauseentanglement,injury, anddeath.

The Fishand Wildlife Serviceadvisesthat fencesconstructedto excludebighorn
sheepcouldresultin takeif built atthewronglocationor improperlydesigned.

Issue: The recoveryplan shouldprovidemorespec{fic guidelinesto local

jurisdictionsfor conservinghabitat andreducingtheeffectsofurbanization. For

essentialhabitat to beeffective,therecoveryplan shouldprovideguidanceon

futureregulation oftakeundersections7 and10 oftheAct, which should

spec(17callyprohibit authorizationoffuture takef ewegrouppopulation levels

drop belowpredeterminedthresholdsand/orpopulationsincreaseto a point

suggestingprogresstowardsrecovery. For example,thethresholdapproachused

for predatormanagementalso couldbeappliedto habitatloss.

Response:AppendixF wasdesignedto providegeneralguidelinesthatwould fit

mostprojectsin oradjacentto sheephabitat. Morespecific guidelineswouldbe

difficult without acaseby caseanalysisof individual projects.TheFishand

Wildlife Servicecannot userecoveryplansto predeterminefuture regulatory

decisionsundersections7 and 10 becausetheAct did not envisionrecoveryplans

asaregulatorymechanism.

Issue: The draft recoveryplanplacesinordinate importanceon landusecontrols

and too little emphasison reducingpredationpressure. Byfailing to manage
threatsunderits control, suchaspredation,theFish and Wildl~feServiceunfairli’

shqisonerousregulatoryimpositionsontoprivatepropertyowners. Another

commenterclaimedthat theacknowledgedlackofunderstandingconcerning

factorslimiting populationviability underminesthecredibility oftheproposed

landusecontrols,andthat theuncertaintyoveradverseeffectsofurban

developmenteliminatesanynexusfor governmentalregulation.
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Response:The FishandWildlife Serviceintendson concurrentimplementation

of numerousrecoverytaskscommensuratewith availablefunding. Completionof

the recoveryplanprovidesabasisfor increasedfundingallocationsto cooperating

agencies.Becausenumerousfactorsaredepressingpopulationgrowth,it would

notbeappropriatefor theFishandWildlife Serviceandcooperatingagenciesto

attemptto prioritize threatsandaddressonly oneat atime. Focusingsolelyon

predatorcontrolandallowingcontinuedlossof valuablehabitatwould bebased

on atheorythathabitatlossdoesnot adverselyaffectbighornsheep. The

availableevidencesuggeststheopposite.Theewegroupsadjoiningmetropolitan

areashistoricallyhavedeclinedto agreaterdegreeandcurrentlyaremoreseverely

threatenedwith extirpationthanmoresoutherlyandremoteewegroupsthat have

not sustainedsubstantiallossofhabitatin thepast.

Issue: Thedraft recoveryplan doesnotadequatelyidentifythespecificlands

mappedasessentialhabitat andtargetsall availablehabitatwithoutscientflcalh’

analyzingwhetherportionsoftheareasupportanysuitablehabitat at all.

Response:Appendix B presentsa habitat model that analyzedavarietyofhabitat

characteristicsbasedon informationin thescientificliteratureanddistributional

datathroughoutthePeninsularRanges.Areaswith unsuitablesoilsand

topographywereexcluded,aswereareasgreaterthan800 meters(2,624feet)

from toeof20 percentslope,thoughsheepareknownto usetheseareas. Based

on thewide-rangingmovementsofsheepin thePeninsularand otherranges

throughoutthedesertsouthwest,sheepareknownto useabroadrangeofhabitats

in desertenvironments.Noneoftheareasmappedasessentialhabitatcontains

soils, vegetation,ortopographythat is unsuitablefor useby sheep. Thoughsheep

maynot useoroccur in certainareasasfrequentlywhenpopulationsizesare

small anddistributionis moreconstrained,it is sometimesdifficult to tracksheep

movements,especiallywhenonly a small percentageofcertainsubpopulations

haveradiocollars. Thus,theknowndistributionis alwaysan underestimateof

actualdistribution.

Issue: Thedesignationof “essentialhabitat” is an illegal subterfugefor avoiding

thestatutoryrequirementfor designatingcritical habitat andanalyzing

consequenteconomiceffects.
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Response: A proposalto designatecritical habitatfor thePeninsularbighorn

sheepwaspublishedin theFederalRegisteronJuly 5, 2000(65 FR 41405),under
termsofthesettlementagreementreferencedabove.A noticeofavailability for

thedrafteconomicanalysisonproposedcritical habitatdesignationwaspublished

in theFederalRegisteronOctober19, 2000(65FR 62691).

Issue: Numerousland ownersrequestedthat their landsbe specificallyremoved

fromareasdesignatedasessentialhabitat becauseofthesignificantsocialand

economicimpactsthatshouldbeminimizedperexistingFishand Wildlife Service

policyon recoveryplanning.

Response:As discussedabove,theFishandWildlife Servicehasmet with many

landownersand agenciesin an effort to refinetheessentialhabitatboundaryso
that socialand economicimpactsareminimizedto theextentthatthepotentialfor

recoveryis notcompromised.Thesediscussionsresultedin substantialagreement

with all partiesinvolved over thevastmajorityoftheurbaninterface.The

resultingessentialhabitatboundarywasdesignedto minimize economicconflict

to theextentconsistentwith maintainingthelikelihoodof futurerecovery.

Essentialhabitatdiffers significantlyfrom critical habitat. Undercritical habitat,

exclusionsareaproceduraloutcomeofapplying section4(b)(2)and/or“special

management”undertheEndangeredSpeciesAct. Under4(b)(2),economicand

socialimpactsareevaluated.However,thereis no suchprocessidentifiedfor

exclusionsfor essentialhabitatbecauserecoveryplansarenonregulatory

documentsdesignedto guide,notdictate,recoveryof thespecies.

Issue: The draft recoveryplan wasdeficientbecauseit did notquant~fythe

acreageofdiferentlandownerships,historical distribution, andextentof
proposedessentialhabitat.

Response:Acreageswerenot calculatedin thedraftrecoveryplanbecausean

updatedlandownershipmapwasnot availableandapreciseboundaryalongthe
urban interfacewasnotdelineated.In thefinal recoveryplan,land ownershipis

delineatedwith respectto essentialhabitatin Figure4; however,the land

ownershipmapis somewhatoutdatedandany acreagefigureswouldbe

approximate.Approximateland ownershippercentagesaresummarizedin
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SectionI.E. oftheplan. Historical trendsalong theurbaninterfacesare

summarizedin SectionD. 1.

Issue: Landsthat historicallyneverwereusedby sheepshouldbe identified. The

term “unoccupiedhabitat” is scient~ficallvundefinedand inappropriatelyusedto

describeunsuitablehabitatfrom whichbighorn sheepare absent.

Response:Historical informationprior to theuseofaerialsurveysandradio

telemetryis of limited utility becausetheruggedtopographyandlackofroads

throughoutthePeninsularRangesgreatlyrestrictedthe extentof accesson the

ground. Therefore,it is notpossibleto reliablyconcludethat certainareaswere

not usedhistorically. Similarly,giventherelativelysmall samplesizeofradio-

collaredsheepat present,especiallyrams(which arefar morewiderangingthan

ewes),morerecentdatacannotbe properlyinterpretedto concludethat sheepare

absentfrom certainareas. Therefore,theremainingundevelopedportionsof

historicalrangeconstitutethecurrentdistributionofbighornsheepin the

PeninsularRanges. Useof theterms“occupied~~,“unoccupied~~,“suitable”,and

“unsuitable”,aremoreconceptualthanempirical. Thus, thesetermsaddlittle to

ourunderstandingofsheepbiology, andasaresult,thefinal recoveryplanavoids

useofthis terminology.

Issue: Giventhetendencyofsheepto not venturefarfrom escapeterrain,

justification in therecoveryplan is notadequateto supporttheneedfor habitat

up to 0.8 kilometer(0.Smile)from toeof20percentslope.Twentypercentslope

doesnotrepresenteffectiveescapeterrain; therefore,a steeperslopeshouldbe

usedfor ident{fyinghabitat in needofconservation.The recoveryplan doesnot

adequatelydescribewhat constitutesa movementcorridor on thedesertfloor. If
sheepavoidhumandisturbance,thefragmentedhabitatpatcheson thedesert

floor within theurban matrixwouldappearto havelow habitat valuefor sheep.

Response:Thoughsheeptypicallyare foundin steeperterrain,numerousrecords

exist in thePeninsularRangesandelsewhereof occurrencesover0.8 kilometer

(0.5mile) from escapeterrain. The0.8 kilometer(0.5-mile)distancewasselected

to capturethemoretypical movementsonto the alluvial slopes. The20 percent

slope for escapeterrainwastakenfrom thepublishedliterature. As discussedin
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AppendixB, arangeofslopeshavebeenrecognizedby variousauthorsasescape

habitat. Flattertopographyencompassesmoreproductivesoils that supportmore

diverseandnutritious foragethat is seasonallycritical to sheep.Flatter
topographyalsocanbe importantfor dispersalandfor sourcesofseasonalwater.

Sheepin otherareasofthedesertsouthwesthavebeenknownto movemany

kilometersacrossthedesertfloor to reachneighboringmountainranges.Given

the limited number ofdocumentedmovementsofthis kind, not enoughis known
to delimit linkagedimensions.Ramsareespeciallyproneto useflatterareas

fartherremovedfrom escapeterrain. Ruggednesson flattertopographycan

functionasescapehabitatbut hasbeendifficult to measureandaccountfor in

studiespublished to date. The essentialhabitat map excludesthe lessfrequently
usedandlowervaluehabitatscharacterizedby smallpatchsizeandproximity to

humandisturbance.

Issue: Designationofessentialhabitat asproposedwouldrestrictaccessfor

constructionandmaintenanceofinfrastructuralfacilities likefloodcontroland

water supply. Flood controlfacilities shouldnot be includedin essentialhabitat

becauseanyuseby sheepis incidentalto theprimarypurposeoftheselands.

Response:Caseby caseprojectreviewsundertheregulatoryprovisionsof

sections7 and 10 of theAct will detenninewhetherconstructionofinfrastructural

facilities arecompatiblewith sheepsurvivalandrecovery. Basedon discussions
with Riverside County Flood Control and Water ConservationDistrict and

CoachellaValley Water District, normal operations and maintenanceofexisting
facilitieswouldnot conflictwith themanagementobjectivesfor essentialhabitat.

Floodcontrol facilitiestypically occurin washesandalluvial habitatthat have

beenmostaffectedby historicalhabitatlossesandoften still supportthesame
importanthabitatvaluesasthesurroundingareas. As such,thesefacilities arenot

defactounsuitableor detrimentalto sheepuse. If reasonablymanaged,these

areascanfulfill their intendedfunctionwhile atthesametimenotconflictingwith

sheepusein thearea.

Issue: The recoveryplan doesnotdiscussthepossibilitythatpasthabitat loss

from urbanizationin theSanJacinto andnorthernSantaRosaMountainsmay
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haveresultedin irreversiblepopulationdeclines,renderingessentialhabitat

designationin this areapotentiallyuseless.

Response:Therecoveryplanstrivesto intensifymanagementefforts to offset the

lossofhistoric habitat,andtherebymaintainfunctionalpopulationlevelsin the

future. If populationsbecomeextirpatedandtheRecoveryTeamandcooperating

agenciesdeterminethathabitatareasareno longercapableofsupportingself-

sustainingpopulations,futurerevisionsoftherecoveryplanmaydeleteessential

habitat and managementobjectives for thoseareas.

BIOLOGICAL ISSUES

Issue: Onecommenterthoughtthat theeyesightofbighorn equalingthat of

humansaidedby 8-powerbinocularsshouldbeemphasized.

Response:Accordingto Geist(1971),scientificevidenceis not availableto

supportthis popularmyth,which probablyoriginatedwith theexperiencesof

hunters with the species.

Issue: The regular sightingsofbighornsheepin ChinoCanyonand Tachevah

CanyonallegedbyFish and Wildlife Servicebiologistsappearinconsistentwith

portionsofthedraft recoveryplanthat statebighornsheepvanishedfrom the

northernSanJacintoMountainsafter constructionofthePalmSpringsAerial

Tramway.

Response:Thoughramsstill rangenorthof ChinoCanyon,eweshavenot been

documentedin thenorthernSanJacintos(northof ChinoCanyon)sincethe late

1980’s. Thetramwaywasconstructedin theearlyto mid-1960’s.

Issue: Thehigh numberofundeterminedcausesofdeathindicatesthat a better

explanationis neededofhowthedeathswerediscoveredandhow thecauseswere

diagnosed.

Response:Most deathswere discoveredfrom radiocollaredanimalsbecausethe

fateofuncollaredanimalsis far moredifficult to ascertain.Whendeadanimals
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are found,thecauseofdeathis sometimesdifficult to determinebecausein many

cases,coyotesandotherscavengershaveconsumedthecarcassso thoroughlythat
theoriginal causeof death(whetherpredationor not) cannot bedetermined.

Issue: Somecommentersthoughttherecoverycriteria of25 ewesper9 ident~fied

regionsandan averageof750 adultsfor delistingis too low to assuresurvival

andrecovery,andthat theestimatedrangewidecarrying capacityof1,000sheep
appearslow. Anothercommenterthoughtthecriteria requiring a minimumof25

ewesin eachewegroupwouldbe toodfftcult to achieve.

Response:Theteamandagenciesdecidedthat it wouldbe difficult tojustify a

higherpopulationlevel thanwasknownhistorically, especiallygiventhe

extensivehabitatlossandfragmentation,andotherfactorsthatlikely have

reducedcarryingcapacityovertime. Teammembersmostfamiliarwith the

PeninsularRangesassessedcurrentandhistoric habitatquality, andmaderegional

comparisonswith otherbighornsheephabitatsin estimatingcurrentconditions

andcarryingcapacity. The9 regionsweredeemedcapableof supportingin

excessof 25 ewes,with thecarryingcapacityin mostoftheregionssubstantially

exceedingtheminimum. Because750 is an averagefigure, it would benecessary

for thepopulationto rise abovethat level for someperiodof time, likely in

responseto changingcarryingcapacity.Theaveragingcriterionwasselected

becauseit allows naturalpopulationfluctuationsandmanagementflexibility. If

thelong-termcarryingcapacityexceeds750 animals,thepopulationlikely would

exceedthe750minimum establishedin therecoveryplan.

Issue: Theoperationsby theBighornInstitutearecontributingto thedecline

insteadofthe recoveryofbighornsheep.Alternativemethods,suchason-the-

groundsurveys,shouldbe usedfor estimatingpopulationsizeanddistribution,

insteadofmorehighly disruptivehelicopterflights. Helicoptercensusesand

capturesarefar morestressfulto sheepthan researchers,hikers, and riders

quietlymovingthroughsheephabitat.

Response:TheBighorn Instituteconductshundredsof daysofon-the-ground
work and only about6 daysofhelicopterwork eachyear. Conductingon-the-

groundstudiesis oftennot feasibleon privatepropertyandcouldresultin
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significantdisruptionto sheepif implementedat a level neededto estimate

populationdistribution andabundanceatprecisionlevelscomparableto aerial

techniques.Evenat currentlevels,on-the-grounddisturbanceassociatedwith

researchactivitiescouldbe detrimentalif not for rigoroussafeguards.For

example,Bighorn Institutebiologistsregularlydocumentthroughradiotelemetry

thattheirpresence“bumps” or “pushes”sheepin flight awayfrom them,atwhich

point thefield methodologyrequiresbackingoff, which oftenpreventsthe

recordingoffield data.

Issue. Whyis agricultural useadjoiningbighorn sheephabitat considereda

morecompatibleuse,whereasresidentialand resortdevelopmentsarenot?

Response:Agriculturalactivitiesdo not generatethehigh levelsofsecondary

impacts,suchashumanrecreationin adjoininghabitat,asis typically associated

with urbanlanduses. In addition,agriculturallandscanbe restoredto sheep

habitat,whereasurban landusescannot. Thoughagriculturallandswere

excludedfrom delineatedessentialhabitat,severalRecoveryTeammembers

recommendedtheybe includedbecauseof theirrestorationpotential.

Issue: Numerouscommentersinquiredwhetherstudieshavebeenconductedand

evidenceexistsfor thepresenceofbighorn sheepon their lands.

Response:We haveincludedamapwith known locality recordsto providea

betterindicationofbighornsheepdistribution. Referencescited throughoutthe

recoveryplanshouldbeperusedto determinestudyareasandmethods.Thelack

of recordsfor certainareasdoesnotnecessarilyindicatethat sheepareabsent,

only that theirpresencehasnotbeendocumented.

Issue: Theslow reproductiverate and long-termestimatesfor recoveryshouldbe

acceleratedby importingsheepto increasepopulation levels.

Response:Unlessthefactorsthat limit populationgrowth in the Peninsular

Rangesareaddressed,it is unlikely thataprogramto introduceanimalsfrom

outsideareaswould be successful.However,alleviatingin situ decimatingfactors

would allow theresidentpopulationto expandon its own,which would foregothe

242



needfor translocation.Importing animalsalsoposesrisksofdisease

transmission.Regardless,bighornsheeppopulationsthroughouttheMojave

Desertarecurrentlydepressedto the extentthatsurplusanimalsarenotavailable

for importation.

Issue: Given thehistoryofpopulationdeclinesin regionsadjoining urban areas,

it doesnotseemplausiblefor therecoveryplanto claim thatPeninsularbighorn

sheephavea highpotentialfor recovery.

Response:Therecoveryplan attemptsto build on pastexamplesandtaking

actionsoonenoughto reversethedeclineofsheepin ourmountains.The

RecoveryTeamandcooperatingagenciesbelievethat therecoverypotentialis

high if themanagementrecommendationsin therecoveryplanareimplemented.

Issue: Thefurther researchandplanningrequiredthroughthecaptiverearing

and augmentationguidelinesin AppendixC doesnot recognizeor expeditethe

immediaterecoveryneedsandissuesthatmustbeaddressedin theshort-term.

Aftermanyyearsofoperation,theseissuesshouldalreadyhavebeenaddressed

andaplan ready to implement.

Response:The existingoperations oftheBighorn Institutearereviewedannually

by theagenciesandadjustmentsmadeif needed.Captivebreedingfor population

augmentation,populationmonitoring,andresearchhavebeenand continueto be

theprimaryemphasesuntil changesin directionare agreedto by theInstitute,

agencies,and RecoveryTeam.

Issue: Onecommentersuggestedthat thedraft recoveryplan wasdeficient

becausea recentdiscoveryofa desertbighorn sheeppopulationin Ventura

Countywasnot addressed.

Response:Sheeppopulationsin VenturaCountyarenot includedin thedistinct

populationsegmentlisted in thePeninsularRangesand,therefore,arenot relevant
to therecoveryplan.
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Issue: Becausebighorn sheeparewildernessanimals,moreemphasisshouldbe

placeon conservationeffortsin Anza-BorregoDesertStatePark, insteadof

urbanizingCoachella Valley, whereprospectsfor successare lessthan in more

remoteareas.

Response:Numeroussubpopulationsarenecessaryto maintainthelarger
PeninsularRangesmetapopulation.Therefore,recoverywill requireprotectionof

all areasneededto maintaintheconstituentsubpopulations.Thisprotectionwill

requireincreasedmanagementemphasisandcooperationamonglandmanagersin

urbanizedareas.

Issue: Thelimited dispersalandcolonizationcapabilities contradictstatements

elsewherein therecoveryplanthat bighorn sheeparewideranginganimals

dependantupon largetracksofhabitat.

Response:True, eachindividual is a wide-ranging animal with a relatively large
homerange. This behaviorandknowledgeoftheseareasis learnedby the

offspring,which is transmittedacrossgenerations.Thoughcolonizationsofnew

habitatareknownto occur,theyarenot acommonevent. Ramsaremorewide-
rangingthanewesandareknownto movebetweenmountainrangesandewe

groups.

Issue: Thedraft recoveryplan doesnot clearly indicatehowor whethermodels

would be usedto assistin gaininga betterunderstandingofthe interacting

factorsthatplacesheepat risk.

Response:Modelsareatool that helpassimilateknowledgeandunderstand

factorsthat placebighornsheepatrisk, for laterapplicationthroughmanagement

prescriptions.Modelsshouldbeusedanytimetheycanhelpusto better

understandbighornsheeppopulationdynamics,genetics,orecosystems.Though

therecoveryplanprovidesexamplesofhigh priority issuesthat shouldbe

examinedwith models,thepointsatwhich amodel wouldbeappropriateare

difficult to predict. Modeling is includedin thesectionon researchbecauseit is

an ongoingprocessthat will haveto be appliedandmodifiedasquestionsarise

andmoredatabecomeavailable.
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Issue: The recoveryplan is biologically inconsistent,arguingon theonehand

that humandisturbancein wildareascausesthemto avoidotherwiseimportant

habitat buton thehandarguing thatfencesareneededto preventsheepfrom

beingattractedto urban areas.

Response:Bighorn sheepreactdifferently to various kinds ofdisturbance
dependingon numerousfactors,includinglocation. ThenorthernSantaRosa

Mountainsewegroupis theonly herdthathashabituatedto usingtheurban

interface,yetwheninwild habitatdistantfrom theurbanedge,thesesamesheep

reactsimilarly to nonhabituatedherds—thatis, individualsrevertto normalwild

behaviorwhenawayfrom theurbanedge. Thereactionis perhapsmost

pronouncedduringthelambingseason,wheneweswith lambsarefrequently

displacedby humandisturbance.This effect hasbeenrepeatedlydocumented

throughradiotelemetryresearch,wheresheeparesometimesinadvertently

“bumped”or“pushed”fartherawayby researchers,eventhoughthesheeparestill

hundredsofmetersdistant andnotvisible to theresearchers.In otherwords,

behavioralreactionsoftendependon geographicalandseasonalcontext,with the

spectrumofcontrastingresponsesto humanstimuli mostclearlyevidentwithin

this ewegroup.

PREDATORCONTROLISSUES

Issue: Radiocollarsmayrendersheepmorevulnerableto predationand

thereforeshouldnot be usedasprevalentlyastheyare today.

Response:We arenotawareofdatathat indicatesradiocollaredanimalsareat

greaterrisk ofpredationthanuncollaredanimals. Nonetheless,cooperating
agencieshaveattemptedto balancethenumberofradiocollarsto minimize

potentialrisk withoutcompromisinginformationneededto achievepopulation

recovery.

Issue: Whereasonecommenterassertedthat theproposedpredatormanagement

measuresweretoo laxandshouldbemoreaggressivein termnsofmoving
predatorsfrom theareabeforetheybecomean issue,anothercommenterclaimed
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that scientflcevidencewassufficientto indicatethat mountainlion predationwas
not aproblemandthat managementmeasures,therefore,werenot warranted.

Response:This issuewasdiscussedvigorouslyby theteamand agencies.

Becausedocumentedmortalitieswereparticularlyhigh in certainewegroups,the

teamand agenciesdecidedtheprudentcourseofactiondictatedameasured

managementresponse,whichwould bemodifiedasmoredatabecameavailable.

Issue. Predatormanagementshouldbegivenhigherpriority than land

managementrestriction becausemortality to predatorsis themorelikely limiting

factoron bighornpopulations.

Response:Thedraft recoveryplanandavailableevidenceindicatethat individual

subpopulationsareaffectedby avarietyof influencesthataffect populationlevels

andthatthecombinationsandrelativestrengthoftheseinfluencestypically differ

amongewe groupsandchangeovertime. Therefore,therecoveryplanfocuseson

therangeofthreatsfacingbighornsheep.Therecoveryplanprescribes

predeterminedcriteriafor initiating predatormanagementandrecognizesthe

importanceofhabitatprotectionsothatrecoveredpopulationshavesufficient
spaceto inhabit.

Issue: Thelong-termdeclinein habitatquality anddeerpopulationsin theSanta

RosaMountainsshouldbe identifiedasa causeofhigh levelsofmountainlion

predationon bighornsheep,with a strategyto reversethesituation. The recovery

planshouldmoreclearlyestablishthe relationshipofbighornsheepto muledeer
bysuperimposinga deerdistribution map.

Response:Mule deertypically occurathigherelevationsthanbighornsheep,

thoughrangesmayoverlapregionallyandseasonally,suchasduringthewinter

whendeerin someareasmoveto lower elevations.Traditionalpredator/prey

theoryholds that predatorpopulationsincreaseanddecreasein responseto
fluctuatingpreypopulations.However,thereareno dataindicatingthat high

levelsof predationaredueto declinesin habitatqualityor deerpopulations,or

whetherpreyswitchingmaybeoccurringin thePeninsularRanges.Becausedata

on habitatquality, aswell asdeerandmountainlion populationsin thePeninsular

246



Rangesarenot sufficiently robustto provideinsight into thesequestions,thedraft

andfinal recoveryplansproposefocusedresearchto addressthisecologicalissue.

Issue: The recoveryplan doesnotprovidecompellingevidencethatthe

predator/preysystemis not viable,andtherefore,predatorsshouldnotbe

managedunlessa causeand effectrelationshipwith bighornpopulationdeclines

is established.

Response: Thehighincidenceofpredation,comparativelyloweradult

survivorshipratesthanin otherregions,and long-termpopulationdeclines

suggestto landmanagersthatpredationis a limiting factorto populationgrowth
in someareasofthePeninsularRanges.The cooperatingagencieshaveagreed

thatthis evidenceis sufficient to promptresponsiblebutcautiousmanagement

intervention.

Issue: Onecommenterarguedthat counterto claimsin thedraft recoveryplan,

theonlyavailablescientflcevidenceindicatesa decliningtrendin statewide

mountainlionpopulations.

Response:Theevidencepresentedbythecommenterlackedassociatedstatistical

analysis;therefore,thestatisticalresolutionofthedatacannotbeevaluatedandno

-conclusiononpopulationtrendis possible.

TRAIL ISSUES

Issue: Theconstantpresenceofbighorn sheepalongHighway 111 in Rancho
Mirage indicateshumanactivities,suchashikingandjeepuse,maynot create

movementbarriers, assuggestedin thedraft recoveryplan. Furtherinformation

is requestedto supportwhybackroadsandtrails aredetrimentalto sheepwhen

theyare knownto cross6-lanehighways(e.g. Highway111 in RanchoMirage).

Response:Therecoveryplancitesnumerousstudiesthathavedocumented

avoidancebehaviorto humanrelateddisturbance(seePapouchiset al. 1999for

example).Numerousrecordsof vehicularrelatedmortalityprovidefurther

evidenceofadverseeffects. The recoveryplanseeksto remedythemaladaptive
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behaviorofhabituationto urbansourcesoffoodandwaterso that sheeparebetter

ableto survivein thewild.

Issue: A trails mapto clarfyandaccompanyTable10 is needed.

Response:Thougha good idea,an accuratetrails mapis not currentlyavailable.

Thecooperatingagenciesarepursingthe developmentofsuchamap.

Issue: Detailedmapsoflambing, rearing, and wateringhabitatareneededto
just~fyanydecisionsto closetrails.

Response:Thedistributionof lambing,rearing,andwateringhabitatis

incompletelyknownand,therefore,cannotbe accuratelymapped.Thefinal

recoveryplanhasbeenmodified to includeamorecompletesetof information

uponwhichtrails decisionsshouldbebased.

Issue.’ A permitsystemshouldbe usedfor controllingtrail useon all trails for

whichconflictswereidentifiedin therecoveryplan.

Response:Thecooperatingagenciesareworkingwith interestgroupsin the

formulationofa rangeofalternativetrails strategiesthatincludethisoption.

Issue: The recoveryplanshouldconsiderthat in theSanJacintoMountains,the

existingtrails networkappearstoprovideapassivedisturbanceboundarythat

maycontrolsheepaccessto theurban interfaceandpreventexposureto the

urbanhazardsexperiencedin thenorthernSantaRosaMountains. Consequently,

seasonalorpermanenttrail closurescouldhaveunintendedadverseeffects.

Response:A trails managementplanpreparedby thelandmanagementagencies

and interestgroupswill considerthemerits ofthis comment. Certainadjustments

to theexistingtrails networkandassociatedmonitoringcouldbe implementedto

improveuponthis concept.

Issue: Morespecificityis neededin describingwherehumandisturbanceand

other indirect effectsofurbanizationis conflictingwith sheepconservation.
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Response:Humanintrusionandassociateddisturbancehasthepotentialto extend
whereveraccessinto habitatis provided. Thoughlambingandwateringhabitats

areparticularlyvulnerable,excessivehumanusethroughouttheyearmayalso

affectbighornpersistence.

Issue.’ Will mitigationcreditsbegivenfor theeradicationofinvasivenon-native

plants?

Response:Conservationmeasuresfor proposedprojectswill be determinedon a

caseby casebasisthroughregulatoryprocessesoflocal, State,andFederal

agencies.

Issue: TheJanuarythroughJunetrail conflictsin theSanJacintoMountains

appearexcessiveif the lambingseasonthereextendsonly throughmid-March.

Response:Thedraft recoveryplanstatedon page12 that DeForgeeta!. (1997)

foundasimilaronsetto the lambingseasonin Februaryin theSanJacintos.

Cunninghamfoundthat lambingin CarrizoGorgeextendedonly to mid-March.

Lambsarecritically dependentupontheirmothersfor severalmonthsafterbirth.

Issue: Ratherthan monitoringto ensurecompliancewithseasonaltrail closures

beforeallowingconstructionoftrail reroutesoutoflambinghabitat, therecovery

planshouldallowsimultaneousconstructionofalternativetrail routesto enhance

theeffectivenessofseasonalclosureson existingtrails in lambing habitat.

Response:Thefinal recoveryplanhasbeenmodifiedto incorporateflexible

approachesthatwill beprovidedin moredetail in thetrails managementplan

preparedby thecooperatingagenciesand interests.Withoutadequate

managementandmonitoring,this approachcouldresultin moretrails andno

reductionin useofproblematictrails.

FENCINGISSUES

Issue: The draft recoveryplan doesnotprovideevidencefor theeffectivenessof

theproposedfencingasa mitigation measureandfails to addresstheassociated
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financialandvisualburdens.Exceptin areaswith vehicularrelatedmortalities,

theneedforfencingis questionable,consideringthepotentiallydetrimental

effectsofseveringhabitat, restrictingsheepmovement,andrenderingsheepmore
vulnerableto predationagainstfences.Alternativestofences,suchas

nonmotorizedtrails adjoiningdevelopment,whichwouldprovidea deterrentto

sheepmovementinto urbanareas, warrant moreanalysis. By imposingthe

mandateforfencingon privateproperty withoutadequatejustification, thedraft

recoveryplanactedin an arbitrary mannerin excessofstatutoryauthority.

Response:Thecooperatingagenciesare opento alternativemeansofcontrolling

sheepmovementsinto urbanareas. However,somelandownersandjurisdictions

havechosenfencingasanaffordableandreliablesolutionto theproblemof

behavioralhabituation. Wheninstalled,fenceshaveproveneffectiveand

aestheticconcernshavebeenaddressedthroughalternativedesignsand

alignments. Fencingalongtheurban interfaceis intendedto benefitsheepby

curtailingmovementinto areaswith unnaturalsourcesofmortality andhelp
reduceherdmortality ratesto sustainablelevels. Thedemonstratedlossof

animalsto vehicularrelatedmortality,poisoningfrom landscapingplants,

drownings,etc.,establisha legal nexusto warrantmeasuresto preventthese

adverseeffects.

NON-NATIVE ANIMAL ISSUES

Issue: Therecoveryplan needsto establisha bufferzonebetweenbighorn sheep

habitat andcattlegrazing,aswasdonefor domesticsheepgrazing,sothat the

risk ofdiseasetransmissionis minimized.

Response:Thereis no conclusiveevidenceto supportabuffer zonefor disease

protectionfrom cattleasthereis for domesticsheep.Therecoveryplan
recommendsresearchon diseasetransmissionbetweenlivestock andbighorn,and

if abufferzoneis shownto bewarranted,future iterationsoftherecoveryplan

will be amendedaccordingly.

Issue: Cattlegrazingand associatedfencingshouldnotbe allowedfor various

reasons,includingdiseasehazardsandrisk ofphysicalinjury to bighornsheep.
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Response:Weagreethat fencingshouldbe minimizedandeliminatedif possible.

If fencingis necessary,designguidelineshavebeendevelopedthat minimize and
preventtherisk of injury. Therecoveryplanestablishestheneedto thoroughly

reviewtheappropriatenessofcattlegrazingin sheephabitatandtakeactionif

prudent.
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Region 1
U.S. Fish and Wildlife Service
Ecological Services
911 N.E. 11th Avenue
Portland, Oregon 97232-4181
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Guy 
Wagner/CFWO/R1/FWS/DOI
Sent by: Guy Wagner

06/17/2009 07:46 AM

To Toni Parr/CFWO/R1/FWS/DOI@FWS

cc

bcc

Subject Fw: Solar Two Map PBHS Map.ppt

Toni,

Attached is an e-mail regarding the FOIA request.

Guy D. Wagner, Ph. D.
Fish and Wildlife Biologist
Carlsbad Fish and Wildlife Office
(760) 431-9440 ext. 372
guy_wagner@fws.gov

----- Forwarded by Guy Wagner/R8/FWS/DOI on 06/17/2009 07:44 AM -----

Pete 
Sorensen/CFWO/R1/FWS/DO
I

05/27/2009 02:47 PM

To Guy Wagner/R8/FWS/DOI@FWS

cc

Subject Fw: Solar Two Map PBHS Map.ppt

----- Forwarded by Pete Sorensen/CFWO/R1/FWS/DOI on 05/27/2009 02:47 PM -----

Daniel 
Steward/CASO/CA/BLM/DOI
@BLM

05/27/2009 02:35 PM

To Pete Sorensen/CFWO/R1/FWS/DOI@FWS

cc Larry LaPre/CASO/CA/BLM/DOI@BLM

Subject Fw: Solar Two Map PBHS Map.ppt

Pete,

Here is a map of where the sheep were spotted.

Daniel Steward, Resources Branch Chief
Bureau of Land Management, El Centro Field Office
1661 South 4th Street
El Centro, CA 92243
Phone: (760) 337-4424
Cell: (760)791-5602
Fax: (760) 337-4490
----- Forwarded by Daniel Steward/CASO/CA/BLM/DOI on 05/27/2009 02:34 PM -----

"Kevin Harper" 
<Kevin.Harper@tesserasolar.
com>

05/26/2009 05:03 PM

To <daniel_steward@ca.blm.gov>

cc <Thomas_Zale@blm.gov>, <Jim_Stobaugh@blm.gov>, 

<Gregory_Miller@ca.blm.gov>
Subject Solar Two Map PBHS Map.ppt
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Desert-dwelling Mountain Sheep: 
Conservation Implications 
of a Naturally 
Fragmented Distribution 
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Bishop, CA 93514, U.S.A. 
and 
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Abstract: Mountain sheep (Ovis canadensis) are closely as- 
sociated with steep, mountainous, open terrain. Their habi- 
tat consequently occurs in a naturally fragmented pattern, 
often with substantial expanses of unsuitable habitat be- 
tween suitable patches; the sheep have been noted to be slow 
colonizers of vacant suitable habitat. As a result, resource 
managers have focused on ( I )  conserving “traditional” 
mountainous habitats, and (2) forced colonization through 
reintroduction. Telemetry studies in desert habitats have re- 
corded more intermountain movement by desert sheep than 
was previously thought to OCCUT. Given the heretofore unrec- 
ognized vagilily of mountain sheep, we argue that existing 
corridors of “nontraditional” habitat connecting mountain 

’ Correspondence should be addmsed to this author. 
?Present address: Jones and 2600 VStreet Suite 100, Sacramento, CA 
95818, US.A 
Paper submitted Januuv 25, 1989; revised manuscript accepted No- 
vember 7, 1989. 

Resumen: Los borregos cimarrones (Ovis canadensis) exhi- 
ben una asociacion cercana con terrenos montanosos escar- 
pados y abiertos. En consecuenci4 su habitat ocuwe en un 
patron naturalmente fragmentado, frecuentemente con 
grandes extensiones de habitat impropio separando las ar- 
eas apropiadas; y se ha notado gue 10s borregos cimarrones 
son lentos en colonizar habitat apropiado vacante. Como 
resultado de estes observaciones, gerentes de recursos natu- 
rales ban enfocado su atencion en ( I )  constwacion de ha- 
bitat montanoso “tradicional” y (2) colonizacion forzado 
por reintroduccion. Estudios telemetricos en habitates 
desiertos ban demostrado mds movimiento entre sierras que 
antes se creia que ocurria Dado la tendencia de vagar basta 
abora no reconocido de 10s bowegos cimarrones, propone- 
mos que cowedores actuales de habitat no tradicional que 
conectan sierras merecen consideracion adecuada para con- 
smacion. Ademds, se debe reconocer la importancia para 
poblaciones relativamente aisladas de 10s borregos cimar- 
rones de areaspequenas de habitat montanoso que, aunque 
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ranges be given adequate conservation consideration. Addi- 
tionally, small areas of mountainous habitat that an? not 
permanently occupied but that may serve as “stepping 
stones” within such com’dors must be recognized for their 
potential importance to relatively isolated populations of 
mountain sheep. We discuss the potential importance of 
such corridors to other large, vagile species. 

no ocupadas de manera pemzanente, pueden facilitar el 
movimiento de 10s bowegos cimamnes dentpo de dichos 
cowedores. Se seriala la importancia de estos cowedorespara 
ohos esDecies mantes mandes. 

Introduction 

Wilcox and Murphy (1985:884) echoed an increasingly 
common concern when they stated, “That current eco- 
logical theory is inadequate for resolving many of the 
details should not detract from what is obvious and ac- 
cepted by most ecologists: habitat fragmentation . . . is 
the primary cause of the present extinction crisis.” In- 
deed, fragmentation has been a central theme of much 
recent literature dealing with conservation biology 
(e.g., Soule & Wilcox 1980; Schonewald-Cox et al. 1983; 
Harris 1984; Lehmkuhl 1984; Schwartz et al. 1986; Soule 
1986; and Chepko-Sade & Halpin 1987). Both commu- 
nity-level (e.g., Wilcove et al. 1986) and population- 
level (e.g., Ralls et al. 1986; Allendorf & Leary 1986) 
theory have been applied to current conservation prob- 
lems. The former has been concerned with species di- 
versity and the latter with the long-term integrity of 
gene pools. Two primary approaches are used to main- 
tain adequate gene pools in fragmented situations (1) 
periodic induced migration (Frankel 1983); and (2) 
maintaining or creating corridors to connect fragments 
(Schonewald-Cox 1983; Simberloff & Cox 1987; Noss 
1987). This paper addresses the long-term maintenance 
of genetically viable populations of desert-dwelling 
mountain sheep (0th canadensis ssp.) via the latter 
approach. In addition, we discuss the related topic of 
protecting islands of habitat that do not support perma- 
nent populations but may be used occasionally, serving 
as important “stepping stones” in migration corridors. 

Philopatry in Desert-dwelling Mountain Sheep 

Mountain sheep, in general, are closely associated with 
steep, mountainous, open terrain (Geist 1971), which 
results in naturally disjunct demes. This habitat prefer- 
ence reflects two basic adaptations of mountain sheep 
relative to predation ( 1 ) great agility on rocks; and (2) 
keen vision to detect predators at sufkient distances to 
make escape probable. 

Following the early decimation of mountain sheep in 
North America, it became evident that this species was 
inherently slow to recolonize vacant habitat. Conse- 
quently, reintroductions became an important manage- 
ment technique, dating back as far as the 1930s. Geist 
(1967, 1971) was the first to propose a general theory 

on the conservative colonization behavior of mountain 
sheep. The result has been an emphasis on conserva- 
tion of mountainous habitats for wild sheep, with little 
concern for intermountain areas. For example, the 21 
specific plans to conserve habitat for desert-dwelling 
mountain sheep called for in the California Desert Con- 
servation Area Plan (Bureau of Land Management 
1980:35-36) are restricted to speciik mountainous ar- 
eas totaling only 4,800 km2. It is not our purpose to 
criticize these attempts to protect and enhance habitat; 
instead, we cite that document as an example of 
“traditional” thinking with respect to the protection of 
“traditional” habitat. 

In addition to the behavioral conservatism of moun- 
tain sheep that Geist (1971) emphasized relative to 
dispersal, he documented some interpopulation 
movements, mostly by rams, in which they crossed 
“nontraditional” sheep habitat. Desert ecosystems differ 
markedly from the northern systems studied by Geist 
( 197 1 ), in that the relatively flat terrain separating 
“traditional” habitat islands lacks dense vegetation. Such 
terrain should represent less of a barrier to dispersal 
than the forests of more northern ecosystems. Addition- 
ally, many desert mountain ranges lack large carnivores 
such as mountain lions (Felis concolor) and wolves 
(Canis lupus), which may be more common in inter- 
mountain habitats of the north. Consequently, one 
might expect less conservative dispersal behavior of 
mountain sheep in desert ecosystems compared with 
northern systems. 

Early researchers (e.g., Russo 1956) were aware of 
intermountain movements by desert-dwelling mountain 
sheep. Recent technology has resulted in a vastly ex- 
panded knowledge of patterns of habitat utilization by 
these animals. In Arizona, occasional intermountain 
movements by ewes were documented, in addition to 
extensive intermountain movements by rams (Witham 
& Smith 1979; Cochran & Smith 1983; Ough & deVos 
1984; Krausman & Leopold 1986). In Nevada, Mc- 
Quivey (1978) noted the presence of rams and ewes in 
ranges not known to have resident populations. Simi- 
larly, Elenowitz (1982) and King & Workman (1983) 
documented movements of mountain sheep across 
highways, fences, and intermountain flats in New Mex- 
ico and Utah, respectively. Extensive ongoing telemetry 
studies in the Mojave Desert of California also confirm 
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intermountain movement by both rams and ewes (Ber- 
bach 1987; V. C. Bleich, A.M. Pauli, R.L. Vernoy, J.D. 
Wehausen, unpublished data). 

Wilson et al. (1980) noted that, “all areas utilized by 
desert bighorn are essential to their continued survival”. 
This has become an increasingly common concept in 
recent years, as more and more investigators have con- 
sidered the role of habitats separating desert mountain 
ranges (e.g., Ough & deVos 1984; Cooperrider 1985; 
Krausman & Leopold 1986; Schwartz et al. 1986). These 
authors also considered the importance of small popu- 
lations and began to incorporate concepts of population 
genetics relative to questions of wild sheep manage- 
ment. 

published data) indicates substructuring within tradi- 
tionally defined populations that would minimize 
inbreeding. Many populations appear to consist of a 
number of distinct but overlapping female home ranges. 
Although female offspring generally appear to adopt the 
home range of their mother, mature males appear to 
spend the rut outside of their maternal home range. 

Both dispersal and social structure potentially are im- 
portant determinants of effective population size 
(Chepko-Sade et al. 1987). Dispersal, coupled with sub- 
structuring of populations, probably acts to maintain ge- 
netic variation within populations of mountain sheep. 
Maintaining such variation presumably is important in 
preserving the evolutionary potential of metapopula- 
tions and, as such, should be of concern to managers. 

Genetic Considerations 
Ecological Considerations 

The concern about genetic health of desert-dwelling 
mountain sheep arose from (1 ) a popular (Seton 1929; 
Buechner 1960; DeForge et al. 1979), but probably 
greatly exaggerated (Welles 1962; V. C. Bleich and S. A. 
Holl, unpublished data) assumption that mountain 
sheep in general have declined to approximately 2% of 
their historical population level in North America; (2) 
their relatively isolated natural habitat, the rugged peaks 
of desert mountain ranges (Hansen 1980); (3) their po- 
lygynous mating system (Geist 1971); and (4) the as- 
sumption that cultural features developed in the last 
century prevent dispersal across the relatively flat 
ground between desert mountain ranges (Bailey 1980). 
Geist (1975) raised the general question of genetic ef- 
fects on mountain sheep populations when interpopu- 
lation movements could no longer occur. 

Schwartz et al. (1986) looked at this question through 
applying population genetics theory to a “meta- 
population” of mountain sheep in the Mojave Desert of 
California and Nevada that was bounded by two major 
fenced highways and the Colorado River, and included 
about 1,600 sheep distributed in 15 subpopulations 
(demes). Their analyses suggested that relatively low 
levels of gene migration were necessary to prevent loss 
of genetic diversity in small populations. While migra- 
tion of genes is difficult to document, the increasing 
evidence of intermountain movement by rams in the 
breeding season suggests that the low levels of gene 
migration considered necessary probably are met. Their 
study area would satisfy the requirements for a preserve 
of a size consistent with (1) the long-term genetic 
health of populations, (2) the possibility of establishing 
additional subpopulations, and (3) the possibility of 
continued divergence and long-term evolution (level 7 
or 8 preserve; Schonewald-Cox 1983). Also, mounting 
evidence (Festa-Bianchet 1986; Geist 1971; J. D. We- 
hausen, V. C. Bleich, A.M. Pauli, and R. L. Vernoy, un- 

In addition to corridors necessary to facilitate gene flow, 
the ecological value of mountainous habitats not perma- 
nently occupied should be recognized. Recent work in 
California has documented further the use of areas not 
traditionally considered to be mountain sheep habitat. 
For example, Cowhole Mountain, located approxi- 
mately 5 km across a broad, sandy area west of Old Dad 
Peak, has been found to be a lambing area for the Old 
Dad Peak population and is used at other times of the 
year by different cohorts of the population as well. Sim- 
ilarly, in 1987 two telemetered ewes from the Old 
Woman Mountains visited the neighboring Iron Moun- 
tains in winter and the Ship Mountains in spring. One of 
these bore a lamb in the Iron Mountains and returned to 
the Old Woman Mountains three months later. Her dis- 
appearance from the Old Woman Mountains in the win- 
ter of 1986 suggests that this may be a regular pattern. 
This view is supported by a native of Milligan (personal 
communication 1987), a town at the southern tip of the 
Old Woman Mountains, who reported regularly seeing 
sheep tracks crossing between the Old Woman and Iron 
mountains in winter and spring. Both the Ship and Iron 
mountains are separated from the Old Woman Moun- 
tains by 6-8 km of desert flats and blow sand. The po- 
tential ecological importance of these and similar areas 
should not be underestimated. The sheep population in 
the Old Woman Mountains has been depressed during 
the 1980s, possibly because of a high prevalence of cat- 
tle diseases (Clark et al. 1985; Wehausen 1988). The 
observed intermountain movements by ewes may be 
remnants of movements that formerly occurred on a 
larger scale and that could be in danger of being lost as 
a regular pattern. No land management plan even con- 
siders the potential importance of the Ship and Iron 
mountains to the Old Woman Mountains population. 

Although the Iron Mountains have been identified as 
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a potential reintroduction site (see below), such action 
has been delayed by the potential that animals moving 
from the Old Woman Mountains will transmit disease to 
the Iron Mountains. Dobson and May (1986) have cau- 
tioned against such scenarios. Indeed, intermountain 
movements are a double-edged sword - necessary for 
gene flow, but potentially deleterious due to disease 
transmission (Simberloff & Cox 1987). Such move- 
ments may have been a major factor in the current wide- 
spread distribution of parainfluenza-I11 virus in desert 
populations of mountain sheep (Clark et al. 1985; We- 
hausen 1987). 

Conclusions 

The notion that the habitat of desert-dwelling mountain 
sheep is restricted to those mountain masses that pro- 
vide food, cover, and water and that support permanent 
populations of the species is no longer adequate. Al- 
though habitat within mountain ranges can be enhanced 
(e.g., Bleich et al. 19824 1982b; Werner 1985), such 
activities must be conducted with the awareness that all 
areas used by mountain sheep may be essential for their 
long-term survival. For viable populations of mountain 
sheep to persist, more than “mountain islands within 
desert seas” must be protected. Although natural forces 
such as precipitation may drive the dynamics of popu- 
lations within these “islands” (Monson 1960; Bleich 
1986; Douglas & Leslie 1986; Wehausen et al. 1987), 
and disjunct populations may simultaneously experi- 
ence “boom” or “bust” phenomena, the actions of hu- 
mans will determine the ultimate fate of this species. 

Wilcox and Murphy ( 1985) concluded that the risk of 
fragmentation is threefold ( 1 ) demographic units may 
be destroyed outright, reduced in size, or subdivided; 
(2) potential sources of emigrants may be lost; and ( 3 )  
immigration may be impeded by conversion of natural 
habitat. All of these are applicable to the conservation of 
mountain sheep in desert ecosystems. Nonetheless, it 
is important to recognize that a naturally fragmented 
distribution, as found among populations of desert- 
dwelling mountain sheep, can minimize the probability 
of extinction where catastrophic population losses are a 
factor (Quinn & Hastings 1987). This is the fundamental 
concept underlying the Recovery and Conservation 
Plan for mountain sheep in the Sierra Nevada of Califor- 
nia (Sierra Bighorn Interagency Advisory Group 1984). 
The history of mountain sheep is replete with examples 
of decimation and extinction of local populations due to 
diseases, mostly contracted from domestic livestock 
(Buechner 1960; Robinson et al. 1967; Stelfox 1971; 
Sandoval 1980; Foreyt & Jessup 1982; Goodson 1982; 
Onderka & Wishart 1984; Jessup 1985). Although such 
demographic impacts may far outweigh long-term ge- 
netic considerations from a conservation standpoint 

(Lande 1988), migration between disjunct subpopula- 
tions remains critically important, not only for genetic 
reasons, but also for natural recolonization of habitat 
that may become vacant. Berger (1990) has recently 
demonstrated the high probability of extinctions of 
small populations of mountain sheep in this century. If 
even a fraction of these extinctions would have oc- 
curred in the absence of influences related to the white 
man, natural extinction and recolonization may be con- 
siderably more common than previously thought. 

To ensure the long-term conservation of these ani- 
mals in a wild state, future management strategies for 
mountain sheep in the desert must take more factors 
into account in a larger-scale approach. Management 
documents should begin to seriously consider inter- 
mountain travel corridors for sheep, taking steps to min- 
imize potential barriers such as range fences and motor- 
ized recreational activities. Managers should also 
recognize that if domestic livestock graze along such 
corridors, diseases may be transmitted to mountain 
sheep populations via migrating animals. Domestic 
sheep are particularly dangerous in this regard because 
they carry fatal respiratory bacterial strains (Onderka & 
Wishart 1988; Onderka et al. 1988; Foreyt 1989). Small, 
isolated tracts of “traditional” habitat that is not perma- 
nently occupied should be recognized as potential sea- 
sonal habitat and as “stepping stones” within migration 
corridors. Translocation programs should give priority 
to reestablishing populations on ranges that will de- 
crease interdeme distances so as to facilitate gene mi- 
gration. 

The Bureau of Land Management recently prepared a 
management plan for mountain sheep on all applicable 
desert ranges in the southwestern United States. The 
plan incorporates the concept of metapopulations (BLM 
1988). It sets as its goal the recovery of 115 “popu- 
lations” to “viable” status ( 3  100 sheep). However, 
there remains a need to map all potential meta- 
populations of mountain sheep as well as known and 
potential intermountain corridors throughout their des- 
ert range, and to develop conservation strategies on that 
geographic scale. 

Figure 1 is an example of a metapopulation from 
southeastern California. It is bounded on the north, 
south, and west by major, fenced interstate highways, 
and on the east by the Colorado River. Relatively few 
unfenced, paved roads exist within this metapopulation; 
thus, with the exception of the Twenty-Nine Palms and 
Lucerne Valley areas, and an aqueduct partially separat- 
ing the Coxcomb Mountains from the Graniteden and 
southern Iron mountains to the east and the Turtle 
Mountains from the unoccupied ranges to the south, 
there are few physical obstructions to intermountain 
movements by mountain sheep. Approximately 1,000 
mountain sheep permanently inhabit 1 5 of 3 1 mountain 
ranges in this region. Two of the 15 inhabited ranges 
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Figure 1. Map of a metapopulation of mountain sheep in southeastern California Stippled mountain ranges 
currently have resident populations of the approximate size listed. Mountain ranges with N = 0 are extirpated 
populations; ranges with no N value listed are not known ever to have had resident populations. Arrows indi- 
cate documented intermountain movements by mountain sheep. 

have been reestablished by translocation (Whipple and 
Sheephole). Only 8 of the 15 ranges support popula- 
tions of 50 or more sheep. We have documented move- 
ments of mountain sheep between 1 1  pairs of mountain 
ranges depicted in Figure 1; the mean distance between 
those ranges is about 9 km (range = 6 2 0 ) .  

From the standpoint of fragmentation, the population 
in the Newberry Mountains in the NW corner of Figure 
1 is particularly isolated. In fact, as recently as 1982 this 
population was not known to exist (Weaver 1982). Re- 
establishing populations along the link between the 
Rodman and Bullion mountains should be a high prior- 
ity within this metapopulation. The entire Bullion and 
Lava Bed Mountains, however, are within the Twenty- 
Nine Palms Marine Corps Training Center. The Depart- 
ment of Defense is currently pursuing a reintroduction 
of mountain sheep in the Bullion Mountains in cooper- 
ation with the California Department of Fish and Game. 

Geographically, the second most notable fragmenta- 
tion within this metapopulation is the separation of the 
three populations in the SW corner from the others. 

This constitutes a much less serious situation than the 
Newberry Mountains in that the combined population 
in this area totals about 275 sheep (Fig. 1). Neverthe- 
less, reestablishing a population in the Pinto Mountains 
would facilitate migration between these three popula- 
tions and the remainder of the metapopulation. 

Within the eastern portion of this metapopulation, 
reestablishing a population in the Iron Mountains would 
provide an important connection between the Sheep- 
hole/Eagle/Coxcomb/Granite-Palen mountains complex 
and the occupied ranges to the NE. Given that the 
former complex contains only about 100 total sheep, 
reestablishing a population in the Iron Mountains 
should have priority over such an effort in the Pinto 
Mountains. The aforementioned disease question, how- 
ever, will play an important role in the decision to re- 
establish a permanent population in the Iron Mountains. 

Of the ranges not known previously to have had res- 
ident mountain sheep populations, the Stepladder 
Mountains are particularly important as a central “step- 
ping stone” potentially connecting four surrounding 
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populations. The Piute, Little Piute, Ship, and Calumet 
mountains are only somewhat less central, and three of 
these are known to have been visited by sheep from 
adjacent ranges. Similarly, the Lava Bed Mountains have 
the potential to serve as an important link between the 
Bullion and Rodman mountains, if populations become 
established there. 

Our discussion has centered around the importance 
to mountain sheep of unimpeded movement. A similar 
concern can be extended to other terrestrial species 
whose primary habitat naturally occurs in disjunct 
patches but that cross expanses of less desirable habitat 
between such patches to some extent. Both mule deer 
(Odocoileus hemionus eremicus, 0. h. crooki) and 
mountain lions, where they occur in deserts, probably 
fit these criteria. Previous discussions of habitat corri- 
dors (Simberloff & Cox 1987; Noss 1987) have referred 
to maintaining or creating corridors of habitats similar 
to those being connected. The situation considered 
here differs somewhat in that the disjunct nature of pri- 
mary habitat patches is natural and the corridor habitat 
is clearly less desirable to the species involved but is 
nevertheless used in moving between suitable patches. 

Schwartz et al. (1986) concluded, “In general, desert- 
dwelling mountain sheep populations are sufficiently 
abundant and juxtaposed, and areas of habitat are still 
sufficiently large to allow the continued existence of 
this species throughout much of its historic range.” We 
still have the raw materials; what is needed is a commit- 
ment to protect and manage them properly. Only with 
the recognition that stewardship responsibilities extend 
beyond areas of “traditional” habitat and what are per- 
ceived to be “viable” populations will we assure the 
long-term stability of desert-dwelling mountain sheep 
and other vagile species that similarly inhabit naturally 
fragmented habitat. 
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Summary

1.

 

Better tools are needed to predict population connectivity in complex landscapes.
‘Least-cost modelling’ is one commonly employed approach in which dispersal costs
are assigned to distinct habitat types and the least-costly dispersal paths among habitat
patches are calculated using a geographical information system (GIS). Because adequate
data on dispersal are usually lacking, dispersal costs are often assigned solely from
expert opinion. Spatially explicit, high-resolution genetic data may be used to infer
variation in animal movements. We employ such an approach to estimate habitat-
specific migration rates and to develop least-cost connectivity models for desert bighorn
sheep 

 

Ovis canadensis nelsoni

 

.

 

2.

 

Bighorn sheep dispersal is thought to be affected by distance and topography. We
incorporated both factors into least-cost GIS models with different parameter values
and estimated effective geographical distances among 26 populations. We assessed
which model was correlated most strongly with gene flow estimates among those
populations, while controlling for the effect of anthropogenic barriers. We used the best-
fitting model to (i) determine whether migration rates are higher over sloped terrain
than flat terrain; (ii) predict probable movement corridors; (iii) predict which populations
are connected by migration; and (iv) investigate how anthropogenic barriers and
translocated populations have affected landscape connectivity.

 

3.

 

Migration models were correlated most strongly with migration when areas of at
least 10% slope had 1/10th the cost of areas of lower slope; thus, gene flow occurred over
longer distances when ‘escape terrain’ was available. Optimal parameter values were consistent
across two measures of gene flow and three methods for defining population polygons.

 

4.

 

Anthropogenic barriers disrupted numerous corridors predicted to be high-use
dispersal routes, indicating priority areas for mitigation. However, population
translocations have restored high-use dispersal routes in several other areas. Known
intermountain movements of bighorn sheep were largely consistent with predicted corridors.

 

5.

 

Synthesis and applications.

 

 Population genetic data provided sufficient resolution to
infer how landscape features influenced the behaviour of dispersing desert bighorn
sheep. Anthropogenic barriers that block high-use dispersal corridors should be miti-
gated, but population translocations may help maintain connectivity. We conclude that
developing least-cost models from similar empirical data could significantly improve
the utility of these tools.
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Introduction

 

Defining and maintaining connectivity of  natural
populations has become a conservation priority
(Moilanen 

 

et al

 

. 2005). As natural populations become
increasingly fragmented by habitat destruction and the
creation of dispersal barriers such as roads, extinction
probabilities for some populations will increase due to
demographic and genetic factors associated with re-
duced dispersal (Hanski 1999; Hedrick 2005). Greater
recognition that isolation of protected areas will lead
to faunal relaxation (the gradual loss of  species,
e.g. Soule, Wilcox & Holtby 1979) has resulted in
world-wide efforts to link protected areas using
corridors, buffer zones and mixed-use areas. Models
that incorporate land use, habitat quality, human
activities and other factors are often employed to aid
the mapping of landscape connectivity and prioritize
land acquisitions (e.g. Hunter, Fisher & Crooks 2003;
Nikolakaki 2004). However, identifying the optimal
locations of wildlife corridors has proved to be difficult
and controversial, in part because the details of how
different species disperse across landscapes are often
inadequately understood.

The advent of geographical information systems
(GIS) analysis as a tool for identifying corridors
and defining population connectivity has led to the
widespread application of techniques such as ‘least-cost’
modelling (Adriaensen 

 

et al

 

. 2003) and ‘friction’
analyses (Ray, Lehmann & Joly 2002; Joly, Morand &
Cohas 2003; Sutcliffe 

 

et al

 

. 2003; Nikolakaki 2004).
Models created through these approaches are based
typically on raster maps that divide landscapes into
many cells with unique values that depict different
habitat or vegetation types, elevation, slope or other
landscape features. Cells are given weights or ‘resistance
values’ reflecting the presumed influence of  each
variable on movement of the species in question. Least-
cost routines (see Adriaensen 

 

et al

 

. 2003), then, are
employed to: (i) calculate the relative cost of all possible
routes among populations or islands of core habitat;
(ii) determine the least costly route for animal movement
between pairs of populations or core areas of habitat;
and (iii) plot these most probable routes on maps for
use in conservation planning. ‘Cost’ is related to
probability of transit and may not be defined explicitly;
energetic costs, increased risk of predation or costs
associated with reduced forage availability are among
the reasons why an animal might avoid or be less able to
traverse a landscape feature.

Although the least-cost approach has been employed
widely (e.g. Adriaensen 

 

et al

 

. 2003; Beazley 

 

et al

 

. 2005;
Rouget 

 

et al

 

. 2006), this approach has two major
drawbacks. First, the underlying models of dispersal
(i.e. what resistance values are assigned to different
landscape categories) are based rarely on anything
more than informed opinions from experts. Where
empirical data are available, dispersal costs are typically
inferred from presence/absence or abundance data in

different habitats, but such data may reflect habitat
use rather than dispersal cost. Second, although these
techniques define the most probable route according to
the cost weighting system, the actual cost of a route
over which dispersal can occur is unknown. Therefore,
despite the increasing need and frequent application of
such tools, these largely untested models are of uncertain
value for conservation planning and management.

Population genetics approaches offer additional
tools that can be applied to questions of dispersal and
connectivity. Selectively neutral genetic markers can
provide indices of gene flow derived from differences in
allele frequencies between individuals or populations
(Waser & Strobeck 1998). The emerging field of ‘landscape
genetics’ uses high-resolution genetic data to determine
the influence of landscape features such as fields (Vos

 

et al

 

. 2001) or highways (Keller & Largiader 2003;
Epps 

 

et al

 

. 2005) on gene flow and dispersal (Manel

 

et al

 

. 2003). However, developing dispersal models
from genetic data entails large data sets and certain
assumptions.

In particular, migration (in the sense of gene flow)
operates at a different time scale than dispersal. Genetic
data may reflect long-term dispersal patterns, but the
time-period represented is variable and depends partly
on the effective size (

 

N

 

e

 

) of the populations. Time to
equilibrium between migration and drift is proportional
to 

 

N

 

e

 

 (Slatkin 1993). Therefore, among populations
with small 

 

N

 

e

 

, estimates of genetic distance or gene flow
should reflect more recent dispersal patterns than
estimates among populations with large 

 

N

 

e

 

. Simulated
data can be used to describe more clearly the time scale
for a given data set (e.g. Epps 

 

et al

 

. 2005), but in general
the time scale represented is unknown. Furthermore,
migration reflects effective dispersal, i.e. dispersal
followed by reproduction. Individuals that disperse
and do not reproduce will not be represented unless
they are sampled directly. This could be advantageous
if  effective dispersal is the process of  interest, but
might not be as useful when considering, for instance,
the role of dispersing individuals in spreading disease.
Finally, sex-biased dispersal must be considered;
gene flow estimates derived from nuclear DNA may
largely represent movements of the least philopatric sex.
Despite these possible limitations, genetic analyses may
provide comprehensive pictures of dispersal that are
otherwise unavailable (Koenig, VanVuren & Hooge
1996).

Efforts to develop more sophisticated models of
migration from genetic data that consider species’
dispersal behaviour are increasingly common. One such
approach is to examine the correlation of gene flow
with measures of  ‘effective geographical distance’
(EGD) among populations, in addition to measures of
geographical distance or the presence or absence of
specific elements such as roads (Michels 

 

et al

 

. 2001).
EGD is a composite measure of dispersal distance
between populations that incorporates both geographical
distance and landscape features hypothesized to affect
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dispersal. Recent examples of EGD include distances
along riparian areas (Vignieri 2005), elevation change
(Spear 

 

et al

 

. 2005) and least-cost models that use a cost
weighting surface based on assumed habitat value
(Coulon 

 

et al

 

. 2004; Spear 

 

et al

 

. 2005; Vignieri 2005).
EGD often explains more variation in gene flow
between individuals or populations than geographical
distance alone. This suggests that gene flow and dispersal
patterns may not always fit a simple nearest-neighbour
model, and it is important to test alternate hypotheses.
However, genetic-based studies of dispersal rarely have
examined more than a few alternate models of dispersal,
and efforts to combine least-cost models with genetic
data have been limited by a priori assumptions used to
build the models. For instance, Vignieri (2005) used
knowledge of preferred habitat for the Pacific jumping
mouse 

 

Zapus trinotatus

 

 Rhoads to assign a lower
dispersal cost to riparian and low-elevation habitat;
however, that dispersal cost appeared arbitrary with
respect to magnitude.

We propose that the effectiveness of  combining
least-cost and genetics-based approaches can be tested
by comparing the ability of multiple least-cost models
based on different landscape characteristics and a
range of parameter values to explain observed variation
in gene flow. Past analyses appear only to have tested
hypotheses about which landscape factors affect dispersal.
To translate least-cost models into effective conservation
tools that identify active movement corridors and rank
them according to predicted levels of gene flow, we also
propose to estimate empirically how gene flow varies
with EGD and determine the maximum EGD over
which gene flow will occur.

In this paper we present methods to (1) test assumptions
underlying least-cost connectivity models using
genetic data; (2) predict landscape connectivity; and
(3) test alternative management scenarios. We use
estimates of gene flow among populations of desert
bighorn sheep 

 

Ovis canadensis nelsoni

 

 Merriam to test
the effectiveness of different least-cost GIS models and
to optimize parameter values. We employ the following:
(1) two methods for estimating gene flow among
populations; (2) estimates of  EGD derived from
least-cost GIS models based on slope and distance
with a wide range of parameter values; (3) three meth-
ods of defining population polygons used as the basis
of our spatial analyses; (4) partial Mantel tests to
assess correlation between gene flow estimates and
EGD from alternate least-cost models; (5) regression
of  gene flow estimates on EGD to determine the
maximum EGD over which gene flow is detectable;
(6) identification and ranking of dispersal corridors
using the best-fitting model of EGD; and (7) use of that
model to identify probable movement corridors
among populations of desert bighorn sheep while
considering alternate management scenarios. Finally,
we discuss the application of  these techniques to
conservation and management of species occupying
fragmented habitats.

 

desert bighorn sheep and previous 
dispersal models

 

Desert bighorn sheep are desert-adapted ungulates
native to the south-western United States. Preferred
habitat is generally steep, rocky, arid terrain. In
California, desert bighorn sheep populations are
typically small, often < 50 individuals (Epps 

 

et al

 

. 2003)
and located in small mountain ranges isolated
by varying expanses of low-lying desert habitat. The
metapopulation-like distribution of desert bighorn
sheep results in frequent extinction and recolonization
of populations (Schwartz, Bleich & Holl 1986; Bleich,
Wehausen & Holl 1990), and it is recognized that
appropriate management requires consideration of
population connectivity (e.g. determining when
translocation of bighorn sheep may be needed to re-
establish recently extirpated populations; Bleich 

 

et al

 

.
1996). Bleich 

 

et al

 

. (1996) proposed a model of population
connectivity that considered populations < 15 km
apart as likely to be connected by dispersal and
hypothesized that interstate highways were barriers
to dispersal. That model was used to determine
management units above the level of  individual
populations. Low-resolution genetic markers [mito-
chondrial DNA (mtDNA) control region restriction
fragment length polymorphism (RFLP) data] were
used to verify that detectable genetic differences existed
between management units.

Population genetics data from 26 populations
of desert bighorn sheep in the Mojave and Sonoran
Desert regions of California were used to investigate
the spatial scale of gene flow and the role of anthropogenic
(human-made) barriers such as interstate highways,
urban areas and canals (Epps 

 

et al

 

. 2005). Epps 

 

et al

 

.
(2005) tested whether estimates of gene flow and genetic
distance (

 

Nm

 

 and 

 

F

 

ST

 

) were correlated with simple linear
distance between populations and the presence of
anthropogenic barriers. Those analyses confirmed that
little or no gene flow had occurred across those barriers
and that gene flow occurred primarily among popula-
tions < 15 km apart. However, habitat features expected
to favour bighorn dispersal (e.g. areas with topo-
graphic relief  sufficient to provide escape terrain for
predator evasion) were not considered. Owing to con-
siderable variation in the amount of escape terrain in
low-lying areas among populations, we hypothesized
that a least-cost model of migration based on topogra-
phy could significantly improve our ability to predict
the degree to which populations are linked by dispersal.

 

Materials and methods

 

overall approach: using genetic 
data to optimize parameter values 
for a least-cost model

 

We used a matrix-based regression approach to test
whether gene flow among populations of desert bighorn
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sheep varied as a function of distance and topography
or distance alone, and to identify which model of dis-
tance and topography best approximated the effect of
these variables on gene flow. First, we calculated a
series of  matrices (

 

X

 

1

 

–

 

X

 

i

 

) of  effective geographical
distances (EGD) among populations. Each matrix
represented estimates of EGD between all population
pairs among 26 populations of desert bighorn sheep in
California, USA (Fig. 1), resulting from a unique set
of  parameter values (

 

i

 

 unique combinations). Next,
a matrix (

 

Y

 

) depicting the presence or absence of
anthropogenic barriers (fenced highways, canals and
urban areas) among those 26 populations was generated
to control for the effect of those barriers on gene flow.
Finally, a matrix (

 

Z

 

) of gene flow estimates between all
population pairs was developed. We used partial
Mantel tests to assess the correlation of 

 

Z

 

 (gene flow)
with each matrix 

 

X

 

i

 

 (EGD), while controlling for the
effect of 

 

Y

 

 (anthropogenic barriers). In that manner
parameter values for the EGD model resulting in the
strongest correlation between 

 

X

 

 and 

 

Z

 

 were identified.
That exercise was repeated using three different methods
to define the geographical extent of each population, as
well as a second method of estimating gene flow, to
examine how sensitive model fitting was to those
variables. The optimized model of EGD was then used
in later analyses of corridor length and location. Our
methods are detailed in the following sections.

 

developing least-cost gis models to 
calculate egd

 

We used slope as the variable for identifying the relative
resistance or migration value of  habitat between
population polygons. We compiled 30 m Digital
Elevation Model (DEM) data [US Geological Survey
(USGS) 2003 series] for our study area and estimated
slope for each 30 m cell using ArcGIS 9·0 (ESRI,
Redlands, CA, USA). To simplify the models of
bighorn migration as a function of  topography and
distance, we defined a ‘slope cut-off’ value for each
model. Grid cells with slope greater than the cut-off
value (‘slope’ cells) were considered more suitable
(lower resistance) for bighorn dispersal than grid cells
with slope lower than the cut-off  (‘flat’ cells). We tested
three slope cut-off  values (5%, 10% and 15%), based on
our assessment of radio telemetry data that suggested
bighorn sheep are found mainly in habitat of at least
10% slope (3386 locations across the study area;
unpublished data; California Department of Fish and
Game). For each cut-off  value tested, we generated six
grids representing a wide range of different resistance
values (weights) for slope cells. Thus, relative to the
fixed cost of ‘1·0’ for a flat cell, slope cells were given
weights of 0·7, 0·5, 0·3, 0·1, 0·05 or 0·01 for each respec-
tive cost grid, yielding 18 different least-cost models
and thus 18 matrices of different estimates of EGD
(

 

X

 

i

 

). For example, the model of EGD with 15% slope
cut-off  and slope cell weight of 0·1 considered cells with
slope < 15% as 10 times more costly to cross than cells
with slope > 15%. Slope grids were resampled at 90 m
resolution to reduce calculation time.

 

estimating genetic distance and gene 
flow among populations

 

We used genetic data from 26 populations of  desert
bighorn sheep in California to develop the matrix of
population pairwise gene flow estimates (

 

Z

 

). We identified
392 different individuals from data for 14 microsatellite
loci using DNA extracted from faeces, tissue or blood,
using two to six replicate polymerase chain reactions
(PCRs) (see Epps 

 

et al

 

. 2005). We used 

 

arlequin

 

(Schneider, Roessli & Excofier 2000) to estimate
population pairwise 

 

F

 

ST

 

 values and transformed these
to 

 

Nm

 

 values via the standard Wright–Fisher model

 

F

 

ST

 

 = 1/(1 + 4 

 

Nm

 

) as our primary index of relative gene
flow. Due to the restrictive assumptions of this model,

 

Nm

 

 is unlikely to represent the actual number of migrants
per generation (Whitlock & McCauley 1999) but can
indicate relative levels of gene flow, particularly when
migration rates exceed mutation rates (Slatkin 1993).

As a second measure of gene flow, we estimated
migration rates (

 

M

 

) using 

 

migrate

 

 (Beerli & Felsenstein
2001). Because computation time for the full data set
of  26 populations was estimated at about 2 years,
we restricted analyses to a subset of nine populations.

 

migrate

 

 estimates migration rates among populations

Fig. 1. Topography (hill-shade) and distribution of desert bighorn sheep in south-
eastern California, United States. Coloured polygons represent genetically sampled
populations used to develop the dispersal model. GS polygons are minimum convex
polygons around genetic sample locations. EO polygons were hand-drawn based on
topography and expert opinion on bighorn sheep distribution. HM polygons were
developed either from a GIS habitat model (described in Appendix S2) or from 95%
density kernels based on radio-telemetry locations. Population polygons not used for
model development (outlined in white) are based on the HM or EO models. Anthropogenic
barriers indicated include fenced interstate highways, canals and urban areas.
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using maximum-likelihood Markov chain Monte
Carlo (MCMC) methods, and is an effort to improve
migration rate estimates beyond the usual 

 

F

 

ST

 

-based
statistics (see Appendix S1 in Supplementary material
for details).

 

using gene flow estimates to test 
alternative parameter values

 

We used 

 

pathmatrix

 

 (Ray 2005) to calculate the least-
cost paths among the 26 genetically sampled populations.
This extension for ArcView version 3·2 (ESRI) uses a
cost grid (here, derived from a given model of  EGD)
to (1) calculate least-cost paths among all pairs of
population polygons; (2) generate the matrix 

 

X

 

i

 

 of
EGD; and 

 

(

 

3) map each least-cost path. Each estimate
of EGD between a population pair is calculated as:

EGD = 

 

∑

 

 

 

x

 

j

 

w

 

j

 

eqn 1

where 

 

x

 

j

 

 is the linear distance across each grid cell 

 

j

 

and 

 

w

 

j

 

 is the weight for that cell (determined here by
whether the slope value is above or below the slope
cut-off), summed over all the cells in a given path. All
possible paths are evaluated, but only the EGD of the
least-costly path is reported in matrix 

 

X

 

i

 

. Finally, we
log

 

10

 

-transformed values in each matrix 

 

X

 

i

 

 to linearize
the relationship of distance with 

 

Nm

 

 (Epps 

 

et al

 

. 2005).
The presence of anthropogenic barriers (fenced

highways, canals and urban areas) was found previously
to affect gene flow strongly among these populations
(Epps 

 

et al

 

. 2005). We chose to correct for this effect by
including barrier presence/absence as a second predictor
matrix 

 

Y 

 

when assessing correlation between EGD and
gene flow. Otherwise, if  barriers were incorporated into
each least-cost grid during the model-fitting process
(by assigning large cost values to any grid cell where
a barrier was present), appropriate cost values
would vary for each least-cost grid. Inappropriate cost
values would disrupt the otherwise linear relationship
between gene flow (

 

Nm

 

) and (log

 

10

 

)EGD. Moreover,
those barriers have been present for only 40–60 years
and have presumably affected gene flow at a different
time scale than topography. Finally, barriers could be
mitigated and therefore should be considered separately.
We incorporated barriers formally into the underlying
cost grid only when using the final best-fitting model to
define active corridors (as described below). Barriers
were recorded as present for any population pair with a
barrier interposed; the map of barriers was compiled as
described by Epps 

 

et al

 

. (2005).
We used partial Mantel tests (Smouse, Long & Sokal

1986; Manly 1991) to estimate the partial correlation of
matrix 

 

Z

 

 (

 

Nm

 

 or 

 

migrate

 

 

 

M

 

) with each matrix 

 

X

 

i

 

, while
controlling for the presence of anthropogenic barriers
by including matrix 

 

Y

 

 as a second predictor matrix.
Tests were conducted using 

 

xlstat

 

 (Addinsoft, New
York, USA). Partial Mantel tests determine the
correlation of a response matrix 

 

Z

 

 to a predictor matrix

 

X

 

, while removing a spurious correlation resulting
from a second predictor matrix 

 

Y

 

 that may be correlated
with both 

 

Z

 

 and 

 

X

 

. We used the value of  the partial
correlation coefficient 

 

r

 

 resulting for each Xi to
compare graphically the relative fit of each model of
EGD. We also estimated r for the null model (X0) matrix
of straight-line distances (log10-transformed) between
population polygons.

While partial Mantel tests are controversial due to
potential underestimation of type I error (Raufaste &
Rousset 2001; Rousset 2002), Castellano & Balletto
(2002) argued that this concern has been overstated.
Moreover, because we compared the partial correlation
coefficient of distance matrices while using the same
second predictor matrix Y in all tests, and did not
compare P-values, such underestimation is unlikely to
affect our conclusions.

defining population polygons

Most metrics of gene flow use populations as the basic
unit of comparison, defined theoretically as groups of
freely interbreeding individuals. In practice, defining
the spatial extent of populations may be difficult. To
calculate accurate distances among populations,
population map polygons must depict habitat used
regularly by interacting individuals. To test how sensitive
parameter optimization for the least-cost models was
to population polygon definition, we repeated EGD
calculations using three different methods to define
population polygons.

Our first polygon model [‘Genetic sampling’ (GS);
Fig. 1] used minimum convex polygons drawn around
the locations in each mountain range where DNA
samples were actually collected. If  samples were col-
lected at only one location such as a waterhole, we used
a circle with diameter of 1 km centred on the sampling
point. This approach would be useful for species where
the extent of each population sampled is not defined
clearly by the habitat patch and is likely to provide a
conservatively small habitat area. The second polygon
model [‘expert opinion’ (EO); Fig. 1] used the population
polygons defined by Epps et al. (2005). These polygons
were drawn on the basis of both the topographic extent
of each mountain range and expert opinion regarding
the distribution of bighorn sheep in each location,
derived from field observations and helicopter surveys.
Bleich et al. (1996) used a similar approach to define
population polygons for management purposes. Expert
opinion may often be the only available means to define
populations for many species.

The final polygon model tested [‘habitat model’
(HO); Fig. 1] was a GIS model based on slope and
distance to perennial water sources. It was designed to
provide repeatable polygons depicting desert bighorn
sheep distribution and to predict the probable distribution
of new populations in vacant habitat. The model was
developed using radio telemetry locations of  desert
bighorn sheep in five populations (California Department.
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of  Fish and Game, unpublished data) and expert
opinion to inform model fit (see Appendix S2).

identifying and ranking dispersal 
corridors using the best-fitting 
dispersal model

After examining graphically correlation coefficients
from Mantel tests for all Xi matrices, repeated for three
sets of population polygons and Z matrices based on
two different estimates of  gene flow, we chose the
best-fitting model of  EGD by selecting the values
of slope cut-off  and slope weight that resulted in the
strongest correlation coefficients. We then used that best-
fitting model to identify probable movement corridors
between bighorn sheep populations, after selecting a
population polygon model based both on performance
and practical considerations.

To identify probable movement corridors, we used
two regression-based procedures. We first estimated
the maximum effective dispersal distance (the greatest
effective geographical distance separating population
polygons over which gene flow can be detected; hereafter,
EGDMAX) for desert bighorn sheep. This was performed
via regression of population pairwise estimates of Nm
on estimates of EGD from the best-fitting model for
population pairs without intervening barriers. Gene
flow, as measured by Nm between populations, is
expected to decline with increasing distance until an
asymptote at a ‘background’ non-zero level of Nm is
reached. At distances greater than this point, current
gene flow is unlikely but some degree of  genetic
similarity exists because of descent from common
ancestors or recurrent mutations (Slatkin 1993). Be-
cause we could not identify a regression model that
adequately described the rapid decline of  Nm to a
non-zero asymptote, we used xlstat version 2006.2
(Addinsoft) to perform nonparametric regression (Har-
dle 1992) of Nm on EGD from the best-fitting dispersal
model. Nonparametric regression is essentially a smooth-
ing method for predictive purposes. We used the lowess

method with the tri-weight kernel and bandwidth
equal to the standard deviation, based on the underly-
ing model of a second-degree polynomial. We defined
our estimate of  EGDMAX as the point at which the
predicted values from the nonparametric regression
first stopped decreasing (excluding initial fluctuations
at high Nm).

We defined active dispersal corridors as those least-cost
paths with total cost < EGDMAX. However, because
nonparametric regression does not generate a general
predictive equation for gene flow as a function of EGD,
we modelled this relationship with a negative exponen-
tial regression function for EGD < EGDMAX (where an
adequate fit could be achieved) and used the resulting
equation to predict relative gene flow over active
dispersal corridors.

To identify probable dispersal corridors on the
current landscape, we added barriers to the cost grid of

the best-fitting migration model. Because Epps et al.
(2005) determined that those barriers had eliminated
recent gene flow, we assigned barrier cells a cost
equivalent to EGDMAX to make them impermeable.
After adding polygons for un-sampled populations to
the population map, we used pathmatrix to calculate
and map all least-cost paths between populations
with a total cost less than EGDMAX. This was repeated
without human-made barriers in the cost-grid to
examine how mitigation of those barriers might affect
landscape connectivity. To investigate the role that
translocations have played in maintaining population
connectivity in south-eastern California, we repeated
the first analysis but removed five populations re-
established by the California Department. of Fish and
Game through translocations. The relative strength of
each corridor was assessed using the exponential decay
model to estimate Nm as a function of EGD.

model validation

Current radio-telemetry data were insufficient to
validate the presence of dispersing bighorn sheep in the
predicted least-cost corridor routes. Radio-telemetry
locations were typically collected monthly; intermountain
movements are relatively rare and time spent moving
between mountain ranges may be of short duration.
However, radio-collared or marked individuals have
been detected after moving between mountain ranges.
We compiled a list of all such movements as well as
those inferred from anecdotal reports. We then evaluated
whether least-cost paths from the best-fitting model
linked each pair of ranges for which intermountain
movements were detected.

Results

Effective geographical distance (EGD) based on
topography was more strongly negatively correlated
with gene flow (both Nm, as calculated from population
pairwise FST values, and M, as estimated by migrate)
than straight-line distance in almost all cases, with an
absolute increase of the correlation coefficient r of  up
to 23% (Fig. 2). EGD models based on 5% slope
cut-off  performed more poorly than models based on
10% or 15% slope in all cases. The 15% slope cut-off
performed slightly better than the 10% cut-off  over
most (but not all) tests (Fig. 2). For all slope cut-off
values, all population polygon models and both
measures of gene flow, best-fitting models resulted
when sloped terrain had 1/20th to 1/10th the cost of
movement across flat terrain (Fig. 2), with the slope
weight of 0·10 most often favoured. Therefore, the
EGD model employing the 15% slope cut-off  and slope
weight of 0·10 (hereafter referred to as the 15/0·10
model) was used for further corridor modelling.
Stronger correlation coefficients (r) were observed
when using EO model population polygons (Fig. 2).
However, the differences in r were not large, and
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optimal slope cut-off  values and weights were similar,
indicating low sensitivity to the choice of population
polygon model. We chose HM polygons to calculate
EGDMAX and model different corridor scenarios be-
cause this model can be used easily where bighorn sheep
are currently absent or their distribution is poorly
understood.

From nonparametric regression of  population
pairwise Nm values on estimates of EGD from the 15/
0·10 model, we estimated the maximum effective
dispersal distance (EGDMAX) as 16·4 km-cost-units
(corresponding to 16·4 km of flat terrain or 164 km of
sloped terrain; Fig. 3). From regression of Nm values
on EGD (km scale) for all values < EGDMAX (Fig. 3),
we derived the following negative exponential model:

Nm = 9·141 * e–0·112 * EGD – 0·219 eqn 2

We used equation 2 to estimate the relative strength
of gene flow across active dispersal corridors with
EGD < EGDMAX (Fig. 4).

The connectivity of the current landscape suggested
that nearly all populations are currently linked to
another population by at least one possible dispersal
corridor (black lines, Fig. 4a). However, in some cases
these corridors had costs nearing EGDMAX, making
significant gene flow unlikely (narrow-width corridor
lines, Fig. 4a). Comparison with corridors mapped
in the absence of human-made barriers (yellow lines,
Fig. 4a) indicated that those barriers have disrupted
several regions of formerly high connectivity and
resulted in complete isolation for at least one population.
Mapping of corridors with and without populations
re-established successfully by translocation (Fig. 4b)
demonstrated that those translocations have helped
maintain corridors for gene flow across a large region
in the centre of the study area and several other areas,
thereby greatly reducing the isolation of several native
populations.

We identified 31 pairs of mountain ranges in the
study area between which intermountain move-
ments of bighorn sheep have been detected or inferred
(Appendix S3). Of 22 pairs between which movements
were detected via radio-telemetry or observation of

Fig. 2. Coefficients (r) for partial correlation of gene flow
(Nm) with effective geographical distance from least-cost
models, while correcting for anthropogenic barriers. Models
use slope cut-off  values of 5%, 10% and 15% and relative
weights for slope cells of 0·01–1·0, for (a) GS polygons; (b) EO
polygons; (c) HM polygons; and (d) a subset of nine popu-
lations using estimates of gene flow (M) from migrate with
HM polygons. The slope weight of 1·0 represents the shortest
straight-line distance between population pairs.

Fig. 3. Population pairwise estimates of gene flow (Nm) (for
population pairs without intervening anthropogenic barriers)
plotted against effective geographical distance (EGD) from
the best-fitting model. Maximum effective dispersal distance
(EGDMAX, indicated with dashed arrow) was defined as the
smallest EGD (after initial fluctuations) at which the slope of
the line of predicted values generated by the nonparametric
regression (grey line) stopped decreasing. Non-linear regression
(black line) was conducted on all points below EGDMAX to
generate a predictive model for gene flow as a function of
EGD. Above EGDMAX, dispersal was assumed to be negligible.
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marked animals, 21 pairs were linked by a predicted
dispersal corridor. Of nine pairs between which move-
ments were suggested on the basis of anecdotal reports,
all were linked by predicted dispersal corridors.

Discussion

Migration models that incorporated topography
explained substantially more variation in gene flow
than models that considered only geographical distance.
While the models presented here reflect a small portion
of possible models, we found that the best-fitting cost
weights and slope cut-off  values were consistent across
different population polygon models and different
measures of gene flow (Fig. 2). While time-consuming,
we suggest that testing more than one type of gene flow
estimate or population polygon model is important as
a sensitivity analysis. Greater confidence in our results
was derived from the concordance among models tested.

Inferring active dispersal corridors via the best-
fitting migration model for desert bighorn sheep in
California resulted in several conclusions. Most impor-
tantly, anthropogenic barriers currently fragment
several regions that previously exhibited high connectivity
(Fig. 4a), suggesting priority locations for the mitigation
of  these barriers. Additionally, mapping dispersal
corridors including populations re-established by
translocation (Fig. 4b) demonstrated that our models
can be used to improve connectivity: if  population
establishment in an empty habitat patch could link
existing populations by active dispersal corridors, a
population translocation to that patch might receive
higher priority. Potential future barriers can also be
evaluated explicitly in this manner and avoided or
mitigated at the time of  construction. Finally, the
successful restoration of  several major dispersal
corridors connecting otherwise isolated populations
suggests that translocation could be used to restore
critical nodes of population connectivity for other species.

These applications of the best-fitting migration model
demonstrate the value of this tool for conservation and
management. Because we parameterized this model
from real data, we can have higher confidence that it
models correctly the behaviour of bighorn sheep. We
suggest reporting the effective geographical distance
(EGD) values or predicted relative gene flow to rank
corridors. Here, we scaled corridor widths by Nm to
portray relative predicted corridor effectiveness (Fig. 4).

Comparison of  the population polygon models
suggested that, in this case at least, the definition of
population extent did not affect greatly the parameter-
ization of the migration model. Even the most restrictive
polygon model (GS polygons, based on the location of
the genetic samples collected) exhibited model-fitted
curves of the same shape as those generated by the EO
and HM polygons. This suggests that fitting least-cost
dispersal models may be possible even in situations
where the geographical extent of populations is difficult
to define. If  there is no clear basis at all for defining
populations, it should also be possible to develop
models in this fashion based on individual pairwise
genetic comparisons (e.g. Vignieri 2005). Because this
model-testing exercise was designed to examine migration,
we caution against over-interpreting differences in

Fig. 4. Dispersal corridors predicted by the best-fitting dispersal model (15/0·10) and
the HM population model, depicted with hill-shade topography. Black lines indicate
least-costly corridor routes for corridors with cost < EGDMAX, yellow lines indicate
least-costly corridor routes that (a) were severed by anthropogenic barriers; or (b) were
re-established by translocated populations. Corridors are presented based on (a) all
extant populations within the study area, with and without current anthropogenic
barriers considered; and (b) extant populations with and without those successfully re-
established by translocation, with current anthropogenic barriers considered.
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absolute model fit between the population polygon
models.

The number of populations in the genetic data set
(26) was large, and such a sample might be considered
prohibitive to applying this technique for other species.
However, results obtained from testing dispersal models
using migrate M estimates for the nine-population
subset were entirely consistent with those from the full
data set (Fig. 3d). Thus, even relatively few populations
may suffice to fit such dispersal models.

The connectivity network derived from the genetic
analyses confirmed that knowledge of bighorn sheep
behaviour (i.e. preference for steep terrain) could be
incorporated into a connectivity design, even to the
extent of identifying where additional population
nodes could be reintroduced to improve the overall
connectivity of the bighorn sheep metapopulations.
This, in turn, suggests that core and corridor analyses
for other species, based on behaviour and proper weighting
of landscape variables, could provide important tools
for management and conservation. Many aspects of
this approach bear further investigation. For instance,
rather than use the cumbersome ‘trial and error’ testing
of model parameters, it may be possible to determine
the best-fitting model mathematically. However, no
mathematical solution will be possible once the number
of parameter estimates exceeds the number of popula-
tion pairs with genetic data. Setting up a few biologically
plausible alternative models for testing and exploring
restricted subsets of parameter space may be the most
practical strategy.

Another aspect worthy of investigation is how best
to determine when one model represents a ‘significant’
improvement over another. Model-selection techniques
such as Akaike’s information criterion (AIC) may be of
little value when the identity of the predictor variables
does not change among models. For this reason, we
selected the best models using a graphical assessment
of model fit. In the end, once the appropriate range of
model parameters is identified, slight variations in model
fit resulting from small differences in cost weights are
likely to be unimportant. In our case, fitting corridors
based on slope supported the behavioural inference
that bighorn sheep prefer to travel over sloped terrain
offering security from predators, regardless of minor
differences between 10% and 15% slope cut-offs. Small
changes in model parameters may become more
important when considering whether an individual
corridor is likely to be used or not. For this reason, we
reiterate that the relative likelihood of corridor use
should be considered, rather than merely a ‘corridor or
not-corridor’ assessment.

model validation

Known intermountain movements by bighorn sheep
correlated well with our corridor model, with the
exception of one marked individual that apparently
crossed an interstate highway. This observation

highlights the difference between individual dispersal
events and the broad patterns of movement over time
inferred by our analyses of  gene flow. Occasional
movements may far exceed those predicted by our
migration model. Whether bighorn sheep follow routes
consistent with the least costly paths among ranges is
also unclear. Acquiring enough data points to verify
the complete movement paths of dispersing bighorn
sheep will probably require the use of GPS collars set to
collect multiple locations per day. Until then, path
locations predicted by our model should be considered
as hypotheses for further testing.

limitations of the approach

While the field of landscape genetics is making rapid
strides in developing analyses of gene flow that consider
complicated landscape features, our approach still has
a number of limitations. For instance, such a modelling
exercise is better suited to dealing with common
landscape characteristics that affect large numbers of
populations, given the low statistical power of matrix
correlation tests. In this analysis, the south-westernmost
populations inhabit mountain ranges with thick
forests and chaparral. Those habitat elements probably
strongly limit movement by bighorn sheep because of
increased predation risk. We did not consider those
elements in model development because of the small
number of populations affected; thus, connectivity in
that region may have been overstated.

A second limitation to our model is that it reflects
more effectively the potential for gene flow rather than
colonization of empty habitat patches. Desert bighorn
sheep have sex-biased dispersal: males are much more
likely to travel long distances between populations,
while females are probably the limiting factor in
colonization events. Because the model described here
is fitted using nuclear genetic markers, it represents
both male- and female-mediated gene flow. A correction
for the reduced movement of  females possibly could
be generated from radio-telemetry data or mtDNA,
although the variability in estimates of gene flow from
mtDNA (resulting from its behaviour as one linked
locus) makes its use inherently imprecise. This limitation
may be important to consider when using these models
for management decisions; for example, determining
when translocation may be necessary for population
re-establishment.

Determining how to model landscape features such
as anthropogenic barriers proved to be a complex issue.
We dealt with those barriers in a separate analytical
framework during model fitting and brought them
back into the final model. This approach seemed
appropriate because roads have been present on the
landscape for only a short period of time. Moreover,
road impacts can be mitigated and therefore corridor
design should be assessed as a function of the mitigated
landscape. A further technical limitation is that the
width of interstate highway corridors and other barriers
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varies; ideally, the estimated cost of the barrier should
be applied to any path crossing the barrier but not on
a per-pixel basis (where that cost is accumulated for
each pixel encountered). Other, more integrative
approaches may be of value in other systems.

Finally, an important caveat is that we used migration,
a long-term process, to make inferences about current
patterns of bighorn sheep dispersal. Variation in allele
frequencies used to estimate migration may be affected
by other factors such as population bottlenecks
(Whitlock & McCauley 1999). Moreover, if  past
conditions are reflected more strongly than current
dispersal patterns, management decisions using these
models might be flawed. However, the small size of
these populations and the detectable effect of barriers
present for only six to seven generations (Epps et al.
2005) suggest that in this case we can still make useful
inferences about movement of bighorn sheep on the
recent landscape as well as identify factors likely to
affect connectivity on the current landscape. Because
dispersal is a complex process and the reasons that an
individual animal does or does not disperse are unclear,
and may not be reduced to simple models, fitting
least-cost models using genetic data is probably most
effective at identifying broad-scale patterns of gene
flow resulting from landscape features that have been
present for at least a few generations.

improving corridor models and plans 
to maintain or re-establish 
connectivity

Our study suggests that developing least-cost models
from genetic data can improve significantly the quality
of and confidence in models of dispersal, migration
and connectivity. Other types of data on movement
could be used in a similar approach (e.g. Sutcliffe et al.
2003). Least-cost models have been employed world-
wide to plan landscape-scale conservation strategies, to
design reserves and to assess the effects of  habitat
fragmentation on many species. In some cases those
models may have been applied uncritically with respect
to their underlying assumptions. While developing
genetic data or other data on movement may be a
difficult task for many species, it may at least be
possible to inform such models using data from species
with similar biological characteristics.
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ver half (54%) of the southwestern United States is in
public ownership and thus is subject to federal legislation
that affects use of those lands.  The majority of federal
lands are owned or managed by the Bureau of Land
Management, National Park Service, Forest Service, Fish
and Wildlife Service, or Department of Defense.  Lands
managed by all of those jurisdictions have important
value as wildlife habitat and provide for a multitude of
uses by Americans.  Further, they are inhabited by a vari-
ety of native species, including mule deer (Odocoileus
hemionus), mountain sheep (Ovis canadensis), pronghorn
(Antilocapra americana), and mountain lions (Puma con-
color).  These large mammals require thousands of
hectares of contiguous habitat to complete their life his-
tories and for their populations to persist.  Obviously,
hundreds of other species occupy federal lands, but the
majority are less dependent upon large expanses of intact
habitat to fulfill their life-history requirements.

Mule deer occupy a variety of habitats throughout
western North America (Mackie et al. 2003) and require
relatively large areas to assure persistence of viable popu-
lations, especially in the Chihuahuan, Sonoran, Mojave,
and Great Basin deserts.  Populations of mule deer in
arid systems occur at very low (<2.5/km2) densities
(Longhurst et al. 1952, Thompson and Bleich 1993), and
individuals may move >30 km during migrations
(McLean 1930, Rautenstrauch and Krausman 1989).

Mountain sheep are widely distributed throughout the

arid Southwest but have a naturally fragmented distribu-
tion (Bleich et al. 1990a); they are habitat specialists that
are well-adapted to steep, rocky terrain associated with
desert mountain ranges.  Mountain sheep are dependent
upon availability of water, adequate forage, and large
expanses of intact habitat (Krausman et al. 1989, Bleich
et al. 1997, Andrew et al. 1999).  Moreover, connectivity
of “islands” of suitable habitat is requisite for persistence
of these specialized herbivores (Singer et al. 2000).
Mountain sheep are the largest species that appears to
conform to a metapopulation structure in the deserts of
western North America (Schwartz et al. 1986; Bleich et
al. 1990a, 1996).

Pronghorn previously were distributed widely across
the arid Southwest (Hall and Kelson 1959), but their geo-
graphic range has become restricted as a result of anthro-
pogenic changes.  Indeed, the Sonoran pronghorn (A. a.
sonoriensis) is endangered and on the verge of extinction
(United States Fish and Wildlife Service [USFWS]
1998).  Moreover, pronghorn have been extirpated from
southeastern California, and thus the Sonoran Desert of
California lacks a large herbivore that historically was a
component of that ecosystem.  Given the absence of this
large, vagile ungulate from portions of southeastern
California and uncertainties associated with the taxono-
my of pronghorn (Byers 2003), currently unoccupied
potential habitats have enormous implications for the
conservation of this highly specialized ungulate.
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Mountain lions occur at extremely low densities in the
desert southwest (Germaine et al. 2000), but they range
over tremendously large areas (e.g., >300 km2; Pierce et
al. 1999, Logan and Sweanor 2001).  Mountain lions are
important, if not primary, predators of the aforemen-
tioned ungulates.  Availability of primary prey determines
the density of mountain lion populations (Pierce et al.
2000); thus, persistence of viable populations of those
large felids in arid systems is contin-
gent upon the maintenance of intact
landscapes that support an adequate
prey base.  In the absence of viable
prey populations, the continued exis-
tence of mountain lions throughout
the deserts of the southwestern
United States is questionable.

The future of each of these
species is tied to implementation or
interpretation of conflicting legislation.  My purpose is to
discuss some of the problems associated with those fed-
eral laws and their consequences for wildlife conserva-
tion.  Legislation I consider in this essay was well-inten-
tioned (Thomas 2004), but when placed in the context of
other laws it fails to meet the test of logic.  Some legisla-
tion, such as the Taylor Grazing Act and the 1872 Mining
Law, seemingly is in conflict with the intent of more
recent legislation, but potential impacts to wildlife and
wildlife habitat receive little attention when compared to
other issues.  These conflicts represent irreconcilable dif-
ferences at worst and illogical legislation at best.
Moreover, other legislation almost guarantees the contin-
ued presence of factors that conflict with wildlife conser-
vation efforts and legislation intended to ensure “natural-
ness.”  In this essay I will restrict my discussion to the
1872 Mining Law, the Taylor Grazing Act, the Wild
Horse and Burro Act, the Endangered Species Act, and
the California Desert Protection Act, and will provide
examples of the conflicts associated with attempting to
fulfill the obligations of each while simultaneously com-
plying with the requirements of others.

The 1872 Mining Law
In my opinion the 1872 Mining Law is significant

with respect to wildlife conservation and the maintenance
of intact landscapes in California because virtually every
area that had potential for mineral extraction was gerry-
mandered out of wilderness established by the California
Desert Protection Act.  As a result, the issue of mining
within proposed wilderness areas was not problematic for
passage of that legislation because exclusion of current
and future mines was consistent with wilderness manage-
ment objectives.  Mining activity will, however, continue

to impact wildlife habitat because current and future
habitat destruction was virtually guaranteed to occur out-
side of wilderness.  The logic associated with such an
approach defies me.  For example, the Briggs Mine,
located in the Panamint Mountains of Inyo County,
California, was gerrymandered out of the Manly Peak
Wilderness.  Many tons of explosives are detonated there
on a near-daily basis, however, and the mine is <1 km

from Redlands Spring, the most important water source
used by mountain sheep in the southern part of that range
(Oehler et al. 2005).  The proposed use of a simple cam-
era at Redlands Spring as part of a detailed investigation
of the impacts of mining activity on mountain sheep was
nonetheless controversial because the camera might
infringe upon the primitive experiences of a visitor to
Redlands Spring (Bleich 1999a).

The Taylor Grazing Act
The Taylor Grazing Act is another law that has been

described as problematic because of potential impacts to
wildlife habitat that may be associated with overgrazing.
Existing grazing privileges largely have been assimilated
into management strategies for public lands, including
legislated wilderness.  Attempts to manage grazing by
domestic livestock have been undertaken, primarily
through the development of allotment management plans
or other cooperative methods (Vavra 1998).  The issue of
grazing and its potential conflicts with naturalness in leg-
islated wilderness has not seemed to raise concerns.  In
contrast, however, it has been argued that artificial water
sources could concentrate large, native herbivores and
thereby result in damage to vegetation in the vicinity of
such a water source.  This lack of concern for demon-
strated threats to wildlife and focus on hypothetical
threats to a relatively small area of vegetation is puzzling.

The past presence of domestic sheep is strongly corre-
lated with the extirpation of many populations of wild
sheep from numerous mountain ranges in California
(Epps et al. 2004).  It is ironic that attempts to enhance
the carrying capacity of desert mountain ranges through
the provision of water for native ungulates are vehement-
ly opposed by “environmentalists,” but domestic sheep

Proponents of [the California Desert Protection Act]
frequently point out that “wilderness is good for wild-
life” because it prevents habitat destruction. I would
argue, however, that wilderness management and
wildlife conservation are not common objectives....
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allotments—which clearly are of concern from the stand-
point of disease transmission to mountain sheep
(Goodson 1982, Foreyt 1989)—appear not to engender
the same degree of concern.

The Wild Horse and Burro Act
Donkeys (Equus asinus) received federal protection as

a result of the Wild Horse and Burro Act.  That protec-
tion extends to the majority of federal lands, except for
those managed by the Department of Defense and
National Park Service; much to the credit of personnel in
both agencies, they have been successful in managing
those exotic ungulates.  On other public lands, however,
donkeys are to be managed as part of the ecosystem.
Donkeys are problematic for native wildlife, including
mountain sheep (Seegmiller and Ohmart 1981) and mule
deer (Andrew et al. 1997b, Bleich and Andrew 2000),
and probably for other native species.  Nonetheless, they
have been deemed appropriate components of wild lands,
including legislated wilderness, and the Wild Horse and
Burro Act ensures the continued presence of those exotic
equids in areas inhabited by declining populations of
native ungulates.

The Endangered Species
Act

The Endangered Species Act
was intended to provide protec-
tion to imperiled taxa or popula-
tion segments (Czech and
Krausman 2001); recently, how-
ever, it has been the subject of
intense criticism (Burke et al.
2004, Ramey 2004).  In 1999
mountain sheep inhabiting the
Sierra Nevada (O. c. sierrae;
Wehausen et al. 2005) received
protection from the federal gov-
ernment when they were listed as
endangered (Sierra Nevada
Bighorn Sheep Recovery Program
2004).  Efforts to capture and
translocate those unique ungulates
have been confounded by the fact
that they occupy legislated
wilderness.  Despite the honor-
able intent of both the Wilderness
Act and the Endangered Species
Act, actions to conserve Sierra
Nevada bighorn sheep have been
made difficult by conflicts inher-
ent in those laws.

Mountain sheep in the penin-
sular ranges of southern

California also have been listed as endangered by the
federal government (USFWS 2000).  Much of the area
occupied by those wild sheep has been designated as
wilderness, and efforts to manage habitat to enhance the
probability of persistence of those animals have been
complicated by constraints on activities perceived to be
incompatible with wilderness objectives.  If wildlife con-
servation really was an important objective of wilderness
management, it seems logical that the maintenance or
restoration of wildlife populations—in particular those
that have been identified as endangered—would not
engender such controversy.

Some populations of mountain sheep have suffered
from the exclusion of fire from the ecosystems in which
they occur (Etchberger et al. 1989, Holl et al. 2004), and
the seeming inability of management agencies (Czech
1996) to utilize prescribed ignitions (Bleich and Holl
1982) has thwarted efforts to maintain some semblance
of natural fire regimes.  This issue is especially problem-
atic in designated wilderness, where the public is remind-
ed that the use of mechanical equipment or artificial igni-
tions is inappropriate if it is for “single-species manage-
ment.”  Despite the great potential for some populations

Net-gunning from a helicopter is the most practical and safest method of capturing mountain sheep.
However, use of this technique to capture animals in legislated wilderness is confounded immense-
ly by well-intentioned, but poorly implemented, legislation that is subject to a variety of interpreta-
tions by agency personnel.  Photograph © J. Aziz.
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of mountain sheep to be listed as endangered if habitat
conditions do not improve (Holl et al. 2004), conflicts
between existing laws seemingly confound restoration of
ecosystem processes that would decrease the benefits of
federal listing.

The California Desert Protection Act
The California Desert Protection Act established >70

wilderness areas in the Sonoran, Mojave, and Great
Basin deserts of California, and created Mojave National
Preserve, a unit of the National Park Service.  Sixty-nine
of those wilderness areas are administered by the Bureau
of Land Management, 2 by the Fish and Wildlife Service,
and 3 by the National Park Service.  Proponents of that
legislation argued that it was necessary to “protect” the
desert, despite intensive efforts by the Bureau Land
Management to do so.  Indeed, the California Desert
Conservation Area Management Plan (Bureau of Land
Management 1980, Chambers 1995) recognized the suit-
ability of some areas for designation as wilderness, iden-
tified areas with emphases on other uses, and provided
for the aggressive and productive management of wildlife
habitat.

The California Desert Protection Act resulted in many
changes in conservation activities and how and where
those efforts occur.  Wording in the act provided for the
use of motorized equipment within the new wilderness
areas for the purposes of wildlife conservation on lands
managed by the Bureau of Land Management, but indi-
vidual opinions expressed by agency staff frequently
complicate those efforts (Bleich 2001).  For example,
discussions at a recent meeting centered around a staff
member’s opinion that wording in the act did not include

helicopters in the definition of motorized equipment and
therefore their use should not be allowed in wilderness.
The lack of consistency in interpreting legislation has
been identified as one of the most onerous factors affect-
ing conservation of mountain sheep (Bailey 1992).

The California Desert Protection Act did not specifi-
cally authorize anthropogenic water sources, but they
may occur, even in wilderness, pending appropriate com-
pliance with the National Environmental Policy Act.
Lawsuit after lawsuit has been filed, however, to prevent
the construction of any device that would benefit wildlife
conservation, despite the existence of hundreds of miles
of roads, historical mining activity, and other anthro-
pogenic features within desert wilderness (Bleich and
Pauli 1999).  Proponents of that legislation frequently
point out that “wilderness is good for wildlife” because it
prevents habitat destruction.  I would argue, however,
that wilderness management and wildlife conservation
are not common objectives (Bleich 1999a), and that even
the restoration of endangered species conflicts with strict
interpretations of the California Desert Protection Act.

Establishment of Mojave National Preserve has been
problematic for the conservation of mountain sheep.  One
of the first actions taken by preserve staff was to delay a
time-specific request from the California Department of
Fish and Game to survey, capture, and mark mountain
sheep at Old Dad Peak in the preserve.  Had the work
occurred as scheduled, the loss of approximately 50
mountain sheep to presumptive botulism poisoning
(Swift et al. 2000) might have been averted, because the
water source near which the losses took place would have
been inspected and the potential for the problem might
have been discovered and corrected before it occurred.
That incident (Swift et al. 2000) frequently is cited as
evidence that artificial water sources are problematic for
wild sheep, but critics do not acknowledge the potential
long-term benefits that such water sources have provided.

The same population of mountain sheep has been the
primary source used to repopulate nearly a dozen ranges
in California (Bleich et al. 1990b) and hence has played a
pivotal role in the restoration of those native ungulates to
historically occupied areas.  No translocations of moun-
tain sheep from Old Dad Peak have occurred since the
preserve was established in 1994, despite a proposal to
do so and wording in the California Desert Protection Act
that states, “Nothing in this act shall be construed as
affecting the jurisdiction or responsibilities of the States
with respect to fish and wildlife on Federal lands covered
by this title...” (United States Congress 1994, Sec. 506).

As a result of the California Desert Protection Act, any
future effort to translocate pronghorn to the deserts of
southeastern California may be compromised because so

Mule deer (Odocoileus hemionus) tripping infra-red beam-activated cam-
era at dawn.  Artificial water sources are utilized by wildlife in harsh, desert
environments.  Nonetheless, they are the subject of much controversy, the
majority of which has its roots in legislation that proponents argue has an
emphasis on naturally functioning ecosystems.  Photograph © L. Lesicka.
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much of the area that could be suitable habitat for those
specialized ungulates is legislated wilderness.  Personal
experience leads me to suspect that such a proposal
would be met with opposition if it involved construction
of any device that might ensure the availability of water.
Moreover, additional opposition likely will be voiced on
the grounds that 1) there is no evidence that the disap-
pearance of pronghorn from its historical range in
California resulted from anthropogenic causes (Bleich et
al. 1991), 2) the pronghorn proposed for introduction
might not represent the original genetic stock, or 3)
Sonoran pronghorn do not drink water (Broyles 1995;
but, see Morgart et al. 2005).

Conflicting Laws Compromise Wildlife
Conservation

Interagency competition and bureaucratic inertia
(Grumbine 1990) have complicated efforts to translocate
mountain sheep to vacant habitat, augment small popula-
tions seemingly faced with extinction, and even manage
exotic species that are problematic for native wildlife.
Most wilderness areas in southeastern California include
only one mountain range that coincidentally is occupied
by a tiny population of mountain sheep.  Moreover, they
are separated from each other by many kilometers of
nontraditional but nonetheless important habitat (i.e.,
intermountain areas) that is subject to a multitude of
anthropogenic modifications (Bleich et al. 1990a, 1996)

and additional fragmenta-
tion.

Efforts to enhance
habitat for other large,
vagile mammals have
been complicated by the
inclusion of much of the
Mojave and Sonoran
deserts in wilderness or
by issues associated with
grazing or exotic ungu-
lates.  The continued pres-
ence of feral equids in
areas inhabited by moun-
tain sheep remains prob-
lematic, but donkeys are
legally recognized as an
integral part of healthy
ecosystems, even in desig-
nated wilderness on pub-
lic lands (Bleich and
Andrew 2000).  Mountain
sheep have declined pre-

cipitously in parts of the Sonoran Desert, even though
healthy populations recently existed there (Andrew et al.
1997a).  An extended period of drought may have con-
tributed to declines in forage quality and availability of
water and ultimately to declines in mountain sheep.
Nevertheless, management of donkeys at levels and dis-
tributions consistent with extant herd-management plans
has been a difficult undertaking.  Legislation that has rec-
ognized donkeys as important components of desert
ecosystems conflicts directly with legislation striving to
ensure the maintenance of natural ecosystem processes
and certainly with efforts to conserve native ungulates
during periods of drought (Bleich and Andrew 2000).

Construction or maintenance of water sources, for the
benefit of mule deer or mountain sheep, are especially
controversial (Czech and Krausman 1999, Krausman and
Czech 2000).  It is difficult to understand why such con-
troversies exist when those structures were deemed to be
acceptable within wilderness study areas (Bureau of
Land Management 1987).  Artificial sources of water
were considered to not degrade the suitability of such
areas for wilderness, and construction and maintenance
were cooperative efforts between state and federal agen-
cies.  If water catchments were not problematic prior to
designation of wilderness study areas as wilderness, I fail
to see the logic in the argument that such structures now
degrade legislated wilderness.

The majority of wilderness areas in southeastern Cali-
fornia are inhabited by resident populations of mountain
sheep (Torres et al. 1994) that could benefit from a vari-
ety of conservation efforts, but designation of wilderness
is an opportunistic political process (Haufler et al. 1996).
As a result, those areas were established largely at the
insistence of special-interest groups and were delineated
primarily on convenient topographic features rather than
on some ecological rationale.  It appears that little if any
consideration was given to 1) the juxtaposition of wilder-
ness areas designated by the California Desert Protection
Act, 2) the increased use within those areas that would
result from their “protected” status (Wallace 1992, Klein
1994), 3) the increased use outside of protected areas that
would occur as the public was denied motorized access
to legislated wilderness, or 4) the synergistic impact of
all of the above on the potential for movement by large
mammals between islands of protected habitat (Schwartz
et al. 1986, Bleich et al. 1990a, 1996).

Inflexible policies, pressure from special-interest
groups, and lack of ecological foresight have increasingly
frustrated wildlife conservation, and these problems are
confounded further by other legislation that conflicts
directly with efforts to conserve wildlife.  Indeed, there is
some concern that human actions to enhance naturalness
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Donkeys are recognized as part of
naturally functioning ecosystems,
even in situations where the persist-
ence of native species, such as
mountain sheep, is tenuous and
subject to the vagaries of drought
and its resultant limitations on for-
age availability.  Photograph by G.
and B. Corsi © California Academy
of Sciences.
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(e.g., the restoration of native species; Bleich et al. 1991)
will further degrade legislated wilderness (Cole 1996,
Cole and Landres 1996), despite the continued existence
of feral equids and livestock, adjacent large-scale mining
activity or urban areas, and the congruence of aerial com-
bat training areas.  Significantly, however, there is recog-
nition that wildlife translocations into wilderness may be
necessary for the maintenance of ecosystem processes
outside of wilderness (Cole and Landres 1996).  More-
over, objectives frequently differ between state wildlife
agencies and the National Park Service (Lemke 2004),
but there is a growing awareness that national parks can-
not be managed in isolation and that greater interagency
coordination is needed to manage resources across politi-
cal boundaries (Houston and Schreiner 1995).  One
example of such coordination is the effort to restore
viable populations of mountain sheep to vacant ranges in
and near western national parks (Singer et al. 2000).

Wildlife conservation is important to the American
people, but it can be a contentious and divisive subject
(Whittaker and Torres 1998).  Increasingly, agency per-
sonnel and the general public are being asked to follow
laws and policies that are, in and of themselves, difficult
to rationalize; indeed, some of those conflict directly
with each other, or with efforts to conserve wildlife pop-
ulations.  I contend that the application of common sense
to the interpretation of well-intentioned legislation will
provide greater public support than will rigid enforce-
ment of regulations that are deemed unreasonable by
affected citizens (Hummel 1989, Klein 1994), or are
inconsistent with wildlife conservation objectives (Sizer
and Carr 1989; Bleich 1999a, b).  Further, consistency in
the interpretation and application of policy will lead to
enhanced opportunities to develop proactive, rather than
reactive, conservation strategies (Wilcove 1987), reason-
able and effective wildlife conservation measures, and

fewer disagreements between personnel in state and fed-
eral agencies.

The conservation of large mammals in the southwest-
ern United States warrants greater consideration than it
has received from politicians who enact illogical or con-
flicting legislation, and who expect public servants to
implement those laws.  As noted by Thomas (2004:12),
“Taken one at a time, it is difficult to argue against...envi-
ronmental laws.  Taken in interactive total, they have pro-
duced a worsening impasse in federal land manage-
ment—an impasse that Congress created with the best of
intentions.  It is an impasse that only Congress, with the
best of intentions, can remedy.”
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Abstract: Security infrastructure along international boundaries threatens to degrade connectivity for

wildlife. To explore potential effects of a fence under construction along the U.S.–Mexico border on wildlife, we

assessed movement behavior of two species with different life histories whose regional persistence may depend

on transboundary movements. We used radiotelemetry to assess how vegetation and landscape structure

affect flight and natal dispersal behaviors of Ferruginous Pygmy-Owls (Glaucidium brasilianum), and satellite

telemetry, gene-flow estimates, and least-cost path models to assess movement behavior and interpopulation

connectivity of desert bighorn sheep (Ovis canadensis mexicana). Flight height of Pygmy-Owls averaged only

1.4 m (SE 0.1) above ground, and only 23% of flights exceeded 4 m. Juvenile Pygmy-Owls dispersed at slower

speeds, changed direction more, and had lower colonization success in landscapes with larger vegetation

openings or higher levels of disturbance (p ≤ 0.047), which suggests large vegetation gaps coupled with

tall fences may limit transboundary movements. Female bighorn sheep crossed valleys up to 4.9 km wide,

and microsatellite analyses indicated relatively high levels of gene flow and migration (95% CI for FST =
0.010–0.115, Nm = 1.9–24.8, M = 10.4–15.4) between populations divided by an 11-km valley. Models of

gene flow based on regional topography and movement barriers suggested that nine populations of bighorn

sheep in northwestern Sonora are linked by dispersal with those in neighboring Arizona. Disruption of

transboundary movement corridors by impermeable fencing would isolate some populations on the Arizona

side. Connectivity for other species with similar movement abilities and spatial distributions may be affected

by border development, yet mitigation strategies could address needs of wildlife and humans.

Keywords: bighorn sheep, dispersal, pygmy-owl, flight behavior, gene flow, connectivity, least-cost path, trans-
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172 Transboundary Connectivity

Resumen: La infraestructura de seguridad a lo largo de fronteras internacionales amenaza con degradar

la conectividad para la vida silvestre. Para explorar los efectos potenciales de una barda en construcción a

lo largo de la frontera Estados Unidos-México sobre la vida silvestre, evaluamos la conducta de movimiento

de dos especies con historias de vida diferentes cuya persistencia regional puede depender de movimientos

transfronterizos. Utilizamos radiotelemetŕıa para evaluar el efecto de la estructura de la vegetación y el

paisaje sobre las conductas de vuelo y dispersión natal de mochuelos (Glaucidium brasilianum), y telemetŕıa

por satélite, estimaciones del flujo de genes y modelos de camino de mı́nimo costo para evaluar la conducta de

movimiento y la conectividad entre poblaciones de borrego cimarrón (Ovis canadensis mexicana). La altura

de vuelo de los mochuelos promedió solo 1.4 m (ES 0.1) sobre el suelo, y solo 23% de los vuelos excedieron

los 4 m. Los mochuelos juveniles volaron a menor velocidad, cambiaron más de dirección y tuvieron un

bajo éxito de colonización en paisajes de vegetación con grandes claros o mayores niveles de perturbación

(p ≤ 0.047), lo que sugiere que los grandes claros de vegetación aunado a bardas altas pueden limitar los

movimientos transfronterizos. Borregos hembras atravesaron valles de hasta 4.9 km de ancho, y los análisis

de microsatélites indicaron niveles relativamente altos de flujo y migración de genes (95% IC para FST =
0.010–0.115, Nm = 1.9–24.8, M = 10.4–15.4) entre poblaciones separadas por un valle de 11 km. Los modelos

de flujo de genes basados en la topograf́ıa regional y las barreras al movimiento sugirieron que nueve

poblaciones de borrego cimarrón en el noroeste de Sonora están ligadas por dispersión con poblaciones en

Arizona. La disrupción de corredores de movimiento transfronterizo por una barda impermeable aislaŕıa

algunas poblaciones del lado de Arizona. La conectividad para otras especies con habilidades de movimiento

y distribuciones espaciales similares puede ser afectada por el desarrollo de la frontera, sin embargo las

estrategias de mitigación podŕıan atender las necesidades de la vida silvestre y los humanos.

Palabras Clave: borrego cimarrón, camino de mı́nimo costo, conducta de vuelo, conectividad, conservación
transfronteriza, dispersión, flujo de genes, frontera Estados Unidos-México, Glaucidium brasilianum

Introduction

Animal movements are an important determinant of dis-
tribution, abundance, extinction, and colonization dy-
namics, and gene flow (Colbert et al. 2001; Hanski &
Gaggiotti 2004). In highly fragmented environments,
animal movements among resource patches may be
of greater consequence to population persistence than
the demographic potential of the patches themselves
(Lande 1987). Landscape connectivity is the degree to
which an environment facilitates movement among re-
source patches (Taylor et al. 1993) and is a function
of landscape structure and organisms’ ability to per-
ceive and respond to it (Tishendorf & Fahrig 2000). Be-
cause species’ distributions shift due to climate change
(Parmesan 2006), landscape connectivity may be essen-
tial for persistence (Malcolm et al. 2006), especially
near range margins where the size, quality, and prox-
imity of resource patches often decline (Holt et al.
2005). Although human activity has degraded connec-
tivity in many landscapes, forecasting effects on pop-
ulations is complex because movement is difficult to
study.

Along international boundaries, increasing concerns
over national security and human migration complicate
conserving landscape connectivity. Transboundary devel-
opment, including fences, roadways, lighting, vegetation
clearing, and increased human activity, threatens to alter
connectivity at large scales in over 20 nations. In Asia,
for example, a security fence recently built along the dis-
puted India–Pakistan border may have already affected

wildlife movements (Pahalwan 2006). In North America
a 1125-km security fence along more than one-third of
the U.S.–Mexico border (U.S. Public Law 109–367) is un-
der construction. Although fence structures vary, most
segments are ≥4 m tall, have vertical gaps 5–10 cm wide,
and are associated with vegetation clearings and roads
≥25 m wide. Other sections consist of vehicle barriers
often coupled with barbed-wire fences (Fig. 1). Mitigating
the effects of these structures on wildlife requires infor-
mation on movement behavior and landscape structures
that foster connectivity.

The international boundary between the states of Ari-
zona in the United States and Sonora in Mexico traverses a
diverse region. Spanning over 600 km and a 10-fold gradi-
ent in annual rainfall, this region extends from coniferous
forests near the northern Sierra Madre Occidental to vast
deserts of the Colorado River Valley. In contrast to other
regions along the U.S.–Mexico border, most areas directly
north of Sonora are federally managed, often according
to explicit conservation mandates, and in combination
with reserves in Sonora form one of the largest networks
of protected areas in North America (Felger & Broyles
2007). Transboundary connectivity is especially relevant
to conservation in this region because several major bio-
geographic provinces converge and produce the range
limits of many Neotropical and Nearctic taxa (Turner et al.
1995; Escalante et al. 2004). Moreover, broad elevation
and moisture gradients produce fragmented distributions
of many populations (Hoffmeister 1986; Flesch 2008)
that presumably are linked by dispersal. Despite the bio-
logical significance of this region, virtually the entire
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Figure 1. Examples of security fencing located along the international boundary between Arizona, U.S.A., and

Sonora, Mexico. In the past, 4- to 6-strand barbed-wire fences traversed many portions of the boundary (a). Many

wire fences have been fortified recently with vehicle barriers (b) or replaced with taller less permeable pedestrian

fences (c, d).

Arizona–Sonora border has been fenced or is proposed
for fencing.

To assess the potential effects of border develop-
ment on wildlife, we selected two species of concern in
the borderlands: Ferruginous Pygmy-Owls (Glaucidium

brasilianum) and desert bighorn sheep (Ovis canaden-

sis mexicana). Each has very different life histories
but represent species with fragmented distributions and
movement behaviors that may be vulnerable to changes
in landscape structure. We used data on movement be-
havior collected before construction of the border fence
to develop descriptive and model-based inferences on the
potential effects of border development.

Ferruginous Pygmy-Owls have declined to endangered
levels in Arizona, yet are more common in adjacent
Sonora (Flesch & Steidl 2006). Thus, persistence and re-
covery in Arizona may depend on transboundary move-
ments. Although landscape connectivity for birds is often
assumed (Dale et al. 2006), recent studies demonstrate
that vegetation gaps can slow (Castellón & Sieving 2005)
or restrict (Desrochers & Hannon 1997) movements, es-
pecially by nonmigratory birds (Harris & Reed 2002) such
as Pygmy-Owls.

Desert bighorn sheep occupy mountainous terrain sep-
arated by broad valleys. Movements by desert bighorn
sheep and other wide-ranging mammals such as Sonoran
pronghorn (Antilocapra americana sonoriensis) and
jaguar (Panthera onca) are likely to be disrupted by a
continuous border fence (Cordova & de la Parra 2007).
Because populations of bighorn sheep are often small
and fragmented, connectivity among them is particularly
important (Epps et al. 2007).

We assessed the influence of vegetation and landscape
structure on (a) flight and dispersal behaviors of Pygmy-
Owls, (b) movement rates and gene flow between two
populations of desert bighorn sheep and the simulated
effects of an impermeable border fence on regional in-
terpopulation connectivity, (c) other species likely to be
affected by border development, (d) and strategies to
conserve transboundary connectivity.

Methods

Study Area

Lowland vegetation in the Arizona–Sonora borderlands is
dominated by three vegetation communities: semidesert
grassland at higher elevations to the north and east, Ari-
zona Upland desert scrub at moderate elevations, and
lower Colorado River Valley desert scrub at the lowest
elevations in the west.

We studied movement behavior of Pygmy-Owls in
north-central Sonora and movement behavior and gene
flow of desert bighorn sheep in the Pinta and Cabeza Pri-
eta mountains on Cabeza Prieta National Wildlife Refuge,
two rugged mountain ranges separated by an 11-km-
wide valley. We assessed interpopulation connectivity
of desert bighorn sheep in western Arizona and Sonora
within 60 km of the border.

Pygmy-Owl

We selected owl territories across a range of vegetation
and landscape structures. Between 2003 and 2005, we
trapped 19 adult males early in the nesting season and 54
juveniles from 19 broods immediately after fledging. We
attached harness-mounted radio transmitters (2.2 g) that
averaged 4.1% (SE 0.04) of body mass to each owl.

We assessed flight behavior by monitoring owls contin-
uously during mornings (dawn to 5 h after) and evenings
(3 h before dusk to dark) at least one time per week
until transmitter batteries failed (12–15 weeks) or owl
mortality occurred. We monitored owls visually (84% of
locations) when possible or used triangulation. For each
flight, we used a rangefinder to measure flight distance
and visually estimated minimum and maximum flight
height and initial perch height to the nearest 0.1 m for
heights <1.5 m above ground or 0.5 m otherwise. To
minimize observer influence on owls, we stopped visual
monitoring for 60 min if we flushed owls from consec-
utive perches. To assess observer influence, we noted
owls that flushed in response to our presence, noticed us
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Table 1. Attributes of vegetation and landscape structure considered as potential explanatory variables of flight and dispersal behaviors of
Ferruginous Pygmy-Owls in northern Sonora, Mexico 2003–2005.

Spatial scale and explanatory variable Description

Flight paths ±10◦ of flight direction
distance to nearest potential perch distance from preflight location to nearest potential perch∗

height of nearest potential perch height of nearest potential perch∗

Home ranges 95% minimum convex polygons
density of trees mean distance2 to nearest tree (>2 m tall) in each 90◦ quarter around potential perches∗

height of trees mean height of nearest tree (>2 m tall) in each 90◦ quarter around potential perches∗

vegetation volume mean percent vegetation obstruction on 1-m2 board 6 m from potential perches and
0.5–1.5 m above ground in 90◦ quarters

proximity to vegetation edge distance to nearest vegetation edge
Dispersal corridors 500 m wide, centered on lines between successive locations; potential corridors were

≤500 m from the endpoint of each corridor in the same direction
topography dominant topographic formation; mountains or valley
vegetation community dominant formation type; savannah, desert scrub, thorn scrub, riparian scrub, or

woodland
disturbance intensity proportion of area where vegetation had been cleared or significantly altered; high

(>50%), moderate (10–50%), low (<10%), or none
size of largest vegetation opening size of the largest human-made vegetation opening; large (>200 m wide), moderate

(100–200 m), small (<100 m), or none

∗Woody plant >2 m tall and >1.5 cm wide 1 m above the ground.

but did not fly in response, or did not appear to notice
us.

We assessed dispersal behavior by estimating the
speed, route, direction, and success of natal dispersal.
Because owls dispersed during dusk, dawn, and bright
moonlit nights and roosted at other times, we calcu-
lated dispersal speed as the straight-line distance be-
tween pre- and postmovement locations from successive
visits divided by the number of movement periods be-
tween visits. To assess landscape features encountered
during dispersal, we supplemented visual observations
with plots of successive locations and inferred dispersal
routes based on movement trajectories. To quantify direc-
tional change between successive movement bouts, we
calculated the absolute difference in orientation. Owls
that settled in discrete areas for the life of transmitters
and that paired were considered successful dispersers
(pairing was inferred from courtship behavior). We lo-
cated dispersers every 1.5 movement bouts on average
and excluded observations if owls were not located for
>2 successive bouts, settled for ≥36 h, or moved back
to natal areas.

We described attributes of vegetation and landscape
structure within flight paths, home ranges, and dispersal
corridors (Table 1). Within flight paths, we measured dis-
tance and height of the nearest potential perch. Within
home ranges, we estimated tree density, tree height, un-
derstory vegetation volume, and proximity to vegetation
edges around the closest potential perch from 30 ran-
dom points (Table 1). Within dispersal corridors, we used
aerial photographs and on-site measurements to classify
topography and vegetation and to measure intensity of
disturbance and size of the largest vegetation opening.
We also described areas that may have been avoided dur-

ing dispersal by measuring those same features within
potential corridors (Table 1).

We estimated flight height, flight distance, and perch
height by averaging values for each individual with ≥10
observations and averaging estimates across the popula-
tion. We used analysis of variance (ANOVA) to compare
behaviors among individuals and correlation coefficients
to assess associations. Because telemetry error was small
(<25 m [SE 7]), we pooled all locations to estimate home
ranges. We estimated total distance moved during disper-
sal by summing distances between locations from succes-
sive visits. We calculated dispersal distance by measuring
distances between nests and edges of new home ranges.
For one owl that did not settle, we used maximum dis-
tance moved.

We used generalized linear mixed models to explain
variation in flight and dispersal behaviors within flight
paths and dispersal corridors. Within flight paths, we con-
sidered flight height and distance as response variables,
two potential explanatory variables (Table 1), and initial
perch height as a covariate. Observers had no effect on
flight behavior (p ≥ 0.16) and were not considered covari-
ates. Within dispersal corridors, we considered dispersal
speed and directional change as response variables, four
potential explanatory variables (Table 1), and sex as a
covariate. We considered individuals as subjects and as
random effects.

We used generalized linear models to explain varia-
tion in flight behaviors among home ranges and variation
in dispersal success among landscapes. For flight behav-
iors, we considered mean flight height and distance as re-
sponse variables and four potential explanatory variables
(Table 1). For dispersal success, we considered disper-
sal distance, total distance moved, intensity of landscape
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disturbance, and size of the largest vegetation opening
along routes as potential explanatory variables and sex
as a covariate. We used stepwise variable selection (p <

0.25 to enter, p ≤ 0.10 to stay).

Desert Bighorn Sheep

Between February 2002 and May 2004, we captured 37
adult females (19 in the Pinta and 18 in the Cabeza Prieta
Mountains). Females are less likely to disperse long dis-
tances (Singer et al. 2000), yet are essential for recoloniza-
tion and demographic rescue. We placed GPS telemetry
collars (900 g) programmed to record one location every
13 h on each animal and captured additional sheep to
maintain 6–10 radio-marked sheep in each range.

To describe topography and differentiate mountains
from valleys, we used a digital elevation model (DEM)
and ArcGIS 9.0 (ESRI 2005) to select contour lines at
the base of each mountainous area. To quantify distance
and rate of inter- and intramountain movements for each
animal, we measured the proportion of lines connect-
ing successive locations of each animal and the rate of
valley crossings. We compared frequency of intramoun-
tain movements among seasons with chi-squared tests
and assessed seasonal variation in length of intramoun-
tain movements with generalized linear mixed models.

We assessed gene flow between the Cabeza Prieta and
Pinta populations by genotyping six females from each
range at 14 microsatellite loci (loci and reaction condi-
tions described in Epps et al. 2005a). We used program
ARLEQUIN (Schneider et al. 2000) to estimate genetic
distance (FST ; Weir & Cockerham 1984) and converted
FST to gene flow (Nm) because FST = 1/(1 + 4Nm); Nm
is the number of migrants per generation and provides
an index of gene flow (Neigel 2002). We estimated mi-
gration rate M (Nm/marker mutation rate) with program
MIGRATE (Beerli & Felsenstein 2001) (see Supporting
Information).

We assessed potential effects of a border fence on
movements with a least-cost path model of interpopula-
tion gene flow that was developed from genetic analyses
of 27 populations of desert bighorn sheep in southeastern
California (Epps et al. 2007). That region, beginning 40
km west of our study area, is in the same physiographic
province (basin and range) and floristic area (Sonoran)
and includes mountain ranges of similar size and to-
pography. The gene-flow model was parameterized by
testing against observed genetic structure and provided
an estimate of the maximum effective distance (ED) for
gene flow among populations; ED among populations is
a function of topography and distance (Supporting Infor-
mation).

We applied this model to bighorn populations in Ari-
zona and Sonora to estimate gene flow among habitat
patches known or suspected to support resident popu-
lations of females (Lopez et al. 2001); population bound-

aries were delineated by basal contour lines with slopes
≥10%. We used PATHMATRIX (Ray 2005) to estimate lo-
cation and ED of each least-cost route among populations
within the maximum ED of 16.4 km. We scaled estimated
ED among populations by gene flow (Supporting Informa-
tion). We simulated the effects of an impermeable border
fence on interpopulation connectivity by assigning cells
along the border a dispersal cost exceeding the maxi-
mum value allowed by the model, repeating least-cost
path analyses, and comparing predicted movement cor-
ridors with and without the fence. Because female desert
bighorn sheep disperse shorter distances than males, we
assumed this model largely reflects male-mediated gene
flow. Therefore, we identified populations that likely
were connected by female dispersal with and without
the border fence by considering a maximum ED of 10
km, based on observations from California where females
moved ≤8.5 km (Supporting Information).

Results

Pygmy-Owls

Flights involved rapid descent from perches followed by
direct and level flight near the ground then rapid as-
cent to perches. On average, owls lost 53% (SE 2) of
flight altitude when descending to the lowest point along
flight paths (n = 258 flights by 15 owls) and descended
more during longer flights (r = 0.39, p < 0.001). Flight
height ranged from 0.1 to 12 m above ground. Only 23%
of flights were >4 m above ground (Fig. 2), and only
one flight was consistently above treetops. Minimum and
maximum flight heights averaged 1.4 m (SE 0.1) and 3.2
m (SE 0.2), respectively, and varied among individuals
(F14,251 ≥ 3.48, p ≤ 0.001). Within flight paths, flight
height increased as height of the nearest potential perch
increased; minimum flight height decreased and max-
imum flight height increased as distance to the nearest
potential perch increased (Table 2). Within home ranges,
mean flight height increased as height of trees and vol-
ume of understory vegetation increased (t10 ≥ 2.26, p ≤
0.048).

Flights were direct and short; 97% (n = 311) were <80
m. Flight distance averaged 29 m (SE 2) but varied among
individuals (F14,279 = 1.67, p = 0.062). The three longest
flights were 120–210 m. Owls that flew longer distances
reached higher maximum heights (r = 0.23, p < 0.001).
Within flight paths, flight distance increased with dis-
tance to the nearest potential perch (Table 2). Within
home ranges, mean flight distance decreased with tree
density increased (t10 = 2.74, p = 0.021). Perch height
averaged 2.7 m (SE 0.1) and increased with tree height
(t15 = 2.68, p = 0.017). Flight and perch behaviors of ju-
veniles were similar to those of adults, yet one dispersing
juvenile flew 335 m across an open field.
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Figure 2. Distribution of minimum and maximum

flight heights (n = 280) of 19 radio-marked

Pygmy-Owls in northern Sonora, Mexico, 2003–2004.

All owls that survived the natal period (44% of 54) dis-
persed and moved an average of 1.2 km/bout (SE 0.1)
(n = 81 bouts by 20 owls). Owls crossed mountains,
roadways, agricultural fields, and fences, yet dispersal
speed was 116 times slower (SE 47) in corridors with
high levels of disturbance than in those with no distur-
bance (Table 3; Fig. 3). Highly disturbed corridors were
often fragmented by agricultural fields (73%), and those
with less disturbance included roadways (50%) or smaller
vegetation openings (44%). Dispersal speed was faster

Table 2. Factors that explained variation in flight behavior in 267 flight events by 17 radio-marked male Ferruginous Pygmy-Owls in northern
Sonora, Mexico 2003–2004.∗

Flight distance (m) Minimum flight height (m) Maximum flight height (m)

Factor est. SE t p est. SE t p est. SE t p

Initial perch height (m) 0.088 0.026 3.41 <0.001 0.35 0.038 9.12 <0.001 0.73 0.050 14.64 <0.001
Height of closest −0.041 0.026 1.57 0.12 0.090 0.038 2.34 0.020 0.13 0.050 2.60 0.010

available perch (m)
Distance to closest 0.024 0.004 6.02 <0.001 −0.016 0.006 2.83 0.005 0.018 0.008 2.38 0.018

available perch (m)

∗Response variables in the top row: flight distance, minimum flight height, and maximum flight height.

through desert scrub (1.3 km [SE 0.2]) and savannah (1.1
[SE 0.2]) than through woodland (0.8 [SE 0.1]).

All owls crossed barbed-wire fences, yet none encoun-
tered other types of fences. All owls that encountered
roadways eventually crossed them; 39% crossed two-
laned paved highways and one (4%) crossed a four-lane
divided highway. Number of roads crossed during dis-
persal increased with total distance moved (t22 = 4.35,
p < 0.001), which suggests small to moderate-sized roads
were not barriers.

Directional change between successive dispersal bouts
varied with the size of vegetation openings and topogra-
phy (Table 3). Owls that used corridors with large vege-
tation openings changed dispersal direction 2.0 (SE 0.7)
times more than those that used corridors with no open-
ings (Fig. 3). Owls that encountered mountains changed
direction 1.7 (SE 0.8) times more than those that tra-
versed valleys, indicating a tendency to move parallel to
landscape contour.

Dispersal success averaged 50% within 35 d (SE 1) af-
ter the onset of dispersal, during which no mortality oc-
curred. Odds of dispersal success were 92 (SE 7) times
greater for owls that traversed landscapes with no distur-
bance compared with those with moderate disturbance
(χ2

20 = 5.65, p = 0.017), after adjusting for somewhat
higher success for males (62% of 13) versus females (36%
of 11; χ2

20 = 2.60, p = 0.11). Success averaged 13% (n =
8), 64% (n = 11), and 80% (n = 5) in landscapes with mod-
erate, low, and no disturbance, respectively. Success did
not vary with dispersal distance or total distance moved
(χ2

19 ≤ 0.20, p ≥ 0.65).

Desert Bighorn Sheep

We observed no intermountain movements during
20,482 locations of 37 females, yet 14 of 18 sheep made
351 crossings of valleys within the Cabeza Prieta Moun-
tains (0.4 [SE 0.1] crossings/week/individual). Frequency
of intramountain movements varied seasonally (χ2

3 =
44.09, p > 0.001) and were more common in late sum-
mer (33% of observations) and fall (32%) than in win-
ter (11%). Length of intramountain movements averaged
1.6 ± 0.1 km (max. = 4.9 km), and only 7% were
>3 km. Length of movement did not vary seasonally
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Table 3. Factors that explained variation in attributes of movement behavior during 81 movement bouts by 20 radio-marked Pygmy-Owls during
natal dispersal in northern Sonora, Mexico 2003–2005.

Response and factor Estimate SE t p

Dispersal speed (km/bout)
intensity of disturbancea 0.014

none (0%) 1.22 0.50 2.47 0.024
low (1–10%) 1.39 0.48 2.90 0.0095
moderate (10–50%) 0.95 0.05 1.98 0.063

vegetation communityb 0.050
desert scrub 0.46 0.23 1.99 0.066
savannah 0.26 0.25 1.02 0.33
woodland −0.03 0.20 0.14 0.89
riparian scrub −0.22 0.36 0.62 0.55

Directional change (degree)
size of the largest vegetation openingc 0.047

none (0 m) −81.0 28.6 2.83 0.018
low (1–100 m) −53.4 25.8 2.08 0.065
moderate (100–200 m) −74.0 23.7 3.12 0.011

topography (Valley)d −53.9 25.3 2.13 0.10

aReference level equals high intensity of disturbance (>50%).
bReference level equals thorn-scrub vegetation.
cReference level equals large vegetation opening (>200 m).
dReference level equals mountainous topography.

(F3,315 = 0.36; p = 0.79). Dirt roads were the only human-
made feature crossed during intramountain movements.
One female crossed the U.S.–Mexico border nine times
in an unfenced mountainous area.

Genetic distance (FST ) was 0.046 (95% CI 0.010–0.115)
between the Pinta and Cabeza Prieta mountains. Gene
flow (Nm) was 5.18 (95% CI 1.90–24.8) and migration
rate was (M) 12.9 (95% CI 10.4–15.4).

We estimated that nine populations in Sonora are
linked by gene flow and male dispersal with populations
in Arizona and only two populations are completely iso-
lated at this time (Fig. 4a). All predicted transboundary
dispersal corridors would be disrupted by an imperme-
able fence, including several with high levels of predicted
movement and gene flow.

The slope dispersal model for females predicted that
without the border fence, all but four of the southernmost
populations are linked by dispersal (Fig. 4b). A simulated
border fence, however, disrupted at least 10 predicted
transboundary dispersal corridors for females. Further-
more, the border fence would isolate the two western-
most populations in the U.S. portion of the study area
because dispersal was predicted only through habitat in
Mexico (Fig. 4b).

Discussion

Movement behavior and patterns of interpopulation con-
nectivity we observed in the U.S.–Mexico borderlands
suggest border fencing and associated vegetation clearing
could degrade landscape connectivity for some species

of wildlife. Although our findings rely on observations
of movement behavior obtained before the border fence
was constructed and require experimental approaches
to corroborate, they highlight priorities for monitoring
and mitigation as border development continues. Fences
similar to those now being constructed along the U.S.–
Mexico border have restricted wildlife movements and
negatively affected populations in other regions (Whyte
& Joubert 1988; Scott 1992; Baines & Summers 1997).
Security infrastructure will have the greatest influence
on wildlife when effects on individuals are manifested at
population-level scales, yet these effects depend largely
on species-specific movement abilities, the spatial and
temporal arrangement of resources, and the type, loca-
tion, and intensity of development. Although we focused
on physical barriers, associated lighting, vehicle traffic,
and human activity may further degrade connectivity
(Forman & Alexander 1998; Rich & Longcore 2006) and
warrant detailed consideration.

Pygmy-Owl

Flight behaviors of Pygmy-Owls suggest that large veg-
etation gaps coupled with tall fences could limit trans-
boundary movements. Flights by Pygmy-Owls involved
steep descents from low perches followed by direct-level
flight near the ground. Flights leveled off only 1.4 m above
the ground on average, and only 23% exceeded the ap-
proximate height of transboundary fences (4 m). These
and other data suggest that nonmigratory birds such as
Pygmy-Owls have more limited perceptual abilities than
species that move at higher elevations (Dale et al. 2006).
Other species of woodland owls also have U-shaped flight
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Figure 3. Dispersal speed and directional change

between successive movement bouts of juvenile

Ferruginous Pygmy-Owls during natal dispersal in

northern Sonora, Mexico, 2003–2005. Disturbance

along route indicates the proportion of natural

vegetation that was cleared (low, <10%; moderate,

10–50%; high, >50%), and size of disturbance

indicates width (small, <100 m; moderate, 100–200

m; high, >200 m) of the largest vegetation opening

within 500 m of the endpoint of each dispersal bout in

the same direction of the bout.

patterns (Gehlbach 1994) that may reduce potential for
crossing fences. Because flights >4 m were observed, the
border fence would not eliminate transboundary gene
flow.

Because landscape structure influenced the speed, di-
rection, and success of natal dispersal, large vegetation
gaps associated with the border fence could further re-
duce transboundary movements. Dispersal success was
lower in more-disturbed landscapes, probably because

Figure 4. Predicted least-cost paths for movement and

gene flow among desert bighorn sheep populations for

(a) males and (b) females on the basis of distance and

topography among populations in the study area

from a connectivity model fitted to gene-flow

estimates among populations in neighboring southern

California. Corridors disrupted by construction of an

impermeable border fence are indicated by black lines

and corridors not disrupted are indicated by gray

lines. Widths of lines are scaled by the quantity of

gene flow predicted.

habitat availability was lower and locating mates was
more difficult. Compared with the effects of landscape
structure, distance moved during dispersal had no appar-
ent effect on dispersal success, which suggests matrix
structure and not proximity largely determines the effec-
tive isolation of resource patches (Ricketts 2001). Dis-
persing Pygmy-Owls that encountered vegetation gaps
>200 m moved at much slower speeds, often made only
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one to two flights per movement bout, and tended to
drastically change direction. Thus, vegetation gaps can
slow movements or pose barriers to pygmy owls and
other nonmigratory birds (Harris & Reed 2002; Castellón
& Sieving 2005). Reduced dispersal from Sonora could
have strong demographic effects on populations in Ari-
zona, which should be monitored closely.

Because flight behavior was explained by local vege-
tation features, appropriate management could enhance
landscape connectivity. Flights were longer when initi-
ated from higher perches, flight height increased as tree
height and understory vegetation volume increased, and
maximum flight height increased as distance to poten-
tial perches increased. Therefore, tall stands of trees and
dense understory vegetation near fences should augment
transboundary connectivity. Because Pygmy-Owls have
declined to endangered levels in Arizona yet are more
common in adjacent Sonora, maintaining transboundary
connectivity should aid recovery of owl populations in
Arizona.

Desert Bighorn Sheep

Although we did not observe intermountain movements
by females, such movements have been documented in
this (Witham & Smith 1979) and other regions (Bleich
et al. 1990). In our region females frequently crossed val-
leys within mountainous areas that were ≤2 km wide,
whereas movements >4 km were rare. Documented
intermountain movements in the southwestern United
States suggest that bighorn sheep tend to take the short-
est route across valleys and often use intervening hills
as “stepping stones” (Jaeger 1994). Continued monitor-
ing could better characterize long-distance movements
yet may be difficult now that construction of the border
fence is underway.

Despite no direct observation of intermountain move-
ments, genetic analyses suggested fairly high levels of
gene flow and a history of recent dispersal between the
Cabeza Prieta and Pinta mountains (FST <0.05; Nm =
5.2; M = 12.9). Estimates of Nm (<1 migrant/year) in-
dicate the difficulty of observing intermountain move-
ments over short time scales. The slope dispersal model
of gene flow predicted Nm = 3.6 between those pop-
ulations, which suggests that intermountain movement
in the study area was similar where the model was de-
veloped. Populations in California among which dispersal
was verified by radiotelemetry had similarly weak genetic
structure (FST <0.05; Epps et al. 2005b) and equivalent
gene flow (Nm >1.2, M > 11.8) at the same loci (Epps
et al. 2007).

Construction of an impermeable border fence would
disrupt an extensive population network of desert
bighorn sheep. In addition to preventing transboundary
movements, that barrier would eliminate or weaken link-
ages among some populations on the same side of the

border (Fig. 4b). Small population sizes and high envi-
ronmental stochasticity in populations of desert bighorn
sheep cause frequent population extinctions (Bleich et al.
1990). Fenced barriers such as interstate highways have
disrupted dispersal and caused rapid genetic divergence
and loss of diversity (Epps et al. 2005a). A continuous
border fence would also reduce probability of recolo-
nization after local extinction, compounding effects of
changing resource availabilities due to climate change.
Detailed demographic data and metapopulation models
could shed further light on the probability of local extinc-
tions. Finally, if pursued immediately, genetic sampling of
bighorn populations or other species on both sides of the
border could test for evidence of previous connectivity
even after construction of the fence is completed.

Implications for Other Species

Results of our case studies suggest other species may
be significantly affected by security infrastructure in
the Arizona–Sonora borderlands if they are terrestrial
and large enough to be physically excluded by security
infrastructure (cannot pass through a 5- to 10-cm gap),
deterred by vegetation openings, or fly at heights <4 m
during dispersal. Furthermore, although bighorn sheep
and many other species in discontinuous habitat patches
can disperse across nonbreeding habitat, those species
are most likely to experience loss of connectivity at
larger scales when linkages incorporating transbound-
ary movements are disrupted (e.g., Fig 4b). For instance,
desert tortoise (Gopherus agassizii) also occupy dis-
junct rocky habitat separated by valleys and make in-
terpopulation movements approximately once per gen-
eration (Edwards et al. 2004); those characteristics could
increase vulnerability to disruption by border fencing.
Among nonmigratory birds, ground dwellers such as Wild
Turkey (Meliagris gallopavo) and quail (Phasianidae)
may not readily cross fences unless gap widths facili-
tate movement (Fig. 1). Nevertheless, bats such as en-
dangered lesser-long nosed bat (Leptonycteris curasoae)
and migratory birds likely will fly over fences.

Among wide-ranging mammals, persistence and recov-
ery of other species present in low numbers such as
jaguar and Sonoran pronghorn may depend on trans-
boundary movements (Krausman et al. 2005; McCain &
Childs 2008). Persistence of black bears (Ursus amer-

icanus) in northern Sonora and Texas may depend, re-
spectively, on movements from Arizona (Varas 2007) and
northern Coahuila (Onorato et al. 2004). Population-level
consequences for species that are more widespread and
abundant such as pumas (Puma concolor) and mule deer
(Odocoileus hemionus) are likely to be less severe. De-
tailed information on distribution, movement behavior,
and the effects of interpopulation connectivity on lo-
cal persistence are required to fully assess the potential
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effects of transboundary development on wildlife and to
develop effective mitigation strategies.

Mitigation and Management

In transboundary landscapes internationally imple-
mented, information-based strategies can augment con-
nectivity and meet security needs. For bighorn sheep
and other wide-ranging mammals that use mountain-
ous terrain, crossing structures or fence gaps focused in
the mountains may foster transboundary movement, yet
placement of these structures requires careful evaluation
of regional connectivity such as that initiated here. For
Ferruginous Pygmy-Owls and other species of nonmigra-
tory birds, tall trees, limited vegetation disturbance, and
fences that are permeable by small animals should en-
hance connectivity.

In regions with continuous impermeable fencing,
wildlife crossing structures should be considered. Al-
though crossing structures can foster wildlife movement
across roadways (Clevenger & Waltho 2005), security
concerns along international boundaries and the effects
of human traffic on wildlife may limit their efficacy. Nev-
ertheless, if such structures are coupled with remote-
surveillance technologies such as cameras, radar, and
electromagnetic and motion sensors, they can enhance
connectivity and provide data on wildlife movement
without compromising security. Where pedestrian fenc-
ing is not needed, vehicle barriers may be more perme-
able by wildlife, yet designs for these structures should
be considered carefully. As a last resort, targeted translo-
cations of the most sensitive species could be imple-
mented. Careful evaluation of strategies to meet conserva-
tion and security objectives in transboundary landscapes
is needed for optimal solutions, including consideration
of the economic and social factors that drive human
migration.
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HABITAT SELECTION BY MULE DEER: FORAGE BENEFITS 
OR RISK OF PREDATION? 
BECKY M. PIERCE,' Sierra Nevada Bighorn Sheep Recovery Program, California Department of Fish and Game, 407 West Line 

Street, Bishop, CA 93514, USA 
R. TERRY 	 Institute of Arctic Biology, and Department of Biology and Wildlife, University of Alaska Fairbanks, Fair- 

banks, AK 99775, USA 
VERNON C. BLEICH, Sierra Nevada Bighorn Sheep Recovery Program, California Department of Fish and Game, 407 West Line 

Street, Bishop, CA 93514, USA 

Abstract: Risk of predation may affect individuals in prey populations by limiting their use of highquality habitat. 
Predation risk, however, cannot be implicated as a factor in habitat selection by prey without data comparing qual- 
ity of selected and avoided habitats, along with the predation risk associated with those habitats. If forage benefits 
and predation risk are not positively correlated among habitat types, then predation risk may have little influence 
on the habitat selected by prey. M7e evaluated habitat selection by mountain lions (Puma concolm) and mule deer 
(Odocoileus hemionus) in the eastern Sierra Nevada, California, USA, from 1994 to 1997, to determine how forage 
benefit or risk of predation by mountain lions affects habitat selection by mule deer. Mountain lions were the pri- 
mary predator of mule deer in our study area. Stands of bitterbrush (Purshia tn'dentata) in the Great Basin provid- 
ed more cover for mule deer than surrounding patches of rabbitbrush (Chrysothamnus nauseosum) or desert peach 
(Prunus andersonii). Bitterbrush also was important forage for mule deer during winter. We hypothesized that 
mountain lions would be more successful at stalking and killing mule deer in habitats with more concealment 
cover than in habitats with less cover, and therefore mule deer would choose between foraging on bitterbush and 
avoiding predation by mountain lions. We collected data on habitat characteristics in 3 types of locations: random 
locations ( n  = 180),deer foraging locations ( n= 179),and locations where mountain lions killed deer ( n  = 41). 
Mule deer selected habitat at greater elevations (P< 0.001) with more bitterbrush (P< 0.001) and less rabbitbrush 
( P= 0.033) when compared with random locations. Logistic regression indicated that mountain lions killed deer 
in relatively open areas with more desert peach ( P< 0.001) than at locations in which deer foraged. Therefore, 
deer were not confronted with a trade-off when selecting habitat on winter range, and they minimized the ratio of 
predation risk to forage benefit by selecting habitat with more bitterbrush. Changes in diet among seasons, which 
occur for herds of migratov deer, lead to individuals experiencing changing predation risk to forage benefit ratios 
throughout the year. Hence, migratory populations of mule deer likely adopt different strategies of habitat selec- 
tion among seasons. 

JOURNAL OF WILDLIFE MANAGEMENT 68(3):533-541 

Key words: California, forage, Great Basin Desert, Odocoileus hemionus, predation, Puma concolm, trade-offs. 

Selection of habitats to maximize reproductive examining habitat selection by ungulates has 
fitness can involve a trade-off between maximiz- focused on resource acquisition; however, some 
ing foraging benefits while minimizing risk of recent studies have emphasized the importance 
predation (Festa-Bianchet 1988, Molvar and of avoiding predators while acquiring those 
Bowyer 1994, Bleich et al. 1997, Nicholson et al. resources (Van Ballenberghe and Ballard 1994; 
1997). This trade-off has been proposed in an Sinclair and Arcese 1995; Bowyer et al. 1998). Few 
array of environments (Sih 1980, Pierce et al. studies have examined the manner in which risk 
1992, Rachlow and Bowyer 1998, Barten et al. of predation and forage are arrayed in natural 
2001), but it can occur only if foraging benefits environments or have tested for effects of such 
and predation risk are positively correlated landscape patterns on outcomes from encounters 
(Bowyer et al. 1998). An understanding of how between large carnivores and their primary prey. 
forage benefit and risk of predation vary across We studied habitat selection (as defined in 
the landscape and how those factors are interre- Block and Brennan 1993) by mule deer in rela- 
lated is necessary for understanding habitat selec- tion to predation by mountain lions on a winter 
tion (Bleich et al. 1997, Kie 1999). Most research range in the eastern Sierra Nevada, California, 

USA. Predators that stalk and ambush prey prefer 
areas with dense concealment cover for hunting 

E-mail: bmpierce@dfg.ca.gov (stalking cover; Schaller 1972, Russell 1978, Beier 

Present address: Department of Biological Sciences, et al. 1995). Indeed, mountain lions were more 
Idaho State University, Pocatello, ID 83209-8009,USA. successful at hunting pronghorns (Antilocapa 
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amm'cana) that inhabited rugged terrain with 
more vegetation than those that occurred in 
open prairie (Ockenfels 1994). The primary for-
age of mule deer on our study area was bitter-
brush (Kucera 1997), which often occurs in 
homogeneous stands >2 m in height and pro-
vides substantial stalking cover. We hypothesized 
that stands of bitterbrush would provide ideal 
habitat for mountain lions engaged in hunting, 
and, because of the importance of bitterbrush as 
forage, we predicted that a positive relationship 
would exist between predation risk and foraging 
benefit to mule deer. Under such conditions, 
mule deer should make a trade-off (i.e., incur a 
cost), thereby accepting greater risk of predation 
to meet forage requirements. 

We collected data on the locations where deer 
foraged and the locations where mountain lions 
preyed upon deer to determine which parame-
ters were most important for habitat selection by 
these 2 large mammals and to determine the 
strategy for habitat selection by mule deer. If risk 
of predation by mountain lions is constant across 
habitats occupied by mule deer, or if mountain 
lions are more successful at killing deer in habi-
tats with low foraging benefits, no trade-off exists 
for mule deer when selecting foraging habitat. 
Under such circumstances, mule deer should 
seek to maximize foraging benefits, thereby 
reducing the predation risk to forage benefit 
ratio (Pulliam 1989). If, however, mountain lions 
are more effective hunters in areas with stalking 
cover, habitat selection by mule deer would be 
more complex, and a trade-off between use of a 
particular habitat and predation risk might 
occur. We examined the role of forage availabili-
ty and predation risk by mountain lions in the 
selection of habitat by mule deer. Because habitat 
selection in herbivores likely affects reproductive 
fitness, strategies of habitat selection can be 
linked to population dynamics. 

STUDY AREA 
We conducted our study in Round Valley 

(approx 130 km2; 37"24'N, 118034'UT),which is 
located on the east side of the Sierra Nevada in 
eastern California, USA. Mount Tom (4,161 m) 
and Wheeler Ridge (3,640 m) form a steep 
boundary along the western edge of Round Val-
ley and rocky alluvial fans extend eastward from 
their bases. The south end of the valley is com-
posed of large boulders and granitic ridges that 
support tall bitterbrush, pinyon pines (Pinus 
monophylla), and Utah junipers (Jzcniperus 

osteospema). The valley floor (1,375 m) rises 
northward to the top of Sherwin Grade at 2,135 
m. The Tungsten Hills provide relatively dry and 
open habitat to the southeast. The eastern 
boundary of Round Valley is delineated by High-
way 395, the main north-south route from Reno, 
Nevada, to the Los Angeles basin, California, and 
is coincident with a geological shift into the Vol-
canic Tablelands. Approximately 18.3 km2 of 
open pasture occurred in the eastern portion of 
the valley, and 3.2 km2of the study area was devel-
oped as residential housing. Deer used those pas-
tures only when heaky snows drove them to lower 
elevations from areas dominated by bitterbrush. 
Deer inhabited about 90 km2 of Round Valley 
during November-April (Kucera 1988), but the 
area used varied with snow depth. 

The vegetation association in Round Valley was 
characteristic of the Great Basin and typical for 
the sagebrush belt (Storer and Usinger 1968). 
Winter range was composed of bitterbrush, sage-
brush (iirtemisia tn'dentata), and rabbitbrush in a 
mosaic where patches dominated by blackbmsh 
(Cole~~gneramosissima), desert peach, and Mor-
mon tea (Ephedra npoadensis) were common. 
Riparian areas supported the growth of willow 
(Salixsp.),Rose (Rosa sp.), and water birch (Betu-
la occidentalis, but forbs and graminoids were 
uncommon in Round Valley during winter. 

In June 1995, a fire burned approximately 22 
km2 of winter range near the center of our study 
area. This fire occurred in an area dominated by 
bitterbrush and sagebrush and was of such inten-
sity that no measurable regrowth of bitterbrush 
occurred from the charred stumps. In years fol-
l o ~ i n gthe fire, desert peach and cheat grass (Bro-
mus tectmum) dominated vegetative growth and 
provided little concealment cover for deer or 
mountain lions and little forage value for deer. 
During the late 1980s,forage availabilityin Round 
Valley, as indexed by leader growth of bitterbrush, 
declined sharply in response to a prolonged 
drought (Kucera 1988).A decline in the migratory 
population of mule deer, from about 6,000 (66 
deer/km2) in 1985 to <1,000 (10 deer/km2) in 
1991, coincided with the decrease in carrying 
capacity of the winter range through 1988 (Kucera 
1988).Our study began in November 1991,coinci-
dent with the end of that drought. Estimated num-
bers of deer on the winter range increased gradu-
ally from 1,344 (15 deer/km2) in 1993 to 1,913 
(21 deer/km2) in 1997, while the density of moun-
tain lions declined from 6.1 in winter 1992-1993 
to 3.0 in 1996-1997 (Pierce et al. 2000a). 
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METHODS 

Sampling Design 
We captured mule deer (217 F, 93 M) in Round 

Valley and fitted them with radiocollars during 
winter or spring from 1993 to 1997. Deer were 
captured with Clover traps (n = 9; Clover 1956), 
dr ip  nets (n= 2; ~ o n n e rkt al. 1987),or a net gun 
fired from a helicopter (n  = 299; Krausman et al. 
1985).We captured deer throughout their winter 
range, and we avoided animals in groups that 
already included >1 radiomarked animal. We dis-
tributed radiocollars among adult (21 yr old) 
males and females in the approximate proportion 
of their occurrence in the population (1:3).The 
majority (109/ 113) of young (<Iyr old) captured 
were fitted with brown, expandable collars close 
to a 1:l sex ratio (Bleich and Pierce 1999).Differ-
ences in age and sex can play an important role in 
habitat selection (Bowyer 1984, Loft et al. 1987, 
Clutton-Brock 1991, Bleich et al. 1997).For this 
reason, we tested for differencesin use of habitats 
between the sexes of mule deer before evaluating 
risk of predation. Adult mountain lions (12 F, 
9 M) were captured and fitted with radiocollars 
from November 1991 to May 1995, following c a p  
ture techniques described by Davis et al. (1996). 

Mountain lions are important predators of mule 
deer in the Great Basin (Bleichand Taylor 1998), 
including our study area (Pierceet al. 1998,2000a, 
20006). Nonetheless, to confirm the potential for 
mountain lions to pose significant risks to mule 
deer, and thereby td influence habitat selection by 
those ungulates, we compared the proportion of 
mortality in radiomarked mule deer caused by 
mountain lions with that of mortality caused by 
bobcats (Lynx mfus) and coyotes (Canis latrans). 
We located mule deer killed by mountain lions 
(n = 229) by back-tracking lions from daytime 
positions, investigating mortality signals from 
radiomarked deer, locating mountain lions at night 
via radiotelemetry, and investigating locations 
where numerous birds were observed scavenging. 
We monitored all radiomarked deer daily for 
mortality signals, and we determined causes of . -
mortality by examining wounds, tracks, and feces 
in the vicinity of the carcass;predator identification 
often was confirmed with remote photography 
(Pierce et al. 1998). Only instances that occurred 
from November through April 1994-1997, within- .  

the boundaries of the study area, and for which the 
location where the deer was actuallykilled could be 
identified (n = 41) were used in our analyses. Each 
month, we randomly selected 10radiomarked deer 

(deer forage locations), and we located them 
visually during daylight hours from November 
through April 1994-1997. In addition, during that 
same period, 10 random locations were selected 
each month within an area that encompassed the 
area deer were known to have used in previous 
winters (100 km2).For random locations, we ran-
domly selected Universal Transverse Mercator 
(UTM) coordinates and used a handheld Global 
Positioning System unit to identify the location in 
the field. We used those locations to sample avail-
ability of habitat for deer. 

We defined habitat by the suite of characteris-
tics we measured, which included important vari-
ables for survival and reproduction in mule deer 
(Leopold 1933, Hall et al. 1997). We defined 
habitat selection as a disproportional use of those 
variables (used - available) among the types of 
locations (Block and Brennan 1993).We used the 
line-intercept method (Canfield 1941) to sample 
cover of shrubs at all locations of deer killed by 
mountain lions, deer foraging locations, and ran-
dom locations. We determined total distance of 
every browse species intersected by a 50-m tape 
oriented in a random direction and extending 
away from the location being sampled. Only bit-
terbrush, sagebrush, rabbitbrush, desert peach, 
Mormon tea, and blackbrush were included in 
analyses because each composed 25% of total 
vegetation measured. We performed an arcsine 
square-root transformation on the proportion of 
the 5@m measurement that each plant species 
comprised at each location. We viewed a 2-m tall 
cover pole (Bowyer et al. 1999) divided into 8 
equal sections from the 4 cardinal directions at a 
distance of 15m. We recorded the number of sec-
tions that were 250% obstructed from view from 
each direction as an index to stalking cover. We 
collected samples of bitterbrush (2= 80 g) from 
plants within a 5@m radius of the location being 
characterized. Samples taken from bitterbrush 
were about 10 cm in length and included more 
than current annual growth; those samples were 
typical of leaders removed by foraging deer. All 
samples were placed in paper bags, returned to 
the laboratory, and dried to a constant weight. 
We calculated moisture content of bitterbrush 
for all samples collected during 1996-1997 by 
subtracting weight after air drying from weight at 
time of collection and dividing the difference by 
the original weight. We determined in-vitro dry 
matter digestibility (IVDMD) and percent nitro-
gen (N) for all samples collected using standard 
techniques (Van Soest 1982). 
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Table 1. Variables used in stepwise logistic regressionto model habitat selection by foraging mule deer and hunting mountain 
lions in RoundValley, California, USA, 1994-1997. 

Random Lion kill Deer location 
(n= 180) (n = 41) (n= 179) 

- - -
x SD x SDVariables x SD Description 

Vegetationa 
Bitterbrush (m) 0.15 0.21 0.19 0.16 0.23 0.30 Proportion of a 50-m transect run in a 
Sagebrush(m) 0.19 0.23 0.25 0.23 0.20 0.25 random direction from the location 
Blackbrush(m) 0.11 0.19 0.11 0.21 0.14 0.20 being sampled that was intersected 
Rabbitbrush(m) 0.13 0.20 0.13 0.21 0.10 0.17 by the indicatedplant species 
Mormon tea (m) 0.15 0.22 0.15 0.16 0.18 0.22 (continuous) 
Desert peach (m) 0.07 0.17 0.21 0.32 0.08 0.18 

Distance to near-

I
Snow depth (cm) 0.18 0.39 0.20 0.40 0.12 0.32 (Continuous) 
Elevation (m) 1,385.21 624.64 1,377.49 559.52 1,343.63 578.47 (Continuous) 

est water (m) 360.65 343.47 337.90 305.48 347.11 324.54 (Continuous) 
Distanceto near-
est road (m) 1,193.82 1,379.29 1,514.47 1,382.43 1,253.05 1,169.01 (Continuous) 

Cover pole index 4.57 4.31 5.88 4.87 5.64 4.85 No. 25-cm segments of a vertical 2-m 
pole 250% obstructed when viewed 
from 15 m from the 4 cardinal direc-
tions (discrete) 

Terrain rugged- 29.79 38.35 19.48 20.66 26.29 60.72 Determinedby multiplyingthe angular 
ness index deviation of aspect by the SD of slope 

(continuous; Nicholsonet al. 1997) 

Visibility 210.68 100.72 241.93 82.95 203.14 102.22 No. of pixels (30-m2units) that could be 
seen by a deer with its head at a height 
of 1 m to a maximum of 400 m (discrete) 

a The arcsine square-root transformation of vegetationvalues was used in the stepwise logistic regression. 

Each month during November through April, 
we collected 20 fresh samples of mule deer fecal 
pellets from throughout our study area. We 
grouped 5 pellets from each sample into com-
posite samples each month. Microhistological 
identification of plant fragments (Sparks and 
Malechek 1968) was completed for composite 
samples by the Composition Analysis Laboratory, 
Fort Collins, Colorado, USA. 

We used the Geographic Information System 
(GIs) ARCINFO (Environmental Systems Re-
search Institute 1998) to derive several variables 
including elevation, slope, distance to the nearest 
paved road, and distance to the nearest riparian 
zone. Viewshed was determined as the number of 
pixels (3@m2units) that could be seen by a deer 
with its head at a height of 1 m, out to a maxi-
mum distance of 400 m. We determined an index 
of terrain ruggedness by multiplying the angular 
deviation of aspect by the standard deviation of 
slope (Nicholson et al. 1997) for a radius of 210 
m around the point being characterized. 

Data Analyses 
We used stepwise logistic regression (Agresti 

1990; to enter and remain = 0.15) to test for dif-

ferences in habitat selection between male and 
female mule deer on winter range. We used the 
same method to determine the variables most 
influential in predicting the locations of deer 
from random locations and the locations of deer 
killed by mountain lions from locations of forag-
ing deer. We controlled for multicollinearity by 
eliminating 1of any pair of variables with r22 0.5; 
as a result, 13 variables considered biologically 
relevant were available for inclusion in regres-
sions (Table 1).The final model was based on the 
approximate chi-squaredistribution of the reduc-
tion in deviance achieved by adding variables 
(McCullagh and Nelder 1989).We used Hosmer-
Lemeshow goodness-of-fit tests to assure aptness 
of the models. We used analysis of variance 
(ANOVA) to test for differences in measures of 
forage quality (IVDMD, N, moisture content) of 
bitterbrush among the 3 types of locations (i.e., 
random, deer, and kills made by lions) and 
applied post hoc tests (Tukey's HSD) as appro-
priate (Neter et al. 1990). 

We used chi-square analysis (Zar 1984) to test 
for differences in the proportion of mule deer 
killed by mountain lions (n = 41), coyotes (n  = 
17), and bobcats (n  = 2) between January 1993 
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Fig. 1. Significant variables in model of habitat selection 
(mean of use minus mean of available) by mule deer in Round 
Valley, California, USA, 1994-1997. Stepwise logistic regres-
sion indicated mule deer selected habitat with more biner-
brush and greater stalking cover and that was at lower eleva-
tions, but they avoided habitat with an abundance of 
rabbitbrush. 

and April 1998. We used only radiomarked mule 
deer for this analysis to eliminate potential biases 
associated with our ability to locate deer that died 
from different sources of predation. We used lin-
ear regression (Neter et al. 1990) to examine the 
relationship between the value from our cover 
pole and the percentage of canopy cover of bit-
terbrush, and we tested for a potential trade-off 
between predation risk and forage benefit. We 
used SAS (SAS Institute 1988) or SPSS (Norusis 
1993) statisticalpackages for analyses of data and 
set a = 0.05 for all tests. 

RESULTS 
Mountain lions (68%),coyotes (28%),and bob  

cats (4%)accounted for all predator-caused mor-
tality among radiomarked mule deer (n  = 60). 
Mountain lions were the primary predator of 
mule deer (x; = 37.8, P <  0.001). 

Logistic regression indicated that adult male 
and female mule deer did not use habitat differ-
ently in Round Valley during winter (P  > 0.15); 
therefore, we pooled data for males and females 
for subsequent analyses. Young were still travel-
ing with their mothers and hence were included 
with adult females for analysis. Although linear 
regression of cover and bitterbrush did not pro-

Locationof deerkilled by 
mountatn lions 

Fig. 2. Significant variables in model of habitat selection 
(mean of use minus mean of available) in which mountain 
lions killed mule deer in Round Valley, California, USA, 
1994-1 997. Stepwise logistic regression indicated mountain 
lions selected habitat with more desert peach and rabbitbrush 
at greater elevations to kill deer than locations where deer 
chose to forage. 

duce a highly predictive model (r2=0.061), results 
indicated a significant outcome (P  < 0.001) in a 
positive direction. Logistic regression produced a 
significant model ( P< 0.001) that distinguished 
locations of mule deer from random locations: 
{log (deer locations) = 4.0954 + 0.0450(cover) + 
3.789(bitterbrush) - 2.0963(rabbitbrush) -
0.00288(elevation)].That outcome indicated that 
mule deer did not occur equally across available 
habitats but selected areas with more bitterbrush 
(P< 0.001), less rabbitbrush (P  = 0.033), and at 
lower elevations (P< 0.001; Fig. 1). Concordance 
of the final model for habitat selection by mule 
deer was 70%,and the goodness-of-fittest indicated 
that the model was apt (x: = 11.72, P =  0.16). 

Areas where mountain lions were successful at 
killing mule deer differed from areas where deer 
foraged most frequently.The resulting model (P= 
0.0019) for areas where mountain lions killed 
deer was {log (lion kills) = 4.2098 + 2.3635(rab-
bitbrush) + 3.1229(desert peach) + 0.00138(ele-
vation)}.Mountain lions killed prey in areas more 
likely to have desert peach (P=0.002) than areas 
where deer foraged (Fig. 2). Elevation (P= 0.09) 
and rabbitbrush ( P  = 0.07) also improved the 
ability of the model to distinguish locations 
wherk deer were killed bv mourkiin lions from 
the locations where deer foraged. Concordance 
of the overall model for locations where deer 
were killed by mountain lions was 66%, and the 
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Fig.3. Mean (5 SE) diet compositionof mule deer on a winter 
range in Round Valley, a winter range in the Great Basin of 
eastern California, USA, 1992-1 997. 

goodness-of-fit test indicated the model was apt
(xi= 6.405, P = 0.60). 

Microhistological analyses of fecal pellets col-
lected from mule deer confirmed that bitterbrush 
was their primary forage on winter range (Fig. 3). 
Although proportion of sagebrush increased in 
the diet of mule deer throughout winter, bitter-
brush averaged >65%of their diet during Novem-
ber-April. Analyses of bitterbrush indicated that 
percent moisture content (F2,84= 1.07,P= 0.347) 
and percent nitrogen (F2,224= 1.97,P = 0.14) did 
not vary among random locations (27.95 f2.27% 
[Z  f SE]; 1.41 f0.03%),deer locations (32.46 f 
2.05%; 1.44 f 0.03%),or locations of lion-killed 
deer (30.71f3.05%; 1.36 f0.03%).We found no 
difference in forage digestibilitybetween random 
locations (50.25 f 0.91%) and those selected by 
deer (48.32 + 0.81%; Tukey's HSD, P > 0.05). 
Mule deer, however, were killed by mountain 
lions in areas where the digestibility of bitter-
brush was lower (42.22 f 1.25%) than locations 
where deer foraged, and locationsof random sites 
within the study area (Tukey's HSD, P< 0.001). 

DISCUSSION 
Contrary to our prediction based on the litera-

ture, cover did not enhance the likelihood of a 
mountain lion killing a deer in our study area. 
This contradiction may be a result of other stud-
ies using daytime locations that encompassed the 
general habitat used by mountain lions and not 
focusing on hunting locations or effects of the 
distribution of prey. Mountain lions are noctur-

nal and hunt and feed primarily at night (Beier 
et al. 1995; Pierce et al. 1998, 2000~).These soli-
tary carnivoresmay select areas for resting during 
the day that are very different from the habitat 
where they hunt. Deer in Round Valley foraged 
throughout the day. A lack of distinct activity 
peaks is not uncommon for mule deer during 
short daylight periods in winter (Dusek 1975). 
Furthermore, individual deer in Round Valley 
were located repeatedly in the same areas on a 
daily basis. Although we were unable to docu-
ment locations of randomly selected deer at 
night, data collected from locations of daytime 
foraging on winter range likely were representa-
tive of foraging locations of deer while mountain 
lions were hunting actively. 

Mountain lions in our study area posed the 
most significant threat of mortality to mule deer 
compared with other large carnivores. If mule 
deer selected habitat in response to levels of pre-
dation risk, then predation by mountain lions 
should play an important role in habitat selection 
for mule deer. Further, selective pressure from 
mountain lions could differ for male and female 
mule deer; however, we observed no significant 
difference in habitat selection between sexes dur-
ing winter. Sexual segregation at parturition is 
common in Odocoileus (McCullough et al. 1989, 
Bowyer 1984, Bowyer et al. 1996, Kie and Bowyer 
1999),but not all populations segregate in winter 
(Bowyer 1984).Results from our study indicated 
that differences in risk of predation between 
sexes did not affect selection of habitat by mule 
deer on the winter range. The potential for a 
trade-off by mule deer between predation risk 
and forage benefit, however, existed. Such a 
trade-off was contingent on a situation in which 
predation risk was greater in habitats with more 
cover, and habitat composed mostly of bitter-
brush provided the best forage. 

Mule deer selected habitats that had a relative-
ly high proportion of bitterbrush and low pro-
portion of rabbitbrush. These locations tended 
to be at lower elevations and had more stalking 
cover than did random locations. If mountain 
lions were more successfulat killing deer in areas 
with substantial concealment cover, our results 
indicate that mule deer would make a trade-off 
by accepting more risk for greater foraging bene-
fits. This hypothesis, however, was rejected. 
Mountain lions killed more deer in habitat with 
desert peach and rabbitbrush, 2 low-lying shrubs 
associated with more open terrain than at loca-
tions where foraging deer occurred. 
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We postulate that for mule deer to minimize 
predation risk from mountain lions in the Great 
Basin, they should attempt to forage in areas with 
cover nearby, particularly stands of bitterbrush. 
Such a strategy does not require a trade-off if bit-
terbrush is the best available forage. Thus, mule 
deer wintering in the Great Basin or similar 
regions should seek to minimize their predation 
risk to forage ratio (Pulliam 1989) by remaining 
in habitat with a high proportion of bitterbrush. 

Mule deer were killed by mountain lions in rel-
atively open habitat compared with the locations 
where deer chose to forage. We acknowledgethat 
we were unable to determine the locations where 
deer initially were pursued by mountain lions, and 
deer killed by mountain lions may have been forag-
ing in habitatwith substantialcover when pursuit by 
the mountain lion began. Our data does not allow 
us to determine the entire predation sequence; 
however, our results suggest that habitat with more 
stalking cover is not more risky in our study area, 
and prescribed bums to enhance deer habitat may 
increase predation risk in bitterbrush habitats. 

A strategy of selectingstands of bitterbrush with 
substantial cover may allow mule deer to mini-
mize risk from other predators. Stotting behavior 
by mule deer may be an adaptive behavior for 
eluding predators in habitats with numerous 
obstacles (Lingle 1992).Additionally, risk of pre-
dation by coyotes may be less in areas with s u b  
stantial cover. Bowyer et al. (2001) reported that 
group size increased significantlyfor mule deer as 
they moved >30 m from concealment cover, indi-
cating that deer sensed greater risk of predation 
in more open areas. Moreover, Bowyer (1987) 
reported that mule deer were as apt to flee from 
coyotes as to stand their ground, and Bleich 
(1999) suggested that proximity to concealment 
cover was an important factor in the outcome of 
such encounters. Studies of other canids indicate 
that they often pursue prey for relatively long dis-
tances (Mech 1966, Estes and Goddard 1967) in 
which open terrain might be an advantage to 
those coursing predators by allowing the more 
vulnerable members of a herd to be identified. 

Our results were dependent on a situation in 
which cover was correlated with availability of 
highquality food. Many populations of mule 
deer are migratory (Nicholson et al. 1997), 
including our study population (Kucera 1992, 
Pierce et al. 1999).Forage quality and availability 
change dramatically with season for deer in 
Round Valley (Kucera 1997).During periods when 
diets of mule deer were comprised predominant-

ly of forbs and graminoids, strategies involving a 
trade-off between predation risk and forage ben-
efits may prevail. Nevertheless, mule deer did not 
abandon areas of greatest forage value as a result 
of predation risk, as Wehausen (1996) reported 
for mountain sheep (&is canadasis) that are 
sympatric with deer during winter. 

We found that concealment cover still may be a 
necessary component of the habitat where moun-
tain lions stalked mule deer, but that mountain 
lions were more likely to capture and kill deer in 
habitat that was more open than where deer 
normally occurred. For that reason, mule deer in 
Round Valley do not have to make a trade-off 
between foragingbenefit and predation risk when 
selecting habitat during winter. Mule deer can 
minimize their predation risk to forage benefit 
ratio by selecting habitat with a high proportion 
of bitterbrush that is away from the open terrain 
associated with desert peach or recent wildfires. 

MANAGEMENT IMPLICATIONS 
Our results were surprising in that bitterbrush 

habitat, which we predicted to be associated with 
the greatest risk of predation, appeared to be less 
risky than more open habitat in the surrounding 
area. We assumed that because mule deer select-
ed bitterbrush habitat, they were sacrificing safe-
ty to gain greater nutrition. Indeed, mule deer in 
our study area appear to incur little cost from 
predation risk because the best place to forage 
also is the safest. 

Assumptions about predation risk and forage 
benefit can be misleading and can result in poor 
management decisions.If forage benefit does not 
differ between 2 areas and individuals avoid the 
risky area, predation has not had a negative effect 
on forage acquired by those individuals. If costs 
to individual fitness associated with habitat selec-
tion are attributed wrongly to predation risk, 
then managers may focus too ardently on preda-
tor control. Often, an approach that considers 
factors affecting relative foraging benefits between 
habitats, in addition to predation risk, may be far 
more useful in determining costs associated with 
habitat selection. Certainly, a multifactorial 
approach to management should always be 
attempted in the absence of a cost-benefit evalu-
ation that clearly defines a single factor as being 
solely responsible for habitat selection by prey. 
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Abstract: l i e  studied mountain sheep (Ocis caizn&n,sis nelsoni) at Old Dad Mountain, in the Kelso Mountains, 
and in the Marl Mountains in the eastern Mojave Desert. San Bernardino County, California during 1981-90 
to determine causes of sexual segregation. Foq-four  mountain sheep \irere captured, fitted with radio collars, 
and located systematically from a fixed-wing aircraft to determine differences in habitats used by males and 
females. In addition, diet composition and forage quality and availability along with information on diets and 
distribution of predators were obtained to test 4 hypotheses potentially explaining sexual segregation in ungulates. 

Mature males and females were segregated from December to July and were aggregated from August to 
November. Mature males obtained higher quality diets than did females (based on values for fecal crude 
protein) during 2 of the 3 years for which data were available. Indices of predator abundance were substantially 
lower on ranges used by fernales and juveniles than on those used by mature males. Females occurred closer 
to permanent sonrces of water and in steeper, more rugged, and more open habitats than did mature males. 
Moreover, forage was more abundant in habitats used primarily by mature rnale sheep. Females \iith and 
without lambs did not differ in their distance from water during aggregation or segregation, and females did 
not \isit water more often during the period of peak lactation when compared with other times of the year. 
Female groups with lambs, however, occurred on steeper slopes and in more rugged and open habitats during 
segregation, wlreil larnbs \\,ere very young. 

Based on our results, we refute the hypotheses (1)that females outcompete males for available resources, 
and allometric differences between the sexes lead to sexual segregation; (2) that the constraints of lactation 
may be important in explaining sexnal segregation in this desert-adapted ungulate: and (3)that males segregate 
to avoid con~petition with their mates, potential mates, and offspring, at least in desert ecosystems. In contrast, 
our findings strongly support the hypothesis that, because of their smaller body size and potentially greater 
\~ilnerability to predation, and the need to minimize risk to their offspring, female ungulates and their young 
use habitats uith fewer predators and greater opportunities to evade predation than do mature males, but 
that males are aide to, and do, exploit nutritionally superior areas. 

\Ye conclude that sexual segregation likely results from differing reproducti1.e strateges of males and fe- 
males among sexually dimorphic ungulates. Males rnay enhance their fitness by exploiting habitats with su- 
perior forage and thereby enhance body condition and horn growth while simultaneously incurring greater 
risks than do females. In contrast, females appear to enhance their fitness by minimizing risks to their off- 
spring, albeit at the expense of nntrient qualit);. Further, we suggest that how food and risk of predation are 
arrayed in the environment may affect whether males or females inhabit better quality ranges, as w-ell as 
which sex moves to produce spatial separation. 
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INTRODUCTION 

Large mammals that exhibit sexual seg- 
regation frequently are sexually dimorphic. 
Darwin (1871:Sll-567) postulated that 
such morphological differences were a 
mechanism to reduce intersexual compe- 
tition. The importance of sexual dmor- 
phism in sexual segregation has been in- 
vestigated for an array of organisms 
(Schoener 1966; Selander 1966, 1972; Sto- 
rer 1966; Feduccia and Slaughter 1974; 
Freeman et al. 1976; Keast 1977; Hill and 
Ridley 1987; Klimley 1987; Smallwood 
1987), includng mammals (Bowers and 
Smith 1979, Gautier-Hion 1980, Fay 1982, 
Morris 1987, Bailey and Aunger 1989, Lit- 
vaitis 1990). The prevailing notion has 
been that the resultant resource-partition- 
ing reduces intersexual competition and, 
thereby, enhances reproductive success. 
Because critical tests of hypotheses related 
to sexual segregation are few, Bierzychu- 
dek and Eckhart (1988) suggested that fu- 
ture studies avoid inferring that sexual seg- 
regation is adaptive, or represents an 
evolved response to competition between 
the sexes, until supporting evidence is ob- 
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tained. We believe that the causes of sex- 
ual segregation in large mammals have not 
been investigated adequately. Hence, the 
notion that sexual segregation evolved as 
an adaptation (Williams 1966) remains 
speculative. 

In contrast to intersexual competition, 
an alternative explanation for sexual seg- 
regation and sexual dimorphism involves 
sexual selection. In this explanation, sexual 
dimorphism is the result of intrasexual 
competition among males (Alexander et al. 
1979), and sexual dimorphism underlies 
dfferential uses of resources and, ulti- 
mately, sexual segregation (McCullough 
1979). Thus, sexual segregation may result 
from sexual dimorphism, a phenomenon 
that is most readily explained as a result of 
sexual selection. 

Ungulates offer a unique opportunity to 
study the ecological consequences of sex- 
ual segregation because of the extreme 
sexual dimorphism exhibited by many of 
these mammals (Ralls 1977). Studies have 
documented spatial separation of the sexes 
for a variety of ungulates, including cari- 
bou and reindeer (Rangifer tarandus)  
(Cameron and N7hitten 1979, Skogland 



1989), red deer and elk (Cemus elaphus) 
(Peek and Lovaas 1968, Clutton-Brock et 
al. 1982), mule deer (Odocoileus hemio- 
nus) (Bowyer 1984, Scarbrough and 
Krausman 1988, Weckerly 1993, Bowyer 
et al. 1996, Main and Coblentz 1996), 
white-tailed deer (0. virginianus) (Mc- 
Cullough et al. 1989, LaGory et al. 1991, 
Jenks et al. 1994), moose (Alces alces) (Mi- 
y e l l e  et al. 1992), giraffe (Girafla carne- 
lopardalis) (Young and Isbell 1991), bison 
(Bos bison) (Guthrie 1990), Cape buffalo 
(Syncerus caffer) (Sinclair 1977, Prins 
1989), Tibetan antelope (Pantholops hodg- 
soni) (Schaller and Junrang 1988), prong- 
horn (Antilocapm americana) (Kitchen 
1974), waterbuck (Kobus ellipsip ymnus)  
(LVirtz and Kaiser 1988), chamois (Rupi- 
capra mpicapra) (Shank 1985), mountain 
goat (Oreamnos americanus) (Holmes 
19881, mouflon ( O ~ i s  ammon) (Bon and 
Campan 1989), muskox (Ovibos moscha- 
tus) (Oakes et al. 1992), and mountain 
sheep (Ovis canadensis) (Geist 1971, We- 
hausen 1980). Only recently, however, has 
research been designed specifically to ad- 
dress the causes of sexual segregation (e.g., 
Shank 1982, Bowyer 1984, Beier 1987, 
Clutton-Brock et al. 1987, Miquelle et al. 
1992). 

Because of allometric differences 
among mammals (Glutton-Brock and Har- 
vey 1983, Peters 1983), it is unlikely that 
the ecological determinants of spatial sep- 
aration of the sexes will be the same for 
small- and large-boched species. Thus, hy- 
potheses or models that explain the pop- 
ulation characteristics of small mammals 
may not suffice for large ones (Caughley 
and Krebs 1983, Millar and Zammuto 
1983). Also, the existing models of sexual 
selection and dimorphism, derived largely 
from passerines, simply are not applicable 
to many mammals (Ralls 1977), although 
Geist (1977) discussed parallels between 
the evolution of sexual dimorphism in un- 
gulates and gallinaceous birds. 

Biology of Mountain Sheep in 

Desert Environments 


Mountain sheep are ideal for studying 
sexual segregation because they (1)exhibit 

extreme sexual dimorphism, (2) are easily 
distinguishable as adult males or females 
throughout the year, even from great dis- 
tances, and (3) commonly show pro- 
nounced and prolonged spatial separation 
of the sexes. They generally are associated 
with mountain ranges having precipitous 
areas for use as escape terrain (Bleich and 
Holl 1982) and permanent water (Shack- 
leton 1985). Frequently, these mountain 
ranges are isolated from each other 
(Schwartz et al. 1986, Bleich et al. 1990~) .  
Mountain sheep inhabiting desert environ- 
ments are physiologically specialized in 
terms of water metabolism (Turner 1973, 
1979); these ungulates maintain their wa- 
ter balance despite high heat loads and 
widely dispersed and limited free water 
(Turner and Weaver 1980, Krausman et a]. 
1 9 8 5 ~ ) .  

Mountain sheep are gregarious, but, for 
much of the year, males 2 3  years old live 
apart from females (i.e., they sexually seg- 
regate). Males and females aggregate dur- 
ing rut, which may extend for numerous 
months in desert environments (Welles 
and Welles 1961, Bunnell 1982). Mountain 
sheep have a corresponding protracted 
birthing season relative to their more 
northern congenerics (Bunnell 1982, 
Thompson and Turner 1982, Rachlow and 
Bowyer 1991). Seegmiller and Ohmart 
(1982) demonstrated dieta~y chfferences 
between juvenile and adult female moun- 
tain sheep. 

Wolves (Canis lupus) may have been 
present in low numbers in desert habitats 
(Young and Goldman 1944), but extirpa- 
tion of this canid from southeastern Cali- 
fornia (Johnson et al. 1948) has eliminated 
its potential effects on wild sheep there. 
Coyotes (Canis latrans), mountain lions 
(Felis concolor), and bobcats ( F :  rufus) are 
the most important predators of mountain 
sheep in desert environments (Kelly 
1980). Berger (1978) reported attempts of 
coyotes to kill mountain sheep, and Bow- 
yer (1987) noted that coyotes in southern 
California are effective predators of adult 
mule deer. Therefore, coyote predation on 
mountain sheep may be widespread, gven 
the wide distribution of coyotes. Mountain 



sheep primarily evade predation on young 
by inhabiting steep, rugged terrain (Geist 
1981). 

Hypothesized Explanations for 
Sexual Segregation 

Numerous hypotheses have been for-,. 
warded to account for sexual segregation 
in polygynous ungulates (Main and Co- 
blentz 1990, Miquelle et al. 1992). Mi- 
~ u e l l e  et al. (1992) eliminated several hv- 
potheses because they were not consistent 
with existing data and were deemed un- 
likely explanations for sexual segregation. 
Thev cautioned that there mav be no sin- 
gle, universal explanation for sexual seg- 
regation in ungulates. We agree that there 
are some hypotheses that are sufficiently 
incomvatible with observed vatterns of 

I 


sexual segregation in ungulates in general, 
and mountain sheep in particular, to ren- 
der them unlikely explanations. Therefore, 
researching these notions is unlikely to 
yield fruitful results. 

The first such hmothesis is that males 
may avoid areas hkivily contaminated by 
feces because they are more likely to suf- 
fer from increased parasite loads than are 
females (Clutton-Brock et al. 1987). Clut- 
ton-Brock et al. (1987) refuted this hy- 
pothesis for red deer. Although mountain 
sheep in some areas may be severely af- 
fected by lungworms (Protostrongylus 
spp.) (Forrester 1971), this parasite is ab- 
sent from most desert ranges, as are other 
fecal-borne diseases of potential impor- 
tance to the health of wild sheep (Clark et 
al. 1985). Conseauentlv. avoidance of fe- 

1 i' 

cal-contaminated areas is an unlikelv ex- 
planation for sexual segregation for desert- 
dwelling mountain sheep. 

A second unlikely hypothesis is that seg- 
regation of the sexes results from males 
u 


avoiding aggressive interactions provoked 
by the presence of females (Shank 1985). 
Geist (1971) reported low-intensity inter- 
actions between male sheep outside rut, 
but this does not mean that the vresence 
of females would precipitate serious clash- 
es. Main and Coblentz (1990) noted that 
rutting behaviors (including aggression) of 

temperate and Arctic ungulates were reg- 
ulated by hormones that are highly season- 
al. If this hypothesis is correct, young 
males, many of which remain with females 
outside rut (Geist 1971) and may be sex- 
ually mature (Turner 1976), should contin- 
ue to engage in serious fights and other 
rut-related behaviors; intense interactions 
have not been reported among mountain 
sheep outside the mating season. 

Verme (1988) speculated that male cer- 
vids might segregate because they require 
more open areas (to prevent damage to 
growing antlers) than do females. Al- 
though this hypothesis is not applicable to 
bovids, which do not cast their horns 
(Main and Coblentz 1990), it also is not 
supported by data from species of deer. 
Mule deer living year-round in exception- 
ally open habitats still exhibited sexual seg- 
regation (Scarbrough and Krausman 
1988). Moreover, male mule deer inhab- 
iting vegetation types varying from dense 
brush to open meadows did not use hab- 
itats differently during periods of segre- 
gation and aggregation (Bowyer 1984, 
1986a). These findings make this hypoth- 
esis an unlikely explanation even for seg- 
regation by cervids. 

McCullough (1979) and Verme (1988) 
suggested that males might segregate to 
more open areas where they could main- 
tain visual contact and thereby evaluate 
the dominance of other males. This hy- 
pothesis infers that ungulates inhabiting 
open habitats should not segregate. Con- 
trary evidence is available from a number 
of cervids (Main and Coblentz 1990). Ad- 
ditionally, this hypothesis will not explain 
why some young males remain with fe- 
males (Geist and Petocz 1977). Moreover, 
ungulates possess means of recognizing 
conspecifics and their status other than vi- 
sion (e.g., olfaction [Coblentz 1976, Bow- 
yer and Kitchen 19871). The size of horn- 
like organs is often an indication of the hi- 
erarchical status of males (Geist 1971, 
Hirth 1977, Kucera 1978, Bowyer 198617, 
and many others). This assessment of 
dominance does not require especially 
open areas, and this hypothesis does not 
explain why males should remain segre- 



gated for such an extended period. In- 
deed, sparring. in which males assess dom- 
inance, is most often focused around rut 
when the sexes are at least partially aggre- 
gated (Geist 1971, Bow)ier 1986b). Al-
though males may have bpportunities to 
assess the dominance of potential rivals 
during segregation, there is no compelling 
evidence that this leads to or causes seg- -
regation. 

Geist and Bromley (1978) proposed 2 
hypotheses about sexual segregation. First, 
male cervids may spatially separate from 
females following mating, but then return 
after antler casting because mimicw of fe- u 

males allows males to rejoin such groups 
without being conspicuous to predators. 
As with other hypotheses related to the 
cast in^ 

0 
of antlers (or horn sheaths). this , , 

idea applies only &I cenids and perhaps 
antilocaprids and may not be invoked as a 
general explanation for ungulates. More- 
over, this hypothesis does not explain seg- 
regation beyond the time of antler casting 
or-where segregation is more pronounced 
during spring, when antler regrowth is ob- 
vious (Bowyer 1984, McCullough et al. 
1989). Miquelle et al. (1992) concluded 
that the vresence of antlers did not avvear 
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to be an iln~ortant factor influencing the " 
distribution of the sexes for moose follow- 
ing rut. Too rnuch contrary evidence exists 
to make this a viable hypothesis. 

Geist and Brornley (1978)also suggest- 
ed that males that retain their horn-like 
organs through winter should segregate 
from females to avoid being cons~icuous 
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because of their increased vulnerabilitv to 
predation resulting from strenuous rutting 
actkities. Indeed, rutting activities among 
ungulates can decrease physical condition 
and thereby increase mortality of large, 
dominant males (Geist 1971; Bowyer 
1981, 1991; Miquelle 1 9 9 0 ~ ) .This hypoth- 
esis may be applicable to both cervids and 
bovids, because both horns and antlers 
would be conspicuous for at least some pe- 
riod follouing rut. Moreover, male ungu- 
lates sometimes predominate among hlls 
of predators (McCullough 1979:204,Har-
rison and Hebert 1988). This hwothesis. 

il 

however, poorly explains the timing of seg- 

regation for some cervids. For instance, 
mule deer remain segregated following 
antler casting and well into the period of 
antler regrowth ( B o y e r  1984), and male 
mountain sheep can remain with females 
on restrictive winter ranges following the 
mating season (Wehausen 1980). Horns 
and antlers may offer a cue to predators in 
identifying vulnerable males exhausted 
from rut, but this hypothesis will not ex- 
plain the observed patterns of sexual seg- 
regation among most ungulates. 

Another possible explanation for sexual 
segregation is that males seek habitats with 
cover that helps minimize energy losses 
following rut (Staines 1976, ?%7atson and 
Staines 1978).Clutton-Brock et al. (1987) 
and Miquelle et al. (1992),however, ob- 
served contradictory behavior in red deer 
and moose, respectively. A harsh winter 
climate is an improbable explanation for 
segregation by ungulates inhabiting desert 
environments. Indeed, the period of seg- 
regation in desert-dwelling mountain 
sheep encompasses a wide variety of cli- 
matic conditions (Leslie and Douglas 
1979), suggesting this is not the cause of 
segregation in these ungulates. Addition- 
ally, sheep aggregated when temperatures 
were high and the climate was most stress- 
ful (Leslie and Douglas 1979). Climate 
may play an important role in habitat se- 
lection by ungulates, but evidence that it 
causes sexual segregation is not compel- 
ling. 

Four remaining hypotheses provide po- 
tentially useful explanations for sexual seg- 
regation in artiodactyls (Table 1).We use 
the approach of multiple working hypoth- 
eses (Platt 1964) because multiple causa- 
tions of ecological events are common 
(Hilborn and Stearns 1982). Precbctions 
for each hypothesis in Table 1 will be com- 
pared with the results from this research; 
thus, each is potentially falsifiable. None- 
theless, critical tests of these hypotheses 
are difficult to obtain because they are not 
mutually exclusive (Quinn and Dunham 
1983). 

H I :  Sexual segregation in mountain 
sheep occurs because males (zuoici? areas oc- 
cupied by females and young to decrease 



Table 1. Summary of hypotheses, predicted outcomes, and means of differentiating among hypotheses related to sexual seg- 
regation in mountain sheep. 

Outcome 

Males on a lower quality 
diet than females. 

Male diets either of high- 
er or lower quality than 
females. 

Males on a higher quality 
diet than females. 

Hypotheses Differentiation 

H1:  Males avoid competition with fe- Primarily Classa 111 and IV males seg- 
males to enhance their own fitness. regate from females. 

Hz: Allometric differences lead to Class 11-IV males segregate from fe- 
segregation. males. 
Males use low quality resources in- Female movements result in sexual 

adequate for females. segregation. 
Females outcompete males for high Primarily male movements result in 

quality resources. sexual segregation. 

H3: Differential water requirements From H1:Class 11-IV males occur 
cause spatial segregation. farther from water than females. 

From Hp: Regardless of range quality, 
females, and particularly females 
with young, will be closer to water 
than Class 11-IV males. 

H4: Females avoid predation by seg- Females inhabit areas with more rug- 
regating from males. 

Males are categorized according to age and size following Geist (1966. 

competition with their oflspring and po- 
tential mates. This hypothesis was pro-
posed initially by Geist and Petocz (1977) 
to explain sexual segregation by male 
mountain sheep in northern environments 
with small winter ranges with extreme 
snow cover. Geist and Petocz (1977) pro- 
vided empirical data in support of this hy- 
pothesis, but under limited and very spe- 
cialized conditions. Other investigators 
(McCullough 1979, Bowyer 1984, Verme 
1988, Miquelle et al. 1992) have chal-
lenged the hypothesis on theoretical 
grounds and have argued that it is difficult 
to explain why young males that typically 
have not mated should avoid competition 
with unrelated young without invoking 
group selection. Moreover, Morgantini 
and Hudson (1981) argued that such be- 
havior would result in males potentially re- 
ducing their own reproductive fitness. 
Group selection is unlikely to have affect- 
ed the evolution or ecology of ungulates 
because of the unusual condtions neces- 
sary for it to operate (Williams 1966). Nev- 
ertheless, large, dominant males, which ac- 
count for most mating in mountain sheep 
(Geist 1971), might incur some fitness 
benefits if their absence from ranges oc- 
cupied by their mates resulted in en-

ged terrain, or with fewer predators 
than do males. 

hanced nutrient availabilitv for those fe- 
i 

males. 
Female mountain sheep and offspring 

foraging on the tiny, wind-swept winter 
ranges described by Geist and Petocz 
11977) could incur nutritional benefits if 
fatheis of the offspring &d not forage on 
the same ranges, assuming that the diets 
of the 2 sexes would have been similar; 
males also could incur indirect benefits in 
the form of enhanced nutrient availabilitv 
for their mates and offspring, and poten- 
tially hrect benefits to themselves in the 
form of increased nutrient availability. 

If the hypothesis of Geist and Petocz 
(1977) has applicability beyond the spe- 
cialized conditions for which it was devel- 
oped, then male mountain sheep from dif- 
ferent environments must have a high fi- 
delity to rutting ranges, similar to that re- 
ported by Geist (1971), where the annual 
probability of males encountering and 
bree&ng with the same females is great. 
Additionally, mature males must arrive on 
rutting ranges later than young males, and 
mature males must d e ~ a r t  from those 
ranges earlier than young males (Geist 
1971), because shorter periods of aggre- 
gation between breeding males and their 
mates wodd minimize competition for re- 



sources. Assuming these conditions are 
met, the hypothesis of Geist and Petocz 
has potential application in areas aside 
from the limited conditions for which it 
was developed and can be tested with 
sheep inhabiting a desert environment. If 
males segregate from females to enhance 
their own fitness, we predct during sexual 
segregation that 

1. Females will inhabit ranges with better 
quality forage than do males. 

2. Large 	 dominant males will spatially 
separate from females and young; but 
smaller subordinate males are less likely 
to do so, because there would be lim- 
ited reproductive advantages incurred 
by them. 

Ho: Allornetric differences between nzale * JJ 

and female nzountain sheep lead to differ- 
entiil uses of food that risult in seg;iga- 
tion. Because energy requirements per 
unit bodv w e i ~ h t  scale to a Dower less than 
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unity, the energy requirements of smaller 
animals are greater proportionally to body 
weight than those of large animals (Van 
Soest 1982). Nonetheless. the absolute en- 
ergy requirements of large animals are 
greater than those of small ones. A larger 
ruminant may require a larger quantity of 
forage to meet this need, but also may be 
able to subsist on a lower aualitv diet than 
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a smaller one due to greater metabolic ef- " 
ficiency. Because most ungulates exhibit 
extreme sexual dimorphism in body size, 
males mav be able to occuvv habitats hav- 

I i 

ing poorer quality forage, yet do as well 
nutritionally as females on higher quality 
ranges (McCullough 1979, Bowyer 1984, 
Beier 1987), as long as the amount of for- 
age is adequate. Among mountain sheep, 
males are notably larger than females 
(Remington 1982) and are expected to 
have larger rumens than females: thus. 

V 

males may be able to subsist on lower 
quality diets. Indeed, Illius and Gordon 
(1987) suggested that the differential seal-
ing of metabolic requirements to body 
weight may underlie ecological segregation 
of the sexes anlong grazing ungulates. 

Because of dfferential scaling of meta- 
bolic requirements and incisor breadth, 

Seegmiller and Ohmart (1982) hypothe- 
sized that lambs would forage more selec- 
tively than adult females. Moreover, they 
concluded that adults, having higher en- 
ergy and nutrient requirements per unit 
time, \yere precluded from consuming the 
smaller and more widelv scattered food 

i 

items of highest qualitv (forbs and annual 
grasses) thzt w e k  usid by lambs. Seeg- 
miller and Ohmart 11982) further suppest- 

00 

ed that adult male 'and female mountain 
sheep may have different diets, thereby ex- 
plaining the spatial segregation observed 
between the sexes during particular sea-
sons. 

The supposed ability of larger animals 
to tolerate lower quality food, however, 
does not provide a rationale for seeking 
such foods, unless the supply of superior 
foods is limited. Where habitat segregation 
occurs between the sexes of ruminants, 
males often occupy habitats wit11 poorer 
quality forage than females (e.g., Illius and 
Gordon 1987). Male red deer are less tol- 
erant of low plant biomass than are fe-
males and may be excluded from mutually 
preferred communities by indirect (pas-
sive) competition (Clutton-Brock et al. 
1987). Thus, Clutton-Brock et al. (1987) 
suggested that smaller grazing animals 
might tolerate lower levels of food avail- 
ability than larger ones and may progres- 
sively exclude larger conspecifics (i.e., 
males) from mutually preferred areas by 
reducing standing crops to levels inade- 
quate for larger animals to graze econom- 
icallv. 

I{ allometric differences allo\v males on 
forage of poorer quality to maintain them- 
selves as well as females, then, where rang- 
es are inadequate for females, we predict 
that segregation will result primarily from 
the movement of female sheep to areas 
with greater availability of nutrients. This 
situation would be exacerbated late in ges- 
tation because of nutritional demands. Al- 
ternatively, if female ranges support forage 
of adequate quality but insufficient quan- 
tity for males, females will have a compet- 
itive advantage over males and segregation 
\+ill result from males leaving female rang- 
es. 



H3: Females spatially segregate from 
m l e s  because of greater water reqzrire- 
ments associated with lactation or  their 
smaller body size. Water requirements of 
lactating female ungulates are high (Short 
1981), and this may be especially impor- 
tant in desert ecosystems. Bowyer (1984) 
ascribed sexual segregation of mule deer 
in a semiarid environment, in part, to the 
dependence of females and their young on 
free water. The physiological burden of 
lactation may constrain females from ven- 
turing far from sources of free water. 
Moreover, the relatively low water require- 
ments of males co~npared with smaller-
bodied females may allow them to occupy 
areas farther from summer sources of wa- 
ter and thereby exploit resources unavail- 
able to females. Inherent in the predic- 
tions for this hypothesis is the assumption 
that the distance an animal occurs from 
water provides an index to the importance 
of water to that animal. 

If the constraints of lactation and body 
size on water needs contribute to sexual 
segregation, then we predict that 

1. Sexual segregation should be most pro- 
nounced during the birthing and early 
lamb-rearing periods and females with 
lambs should use water sources regu- 
larly at this time. 

2. 	Females wit11 young should occur clos- 
er to water than do males or females 
without young. 

3. 	Because of their lower water require- 
ments, mature males should occur far- 
ther fro111 free water than females or 
young males during hot summer 
months. 

Hq: Spatial separation of the sexes oc- 
curs because mat t~re  males, owing to their 
larger body size and strength, are less sus- 
ceptible to predators than smaller-bodied 
females and young, thereby allowing these 
n~ales to exploit resources unacailable to 
smaller indiciduals. This hypothesis infers 
that mature males are able to use different 
ranges than females and immature ani- 
mals, because adult males are larger and 
presumably less vulnerable to predators. 
Numerous authors have argued that pre- 

dation is at least partially related to seg- 
regation. For instance, by differential use 
of ranges, mature males are thought to 
maximize nutrient intake, whereas females 
and young minimize predation risk (Ober 
1931, King and Smith 1980, Geist 1982, 
Festa-Bianchet 1988, McCullough et al. 
1989, Main and Coblentz 1990). 

Strategies of predator evasion might in- 
fluence the distribution of the sexes. Be- 
cause of their smaller body size, females 
and especially juveniles are particularly 
susceptible to predation (Curio 1976) and 
often inhabit precipitous terrain, lvhere 
forage quantity or quality may be lower 
than nearby less-precipitous habitats, but 
where their ability to evade predators is 
enhanced (Geist 1981). On the other 
hand, males may take more risks to obtain 
nutrients to ensure growth and large body 
size necessary for successful competition 
for mates (Trivers 1972). McCullough 
(1979) suggested that the preponderance 
of adult male ungulates in the diet of many 
predators reflected the greater risks asso- 
ciated with sexual competition. Consistent 
with this notion, several investigators (\Ye- 
hausen 1980, Shank 1982, Festa-Bianchet 
1986) reported that male mountain sheep 
occurred on higher quality sites than did 
females, but others (Charles et al. 1977, 
\t7atson and Staines 1978, Staines et al. 
1982, Beier 1987, Clutton-Brock et al. 
1987) noted the opposite to be true among 
other species of ungulates. 

This hypothesis of predator evasion 
holds the potential to explain sexual seg- 
regation for species in which adult females 
occur on areas of either higher or lower 
quality than do adult males. For instance. 
ii' fem'ales are relegated to areas of precip- 
itous terrain necessary to evade predators, 
males might be able to exploit areas too 
risky to be used regularly by females, es- 
pecially ranges with high quality forage. 
Conversely, if areas with escape cover also 
possessed high quality forage, then fe-
males could occur on higher quality ranges 
than do males. Likewise, where high qual- 
ity areas allow the formation of large 
groups of females, that sex may be able to 
reduce its risk of predation through group 
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advantages (Hamilton 1971) while occu-
pying good quality range. These last 2 sce-
narios do not explain why males should oc- 
cupy lower quality sites during segrega- 
tion; however, predation coupled with size 
differences between the sexes and differ- 
ing population densities on male and fe- 
male ranges might produce this pattern. 

If females and young segregate from 
males principally to minimize risk of pre- 
dation, we predict that 

1. Females will occupy more rugged ar-
eas, with greater opportunities to evade 
predators than do males. 

2. 	Relative numbers of predators will be 
lower on ranges primarily occupied by 
females than on ranges inhabited by 
mature males. 

3. Females may obtain a lower quality diet 
than do mature males. 

Predictions from these 4 basic hypoth- 
eses were subdivided into a limited num- 
ber of categories relative to data required 
to test them. Hence, we concentrated our 
effort on (1) physical differences in the 
habitats used by the sexes, (2) the avail- 
ability of forages of differing nutrient val- 
ue, ( 3 )resulting differences in diet quality, 
(4) availability and use of water, and (5) 
predator abundance. 

Objectives and Implications of the 
Research 

Our objectives were to (1)describe and 
quantify sexual segregation in a population 
of mountain sheep inhabiting a desert eco- 
system and (2) test 4 hypotheses (Table 1) 
to explain sexual segregation among polyg- 
ynous ungulates. Hypotheses potentially 
explaining sexual segregation in ungulates 
have been the subject of some controversy 
(Main and Coblentz 1990, Main et al. 
1996). Information from a large number of 
ungulates existing under diverse condi-
tions is necessary to explain any general 
adaptive significance of sexual segregation 
(Miquelle 19906); perhaps, however, no 
universal, single explanation for this phe- 
nomenon exists (Main and Coblentz 1990, 
Miquelle et al. 1992). 

Understandng how male and female 
mountain sheep partition space and re-
sources, and the demographic conse-
quences thereof, expands our knowledge 
of sexual selection in polygynous ungulates 
and may be important in the conservation 
of this species. Likewise, knowledge of 
why the sexes remain apart outside the 
mating season is necessary to the under- 
standing of habitat use and may advance 
c node ling of population dynamics. Infor- 
mation for mountain sheep inhabiting des- 
ert environments is especially important to 
understand the complex habitat and nutri- 
tional relationships exhibited by these 
large mammals. Results from our research 
will have important implications for habi- 
tat conservation (e.g., Bleich et al. 1990a) 
and for the persistence of these large, 
unique ungulates. Moreover, these results 
will be useful when selecting sites to re-es- 
tablish populations of mountain sheep 
(Bleich et al. 1991, 1 9 9 2 ~ ) .  
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STUDY AREA 

The study area encompassed Old Dad 
Mountain, Cowhole Mountain, the Kelso 
Mountains, and the Marl Mountains in 
San Bernardino County, California (Fig. 
1).This is part of a larger metapopulation 
of mountain sheep described by Schwartz 
et al. (1986). The immediate surrounding 
area includes expansive lava beds located 
north of the Kelso Mountains and a large 
area of relatively stable sand dunes (the 
Devils Playground) west of Old Dad 
Mountain. The study area encompasses 
1,265 km2. 

Nearby ranges include the Bristol, Soda, 
and Providence mountains. \f'e docu-
mented movements of mountain sheep 
among all ranges in the study area except 
the Bristol Mountains. Old Dad Mountain 
reaches an elevation of 1,308 m, and the 
maximum elevation of the Marl Mountains 
is 1,387 m; Kelso Peak has an elevation of 

1,466 m. Within the study area, the desert 
floor gradually gains elevation from west to 
east, and intermountain areas range in el- 
evation from approximately 300 m at the 
base of Cowhole Mountain to about 1,750 
m near the Providence Mountains, south- 
east of the Marl Mountains. Old Dad and 
Cowhole mountains are composed mostly 
of limestone, and the Kelso and Marl 
mountains are primarily of granitic origin. 
South and east of Old Dad Mountain, ma- 
jor ridges of volcanic origin occur. The ge- 
ology of Old Dad Mountain and vicinity 
has been described in detail by Barca 
(1966), Dunne (1977), and Curry and Re- 
sigh (1983). 

Daytime maxima in summer normally 
exceed 38 C, and winter low temperatures 
below freezing are not uncommon (R. A. 
Weaver, J. L. Mensch, and R. D. Thornas, 
A report on bighorn sheep in northeastern 
San Bernardino County, California, Fed. 
Aid in Wildl. Restor. Final Rep., Proj. 
1:-51-R-14, Calif. Dep. Fish and Game, 
Sacramento, 26pp., 1969). Annual precip- 
itation in the vicinity of the study area av- 
eraged 8 cm, with about 50% falling as lo- 
calized summer thundershowers (Fig. 2) 
(Freiwald 1984). A pronounced drought 
occurred in 1990 with only 3 cm of pre- 
cipitation. 

Ten sources of water used by mountain 
sheep were present in the study area (Fig. 
1)and availability of water at most of the 
natural springs was unpredictable. Four 
artificial sources provided water on a year- 
round basis (Bleich and Pauli 1990) and 
were used heavily by mountain sheep, par- 
ticularly during summer (Bleich 1983a, 
Jaeger et al. 1991). Two ephemeral springs 
in the volcanic badlands receive only oc- 
casional use by mountain sheep. 

Martens and Baldwin (1983) and Bleich 
(1993:appendix A) described 6 primary 
vegetation cornmunities in the study area 
(Fig. 3): 

1. creosote bush (Larrea tridentata) scrub 
(CBS), 

2. wash scrub (Wash), 
3. Yucca-Ephedra scrub (YES), 
4. partially stabilized dunes, 
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Fig. 1. Study area in San Bernardino County, California, showing the desert mountain ranges inhabited by mountain sheep. 

5. stabilized dunes, and 
6. rupicolous scrub (RS). 

A seventh vegetation type, intermediate in 
cl~aracteristics between CBS and YES, 
which occurred between the upper limits 
of CBS and the lower limits of YES, is the 
transition zone (TZ).A primary character- 
istic of the TZ was its remarkably dissim- 
ilar vegetation on different slope aspects. 
In general, north-facing slopes supported 
vegetation similar to YES; all other aspects 

within the TZ have vegetation typical of 
CBS (Martens and Baldwin 1983). 

In the eastern portion of the study area, 
YES, CBS, and TZ vegetation associated 
with lava flows were identified as such (Fig. 
3). Areas almost devoid of vegetation also 
occurred east of Old Dad Mountain; these 
areas were identified as "cinder" for de- 

urposes. LVe grou ed stabilized 
dunes anf; partially stabilize Bdunes into a scnptive 
single ve etation catego termed Dune. 

With t f e exception o ?wolves, the study 
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Fig. 2. Thermograph of monthly precipitation and tempera-
ture 30 km northwest of Old Dad Mountain, San Bernardino 
County, California, 1983-89. 

area contained a full complement of native 
large carnivores, including bobcats, moun-
tain lions, and coyotes (the most common 
predator) (Johnson et al. 1948).Mountain 
lions were not reported in the eastern Mo-
jave Desert by Johnson et al. (1948);these 

large felids apparently colonized the study 
area following the introduction of mule 
deer in 1948 (Longhurst et al. 1952). 

Mule deer occurred only infrequently in 
the study area; other sympatric ungulates 
include domestic cattle and feral asses 
(>lo0 animals). Three livestock allotments 
overlapped the study area. Cattle were 
grazed during spring, autumn, and winter 
in the Kelso and Marl mountains and on 
sandy areas south of Old Dad Mountain. 
Approximately 160 female and 205 male 
mountain sheep inhabited the study area 
(Jaeger et al. 1991). Based on the esti-
mates of Jaeger et al. (1991) and the dis-
tribution of mountain sheep (this paper), 
males occurred at a slightly higher overall 
density (0.32/km2)than did females (0.27/ 
km2). This difference in density is a bias 
resulting from the translocation of more 
female than male sheep from the study 
area (Bleich et al. 1990b). Nonetheless, a 
high density of females occurred in the RS 
vegetation type during periods of segre-

C B S  !J$jC I N D E R  R S  @4 T z  W A S H  
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Fig. 3. Distributionof vegetation types in the Old Dad Mountain-Kelso Mountainsstudy area, San BernardinoCounty,California. 
Vegetation types are as follows: CBS = creosote bush scrub; Cinder = creosote bush scrub on cinder cones; CBS-Lava = 
creosote bush scrub on lava flows; RS = rupicolous scrub vegetation; TZ = transition zone vegetation; TZ-Lava = transition 
zone vegetation on lava flows; Wash = wash vegetation; Dune = dune vegetation; YES = Yucca-Ephedra scrub vegetation; 
Pinyon Pine = pinyon pine vegetation. 



gation compared with ranges used by 
males at that time. 

The study area has been open to limited 
hunting of mountain sheep since 1987, 
with 25 mature males harvested through 
the 1991 hunting season (Bleich et al. 
1 9 9 2 ~ ) .From 1983 to 1989, 172 mountain 
sheep (46 males, 126 females) were re-
moved from the study area for transloca- 
tion to other historical ranges (Bleich et al. 
1990b). 

METHODS 
Capture and Measurement of 
Mountain Sheep 

From September 1986 to June 1990, we 
captured 44 mountain sheep (27 males, 17 
females) and fitted them with radio collars 
incorporating mortality sensors (Telonics, 
Inc., Mesa, Ariz.) (Bleich et al. 1990~) .  
Most inhviduals were captured using a 
hand-held net gun (Krausman et al. 
1985b) fired from a Bell 206B-I11 helicop- 
ter flown by a pilot experienced in that 
procedure (Bleich 1983b); 2 animals were 
captured by driving them into a net (Bea- 
som et al. 1980). 

We estimated the age of each raho-col- 
lared animal using patterns of incisor re- 
placement (Deming 1952) and horn-
growth rings (Geist 1966). We also deter- 
mined body weight (to the nearest 0.5 kg) 
using a platform scale and chest girth (to 
the nearest 1.0 cm) for 172 mountain 
sheep in the study area during 1983-89 to 
evaluate the degree of sexual dimorphism 
in this population. 

Radiotelemetry 

We relied on telemetry data for inter- 
sexual comparisons of habitat use and 
movement patterns and to determine the 
home ranges and range fidelity of rutting 
males on an annual basis. We attempted to 
locate radio-collared animals once each 
week from 1October 1986 to 31 Decem- 
ber 1990 using a fixed-winged aircraft 
(Cessna 185) flown by an experienced pi- 
lot, but inclement weather precluded strict 

adherence to that schedule. The aircraft 
was equipped with a directional "H-anten- 
na" (Telonics, Inc., Mesa, Ariz.) on each 
wing strut. Locations of radio-collared an- 
imals were determined in a manner similar 
to that described by Krausman et al. 
(1984), and geographic positions were es- 
timated using LORAN-C (Boer et d. 
1989). Some locations of rado-collared 
mountain sheep were confirmed visually 
during 14 flights, and each coincided with 
the location of the strongest telemetry sig- 
nal on those occasions. 

To evaluate the bias of the LORAN-C 
navigation system, we used the airplane to 
obtain 16 sets of geographic coorhnates 
for each of 6 easily recognized ground fea- 
tures in the study area. We estimated the 
geographic coordinates of each of these 
features by digitizing them from USGS 
7.5-minute (1:24,000) topographic maps. 
On average, LORAN-C coordinates indi- 
cated the aircraft was 161 m east and 104 
m north of ground features. We corrected 
all geographic coordinates recorded by 
LORAN-C by these values prior to initi- 
ating any analyses (Patric et al. 1988). 

Errors associated with telemetry loca- 
tions estimated using LORAN-C (Jaeger 
et al. 1993) were small relative to the 
home ranges of sheep (2-5 km2). Such ac- 
curacy was adequate for this investigation 
because categories of vegetation and slope 
occurred over relatively large, homoge- 
neous areas. We chose to not consider as- 
pect as a variable in our analyses because 
of its potentially greater sensitivity to res- 
olution problems resulting from the small 
size of aspect polygons relative to potential 
location error. 

Aerial Surveys 

Data from 20 helicopter surveys con- 
ducted from May 1981 to December 1990 
were used to determine periods of sexual 
segregation and aggregation as well as for 
intrasexual comparisons where group com- 
position was important. A pilot and 3 ob- 
servers experienced in those procedures 
(Bleich 1983b) participated in all surveys. 
The study area was partitioned into 5 sur-



vey polygons (26-83 km2), and each was 
searched systematically (Bleich e t  al. 
1990d) at an average intensity of 2.5 min- 
utes/km2. During helicopter surveys, ver- 
tical and lateral distances to the ground 
varied considerably because of high topo- 
graphic diversity within survey polygons 
(Bleich et al. 1990d, 1994). Each obser- 
vation of a mountain sheep was plotted on 
USGS 15-minute (1:62,500) topographic 
maps, and these locations were digitized 
and converted to Universal Transverse 
Mercator (UTM) Grid coordinates (Mon- 
monier and Schnell 1988). Marked ani- 
mals seen during these surveys also were 
recorded as were other ungulates and 
predators. Although helicopter overflights 
of mountain sheep disturbed them, these 
animals did not become sensitized or ha- 
bituated to this aerial sampling (Bleich et 
al. 1994). Moreover, sheep l d  not begin 
moving until they were directly ovedown 
(Bleich et al. 1994). Consequently, we be- 
lieve this sampling method provided un- 
biased data on habitat use by sheep. 

Ground Observations 

Ground observations were made from 
June 1987 to December 1990, and these 
data also were used to define periods of 
sexual segregation and aggregation. Be-
cause the intent of ground surveys was to 
obtain data on the female and lamb co- 
horts of the population, these efforts were 
concentrated in areas used primarily by fe- 
males and lambs and, thus, were not ap- 
propriate for other analyses. Observations 
were recorded on USGS 15-minute topo- 
graphic maps and later digitized and con- 
verted to UTM coordinates. 

Time-lapse Photography 

We used time-lapse photography (Jae- 
ger et al. 1991) to record sheep at water 
sources. Photographs were taken every 60 
seconds during adequate daylight, and 
cameras were positioned to facilitate the 
correct classification of sheep (Jaeger et al. 
1991). Cameras operated almost constant- 
ly during June through September 1988 

and again during June through September 
1989, 4 daydmonth during October 1989 
through May 1990, and on 4 days during 
July 1990. 

We analyzed each frame of film using 
the "groups-per-frame" method of Jaeger 
et al. (1991) to help ensure that samples 
were independent. These data supple-
mented those obtained during ground and 
aerial sampling to determine periods of 
sexual segregation, to evaluate seasonal use 
of water sources by sheep, and to assess 
the relative abundance of carnivores. 

Group Composition 

For statistical purposes, a group consist- 
ed of 21 mountain sheep. During aerial 
surveys, animals 1100 m from each other 
were considered to be in the same group 
because the noise associated with the air- 
craft may have caused groups to begin 
fragmenting as they were observed. Dur- 
ing ground sampling, unlsturbed animals 
were placed in the same group if they 
were 550  m from one another (Siegfried 
1979) or appeared to be aware of the pres- 
ence of other nearby conspecifics and 
moved cohesively. Sheep in the same pho- 
tograph were considered to be a social 
group. 

Each sheep was classified (Geist 1968) 
as a Class I ,  11, 111, or IV male; yearling 
female; adult female ( 2 2  yrs old); or lamb 
(individuals of either sex, <1yr old). Class 
I males were <2 years old and are referred 
to as yearling males. Class I1 males gen- 
erally were 2-3 years old and are referred 
to as young males. Class 111 and IV males 
were 2 4  years old and were termed ma- 
ture males. All males >Class I1 were con- 
sidered to be adults. 

We recognized 5 major social groups 
(Hirth 1977) of sheep. Female groups con- 
tained rl adult female, but could include 
yearlings or lambs. Male groups contained 
21 Class 11, 111, or IV males and also 
could include Class I males, but contained 
no females or lambs. Mixed groups con- 
tained rl adult male and 1female and any 
other group members. Yearling groups 
consisted of yearlings of either sex and 



rarely included lambs. Lamb groups con- 
tained only young-of-the-year. 

Vegetation Sampling 

During April 1990, we quantified vege- 
tation using 92 randomly located step-
point transects (Evens and Love 1957, as 
modified by Bowyer and Bleich [1984]). 
We recorded a cover "hit" if the point (<1 
mm in diameter) fell within the canopy of 
a shrub or on a stem or leaf of a plant; a 
frequency hit was recorded if the point 
contacted the stem of any plant where it 
entered the ground. Points not recorded 
as frequency or cover for plants were tal- 
lied as bare ground (including rocky sub- 
strates). Each transect contained about 
300 step-points (recorded every other 
step; approx 2 m apart) that were used to 
calculate percent cover and frequency for 
that transect. Adequate sample size for 
each vegetation type was determined by 
cumulatively summing the percent cover 
of the 5 most common plant species across 
trarlsects until the means stabilized (Ker- 
shaw 196429). We also sampled annual 
vegetation during April 1991 and April 
1992. Plant nomenclature follo\vs Munz 
(1974). 

At the beginning, middle, and end of 
each step-point transect, we estimated 
horizontal cover using a cover-pole (Grif- 
fith and Youtie 1988). Cover-poles were 2 
m long, and divided into 8 bands, each 25 
cm in length. An observer recorded cover 
of the pole from 4 directions from a dis- 
tance of 15 m. These directions were at 
right angles to one another, and the initial 
direction was selected randomly. The per- 
centage of each band not visible from the 
4 directions was estimated. The average 
cover for each 1-m length of the cover 
pole was then calculated, using the 16 val- 
ues estimated for that increment of the 
pole. Horizontal cover for each vegetation 
type is expressed as the mean percent of 
the pole not visible from >1 m and from 
51 m above the ground. To quantify the 
role of geomorphic features in determin- 
ing horizontal cover, we recorded those in- 
stances in which rocks or changes in slope 

affected cover as measured by the pole; 
these were expressed as the mean number 
of occurrences/l-m increment of the cov- 
er-pole for each vegetation type. 

Habitat Characteristics 

We used a Geographic Information Sys- 
tem (CIS) to create a coverage of vegeta- 
tion types. We used commercially available 
dgital-elevation models (SoftWright, Inc., 
Aurora, Colo.) with the triangulated irreg- 
ular network (TIN) module of ARCANFO 
(Environmental Systems Research Insti-
tute, Inc., Redlands, Calif.) to create a 
3-dimensional surface model of the study 
area and later converted this to a %dimen- 
sional polygon coverage. From the TIN, 
the elevation and slope of ground, aerial, 
and telemetry locations of mountain sheep 
were determined (Bleich et al. 19926). Ad- 
ditionallv. we calculated the distance from 
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each sheev location to the nearest avail- 
able source of water to serve as an index 
of the importance of this resource to 
s h e e ~ .
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We created an index of terrain rugged- 
ness by converting the 3-dimensional sur- 
face model into a coverage of 12-m con- 
tour lines. Grids. each 1km bv 1km. were 

J 

overlaid on the studv area. and the num- 
i 

ber of arcs forming the contour lines with- 
in each square was tallied. Using the CIS, 
this index of ruggedness was associated 
with each sheep location according to its 
grid square. Because of the large size of 
the grid cells, the total number of contour 
lines occurring within each cell provided 
an indrect measure of overall topography; 
the more rugged the terrain, the greater 
the number of contour lines that occurred 
in that cell. 

We developed separate coverages for 
vegetation type and slope based on mini- 
mum-convex polygons created from telem- 
etry data for periods when the sexes were 
segregated and aggregated and for year- 
round dstributions of sheen Each of
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these polygons then was enlarged with a 
buffer of 1,000 m, and the resulting poly- 
gons were used to determine the avail- 
ability of 9 categories of slope steepness 



within each buffered area. Using the GIs, 
new coverages containing information on 
slope were created, and summary infor- 
mation concerning the availability of these 
slope classes was generated. In a similar 
manner, new vegetation coverages were 
produced for each buffered minimum-
convex polygon. We generated summary 
statistics concerning the availability of veg- 
etation types from these coverages. We 
used these data, in combination with plant 
cover on ranges used by males and fe- 
males, to develop an index of forage avail- 
ability for each sex. 

Diets of Mountain Sheep 

Whenever possible, we collected fresh 
fecal pellets (n 2 25) each month from 
July 1987 to June 1990 from individuals of 
known sex and age; otherwise, feces were 
obtained from female or male groups. 
During sexual segregation, sampling was 
concentrated in parts of the study area 
used predominantly by males or females. 
During rut, male sheep regularly occurred 
in areas otherwise used by females, and 
fecal samples were collected from males 
when encountered. As samples were col- 
lected, we placed them in paper bags and 
air-dried them until further processing. 

Fecal samples were analyzed by a tech- 
nician familiar with diets of desert sheep 
(Krausman et al. 1989) at the Forage Anal- 
ysis Laboratory, Universit)- of Arizona, us- 
ing the method of Sparks and Malechek 
(1968). Three slides per pellet group were 
prepared (Holechek and Vavra 1981), the 
frequency of a species appearing in each 
of 20 randomly selected microscope fields 
per slide was determined (i.e., 60 fields/ 
pellet group), and these data were used to 
estimate percent diet composition of feces. 
We used Schoener's (1968) value to com- 
pare overlap in diets of males and females. 

To avoid artificial inflation of sample 
sizes (Hurlbert 1984), we calculated the 
average frequency with which a forage 
species appeared on each slide and con- 
verted these values to relative particle den- 
sity (Sparks and Malechek 1968) for each 
sample (pellet group). Thus, the number 

of monthly samples for each sex was equal 
to the number of pellet groups examined. 
Mean w article densitv was then calculated 
by sukming the relative density for each 
forage species and dividing the result by 
the total number of samples. We catego- 
rized plants as annuals (forbs and grasses 
combined), perennial forbs, perennial 
grasses, woody perennials, and succulents 
(cacti). 

~bso lu te  determination of sheer, l e t s  
from microhistological analysis Gay be 
problematical because of lfferential di- 
gestibility of some forages (Fitzgerald and 
Waddington 1979). We assume, however, 
that this techniaue vrovides an index to 
diets of male and fekale sheep. 

Diet Quality 

Fecal crude protein (FCP = fecal nitro- 
gen X 6.25) usually was determined for 
2 5  individual pellet groups/sex/month us- 
ing micro-Kjeldahl dgestion at the Wild- 
life Habitat Laboratory, Washington State 
University or the University of Alaska Ag- 
ricultural Experiment Station, Palmer. To 
investigate overall differences between 
sexes in diet quality during segregation, we 
integrated the curve of monthly mean 
FCP above a baseline of 5% (< the min- 
imum value recorded) for the segregation 
period, divided this area by the number of 
days between end points, and multiplied it 
by 100. This measure indexed average diet 
quality over the entire period of segrega- 
tion in lieu of emphasizing rnonthly differ- 
ences in mean FCP (J. D. Wehausen, De- 
mographic s tu les  of mountain sheep in 
the Mojave Desert: report IV, Calif. Dep. 
Fish and Game, Sacramento, Final Rep. 
FG9239, 54pp., 1992). 

Although FCP frequently correlates 
with nitrogen level of the diet, Wehausen 
(1995) showed that FCP primarily indexes 
apparent digestibility. Moreover, this index 
varies with the quality of habitat for un- 
gulates (Hodgman and Bowyer 1986). The 
ability of this measure to index diet quality 
can be confounded if the diet contains suf- 
ficient levels of forage species high in pro- 
tein-complexing phenolics (Robbins et al. 



1987). We tested the relationship between 
FCP and the shrub component of the diet 
(considered to be the primary source of 
phenolics) to determine the potential ef- 
fects of phenolics on our results. 

Forage Quality 

Percent in vitro dry matter dgestibility 
(IVDMD), percent crude protein (CP), 
and percent moisture content were deter- 
mined on a monthly basis for 20 plant spe- 
cies eaten by mountain sheep. Samples 
were collected from portions of the study 
area inhabited almost exclusively by either 
sex during the nonrutting period. Data 
from Bleich et al. (1992~)  were combined 
by forage class and reanalyzed to evaluate 
potential differences in IVDMD, CP, and 
moisture content. These analyses were 
conducted at the Wildlife Habitat Labo- 
ratory, Washington State University. 

Relative Abundance of Predators 

We indexed relative abundance of DO-
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tential predators using 3 independent 
measures: (1)predator feces on transects, 
(2) time-lapse photography at water 
sources, and (3) aerial surveys. Data were 
recorded from areas used ~redominantlv 

L i 

by mature males or females. 
Belt transects (n = 93) were sampled 

coincident with the routes hiked (Z? SE; 
8.0 2 0.31 km) when conducting surveys 
of s h e e ~  during 1987-88. We tallied all 
fresh ((nbleachgd) predator feces within 1 
m either side of a line of travel (Pelton 
1972. Hone 1988): no transects were re-,, 

samiled. Predator feces (scats) were iden- 
tifiLd according to characteristics de- 
scribed by Murie (1954) and Danner and 
Dodd (1982). Sparse ground cover in this 
arid environment reduced the likelihood 
that scats were overlooked. Relative abun- 
dance is expressed as scats per hectare. 

We used time-lapse photography to re- 
cord daytime visits to water sources by 
coyotes, bobcats, gray foxes (Urocyon cine- 
reoargenteus), and h t  foxes (Vzrlpes ma-
crotis): no mountain lions were recorded. 
Because foxes and juvenile coyotes some- 

times were not distinguishable, these car- 
nivores were pooled in a category termed 
"other." Bobcats and adult coyotes occa- 
sionally may have been placed in this cat- 
egory.

Time-lapse cameras at 2 water sources 
(Kelso Guzzler and Jackass Spring) were 
located in areas used predominantly by 
male mountain sheep; 2 others (Old Dad 
and Kerr guzzlers) were in areas used pre- 
dominantly by females. Relative abun-
dance of predators at water sources was 
expressed as the number of predators (by 
species)/10,000 frames of film. 

We also recorded predators observed in 
sampling polygons (Bleich et al. 1990d) 
during >lo0 hours of helicopter surveys (n 
= 20). Abundance was expressed as pred- 
ators/survey hour/km2 X 1,000. 

Predator Diets 

We collected predator scats from the 
aforementioned transects (n = 60) and 
when they were encountered during other 
field activities (n = 60). These were ana- 
lyzed for prey remains following the pro- 
cedures of Bowyer et al. (1983) based on 
the identification of ungulate hairs by their 
characteristic morphology (Mayer 1952). 
In the field, we carefully examined car-
casses of mountain sheep and, if evidence 
was adequate, the predator was identified 
according to the criteria of Shaw (1983) or 
Woolsey (1985). 

Data Analyses 

Statistics used in this study include mul- 
tivariate and univariate tests. We examined 
assumptions of each test and transformed 
data (log, SIN, COS, SIN-^, rank) as nec- 
essary to meet these assumptions. In some 
instances, we substituted the appropriate 
nonparametric test (e.g., Mann-Whitney, 
Kruskal-Wallis and Friedman tests, and 
Spearman correlation; Zar 1984) for t 
tests, analysis of variance, or regression. 
Provortions were examined with the Z 
test; the G test was used for most categor- 
ical analyses (Zar 1984). We used SYSTAT 
(Wilkinson 1988) or BMDP software (Dix- 



Table 2. Degree of sexual dimorphism as reflected in body mass and girth for sex and age classes of mountain sheep, San 
Bernardino County, California, 1983-89. 

Mslesa Females 

Class I11 
& IV Class I1 (tIearlinn Lamb Adult Yearlin Lamb 

(n = 16) (n = 8) (n = 11) (n = 90) (n = 2 8  (n = 14) 

f SE f SE f SE x SE f SE f SE f SE 

Body mass (kg) 70.2 3.0 58.5 2.9 40.7 2.7 27.8 8.5 47.9 2.6 35.0 1.2 26.4 1.6 
Girth (em) 98.0 2.1 92.2 1.8 83.9 2.0 75.3 11.4 89.0 1.3 78.3 1.2 72.5 1.8 
Age (yrs) 5.3 0.4 2.8 0.2 1.0 0.0 <l.ob 5.1 0.7 1.0 0.0 <l.ob 

a Class I1 males were 113years old; Class I11 and N males were 8 4  years old. 

Most lambs were captured in December and were approximately 8-10 months old. 


on 1985) for most analyses. In all in-
stances. an ci = 0.05 was adopted. 

V7e corrected telemetry locations for 
each animal for autocorrelation solo^ 
1989) using BLOSSOM statistical software 
(Slauson et al. 1991) to generate a subset 
of statistically independent data points. 
The resulting point locations were used in 
subsequent analyses of habitat selection 
(Neu et al. 1974, Heisey 1985); each ani- 
mal contributed a near equal number of 
observations for these analyses. 

We plotted home ranges (minimum-
convex polygon) of mature males that in- 
habited the study area during 2 2  consec- 
utive periods of sexual aggregation using 
CALHOME software (Kie et al. 1994). 
Home ranges of individual males during 
aggregation were overlaid on each other, 
and those overlapping by 250% were con- 
sidered to demonstrate home range fidel- 
ity. 
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Fig. 4. Percent of social groups of mountain sheep based on 
ground and aerial sampling, San Bernardino County, Califor- 
nia, 1981-90. The period of sexual aggregation is the rut. 

RESULTS 
Sexual Dimorphism 

Desert-dwelling mountain sheep exhib- 
ited extreme sexual dimorphism in body 
weight (Table 2). Class I11 and IV males 
were about 1.5 times heavier than adult 
females, and Class I1 males were about 1.2 
times heavier; yearling males and male 
lambs also were slightly larger than their 
female counterparts. 

Social Aggregation and Segregation 

There was a significant positive corre- 
lation (r, = 0.68, P < 0.05, ?I = 11) be- 
tween the percent of mixed groups per 
month in aerial (n  = 869 total groups) and 
ground (n  = 548) sampling, suggesting 
these 2 sampling methods yielded similar 
results; consequently, both data sets were 
combined (Fig. 4). 

h dxfference (2 = 2.6, P = 0.004) was 
evident between the proportion of mixed 
groups occurring August-November (f = 
18.4 2 1.8%) and December-July (f = 3.3 
+ 0.5%). Indeed, most mixed groups 
(73.5%)occurred during August-Novem- 
ber (Fig. 4); consequently, the season of 
sexual aggregation was defined as that pe- 
riod, and sexual segregation as December- 
July. Likewise, 221,854 frames of time-
lapse camera film at water sources used by 
both sexes indxcated that mountain sheeu 
(n = 361 groups) occurred twice as often 
in mixed groups during aggregation (14%) 
as during segregation (7%).Significant dif- 
ferences in the proportion of mixed groups 
between these periods occurred from July 
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Fig. 5. Associations of Class II males (as determined by 
ground and aerial observation) in other social groups of moun- 
tain sheep during periods of aggregation and segregation, San 
Bernardino County, California, 1981-90. 

1988 to June 1989 (G = 9.13, 3 df, P = 
0.03) and from July 1989 to June 1990 (G 
= 18.26, 3 df, P = 0.002). 

Because some mixed groups (Fig. 4) 
contained males no larger than Class 11, 
and these males are important in testing 
hypotheses concerning sexual segregation 
(Table l),we further examined how these 
males associated with other sheep (Fig. 5). 
Significant differences existed in the per- 
cent of Class TI males associating with 
groups containing females, other young 
males (Class I and TI), mixed groups with 
mature males (Class TI1 and IV), and 
groups containing only mature males (G = 
22.44, 3 df, P < 0.001). During segrega- 
tion, groups containing Class TI males and 
males ?Class 111 occurred more frequent- 
ly than those containing Class IT males and 
females (Fig. 5).During aggregation, Class 
IT males were observed often with females 
and, especially, in groups containing both 
females and mature males (Fig. 5). 

During July through December, we ob- 
served 711 groups of sheep, of which 189 
groups contained adult females and males 
?Class I. We observed a total of 640 males 
(75 Class I, 120 Class 11, 285 Class 111, 160 
Class IV) during that period, and 308 of 
these individuals occurred in mixed 
groups. Yearling and young males associ- 
ated with female sheep earlier in the year 
than did mature males; conversely, follow- 
ing the period of sexual aggregation, ma- 
ture males disassociated with females 

more rapidly than did yearling and young 
males (Fig. 6). 

Group Size 

A 3-way ANOVA (1,1,358df) indicated 
that group size of mountain sheep varied 
by survey type (F = 24.10, P < 0.001), 
periods of segregation and aggregation (F 
= 99.00, P < 0.001), and type of social 
group ( F  = 26.60, P < 0.001) (Fig. 7). 
Overall, mixed groups (i= 5.3 + 0.25, n 
= 207) were larger than female (x = 3.4 
+ 0.11, n = 738), male (i= 1.9 ? 0.07, 
n = 424), yearling (i= 1.9 -+ 0.07, n = 
31) and lamb (f = 1.9 5 0.36, n = 17) 
groups. 

Spatial Distribution 

Whether males joined females during 
sexual aggregation or vice versa is an im- 
portant consideration (Table 1).On an an- 
nual basis, approximately 70% of the ob- 
servations of racho-collared female moun- 
tain sheep occurred at Old Dad Mountain 
(Fig. 8). No significant difference (G = 
4.06, 3 df, P = 0.26) existed in the distri- 
bution of females between segregation and 
aggregation. Female mountain sheep re- 
mained primarily in those areas typified by 
steep, open terrain. In contrast, significant 
differences (G = 34.82, 3 df, P < 0.001) 
occurred in the distribution of males be- 
tween segregation and aggregation (Fig. 
8). Males moved to areas of concentrated 
use by females during aggregation and 
then returned to the East Hills and the 
Kelso and Marl mountains during segre- 
gation (Figs. 1, 8). 

Range Fidelity of Male Mountain 
Sheep 

To evaluate the hypothesis of Geist and 
Petocz (1977),male mountain sheep must 
demonstrate a high fidelity to rutting rang- 
es from year to year. Of 27 radio-collared 
males in our study population, 9 mature 
individuals were alive during 2 consecutive 
periods of sexual aggregation, and 2 other 
mature males lived through 3 consecutive 
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periods of aggregation. Ten of 13 of these 
ranges were the same (as defined by 
250% overlap in home range) during con- 
secutive years, and 3 differed during con- 
secutive years. There was no difference (Z 
= 0.177, P = 0.84) in the proportion of 
male home ranges that were the same dur- 
ing sexual aggregation in the consecutive 
years of this study (77%) and the propor- 
tion of the rutting ranges of individual 
males reported to be the same by Geist 
(1971:table 21) during consecutive years 
(81%). 

Composition of Plant Communities 

To examine the potential role of vege- 
tation in the way males and females used 
habitat, we analyzed the composition of 6 
vegetation types (Fig. 9; Bleich 1993:ap- 
pendix A). Percent ground cover of non- 

woody vegetation (annual plants, perennial 
forbs, perennial grasses), succulents, and 
perennial shrubs was significantly different 
among vegetation types (Friedman's Test, 
X? = 6.78,2 df, P < 0.05). Percent ground 
cover of nonwoody vegetation was greater 
in Yucca-Ephedra scrub (YES) and tran- 
sition zone (TZ) (Fig. 9) than in rupicolous 
scrub (RS) (a vegetation type used pre- 
dominantly by female mountain sheep). 
These data indicate greater availability of 
annual plants, perennial forbs, and grasses 
in areas used by males than those inhab- 
ited by females. Similarly, percent ground 
cover of woody shrubs was greater in YES 
and TZ than in RS, suggesting that shrub- 
by forages also were more abundant in ar- 
eas used predominantly by males (Fig. 9). 

Annual vegetation potentially is an im- 
portant source of high quality forage when 
mountain sheep are segregated by sex. We 
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compared the cover and frequency of an- P = 0.002) and 1992 (x2 = 29.10, 2 df, P 
nual plants in creosote bush scrub (CBS), < 0.001; Fig. 10). 
YES, and RS during April for 3 consecu- Horizontal cover may affect xisibility 
tive years (Fig. 10). No significant differ- and be important in explaining why male 
ences existed in mean cover of annual and female sheep use habitats differently. 
plants (Kruskal-W7allis test, X 2  = 5.23, 2 df, N7ithin vegetation types, horizontal cover 
P = 0.15) among these vegetative types was least from 1 to 2 m in height and 
during the drought of 1990, but differ- greatest at 5 1  rn above the ground (Fig. 
ences did exist in 1991 (x2 = 12.90, 2 df, 9). Friedman's test indicated significant 
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differences among the 6 vegetation types 
( X r 2  = 16.14, 5 df, P < 0.01). We noted a 
positive correlation between percent hor- 
izontal cover and the number of times geo- 
morphic features (e.g., rocks or slope) con- 
tributed to that measure for CBS (r, = 
0.38, P < 0.01), YES (r, = 0.34, P < 0.01), 
TZ (r, = 0.25, P < 0.01), RS (r, = 0.79, 
P < 0.001), and Dune (r, = 0.25, P < 
0.001) vegetation, but not for Wash vege- 
tation (r, = 0.00, P = 1.00). For all vege- 
tation types, ground cover was significantly 
correlated with cover 11 m above the 
ground (r, = 0.89, P < 0.03) but not for 
>1 m in height (r, = 0.37, P > 0.25). 

Habitat Use 

Radio-collared males and females used 
vegetation types differently between peri- 
ods of segregation and aggregation (G = 
175.21, 16 df, P < 0.001). Females used 
RS more and CBS less often than did 
males, while use of Dune, Wash, TZ, and 
YES was approximately equal (Fig. 11). 
We noted no lfference in the occurrence 
of females in vegetation types between 

segregation and aggregation (G = 3.88, 5 
df, P = 0.57), but differential occurrence 
of males among vegetation types was evi- 
dent (G = 13.80, 5 df, P = 0.02), reflecting 
the movement of males to female ranges 
for rut. 

To test for lfferences in physical char- 
acteristics of habitat in which males and 
females occurred, we examined a suite of 
variables, including distance to water, ele- 
vation, slope, ruggedness, and openness of 
terrain. Data from aerial telemetry and 
those obtained during helicopter observa- 
tions were examined separately; because 
ground-based samples were not distribut- 
ed throughout the study area, we restrict- 
ed our analyses to aerial samples. For fe- 
males. a 1-wav MANOVA indicated no 
significant ove;all difference in the physi- 
cal characteristics of habitats used be-
tween periods of sexual segregation and 
aggregation based on telemetry locations 
(F = 1.46; 5, 704 df, P = 0.20). Females 
used similar habitats throughout the year 
(Table 3). When males were considered 
separately, a 1-way MANOVA indicated a 
significant overall difference in habitats 
used between periods of sexual segrega- 
tion and aggregation (F = 8.86; 5, 772 df; 
P < 0.001). Males occurred at lower ele- 
vations, on steeper slopes, in more rugged 
terrain, and in more open habitats during 
aggregation compared with segregation 
(Table 3). 

A 1-way MANOVA indicated significant 
overall differences in use of physical char- 
acteristics of habitat between males and 
females during segregation ( F  = 47.87; 5, 
853 df; P < 0.001). Females occurred clos- 
er to water, at lower elevations, on steeper 
slopes, in more rugged terrain, and in 
more open habitats than did males (Table 
3). Elevation was significant in this model 
probably because the study area increased 
in elevation from west to east, and males 
moved eastward during segregation. Con- 
sequently, males occurred at higher ele- 
vations largely independent of other hab- 
itat characteristics. 

Similarly, when habitat variables were 
examined during aggregation, a 1-way 
MANOVA indicated significant overall dif- 
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ferences in habitat characteristics between 
the sexes (F = 10.64;5, 623 df; P < 0.001). 
Females again occurred closer to water, on 
steeper slopes, in more rugged terrain, and 
in more open habitats, but no difference 
existed in the mean elevation at which fe-
males and males occurred (Table 3). 

Helicopter surveys showed that female 
groups without lambs (f= 2,145 t 201 m, 

n = 64) and female groups with lambs (f 
= 2,234 ? 214 m, n = 68) occurred at 
similar distances to water during aggrega-
tion. Likewise, there was little difference 
in distance to water for these same groups 
during sexual segregation (without lambs, 
f = 2,553 t 139 m, n = 165; with lambs, 
f = 2,533 t 171 m, n = 133).ANOVA (3, 
426 df) demonstrated no effect of the 
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in 3 vegetation types important to mountain sheep, San Ber-
nardino County, California, 1990-92. Sample sizes (no. of 
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presence of a lamb on distance to water 
( F  = 0.64, P = 0.42), a marginally nonsig-
nificant effect of period (segregation and 
aggregation) ( F  = 3.19, P = 0.08), and no 
lamb-by-period interaction ( F  = 0.27, P = 
0.60). When steepness of slope and rug-
gedness of terrain were included as co-
variates (ANCOVA, 5, 424 do,  there was 
a highly significant effect of period ( F  = 
6.83, P = 0.01), but no effect of the pres-
ence of a lamb (F = 0.83, P = 0.36) or an 
interaction between these variables ( F  = 
0.80, P = 0.37). Thus, when effects of po-
tential escape terrain were held constant, 
females occurred closer to water during 
the hot months that composed the period 
of aggregation (especially Aug and Sep; 
Fig. 2) and occurred farther from water 
during segregation. This outcome suggests 
that suitable terrain constrained the dis-
tance that females occurred fro111 water. 
There was, however, no effect of whether 
a female group contained a lamb, nor did 
we detect any small lambs with ewes at 
water during February-April, the period 
of peak lactation. Additionally, adult fe-
males visited water sources less often dur-
ing this period than the remainder of the 
year (x2 = 5.727, 1df, P = 0.017; Fig. 12). 

Like females, males occurred closer to 
water during aggregation than segregation 

(ANOVA, F = 3.78; 1, 405 df; P = 0.05). 
No such difference occurred, however, be-
tween size classes of males ( F  = 0.01, P = 
0.93), and there was no period-by-size-
class interaction (F = 0.01, P = 0.93). In-
deed, mature and young males occurred at 
similar distances from water during aggre-
gation (Class 11, f = 2,642 ? 656 m; Class 
111 and IV, n = 2,500 + 178 m) and seg-
regation (Class 11, f = 3,332 -t 425 m; 
Class 111and IV, f = 3,050 ? 153 m), even 
though Class 11 males were substantially 
smaller than Class I11 and IV males (Table 
2). 

During segregation, females with lambs 
were observed on steeper slopes in more 
open areas than those without lambs; they 
also tended to inhabit more rugged ter-
rain, but not significantly so (Table 4). 
Such differences were not observed during 
aggregation, when lambs were older (ap-
prox 6 months of age). With periods (seg-
regation and aggregation) combined, fe-
male groups with lambs occurred in hab-
itat similar to that used by female groups 
not containing young (MANOVA, F = 
1.430; 5, 424 df; P = 0.212). 

Mature males (Class I11 and IV) were 
observed in areas with different terrain 
characteristics than were groups contain-
ing only younger males (Class II) during 
segregation, but not during aggregation 
(Table 5).With periods combined, mature 
males used terrain characteristics differ-
ently than young ones (MANOVA, F = 
2.77; 5, 298 df; P = 0.018); such differ-
ences were pronounced, with mature 
males occurring in less open and less rug-
ged terrain. 

Habitat Selection 

Because females used the same range 
year-round and no difference occurred in 
use of vegetation types between periods of 
segregation and aggregation (Fig. ll),we 
determined habitat selection for females 
on a year-round basis. Females strongly se-
lected (use > availability) RS and avoided 
(use < availability) other vegetation types, 
except YES, which was used in proportion 
to its availability (x2 = 3,698.5, 5 df, P < 
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California, 1986-90. 

0.001; Fig. 13). Unlike females, males different1 than did females during segre- 
showed pronounced differences in use of gation (xP = 109.7, 5 df P < 0.001) and 
vegetation types during aggregation and aggregation (x2 = 32.3, 5 df, P < 0.001). 
segregation (Fig. 11).Nevertheless, males Differential selection between the sexes 
selected CBS and RS arid used YES in occurred for CBS; females selected RS 
proportion to its availability during sexual more strongly than did inales (Fig. 13). 
segregation (x2 = 242.8, 5 df, P < 0.001) Year-round differences existed in the se- 
and aggregation (x2 = 389.4, 5 df, P < lection of categories of slope steepness by 
0.001); males avoided other vegetation females (x2 = 2,313.7, 8 df, P < 0.001). 
types during both segregation and aggre- Generally. females avoided slopes of 0-10 
gation (Fig. 13). and 41-50%; they selected slopes >10 and 

Log-likelihood models indicated that <41% and slopes >TO% (Fig. 13). 
mature males selected vegetation types During segregation, males avoided 



Table 3. Habitat characteristics and distance to water for male and female mountain sheep during periods of segregation (Dec- 
Jul) and aggregation (Aug-Nov) based on telemetry locations. San Bernardino County, California, 1986-90. 

Males Females 

Hab~tat 
charactenstics 

Distance to water (m)  

Elevation (m) 

Slope (%) 

Ruggedness (index) 

Openness (ranked 1-6; 


1 = most open) 

Segregat~on 
( n  = 445) 

x SE 

3,091b 83 
1 ,012~  8 

1 4 ~  0.6 
1 3 ~  0.4 
3.gb 0.05 

Pd 


* 
** 
** 
** 
** 

Aggregat~on Segregat~on Aggregation 
(n = 333) (n = 414) ( 1 1  = 296) 

i SE x SE Pd i SE 

3,08TC 120 2,449 108 * 2,481 I17 
957 10 961 9.7 * 943 12 
liC 0.8 25 0.5 * 24 0.9 
16C 0.5 24 0.6 * 22 0.7 
3.6" 0.06 3.2 0.06 * 3.1 0.08 

,'P valnes are from \mthln sex ANOV'Ks ~ t h  Bonferronl corrections. * = P > 0 05, ** = P r 0.05 
Males differed (P5 0.05) from females dnnng segregdtlon 

hfales d~ffered (Pr 0.05) from females during aggregatmn 


slopes of 0-10%, 41-SO%, and >70% and 
selected slopes of 1140% (x2 = 348.8, 8 
df, P < 0.001) (Fig. 13). During aggrega- 
tion, males used the steepest slopes 
(>70%) in proportion to their availability, 
whereas they avoided this same slope cat- 
egory during segregation ( x2= 461.7, 8 df, 
P < 0.001) (Fig. 13). For both sexes, there 
was no significant selection for, or against, 
slopes of 51-70%. 

Log-likelihood models indicated signifi- 
cant differences in the selection of slope 
steepness by males and females during 
segregation (x2 = 121.2, 5 df, P < 0.001) 
and aggregation (x2 = 35.6, 5 df, P < 
0.001). These tests required that the 4 cat- 
egories reflecting extremely steep slopes 
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Fig. 12. Relative numbers of females and lambs recorded by 
time-lapse photography at water sources used by female 
mountain sheep during the period of peak lactation (FebApr) 
in comparison to the rest of the year, San Bernardino County, 
California, 1989-90. 

(>40%) be combined. In general, females 
avoided more level terrain and selected 
steeper slopes more strongly than did 
males, especially during segregation, 
which included the birthing season (Fig. 
13). 

Because the distribution of water on 
ranges occupied by males and females 
could be a factor explaining the &stance 
that the sexes occurred from water, it was 
necessary to control for that possibility. To 
do so. we determined the mean difference 
between the distances that radio-collared 
male (n = 445) and female (n = 414) 
sheep and equal numbers of random 
points occurred from water. A 1-way 
ANOVA indicated that females (f = 
-3,244 ? 186 m) occurred significantly 
closer to water than did males (f = -1,648
+ 151 m) when com~ared with random 
points (F = 44.94; 1, S57 df; P < 0.001). 
When the relative availability of water on 
male and female ranges was taken into ac- 
count, females still selected areas closer to 
water than did males during segregation. 

Forage Availability and Quality 

The distribution and diet of sheep may 
be influenced, in part, by availability of 
forage within vegetation types. Forage 
available to s h e e ~  is a function of ve~eta-  

I 0 

tive cover within a habitat and the relative 
size of that vegetation we.In our study 
area, the vegetation types 
differed markedly (Fig. 3). Within these 
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Table 4. Characteristics of terrain in which female groups without lambs and female groups with lambs were observed from a 
helicopter during segregation and aggregation, San Bernardino County, California, 1981-90. 

Female groups 

Segregation Aggregation 

\V~th lambs 
(n = 1,331 

li SE P" 

910 15 * 
34 1.6 ** 

M'lthout lambs 
(n = 165) 

x SE 

935 13 
27 1.4 
24 1.0 

3.0 0.1 

\V~th lambs 
(11 = 68) 

r SE P 

884 20 * 
28 2.0 * 
23 1.5 * 

2.8 0.1 * 

\l'lthout lambs 
(n  = 64) 

V SE 

865 22 

28 2 

26 1.5 

2.6 0.1 

= P r 0 05 S~gn~ficant 

Terraln 
charactenstlcs 

Elevation (m) 
Slope (5%) 
Ruggedness (index) 27 1.1 * 
Openness (rank; 1 = 

most open) 2.6 0.1 ** 
* P \dues are corrected Bonferroni cornpansons w t h ~ n  penods of segregdtlon and aggregation: * = P > 0 05, ** 

differences occurred overall bfhwen segrrgatlon and aggregation (MANOVA F = 3 27; 5, 424 df P = 0.007) 

vegetation types, there are considerable 
differences in forage availability, as in-
dexed by percent cover (Fig. 9). Mature 
males moved to ranges used bv few fe- u i 

males during segregation (Fig. 8).As a re- 
sult, the use of vegetation types differed 
between the sexes during segregation; ma- 
ture males occurred predominantly in 
CBS and YES, and females in RS (Fig. 
11).When the cover of vegetation and the " 
size of vegetation types were considered, 
rnales clearly used areas with more forage 
than did females (Fig. 14). u 

To examine the potential role of forage 
quality in explaining sexual segregation, we 
used data from Bleich et al. (1992~)  to test 
for overall differences in food quality 
(moisture content, CP, and IVDMD) of 20 
plant species eaten by mountain sheep. 
One-way MANOVA's indicated significant 
monthly effects on quality for grasses (F= 
4.23; 33, 266 df; P < 0.001), perennial 

forbs ( F  = 2.50; 33, 26 df; P = 0.009), and 
shrubs ( F  = 5.02; 33, 659 df; P < 0.001) 
(Fig. 15). Inadequate samples of succu-
lents precluded their use in this analysis, 
and data for perennial and deciduous 
shrubs were pooled. On an annual basis, 
perennial forbs had the highest levels of 
CP (f = 14.2 + 1.0%), IVDMD (f = 52.5 
+- 2.1%), and moisture content (f = 55.8 
+ 3.3%), and grasses had the lowest levels 
of CP (f = 6.9 9 0.8%), IVDMD (f = 40.3 
+ 2.0%), and moisture content (a = 32.5 
9 4.9%). Shrubs were intermediate in CP 
(f = 10.3 ? 1.2%), IVDMD (f = 43.4 + 
4.6%), and moisture content (f = 44.4 ? 
4.1%). There were clear increases in the 
overall quality of these forage classes dur- 
ing January-April (Fig. 15). 

When an overall model considered 
quality of forage classes during segregation 
and aggregation on ranges inhabited pri- 
marily by mature males or females and 

Table 5. Characteristics of terrain in which groups of mature males (Class Ill and IV) and groups of only young males (Class 
II) were observed during helicopter surveys, San Bernardino County, California, 1981-90. 

Terrain 
charactenstics i 

Class 11 
(TI = 23: 

SE 

Elevation (m) 
Slope (%) 
Ruggedness (index) 
Openness (rank; 1 = 

897 
21 
21 

46 
4 
3 

Male groups 

Segregation 

Class 111 & n' Class 11 
01 = 161) (,I = 13) 

Pd li SE f SE 

** 
* * 

1,018 
13 

15 
0.9 

958 
23 

29 
4 

** 13 0.6 22 4 

Aggregation 

Class 111 & 1V 
(,I = 107) 

Pd f SE 

* 968 16 
* 22 1.5 
* 19 1 

* 3.4 0.13 

= P 5 0.05. 

most open) 3.5 0.25 ** 4.1 0.08 2.8 0.30 

P values are corrected Bonferroni cornpansons withln penods of segregation and aggregation; * = P > 0 05. ** 
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their interaction term (period of segrega- tistics, however, indicated this result was 
tion-aggregation by sex), the outcome was due mostly to moisture content ( F  = 9.04, 
highly significant (F = 6.46; 3, 357 df; P P = 0.03) and not CP (F= 0.15, P = 0.70) 
< 0.001). Examination of univariate F sta- or IVDMD (F = 0.14, P = 0.71). In- 



creased moisture content on areas inhab- 
ited primarily by females probably was not 
a good measure of overall forage quality 
because similar increases in CP and 
IVDMD were not evident. 

Diets of Mountain Sheep 

Fecal analysis indicated both within and 
among year variation in the consumption 
of annual plants, perennial grasses, peren- 
nial forbs, shrubs, and succulents by fe- 
male and rnale mountain sheep (Fig. 16, 
Table 6). During sexual segregation in 
1987-88. male sheeu fed more extensivelv 

L i 

on annuals, shrubs, and succulents than 
did females, whereas females ate more 
grasses and perennial forbs than did males. 
During aggregation, females fed more ex- 
tensively on perennial forbs, shrubs, and 
succulents than l d  males, whereas males 
ate more annuals and perennial grasses. 

During the 1988-89 segregation period, 
males consumed more shrubs and succu- 
lents than did females. whereas females 
consumed more annuals, perennial forbs, 
and perennial grasses. During aggregation, 
males fed more extensivelv on shrubs and 

i 

succulents then did females. and females 
ate more annuals, perennial grasses, and 
perennial forbs (Fig. 16, Table 6). 

Overlap in forage classes consumed by 
the sexes was similar during periods of sex- 
ual aggregation (Aug-Nov) during the first 
(70.6 f 7.1% [SD]) and second (75.8 f 
13.1% [SD]) years of study (Fig. 16). Like- 
wise, dietary overlap as determined by fe- 
cal analysis during segregation (Dec-Jul) 
was similar during the first (74.4 f 10.0% 
[SD]) arid second (61.1 ? 16.6% [SD]) 
vears. The lower value for the second vear 

i 

was produced largely by males consuming 
more shrubs and females eating more pe- 
rennial grasses during segregation (Fig. 
16). 

Diet Quality 

Integrated values of fecal crude protein 
(FCP) for males were higher than for fe- 
males during segregation in 1988 and 
1988-89, but the pattern was reversed in 

the extreme drought year of 1989-90 (Ta- 
ble 7). That FCP indexed diet quality for 
mountain sheep is indicated by the cor-
respondence between crude protein levels 
in the feces (Fig. 17) and measures of for- 
age quality (Fig. 15); both these in lces  
were elevated during spring. Males con- 
sumed more shrubs than did females (Ta- 
ble 6), and tannins possibly increased lev- 
els of FCP at that time. This is unlikely, 
however, because there was no relation-
ship between the percent of shrubs in the 
diet and FCP for males (r2< 0.01; 1, 88 
df; P = 0.44) or females ($ < 0.001; 1, 
120 df; P = 0.91). 

Abundance of Predators 

From June 1987 to August 1990, 740 
km of transects (n = 93) were sampled in 
2 areas occupied predominantly by mature 
male sheep during sexual segregation 
(East Hills and Kelso Mountains) and in 2 
areas inhabited mostly by females (Old 
Dad Mountain and Cowhole Mountain). 
When we pooled feces from all predators 
within each area, there were significant 
differences in the densities among these 4 
sampling areas (F = 26.15; 3, 89 df; P < 
0.001); predator feces occurred at higher 
densities in those areas used predomi-
nantly by males (Fig. 18). No scats of 
mountain lions were located. 

Predators recorded by time-lapse pho- 
tography at water sources were more fre- 
quent (animals/10,000 frames of film) on 
ranges of mature males than those used by 
females (2 = 6.18, P < 0.001). This pat- 
tern was especially pronounced for coyotes 
(Fig. 18). No mountain lions were photo- 
graphed. 

During aerial surveys, bobcats and coy- 
otes were observed more often in areas 
used predominantly by males. This pattern 
was consistent with results from scat tran- 
sects and photography (Fig. 18); however, 
a 1-way ranked ANOVA failed to detect 
significant lfferences in rates of aerial ob- 
servation for all predators (F = 0.39; 4, 71 
df; P = 0.81) because of the low numbers 
of observations. No mountain lions were 
observed during aerial surveys. 
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Fig. 16. Percent of various forages in the diets of female and male mountain sheep, indexed from microhistological analysis 
of their feces, San Bernardino County, California, 1987-89. 

Causes of Mortality and Evidence of drowned in a steep-sided tinaja (Bleich 
Sheep in Carnivore Diets 1993:appendix B). Three other n~ales and 

1 female in relatively flat terrain had been 
Of radio-collared sheep, at least 4 males scavenged by coyotes, but cause of death 

were killed by mountain lions, and 1male could not be ascertained. 



Table 6. Percent of forage classes in the diets of male and female mountain sheep as indexed by microhistoiogical examination 
of the feces, San Bernardino County, California, 1987-89. 

Percent of forage class* 

Annual Perennral grass Perennlal forb Shrub Succulent 

Season Sex i SE i SE i SE x SE x SE 

1987-88 

Segregation F 17.1 2.0 22.5* 2.1 28.6 3.1 30.8 3.7 1.0* 0.1 
M 24.3 3.0 14.3* 1.8 19.6 1.7 39.0 4.0 2.8* 0.8 

Aggregation F 9.6 1.9 31.0* 6.3 8.0 1.9 47.9 6.9 3.5 1.6 
M 13.8 2.0 50.3* 6.6 6.1 1.2 28.1 6.4 1.8 0.6 

Segregation F 19.4* 1.3 35.4* 2.0 25.5 1.4 18.3* 1.6 0.8* 0.2 
M 11.6* 1.8 16.7* 1.6 24.6 4.1 42.0* 5.2 5.3* 2.3 

Aggregation F 16.8 2.2 54.1 4.8 13.7 3.2 14.0 2.8 1.4* 0.9 
M 13.5 1.7 52.9 6.7 8.8 2.1 18.5 5.1 6.3* 2.6 

" Datsr presented for each season, period. and sex Statlst~cal cornpansr,ns are hehveen males and females wthln seasons and prnods, hlAUOWs 
for yedr ( F  = 6 17 5. 118 df. P < 0 MI).  month ( F  = 1099: 35, 582 df. P < 0 0011. and sex 1F = 12.04,5, I lk df P < 0.001) m e r e  significant 
* P 5 nos 

Remains (hair) of mountain sheep were bility to predation (\f4lliams 1975, Berger 
detected in only 3.1% of 97 coyote scats. 1991), and result in strong allometric dif- 
No other evidence of ungulates (e.g., ferences, especially for ruminants (Dem- 
bones, hooves) was present in the 120 total ment and Van Soest 1985). Among desert 
predator scats analyzed. None of the scats ecotypes of mountain sheep, adult males 
examined contained remains of other un- are 50% heavier than adult females; hence, 
gulates. male and female mountain sheep exhibit 

DISCUSSION 
Sexual Dimorphism and Hypotheses 
Explaining Sexual Segregation I 

Sexual dimorphism in body size and sec- ,ondary sexual characteristics are pro- f 
6 

4 

- 0  

nounced in North American wild sheep k 
0 0 , , , L ,(Shackleton 1985, Bowyer and Leslie U S N D F A JA O I J M M J 

1992); we also observed this pattern for 
desert-dwelling mountain sheep (Table 2). 
Differences in body weight may be im- 
portant in understandlng why the sexes 
segregate, because they are associated wvith 
social behavior (Geist 1971) and suscepti- 

Table 7. Fecal crude protein (FCP) values integrated above 
5% FCP for male and female mountain sheep during sexual 
segregation, San Bernardino County, California, 1988-90. 

Integrated FCP 

>5%/100 da)s 


Yra i  llonths hl.ile Female Raho 
A S O N D J F M A M J J 

1988 Jan-Jul 88.28 82.61 1.07 MONTHS 

1988-89 Dec-Jul 66.43 55.85 1.19 Fig. 17. Fecal crude protein of male and female mountain 
1989-90 Dec-Tu1 55.69 63.69 0.87 sheep over 3 years, San Bernardino County, California, 1987- 

90. 
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Fig. 18. Relative abundance of predators on ranges occupied primarily by mature male or female mountain sheep, San Ber- 
nardino County, California, 1987-90. Sample sizes appear above bars and represent the number of transects, frames of time- 
lapse camera film evaluated, and hours of helicopter time. 

morphologcal differences that are neces- Coblentz 1990, Miquelle et al. 1992, Main 
sary to postulate allometric explanations et al. 1996). 
for sexual segregation. Indeed, most hy- An additional consideration that some- 
potheses fonvarded to explain sexual seg- times has been overlooked is that hypoth- 
regation are based on morphological &f- eses forwarded to explain sexual segrega- 
ferences between the sexes (Main and tion must account for the spatial separa- 



tion of the sexes, and not merely changes 
in group composition and association of 
the sexes (Bowyer 1984, Main et al. 1996). 
Four hwotheses (Table 1)met this crite- 

il 

rion and have some promise as general ex- 
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planations for sexual segregation among 
ungulates. 

Predictions of Hypotheses Versus 
Empirical Observations 

H I :  Sexual segregation i n  mountain 
sheep occurs because mature males acoid 
areas occupied b y  females and young to 
decrease competition with their ofspring 
and potential mates. Geist and Petocz 
(1977) proposed this hypothesis to explain 
sexual segregation between male and fe- 
rnale sheep wintering on small, snow-cov- 
ered areas in the northern Rocky Moun- 
tains. In our study, mature males aggre- 
gated wit11 females later than did imma- 
ture or young males (Fig. 6) in a pattern 
nearly identical to that reported by Geist 
(1971:fig. 24). Moreover, the proportion of 
congruent male home ranges during sexual 
aggregation in consecutive years (77%) did 
not differ from that (81%) reported by 
Geist (1971). Meeting both of these con- 
ditions was necessary to evaluate the ap- 
plicability of this hypothesis to mountain 
sheep in general and, potentially, to other 
ungulates inhabiting areas with less-con- 
strained ranges in winter than those ex-
perienced by mountain sheep at northern 
latitudes. 

Contrary to the expectations of this hy- 
pothesis, diet quality of mature male sheep 
(as indexed by fecal crude protein, FCP) 
was better than that of females during sex- 
ual segregation during 2 of 3 study years 
(Table 7). Cover of potential forage, like- 
wise, was greater in vegetation types in- 
habited pri~narily by mature males (CBS, 
YES, TZ) compared with vegetation (RS) 
used mostly by females (Fig. 9). This trend 
was especially evident for the cover of an- 
nual plants during nondrought years (Fig. 
10). Moreover, when the area of available 
vegetation types was considered, the pat- 
tern was even more evident because the 
RS type used by females composed but a 

small proportion of sheep range (Figs. 3, 
14). This relationship is further exacerbat- 
ed by population density; although males 
occurred in greater numbers, 42% of fe- 
males occurred in RS, a vegetation type 
that composed only 3% of the study area. 
This concentration of sheep further re-
duced the availability of forage per indi- 
vidual female. None of these observed 
outcomes is consistent with males moving " 
to lower quality ranges. 

Although large males (Class 111 and IV) 
spatially segregated from females, so did 
manv Class I1 males (Fig. 5 ) .  Class I1 
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males seldom copulate with females (Geist 
1971, Hogg 1987) because they are sub- 
ordnate to laree males durine rut. Based 

D 0 

on the occurrence of mixed groups (Fig. 
4) and a prolonged lambing period, rut for 
these desert-dwelling sheep occurs over 
2 4  months. Consequently, it is unlikely 
that most Class I1 males ever obtain cod- 
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ulations (even from females that under-
went a second estrus) because of the ex- 
tended association of mature Inales with 
females through the period of sexual ag- 
gregation (Fig. 6). 

Young male mountain sheep may asso- 
ciate with females and lambs until they are 
no longer subordinate to adult females 
(Geist 1971). Because young males are in- 
termediate in body size between mature 
males and females (Table 2) and possess 
horns similar in morphology to females 
(Geist 1971), they may be able to continue 
to interact sociallv with adult females. The 
finding that some young males remain 
with female groups while others of the 
same relative age join male bands is likely 
a function of relative body size and horn 
development (Nievergelt 1967). The pro- 
tracted lambing season of desert-dwelling 
mountain sheep (Bunnell 1982, Thompson 
and Turner 1982) results in considerable 
variation in body size among animals from 
the same lamb cohort. Such hfferences in 
age may explain the propensity of some 
young males to remain with females, while 
others do not. \Vhatever the reason un-
derlying this phenomenon, the observation 
that some Class I1 males segregated from 
the fernales and moved to higher quality 



ranges than those used by females is in- 
consistent with the notion that breeding " 
males segregate from females solely to de- 
crease competition for forage. Moreover, if 
Class I1 males that did not mate segregat- 
ed from females to benefit the offspring of 
unrelated, large males, then group selec- 
tion must be invoked to explain this phe- 
nomenon. 

There mav be other benefits that accrue 
to young males that join old, large rnales 
during segregation (Geist 1971, Mc-
Cullough 1979), but such advantages are 
unrelated to avoiding competition with 
their offspring. In snowbound northern 
systems, segregation by large or immature 
males could result in decreased competi- 
tion with females and young, but resources 
must be limited for such an outcome to be 
realized. In the desert system we studied, 
an equally plausible and more parsimoni- 
ous explanation for segregation of males 
from females is that males s im~lv  moved 
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to ranges with better quality and more 
abundant forage. 

Although segregation by large males 
from females results in decreased comne- 
tition with those females and young inhLab- 
iting small, snow-free winter ranges (Geist 
and Petocz 1977), males in our study area 
moved to ranges with high quality and am- 
ple forage availability. In our system, re- 
duced cornpetition with females could oc- 
cur if resources were limiting; however, 
anv reduction in corn~etition would clearlv 

i I i 

be a consequence, rather than a cause, of 
sexual segregation. The finding that males 
moved to ranges that allowed them to in- 
gest better quality forage (and with rnore 
forage available per male than per female) 
is inconsistent with the notion that males 
segregated to enhance their reproductive 
fitness by decreasing conlpetition with fe- 
males and young. We conclude that the 
hypothesis of Geist and Petocz (1977) can- 
not explain why the sexes segregate in the 
population of mountain sheep we studied, 
although decreased competition could oc- 
cur under circumstances of low forage 
availability on female ranges. Because this 
hypothesis cannot explain sexual segrega- 
tion by mountain sheep occurring in des- 

erts. it should not be invoked as a general " 
explanation for sexual segregation in sex- 
ually dimorphic ungulates. 

H2: Allometric diferences between male 
and female mountain sheep lead to difer- 
ential uses of food that result in segrega- 
tion. Dietary differences between the sex- 
es have been reported for a variety of ru- 
minants. and these observations s u ~ ~ o r t

I I 

the notion of allometric differences allow- 
ing males to inhabit lower quality ranges 
than could females, given sufficient bio- 
mass of forage available to males (\T7atson 
and Staines 1978, McCullough 1979, 
Staines et al. 1982, Bowyer 1984, Beier 
1987, Clutton-Brock et al. 1987). We also 
noted dietary differences between sexes, 
with onlv 71-76% overlan in diet even 
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during sexual aggregation. Male mountain 
sheep in our study, however, obtained 
higher quality diets than did females dur- 
ing segregation in 2 of 3 years (Table 7). 
Also, in nondrought years, annual plants 
were more abundant in spring on ranges 
occupied by mature male sheep than on 
ranges occupied by females (Fig. lo),  and 
forage availability was generally higher on 
ranges occupied by males (Figs. 9, 14). 
Moreover, these differences in availability 
are greater per capita, given differences in 
density between the sexes. 

Differences in diet comnosition and 
I 

quality between the sexes of some ungu- 
lates may be present, but difficult to de- 
tect. For instance, Bowyer (1984) reported 
that the major chfference in ranges used 
by male and female mule deer during seg- 
regation was the phenological stage of a 
preferred forage. Likewise, Beier (1987) 
noted slight, but significant, differences in 
foods eaten bv the sexes of white-tailed 
deer during segregation. Even small dif- 
ferences in diet quality may have a pro- 
found effect on the productivity of rumi- 
nants (LVhite 1983) and could underlie 
sexual segregation. 

Our finding that males obtained better 
quality diets than did females during the 2 
nondrought vears is not consistent with the 

u ,  

hypothesis that allometric differences re- 
sult in sexual segregation. This hypothesis 
still rnay be viable for ungulates where fe- 



males obtain higher quality diets, but ap- 
pears not to be a general explanation for 
sexual segregation. 

Our finding that mature male sheep 
moved from areas selected by females dur- 
ing sexual segregation (Fig. 8 )  is consistent 
with the hypothesis that segregation might 
be caused by females outcornpeting males 
where forage was of high quality but of 
low biomass (Clutton-Brock et al. 1987). 
Additionally, the percent of shrub cover 
was greater in CBS, an area selected by 
males during segregation, but avoided by 
fkmales (Fig. 13). The substantially higher 
densities of fenlales than males during sex- 
ual segregation also is consistent with this 
hypothesis. Nevertheless, our findings that 
males had liigher diet quality (Fig. 17) and 
greater availability of annual plants (Fig. 9) 
are not consistent with this hypothesis; 
therefore, we reject it. 

Low population density and high avail- 
ability of forage led Miquelle et al. (1992) 
and du Toit 11995) to conclude that co~n-  
petition was not the prirnary factor re-
sponsible for sexual segregation. An expec- 
tation from this hypothesis would be that 
populations at low density with respect to 
carrying capacity should not sexually seg- 
regate because of reduced competition 
with conspecifics. Conversely, segregation 
of the sexes sllould be pronounced at high 
density. Although this hypothesis cannot 
be entirely ruled out for ungulates in 
which females occur on higher quality 
ranges, the lack of confirmatory evidence 
for this notion leads us to question it. \\-e 
believe that differential risk of ~redation 
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and allornetric differences offer Inore like- 
ly alternatives than competition between 
the sexes as an explanation for sexual seg- 
regation" 

H3: Fenzales spatially .sugregate front 
trmles beca~rse of greater water require-
tnents associated with lactation or their 
snzaller body size. Mountair1 sheep living 
in desert en~ironments are pl-iysiologically 
specialized in terms of their water metab- 
olism (Turner 1973, 1979). These sheep 
drink about 4% of their bodv weight in 
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water each day to maintain water balance 
during extreme temperatures in summer; 

however, during winter, forage with 1.5- 
3.0 p1 of preformed water per gram dry 
weight may preclude the need for free wa- 
ter (Turner 1973). Some desert popula- 
tions of mountain sheep persist year-round 
in areas lacking free water (Krausman et 
al. 1985b). During segregation, the mois- 
ture content of forage on areas occupied 
by females in this study was higher than 
for ranges used mostly by mature males 
(Fig. 15). 

Females occurred significantly closer to 
sources of free water during sexual segre- 
gation than did males, and this difference 
was maintained even when we controlled 
for water availability. Although males in 
our study did occur on ranges with a lower 
moisture content of forage during segre- 
gation, females with lambs did not occur 
closer to water than those without lambs. 
Adequate escape cover (steep, rugged ter- 
rain) may limit the distribution of female 
sheep whether or not they have lambs at 
heel. Indeed, when we controlled for ter- 
rain characteristics with ANCOVA, the im- 
portance of fi-ee water to females \vas fur- 
ther highlighted. Most importantly, few fe- 
males visited water sources during the ear- 
ly period of lamb-rearing (Feb-Apr: Fig. 
12), and none of these was accompanied 
by small lambs. 

Differences in the distances males and 
females occurred from water were even 
more pronounced during aggregation, os- 
tensibly because temperatures were ex-
tremely high for about one-half of this pe- 
riod (Fig. 2). We noted no differences in 
distances from water for females with 
lambs versus females without young dur- 
ing either segregation or aggregation. 
Likewise, there was no difference in dis- 
tance from water between smaller-bodied 
Class I1 and larger Class 111 and IV males 
during either period. 

\Tihatever the cause of females being 
closer to water than males, it cannot be 
invoked to explain sexual segregation in 
this population, because the same general 
pattern with respect to &stance from wa- 
ter occurred during both segregation and 
aggregation. Lactational requirements for 
free water in these desert-adapted sheep 



can be rejected as an explanation for sex- 
ual segregation. This hypothesis, however, 
may explain segregation in other species 
(especially those less adapted to arid en- 
vironments) and warrants further consid- 
eration. 

Hq: Spatial separation of the sexes oc- 
curs because mature males, owing to their 
larger body size and strength, are less sus- 
cevtible to vredators than smaller-bodied 
females and young, thereby allozijing these 
males to exploit resources unauailable to 
smaller indiuiduals. Geist (1981) postulat- 
ed for mountain sheep that spatial sepa- 
ration of the sexes occurs because males 
must regularly forage in areas that pro- 
mote horn growth and maximize fitness. 
Conversely, females maximize fitness by 

'3
choosing the best escaDe terrain for their 
young. Hence, females should compro-
mise forage quality in favor of security, 
whereas males should compromise secu- 
rity in favor of forage quality. Geist (1982) 
also applied this hypothesis to elk. This 
idea, however, cannot apply to ungulates 
in general because it does not explain why 
some females occur on better ranges dur- -
ing segregation. 

In our study, male mountain sheep oc- 
curred on ranges with greater forage avail- 
ability, and they obtained a higher quality 
l e t  during the 2 nondrought years than 
did females during sexual segregation. 
These findings are consistent with this hy- 
pothesis; however, the opposite relation- 
ship during the dry third year suggests that 
more years of data are necessarv to deter- 
mine 'if males generally obtai; diets of 
higher quality than females during segre- 
gation, especially during years of poor for- 
age ~roduction 
u L 

Females selected steeper, more open 
habitats than did males, and females with 
lambs occurred in steeper, more rugged 
terrain than females without voung (Table 

i V 1  

4). Such areas apparently facilitate evasion 
of predators by females and their off-
spring. Likewise, young males used areas 
that were more rugged and open than ar- 
eas used by large males during segregation 
(Table 5).These smaller-bodied sheep also 
apparently used habitats that enhanced 

their ability to evade predators. Three in- 
l c e s  indicated that ~redators were less 
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common on areas inhabited by females 
than males (Fig. 18), and mature males 
(despite their larger body size) predomi- 
nated among lulls made by predators dur- 
ing this study (Bleich 1993:appendix B). 
Wehausen (1980) also noted that females 
with young lambs traded off nutrition for 
apparently safer habitats. Likewise, cari- 
bou may "space away" from areas where 
predators are abundant during parturition 
(Bergerud et al. 1984, Bergerud and Page 
1987). These observations strongly support 
the hypothesis that risk of predation plays 
a major role in sexual segregation. 

Increased risks of predation to males 
could be a function of their using areas 
with higher nutritional quality or greater 
abundance of forage and less-rugged ter- 
rain (Wehausen 1980, Berger 1991, this 
study), but with higher densities of pred- 
ators. Male tule elk (Cereus elavhus nan- 
nodes) foraged in better habitks with a 
higher likefhood of predation by moun-
tain lions than did females (Berbach 
1991), and female moose with calves for- 
aged less efficientlv than females without 
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young, or adult males, in a predator-rich 
environment (Molvar and Bowyer 1994). 
Likewise, male Asian elephants (Elephas 
maximzts) incurred risks while obtaining 
higher quality diets than females (Suku- 
mar and Gadgil 1988). Main and Coblentz 
(1990) argued generally that males and fe- 
males select areas according to different 
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criteria, with females selecting those most " 
suitable for successful gestation and rear- " 
ing of offspring and males selecting areas 
where they can maximize body condition. 

Some studies of sexual segregation, 
however, have reported that females ob- 
tained a higher 4uality diet and occurred 
on better areas than males (Watson and 
Staines 1978, Staines et al. 1982, Beier 
1987, Clutton-Brock et al. 1987, Illius and 
Gordon 1987), and Weckerly and Nelson 
(1990) concluded that both males and fe- 
males obtained diets high in essential nu- 
trients. Measuring just range quality could 
be misleading because variation in popu- 
lation density of ungulates on areas occu- 



pied by males and females may affect per 
capita consumption of nutrients. For in- 
stance, Bowyer (1984) reported that fe- 
male mule deer were segregated onto ar- 
eas with a greater abundance of preferred 
forage than ranges inhabited by males. 
However, when the higher density of fe- 
males was considered, no significant dif- 
ference in forage availability per individual 
was noted. Nonetheless. several studies 
have corrected for differential densities of 
the sexes and still concluded that females 
obtained higher quality forage than males 
during segregation (Watson and Staines 
1978. Clutton-Brock et al. 1987). 

Perhaps females of some species in par- 
ticular environments can maximize intake 
of high quality forage and simultaneously 
minimize risk of predation (Eastland et al. 
1989). If this is correct, then how forage 
and risk of predation are arrayed in the 
environment would have a profound effect 
upon the pattern of sexual segregation and 
quality of forage obtained by males and fe- 
males. It remains unclear, however, why 
males would segregate when females max- 
imize forage quality and simultaneously 
minimize risk of oredation. Such an out- 
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come probably would require invoking 
Hypothesis 2-that allon~etric differences 
contribute to sexual segregation under 
these circumstances. 

The behavior of mountain sheev un-
doubtedly has been influenced by ireda- 
tion throughout their evolutionary history. 
Indeed. in the absence of serious comoe- 
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tition from other ungulates, evolution has 
resulted in a propen& for North Ameri- 
can wild sheep to use rocky terrain when 
faced with dangerous situations (Geist 
1971). hlountain sheep appear to evade 
predation through their exceptional eye- 
sight, climbing ability, and use of open ar- 
eas adjacent to and within rugged terrain 
(FVishart 1978). 

Berger's (1991) review reported that fe- 
male mountain sheep and lambs using 
shallow slopes were more vulnerable to 
predation than when in escape terrain. 
Despite the extensive use of rugged ter-
rain, particularly by females, Murie (1944) 
and Sumanik (1987) described wolves suc- 

cessfully hunting mountain sheep by at-
tacking from above and forcing them to 
flee from steep cliffs to less precipitous 
terrain. Sumanik (1987) concluded, how- 
ever, that in 4 of 6 hunts, proximity to es- 
cape terrain was the deciding factor that 
allowed sheep to evade wolves. 

Among mountain sheep, sexual selec- 
tion (Trivers 1972) has favored large, pow- 
erful males with huge horns (Geist 1971). 
Adequate forage is an important factor 
limiting body arid horn size in these un- 
gulates (Bunnell 1978, Geist 1981, Guthrie 
1990). Indeed, the importa~~ceof maxi-
mizing body condition and size may ex- 
ceed the increased risk of predation asso- 
ciated with foraging on high quality rang- 
es; such risks may be undertaken to en- 
hance reproductive success of males (Kurt 
1974, Geist 1981, Poole and Moss 1981, 
Poole 1987, Prins 1989). Among females, 
selection has been for behaviors that re- 
duce the risk of predation on individuals 
and their offspring, sometimes at the ex- 
pense of nutrient intake. As long as nutri- 
tion is sufficient for ovulation, gestation, 
and lactation, ind~vidual females may max- 
imize their fitness by enhancing their sur- 
vival and that of their young. Females do 
this by occupying areas with lower densi- 
ties of predators and terrain that allows 
greater opportunities to evade these car- 
nivores. Findings from this study are con- 
sistent with the hypothesis that female 
mountain sheep occupy habitats in which 
they and their young are less susceptible 
to predation, but simultaneously sacrifice 
nutrient quality as a trade off for security, 
as reported by W7ehausen (1980) and Ber- 
ger (1991). Indeed, such trade offs may 
affect foraging efficiency and reproduction 
for an array of organisms (Lima et al. 1985, 
Magnhagen 1991, Molvar and Bowyer 
1994). 

CONCLUSIONS 

The evolutionar); significance of sexual 
segregation in mountain sheep is, in all 
probability, best understood as the result 
of differing life-history strategies of males 
and females (Geist 1981, Main and Co- 



blentz 1990, Main et al. 1996). Our find- 
ings support the hypothesis that females 
maximize their Daminian fitness bv min- 
imizing risks of predation, albeit by poten- 
tially compromising nutrient intake. 

Among males, reproductive fitness is 
strongly influenced by body size and con- 
dition (Clutton-Brock et al. 1982, Prins 
1989, Guthrie 1990), and the larger body 
size of mature males and lack of parental 
care may reduce susceptibility to preda- 
tion (Berger 1991), especially by small 
predators such as coyotes and bobcats. 
Hence, risks associated with foraging in 
high quality habitats, which enhance body 
condition, may increase the probabiliq of 
fathering offspring. Miquelle et al. (1992) 
proposed that sexual dimorphism may lead 
to differences between the sexes that re- 
late to risk of reda at ion. constraints on for- 
aging, habita; use, and' even competition. 
Nonetheless, their model for sexual see- 
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regation requires a heterogeneous envi- 
ronment where the sexes can select re-
sources to meet differential costs and con- 
straints. M7e extend their model and suq- 
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gest that the manner in which forage and 
predation risk are arrayed in such a het- 
erogeneous environment is an important 
factor in deter~nining how and why the 
sexes segregate, including which sex moves 
and which obtains a better diet. During 
sexual segregation, males and females may 
be adapted differently for foraging and 
evading predators in their preferred habi- 
tats (Lopez Ornat and Greenberg 1990). 
Thus, sexual segregation might best be 
viewed as a compromise between optimal 
foraging and decreasing predation risk 
(Skogland 1987). 

Main and Coblentz (1990) argued that 
the strategy of maximizing body condition, 
and its resultant increased fitness in males 
of sexually dimorphic species, appears to 
be widespread, if not universal. Females of 
such species likely concentrate on reduc- 
ing the risks of predation on thenlselves 
and their offspring, albeit at the expense 
of nutrient intake in some species (Main 
and Coblentz 1996). We believe such life- 
history strategies are best viewed from the 
perspective of how predation risk, forage 

abundance, and forage quality are distrib- 
uted in a heterogeneous environment. We 
further suggest that this relationship may 
yet provide a general understanding of sex- 
ual segregation among ungulates. 

MANAGEMENT IMPLICATIONS 

Ecological differences between male 
and female mountain sheep have impor- 
tant implications for conservation. Man- 
agement of mountain sheep in desert eco- 
systems has centered on the construction 
of artificial watering devices (Bleich 1983a, 
Bleich and Pauli 1990) in the belief that 
both sexes will benefit (Turner and T.T7eaver 
1980). Females occurred significantly clos- 
er to water (an index to its importance) 
than males during segregation and aggre- 
gation, even when we controlled for the 
availability of water. This observation sug- 
gests that water developments may be of 
greatest value if they are constructed in 
areas used predominantly by females and 
their offspring (Seegmiller and Ohmart 
1982). 

During sexual segregation, males and 
females used habitats that were distinc-
tively different. Generally, females used 
areas that were characterized by steep, 
open, and rugged terrain with low avail- 
abilities of annual and perennial vegeta- 
tion. In contrast, males used areas that 
were less steep, less rugged, and with 
greater availabilities of such vegetation. 
Areas used by males during sexual segre- 
gation were associated with rolline hills " " 
(and sometimes flats) and not the steep 
terrain traditionally considered to be hab- 
itat for mountain sheep. These less steep 
habitats must be recognized as imvortant 
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to mountain sheep populations, as empha- 
sized previously by Schv~artz et al. (1986) 
and Bleich et a1.*(1990a). During segre- 
gation, such areas provide better oppor- 
tunities for mature males to obtain high 
quality forage than do the steep, rugged 
terrain used primarily by females. 

Grazing by cattle occurs throughout 
much of the Southwest. Althou~h distri- a 
butional overlar, and resultant comvetition 
between cattle and mountain sheep may 
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not be an important limiting factor in 
some areas (Dodd and Brady 1986, Dodd 
1987), cattle may alter vegetation (partic- 
ularly cover of grasses) in habitats used by 
mountain sheep (J. D. M'ehausen, Demo- 
graphic studies of mountain sheep in the 
Mojave Desert: report IV, Calif. Dep. Fish 
and Game, Sacramento, Final Rep. 
FG9239, 54pp., 1992). Allocations for live- 
stock often are based on the amount of 
ephemeral vegetation occurring on less 
rugged areas under the assumption that 
mountain sheep seldom use areas away 
from steep slopes. Male mountain sheep, 
however. often make extensive use of areas 
that are grazed heavily by cattle. More- 
over, ephemeral plants are important in 
the diets of male sheep. If grazing by cattle 
results in competition with mountain 
sheep for forage, there may be a reduction 
in suitable habitat for males and possibly 
the population. 

In the eastern Mojave Desert, mountain 
sheep may be prone to predation by 
mountain lions. In the Granite Mountains, 
located approximately 40 km south of our 
study area, h e a ~ y  predation on females has 
had severe consequences for that popula- 
tion (J. D. M'ehausen, Demographic stud- 
ies of mountain sheep in the Mojave Des- 
ert: report IV, Calif. Dep. Fish and Game, 
Sacramento, Final Rep. FG9239, 54pp., 
1992). During our study, however, con-
firmed losses of sheev to mountain lions 
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were restricted to males because such nre- 
dation occurred only in habitats used pre- 
dominantly by that sex. Consequently, lion 
predation has not significantly affected the 
reproductive base of our study population. 
Predation by mountain lions may not have 
generalized demographic implications for 
mountain sheep, unless females are preyed 
uvon heavilv. 
L i 

Aerial surveys are an important method 
of obtaining demographic data for popu- 
lations of large ungulates, particularly 
mountain sheep (Bleich et al. 1990d, 
1994). Because of the wronounced differ- 

I 

ences in the ways that males and females 
use habitats and space, demographic sur- 
veys conducted during sexual segregation 
may lead to biased conclusions if survey 

effort is not properly dstributed. Aerial 
surveys to estimate population size and 
composition should coincide with the pe- 
riod of sexual aggregation when adult 
males and females are most likely to be in 
close proximity to each other. Surveys con- 
ducted during sexual segregation must en- 
compass large areas and incorporate the 
range of habitats used by males and fe- 
males during that period (Schaller and 
Junrang 1988) to decrease the possibility 
of biased demographic data. 

Finally, mountain sheep may use widely 
separated parts of their home ranges on a 
seasonal basis. These animals, particularly 
the males. move from some mountain 
ranges to others within our study area; 
males join females during periods of ag- 
gregation and cross Kelbaker Road to do 
so. Movement to and from female ranges 
located west of Kelbaker Road (Fig. 1)ne-
cessitates that those males cross that right- 
of-way at least twice annually. Kelbaker 
Road currentlv receives little use. but traf- 
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fic is expected to increase substantially 
with the anticipated National Park Service 
administration of our study area. Proposals 
to fence this thoroughfare to decrease the 
likelihood of vehicle collisions with live- 
stock or feral asses are vrobable. If Kel- 

I 

baker Road is fenced, an important inter- 
mountain corridor (Bleich et al. 1 9 9 0 ~ )  
will be eliminated, with potential land-
scape-level implications (Schwartz et al. 
1986) for mountain sheen. Movements re- 
sulting from sexual segregation, as males 
travel to and from female ranges, will be 
impeded and negative effects will occur at 
both the population and metapopulation 
level (Bleich et al. 1996). 
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APPENDIX 5, Table 1. /timber of plant occurrences by species within-the
4 major habitats during August 1993.

•

Cover Type Upland Bajada Wash Riparian
It 5600 350C 3400 2000
Bare Ground 4656 287E 2712 407
Annuals 63/ 423 214 0
Succulents
741rMearrVIR ananthneiRs 1
nnuntia adanthnrarn4 3 12 2
Onnnr i a ha ctilarlA 9 2
Onnnriahice1nvii 6 3
pnnntia ramosisrima 2
Shrubs
Araria nrpanii„ 1 2 71

1 43
ATO1r0Aia Aumnaa- 108 18 1
Arrioles hvmenelvtrp 1
Asclpn i me suhp l atd 2
ephhiA inncq 8
ralliandra Prinnnylla 8
Rneelia farinnsa 43 18 4
Fnhadra ralifornica 2

5
Fringnnnm inflattim 10 9
Earairilf wars= 2
LizzagarsieLstalenclana 27 8
2m.lifittazia_nacrasivatuala 16
Wmpnor i AA Sal snip 51
Bvntic emarvi 17
EramPria narvifInra 11 4
T.arrAa fridentat Fk 64 75 34 22
T mrinm brovinwc 1 5 20
StItia era lrea Amh4 ell IA 5
Tvnha dominmagis, 588

202flip-kin act-Iran,
Trees
reridinm florielnE

•

14 47
Dfilagin-21211122.a 37
pinava rosn-a 4 122
prosop1c alandon 54 12
Tamarix snn 803
Unknown 5 1 13
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APPENDIX 5, Table 2. Cover of plants in upland habitat in the East
Chocolate Mountains, Imperial County. California, August 1993.

SPECIES % MEAN COVER SD CV
Annual growth 11.26 6.61 0.58
An:kris. nrennii 0.01 0.13 7.41
bahrsula_maNma 1.92 2.25 1.18
icrlenimie mehIl l era 0.03 0.18 5.19
pahhio lunneg 0.14 0.58 4.06
ADrelis fftvirmsp 0.76 1.06 1.39
Ecluitclazalifamtaa 0.03 0.26 7.41
prinannum cie flPintm 0.08 0.34 3.83

in' l arns,Eriononnm 0-17 0.65 3.68
71 1rni de nrans 0.03 0.26 7.41
Yernrantns acanthodes '	 0.01 0.13 7.41
icumninria solonHens 0.48 1.25 2.59
1=81441r.S.1221raliCalia 0.19 0.71 3.65
liarTAA t ri denrar‘ •. 1.14 1.48 1.29
UgaluaLlmmtipaa 0.01 0.13 7.41
02141=a-AGIL=122=41 0.05 0.2 5.48
D121=d1L-altiaitria 0.16 0.45 2.82
Owntia binelnvij 0.10 0.55 5.19
11223aMiAltrata=21141 0.08- 0.39 4.37
Unknown 0.08 0.43 4.36
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APPENDIX 5, Table 3. 	 cover of plants in bajada habitat in the East
Chocolate Mountains, Imperial County, California, August 1993.

SPECIES 4 MEAN COVER SD CV
Annual growth 1208. 42.44 0.35
AladmaA_Qumai C.05 C.33 5.83
Arnmnronannng 
srilaProcenhalua

0.02 C.16 5.83

Ainrnmim &moss; C.51 0.84 1.63
rmllinergra sari nnhvl 14 C.22 0.83 3.63
("pre i A i Illn f 1 nri eIngi C.40 1.22 3.05
Fmcalia farinoad C.51 0.96 1.88
yr innnnt an i nf 1 at Inn C.25 0.55 2.14
youraieria sn l oreinn- 0.22 0.75 3.32
nflyierrnzim n i ernrenhale 0.45 1.07 2.35
EXeMer i a narvifoli4 0.11 0.39 3.48
idirrAA tridgritata 2.14 2.30 1.07
,Tvcium ha-tw i nes 0.14 0.48 3.40
o i reva tnanta D.11 0.52 4.56
Orinntia arsnthne,ern 0.34 0.79 2.30
Onunti^ basil/wig 0.02 0.16 5.83
alownriA hinelnvii 0.08 0.27 3.26
Ormnria ramosinsimP 0.05 0.33 5.83
Unknown 0.02 0.16 5.83
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APPENDIX S, Table 4. Cover of plants in wash habitat in the East
Chocolate Mountains, Imperial County, California, August 1993.

SPECIES 4 MEAN COVER SD CV
Annual growth 6.29 5.56 0.88
Acacia arecali 2.08 4.14 1.98
ArRvintnnavnus 
pnhaprnrpnhalus,
AThrnsia dwang

1.26

0.02

2.87

0.16

2.27

5.74
Arrinliax hvmarva lyrroN 0.02 0.16 5.74
rerridinm pm-1km 1.38 3.58 2.59
pallaR Rolnnsa 1.08 2.29 2.10
Ytire1 4 m /In-inns:in 0.11 0.40 3.42
jivmenorlAA nAlign14 1.50 2.39 1.59
'VDUs emnrv 0.50 1.35 2.71
Lgrae$1....Crwilk=.4 1.00 1.76 1.76
7,vrillm brAvi nes 0.58 1.43 2.44
01nava tennh" 3.58 4.99 1.31
2nuntia aranthorArni 0.05 0.23 4.00
Prnnnnig n l andLloga 0.35 1.55 4.39
Unknown 0.38 1.57 4.11
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APPENDIX 5, Table 5. Cover of plants in riparian habitat in the East
Chocolate Mountains, Imperial County, California. August 1993.

SPECIES ft MEAN COVER SD CV
Tuarroa tridcntata 1.12 3.53 3.21
TATATIW apt . 40.15 27.62 0.68
pillrhea serires 10.1 19.46 1.92
TenplA anmkegweill 29.4 20.79 0.70
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APPENDIX 5, Table 6. Abundance of vegetation types in 4 major
vegetation classes. Abundance is expressed as the number Of occurrences
per 1000 step-point samples, however, the statistical test was conducted
on Absolute values. Since riparian data were collected by a different
method than the other 3 types it was excluded from statistical analysis.
as were unknowns.	 The 3 habitats varied significantly
of the 4 vegetation types (G-Test; fi = 15.60, 6 df, 	 =

in the abundance
0.016).

Cover Type Upland Ba3ada Wash Riparian

N 5600 3500 3400 2000

Bare Ground 813 821 797 204

Annuals 113 121 63 0

Succulents 3 5 1 0

Shrubs 1 47 75 395

Trees 0 5 64 402

Unknown 1 0 4 0
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Abstract

Forage availability for mule deer (Odocoileus hemionus) in the Sonoran Desert depends on

plant biomass, which is influenced by rainfall. We determined how rainfall, temperature and

plant characteristics affected biomass of deer forage. We measured forage biomass, rainfall

and temperature every 3 months from April 2000 to December 2002. Quarterly rainfall ranged

from o1 to 57mm, and forage biomass in desert washes fluctuated between 6 and 34 gm�2.

There was a positive relationship between forage biomass and rainfall the previous six months

(po0:001), and a negative relationship between biomass and average temperature the previous
3 months (po0:001). Quarterly forage growth was positively influenced by rainfall (po0:001)
and negatively influenced by forage biomass (po0:001). The relationships between deer forage
and environmental factors established here will be useful in understanding population ecology

of mule deer as part of an interactive model of plant–herbivore dynamics in arid environments.
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1. Introduction

Management of ungulate populations requires an understanding of the factors
that affect forage resources. Forage availability for mule deer in the Sonoran Desert
depends on plant biomass (Albert and Krausman, 1993) and is influenced by rainfall
(Noy-Meir, 1973). Fluctuations in forage availability can have various effects on
ungulates. Over weeks or months, these fluctuations can affect foraging behaviours
and movements of individual animals across a landscape (Western, 1975;
Rautenstrauch and Krausman, 1989). Over several seasons or years, they can affect
nutritional and physiological condition, survival, reproduction, and population size
(Sinclair et al., 1985; Fryxell, 1987; Owen-Smith, 1990; Munz, 1974).
In the Sonoran Desert of California, rainfall is unpredictable among seasons and

years. In arid and semi-arid regions, there is a close association between rainfall and
plant abundance (Beatley, 1969; Noy-Meir, 1973; Robertson, 1987, pp. 50–68; Polis
et al., 1997), plant species composition (Kutiel et al., 2000; Hochstrasser et al., 2002),
herbivore responses to plant changes (Bayliss, 1987, pp. 119–134; Meserve et al.,
1995; Choquenot, 1998; Lima and Jaksic, 1999), and responses by predators to
changes in populations of herbivores (Jaksic et al., 1997). In some cases (e.g. Owen-
Smith, 1990; Marshal et al., 2002), ungulate dynamics have been related directly to
rainfall, without including the causal link via forage availability. Few studies (e.g.
Caughley, 1987, pp. 159–187; Choquenot, 1998; Ernest et al., 2000), however, have
reported explicit interactions among abiotic factors, forage dynamics, and herbivore
dynamics. A necessary part of understanding interactions among trophic levels
involving wildlife populations begins with an understanding of the effects of abiotic
factors on their forage resources.
For mule deer in deserts, an explicit formulation of the dynamics of forage relative

to environmental variables remains to be done. This formulation is necessary for an
adequate understanding of mule deer population ecology and management. Our
objective was to determine factors that affect changes in deer forage in the Sonoran
Desert of California. We determined: (1) variability of rainfall and plant abundance
in space and time, (2) how rainfall and temperature affected plant growth and plant
biomass, (3) how plant biomass affected plant growth, and (4) how rainfall and
temperature affected forage composition.
2. Methods

2.1. Study area

Our study occurred from April 2000 to December 2002 in the Lower Colorado
River Valley subdivision of the Sonoran Desert, southeastern California, USA (331
000 N, 1141 450 W). Elevations ranged from sea level to 664m. Summer temperatures
frequently exceeded 45 1C and seldom were below freezing in winter. Annual
precipitation in nearby Imperial Valley, California, has been highly variable; long-
term range in annual rainfall was 4–216mm, and the average was 73mm (1914–2002,
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Imperial Irrigation District, Imperial, USA, unpublished data). The size of the study
area was approximately 1100 km2.
There were three major landforms in the study area: mountain, piedmont (rolling

hills), and flats (Andrew et al., 1999). Within each landform were washes (11% of
study area) and desert pavement (remainder). Washes were riverbeds that remained
dry through most of the year, but contained flowing water during rainstorms. The
majority of plant biomass occurred in narrow (p5m) xeroriparian zones along the
banks of washes. Outside xeroriparian zones were areas of desert pavement, a
naturally occurring smooth cobbled rock surface with little or no vegetation.
Characteristics of vegetation associations were common for the Lower Colorado

River region (Turner, 1994, pp. 181–222). Mountainous areas included burro-weed
(Ambrosia dumosa), creosote bush (Larrea tridentata), brittle-bush (Encelia farinosa),
and ocotillo (Fouquieria splendens) (Andrew, 1994). In piedmont areas, creosote bush
was dominant, but burro-weed, brittle-bush, matchweed (Gutierrezia microcephala),
and palo verde (Cercidium floridum) were common (Andrew, 1994). Most washes
contained desert-ironwood (Olneya tesota), catclaw (Acacia greggii), and cheese bush
(Hymenoclea salsola). Cholla and prickly pear (Opuntia spp.) and creosote bush
occurred on pavement areas (Andrew, 1994).
Seasons were determined by patterns of temperature and rainfall. Although highly

variable from year to year, winter was cool-rainy (January–March, average low
�1 1C-average high 33 1C), spring was hot-dry (April–June, 8–45 1C), summer was
hot-rainy (July–September, 15–45 1C), and autumn was cool-dry (October–Decem-
ber, 0–39 1C). Large- and medium-sized herbivores in the area were mule deer,
bighorn sheep (Ovis canadensis), feral ass (Equus asinus), black-tailed jackrabbit
(Lepus californicus), desert cottontail (Sylvilagus audubonii), and desert tortoise
(Gopherus agassizii).

2.2. Data collection

We established 40 forage-monitoring sites in mountains, piedmont and flats to
measure rainfall, forage biomass and forage composition. We selected locations for
sites randomly from 1-km universal transverse mercator grids covering the study area.
Because of difficulties with accessibility, we removed locations that fell on federally
designated wilderness, tribal lands or agricultural lands; we replaced them with new
random locations. At each sites, we established paired transects: one that followed the
xeroriparian vegetation along the edge of the nearest wash (800m in length, 40 plots)
and one that roughly paralleled the wash transect in nearby (10–50m distant) desert
pavement (400m in length, 20 plots). Pavement transects avoided wash vegetation
over the length of the transect; because washes meandered, distance between wash and
pavement transects could not be kept constant. Plots were 1� 1m, and we measured
to a height of 2m. We placed plots on the transects every 20m after a random starting
distance taken from the seconds display on a digital watch. We placed rain gauges near
the mid-point of the wash transect. In the gauges, we put 2 cm of mineral oil to prevent
evaporation of rainwater and an insect screen and to keep out insects. We visited each
site and checked rain gauges every 3 months.
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We distinguished browse (current annual growth leaves and twigs, which we
identified as forage for deer) from shrubs and trees (the individual plants on which
the leaves and twigs grew). For each plot, we measured browse biomass, ground-
cover biomass, per cent forbs and grass and succulent biomass. We measured browse
biomass by a modification of the comparative yield method (Haydock and Shaw,
1975). The amount of browse was visually assessed and assigned a rank of 0.0–4.0, at
0.5-rank increments. Zero represented a plot with no browse (either completely
empty or containing stems with no leaves or twigs), 1 a plot 25% full of browse, 2 a
plot 50% full of browse, 3 a plot 75% full of browse and 4 a plot 100% full of
browse. To convert ranks to biomass, we clipped X6 plots representing each full
rank. We placed green leaves and current-annual-growth twigs in paper bags and
dried them at approximately 60 1C to a constant mass. We used linear regression to
determine the relationship between rank of the plot and the biomass of browse it
contained. Although originally designed for pasture systems, comparative yield
methods have been established to be valid for shrubs in desert systems (Mazaika and
Krausman, 1991; Mazaika et al., 1992).
We measured ground-cover biomass by comparative yield method, and per cent

forbs and grass by the dry-weight-rank method (‘t Mannetje and Haydock, 1963).
Methods for ground cover were similar to those for browse, but we sampled to a
height of 0.5m instead of 2m. For biomass measurements, we assigned one rank
value for every 10-cm average height of ground-cover plants in the plot, up to 50 cm
(maximum rank of 5). We converted ground-cover ranks to dry biomass with a
regression between the ranks and biomass measurements of 1–5 clipped ground-
cover plots for each rank. We used the dry-weight-rank method to determine per
cent grass and forbs in these plots. Because there were only two plant types (i.e. forbs
and grass) to identify, we used multiple ranks (Smith and Despain, 1997, pp. 27–47)
to weight the relative biomass of forbs and grass in the plot. We then multiplied these
percentages by total ground-cover biomass to get biomass of forbs and grass. We
calculated biomass of succulents (i.e. cactus) in the plots by measuring the height of
each plant and converting to biomass using a range production table for Sonoran
Desert plants (C.C. Michaels, Natural Resource Conservation Service, Phoenix,
USA, unpublished data).
Because of the potential influence of herbivores on plant abundance, we used

fenced plots to measure growth of browse excluded from herbivory by large
mammals. In turn, we used these measurements to adjust estimates of browse growth
in the wash transects. We selected shrubs or shrub sections to enclose, and we paired
these with similar shrubs (i.e. same species, similar biomass) that we marked for
comparison but did not enclosed. We chose shrubs such that several different species
were represented (box-thorn [Lycium andersonii], brittle-bush, desert-ironwood,
creosote bush, burro-weed, palo verde). Because our wash transects included all
shrubs we encountered in the xeroriparian associations, regardless of palatability to
deer, we attempted to represent this range in palatability by including more-
palatable shrubs (e.g. brittle-bush) and less-palatable shrubs (e.g. creosote bush) in
the enclosures. We believed this produced a more accurate adjustment than enclosing
only palatable shrubs. Also, we attempted to choose plants that covered the range of
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browse biomass ranks 1–4. Each enclosure was 1� 1m2 and 2m high, and it
consisted of a 2� 4-m section of steel livestock fence with 5� 10-cm mesh. We chose
five of the existing transect sites, widely spaced over the study area, at which to use
enclosures. We established 2–3 pairs of enclosed–unenclosed shrubs per site over
four quarters (50 pairs total). Placing enclosures near existing transects allowed us to
monitor effects of rainfall on enclosed shrubs.
After selecting shrub pairs, but before enclosing, we estimated browse biomass of

each shrub using our modified comparative yield method. Then we randomly chose
one shrub of each pair to be enclosed, and the other became the comparison. We left
shrubs enclosed for 3 months, after which we returned to measure the biomass of
each shrub in an enclosed–unenclosed pair. Then we selected new shrub pairs, to
allow for the possible effects of compensatory plant growth caused by herbivory
(McNaughton, 1983), and we moved the enclosures to these new shrubs to repeat the
process. Any differences in biomass within pairs we attributed to off-take by large
herbivores (i.e. mostly mule deer, but also potentially feral ass and bighorn sheep).
We could not account for off-take by smaller herbivores (e.g. lagomorphs, rodents,
insects); their effects were unknown, and we assumed they were equal for enclosed
and unenclosed shrubs. We used this estimate of large herbivore off-take to adjust
the browse growth estimates measured in washes in the rest of the study. Because
ground cover was almost always absent during our study, we did no similar moving-
enclosure experiment for ground-cover growth. Also, we made no adjustment for
pavement shrubs because of very low shrub biomass and little evidence of ungulate
use of pavement areas.

2.3. Data analysis

For each site visit, we calculated average browse, forb, grass, and succulent
biomass for wash and pavement transects. We calculated forage growth as the
difference between biomass of each forage type from the previous visit and that of
the current visit. We also calculated total forage biomass and total forage growth by
combining the four forage types (i.e. browse, forbs, grass and succulents). We
analysed moving-enclosure data by calculating the difference in growth rates (i.e.
increase or decrease in browse biomass over each 3-month period) between enclosed
and unenclosed shrubs in each pair. Because we used a paired design for the
enclosure experiment, we subtracted browse growth of the unenclosed shrub from
that of the enclosed shrub, and used the differences in analyses. We used linear
regression to look for effects of rainfall, temperature and browse biomass on these
differences.
We estimated relationships between forage characteristics and environmental

variables with multiple linear regression, using each site visit as the sampling unit.
Response variables were total forage biomass, total forage growth, and growth of
separate forage types. Explanatory variables were rainfall, average temperature and
its square (to test for nonlinear effects of temperature on forage growth),
and landform (to test for forage differences among mountains, piedmont and flats).
We considered effects of accumulated rainfall over up to eight previous quarters
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(i.e. 2 years), to evaluate which interval best explained the variation in forage
biomass and forage growth. We also included biomass of the appropriate forage type
and its square for regressions using forage growth as the response variable to test for
density dependence in forage growth. We performed analyses separately for each
response variable. We obtained temperature data from the Yuma Proving Ground
weather station, Arizona (20 km from the study area; http://www.ncdc.noaa.gov/oa/
climate/climatedata.html). Conditions at each site changed rapidly between
quarterly visits, such that we were unable to predict the forage characteristics for
a particular site based on previous visits to that site. Because of this low degree of
predictability, we treated repeated visits to the same site as independent samples.
3. Results

We developed two regressions to convert plot ranks for browse and ground cover
to dry biomass (gm�2; Table 1). For plot ranks X0.5, we used the relationships
ground cover biomass=exp(3.90+0.39[ground cover rank]) and browse biomass=
exp(3.43+0.85[browse rank]). For plots with a rank of zero, we used 0 gm�2

biomass. Because of the generally low plant biomass in the area, which was
exacerbated by seasonal scarcity, we were unable to include equal numbers of high-
and low-rank plots in the shrub regression. Ground cover was frequently absent, and
only a small number of plots were available for the ground-cover relationship.
Nonetheless, both relationships were linear after transformation.
Average browse growth was 11 gm�2/3 months greater for the enclosed shrubs

than for the unenclosed shrubs (S:E: ¼ 3:55). We found evidence of a positive
relationship between forage biomass and browse growth difference between enclosed
and unenclosed shrubs (slope=0.11, S:E: ¼ 0:03; t49 ¼ 3:70; p ¼ 0:001). We found
no evidence of an effect of rainfall (p ¼ 0:77) or temperature (p ¼ 0:23) on difference
in forage growth. We adjusted quarterly forage growth estimates by multiplying
browse biomass at the beginning of each 3-month period by 0.11. We added this
product to browse growth rates in washes for each site and quarter.
Our transect data set consisted of a total of 440 site-visits (11 quarters� 40 sites).

Rainfall was highly variable among quarters, and within quarters between years. The
greatest difference in average rainfall within quarters of different years occurred
Table 1

Parameters for regressions of loge(biomass) on rank for ground cover plants and browse, Sonoran Desert,

southeastern California, USA (2000–2002)

Component Parameter Estimate S.E. Student’s t df p r2

Ground Intercept 3.90 0.08 48.29 9 o0.001 0.95

Slope 0.39 0.03 13.12 9 o0.001

Browse Intercept 3.43 0.18 18.97 65 o0.001 0.62

Slope 0.85 0.08 10.26 65 o0.001
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April–June 2001 (57mm) and 2002 (o1mm; Fig. 1, Table 2). Total rainfall for 2001
and 2002 was 133 and 29mm, respectively. Rainfall was also spatially variable
(Table 2). Among locations, the largest range in rainfall measurements in a single
quarter occurred October–December 2001 (1–93mm). Temperature varied quarterly,
but fluctuations were similar from year to year (Fig. 1).
Plant biomass and composition varied among quarters and years (Fig. 2, Table 2).

In washes, browse made up the largest proportion of forage and peaked in
April–June 2001, at the same time as the highest quarterly rainfall during our study.
Fig. 1. Quarterly average rainfall (bars) and temperature (line), Sonoran Desert, southeastern California,

USA, 2000–2002 (JFM=January–March, AMJ=April–June, JAS=July–September, OND=October–

December). A rainfall estimate was not available (NA) for April–June 2000.

Table 2

Average quarterly rainfall (mm), plant dry biomass in washes (gm�2), and their respective coefficients of

variation, across 40 sites, Sonoran Desert, southeastern California, USA

Rain Wash biomass

Year Quarter Mean CV Mean CV

2000 April–June 20 64

July–September 3 191 13 62

October–December 11 85 14 84

2001 January–March 31 80 18 74

April–June 57 47 34 41

July–September 24 88 23 46

October–December 23 84 20 60

2002 January–March 5 78 12 88

April–June o1 354 6 77

July–September 6 200 6 88

October–December 17 72 14 89
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Forbs also peaked during this quarter, but remained in low abundance or absent
during most quarters. Biomass of succulents and grass varied little by quarter. They
occurred in low abundance in washes during the peak rainfall quarter, but were
absent in quarters of lowest rainfall (i.e. April–September 2002). In areas of desert
pavement, biomass of shrubs and succulents was highest and remained relatively
constant during the entire study (Fig. 2). Forbs and grasses peaked during
April–June 2001, at the same time as peak rainfall, but were absent from pavement
areas for most other quarters. Forage biomass in washes was variable across the
study area. Range in CVs for forage biomass in the same quarter was 41–89%. In all
but two quarters, CVs were450%, and in four quarters, CVs were480% (Table 2).
The largest range in site forage biomass estimates within a quarter was 16–84 gm�2

in April–June 2001.
Fig. 2. Quarterly average biomass of deer forage in washes and desert pavement, Sonoran Desert,

southeastern California, USA, 2000–2002 (JFM=January–March, AMJ=April–June, JAS=July–Sep-

tember, OND=October–December).
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We log-transformed total wash forage biomass to improve homogeneity of
variances. After accounting for temperature, we found that a 1-mm increase in 6-
month rainfall was associated with an increase of 1.7% in median forage biomass
(back-transformed slope=1.017, Fig. 3, Table 3). After accounting for rainfall,
median forage biomass was 98.4% of what it was at a temperature 1 1C lower (back-
transformed slope=0.984, Table 3).
Next, we estimated effects of temperature and rainfall on growth of browse, forbs,

grasses, and succulents; we also looked for evidence of density dependence between
biomass and growth. After accounting for browse biomass, quarterly browse growth
was 0.3 gm�2 for every 1-mm increase in rainfall (Table 3). Likewise, at a constant
level of rainfall, there was a decrease of 0.5 gm�2 in browse each quarter for every
Fig. 3. Relationship between rainfall the previous 6 months and residuals of total wash biomass after

variation explained by temperature has been removed (loge[total biomass]=2.269+0.017[rain-

fall]�0.017[temperature]; R2 ¼ 0:44; po0:001). Relationship between rainfall the previous 3 months and

total biomass on desert pavement (total biomass=0.996+0.030[rainfall]; R2 ¼ 0:05; po0:001).
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Table 3

Results of multiple regression analysis: effects of environmental factors (explanatory variables) on total

biomass and forage growth (response variables), Sonoran Desert, southeastern California, USA,

2000–2002

Association Forage type Environmental factors Estimate S.E. Student’s t df p

Wash loge(Total biomass) Rainfall (6)a 0.017 0.001 16.68 353 o0.001

Temperature �0.017 0.004 �3.80 353 o0.001

Browse growth Rainfall (3) 0.256 0.018 13.92 394 o0.001

Browse biomass �0.386 0.034 �11.39 394 o0.001

Forb growth Rainfall (3) 0.048 0.005 9.06 394 o0.001

Forb biomass �0.953 0.046 �20.81 394 o0.001

Grass growth Rainfall (3) 0.012 0.003 4.00 394 o0.001

Grass biomass �0.436 0.056 �7.81 394 o0.001

Succulent growth Rainfall (3) 0.002 0.001 1.80 391 0.073

Succulent biomass �0.234 0.061 �3.84 391 o0.001

Succulent biomass squared 0.021 0.010 2.13 391 0.034

Piedmont—flats �0.081 0.046 �1.76 391 0.080

Piedmont—mountain 0.144 0.058 2.50 391 0.013

Total growth Rainfall (3) 0.318 0.021 15.10 393 o0.001

Wash biomass �0.469 0.036 �13.17 393 o0.001

Temperature �0.099 0.058 �1.72 393 0.086

Pavement Total biomass Rainfall (3) 0.030 0.007 4.16 354 o0.001

Total growth Rainfall (3) 0.013 0.004 2.96 353 0.003

Temperature �0.025 0.012 �2.05 353 0.042

aFor rainfall, no. previous months’ accumulation used in regression.
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1 gm�2 increase in browse biomass (Table 3). There were similar relationships for
forbs and grasses, with greater forb and grass growth associated with increased
rainfall (0.05 and 0.01 gm�2/3 months per mm, respectively; Table 3), and decreased
biomass (1.0 and 0.4 gm�2/3 month g�1m�2, respectively; Table 3).
There was weak evidence for an increase in succulent growth with rainfall

(0.002 gm�2/3 months per mm, p ¼ 0:073; Table 3), but there was stronger evidence
for a nonlinear decrease in growth with increasing biomass (Table 3). Succulents
were the only forage category where biomass appeared to differ among landforms.
After accounting for effects of other variables, succulent biomass was, on average,
0.14 gm�2 greater in mountains than in piedmont (Table 3), but there was only weak
evidence for a difference between flat and piedmont (Table 3). After combining the
four forage categories into total biomass, we found a strong association between
rainfall and growth (0.3 gm�2/3 months permm; Table 3, Fig. 4), a strong negative
association between biomass and growth (0.6 gm�2/3 months g�1m�2; Table 3, Fig.
4), and a weak negative association between temperature and growth (0.1 gm�2/3
months per 1C; Table 3).
In the pavement areas, most plots in most quarters (67% of visits) contained no

forage, and those that did contained mostly browse or succulents that changed little
in biomass from quarter to quarter (Fig. 2). Because of the low plant abundance in
these areas, we only considered effects of environmental variables on total biomass.
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Fig. 4. Predicted relationship between forage growth and biomass for washes, and between forage growth

and temperature for desert pavement, at different levels of rainfall (0–60mm).
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There was a positive relationship between rainfall the previous quarter and biomass
(0.03 gm�2mm�1; Table 3, Fig. 3). There was also a positive relationship between
growth and rain (0.01 gm�2/3 monthsmm�1; Table 3, Fig. 4), and a negative
association with temperature (0.02 gm�2/3 months per 1C; Table 3, Fig. 4).
4. Discussion

Rainfall was clearly an important factor in determining growth and biomass of
forage, although succulent biomass remained relatively constant over the study.
Even for succulents, there appeared to be some effect of rainfall, but evidence for
that effect was weak. The effect of rain on forage growth varied among forage types.
Slopes ranged from 0.002 for succulents to 0.256 for browse, with forbs and grasses
falling in between. Desert trees and shrubs are dry-season deciduous (Raven et al.,
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1986), and have some living biomass in the form of stems and branches that lose little
moisture, even during extended dry periods. Because larger stems do not die back
seasonally, trees and shrubs can respond rapidly to an increase in moisture by
producing new leaves and twigs.
By comparison, there is the possibility that forbs only germinate and become

abundant during a wet winter following a wet autumn (Beatley, 1974). Because
shrubs have durable stems to protect a large part of their primary production, they
might rely to a lesser extent on the timing of rainfall in two seasons before leaf
growth occurs. We were unable to determine whether forbs in our study area
responded to timing of rainfall in the manner described by Beatley (1974). In the
eastern Mojave Desert, winter forbs require 425mm of rainfall the preceding
autumn, in addition to a wet winter to germinate and become abundant (Beatley,
1974). During our study, we experienced a wet autumn and winter in succession
(2000–2001) and a dry autumn and winter in succession (2001–2002). There was an
abundance of forbs the first winter, but not the second. Jennings (2001) reported that
forbs in the western Mojave Desert germinated during a wet winter, even if the
preceding autumn was dry. He suggested that winter forbs in the western Mojave
Desert might have more flexible germination requirements because of rainfall
patterns that were less predictable than in the eastern Mojave Desert. Because
rainfall patterns in our area seem more similar to those of the western Mojave
Desert, we predict that forbs in our study area would exhibit a flexible germination
strategy. We could not evaluate this from our data, because such a test would require
a dry autumn followed by a wet winter.
Greater than 90% of plant biomass occurred in washes. We measured rainfall at

each site and found that more rapid forage growth was associated with higher
rainfall. However, the amount of water available to a plant includes rain that has
fallen off-site, and has moved into the wash, either from the nearby desert pavement
or from wash water coming from outside the area. The water we measured in the
form of rainfall was only a part of the total water influencing growth in plants; the
remainder depended on factors such as water flow from off-site, ground-surface
characteristics (e.g. micro-relief, litter cover), and soil characteristics (e.g. porosity,
aggregate structure) (Thurow, 1991, pp. 141–159).
Biomass also appeared to be an important factor determining growth rates of

forage types, as demonstrated by a negative feedback between growth rate and
biomass. Plants have the potential for true logistic population growth, because they
have no influence on rate of production of resources on which they depend (e.g.
water, sunlight, nutrients; Caughley, 1976, pp. 183–246). Because we anticipated
logistic growth in forage, we expected a parabolic relationship between forage
growth and biomass, with growth rate (i.e. quarterly change in forage biomass)
increasing from low to intermediate biomass, reaching peak growth at intermediate
biomass, and decreasing from intermediate to high biomass, as competition for
resources increased. In our case, we found a decreasing linear relationship between
growth and biomass (Fig. 4). Robertson (1987, pp. 50–68) described pasture growth
in Australia with a truncated parabola, with the peak in growth occurring at low
biomass. He surmised that if he had measured growth and biomass at a greater
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frequency (i.e. daily or weekly rather than quarterly), he would have seen a
relationship closer to a symmetrical parabola. Our linear, negative relationship
was also likely an artefact of our sampling frequency, and we might have found
a parabolic relationship between growth and biomass with more frequent
sampling.
Herbivore effects on plant biomass have been found in pasture systems (e.g.

Robertson, 1987, pp. 50–68) and in more temperate forested systems (e.g. Crête,
1989). We looked for effects of large-mammal herbivory using moving enclosures
and found an effect that appeared to increase with browse biomass. This effect
suggested that off-take of browse by large herbivores was greater at higher browse
biomass. This finding seems biologically reasonable, because herbivores likely would
be attracted to areas where forage was most available, with the result that their
effects on forage biomass would also be greatest. However, we must be cautious
about this finding, because the positive relationship in these data was based on a
small number of observations. An alternative estimator for adjusting rate of off-take
would have been to use an average growth correction across all conditions (i.e. add
11 gm�2/3 months to every estimate of browse growth). Adding this amount would
have produced unrealistic estimates for browse growth at low rainfall (i.e. growth
rates of 11 gm�2/3 months in areas receiving no rainfall). From our moving
enclosure work, we were confident that there was some effect of herbivory on browse
biomass. We also suspected that it varied with standing browse biomass, but we may
not yet have an accurate representation of the manner in which off-take varies.
Small and medium herbivores had an unknown effect on forage growth and

biomass in the study area. As such, quantification of forage characteristics presented
here must be interpreted in light of potential removal by insects, small mammals,
birds, or reptiles that may have influenced plant biomass. We have treated the results
of this investigation as a description of the net mule deer forage dynamics after
potential forage removal by other species. We believe this is reasonable: just as those
smaller herbivores affect forage for mule deer, they likely affected our quantification
of forage for mule deer.
Our analysis emphasized forage abundance over forage composition or nutritional

quality. Plant biomass alone could be a misleading indicator of forage availability if
it varies in nutrient concentration (Hobbs et al., 1982), plant secondary compounds
(Freeland and Janzen, 1974), structural compounds (Mould and Robbins, 1982), or
armaments (Cooper and Owen-Smith, 1986). Nutritional quality of forage is vital to
body condition in mule deer (Wallmo et al., 1977) and, consequently, their survival,
reproduction and population size. Also, we only described the dynamics of four
categories of forage, a considerable simplification of a more complicated ecological
system. While deserts tend to be simple systems (i.e. relatively few species), they have
many plant species with varying properties as deer forage that respond in different
ways to changes in environmental conditions. For example, fairy-duster (Calliandra

eriophylla) produces leaves only in wet seasons, during which times they are
frequently used by mule deer (Marshal et al., 2004). Other browse species (e.g.
desert-ironwood) frequently remain green and are used by deer all year. An
understanding of the effects of forage on deer populations should include the relative
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importance of species, or most important species, for deer; however, for a generalist
herbivore exhibiting a highly diverse diet (Krausman et al., 1997), such an
understanding could be difficult to achieve over large landscapes.
Caughley (1982) studied a modelled plant–herbivore system and compared models

using a single forage component to those using several forage components. He
concluded that useful models of plant–herbivore dynamics could be produced
without separating total forage into individual components with their own dynamics.
Furthermore, some researchers have reported close relationships between overall
plant biomass and herbivore population growth (e.g. Bayliss, 1987, pp. 119–134;
Choquenot, 1998). In studies where large herbivore dynamics were closely related to
rainfall, no plant characteristics were included in the analysis (e.g. Owen-Smith,
1990; Marshal et al., 2002) indicating that, in some cases, an incomplete knowledge
of forage characteristics may be adequate for understanding herbivore dynamics.
Indeed, all these aspects of forage resources (i.e. rainfall, plant biomass, abundance
of preferred plants, plant nutritional quality) likely are interrelated such that only
one may be necessary for an interactive model of herbivore population dynamics.
From the findings of similar studies on large herbivores in arid systems, a useful
understanding can be attained from emphasizing forage biomass alone.
Our results reveal a system with a high degree of variability. Plant abundance and

availability of deer forage change greatly from year to year and season to season,
having important consequences for the dynamics of mule deer populations. Past
efforts to inventory forage resources for ungulates in the Sonoran Desert were based
on the concept of K carrying capacity (KCC) (i.e. the size of a population when it is
in equilibrium with its food supply [Macnab, 1985]). Mazaika et al. (1992) and
Albert and Krausman (1993) used the nutritional approach (McLeod, 1997) to
estimate densities of bighorn sheep and mule deer, respectively, that two regions of
Arizona could support. Both studies occurred in highly variable desert environments
and were 1 year in duration. Both acknowledged the limitations of estimating
carrying capacity based on a 1-year study. After inaccurately estimating KCC in
Colorado using similar methods, Wallmo et al. (1977) and Hobbs et al. (1982)
similarly concluded that carrying capacity should be viewed as a variable rather than
a static characteristic of an environment. Nonetheless, methods used to estimate
KCC in these studies assume a constant density at which the plant–herbivore
equilibrium occurs.
McLeod (1997) argued that concepts of KCC do not apply in highly variable

systems. In highly variable environments, forage abundance fluctuates, and lags in
animal abundance occur such that animals are rarely in equilibrium with forage
resources (McLeod, 1997). The findings of Marshal et al. (2002) support this idea for
deer in the Sonoran Desert. Marshal et al. (2002) found a low correlation between
deer harvest (i.e. an index of abundance) in any year and rainfall (i.e. an index of
resources) the previous year. However, deer harvest had a high correlation with
accumulated rainfall the previous 5 years, emphasizing the importance of lags
between fluctuating resources and deer abundance. In such systems, a static picture
of resource abundance, as implied by KCC, would be less suitable than an interactive
model of forage resources for predicting the dynamics of large herbivores.
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Caughley and Gunn (1993) argued that most efforts to understand population
dynamics of large herbivores have focussed on establishing correlations between rate
of increase and population density, and that such efforts have not led to an
understanding of the factors that cause changes in density. The understanding of the
dynamics of a herbivore population should be based on an interactive model of that
population and its food supply. In an effort to develop a better understanding of
mule deer population dynamics, we have established relationships that predict
growth of mule deer forage based on rainfall, temperature, and plant biomass. In
doing so, we have described a system with high variability in environmental factors,
but with predictable consequences on forage abundance.
5. Summary

We measured forage biomass, forage growth, forage composition, rainfall and
temperature at sites across the Sonoran Desert of southeastern California, USA. We
found that rainfall and forage biomass had high seasonal and spatial variability.
These factors in turn influenced rates of forage growth and die-back. Although
rainfall, the driving factor in this system, was seasonally unpredictable, responses of
forage to rainfall were predictable. Relationships between abiotic factors and forage
developed in this study will be useful in understanding causes of changes in forage
and subsequent effects on mule deer populations in desert environments.
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Data Request 44: Considerable efforts have been made into the recovery and 
monitoring of bighorn sheep (Ovis canadensis) in the Project 
region. Please provide any information that the Applicant has 
obtained on the occurrence and movement of bighorn sheep in 
the vicinity of the Project site and any analysis of the Project’s 
potential impacts on the recovery of the species.  

Response: Bighorn sheep are not expected to extensively use the site because it is 
surrounded by busy highways and a railroad.  The site is also not considered an 
important corridor due to it’s proximity to busy highways, development, OHV 
activities, and lack of high quality bighorn habitat.  Designated critical habitat for 
this species occurs over 5 miles west of the site (a map of newly modified 
bighorn sheep critical habitat can be found at: http://www.regulations.gov/ 
search/index.jsp).  

Although bighorn sheep are known to forage in lowland areas such as valley 
floors, rolling hills, alluvial fans, and washes, they rarely stray far from perennial 
water sources or rocky escape terrain (USFWS 2009).  Use of the site is likely to 
be transitory.  URS did not detect bighorn sheep during two seasons of spring 
and summer surveys.   

However, Dr. Joe Platt of PBS&J was onsite on March 25, 2009 at 11:40 AM and 
observed a group of five (5) female/yearling bighorn sheep in the western half of 
the site. Five female bighorn sheep were seen in the wash located approximately 
½ mile west of the ATV camp with the shade structures.  The maintained dirt 
road can be seen in the photograph below. They were following the wash in a 
northwest to southeast direction.  At least one appeared pregnant and one 
appeared to be a yearling.  See attachment BIO-2 presented behind this 
response for photos taken by Dr. Platt. 
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We examined temporal breeding patterns of bighorn sheep (Ovis canadensis) in the Pen-
insular Ranges of California to determine the degree of seasonality and identify potential
selection for seasonal breeding in this low-latitude desert environment. During a 4-year
period, births occurred during 7 months of the year, but 87% of young were born in
February–April and 55% were born in March. Peak months of mating and parturition
remained relatively constant across years and among different regions of the Peninsular
Ranges, and young born in February through April had greater survival than those born
later. Female age influenced lamb survival but not timing of parturition. Successful recruit-
ment of young by an adult female had a weak but significant negative effect on the survival
of that female’s offspring the following year. Previous reproductive history of a female did
not influence offspring production or timing of parturition. Months of peak parturition
followed annual winter rains and, therefore, were likely to coincide with periods of high
plant productivity. Furthermore, most young were born before the hot, arid summer months.
We concluded that bighorn sheep in the Peninsular Ranges are seasonal breeders and that
climate patterns likely act as ultimate factors in shaping the breeding season.

Key words: bighorn sheep, mountain sheep, Ovis canadensis, reproduction, reproductive cost, sea-
sonality, southern California

Reproductive strategies, which evolve
through natural selection to maximize re-
productive success, are influenced by en-
vironmental conditions (Sadleir 1969). Big-
horn sheep (Ovis canadensis) represent a
useful taxon to examine effects of environ-
mental conditions on reproductive strate-
gies because this species inhabits a wide
geographic and climatic range in North
America, from the cold mountains of Can-
ada to the hot and arid deserts of south-
western United States and Mexico (Berger
1979, 1982; Bunnell 1982; Hass 1997;
Thompson and Turner 1982).

In many mammals, timing of parturition

* Correspondent: wmboyce@ucdavis.edu

is influenced by temporal patterns of diet
quality. Although energy availability during
late gestation is important for successful re-
production (e.g., Bowyer 1991), costs of
lactation typically outweigh those of other
reproductive periods because of the in-
creased demands for nutrients and calories
by nursing females (Clutton-Brock et al.
1989; Sadleir 1969). Thus, the breeding
season of mammals should be timed so that
lactation coincides with optimal climatic
and dietary conditions.

Bighorn sheep are seasonal breeders at
the northern extent of their range. An im-
portant factor regulating breeding season in
these environments appears to be seasonal
forage availability (Festa-Bianchet 1988b;
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Geist 1971, 1974), which depends on pre-
cipitation, temperature, and photoperiod. In
northern populations, most births coincide
with a short and predictable period of plant
productivity (Festa-Bianchet 1988a, 1988b;
Geist 1971), and young born during the pe-
riod of peak parturition have higher surviv-
al than those born at other times (Festa-
Bianchet 1988a).

In contrast, bighorn sheep in desert en-
vironments have been reported to have lon-
ger breeding seasons (Hass 1997; Kraus-
man et al. 1989; Lenarz 1979; McQuivey
1978) or to give birth throughout most of
the year (Hansen 1965; Witham 1983). It
has been hypothesized that a mild climate
or unpredictable periods of forage avail-
ability in desert environments have relaxed
selection for a well-defined breeding season
(Hass 1997; Leslie and Douglas 1979;
McQuivey 1978). However, the temporal
breeding patterns of desert bighorn sheep
remain poorly understood. Few studies of
desert bighorn sheep have attempted to
identify factors influencing periods of peak
parturition within the birthing season. For
example, survival of lambs relative to
month of birth has been only cursorily ex-
amined in two studies (Hass 1993; Kraus-
man et al. 1989), and these investigations
produced conflicting results.

We examined reproductive patterns of
bighorn sheep in the Peninsular Ranges in
southern California during a 4-year period.
Our primary emphasis was on seasonality
of breeding and how environmental condi-
tions act as ultimate factors selecting for
seasonal breeding in a desert environment.
Baker (1938) defined ultimate factors as
those that regulate breeding seasonality in
a long-term evolutionary sense, while prox-
imate factors are those that provide the im-
mediate cue for the onset and cessation of
breeding. It is the former that we consider
in this paper. We tested the null hypothesis
that a predictable and well-defined peak pe-
riod of parturition did not occur. Previous
studies on ungulates have suggested that
timing of parturition and offspring survival

each may be influenced by female age
(Bunnell 1980; Clutton-Brock et al. 1982;
Festa-Bianchet 1988a, 1988b, 1988c;
Mitchell and Lincoln 1973). We therefore
tested the null hypotheses that female age
has no effect on offspring production, lamb
survival, or time of birth.

Most life-history models assume that re-
production has a cost (Calow 1979; Wil-
liams 1966) and that this cost varies with
population or environmental conditions
(Clutton-Brock et al. 1996; Festa-Bianchet
1989; Festa-Bianchet et al. 1998). Costs of
reproduction also can influence timing and
success of subsequent reproduction because
females must recover body reserves lost
during lactation (Clutton-Brock et al. 1989;
Guinness et al. 1978; Mitchell et al. 1976).
Therefore, we examined effects of repro-
duction on subsequent offspring produc-
tion, timing of parturition, and offspring
survival and discuss how environmental
conditions may influence these costs and re-
sulting reproductive strategies used by big-
horn sheep in a desert environment.

STUDY AREA

Our study area was in the Peninsular Ranges,
which extend from southern California into Baja
California, Mexico. Within the United States,
the Peninsular Ranges occupy a portion of the
Colorado Desert division of the Sonoran Desert
(Jaeger 1957). In these ranges, bighorn sheep
typically inhabit arid areas below about 1,400 m
elevation (Jorgensen and Turner 1975). A de-
scription of habitat of bighorn sheep in these
ranges was provided by Ryan (1968). In habitat
of bighorn sheep, mean annual rainfall during
1962–1997 was 173.5 mm (range, 35–470 mm).
Maximum temperatures often reached 468C in
summer, and winters were mild with tempera-
tures occasionally reaching freezing (National
Oceanic and Atmospheric Administration 1962–
1997).

All bighorn sheep in the Peninsular Ranges of
California have been listed as federally endan-
gered since 1998 (Federal Register, Vol. 63, No.
52, 1998). This study included data collected in
4 regions of the Peninsular Ranges: Santa Rosa
Mountains northwest of Highway 74 (Bradley
Canyon; 338459N, 1168269W), Santa Rosa
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Mountains southeast of Highway 74 (Deep Can-
yon; 338389N, 1168239W), San Ysidro Moun-
tains (338149N, 1168259W), and Jacumba and In-
Ko-Pah Mountains (Carrizo Canyon; 328459N,
1168129W). Those regions were oriented in a
north–south line relative to each other, with
Bradley Canyon located about 110 km north of
Carrizo Canyon. Each of these regions was in-
habited by a discrete group of females, or ewe
groups, except for the San Ysidro Mountains,
which contained 2 ewe groups (Boyce et al.
1999; Rubin et al. 1998). Data from the 2 groups
in the San Ysidro Mountains were combined for
the current analysis because of small samples.

MATERIALS AND METHODS

We included 68 bighorn females in this study.
We captured females in 2 regions (Carrizo Can-
yon, n 5 19; San Ysidro Mountains, n 5 19) in
autumn 1992 and in Deep Canyon (n 5 12) in
autumn 1993. We captured animals via net gun
from a helicopter, fitted each with a radiocollar
and identifying ear tag(s), and estimated mini-
mum age of each animal by counting horn an-
nuli (Geist 1966) and examining patterns of
tooth replacement (Hansen and Deming 1980).
Bighorn sheep in Bradley Canyon had been ra-
diocollared as part of ongoing studies by the
California Department of Fish and Game and the
Bighorn Institute (Palm Desert, California), and
18 of those females were added to our study in
early 1994. Our study was conducted through
October 1996, yielding data from 4 consecutive
birthing seasons (1993–1996) in 2 regions (Car-
rizo Canyon and San Ysidro Mountains) and 3
consecutive seasons (1994–1996) in 2 regions
(Deep Canyon and Bradley Canyon).

We attempted to observe each female once
monthly at about 30-day intervals. All obser-
vations were made from the ground, and age
class and sex of each animal in every observed
group were recorded. Males were classified ac-
cording to horn size as Class I–IV (Geist 1971).
Each marked female was observed until it could
be determined whether she was accompanied by
a lamb. Presence of a lamb with a given female
was used as an index of lamb production. Lambs
were assumed to have been born at the begin-
ning of the month in which they were first ob-
served. If a female was not seen during a month
and then was observed with a lamb in the next
month, we assigned the lamb a birth month
based on its physical development (Bleich 1982)

or comparison with known-age young. Although
it was possible to determine ages of some lambs
to within 1–2 weeks, some of our observations
were made at distances of .500 m, making this
level of accuracy impossible. We therefore chose
months as the unit of age for lambs and restrict-
ed our analysis of survival to 3 and 6 months of
age. Young were included in survival analyses
only if their dams were alive during the entire
3- or 6-month period.

We defined the peak birthing months as the
minimum number of months when $75% of
young were born. We examined data from in-
dividual years and regions to determine whether
those months remained constant across time and
throughout the range. To assess synchrony in
mating activity among regions and across years,
we calculated, for each region, the proportion of
observed groups containing females that also in-
cluded $1 Class III male and $1 Class IV male
during each month of the study. Only months
when $6 groups containing females were ob-
served were included. We examined whether the
peak months of sexual aggregation (Bleich et al.
1997) remained the same across years and re-
gions and used Spearman correlation analyses
(rs—Sokal and Rohlf 1995) to test whether
monthly proportions of groups including males
were correlated among pairs of regions. Using
an estimated gestation of 174 days (Shackleton
et al. 1984), we calculated rs between the per-
centage of groups observed each month that in-
cluded Class III or Class IV males and number
of young born 6 months later. That allowed us
to assess how accurately the months when sexes
were aggregated reflected the actual mating pe-
riod. All tests were 2-tailed at P 5 0.05. Anal-
yses were completed using the program Stat-
Most (DataMost Corporation, Sandy, Utah).

We compared survival of young born during
peak months with those born outside of the peak
months using G-tests (Sokal and Rohlf 1995).
Statistical analyses were performed using each
lamb as a separate datum; thus, some females
were represented up to 4 times (or 3% of total
young born). However, we also repeated analy-
ses using data from individual years. We applied
the Williams’s correction to all G-values (Gadj)
and used a Fisher exact test when samples were
small (i.e., when an expected value was ,5—
Sokal and Rohlf 1995). We applied Bonferroni
adjustments to significance levels in tests in-
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volving multiple comparisons (Sokal and Rohlf
1995).

To examine relationships between female age
and reproductive patterns, we assigned females
to 3 age categories: young 5 2- to 3-year-old
females, prime 5 4- to 9-year-old females, and
older 5 females $10 years old. We used G-tests
to compare offspring production, lamb survival,
and time of parturition (during-peak months ver-
sus after-peak months) among age categories.
We also assigned sequential numbers to months
of parturition (1–7 for February through August)
and used Kruskal–Wallis tests (Sokal and Rohlf
1995) to evaluate differences in month of par-
turition among the 3 age categories. When sam-
ples were adequate, we compared reproductive
success of 2- and 3-year-old females.

To assess short-term costs of reproduction, we
used sign tests (Sokal and Rohlf 1995) to com-
pare reproductive patterns (offspring production,
lamb survival, and timing of parturition) of in-
dividual females after years of contrasting re-
productive success (e.g., following a year of off-
spring production versus a year of no offspring
production). For example, for every year follow-
ing either lamb production or no lamb produc-
tion, a female received a score of 1 if her lamb
survived and a 0 if the lamb died. When mul-
tiple scores existed for an individual (e.g., fol-
lowing years of successful offspring produc-
tion), the average score was used for analyses.
That is, if a female’s offspring died in 1 year
(after a year of successful reproduction) and an-
other of her offspring survived (after a year of
successful reproduction), she was assigned a
score of 0.5 for lamb survival after a year of
successful reproduction. Those within-individual
comparisons allowed us to assess costs of repro-
duction while accounting for individual differ-
ences in reproductive capabilities (Festa-Bian-
chet 1989). When small samples did not allow
use of the sign test (when number of matched
pairs whose difference equaled zero was ,6),
we assessed effect of previous reproduction at
the level of the population, using G-tests or
Fisher exact tests. We also used a Mann–Whit-
ney U-test (Sokal and Rohlf 1995) to examine
effect of previous reproductive success on time
of parturition by assigning sequential numbers
to the months of parturition (1–7 for February–
August) and testing for differences among fe-
males with different reproductive histories. Lo-
cation was a possible confounding variable in

our analyses of lamb survival and time of birth.
Therefore, we used G-tests to compare lamb sur-
vival to 3 and 6 months and test for differences
in proportion of young born outside the peak
months among the 4 regions.

To differentiate between relative effects of in-
dividual variables on lamb survival, we used
multiple logistic regression analysis (Hosmer
and Lemeshow 1989). We coded the dependent
variables, lamb survival to 3 or 6 months of age,
as binary outcomes. Independent variables in-
cluded previous year offspring production (PRE-
VPROD), previous year offspring survival to 6
months of age (PREVREC), birth during peak
versus late months (BIRTHTIME), female age
category (AGE), region (REGION), and year
(YEAR; Table 1). We conducted logistic regres-
sion analyses with SPSS 8.0 (SPSS Inc., Chi-
cago, Illinois). We first assessed the effect of
independent variables by univariate analyses.
We used the likelihood ratio test (Hosmer and
Lemeshow 1989) to assess significance of each
variable using P , 0.25 as the criterion for se-
lection and further consideration of the indepen-
dent variable as part of the multivariate model
(Mickey and Greenland 1989). In the multivar-
iate model, we first used a univariate Wald sta-
tistic (Hosmer and Lemeshow 1989) value of
$2.0 and an examination of estimated coeffi-
cients to identify potentially important individ-
ual variables. Following Hosmer and Lemeshow
(1989), we then identified variables to retain in
the model by comparing 1 multivariate model to
another using the likelihood ratio test with a sig-
nificance level of 0.05. We used the Hosmer–
Lemeshow statistic, C, to assess the fit of the
final model and considered a nonsignificant (P
. 0.05) result to indicate a satisfactory fit (Hos-
mer and Lemeshow 1989). Using the same ap-
proach, we used logistic regression analysis to
examine effects of the previous individual vari-
ables (excluding BIRTHTIME) on time of par-
turition (parturition during peak versus later
months; Table 1).

To determine whether months of peak partu-
rition coincided with or closely preceded climate
conditions most likely to be associated with op-
timal dietary quality, we inspected patterns of
precipitation and temperature during 36 years
(1962–1997). Climatic data were collected in
Palm Desert, Borrego Springs, and Ocotillo, lo-
cations that represented the northern, central,
and southern parts of the study area, respectively
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TABLE 1.—Names and codes of independent variables used in logistic regression analysis of lamb
survival and time of birth in bighorn sheep (Ovis canadensis) in the Peninsular Ranges, California,
1993–1996.

Variable Lamb survivala Time of birthb

AGE (female age category) 2–3 yearsc

4–9 years
$10 years

2–3 yearsc

4–9 years
$10 years

REGION (region) Bradley Canyonc

Deep Canyon
San Ysidro Mountains
Carrizo Canyon

Bradley Canyonc

Deep Canyon
San Ysidro Mountains
Carrizo Canyon

PREVPROD (previous year lamb
production)

0 5 had no lamb
1 5 had lamb

0 5 had no lamb
1 5 had lamb

PREVREC (previous year lamb
recruitment)d

0 5 did not recruit lamb
1 5 recruited lamb

0 5 did not recruit lamb
1 5 recruited lamb

YEAR 1996c

1995
1994
1993

1996c

1995
1994
1993

BIRTHTIME (peak versus late months) 0 5 birth in late months
1 5 birth in peak months

a Dependent variable: 0 5 lamb did not survive (to 3 or 6 months of age), 1 5 lamb survived (to 3 or 6 months of age).
b Dependent variable: 0 5 born outside of peak birthing months, 1 5 born during peak birthing months.
c Reference group.
d Produced and raised a lamb to 6 months of age in the previous year.

(National Oceanic and Atmospheric Administra-
tion 1962–1997). To determine how closely to-
tals for monthly precipitation were correlated
among these 3 sites, we calculated product mo-
ment correlation coefficients (r—Sokal and
Rohlf 1995) for pairwise comparisons. To com-
pare the amount of yearly variation in winter
(November–February) versus summer (July–Oc-
tober) rainfall, we calculated coefficients of var-
iation (CV—Fowler et al. 1998) based on data
collected in Borrego Springs and compared this
relative variability using the method described
by Lewontin (1966). We also reviewed results
of previous research on temporal patterns of
plant productivity in the Peninsular Ranges and
neighboring mountain ranges. Although we were
interested primarily in breeding season relative
to long-term climate patterns, we examined diet
quality of females in Deep Canyon for 1 year to
determine whether short-term patterns of diet
quality were consistent with the hypothesis that
births were timed so that lactation occurred dur-
ing the period of highest diet quality. From Oc-
tober 1994 through September 1995, we col-
lected monthly fecal samples from 5 to 13 in-
dividually identified females. Samples were an-
alyzed for percentage fecal nitrogen using

standard Kjeldahl procedures and used as an in-
dex of diet quality (Leslie and Starkey 1985).

RESULTS

During 1993–1996, we recorded 133
young born to 68 females. Lambs were
born in each month from February through
August; however, the timing of births was
skewed. Eighty-seven percent of young
were born during February–April, and 55%
were born in March (Fig. 1). Most births
occurred during March in every year except
1995, when an equal percentage of births
occurred in March and April. Seventy-eight
to 100% of young were born during Feb-
ruary–April each year. We therefore refer to
these months as the peak lambing months.
In each of the 4 regions, most lambs were
born during those peak months (Table 2).

Based on female–male associations, the
months of peak mating also remained rel-
atively consistent across years and among
regions. When data from years and regions
were considered individually, 38–71% (X̄ 5
57%, n 5 6 years for which complete data
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FIG. 1.—Percentage of bighorn lambs born per month in the Peninsular Ranges, California, 1993–
1996. Mean monthly rainfall (mm, open triangles) and mean monthly high temperature (8C, closed
circles) based on 36 years (1962–1997) of climatic data collected in Borrego Springs (National
Oceanic and Atmospheric Administration 1962–1997).

TABLE 2.—Reproductive patterns of bighorn sheep (Ovis canadensis) in 4 regions of the Peninsular
Ranges, California, 1993–1996.

Region

% lambs surviving
to 3 months

of agea (total lambs)

% lambs surviving
to 6 months

of agea (total lambs)
% lambs born after peak

monthsb (total lambs)

Bradley Canyon
Deep Canyon
San Ysidro Mountains
Carrizo Canyon

43.5 (23)
86.9 (23)
85.7 (42)
80.7 (31)

26.1 (23)
73.9 (23)
57.1 (42)
67.7 (31)

26.9 (26)
16.0 (25)
10.6 (47)

2.9 (35)

a P , 0.005 when all regions were compared but not significant when Bradley Canyon was excluded.
b Lambs born after April; P 5 0.008 when Bradley and Carrizo canyons were compared.

were available) of groups of females in-
cluding $1 Class IV male were observed
during September–October, whereas 62–
100% (X̄ 5 83%) of groups including $1
Class IV male were observed during Au-
gust–November (Fig. 2). Class III males
were present in groups during more months
than Class IV males. Monthly proportions
of groups including $1 Class IV male were
correlated among pairs of regions (rs $

0.53, P # 0.02, n 5 17–32 months depend-
ing on the pair of regions being compared),
with 1 exception (San Ysidro–Bradley
comparison). Presence of Class III males
exhibited less correlation among regions,
with only the Carrizo–San Ysidro and San
Ysidro–Deep Canyon comparisons reveal-
ing significant correlations (rs 5 0.49, P 5
0.004, n 5 32 months and rs 5 0.51, P 5
0.03, n 5 18 months, respectively). In all
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FIG. 2.—Temporal relationship between group composition and birth of bighorn lambs in 4 regions
of the Peninsular Ranges, California, 1993–1996. Percentage of observed groups containing females
that also included $1 Class IV male (closed squares) and $1 Class III male (open triangles); shaded
bars indicate number of lambs born each month.

regions, number of young born per month
was correlated with the percentage of
groups observed 6 months earlier that in-
cluded Class IV males (rs $ 0.65, P ,

0.001, n $ 18; Fig. 2). A weaker correlation
occurred when the presence of Class III
males was considered, and that relationship
was significant in only 3 of the regions
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FIG. 3.—Survival of bighorn lambs to 3
months (top) and 6 months of age (bottom) rel-
ative to time of birth (peak months versus late
months) in the Peninsular Ranges, California,
1993–1996. Sample (n) equals number of lambs
born in peak months (February–April) or during
late months (May–August). No late births oc-
curred in 1993, and only 1 late birth occurred in
1996. * P , 0.05, ** P , 0.01, *** P , 0.001.

FIG. 4.—Percent lamb production among big-
horn females in different age categories and sur-
vival to 3 and 6 months of age of their lambs,
Peninsular Ranges, California, 1993–1996.
Young 5 2- to 3-year-old females, prime 5 4-
to 9-year-old females, and older 5 females $10
years of age. Samples on tops of bars indicate
number of females and number of lambs includ-
ed in the analyses.

(Bradley Canyon, San Ysidro Mountains,
and Carrizo Canyon; rs $ 0.49, P # 0.04).

When data from all years were com-
bined, young born during the peak months
had greater survival to 3 months of age
(Gadj 5 12.18, d.f. 5 1, P , 0.001) and 6
months of age (Gadj 5 8.13, d.f. 5 1, P ,
0.01; Fig. 3) than those born later. When
individual months within the peak birthing
period (February, March, and April) were
compared, no difference in survival to 3 or
6 months occurred (Gadj 5 1.59, d.f. 5 2, P
. 0.2 and Gadj 5 4.15, d.f. 5 2, P . 0.1,
respectively). When data from 1994 and
1995 were examined individually, young
born in peak months had higher survival to

3 months than those born later (Fisher exact
test P 5 0.004 and 0.037, respectively; Fig.
3). Although more lambs born during the
peak months lived to 6 months of age, sur-
vival of those lambs did not differ from
those born later (Fisher exact test P 5 0.107
and 0.058 in 1994 and 1995, respectively;
Fig. 3). It is likely that small samples re-
duced the power of that test.

Lambs were produced by females esti-
mated to be 2–16 years of age. Although
production of offspring tended to be lowest
among young females (Fig. 4) and a sig-
nificant difference existed between young
and prime females (Fisher exact P 5
0.029), there was no significant difference
in offspring production when the 3 cate-
gories of female age were compared (Gadj

5 5.85, d.f. 5 2, P . 0.05). Among young
females, offspring production by 3-year-old
females was greater (86%, or 6 of 7 gave
birth) than production by 2-year-old fe-
males (30%, or 3 of 10 gave birth; Fisher
exact P 5 0.049). No difference existed be-
tween 3- and 4-year-old females, the youn-
gest females in the next age category (Fish-
er exact P 5 1.0).

Survival to 3 months of age tended to be



RUBIN ET AL.—REPRODUCTION OF DESERT BIGHORN SHEEPAugust 2000 777

FIG. 5.—Percent of bighorn lambs living to 6
months of age in 4 regions of the Peninsular
Ranges, California, 1993–1996. Number of
lambs born to radiocollared females each year
in each region given in parentheses.

lowest among offspring of young females
(Fig. 4) and was lower than among older
females (Fisher exact P 5 0.023). No dif-
ference existed when the 3 categories of fe-
male age were compared (Gadj 5 5.34, d.f.
5 2, P . 0.05). Although pairwise com-
parisons revealed that offspring of prime fe-
males had greater 6-month survival than
offspring of young females (Fisher exact P
5 0.034; Fig. 4), we detected no difference
in 6-month lamb survival when the 3 fe-
male age categories were compared.
Among young females, we were unable to
detect a difference between 6-month sur-
vival of lambs of 2-year-old females (33%,
or 1 of 3) and 3-year-old females (17%, or
1 of 6), but small samples likely reduced
the power of that test. Six-month survival
of offspring of 4-year-old females (75%, or
6 of 8) tended to be greater than for lambs
of 2- or 3-year-old females combined (22%,
or 2 of 9), but the difference was marginally
nonsignificant (Fisher exact P 5 0.057).

The 3 age categories did not differ (Gadj

5 0.609, d.f. 5 2, P . 0.5) in proportion
of females giving birth during peak partu-
rition months (young females, 89%; prime
females, 90%; older females, 85%), and
young and older females were not more
likely to give birth outside of the peak
birthing months than prime females (Fisher
exact P $ 0.546). There was no difference
(Kruskal–Wallis H 5 4.986, d.f. 5 2, P 5
0.083) in the month of parturition among
the 3 female age-groups. When data from
1994 and 1995 were examined separately,
young and older females were not more
likely to give birth outside of the peak
months than prime females (Fisher exact
test P $ 0.47 for 1994; P 5 1.00 for 1995).

Neither offspring production (sign test P
5 0.344) nor lamb survival to 3 or 6
months of age (P 5 1.00 for both) influ-
enced production of offspring by a female
in the following year. However, recruitment
of a lamb to 6 months of age in 1 year had
a negative effect on lamb survival (to 6
months of age) in the following year (sign
test P 5 0.031). Sample sizes were too

small to evaluate effects of offspring pro-
duction or survival to 3 months on lamb
survival in the subsequent year using with-
in-individual comparisons. At the popula-
tion level, however, a female’s success in
raising a lamb to 6 months of age was not
influenced by offspring production (Fisher
exact P 5 0.287) or lamb survival to 3
months of age (P 5 0.104) in the previous
year.

Recruitment of young (to 3 and 6 months
of age) did not influence month of birth in
the subsequent year (sign test P 5 1.00 in
both instances). That is, females did not
give birth later in years after they raised
young (to 3 or 6 months of age) than they
did in years after they had no lamb or their
lamb died before reaching these ages. Sam-
ples were too small to evaluate the effect of
offspring production on month of parturi-
tion in the subsequent year using within-
individual data; however, at the population
level there was no difference in month of
parturition (Mann–Whitney U, P 5 0.305)
or time of parturition (peak versus late
months; Fisher exact P 5 1.00) between fe-
males that had and had not produced off-
spring in the previous year.

Within a region, offspring survival varied
across years, but that pattern was not syn-
chronized among regions (Fig. 5). Across
years, lamb survival to 3 and 6 months of
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age differed among the 4 regions (Gadj 5
15.12, d.f. 5 3, P , 0.005 and Gadj 5 13.08,
d.f. 5 3, P , 0.005, respectively; Table 2).
When data from Bradley Canyon (where
survival was the lowest) were removed
from these analyses, however, no differenc-
es existed among the 3 remaining regions.
Only Carrizo Canyon and Bradley Canyon
differed (Fisher exact P 5 0.008) in the
number of young born after the peak
months (Table 2). There did not appear to
be a simple relationship between number of
young born after the peak months and lamb
survival in a particular region because Deep
Canyon had the 2nd greatest proportion of
young born late, and it also had the greatest
lamb survival each year (Table 2, Fig. 5).

Univariate logistic regression analyses
revealed that BIRTHTIME, REGION,
AGE, and PREVPROD should be consid-
ered in a multivariate model for 3-month
lamb survival, whereas BIRTHTIME, RE-
GION, AGE, and YEAR should be consid-
ered in a model of 6-month lamb survival
(Table 3). A preliminary multivariate model
for 3-month lamb survival resulted in val-
ues of the Wald statistic that suggested that
all individual variables except PREVPROD
were significant in the model. This model
contained classification table cells with val-
ues of zero, possibly making the model nu-
merically unstable. We therefore proceeded
with a reduced model that excluded PRE-
VPROD. Likelihood ratio tests indicated
that a model containing the 3 remaining
variables (BIRTHTIME, REGION, and
AGE) showed an improved fit compared
with models containing any 1 or 2 of these
variables (G $ 6.767 and P # 0.05 in all
cases). No interactions occurred between
the 3 variables. The final model had a sat-
isfactory fit (C 5 7.031, d.f. 5 5, P 5
0.218; Table 4) and correctly classified
84.9% of observations.

The multivariate model for 6-month sur-
vival, including BIRTHTIME, REGION,
AGE, and YEAR, resulted in values of the
Wald statistic that suggested each of those
variables was significant in the model.

However, a likelihood ratio comparison of
that model with one in which YEAR was
excluded indicated that it did not contribute
significantly to the model (G 5 5.354, d.f.
5 3, P . 0.5); we therefore proceeded with
the reduced model. Further likelihood ratio
comparisons indicated that AGE did not
contribute to a model containing only
BIRTHTIME and REGION (G 5 4.243,
d.f. 5 2, P . 0.1). A model containing
those 2 variables showed an improved fit
compared with models containing only RE-
GION (G 5 5.851, d.f. 5 1, P , 0.025) or
only BIRTHTIME (G 5 10.795, d.f. 5 3,
P 5 0.025), suggesting that both those var-
iables were important in determining sur-
vival to 6 months of age. No interaction
existed between these variables. The result-
ing model fit well (C 5 0.368, d.f. 5 4, P
5 0.985; Table 4) and correctly classified
68.1% of observations.

The purpose of the 3rd model was to de-
termine which variables influenced timing
of parturition (birth during peak months
versus later months). Univariate logistic
analysis indicated that REGION and YEAR
should be considered for inclusion in this
model (Table 3). A model including both
variables showed an improved fit compared
with a model including only REGION (G
5 9.014, d.f. 5 3, P , 0.05) but not a mod-
el including only YEAR (G 5 3.779, d.f. 5
3, P . 0.1), indicating that YEAR was
more important in determining time of
birth. The model including YEAR resulted
in classification table cells containing val-
ues of zero, potentially making that model
numerically unstable (Hosmer and Leme-
show 1989). Results agreed, however, with
our observation that number of young born
after the peak birth months differed among
years. There were differences in number of
late births between 1993 and 1994 (Fisher
exact P 5 0.004) and between 1993 and
1995 (Fisher exact P 5 0.013).

Based on 36 years of data, mean monthly
precipitation exhibited a bimodal pattern,
with most rain falling in winter (with a peak
in January) and a lesser amount of rain fall-
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TABLE 3.—Results of univariate logistic regression analysis of bighorn sheep (Ovis canadensis)
reproductive patterns in the Peninsular Ranges, California 1993–1996, relative to lamb survival to 3
months, lamb survival to 6 months, and time of birth (peak versus late months); see Table 1 for
description and coding of variables and reference group designation.

Variable
Estimated
coefficient SE

Odds
ratio

95% CI odds
ratio

Log-
likelihood G P n

Lamb survival to 3 months

BIRTHTIME
REGION

Deep Canyon
San Ysidro Mountains
Carrizo Canyon

2.492

2.159
2.054
1.689

0.646

0.749
0.609
0.619

12.082

8.667
7.800
5.417

3.41–42.84

1.99–37.58
2.36–25.75
1.61–18.24

256.48
257.11

16.89
15.64

,0.001
0.001

119
119

AGE
4–9 years old
$10 years old

1.379
1.928

0.726
0.804

3.971
6.873

0.96–16.48
1.42–33.25

262.01 5.84 0.054 119

YEAR
1995
1994
1993

20.197
20.223

0.214

0.699
0.676
0.726

0.821
0.800
1.238

0.21–3.24
0.21–3.01
0.29–5.13

264.58 0.69 0.875 119

PREVPROD
PREVREC

1.269
0.444

0.692
0.589

3.560
1.558

0.92–13.82
0.49–4.94

235.75
235.34

3.23
0.57

0.072
0.450

69
67

Lamb survival to 6 months

BIRTHTIME
REGION

Deep Canyon
San Ysidro Mountains
Carrizo Canyon

1.785

2.083
1.329
1.783

0.682

0.672
0.568
0.611

5.958

8.028
3.778
5.950

1.56–22.66

2.15–29.94
1.24–11.50
1.79–19.69

277.05
274.58

8.43
13.38

0.004
0.004

119
119

AGE
4–9 years old
$10 years old

1.682
1.616

0.838
0.865

5.375
5.031

1.04–27.76
0.92–27.43

278.79 4.96 0.084 119

YEAR
1995
1994
1993

20.777
20.241

0.486

0.605
0.583
0.623

0.459
0.786
1.626

0.14–1.51
0.25–2.47
0.48–5.52

278.25 6.03 0.110 119

PREVPROD
PREVREC

0.629
0.431

0.679
0.495

1.875
1.539

0.49–7.10
0.58–4.06

247.38
246.05

0.88
0.76

0.347
0.382

69
67

Time of birth

REGION
Deep Canyon
San Ysidro Mountains
Carrizo Canyon

0.856
1.209
2.359

0.780
0.708
1.121

2.353
3.353

10.588

0.51–10.86
0.84–13.44
1.17–95.46

239.73 6.74 0.081 119

AGE
4–9 years old
$10 years old

YEAR
1995
1994
1993

PREVPROD
PREVREC

0.134
20.375

21.185
21.512

7.369
0.329

20.555

1.133
1.149

1.139
1.103

29.056
0.869
0.755

1.143
0.688

0.306
0.221

1,587.0
1.389
0.574

0.12–10.53
0.07–6.55

0.03–2.85
0.03–1.92

0–8.57 3 1027

0.25–7.64
0.13–2.52

242.74

237.12

228.49
226.15

0.72

11.97

0.14
0.56

0.698

0.008

0.712
0.453

119

119

69
67
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TABLE 4.—Final model of logistic regression analysis of lamb survival of bighorn sheep (Ovis
canadensis) in the Peninsular Ranges, California, 1993–1996, relative to lamb survival to 3 months
and lamb survival to 6 months; see Table 1 for description and coding of variables and reference
group designation.

Variable

Estimat-
ed

coeffi-
cient SE

Odds
ratio

95% CI
odds ratio

Log-
likelihood G P n

Lamb survival to 3 months
BIRTHTIME
REGION

Deep Canyon
San Ysidro Mountains
Carrizo Canyon

AGE

2.913

2.503
1.509
1.069

0.786

0.881
0.699
0.701

18.415

12.217
4.524
2.912

3.94–85.98

2.18–68.63
1.15–17.81
0.74–11.49

246.87 36.10 ,0.001 119

4–9 years old
$10 years old

1.220
2.522

0.859
1.055

3.387
12.447

0.63–18.24
1.58–98.34

Lamb survival to 6 months
BIRTHTIME
REGION

Deep Canyon
San Ysidro Mountains
Carrizo Canyon

1.633

2.048
1.176
1.540

0.729

0.697
0.585
0.627

5.117

7.753
3.241
4.666

1.23–21.37

1.98–30.41
1.03–10.19
1.37–15.95

271.65 19.23 0.001 119

FIG. 6.—Mean (6 1 SE) percent fecal nitro-
gen from bighorn females in the Peninsular
Ranges, California (October 1994–September
1995). Number of individual females that sam-
ples were collected from provided in parenthe-
ses.

ing during late summer (National Oceanic
and Atmospheric Administration 1962–
1997; Fig. 1). Winter (November–Febru-
ary) rainfall totals appeared to fluctuate less
among years (CV 5 74.4%) than did sum-
mer rainfall (July–October; CV 5 93.5%),
but that difference was not significant.

Monthly precipitation totals from the 3 cli-
mate data collection sites were correlated
during 1992–1996 with a stronger correla-
tion during winter (r $ 0.89, P , 0.001, in
pairwise comparisons) than during summer
(r $ 0.43, P # 0.006, in pairwise compar-
isons). Temperatures typically were greatest
in July, with a 36-year mean of 41.78C in
Borrego Springs (Fig. 1). In the Peninsular
Ranges, therefore, young were born shortly
after months of greatest and most wide-
spread precipitation. Most lambs were also
born before the driest time of the year
(June) and before extreme summer temper-
atures occurred. Mean percentage fecal ni-
trogen in Deep Canyon was greatest in July,
with the next greatest values found during
March–May (Fig. 6).

DISCUSSION

During 1993–1996, bighorn lambs in the
Peninsular Ranges were born during 7
months of the year; however, timing of par-
turition was skewed (Fig. 1). The first 3
months (February–April) represented the
peak months of parturition, and most (55%)
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births occurred during 1 month (March).
The long period of parturition was mirrored
by a relatively long period of aggregation
of males and females, but the peak birthing
period was highly correlated with presence
of the largest males 6 months earlier. Both
peak months of parturition and peak months
when Class IV males were present re-
mained constant across years and regions
(Fig. 2). Berger (1992) reported that the
gestation period of wild plains bison (Bison
bison) did not remain constant. Such vari-
ation in length of gestation for bighorn
sheep might confuse the relationship be-
tween the peak periods of sexual aggrega-
tion and parturition. However, the magni-
tude of variation found in bison (about 6
days—Berger 1992) was small relative to
the resolution of our analysis, and we con-
cluded that the presence of Class IV males
with females best indicated peak months of
mating. Based on those collective results,
we rejected the null hypothesis that a pre-
dictable peak period of parturition does not
occur in this population and concluded that
bighorn sheep in the Peninsular Ranges of
California have a temporally constrained
and predictable breeding season.

Young born during peak months of par-
turition had greater survival than those born
later (Fig. 3), and we therefore rejected the
null hypothesis that time of birth does not
influence lamb survival. It has been sug-
gested that long-term association with a
mild or unpredictable climate has relaxed
selection for a short breeding season among
desert populations of bighorn sheep (Hass
1997; Leslie and Douglas 1979; McQuivey
1978). Although Hass (1993) did not detect
a relationship between date of birth and sur-
vival in desert bighorn sheep in Nevada,
Krausman et al. (1989) suggested that tim-
ing of birth may have influenced lamb sur-
vival in a desert population in Arizona. Our
data provide evidence that there is selection
against desert bighorn lambs born outside
of the peak months of parturition, a pattern
similar to that observed among Rocky
Mountain bighorn sheep and other ungu-

lates at northern latitudes (Bunnell 1980;
Clutton-Brock et al. 1982, 1989; Festa-
Bianchet 1988a).

Female age can influence offspring sur-
vival and date of parturition (Bunnell 1980;
Clutton-Brock et al. 1982; Festa-Bianchet
1988a, 1988b, 1988c; Mitchell and Lincoln
1973). Reduced survival of late-born lambs
may have been related to the age of females
that gave birth late in the lambing season.
Although young females had the lowest off-
spring production (Fig. 4), a pattern previ-
ously reported in other ungulates (Festa-
Bianchet 1988c; Hass 1993; Saether and
Haagenrud 1983), females of all ages (es-
timated 2–16 years) gave birth during our
study and could have contributed to births
outside of the peak period. Survival was
lowest among offspring of young (2- and 3-
year-old) females (Fig. 4), but we found no
evidence that month of parturition differed
among the 3 categories of female age.
Young females were not more likely to give
birth after the peak lambing months. We
therefore concluded that the lower survival
of late born offspring was not associated
with female age.

Previous reproductive investment may
delay parturition and reduce offspring sur-
vival (Clutton-Brock et al. 1989; Guinness
et al. 1978; Krausman et al. 1989; Mitchell
and Lincoln 1973; Mitchell et al. 1976).
Therefore, lower survival of late-born
lambs observed during our study might be
attributed to the cost of reproduction rather
than environmental factors selecting against
late-born offspring. Although females suc-
cessfully recruited young to 6 months of
age in up to 4 consecutive years during this
study, our data suggest that recruitment of
a lamb to 6 months of age may reduce prob-
ability of survival of an individual’s lamb
in the following year. Krausman et al.
(1989) also proposed that the cost of raising
a lamb may have reduced reproductive suc-
cess in the following year in an Arizona
population of desert bighorn sheep; how-
ever, that relationship was not evident in a
Nevada population (Hass 1993).
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We observed no evidence that recent re-
productive history influenced timing of par-
turition. This finding is contrary to studies
that showed later parturition among female
ungulates that had successfully raised off-
spring the previous year (Clutton-Brock et
al. 1982, 1989; Guinness et al. 1978). Per-
haps reproductive success delayed timing of
parturition among females in our study, and
the resolution of our study design did not
allow us to detect these differences. Alter-
natively, this cost of reproduction may not
have been manifested under the existing
population or environmental conditions
(Clutton-Brock et al. 1982, 1996; Festa-
Bianchet 1989; Festa-Bianchet et al. 1998).
A 3rd explanation may be that desert big-
horn sheep wean their young at an earlier
age than northern bighorn sheep (Berger
1979) and thereby may regain condition
sooner. Berger (1979) hypothesized that by
weaning their lambs early, before the onset
of the hot summer, females in the Penin-
sular Ranges may avoid lactation during an
energetically stressful season and begin in-
vesting in future offspring. Because body
condition in female ungulates can influence
both pregnancy rates and the timing of con-
ception (Guinness et al. 1978; Mitchell et
al. 1976), it is possible that ample forage
(Mitchell et al. 1976) or an extended non-
reproductive period following early wean-
ing may have allowed females to recover
body reserves adequate for ovulation and
conception. If a summer (July) peak in diet
quality (Fig. 6) is a typical pattern, it may
allow females to recover from the energetic
demands of lactation adequately to success-
fully mate at the same time as females that
did not lactate that year. Incomplete recov-
ery may have affected the survival of sub-
sequent offspring of some females, but our
observations do not provide evidence that
the lower survival of late born lambs was
associated with the recent reproductive his-
tory of their dams.

The geographic location of ewe groups
influenced lamb survival. For example,
across years, young in Bradley Canyon had

the lowest survival, whereas young in
neighboring Deep Canyon (,10 km away)
had the greatest survival (Table 2). Bighorn
sheep in Bradley Canyon currently face the
greatest threat of habitat loss and modifi-
cation from urban encroachment, and this
group has been supplemented with captive-
raised animals since 1985 (DeForge et al.
1995). In contrast, most bighorn sheep in
Deep Canyon inhabit areas less impacted
by urbanization, and this group has not
been augmented with captive animals. Al-
though bighorn sheep throughout the Pen-
insular Ranges experienced similar climatic
patterns, annual lamb survival was not syn-
chronized among regions (Fig. 5). This sug-
gests that local conditions or characteristics
of individual ewe groups are important in
determining regional population dynamics.
This observation is consistent with the ex-
istence of independent long-term trends in
abundance among ewe groups in the Pen-
insular Ranges (Rubin et al. 1998).

Although months of peak lambing re-
mained constant among regions, proportion
of births occurring after these months in-
creased from south to north, with a greater
proportion of late births in Bradley Canyon
than Carrizo Canyon (Table 2). However,
the pattern observed in Bradley Canyon
may not represent natural conditions be-
cause some females originated from a cap-
tive herd that included animals from differ-
ent ewe groups, and use of urban areas (for
feeding) may have altered the behavior of
females in this group. There did not appear
to be a simple relationship between propor-
tion of births occurring after the peak lamb-
ing months and survival of lambs in a par-
ticular region. For example, Deep Canyon
had the 2nd greatest proportion of late
births but had the greatest lamb survival
(Table 2). Multivariate logistic regression
analyses also indicated that time of birth
(peak versus late months) influenced lamb
survival even when data were adjusted sta-
tistically for the effect of region (and effect
of female age in the case of 3-month sur-
vival; Table 4).
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The relative constancy of peak mating
and birthing months across years and re-
gions suggests that the breeding season has
been shaped by long-term, rangewide en-
vironmental patterns. The breeding period
of mammals should be timed so that lacta-
tion coincides with periods of high forage
quality. In the Peninsular Ranges, rainfall
exhibits a bimodal pattern, with most oc-
curring during winter (Fig. 1). Winter rain-
storms also are widespread and long-last-
ing, whereas summer precipitation gener-
ally occurs as brief and localized thunder-
showers. Plant productivity in desert
environments is tied closely to precipita-
tion, and most plant productivity in the Pen-
insular Ranges and in the nearby Mojave
Desert follows the winter rains (Beatley
1974; Burk 1982; Went 1948). In the Pen-
insular Ranges, growing season of spring
annuals typically comes to an end in May
(Burk 1982). Summer rains also may trig-
ger growth of desert plants, but number of
plant species responding is smaller (Burk
1982), and level and duration of productiv-
ity of most plants, including shrubs, are
limited because of either high summer tem-
peratures (Went 1948, 1949) or insufficient
total rainfall (Beatley 1974). Spring, there-
fore, is the most predictable period of plant
productivity throughout the Peninsular
Ranges, and females that give birth during
the peak birthing months may have a great-
er chance of encountering high-quality for-
age during lactation than females giving
birth later. Indeed, a positive relationship
between winter (November, January, and
February) precipitation and subsequent
lamb:ewe ratios in the Santa Rosa Moun-
tains of the Peninsular Ranges was reported
by Wehausen et al. (1987).

We evaluated whether lactation coincided
with periods of high forage quality by ex-
amining an index of diet quality during 1
year. Relatively high fecal nitrogen values
occurred during spring (Fig. 6). However,
the greater values found in July seemed to
contradict the hypothesis that lactation oc-
curred during the period of highest forage

quality. Other researchers also failed to find
a consistent relationship between birthing
season and indices of plant productivity in
desert populations (Lenarz 1979; Thomp-
son and Turner 1982), or they found that
the relationship between plant productivity
and lambing period was weaker in desert
than in high-latitude populations (Bunnell
1982). These researchers used latitude and
elevation (Bunnell 1982), temperature
(Thompson and Turner 1982), or predict-
ability of precipitation (Lenarz 1979) as in-
dicators of plant productivity. Perhaps none
of these indices alone is a satisfactory in-
dicator of forage availability and quality in
a desert environment (Witham 1983). This
may be true of fecal nitrogen as well, or it
may simply be that 1 year of fecal nitrogen
data inadequately represented the long-term
patterns that most likely shape breeding
seasons. However, 2 previous studies con-
ducted in the Sonoran Desert also noted a
peak in fecal nitrogen values during sum-
mer (May–July—Scott 1986; June—An-
drew 1994), tending to corroborate our
finding. Although the period of lambing or
lactation of some desert populations coin-
cides with periods of high plant productiv-
ity or diet quality (Hass 1997; Krausman et
al. 1989; Witham 1983), forage availability
and quality may not be the sole factors se-
lecting for seasonal breeding in a desert en-
vironment.

In northern bighorn sheep, harsh climate
conditions and limited forage availability or
quality appear to select against late-born
lambs (Bunnell 1982; Festa-Bianchet
1988a, 1988b; Geist 1971). Our data also
indicate selection against late-born lambs;
however, the mechanism of selection may
differ in high- and low-latitude populations.
For high-latitude bighorn sheep, winter typ-
ically is the most stressful season (Festa-
Bianchet and Jorgenson 1998), and young
that are born late may not survive the win-
ter because they are unable to gain enough
weight during the short growing season in
summer (Bunnell 1980, 1982; Festa-Bian-
chet 1988a, 1988b). In the desert, summer
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likely represents the most stressful period
for bighorn sheep (Blong and Pollard 1968;
Turner 1973), and scarcity of water and ex-
tremely high temperatures may reduce the
ability of a female to produce adequate milk
during lactation (Berger 1978, 1979; Russo
1956).

Understanding ultimate factors that reg-
ulate breeding seasons will require that we
more accurately define birthing seasons of
populations of desert bighorn sheep. The
overall period between the 1st and last birth
may not be an appropriate representation if
we are striving to understand the factors
that shape breeding seasons (Festa-Bianchet
and Geist 1990). Examination of reported
birth dates from other desert populations
shows that births are not distributed evenly
(Hansen 1967; Hass 1997; Krausman et al.
1989; Leslie and Douglas 1979; McQuivey
1978; Witham 1983). Our study clearly
showed that offspring born outside of the
peak period of parturition had lower sur-
vival. Other populations of desert bighorn
sheep also should be examined to identify
peak periods of parturition and determine
whether survival of offspring is influenced
by timing of birth. This information, com-
bined with a closer examination of forage
availability and quality, climate patterns,
and water availability, will be useful in fur-
thering our understanding of selective forc-
es shaping breeding seasons of desert big-
horn sheep.

Other issues related to reproductive strat-
egies of desert bighorn sheep also deserve
further study. Cost of reproduction in desert
bighorn sheep should be examined further,
using data with higher resolution than was
possible with the monthly observations
made during our study. Reproductive pat-
terns of young (2-and 3-year-old) females
should be studied with larger samples to
discern possible differences in reproductive
potential within this age category. Causes
of mortality among young also should be
identified more specifically. Breeding syn-
chrony may be a strategy to minimize loss-
es of offspring to predation (Estes 1976).

Because causes of lamb mortality are not
known in our study area, the role of pre-
dation in shaping the breeding season in
this population remains unclear.
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Abstract

Forage quality affects physiological condition, population dynamics, habitat use, and distribution of ungulates. We studied how
rainfall, temperature, forage biomass, and forage growth are related to water content, crude protein (CP), and in vitro dry-
matter digestibility (IVDMD) of some common forage species of desert mule deer (Odocoileus hemionus eremicus Mearns) in
the Sonoran Desert, California. We established vegetation transects in desert washes to collect forage samples and to measure
forage biomass, growth, rainfall, and temperature on a quarterly basis. Percent water and CP were positively associated with
forage growth (P , 0.001) and with rainfall (P � 0.025). There were positive relationships between IVDMD and forage
growth (P , 0.001), forage biomass (P , 0.001), and the combination of temperature and rainfall (P , 0.001). These findings
suggest that the highest quality landscapes for deer are those with rapidly growing forage where forage water, CP, and IVDMD
are greatest. With the quantified relationships between rainfall, temperature, and forage characteristics presented here, the
nutritional constituents for deer forage can be predicted.

Resumen

La calidad de forraje afecta la condición fisiológica, las dinámicas de poblaciones, el uso de hábitat, y la distribución de
ungulados. Estudiamos como la precipitación, temperatura y la biomasa y crecimiento del forraje están relacionados al contenido
de agua, proteı́na cruda (CP), y la digestibilidad in vitro de materia seca (IVDMD) de algunas especies de forraje comunes del
venado bura del desierto (Odocoileus hemionus eremicus Mearns) en el desierto Sonorense de California. Establecimos transectos
en la vegetación de arroyos para recoger muestras de forraje, y para medir la biomasa del forraje, el crecimiento, la precipitación,
y la temperatura cada 3 meses. El porcentaje de agua y CP estuvieron asociados positivamente con crecimiento del forraje
(P , 0.001) y la precipitación (P � 0.025). Hubo relaciones positivas entre IVDMD y crecimiento del forraje (P , 0.001), la
biomasa del forraje (P , 0.001), y la combinación de temperatura y de precipitación (P , 0.001). Estos resultados sugieren que
los hábitats de mas alta calidad para los venados son aquellos con forraje creciendo rápidamente donde el contenido de agua, CP,
y la IVDMD son mayores. Con las relaciones cuantificadas entre la lluvia, temperatura y caracterı́sticas del forraje presentadas
aquı́ se puede predecir los constituyentes nutricionales del forraje para el venado.

Key Words: California, Odocoileus hemionus eremicus, plant growth, plant biomass, Sonoran Desert

INTRODUCTION

The nutritional quality of ungulate forage plants changes with
season (Rautenstrauch et al. 1988; Renecker and Hudson 1988;
Bleich et al. 1992; Alldredge et al. 2002). Nutritional quality is
related to the phenological state of forage plants, and growth and
quality of forage are influenced by environmental conditions that
are influenced by changes in season. The importance of environ-
mental conditions becomes clear during those seasons in which
conditions vary substantially from normal and in which forage
characteristics also vary substantially from normal. Although
there are an abundance of studies demonstrating seasonal

changes in forage quality for wildlife, rarely has nutritional
quality been related directly to the environmental factors that
accompany seasons. In arid environments, such as the Sonoran
Desert, driving factors are precipitation and temperature (Noy-
Meir 1973). They and their effects on forage quality vary widely,
producing a range of conditions over which to measure environ-
mental effects on forage quality.

Nutritional quality of forage is an important aspect of forage
availability and habitat quality (Wallmo et al. 1977; Hobbs and
Swift 1985) and can influence physiological condition, repro-
duction, and survival of ruminants (Parker et al. 1999). Rauten-
strauch et al. (1988) summarized several functions served by
knowing forage quality: to identify limiting factors, to compare
habitats, to evaluate habitat-management practices, to estimate
carrying capacity, to identify periods of nutritional stress, and to
identify important forage species. For the most part, efforts to
describe forage characteristics for ungulates in the Sonoran
Desert have involved seasonal summaries of various measure-
ments of forage nutrient content or indices of quality. A further
critical step is to understand how forage characteristics are
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affected by environmental factors and to predict forage quality
and availability based on environmental conditions. All the
functions summarized by Rautenstrauch et al. (1988) would
benefit from understanding causal relationships between envi-
ronment and forage.

Rautenstrauch et al. (1988) and Krausman et al. (1990) have
described forage quality for mule deer (Odocoileus hemionus L.)
in the Sonoran desert; however, these studies occurred in regions
of the Sonoran desert that receive greater rainfall than south-
eastern California, an area for which there is no information on
forage quality for mule deer. Furthermore, there have been no
attempts to relate environmental variables directly to forage
quality for mule deer in the Sonoran Desert. Our objectives were
to estimate nutritional quality of some common forage plants for
desert mule deer (O. h. eremicus Mearns) in southeastern
California, and to determine how nutritional quality was related
to rainfall, temperature, forage biomass, and forage growth.

MATERIALS AND METHODS

Site Description
Our study occurred from October 2000 to December 2002 in
the Lower Colorado River Valley subdivision of the Sonoran
Desert, eastern Imperial County, California (lat 338009N, long
1148459W). Range in monthly mean temperatures was 68–368C,
with summer maxima frequently exceeding 458C, and range in
annual rainfall was 4–216 mm (mean 73 mm, 1914–2002;
Imperial Irrigation District, Imperial, California, unpublished
data). Terrain in the area was varied but was primarily of 3
types: mountains, piedmont, and flats (Andrew 1994). Vegeta-
tion associations in our study area were typical for the Lower
Colorado River region (Turner 1994). Common plants were
burro-weed (Ambrosia dumosa [Gray] Payne.), creosote bush
(Larrea tridentata [Sessé & Moç ex DC.] Cov.), brittle-
bush (Encelia farinosa Gray ex Torr.), ocotillo (Fouquieria
splendens Engelm.), palo verde (Cercidium floridum Benth.),
desert-ironwood (Olneya tesota Gray), catclaw (Acacia greggii
Gray), and cholla and prickly pear (Opuntia spp.). Although
highly variable from year to year, winter tended to be cool–rainy
(January–March), spring hot–dry (April–June), summer hot–
rainy (July–September), and autumn cool–dry (October–
December). Andrew (1994) described the area in detail.

Data Collection
We collected plant samples for nutritional analysis from 22 sites
established for another study (Marshal et al. 2005), at which
there were measurements of rainfall and forage biomass and
growth. Locations for sites were selected randomly from 1-km
universal transverse mercator grids covering the study areas. We
established a transect that followed the xeroriparian vegetation
along the edge of the nearest wash. Transects occurred in
mountain (3 sites), piedmont (13 sites), and flat terrain (6 sites)
and included washes having a range of sizes (1–1 000 m in
width). We collected forage samples within 50 m of, but off, the
transect to avoid influencing forage biomass on the transect.
During quarterly sampling visits, there were attempts to collect
�150 g from�10 individual plants (i.e., 1 composite sample) of
each of 7 major forage species, based on species found in mule
deer fecal pellets collected in the area before this study (Marshal
et al. 2004). Forage species were chosen that tended to occur in

the diet year-round: desert-ironwood, mesquite (Prosopis glan-
dulosa Torr.), burro-weed, brittle-bush, desert trumpet (Erio-
gonum inflatum Torr. & Frém.), krameria (Krameria grayi Rose
& Painter), and fairy duster (Calliandra eriophylla Benth.). No
ground-cover species (i.e., grass or forbs) were included because
they occurred in our study area only after abnormally high
rainfall (Marshal et al. 2005) and could not be reliably collected
in all quarters. Also, seasonal scarcity made it difficult to collect
�150 g of a single forage species in every quarter. We placed
samples in paper bags and weighed them immediately after
collection with a spring scale (Pesola, Baar, Switzerland). Forage
samples were dried at approximately 608C to a constant mass,
using the final mass to estimate water content. These dried
samples were then sent to the Wildlife Habitat Laboratory in
Pullman, Washington. Samples were analyzed to determine per-
cent crude protein (CP) and percent in vitro dry-matter di-
gestibility (IVDMD).

To measure forage biomass at each wash site, we placed 40
plots (1 3 1 3 2 m high) on each transect every 20 m after
a random start point, with a rain gauge near the middle of the
transect. In each gauge, we put 2 cm of mineral oil to prevent
evaporation of rainwater and a screen to exclude insects. At
each quarterly visit, forage biomass was measured and rain
gauges were checked. In each plot, we measured browse bio-
mass (i.e., green leaves and twigs on shrubs) by a modification of
the comparative yield method (Marshal et al. 2005). The
amount of browse was visually assessed and assigned a rank
0–4. Zero represented a plot with no browse (either completely
empty or stems with no leaves or twigs), 1 a plot 25% full of
browse, 2 a plot 50% full of browse, 3 a plot 75% full of browse,
and 4 a plot 100% full of browse. We clipped green leaves and
current-annual-growth twigs from �6 plots for each rank to
convert ranks to dry biomass (67 total). Ground-cover biomass
was measured with similar methods. Plot height was 50 cm, and
we assigned 1 rank value for every 10 cm average height of
ground-cover plants contained in the plot up to 50 cm (maximum
rank 5). As for browse, we converted ground-cover ranks to dry
biomass with 1–4 clipped ground-cover plots for each rank (11
total); sample size for this regression was limited by scarcity of
ground cover during the study. We used the transect data to
estimate forage biomass in the wash. Forage growth was
calculated as forage biomass measured the previous visit to
a transect subtracted from that measured during the current visit.

We adjusted forage growth estimates for potential effects of
off-take by large herbivores with moving enclosures and by
comparing forage growth in enclosed (i.e., protected) plots to
forage growth in unenclosed (i.e., exposed) plots (Marshal et al.
2005). Shrub or shrub sections were protected from large-
mammal herbivory, and the protected shrubs were compared
with similar shrubs (i.e., same species and similar biomass) that
were marked but not enclosed. We chose plants that covered the
range of browse biomass ranks 1–4. Each enclosure consisted of
2 3 4 m of steel livestock fence with 5- 3 10-cm mesh, and
protected a space 1 3 1 m and 2 m high. Once we selected
a shrub pair, we estimated browse biomass of each shrub using
the modified comparative yield method, then we randomly
selected 1 of the shrubs to enclose. We returned to each pair
after 3 months to measure browse biomass of each shrub
and determine the difference between shrubs in an enclosed–
unenclosed pair. At that time, a new pair of shrubs were selected
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to allow for possible compensatory plant growth (McNaughton
1983), and the enclosures were moved to these new shrubs to
repeat the process. We placed enclosures at 5 sites throughout
the study area. At each site were 2–3 pairs of enclosed–
unenclosed shrubs, and sites were visited over 4 quarters (50
pairs total). If a difference in biomass occurred within a pair, we
attributed this to off-take by large herbivores (i.e., mostly mule
deer, but also potentially bighorn sheep [Ovis canadensis Shaw]
and feral ass [Equus asinus L.]). Because ground cover was
almost always absent during our study, no similar moving-
enclosure experiment was done for ground-cover growth.
Temperature data came from the Yuma Proving Ground
weather station, Arizona (20 km from the study area; http://
www.ncdc.noaa.gov/oa/climate/climatedata.html). Plant no-
menclature follows Munz (1974).

Data Analysis
We looked for relationships between explanatory environmental
variables (i.e., rain, temperature, biomass, and growth) and
response nutritional variables (% water, % CP, % IVDMD) using

multiple linear regression. To meet distribution assumptions, all
percentages were transformed by converting them to proportions,
dividing each proportion by 1 minus that proportion, and
calculating the natural logarithm of that ratio (i.e., we calculated
the log odds) (Ramsey and Shafer 2002). We used forage species
as a blocking variable; we report results after removing variation
explained by forage species. To interpret estimates of regression
parameters, regression slopes were back transformed by calcu-
lating the antilog of the odds ratios. We did not recalculate slopes
with respect to the original proportions; parameter estimates
described changes in the median ratio of a forage component to
the part of the forage without that component (e.g., proportion
CP/ [1 � proportion CP]), and how that median ratio changed
with the explanatory variable (Ramsey and Shafer 2002).

RESULTS

We collected 64 composite forage samples: brittle-bush (10),
burro-weed (11), desert-ironwood (9), desert trumpet (8), fairy
duster (8), krameria (9), and mesquite (9). Although not all

Table 1. Nutritional quality of 7 species of deer forage in Imperial County, California, 2000–2002.

Species Quarter Availability1

% Water2 % CP3 % IVDMD4

Mean SE Mean SE Mean SE

Brittle-bush (Encelia farinosa Gray ex. Torr.) January–March 2/2 68.33 1.83 18.63 0.06 70.04 3.11

April–June 2/2 57.02 17.69 15.20 4.62 62.67 7.90

July–September 3/2 70.65 9.44 23.09 5.93 67.44 2.63

October–Dececember 3/3 63.93 7.09 17.12 2.49 70.01 3.93

Burro-weed (Ambrosia dumosa [Gray] Payne.) January–March 2/2 63.98 1.87 17.07 3.07 73.08 4.18

April–June 2/2 55.23 18.28 14.76 7.73 65.71 8.32

July–September 2/2 45.78 12.93 10.68 2.23 57.49 4.81

October–December 5/3 66.69 3.04 17.53 2.02 68.99 2.78

Desert-ironwood (Olneya tesota Gray) January–March 2/2 50.90 3.50 16.74 1.08 57.60 5.31

April–June 2/2 55.65 8.28 15.92 3.87 64.14 5.24

July–September 2/2 60.12 2.38 18.06 0.67 48.37 5.80

October–December 3/3 56.32 1.39 16.81 0.98 58.71 1.93

Desert Trumpet (Eriogonum inflatum Torr. & Frém.) January–March 2/2 53.87 19.25 11.50 5.10 32.59 4.72

April–June 2/2 55.09 19.60 12.02 4.72 40.69 11.60

July–September 1/2 43.67 — 8.04 — 24.05 —

October–December 3/3 65.12 6.20 16.16 2.76 31.49 1.78

Fairy Duster (Calliandra eriophylla Benth.) January–March 1/2 50.79 — 20.71 — 37.13 —

April–June 2/2 45.13 7.04 16.91 2.85 30.04 0.46

July–September 2/2 53.25 14.25 21.03 8.65 41.72 2.18

October–December 3/3 42.44 5.55 16.51 2.30 34.51 1.25

Krameria (Krameria grayi Rose & Painter) January–March 2/2 51.02 1.48 10.97 0.45 47.01 1.83

April–June 2/2 50.24 8.67 10.83 3.53 44.49 2.19

July–September 2/2 38.20 1.44 8.55 0.16 39.60 5.57

October–December 3/3 48.39 4.23 10.62 1.20 42.41 1.01

Mesquite (Prosopis glandulosa Torr.) January–March 2/2 58.70 13.67 24.05 10.42 58.89 3.03

April–June 2/2 49.40 0.03 17.86 0.15 52.44 0.09

July–September 2/2 48.15 0.94 17.02 0.44 56.76 1.55

October–December 3/3 44.95 1.30 14.92 0.31 55.10 1.14

1No. quarterly composites in average/no. quarters during the study.
2Percentage of fresh mass.
3Crude protein, percentage of dry mass.
4In vitro dry-matter digestibility, percentage of dry mass.
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species were available throughout the year, every species was
available in �1 quarter in �1 year (Table 1). Percent water, %
CP, and % IVDMD varied from species to species and quarter to
quarter (Table 1). Brittle-bush was highest overall in % water
(65.44 6 3.74 [SE], F6,57 ¼ 3.31, P ¼ 0.007), % IVDMD
(67.78 6 2.05, F6,57 ¼ 43.90, P , 0.001), and % CP
(18.83 6 1.64, F6,57 ¼ 3.33, P ¼ 0.007).

There was a positive relationship between water in forage
(Table 1) and forage growth (Table 2; Fig. 1). Median ratio
of forage water increased 1.0167 times for every 1 g � m�2 � (3
months)�1 increase in forage growth (back-transformed slope;
Table 3). A separate regression between ratio of forage water
and rainfall also revealed a positive relationship. Median ratio
of forage water increased 1.0074 times for every 1 mm increase
in quarterly rainfall (back-transformed slope; Table 3). Because
rainfall and forage growth were correlated (R ¼ 0.55), they had
a similar influence on forage water. Higher median ratios of CP
were associated with higher forage growth (back-transformed

slope ¼ 1.0115; Table 3; Fig. 2). In a separate regression,
median ratio of CP increased 1.0044 times for every 1 mm
increase in rainfall (back-transformed slope; Table 3). As with
forage water, relationships of forage growth and rainfall to
ratio of CP were similar.

Unlike water and CP, both forage growth and forage
biomass explained a large proportion of variation in ratio of
IVDMD (Table 3). Median ratio of IVDMD increased 1.0077
times for every 1 g � m�2 � (3 months)�1 increase in forage
growth (back-transformed slope; Table 3, Fig. 3). In a separate
analysis, ratio of IVDMD increased 1.0092 times for every
g � m�2 increase in forage biomass (back-transformed slope).
We also investigated effects of rainfall and temperature on
IVDMD in a separate regression. After accounting for effects of
temperature, ratio of IVDMD increased 1.0032 times for every
1 mm increase in quarterly rainfall. Temperature had a negative
effect, decreasing the median ratio of IVDMD 0.9903 times for
every 18C increase in temperature, after accounting for effects
of rainfall. Biomass and the combination of rainfall and

Figure 2. Relationship between forage growth and log-odds-ratio-
transformed proportion of crude protein (CP) (n ¼ 55, R2 ¼ 0.54),
after removal of variation explained by forage species, in 7 species of
desert mule deer forage plants, Imperial County, California, 2000–2002.

Table 2. Mean rainfall, temperature, forage biomass, and forage growth
at plant sample sites, Imperial County, California, 2000–2002.

Year Quarter

Rainfall

(mm)

Temperature

(8C)

Biomass

(g�m�2)

Growth

(g�m�2;(3

months)�1)

Mean SE Mean SE Mean SE Mean SE

2000 October–December 15 2 18.8 1.7 28.2 6.4 18.5 5.1

2001 January–March 31 10 14.9 0.7 30.3 8.0 1.6 4.5

April–June 73 1 22.5 1.2 37.3 1.8 36.1 3.0

July–September 17 7 33.9 0.2 14.9 0.9 �10.5 3.4

October–December 43 9 17.4 1.5 33.8 9.3 14.6 9.5

2002 January–March 9 2 14.5 1.0 36.3 7.9 14.6 4.4

April–June 1 1 27.1 1.2 6.3 1.9 �8.5 4.1

July–September 16 4 32.4 0.5 15.6 5.0 7.5 4.6

October–December 24 4 21.0 1.4 33.3 5.8 26.6 4.3

Table 3. Results of regression analysis after removal of variation
explained by forage species, with log odds of forage nutritional
characteristics (% water, % crude protein [CP], and % in vitro dry-
matter digestibility [IVDMD]) as response variables and rainfall,
temperature, plant growth, and plant biomass as explanatory variables,
Imperial County, California, 2000–2002.

Response Explanatory Coefficient SE t ratio P value df R2

% Water Growth 0.0167 0.0030 5.42 ,0.001 48 0.54

% Water Rainfall 0.0073 0.0024 3.00 0.004 56 0.37

% CP Growth 0.0114 0.0023 4.91 ,0.001 48 0.54

% CP Rainfall 0.0044 0.0019 2.30 0.025 56 0.36

% IVDMD Growth 0.0076 0.0019 3.96 ,0.001 48 0.86

% IVDMD Biomass 0.0092 0.0022 4.11 ,0.001 48 0.86

% IVDMD Rainfall 0.0032 0.0014 2.31 0.025 55 0.84

Temperature �0.0097 0.0046 �2.11 0.039

Figure 1. Relationship between forage growth and log-odds-ratio-
transformed proportion of water (n ¼ 55, R2 ¼ 0.54), after removal of
variation explained by forage species, in 7 species of desert mule deer
forage plants, Imperial County, California, 2000–2002.
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temperature were correlated (R ¼ 0.54) and, as mentioned
before, rainfall and forage growth were correlated, which
explained the similar relationships between these variables
and IVDMD.

DISCUSSION

Forage nutritional quality is an important aspect of explaining
the ecology of wild ungulates, from determining physiological
condition of individuals (White 1978) to affecting distribution
of animals across a landscape (Fryxell 1991). In the Sonoran
Desert of California, nutritional quality of forage is ultimately
determined by rainfall and, in part, temperature (Table 3).
Although patterns of rainfall and temperature changed season-
ally, rainfall in this part of the Sonoran Desert was highly
variable; very little rain fell in some years, even during rainy
seasons (Marshal et al. 2005). For this reason, relating forage
characteristics to seasons is probably not biologically realistic
in our study area, and it became necessary to relate measures of
forage quality directly to the environmental conditions with
which they are associated.

Development of water sources for managing populations of
desert ungulates continues to be a contentious issue in the US
southwest (Rosenstock et al. 1999). A question frequently
raised by wildlife managers is whether forage contains enough
moisture that desert ungulates can meet their water require-
ments without standing water (Krausman and Czech 1998).
Although we have no information on physiological require-
ments of desert mule deer for water, we can comment on water
availability. We found that water content of deer forage was
positively associated with forage growth and rainfall. This
finding suggests that water is more available in forage when it is
less limiting in the environment (i.e., during rainy seasons).
Unfortunately, this means that, during conditions in which
water is most scarce (April–June), water content of forage is

generally low. This may partly explain observations of radio-
collared deer in the study area that only are found close to
wildlife water developments (i.e., catchments) during this
water-limited time (Marshal et al., unpublished data). If the
movement of deer toward catchments is in response to a drop in
forage water content, it may indicate that water content is not
sufficient to sustain mule deer.

The higher CP associated with higher rates of forage growth
can be explained by the anabolic processes that occur during the
production of plant tissues, processes that decrease as plants
reach vegetative maturity (Greenwood and Barnes 1978). Our
findings were consistent with those of other desert ungulate
forage studies: protein content of forage tended to be lowest
during seasons with low rainfall and, consequently, low forage
growth (Rautenstrauch et al. 1988; Krausman et al. 1990; Bleich
et al. 1992). Wallmo et al. (1977) used 7% crude protein as an
estimate of maintenance protein requirements for mule deer in
Colorado. By comparison, the lowest % CP value we collected
was 6.4% for desert trumpet during Apr–June 2002, and 95% of
the samples we collected contained .7% crude protein. While
this could suggest adequate protein in forage for maintenance of
mule deer, several things may complicate this evaluation. For
example, crude protein is based on total nitrogen in plant cells,
whereas true protein represents 75%–85% of that total nitrogen
(Robbins 1983). After adjusting for percent of true protein (by
multiplying % CP by 0.8), .85% of the samples met the 7%
maintenance protein requirement suggested by Wallmo et al.
(1977). Another complication is that protein available to a
foraging ungulate is likely lower than total protein in plant cells
because of the effects of plant secondary compounds on protein
digestion (Mould and Robbins 1982). Because levels of plant
secondary compounds differ between forage species, a simple
estimate of crude protein might not reflect what actually is
available to mule deer. Moreover, deer are generalist browsers
that mix forage species in their diets to optimize nutrient intake
while limiting toxic effects of plant secondary compounds
(Mould and Robbins 1982). As a result, the picture of the
availability of protein to deer is probably more complicated
than what is reflected in an estimate of plant crude protein.

Our finding of higher rates of IVDMD associated with more
rapid forage growth was common to many studies of ungulate
forage. Digestibility generally decreases in plants as growth
decreases and cell walls develop in plant tissues (Mould and
Robbins 1982; Van Soest 1982). However, we also found a pos-
itive relationship between forage biomass and IVDMD, which
is inconsistent with the effects of growth on IVDMD. Growth
rate of forage decreases with increasing forage biomass
(Marshal et al. 2005) because of increasing competition among
plants for light and nutrients (Caughley 1976). Because di-
gestibility is positively associated with growth rate (Fig. 3),
IVDMD should have decreased with forage biomass. This in-
consistent result could be an artifact of the frequency with
which we visited forage sampling sites. Desert trees and shrubs
responded quickly (,1 week) to adequate rainfall by producing
new foliage; however, die back of foliage in dry periods fol-
lowing that growth was considerably slower (.1 month). By
chance alone, we were more likely to sample plants during the
die-back phase more often than during the growth phase. Be-
cause abundance decreased at the same time as digestibility, this
could have caused an apparent positive relationship between

Figure 3. Relationship between forage biomass and log-odds-ratio-
transformed proportion of in vitro dry-matter digestibility (IVDMD)
(n ¼ 55, R2 ¼ 0.86), after removal of variation explained by forage
species, in 7 species of desert mule deer forage plants, Imperial County,
California, 2000–2002.
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digestibility and forage biomass. In temperate forested regions,
there is usually 1 green-up episode, during which foliage abun-
dance and digestibility increase early in the growing season,
and then digestibility decreases as foliage becomes mature
(Renecker and Hudson 1988). In the Sonoran Desert of Cali-
fornia, there was generally no prolonged period of abundant
foliage; it either increased or decreased in response to increases
or decreases in rainfall (Marshal et al. 2005).

Forage characteristics have important consequences for
habitat quality of mule deer in the Sonoran Desert. From our
results, forage qualities changed in response to different envi-
ronmental conditions, conditions that vary considerably over
space (1 km) and time (weekly to monthly) (Marshal et al.
2005). Mule deer move in response to changes in forage con-
ditions, but the manner in which they select areas is still under
investigation. However, we propose hypotheses based on forage
quality that may explain observations of deer movements in the
study area. During the summer rainy season, rainfall events tend
to produce strip rains, where a large amount of rain falls on an
area about 1 km wide and several km long and little rain falls on
adjacent areas. Strip rains produced a highly heterogeneous
response in plant growth across the study area (Marshal et al.
2005) and a patchy distribution in forage biomass and quality.
Deer should respond to this heterogeneity by selecting areas
with rapidly growing plants, such as those in areas that recently
received rainfall, because forage from those plants are high in
water, protein, and digestibility. When rapidly growing forage is
not available, deer should select areas of high forage biomass,
where they can take advantage of forage of higher digestibility
before plant biomass and digestibility decrease. When forage
water decreases beyond a critical threshold, however, locations
of catchments may become most important in determining deer
distribution, and forage growth and biomass become secondary.
A test of this hypothesis might be possible with the use of global
positioning system telemetry collars, the evaluation of forage
nutritional quality and biomass at measured mule deer loca-
tions, and the characteristics of forage in sites recently aban-
doned by mule deer and new sites they occupy. The timing of
movements between sites should be quantifiable and predictable
based on cues from forage characteristics.
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Opportunities to quantitatively assess responses of ungulates to
mineral extraction have been limited.  Reasons for this dearth of research
include a lack of adequate funding, available personnel, and logistical
constraints.  In 1992, a request was submitted to the Bureau of Land
Management by a mining company for permission to extract and process
gold ore in the Panamint Range, Inyo County, California, near a spring
presumed to be critically important to mountain sheep, Ovis canadensis.
Ensuing compliance with the National Environmental Policy Act resulted
in funds to monitor effects of mining activities on mountain sheep inhabiting
that area.  Because funding was not released until ~8 months prior to
construction and operation of the mine, we were unable to adequately
address the pre-mining ecology of sheep in the “affected” area.  We
therefore employed a simultaneous treatment-control study designed to
test several hypotheses regarding effects of mining activities on habitat
selection, demographics, home-range dynamics, foraging activities, and
composition and quality of diet for mountain sheep during 1995-1997.
During our 3-yr study, we radiocollared and monitored 86% (n = 19) of all
adult female sheep known to exist within the mined (treatment) and
nonmined (control) areas. Size of annual home ranges, composition of diet,
and ratios of young to adult females did not differ between female sheep
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inhabiting mined and nonmined areas.  The nonmined area contained more
annual plants, succulents, and perennial forbs than did the mined area,
whereas abundance of shrubs, quality of forage, and relative abundance
of carnivores did not differ between sites.  During spring, female sheep
adjacent to the mine spent more time foraging and had a lower-quality diet
than those in the nonmined area.  Conversely, during summer and autumn,
female sheep from the mined area spent less time foraging than those in
the nonmined area, but continued to have a lower-quality diet.  All females
were nearest water in summer compared with other seasons.  During all
seasons, females selected sites with more mixed-woody scrub, lower
elevations, steeper slopes, and less visibility than available at random
locations.  We observed the greatest disparities between study areas in
time spent foraging and diet quality during summer.  In summer, females
from the mined area were nearest to the mine; amount of explosives used,
frequency of blasting, and amount of ore hauled from the mine were
greatest during that period.  Because of their reliance on a source of
permanent water adjacent to the mine during summer and autumn, we
hypothesize that female sheep from the mined area spent more time
vigilant during those seasons and, consequently, less time foraging than
conspecifics in the nonmined area.  If outcomes we observed persist for
mountain sheep in the mined area, reduced nutrient intake could have
demographic consequences for that subpopulation.  Thus, providing a
reliable source of water away from the mine, or reducing mining activity
during summer, may benefit mountain sheep that currently use areas
adjacent to the mine.

INTRODUCTION

Among ungulates, exposure to human activities has been linked to temporary
abandonment of areas of traditional use (Kuck et al. 1985, Bleich et al. 1994), shifts in
centers of activity (Van Dyke and Klein 1996), and localized extirpations (DeForge et
al. 1981).  Quantitative data regarding effects of mineral extraction on mountain sheep,
Ovis canadensis, however, are few.  Some researchers have investigated responses of
mountain sheep to activities typically associated with mining (e.g., helicopter
disturbance—Stockwell et al. 1991, Bleich et al. 1994; human disturbance—Hicks and
Elder 1979, Leslie and Douglas 1980, Krausman and Etchberger 1995, Papouchis et al.
2001; and water development—Krausman and Etchberger 1995), but those authors did
not address the issue of mining activities and their effects on mountain sheep.

We studied the ecology of female mountain sheep adjacent to a heap-leach gold
mine in the Mojave Desert.  We measured variables from two subpopulations of female
sheep inhabiting distinct geographic areas within a single mountain range (i.e., mined
and nonmined) to test hypotheses regarding potential influences of mining on habitat
selection, home-range dynamics, and foraging ecology of those large herbivores.  We
predicted that if mining had no effect on sheep, there would be no differences in
selection of habitat and size of home ranges between females occupying those two
areas.  We also predicted that after considering potential influences of resources and
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predators, female sheep would select habitat in a manner similar to that of sheep from
the nonmined area, if there were no effects of mining activities.  Among mountain sheep,
vigilant behavior increases in areas with low levels of visibility (Risenhoover and Bailey
1985, Frid 1997, Rachlow and Bowyer 1998), and is affected by the presence of perceived
threats (Berger 1978, Festa-Bianchet 1988, Berger 1991, Stockwell et al. 1991)—such
behavior reduces time spent foraging, and might result in differences between mined
and nonmined areas. Therefore, if mountain sheep near the mine were unaffected by
mining activities, we hypothesized that after considering availability of forage, there
would be no difference in time spent foraging between areas.  Further, if quality of forage
differed between sites, we predicted that individuals consuming lower-quality forage
would spend more time foraging to meet their nutrient requirements (Leslie and Douglas
1979).  Finally, if abundance of predators differed between areas, we predicted that after
considering availability and quality of forage, mountain sheep in areas with more
predators would spend more time vigilant (Berger 1978, Rachlow and Bowyer, 1998)
and, consequently, less time foraging (Molvar and Bowyer 1994, Bowyer et al. 2001).
Effects of mining cannot be addressed or mitigated without considering influences of
these factors on the ecology of free-ranging mountain sheep.

METHODS

Study Area

Our study was conducted in the Mojave Desert on the west-facing slope of the
Panamint Range, Inyo County, California, USA (Fig. 1).  The subpopulation of female
sheep living near the mine was centered on Redlands Spring (36°56’37”N, 117°10’43”W)
in the southern end of our study area, whereas the center of our control population (i.e.,
nonmined) was located ~22 km to the north (37°09’34”N, 117°09’50”W) (Fig. 2).

Elevations range from 305 m on the valley floor to 3,368 m at Telescope Peak.  Mean
(+ SE) annual rainfall from 1911 to 1994 at the weather station ~30 km from our study
site (Greenland Ranch-Furnace Creek, California) was 4.7 + 0.33 cm, and temperature
was highly variable; daytime high temperatures ranged from >40°C during summer
(May-August), to -7°C during spring (January-April, Fig. 3; Death Valley National Park
Service files).  We used climatological data collected from Greenland Ranch-Furnace
Creek, and data on timing of parturition (Welles and Welles 1961) to define three
seasons.  Spring was 1 January-30 April, which incorporated most of parturition, and
was typified by cool temperatures (0 = 25° + 5.7°C) and relatively greater precipitation
(0 = 0.59 + 0.99 cm) than other seasons.  Summer was 1 May-31 August; that period
was extremely hot (0 = 43° + 3.8°C) with low rainfall (0 = 0.21 + 0.51 cm).  Autumn (and
the concomitant mating season) extended from 1 September to 31 December, and was
characterized by cooler temperatures (0 = 29° + 9.9°C), and lower precipitation than
spring (0 = 0.37 + 0.77 cm).

Six vegetation communities were delineated within the study area from a LANDSAT-
TM scene with cells of 25-m resolution: 1) alkali playa (305 m elevation), which occurred
on relatively flat areas of the valley floor; 2) desert saltbush, Atriplex canescens, scrub,
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Fig. 1.  Location of our study areas in the Panamint Range, Inyo County, California, USA, 1995-
1997.



MOUNTAIN SHEEP AND MINING 153

Fig. 2.  Telemetry locations of female mountain sheep, and 95% adaptive kernel polygons for
populations of sheep from mined and nonmined areas in the Panamint Range, Inyo County,
California, USA, 1995-1997.
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which was adjacent to playas and characterized by microphyllous shrubs; 3) creosote
bush, Larrea tridentata, scrub, which occurred from 300 to 1,640 m elevation; 4) Mojave
mixed woody-scrub (1,400-2,300 m elevation), with shadscale, A. confertifolia, and
blackbush, Coleogyne ramosissima, as predominant species; 5) Mojave-woodland
scrub (2,300-3,300 m elevation), which was dominated by pinyon pine, Pinus monophylla,
and juniper, Juniperus osteosperma; and 6) bristlecone pine, Pinus longaeva, forest,
which occurred at elevations >3,300 m.  There were 9 and 13 permanent springs,
respectively, within mined and nonmined areas.

Mountain sheep occurred in the Panamint Range at relatively low densities (72 adult
females/1,000 km; Oehler et al. 2003); other ungulates that inhabit the area include feral
asses, Equus asinus, and mule deer, Odocoileus hemionus.  Large mammalian carnivores
present include coyotes, Canis latrans, bobcats, Lynx rufus, and mountain lions, Puma
concolor (Welles and Welles 1961).  Nevertheless, predation on desert sheep by those
carnivores was thought to be negligible (Welles and Welles 1961, Weaver1 1972).

Fig. 3.  Climograph of mean monthly temperature and precipitation at Furnace Creek , Inyo County,
California, USA, 1911-1994.

1Weaver, R. A.  1972.  Desert bighorn sheep in Death Valley National Monument and adjacent
areas.  California Department of Fish and Game Wildlife Management Administrative
Report 72-4.
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Most lands within the study area were administered by the U.S. National Park
Service or the U.S. Bureau of Land Management and, as a result of the California Desert
Protection Act of 1994, most roads in this area were closed to motorized vehicles.  The
few roads not included in wilderness areas were accessible only by four-wheel drive
vehicles; access was extremely limited. During the cooler portions of the year (November-
March), roads open to the public were used by 10-15 vehicles/weekend, and 5-10 hikers/
week, whereas in summer vehicular traffic and hiking in those areas was rare (D. Brenner,
National Park Service, personal communication).

In December 1995, Canyon Resources Corporation began construction of an open-
pit gold mine (hereafter the Briggs Mine) near Redlands Spring (Fig. 2); excavation,
crushing, and on-site processing of ore began in March, July, and October 1996,
respectively.  The Briggs Mine was projected to process ~19.3 million metric tons of
ore on site during the 7-year life of the mine, and to disturb 1,333 ha of land within the
2,350-ha project area.

Capture and Aerial Telemetry of Mountain Sheep

We captured adult (>1 yr old) female sheep during June and October 1995, June 1996,
and January 1997 with a helicopter and net-gun (Krausman et al. 1985a); all aspects of
animal handling complied with protocols set forth by the California Department of Fish
and Game (Jessup et al.2 1986), and were consistent with methods adopted by the
American Society of Mammalogists (Ad Hoc Committee on Acceptable Field Methods.
1987).  We categorized all females and young observed or captured during fieldwork
as adults or young (individuals of either sex <1 yr old).  We fitted sheep captured in
June 1995 with standard VHF telemetry collars (Telonics®, Mesa, Arizona), and animals
captured during subsequent efforts with activity-sensing collars (Advanced Telemetry
Systems®, Isanti, Minnesota).

We attempted to locate all radiocollared sheep weekly during June, July, and
August, and in alternate weeks during the remainder of the year using a fixed-wing
aircraft (Krausman et al.3 1984).  We located collared sheep between 0900 and 1400 h,
Pacific Standard Time, and locations were estimated with either LORAN-C or Global
Positioning System (GPS) instruments aboard the aircraft.  Because of error associated
with LORAN-C (Jaeger et al. 1993, Oehler et al. 1996), we derived a correction factor
(Patric et al. 1988) to adjust geographic coordinates obtained using that technology.
On average, coordinates obtained from LORAN-C technology indicated the aircraft
was 41 m west and 127 m north of the target.  Global Positioning Systems are less subject
to geographic variability in accuracy than LORAN-C (Leptich et al. 1994), and we did

2 Jessup, D. A., W. E. Clark, and M. A. Fowler.  1986.  Wildlife restraint handbook.  Third edition.
California Department of Fish and Game, Rancho Cordova, California, USA.

3 Krausman, P. R., J. J. Hervert, and L. L. Ordway.  1984.  Radio tracking desert mule deer and
bighorn sheep with light aircraft.  Pages 115-118 in Deer in the southwest: a workshop (P.
R. Krausman and N. Smith, editors.).  School of Renewable Natural Resources, University
of Arizona, Tucson, USA.
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not correct sheep locations obtained via GPS.  Accuracy of telemetry locations was 177
m (i.e., a circle with radius of 177 m) for an investigation of mule deer in the San
Bernardino Mountains, California (Nicholson et al. 1997). Because we used the same
pilot as Nicholson et al. (1997) for our flights, we reasoned that the error within our study
area would be similar.  To be conservative, and because we occasionally used another
pilot, we increased the radius of the circle to 200 m.

Habitat Analyses

Unless specifically indicated, hereafter our references to “habitat” are general in
nature and apply to the suite of variables we analyzed relative to locations of sheep (e.g.,
slope, aspect, viewshed, vegetation communities, etc.).  We tested locations for each
animal for lack of independence with the multiresponse-sequence procedure (MRSP)
of BLOSSOM statistical software (Solow 1989, Slauson et al.4 1991) and eliminated
locations until no significant (P > 0.05) autocorrelation was detected (Nicholson et al.
1997).  We pooled telemetry locations of female sheep by area (mined vs. nonmined)
to define areas of available habitat and used the program CALHOME (Kie et al. 1996)
to construct a 100% minimum convex polygon around those locations.  Resulting
polygons were buffered by 1,000 m to account for undetected movements (Bleich et
al. 1997), and to avoid biases in assessing habitat selection from only within the home
ranges of sheep (Kie et al. 2002).  We then generated random locations within each
buffered polygon with the same frequency as sheep locations used to construct that
polygon. Next, we used a Geographic Information System (GIS; ARC/INFO®,
Environmental Systems Research Institute, Redlands, California) to generate a circle
with a radius of 200 m around each sheep (i.e., potential telemetry error) and random
location; area within those circles was used to calculate relative use and availability of
habitat attributes (Andrew et al. 1999, Nicholson et al. 1997).

We generated a three-dimensional model of terrain for the study area from USGS
7.5’ digital elevation models (DEM) with 30-m resolution using the GRID module of
ARC/INFO.  The DEM provided information on elevation, slope, and aspect associated
with each telemetry location.  Because resolution of the DEM was 30 m, the radius of
the circle used to assess associated features was 210 m (i.e., 30 m x 7 pixels).  We used
the product of the SD of slope and the mean angular deviation of aspect inside each
circle as an index to terrain diversity (Nicholson et al. 1997). We used the GIS to estimate
visibility (i.e., the viewshed) from each female sheep and random location to examine
the role of visibility in habitat selection among female sheep.  The GIS calculated the
two-dimensional area that would be visible from a height of 1 m (approximate eye-level
of a sheep) within a circle having a radius of 1,000 m.

A GIS layer of vegetation communities was developed for the study area from the
LANDSAT-TM scene.  Because alkali playa, desert-saltbush scrub, and the bristlecone-

4 Slauson, W. L., B. S. Cade, and J. D. Richards.  1991.  User’s manual for BLOSSOM statistical
software.  United States Fish and Wildlife Service, National Ecology Research Center, Fort
Collins, Colorado, USA.
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pine forest represented <0.5% of the available plant communities, and because female
sheep were not located in those vegetation types, we eliminated them from further
consideration.  We also digitized the locations of roads and springs from USGS 7.5’
quadrangle maps to evaluate those factors relative to use of habitat by sheep.

We used stepwise logistic regression (PROC LOGISTIC; SAS Institute Inc. 1997)
with an α-to-enter and stay of 0.15 (Agresti 1990) to identify variables that might be
important in differentiating random locations from those used by sheep (Nicholson et
al. 1997).  For our habitat analyses, we treated the individual animals as our sampling
unit to eliminate inflated sample sizes associated with using individual telemetry
locations as sampling units.  Using variables selected by logistic regression, we
calculated a vector of means for each female sheep during each season (i.e., three
vectors for each female).  Because availability of the habitat variables we measured does
not change by season, we calculated a single vector of means for those variables at the
random locations in each of the mined and nonmined areas.  Finally, we generated a
vector of differences for each female sheep during each season (i.e., sheep minus the
random vector from its corresponding area); resulting vectors became dependent
variables in a two-way multivariate analysis of variance (MANOVA; Johnson and
Wichern 1988) to test hypotheses regarding selection of habitat.  Main effects in the
habitat model were area (mined and nonmined) and season (spring, summer, and
autumn); significance of the model was determined with Wilks’ lambda (Johnson and
Wichern 1988).  We determined selection or avoidance of habitat variables following
the methods of Nicholson et al. (1997) and Bowyer et al. (1999).  Additionally, we used
a two-way ANOVA (random vs. sheep location, and season, as main effects) to compare
distances from the Briggs Mine to sheep locations in mined and nonmined areas.

Home-range Analyses

Prior to calculating adaptive-kernel home ranges for each female sheep, we used
CALHOME to estimate the parameter for the optimum smoothing of the 95% adaptive
kernel for that sheep (Worton 1989, Kie et al. 1996).  Next, we calculated 95% adaptive-
kernel home ranges based on 60-120% (in increments of 10%) of that smoothing
parameter; the value that minimized the least squares cross-validation score for each
individual data set was then used as the smoothing parameter for calculating 95, 50, and
10% adaptive-kernel home ranges for that animal (Kie et al. 1996).  We considered the
10% adaptive-kernel home range to be the center of activity for a particular sheep; we
then used the GIS to measure distances from that centroid of the home range to
permanent springs and roads.

To determine if we had an adequate number of locations to estimate home ranges
for each mountain sheep, we first plotted the area within 95% adaptive-kernel home
range against cumulative sample size, and then estimated the sample size necessary to
compute the home range using the nonlinear procedure in SPSS (SPSS Inc. 1993): home-
range size = A(1 - ebn), where A is the asymptote of the equation, e is the base of the
natural log, n is the sample size, and b is a constant.  Data sets that did not attain 90%
of that asymptotic value were eliminated from further analyses (Nicholson et al. 1997).
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We tested hypotheses regarding home-range size with data from seasons combined,
because of inadequate numbers of locations within seasons.  We analyzed size of home
ranges using a two-sample t-test, and a one-way analysis of covariance (ANCOVA)
with area as the main effect, and distances from the center of activity to nearest spring
and road as covariates.  We used the multi-response permutation procedure (MRPP)
of BLOSSOM statistical software (Slauson et al.4 1991) to test our assumption that
sheep assigned to mined and nonmined populations inhabited unique geographic
areas.

Foraging Behavior

We collected data on head position (i.e., up vs. down) of female mountain sheep
fitted with activity collars (mined, n = 8; nonmined, n = 10) via two remote recording
stations (Receiver Model 2100, Data Logger Model DCC-5400, Advanced Telemetry
Systems, Isanti, Minnesota) deployed from March 1996 to September 1997.  The
telemetry frequency of each sheep was scanned at 15-min intervals until either that
frequency was received and a pulse rate could be ascertained, or for a maximum of 1
min.  If that frequency was not received within 1 min., the datalogger proceeded to the
next frequency in its memory and repeated the previously described process.  Each time
a frequency was received and a corresponding pulse rate was determined for that
frequency, that observation (i.e., an instantaneous scan; Altmann 1974) was coded as
either head-up or head-down; the resulting data were then pooled by individual animal
at 1-hour intervals.  We used a two-sample Z-test for proportions (Remington and
Schork 1970) to evaluate the ability of the recording system to correctly quantify the
proportion of time an animal spent with its head in a particular position, and to compare
the proportion of time spent feeding with the position of the head.  We further evaluated
bias of the recording system following the methods of Hansen et al. (1992).

We conducted validation tests for concordance between direct visual observation
and the recording system at the Bighorn Institute, Palm Desert, California, USA.  One
desert sheep was fitted with an activity collar (Advanced Telemetry Systems, Isanti,
Minnesota), and the position of its head was recorded every 30 seconds using our
electronic system.  We conducted instantaneous-scan sampling (Altmann 1974)
simultaneously with the collection of electronic data to serve as a measure of the “true”
activity of the collared animal at that instant; we recorded head position (up or down)
and the activity in which the animal was engaged (e.g., feeding, bedded, walking, etc.)
at the same time the datalogger recorded its observation.  We used data on head
position to test the system for accuracy, whereas information on feeding was used to
establish a relationship between head position and time spent feeding (Bradshaw et
al. 1997).  During validation of data collection by our remote system, the proportion of
head-up and head-down observations recorded by the datalogger and the observer (n
= 1,277) did not differ (Z = 0.775, P = 0.441); the recording system underestimated head-
down positions by 1.2%.  Additionally, no significant difference existed in the
proportion of time in the head-down position (as indexed by the recorder) and the
proportion of time spent foraging in direct observations (Z = 0.163, P = 0.873).  Bias
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associated with foraging was minimal with the electronic system, which overestimated
observed foraging by 0.2%; consequently, we assumed that a head-down signal
indicated a foraging animal, whereas a head-up signal was consistent with activities
other than foraging.

Response to Blasting

Because we knew the days on which blasting occurred at the Briggs mine, we used
days since blasting as our measure of response to that potential disturbance.  We used
a weighted mixed-model ANOVA (PROC MIXED; SAS Institute Inc. 1997) to test for
the effect of blasting on head position (i.e., foraging vs. nonforaging); this model is
appropriate when data contain both fixed and random components, and exhibit
heterogeneous variances (SAS Institute Inc. 1997).  Number of observations for each
female during a particular day and hour were used to weight proportional data.  Fixed
effects were area, season, number of days since blasting (day of the blast, 1-3 days post-
blasting, and >3 days post-blasting), and time of day (0100-0459, 0500-0859, 0900-1259,
1300-1659, 1700-2059, and 2100-0059 h).  Individual animals (nested within area) were
considered a random component, and were included to account for individual variation
among animals; interactions incorporating that term also were considered random
effects (SAS Institute Inc. 1997).  The interaction season H time period H animals nested
within area was used to test for differences between areas resulting from ecological
processes (i.e., seasonal and diurnal patterns), whereas days since blasting H time
period H animals nested within area was used to test for effects of blasting.

Forage Abundance and Quality

We quantified vegetation using step-point sampling along 100-m transects that
were located randomly (Bowyer and Bleich 1984, Bleich et al. 1997) within mined and
nonmined areas.  We compared relative abundance between those areas using
MANOVA and univariate F-tests.  Samples of 12 forage species (five samples/species/
area/month), consumed by mountain sheep (Bleich et al. 1992), were collected from July
1995 to June 1996 for analyses of percent crude protein (nitrogen H 6.25), in vitro dry
matter digestibility (IVDMD), and moisture content following the methods of Bleich et
al. (1992).  Species of perennial forbs sampled were desert mallow, Sphaeralcea
ambigua, desert trumpet, Eriogonum inflatum, and Rixford eriogonum, E. rixfordii.
Perennial grasses were needlegrass, Stipa speciosa, and three-awn, Aristida glauca;
representative species of shrubs included bedstraw, Galium stellatum, burro-weed,
Ambrosia dumosa, desert holly, Atriplex hymenelytra, brittle bush, Encelia farinosa,
Mormon-tea, Ephedra nevadensis, California buckwheat, Eriogonum fasciculatum,
and mesquite, Prosopis glandulosa.

We analyzed IVDMD and moisture of perennial forbs and shrubs separately using
three-way ANOVA (main effects were area, season, and forage class).  Crude protein
of perennial forbs and shrubs was analyzed with a three-way ranked ANOVA (Conover
and Iman 1981) with the same factors.  Because of nonconstant variances when grass
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was incorporated into the overall model, that forage class was analyzed separately with
a two-way ANOVA (area and season as main effects).

Diet Quality and Composition

We used a combination of telemetry (aerial and ground-based) and field observations
to locate female groups for collection of fresh fecal pellets (i.e., <1-week-old) each month
(June 1995-September 1997) within our study areas.  We collected samples on
approximately the same date each month, and stored them appropriately (Jenks et al.
1990) prior to conducting analyses.  Because the California Department of Fish and
Game had collared adult males (n = 10) in our study area as part of another project, we
were able to use telemetry and direct observation to avoid areas inhabited predominantly
by males (Bleich et al. 1997), thereby avoiding biases that might be introduced if we
included their samples in our analyses.  We attempted to collect >5 pellet groups (25
pellets per group) from each area each month.  We determined percent fecal nitrogen
for each sample as described previously for forage samples; this measure provided an
index to diet quality (Bleich et al. 1997).

We used composited fecal samples (Bleich et al. 1997) collected between June 1995
and August 1996 to index composition of diets.  Species of plants in fecal samples were
determined at the Forage Analysis Laboratory, University of Arizona, with the
microhistological technique described by Sparks and Malechek (1968).  Plant fragments
were categorized as perennial forbs, perennial grasses, shrubs, or succulents for
statistical analyses (Bleich et al. 1997).  Diet composition was analyzed with a two-way
MANOVA with forage classes as dependent variables and area and season as main
effects, whereas fecal nitrogen was evaluated with a two-way ANOVA with area and
season as main effects.

Additional Analyses

We indexed relative abundance of carnivores on each area by noting when they
were encountered during helicopter flights, and by collecting carnivore feces in the
field.  Feces were enumerated and pooled within each area, and feces per kilometer of
line transect for each area was compared with a t-test (Bleich et al. 1997).

We compared the ratios of young to adult females observed during fieldwork and
helicopter surveys using a binomial approach (Bowyer 1991).  We calculated 95% CI
for estimates, and compared ratios between areas for a particular period with the 95%
CI; where CI overlapped, we assumed the ratio of young to adult females did not differ
during that period (Bowyer 1991).

When multi-factor ANOVA was employed, all individual factor levels and their
interactions were evaluated; significant models (P < 0.05) were explored further with
Tukey’s honestly significant difference (HSD) to determine where differences occurred.
We analyzed data using the software PC SAS (SAS Institute Inc. 1997) and SPSS
(Statistical Package for the Social Sciences 1993).  We used a Bonferroni correction
(Kleinbaum et al. 1988) when conducting multiple comparisons.  We examined
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assumptions of each statistical test and transformed data as necessary to meet those
assumptions.  Bivariate correlations were evaluated with a Pearson product-moment
correlation (Zar 1984). An α = 0.05 was adopted for all tests.  Unless otherwise noted,
we present means and standard errors for descriptive statistics.

RESULTS

Capture and Aerial Telemetry

We captured 8 female sheep (5 in 1995 and 3 in 1996) in the mined area, and 11 (8
in 1995 and 3 in 1996) in the nonmined area; no deaths of animals occurred during our
capture efforts.  During 45 h of extensive capture and survey efforts with a helicopter,
we observed only 22 individual adult females within the specific area encompassing
both study sites (Fig. 2), of which 19 (86%) were radiocollared during some portion of
this study.  We conducted 70 telemetry flights during June 1995-October 1997; female
sheep were located 653 times (340 on the mined and 313 on the nonmined areas); the
number of locations/female was 48.6 + 5.8 on the mined and 39.1 + 3.9 on the nonmined
area. Additionally, our initial assignment of females to discrete populations (Fig. 2; i.e.,
mined or nonmined) was supported by their differing spatial distributions (MRPP; δ =
-124.340, P < 0.001).

Habitat Selection

Number of independent locations per female sheep in our analyses was 43.3 + 4.4
in the mined and 34.1 + 3.8 in the nonmined areas.  The logistic-regression model, which
exhibited good fit (X2 = 4.54, P = 0.85), identified four variables as useful in distinguishing
between random sites and those used by female sheep: percentage of the mixed-woody-
scrub plant community (X2 = 108.80, P < 0.001), elevation (X2 = 17.88, P < 0.001), percent
slope (X2 = 22.89, P < 0.001), and percent visibility (X2 = 3.03, P < 0.001; Table 1).  Females
from mined and nonmined areas, however, did not differ in how they used habitat
(MANOVA, F8,70 = 0.988, P = 0.452).  When compared to random locations, both groups
selected sites in the mixed-woody scrub plant community at lower elevations, on
steeper slopes, and with less visibility (Fig. 4).

Distance to permanent springs did not enter the logistic-regression model; however,
because of an a priori hypothesis concerning its importance to desert sheep, we used
a two-way ANOVA (area and season as main effects) to address that variable.  When
data from both areas were pooled, distance from water to random sites and to those used
by female sheep differed significantly (F5,1151 = 4.34, P = 0.013).  After controlling for
availability of water, female sheep from the mined area were significantly nearer water
than those from the nonmined area during autumn (F1,364 = 9.27, P = 0.002).  During spring
and summer, however, distance to water was not significantly different between areas
(F1,232 = 2.69, P = 0.102 and F1,544 = 0.06, P = 0.799, respectively).  In general, females from
both areas were nearer water than were random locations during summer (Table 1).

Within the mined area, significant differences occurred in the spatial distribution
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Fig. 4.  Selection (used minus available) of habitat variables by female mountain sheep in the
Panamint Range, Inyo County, California, USA, during 1995-1997.  Mixed woody-scrub,
elevation, slope, and visibility were significant variables in a logistic regression model (X 2 = 4.54,
P = 0.85) for differentiating sheep locations from random locations.  P-values for distance to
springs are from ANOVA, and numbers above or below bars represent number of sheep
locations used in that analysis.
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of sheep and random locations relative to the Briggs Mine (two-way ANOVA, F5,605 =
19.00, P < 0.001); females were consistently nearer the mine than were random locations
(ANOVA, F1,605 = 67.09, P < 0.001).  Moreover, there were significant differences
between seasons in the distances that sheep occurred from the mine (F2,302 = 6.68, P
< 0.001); female sheep were closer to the mine during summer (2,091 + 166 m) than in
autumn (3,267 + 340 m), whereas during spring they were at an intermediate distance
from the mine (2,975 + 326 m); distance from the mine in spring did not differ from that
in summer.

Home Range

We determined that a mean minimum sample of 26.7 + 2.4 telemetry locations in the
mined (n = 7) and 26.5 + 2.6 in the nonmined (n = 8) areas were required for home range
estimation; four individuals lacked an adequate sample and were eliminated from our
analyses.  Mean sizes of annual home ranges did not differ significantly between areas
(Table 2).  Moreover, sizes of home ranges did not differ after controlling for effects of
distance to the nearest permanent spring (ANCOVA, F1,12 = 0.482, P = 0.501), or road
(ANCOVA, F1,12 = 0.325, P = 0.579).

Table 2.  Size of annual home ranges (ha) of female mountain sheep from mined and
nonmined areas in the Panamint Range, Inyo County, California, USA, during 1995-1997.
P-values from two-sample t-tests are for within-row comparisons of mined versus
nonmined areas.

Area
Nonmined (n = 8) Mined (n = 7)

Home Range Model 0 SE CV 0 SE CV P

Adaptive Kernel
   95% 6,926 834 34 6,222 806 34 0.557
   50% 1,230 193 44 954 118 33 0.260
Min. Convex Polygon
   95% 4,006 445 31 3,467 396 30 0.395

Foraging Behavior

We collected 10,241 and 7,023 h of data on head position (hereafter foraging, or
foraging activity) for sheep inhabiting the mined (n = 8) and nonmined (n = 10) areas,
respectively (Fig. 5).  Number of days since blasting occurred had a significant effect
on the proportion of time that females spent foraging (F4,334 = 17.68, P < 0.001).  When
a reduced model (all main effects and the interaction days since blasting H time period
H animals nested within area) was conducted by season, the three-way interaction was
highly significant during all 3 seasons.  That effect was greatest in summer (Z = 8.07,
P < 0.001), intermediate during spring (Z = 7.49, P = 0.001), and smallest during autumn
(Z = 6.81, P = 0.001).
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Fig 5.  Percent time with the head in a foraging position (indexed by tip-switch collars) for female
mountain sheep from mined and nonmined areas in the Panamint Range, Inyo County, California,
USA, during 1996-1997.  Value of bars (+ 1 SE) are least-squares means from mixed-model
ANOVA (PROC MIXED; SAS 1997); numbers above bars are total hours of data collected for
that bar.
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We further examined number of days between blasts for the mined area with a two-
way MANOVA, with days between blasting and amount of explosives per blast as
dependent variables, and season as the class variable.  We noted significant differences
among seasons (F4,400 = 3.58, P = 0.007), which were not the result of differences in the
amount of explosives used per blast during spring (20,462 + 1,362 tons), summer (23,204
+ 905 tons), or autumn (22,020 + 1,280 tons) (F2,201 = 1.61, P = 0.202), but rather number
of days between blasts (F2,201 = 5.76, P = 0.004). There were significantly fewer days
between blasts during summer (1.5 + 0.2) and spring (2.2 + 0.3) than during autumn (3.0
+ 0.4) (F2,203 = 5.76, P = 0.004).  There were 3,397,878 metric tons of ore removed from
the pit during spring, 4,785,498 in summer, and 2,552,166 during autumn.  Amount of
ore hauled each month was positively correlated with tons of explosives used during
that month (r2 = 0.83, P < 0.001).

Forage Abundance

We quantified vegetation on 24 and 36 transects in the mined, and nonmined areas,
respectively (Fig. 6), and documented significant differences between areas in types
of ground cover (F1,58 = 12.21, P < 0.001).  Transects on the nonmined area were
characterized by more annuals (F1,58 = 48.55, P < 0.001), forbs (F1,58 = 7.16, P = 0.009),
and bare ground (F1,58 = 8.41, P = 0.005) than those in the mined area, whereas abundance
of succulents (F1,58 = 3.79, P = 0.056) and shrubs (F1,58 = 0.00, P = 0.99) did not differ
between areas.

Forage Quality

We collected 1,152 forage samples within mined (n = 578) and nonmined (n = 574)
areas.  No significant differences occurred in moisture content of perennial forbs and
shrubs between areas, but differences existed among seasons (F11,191 = 1.88, P = 0.044),
with shrubs possessing a higher moisture content than perennial forbs during spring
(F3,77 = 3.35, P = 0.023; Fig. 7).  Similarly, there were no significant differences between
areas in IVDMD of perennial forbs or shrubs (F1,191 = 2.90, P = 0.090); nevertheless,
IVDMD of perennial forbs and shrubs differed significantly among seasons (F1,191 =
24.62, P < 0.001).  Shrubs had consistently higher IVDMD than did perennial forbs
during spring (F1,77 = 22.15, P < 0.001) and summer (F1,63 = 6.30, P = 0.015), but that
relationship was not as apparent during autumn (F1,49 = 3.30, P = 0.075).  Conversely,
when an overall model considered crude protein of perennial forbs and shrubs, there
were no area or seasonal effects (F11,191 = 0.90, P = 0.546).

When perennial grasses were analyzed separately, there were significant differences
in protein between seasons (F5,23 = 7.52, P < 0.001); further examination revealed
differences were attributable to perennial grasses having higher protein content during
spring in both mined (F2,11 = 6.55, P = 0.017) and nonmined (F2,11 = 9.87, P = 0.005) areas.
Likewise, significant differences occurred in IVDMD (F5,23 = 6.42, P < 0.001) and
moisture content (F5,23 = 4.52, P = 0.008) of perennial grasses from mined and nonmined
areas.  Again, differences were driven largely by the effects of spring; IVDMD was
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Fig. 6.  Mean (+ 1 SE) vegetative cover (%) in habitats used by radiocollared female mountain
sheep from mined (n = 24 transects) and nonmined (n = 36 transects) areas in the Panamint
Range, Inyo County, California, during 1995-1997.  Numbers above bars indicate occurrence
(i.e., "hits") of that type of vegetation on all transects, and P-values are from univariate F tests.
Grasses were not detected on transects in either area, and percentage of bare ground was
significantly greater (P = 0.005) in mined (87%) than the nonmined area (81%).

significantly higher (F1,5 = 29.58, P = 0.005) on the mined than the nonmined area (0=
66.4 + 4.7 and ¯x = 42.5 + 5.9%, respectively) during spring.  Moisture content of
perennial grasses did not differ between areas (F2,23 = 2.18, P = 0.157), but was
significantly higher in both areas during spring than in autumn (F2,11 = 7.39, P = 0.013).
Overall, there was a clear trend in both areas for increased quality of forage among all
classes during spring (Fig. 7).

Diet Quality and Composition

We collected 175 individual fecal groups from the mined area and 184 from the
nonmined area for assessing quality of diet.  There were significant area and seasonal
effects on quality of diets (two-way ANOVA; F13,358 = 32.18, P < 0.001; Fig. 8). Female
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Fig. 7.  Percent dry matter crude protein (top), in vitro dry matter digestibility (middle), and moisture
(bottom) content of forage classes  (0 + SE) eaten by mountain sheep in the Panamint Range,
Inyo County, California, during 1995-1996.  Asterisk indicates significant difference (P < 0.01)
between areas and numbers above bars represent sample size from each area in the
comparison.
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sheep on the nonmined area had consistently higher levels of fecal nitrogen than
conspecifics in the mined area (Fig. 8).  Moreover, diet quality was highest during spring
(Fig. 8), which was consistent with forage classes having higher levels of crude protein,
moisture, and increased digestibility during that season (Fig. 7).  Although level of
tannins in shrubs may have increased fecal nitrogen, this is unlikely to have occurred
because there was not a consistent or significant correlation between fecal nitrogen
and the amount of shrubs in the diets of sheep from mined (r2 = 0.882, P = 0.118), or
nonmined (r2 = -0.268, P = 0.732) areas.

No significant differences occurred between areas in the proportions of forage
classes in the diet of female sheep (two-way MANOVA, F8,32 = 1.27, P = 0.292).  During
all seasons, shrubs were the most prevalent vegetation type in diets of females from
both areas (Table 3).  Overall, diets of female sheep contained an average of 55% shrubs,
30% forbs, 11% succulents, and 4% grasses.

Fig. 8.  Mean percent fecal nitrogen of female mountain sheep from mined and nonmined areas
in the Panamint Range, Inyo County, California, during 1995-1997.  Numbers above bars indicate
sample size, bars represent 1 SE, and P-values are from two-sample t-tests.
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Table 3.  Percent of forage classes in the diets of female mountain sheep indexed from
microhistological analyses of their feces, from mined and nonmined areas in the Panamint
Range, Inyo County, California, USA, during 1995-1996.

Percentage of forage classa

Forb Grass Shrub Succulent
   Area 0 SE 0 SE 0 SE 0 SE

Spring 
Mined (3)b 34.4 2.3 1.1 0.6 53.5 2.4 11.1 0.7
Nonmined (3) 26.4 8.3 4.1 0.6 53.9 8.9 15.6 1.0

Summer 
Mined (7) 27.1 3.8 4.5 1.4 59.3 5.1 9.2 1.7
Nonmined (6) 31.0 5.7 5.9 1.0 52.9 4.9 10.3 2.4

Autumn 
Mined (2) 35.4 5.5 1.5 1.5 48.9 3.4 14.3 0.6
Nonmined (4) 31.3 5.2 1.8 1.4 57.5 8.1 9.4 3.8

aOverall MANOVA (area and season) was not significant (F8,32 = 1.27, P = 0.292).
bNumber of composite fecal samples for that season.

Mortality and Indices to Predator Abundance

There were seven mortalities of female sheep in the nonmined area, and two in the
mined area.  In the nonmined area, two mortalities were attributed to predation by
mountain lions, one fell to its death, and causes of death for the other four could not
be ascertained.  Similarly, causes of mortality for two female sheep in the mined area
could not be determined.  No differences existed in the ratio of young to adult females
between mined and nonmined areas (Table 4).

From July 1995 to September 1997, we sampled transects totaling 24 and 34 km in
length for carnivore feces from the mined and nonmined areas, respectively.  When
feces encountered on transects were pooled by area, there was no significant difference
(t22 = -1.91, P = 0.077) in the number of feces/km between mined (1.6 + 0.3) and nonmined
(1.0 + 0.1) sites.  No carnivores were sighted during the course of fieldwork on either
study area; however, most work was performed during the day.  Additionally, no
carnivores were observed on the study area while conducting captures of sheep (~45
h of helicopter flight-time).

DISCUSSION

Collared mountain sheep constituted 86% of the adult female sheep observed in our
two study areas.  Overall, we observed few effects that we could attribute to mining on
the demography or other characteristics of populations of female sheep inhabiting
mined and nonmined areas.  For instance, proportion of young to adult females was not
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different between areas during any of the 3 years we monitored those subpopulations
(Table 4).  Moisture content, crude protein, and IVDMD of forage classes were highest
for both areas in spring, intermediate in summer, and lowest during autumn (Fig. 7).
Those outcomes are consistent with patterns in the quality of forage observed for other
ranges inhabited by sheep in desert environments (Bleich et al. 1997, Krausman et al.
1989).  Digestibility of grass was highest in the mined area during spring, but that was
the only difference we detected in forage quality between areas (Fig. 7).  We observed
no differences in composition of diets of female sheep from mined and nonmined areas,
although differences existed between forage classes consumed across seasons (Table
3).  The former outcome is probably the result of the similarity in quality (Fig. 7) and
availability of forage species (i.e., shrubs) between sites (Fig. 6), whereas the latter is
likely a consequence of how desert plants with differing life-history strategies respond
to variation in precipitation (Beatley 1974).  Thus, female sheep from both areas used
forage classes differentially, depending on seasonal quality and availability.  Differences
in availability of forage (as indexed by vegetative cover) between areas were minimal
and limited to percentage of annual plants and perennial forbs (Fig. 6).

Size of annual home ranges for females did not differ significantly between areas
(Table 2).  Indeed, there was substantial individual variation and no clear pattern in

Table 4.  Young and adult female mountain sheep observed during aerial surveys near mined
and nonmined areas in the Panamint Range, Inyo County, California, USA, during 1995-
1997.

Date 
Area Young (n) Females (n) Pl

b 95% CI (Pl)

Jun 1995a

Mined 5 7 0.416 0.132-0.700
Nonmined 6 8 0.428 0.290-0.909

Oct 1995a 
Mined 1 4 0.200 0.000-0.551
Nonmined 6 10 0.375 0.138-0.612

Jun 1996a 
Mined 4 8 0.333 0.117-0.549
Nonmined 5 14 0.260 0.007-0.513

Jan 1997a

Mined 3 4 0.428 0.054-0.802
Nonmined 2 4 0.666 0.281-1.000

Oct 1997a

Mined 3 4 0.428 0.054-0.802
Nonmined 3 6 0.333 0.019-0.647

aProportion of young to adult females did not differ between areas during that survey as
indicated by overlap of 95% confidence intervals.
bRatio and confidence intervals (CI) determined following methods of Bowyer (1991).
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those data (Table 2).  Berger (1991) suggested that use of steep rocky habitats was more
pronounced for post-parturient female mountain sheep when compared with those
without young.  In contrast, females without offspring were more likely to forage in areas
away from escape terrain, where quality of forage was better, but perceived risk of
predation higher (Berger 1991)—those factors could result in large home ranges for
females without young.  Thus, variability in sizes of home range in our study may have
occurred because not all collared females had young at heel, a hypothesis we could not
test because we were unable to ascertain the reproductive status of every female during
aerial telemetry flights.  Nonetheless, the large proportion of the population that was
collared and the lack of a difference in ratios of young to adult females between study
areas make this interpretation unlikely.

Females from both areas selected sites with more mixed woody-scrub, lower
elevations, steeper slopes, and less visibility than at random locations during all
seasons (Fig. 4, Table 1).  Several researchers (Berger 1991, Bleich et al. 1997, and others)
have reported that female sheep consistently used steep and rugged terrain that was
close to water.  That strategy likely represents a tradeoff between decreased forage
quality in steep rocky habitats and decreased rates of predation on neonates (Berger
1991, Bleich et al. 1997, Rachlow and Bowyer 1994, 1998). Following precipitation in early
spring, the proportion of grasses increased in the diets of sheep from the nonmined area,
but not for those in the mined area (Table 3).  That females in the nonmined area
apparently increased their use of that resource is consistent with other studies that
noted an increase in the consumption of graminoids by mountain sheep following
periods of precipitation (Wehausen and Hansen 1988, Berger 1991).  Berger (1991)
proposed that pre-parturient females that foraged at low elevations on open slopes
traded an increased risk of predation for the opportunity to maximize nutrient intake,
a hypothesis supported by research on other ungulates (Bowyer et al. 1999, Kie 1999,
Barten et al. 2001).  Females from the nonmined area had higher levels of fecal nitrogen
during spring than did those from the mined area (Fig. 8); such an outcome would be
consistent with the aforementioned strategy suggested by Berger (1991).  Although
females from both areas used areas lower in elevation than random locations, females
from the mined area may have been reluctant to forage on the lowest elevation slopes
adjacent to the mine during spring because of the proximity of those sites to activities
associated with the mine.

Patterns of foraging were not similar between subpopulations of female sheep (Fig.
5), and interpretation of those results during spring was not straightforward.  If females
in the mined area were precluded from foraging on graminoids during spring by mining
activities, they may have had to forage more intensively (i.e., spent more time foraging)
in steep areas where forage quality was lower (Bleich et al. 1997).  Indeed, quality of diet
was lower for female sheep in the mined area during spring (Fig. 8).  Although mountain
sheep may habituate to human-caused disturbances (Morgantini and Worbets 1988),
those ungulates have been reported to avoid areas where disturbance was extreme
(Leslie and Douglas 1980, Berger 1991, Stockwell et al. 1991), and did not appear to
habituate to extreme disturbances such as helicopter overflights (Bleich et al. 1994).

Availability and juxtaposition of water within each area may be the most parsimonious
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explanation for differences we observed in foraging ecology between groups of female
mountain sheep inhabiting mined and nonmined areas during summer. Indeed, females
from both areas were nearer water during summer than other seasons (Table 1).  Sources
of permanent water were fewer and more dispersed in the mined area.  Moreover, female
sheep in that area relied almost exclusively on Redlands Spring, which was adjacent
to the mine, to meet their metabolic needs for water during summer.  In contrast, females
in the nonmined area used several springs.  Turner5 (1973) reported that daily needs
for water for desert mountain sheep was about 4% of their body mass, and that this
amount could not be obtained from forage during the hot summer.  Desert sheep have
been reported to inhabit ranges without sources of perennial water (Krausman et al.
1985b); nevertheless, that result would not preclude water affecting the distribution of
sheep in other areas.  For instance, free water strongly affected the distributions of other
ungulates, even in situations where water was abundant and therefore could not be
limiting those populations (Bowyer 1981, Stewart et al. 2002).

Alderman et al. (1989) reported that in the Little Harquahala Mountains, Arizona,
where permanent water was not available, desert sheep likely met their metabolic needs
by using pools of free-standing water that accumulated in depressions in the substrate
after occasional thunderstorms.  During our investigation, however, summer
thundershowers were rare (Oehler et al. 2003); the lack of summer rain likely would have
limited areas that could be used by desert sheep during that season.  As a consequence
of their reliance on Redlands Spring during summer, female mountain sheep in the mined
area also were closest to the Briggs Mine during that season (Table 1).

Several studies have reported that the magnitude of a response to a disturbance
is a function of the proximity to the stimulus (MacArthur et al. 1982, Stockwell et al. 1991,
Bleich et al. 1994).  Stockwell et al. (1991) concluded that mountain sheep in the Grand
Canyon, Arizona, foraged more efficiently as distance from helicopter disturbance
increased.  Similarly, MacArthur et al. (1982) reported mountain sheep in Alberta,
Canada, exposed to low-flying aircraft (90-250 m), exhibited a 3.5-fold increase in heart
rate over those exposed to high-flying aircraft (>400 m).  Results from our analyses of
foraging behavior and diet quality suggest that female sheep in the mined area were
disturbed by activities associated with the Briggs Mine during summer.  That outcome
is consistent with the interval between blasting being shortest during summer (1.5 +
0.2 days).  Moreover, amount of ore hauled (an index to vehicle activity) from the mine
pit also was highest during summer, and was strongly correlated with the amount of
explosives used at the mine.

Patterns of decreased foraging by mountain sheep in the mined area during summer
and autumn (Fig. 5) may have been the result of those females spending more time
vigilant and, concomitantly, less time foraging (Berger 1991, Stockwell et al. 1991).  That
conclusion is in keeping with sheep in the mined area obtaining lower-quality diets
during summer than sheep from the nonmined area (Fig. 8) as a consequence of
decreased foraging efficiency (Berger 1991, Stockwell et al. 1991, Molvar and Bowyer

5Turner, J. C.  1973.  Water, energy and electrolyte balance in the desert bighorn sheep Ovis
canadensis.  Dissertation, University of California, Riverside, USA.
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1994, Bowyer et al. 2001).  Likewise, summer was when the greatest disparity in quality
of diets of sheep occurred (Fig. 8).  Differences in levels of foraging during autumn were
similar to those of summer for sheep in the mined area (i.e., consistently lower than the
nonmined area; Fig. 5); however, interpretation is less clear than for summer.

During autumn, as daytime temperatures (Oehler et al. 2003) and metabolic needs
for water decreased, levels of foraging were most similar between areas, and may have
been an outcome of sheep from the mined area moving away from Redlands Spring
(Table 1) and, consequently, away from the mine.  Moreover, an increased interval
between blasts at the mine, and subsequently less ore being removed during autumn
than summer, may have ameliorated disturbances to sheep.  Quality of forage was
lowest during autumn (Fig. 7); however, decreased water requirements (Turner5 1973)
associated with lower temperatures probably allowed sheep in the mined area to
venture further from Redlands Spring in search of higher-quality forage.  We hypothesize
that the resultant increase in foraging by sheep in the mined area during autumn (Fig.
5), and the small difference in quality of diets between areas (Fig. 8), are the result of
those animals moving away from the area of disturbance as physiological demands for
water became less severe.

A combination of four factors offers the best explanation for our results: 1) proximity
of Briggs Mine to the primary source of water used by females in the mined area; 2) a
limited number of permanent sources of water in the mined area; 3) lack of rainfall during
summer and autumn (Oehler et al. 2003); and 4) philopatric behavior of female mountain
sheep (Geist 1968), which lessened the tendency to disperse from the disturbance
caused by mining.  In concert, those factors likely resulted in females remaining near
the mine where disturbance was greatest, particularly during summer when metabolic
needs for water also were highest.  Leslie and Douglas (1980) reported that female
mountain sheep in Nevada altered their watering patterns in response to construction
activities near a primary source of water.  In contrast, we did not observe such a result,
presumably because of the high degree of fidelity of females to Redlands Spring and
the scarcity of other nearby sources of free water.

Demographic consequences in response to disturbance are difficult to document
because of high variability in observed population parameters (e.g., young to female
ratios); therefore, less-direct measurements are of value for these types of investigations.
For example, small changes in diet quality can result in important nutritional changes
in females over time, and thereby affect subsequent reproductive efforts (White 1983).
Also, nutrition, as affected by forage quality and efficiency of foraging (Berger 1979),
can be linked to nutrition of females, and thereby survivorship of young ungulates
(Keech et al. 2000). Such consequences can be especially important to desert mountain
sheep, particularly in marginal environments, where recruitment is comparatively low
(Rubin et al. 2000).  If the outcomes we observed persist in the mined area, we
hypothesize that reduced nutrient intake could have demographic consequences for
that subpopulation.

Because observed differences were most pronounced during summer, a reduction
of mining activities during that season may benefit sheep occupying areas near the
mine.  Most females have young at heel during spring, and shifting mining activity from
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summer to spring might be detrimental.  Increasing the interval between blasting, which
would result in a decrease in overall mining activity during summer, may ameliorate the
apparent effects of mining on sheep during that season.  Intensity of mining, as indexed
by days between blasting, amount of explosives used, and amount of ore hauled from
the pit, was lowest during autumn.  Although we have no direct data on levels of
potential auditory disturbance from the sound caused by blasting, amount of explosives
used undoubtedly provides an index to such stimuli.  If a shift in mining activity is
necessary to offset lost mine production in summer, we suggest that autumn is the best
time for the concomitant increase in activities.  Creation of additional sources of
permanent water away from the mine also may help reduce reliance of females on
Redlands Spring and, hence, reduce potential negative effects of mining on foraging
behavior.  We observed few effects of mining on demography or other characteristics
of mountain sheep populations; however, we caution that because of the unique
distribution of water in our study area, that our conclusions should not be generalized
to other circumstances where the juxtaposition of critical resources might differ,
thereby detrimentally affecting the demographics of mountain sheep.
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Introduction  

 

Desert bighorn 
sheep (Ovis canadensis) 
were once widespread 
throughout the desert 
mountain ranges of the 
southwestern United States 
and northern Mexico, and 
persist in many of those 
ranges (Buechner 1960).  
As herbivores living in arid 
environments, their ability 
to procure nutrients is 
substantially limited by the 
phenological patterns of the 
vegetation they feed on.  
Nutrient content of diets 
varies with the amount of 
green, growing plant tissue 
available to be eaten.  The 
youngest, most rapidly 
growing, plant tissue 

typically provides the highest digestibility (Van Soest 1982).  Sheep maximize their nutrient 
intake through very selective feeding, eating the most nutritious species and plant parts available.  
Patterns of nutrient intake determine when the nutrient-expensive process of gestation and 
lactation will be most successful and how successful it will be relative to lamb survival. 
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Deserts are characterized by scant precipitation, such that potential evapotranspiration 
greatly exceeds precipitation overall and soil moisture conditions are not conducive to plant 
growth for much of the year (Major 1977).  Climatic patterns vary across North American 
deserts in overall temperature (low elevation hot to high elevation cold alpine deserts) and 
seasons of rainfall (MacMahon 1979).  In addition, precipitation is typically quite variable 
between years (Wagner 1981).  Because plant phenology is closely tied to rainfall, nutrient 
availability for bighorn sheep inhabiting deserts also is quite limited annually.  An important 
question relative to life history and demographic patterns of desert bighorn sheep is the 
predictability of nutrient availability. 

The birthing season for wild sheep in North American varies with latitude.  Syntheses of 
available data have suggested two basic patterns: (1) a short (about 1-2 month) birthing season in 
late spring and early summer in northern climates that shifts slightly earlier with declining 
latitude; and (2) a long season (numerous months) in desert ecosystems of southwestern United 
States and adjacent Mexico (Bunnell 1982, Thompson and Turner 1982).  In some desert areas 
births have been documented throughout the year (Krausman et al. 1999).  Bunnell (1982) 
presented the shift between the two birthing patterns as an abrupt change at a latitude of about 38 
degrees. 

A related question is what underlies this purported sudden change in birthing patterns.  
Based on limited data from one bighorn sheep population in New Mexico, Lenarz (1979) 
hypothesized that the protracted lambing seasons of desert bighorn sheep represented an evolved 
gambling strategy to an environment that is unpredictable in nutrient availability.  That 
explanation has been widely accepted (Bailey 1980, Bunnell 1982, Thompson and Turner 1982, 
Krausman et al. 1999), but simulations by Lenarz and Conley (1982) cast some doubt on this 
characterization of the reproductive strategy of desert bighorn sheep. 

Drawing on the work of Beatley (1974) on phenological triggers in Mojave Desert 
ecosystems, Lenarz (1979) calculated the probability of obtaining 2.5 cm (1 inch) of rain in each 
month for his study area in New Mexico.  From those results Lenarz (1979:671) concluded the 
following: “in 3 of 10 years plant productivity will not begin until August or will fail altogether.  
The relationship between precipitation and plant productivity makes forage availability in deserts 
relatively unpredictable.”  

Here I examine the question of nutrient predictability using long-term data on diet quality 
patterns of bighorn sheep from three populations in the Eastern Mojave Desert of California.  I 
analyze patterns of nutrient availability relative to timing of birthing and the survivorship of 
lambs. 

 
Study Populations 
The populations investigated were (SE to NW) the Turtle Mountains, Old Woman 

Mountains, Marble Mountains, and Old Dad Mountain.  They form a transect about 150 km in 
length that passes through the Granite Mountains.  Only 3 years of data are available from the 
Turtle Mountains, which are used in just one analysis.  Of the four mountain ranges studied, the 
Turtle Mountains is the only one that is decidedly Sonoran Desert, supporting species like 
Ocotillo (Fouquieria splendens) and Ironwood (Olneya tesota).  The three Mojave Desert ranges 
form a transect about 100 km long.  The Old Woman Mountains are the highest, topping out at 
about 1600 m and contain sparse pinyon-juniper woodland at the highest elevations.  Volcanic 
and limestone substrates are essentially lacking.  The Marble Mountains is the lowest range, 
peaking out at about 1,150 m.  It is primarily a volcanic range with some limestone at the 
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southern end of the habitat used by sheep.  Old Dad Mountain peaks out at about 1300 m and is a 
combination of a large limestone massive and outlying volcanic ridges, some of which have 
considerable deposits of blow sand (Bleich et al 1997). 

The Mojave Desert is something 
of a hybrid between cold Great Basin 
and hot Sonoran Desert ecosystems 
that bound it.  Temperatures are 
intermediate.   Precipitation patterns 
also are intermediate (Figure 1), 
showing the bimodal pattern of the 
Sonoran Desert, but with a 
predominance of winter rainfall that 
characterizes the Great Basin Desert.  
For 44 years of data from Mitchell 
Caverns in the south Providence 
Mountains, 64 percent of the annual 
rainfall occurred during the winter-
spring season (November-May) and 
36% during the hot season (June-
October).  There is considerable inter-
annual variation in rainfall.  By the 
criteria of Lenarz (1979), the eastern 
Mojave Desert is less predicable than 
the Chihuahuan Desert ecosystem that 
he investigated.  His peak probabilities 
of receiving 2.5 cm of rainfall were 
0.70 and 0.74 for the months of July 
and August, respectively, whereas for 
the eastern Mojave Desert no month 
even reaches 0.5 (Figure 2).  
Consequently, unpredictable patterns 
of diet quality for bighorn sheep in the 
eastern Mojave Desert would be 
expected if Lenarz’s (1979) criteria are 
meaningful, while a regular periodicity 
in diet quality would not be consistent 
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Figure 2.  Probability of receiving 2.5 cm of precipitation by 
month at Mitchell Caverns in the south Providence 
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Figure 1.  Mean monthly rainfall for Mitchell Caverns in the 
south Providence Mountains, 1959-2002. 
with this expectation.   
 

Methods 
Diet quality of sheep was tracked via % nitrogen in feces (FN).  FN tracks apparent 

digestibility of the diet in a curvilinear relationship (Wehausen 1995).  The natural log of FN was 
used to linearize that relationship, and this measure was expressed on an organic matter (ash-
free) basis (lnFOMN) because this increases its resolution as an index of diet quality (Wehausen 
1995).  For the bighorn sheep populations in this study, this index varied from 0.3 to 1.2.  For 
domestic sheep, those values would correspond to a range of about 50-75% apparent digestibility 
(Wehausen 1995), which also may apply to bighorn sheep; both sheep species have similar 
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digestive systems, including a very large rumen and reticulum relative to body size (Hanley 
1982, Krausman et al. 1993). 

Fecal samples mostly were collected 
fresh from female groups of sheep seen.  
Where sheep could not be found, very 
recent tracks were found and followed to 
find fecal droppings.  Those samples were 
backdated by the estimated age of the 
tracks.  Sampling of feces was 
approximately monthly.  During seasons 
of rapid phenological change in the 
vegetation, this interval was somewhat 
shortened in some years, while during 
periods of phenological stasis the 
sampling interval was increased to 2 
months in some years.  For most 
samplings, equal amounts of each sample 
were composited for analysis by 
commercial labs to produce a single data 
point.  Where separate analyses were 
made for each sample, the mean was used. 

Figure 3.  Diet quality (% fecal organic matter nitrogen) 
for bighorn sheep in the Old Woman Mountains, 1984-
1999. 

Diet quality over multiple months, rather than single months, is most meaningful relative to 
many questions, such as lamb recruitment.  Consequently, I have measured the area under diet 
quality curves for the periods of interest (e.g. February through June) using a linear relationship 
between adjacent points.  Because sampling was not on the same day of the month each year, I 
standardized integrated values by dividing by the number of days between the first and last 
sampling points. 

The three long-term data sets 
analyzed consisted of continuous diet 
quality curves for 15-18 years depending 
on the population.  To investigate the 
question of temporal predictability of diet 
quality, I calculated for each month the 
proportion of the years in which the diet 
quality index reached 0.6 and 0.7.  Those 
values represent modest increases in diet 
quality relative to the minimum of 0.3.  
For domestic sheep, these respective 
values correspond to increases in apparent 
digestibility of about 8 and 10.5%. 

As a test of Lenarz’s (1979) 
approach to using precipitation data, I 
investigated actual influences of 
precipitation in individual months on diet 
quality for the longest data set (Marble 
Mountains) via simple and multiple linear 
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Figure 4.  Probability by month that the natural log of fecal 
organic matter nitrogen equals or exceeds 0.6 for bighorn 
sheep at Old Dad Mountain and the Marble and Old 
Woman Mountains, California. 



regression, and the use of logged variables to investigate curvilinear relationships. 
I investigated the influence of February-June diet quality on recruitment of lambs to the 

beginning of summer via regression analysis.  Lamb recruitment was measured as the ratio of 
lambs per 100 ewes from direct samplings in late spring and analysis of automated cameras 
placed at water sources at the beginning of the hot season.  
 
Results and Discussion 
Diet Quality Patterns and Predictability 

Contrary to predictions from Lenarz’s (1979) hypothesis and analytic methods, diet quality 
curves from the study area show a clear periodicity (Figure 3) and temporal predictability (Figure 
4).  What is unpredictable is not when peak diet quality will occur, but the amplitude of that 
peak.  Figure 4 depicts the probabilities of only a modest increase in diet quality (lnFOMN = 
0.6).  Increasing that threshold level of diet quality narrows the time period in which it is likely 
to be reached and lowers the peak probability of actually reaching that level. The lowest 
threshold tested was reached in every year sampled for each population (Figure 4).  Increasing 
that threshold to 0.7 already lowered the probability of reaching it to less than 1 (Figure 5).  
Further increases in that threshold will further lower that peak probability, while also narrowing 

the time period. 
The pattern that emerges in 

Figure 4 is the important result, rather 
than the threshold chosen.  That 
pattern demonstrates that there is a 
predictable timing of the winter-spring 
growing season that determines diet 
quality for the sheep. In contrast, 
forage growth from summer rainfall 
yields minimal nutritional gains for 
these sheep (Figs. 4 & 5).  The winter-
spring rising pattern in Figure 4 is 
remarkably coincident among the 3 
study populations, suggesting that this 
growing season is regional in nature.  
This also is indicated by the pattern of 
diet quality for the February-June 
period for 1985 - 2002; the patterns for 
the 4 populations sampled correlate 
closely (Figure 6A).  The variance 
among years represents the 

unpredictable aspect of nutrient availability to these sheep in the primary growing season.  This 
variance can be termed amplitude predictability, to be distinguished from the high temporal 
predictability for the populations sampled.  Lenarz (1979) failed to distinguish these two separate 
aspects of resource predictability. 
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Figure 5.  Probability by month that the natural log of fecal 
organic matter nitrogen equal or exceeds 0.6 and 0.7 for bighorn
sheep in the Old Woman Mountains, California 
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Variables Driving Diet Quality Patterns 
The interannual variance in winter-spring diet quality (Figure 6A) is driven by rainfall 

patterns.  The single month with the greatest rainfall effect on spring diet quality in the Marble 
Mountains is February, followed by October.  When those two months are combined in a 
multiple linear regression, together they explain 64% of the variation. In that multiple regression, 
the slope associated with October rainfall is 67% greater than February (Table 1); thus a unit of 
rainfall in October generates considerably more nutrition for sheep than an equivalent amount in 
February.  Rainfall in October and February has different effects on vegetation growth.  Fall 
rainfall is important for initiating the growth of cold-tolerant species: annuals, herbaceous 
perennials, and perennial grasses (Beatley 1974, Turner and Randall 1989).  February rainfall is 
important for continuance of growth of those cold-tolerant species that might have been initiated 
earlier, but also is important for growth of cold-intolerant perennial species during spring 
(Beatley 1974).  When October rainfall is expressed as logged values along with February 
rainfall, the model improves slightly, suggesting some curvilinearity in the effect of October 
rainfall (Table 1). 

The forage species initiated by fall 
rains provide the first new green growth 
eaten by sheep.  Those species determine 
diet quality for sheep in winter and 
account for the initial rise in the growing 
season curve in Figure 4.  As the growing 
season progresses with warming 
temperatures, numerous cold-intolerant 
perennial species initiate growth and 
flowering.  The peak in digestibility of 
sheep diets (Figure 4) coincides with the 
peak in growth and flowering of perennial 
species.  However, the greater influence of 
early precipitation on February-June diet 
quality speaks to the critical importance of 
the earliest rise in diet quality in winter.  
Because the dependent variable analyzed 
begins with the February sampling, early 
precipitation determines the diet quality level
the spring peak.  Also, in the years of hig
initiated by the early rains are still available a

When rainfall is combined for adjacen
are October + November, and January + Feb
in February - June diet quality.  For those lon
precipitation in initiating early plant growth 
slope of the earlier rainfall variable is only 
independent variable of total rainfall for Oc
variation in winter-spring diet quality in 
Eliminating December and March rainfall fro
of the variation.  However, there is no clear b
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Figure 6.  February-June (A) and July-October (B) diet 
quality by year for bighorn sheep at Old Dad Mountain, 
and the Marble, Old Woman, and Turtle Mountains, 
California. 
 at that first sampling, from which the curve rises to 
h peak diet qualities, species whose growth was 
nd eaten at the time of that peak.  
t pairs of months, the best 2 independent variables 
ruary, which together explain 75% of the variation 
ger time periods, the distinction between the role of 
and contributing to later growth begins to blur; the 
17% larger than the later one (Table 1).  A single 
tober through April explains yet 6% more of the 
a curvilinear relationship (Figure 7, Table 1).  
m that cumulative rainfall explains yet another 4% 

iological explanation why December and March  



 
Table 1.  Results (independent variables, slopes, coefficients of determination, and total model probabilities) 
of regression analyses of February-June diet quality of bighorn sheep in the Marble Mountains on 
precipitation in different time periods. 
 
 
X1  X2  B1  B2  R2  P 
 
Feb    0.020    0.401  0.006 
Feb  Oct  0.021  0.035  0.636  0.001 
Feb  lnOct  0.020  0.043  0.674  <0.001 
Jan-Feb   0.017    0.554  0.001 
Jan-Feb Oct-Nov 0.018  0.021  0.752  <0.001 
lnOct-Apr   0.198    0.808  <0.001 
 
 
 
 rainfall would not contribute to sheep diet quality.  Consequently, that finding is treated here as 
a statistical artifact. 

While the left side of the rising curve in Figure 4 is essentially identical for the 3 
populations sampled, the declining pattern in late spring and summer is notably different among 
them.  That variation reflects important habitat differences between the mountain ranges 
sampled.  Temperature exhibits a classic inverse relationship with elevation (Major 1977), and 
strongly affects plant growth (Hoefs and Cowan 1979, Wehausen 1980).  In high mountain 
ranges, sheep and other large herbivores typically use altitudinal migration to increase their 
nutrient intake by following the growing season as it progresses up mountain slopes (Hebert 
1973; Hoefs 1979; Wehausen 1980, 1983).  Sheep in desert mountain ranges also can do this to a 
limited extent.  The extended peak in the Old Woman Mountains (Figure 4) is an example that 
reflects the higher elevation there. 

The diet quality curve for Old Dad Mountain declines more rapidly than the other two 
populations and remains lower through the hot season (Figure 4).  This reflects differences in the 
availability of 1 forage species, catclaw acacia (Acacia greggii), which is readily available to the 
sheep in the Old Woman and Marble Mountains, but is lacking for the Old Dad sheep.  Catclaw 
acacia is a very deep-rooted deciduous member of the pea family that leafs out about mid April 
and carries green leaves throughout the hot season until November or later.  It elevates the diet 
quality of sheep throughout the hot season where available (Figure 6B). 

The curves for all 3 mountain ranges in Figure 4 show a changing pattern beginning in 
August that represents the diet quality response to summer rains.  Summer rains clearly produce 
much less nutrient availability for sheep than cold season rains.  Indeed, summer diet quality in 
the best years barely overlaps diet quality in the worst years for the winter-spring period (Figure 
6A, B).  There are a number of reasons for this, of which temperature is fundamental.  Cold 
season precipitation mostly occurs as soaking rains that persist for long periods as soil moisture 
because of subsequent cool temperatures.  In contrast, much of summer rainfall runs out of the 
mountain ranges as flash floods to habitats not used by sheep.  What moisture makes it into the 
soil in sheep habitat evaporates rapidly due to hot temperatures.  Just as rainfall in different 
periods of the cool season cannot be equated in terms of effects on nutrient availability, cool 
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season rain is very different from that in the hot season relative to effects on diet quality of 
sheep. 

Lenarz’s (1979) simplistic analysis of rainfall data relative to nutrient predictability for 
bighorn sheep failed to predict diet quality patterns in part because it failed to account for the 
important influence of temperature and season on vegetation response to rainfall.  Among those 
influences are important cumulative effects of rainfall in the cool season (Figure 7) that cannot 
be accounted for by analyses that treat months independently.  

There are also differences in 
plant species responses to cool and hot 
season rains that influence diet quality 
differences between those two periods.  
Relatively few species respond to hot 
season rains compared with cool 
season rains.  Also, tropical grasses 
have different biochemical pathways 
(C4) and structural chemistry that 
typically make their peak 
digestibilities  for ungulates lower than 
temperate (C3) grasses (Van Soest 
1982).  The same probably holds for 
hot season versus cold season grasses 
in the Mojave Desert. 
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Figure 7.  The relationship between February-June diet 
quality for bighorn sheep in the Marble Mountains and 
October-April rainfall at Mitchell Caverns in the south 
Providence Mountains, California. 

In contrast to winter-spring 
diet quality patterns, there is little 
correlation in summer diet quality 
patterns among the populations 
sampled (Figure 6B).  One reason for 
this is that summer rains are very 

patchy in distribution compared with winter rains.  The other is that mountain ranges closer to 
the Colorado River and Sonoran Desert are more likely to receive summer rainfall.  This 
influence can be seen in Figure 4 in the differences among populations in the amount of rise in 
the predictability of August and September diet quality. 

 
Birthing Seasons of Desert Bighorn 

The high temporal predictability of diet quality found here leads to the expectation that 
the birthing season should occur in the late winter and spring.  Contrary to suggestions by Lenarz 
(1979) and others, the birthing seasons of desert bighorn sheep typically show a clear winter-
spring peak that is aligned well with diet quality patterns.  Two studies have produced excellent 
data on birthing dates for telemetered female bighorn sheep.  In the Sonoran Desert of 
southwestern Arizona, Witham (1983) found a January - February birthing peak, with about 76% 
of 215 lambs born during January-March over a 4-year period.  In the Sonoran Desert Peninsular 
Ranges of California, Rubin et al. (2000) recorded a consistent birthing peak in March for 133 
lambs born over a 4-year period.  This latter pattern is representative of the eastern Mojave 
Desert of California (Wehausen 1991), where the birthing peak occurs in March and April. 

Peak diet quality mostly occurs in April in the region of this study.  Consequently, there 
is a tendency for the peak of birthing to occur somewhat earlier than the peak in nutrient 
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availability.  There is a good reason for this.  The survival of lambs to summer is strongly 
influenced by the amount of body growth they put on in spring (see below).  The earlier they are 

born, the more body mass they can 
accumulate during the spring 
growing season before diet quality 
plummets in late spring.  However, 
the earlier the births, the higher the 
probability that diet quality will be 
insufficient for females at the end of 
gestation and early lactation.  What 
mediates these opposing forces is the 
body condition of females.  Females 
in better condition can ovulate earlier 
and potentially use their body 
reserves to get through a period of 
insufficient nutrient intake 
(Wehausen 1984).  Cook et al. 
(2004) documented this relationship 

between body condition and ovulation date for elk.  Witham (1983) found birthing peaks to shift 
between January and February in different years.  I have observed similar shifts of a month in the 
eastern Mojave Desert of California.  Those year-to-year shifts probably reflect differences in 
body condition of females the previous year. 

Witham (1983) and Rubin et al. (2000) both documented tails of the birthing curve that 
extend into summer.  This also occurs in the eastern Mojave Desert.  However, this distribution 
tail amounts to a small proportion of lambs produced.  July-September births accounted for less 
than 2% of the births in Arizona (Witham 1983) and less than 5% in the Peninsular Ranges 
(Rubin et al. 2000).  Using total length of the birthing season as the basis of hypotheses on 
reproductive strategies of desert bighorn sheep is therefore inappropriate given this lack of 
uniformity in the distribution of births within those periods.   

The characterization of protracted birthing seasons of desert bighorn sheep as an abrupt 
latitudinal change from the northern pattern (Bunnell 1982) does not accurately represent the 
geography of this phenomenon.  The timing of the beginning of the birthing season is a 
parameter of considerable importance in that it largely sets the length of the birthing season.  The 
beginning of the birthing season shows clinal change from hot to cold desert ecosystems.  For 
monthly categories, this initiation varies from November in the hot Sonoran Desert to (late) April 
in the southern Great Basin Desert (Table 2).  Data are mostly lacking from further north in the 
heart of the cold desert, where native sheep appear not to begin birthing until May (Wehausen 
1991).  Thus, the more northern desert regions exhibit relatively short birthing seasons that are 
northern in character.  However, the change in the initiation of lambing seasons is not strictly 
latitudinal (Table 2); instead, it simply reflects habitat differences such as elevation.  The San 
Gabriel Mountains on the north side of the Los Angeles Basin is a prime example of this (Table 
2).  
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Results of translocations of bighorn sheep suggest that different birthing seasons across 
the desert region may have a strong genetic basis.  The Nevada Department of Wildlife has 
moved sheep from the southern warm-desert end of that state to northern cold desert ecosystems, 
where the early (February) initiation of birthing has persisted, but is about 3 month earlier than 
would be appropriate for the ecosystem to which they were moved (Wehausen 1991).  Similarly, 
sheep moved from the Corn Creek pens at the Desert Game Range in Nevada to the Los Angeles 
Zoo maintained an intermediate timing of birthing initiation (Hass 1993). 
 
Table 2.  Month in which the birthing season begins for some native bighorn sheep populations in the 
southwestern United States. 
 
 
Population   Latitude Beginning Month  Source 
 
SW Arizona      33       November   Witham 1983 
Old Woman Mts., CA     34.5       December   pers. obs. 
Marble Mts., CA     34.5       January   Wehausen 1991 
Peninsular Ranges, CA    33       February   Rubin et al. 2000 
Old Dad Mt., CA     35       February   pers. obs.  
River Mts., NV     36       February   Hass 1993 
Inyo Mts., CA      37       March   pers. obs. 
Corn Cr., NV      37       March   Hass 1993 
Canyonlands, UT     38.5       March   Douglas 1991 
San Gabriel Mts., CA     34.5       April   Holl and Bleich 1983 
White Mts., CA     37.5       April   Wehausen 1991 
Sierra Nevada, CA     37       April   Wehausen 1991 
 
 

Rather than a gambling strategy, the protracted birthing season of bighorn sheep in warm 
and hot desert regions is probably due to relaxed selection.  I suggest that the operative variable 
is temperature.  While annual temperature regimes underlie patterns of plant phenology and 
nutrition (Figure 4), temperature also affects the risk of losing a newborn to hypothermia 
(Bunnell 1980).  This latter selective constraint on the birthing season declines from cold 
northern and high mountain ecosystems to hot deserts, effectively disappearing in the hot 
Sonoran Desert.  A related phenomenon is that in warmer environments adult females in poorer 
body condition can more readily survive the winter cold season because less fat will be needed to 
maintain body temperature.  This also means that the acceptable ratio of allocation of resources 
between body maintenance and current reproductive effort can shift in favor of reproduction.  
This would allow females to successfully give birth earlier and still meet overall nutrient needs 
even when conditions are not optimal. 

The probability of a lamb surviving to adulthood is greatly influenced by the timing of its 
birth; thus, natural selection can be expected to closely tailor lambing seasons.  Relaxed selection 
relative to birthing seasons means that lambs born over long time periods in warm desert 
environments all have a high enough probability of surviving and reproducing that natural 
selection has not censored any part of those time periods, as it has in colder climates.  The lack 
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of uniformity in the distribution of births across those time periods, however, points to variation 
in the probability of lambs born at different times surviving to adulthood. 

The advantage of longer birthing seasons lies with flexibility.  There appears to be a 
threshold body condition that females must reach for ovulation to occur.  In northern 
environments with short birthing seasons, there is a short time window in which that can occur.  
If conception fails after the first ovulation, there is unlikely to be more than a second opportunity 
for a female to conceive where birthing seasons are short (Bunnell 1980).  If conception does not 
occur during the breeding season, a female must wait nearly a year until the next one.  In 
contrast, the long breeding season of sheep in warmer desert environments provides considerably 
more opportunity for females to gain the necessary body condition to ovulate and to ovulate 
numerous times until conception occurs if necessary.  Long breeding seasons mean that the 
period between consecutive births can vary considerably in both directions from 1 year, as 
mediated by prior nutrient intake and expenditures.  For bighorn sheep in the Sonoran Desert of 
Arizona, Witham (1983) reported the period between consecutive births to vary from 279 to 446 
days.  In short, the flexibility afforded by longer birthing periods gives females the opportunity 
to produce more offspring in a lifetime. 

 
Nutrient Availability and Lamb Survival 

The variance among years in diet quality for bighorn sheep in the Mojave Desert has 
important implications for lamb survival.  The primary loss of lambs occurs prior to summer.  
Unless a water source dries up during the hot season, there is almost no loss of lambs between 
late spring and fall (unpubl. data).  However, depending on diet quality, there can be a large loss 
of lambs prior to the hot season.  That loss exhibits an interesting relationship with diet quality 
that indicates 2 opposing factors are operating on lamb mortality.  Up to a February-June diet 
quality value of almost 1, spring lamb recruitment increases linearly with increasing diet quality, 
as expected.  However, this relationship reverses sharply with higher diet qualities (Figure 8).  
The point of change corresponds to 23.4 cm of October-April rainfall at Mitchell Caverns.  The 
year 1990 is a notable outlier in this relationship (Figure 8) and is treated as such.  That year was 
the second of 2 consecutive years of low rainfall in the growing season, which likely accounts 
for its outlier status. 

The pattern in Figure 8 is consistent with similar patterns previously elucidated (unpubl. 
data).  In the initial years of this research, bighorn sheep in the Old Woman and Marble 
Mountains suffered from a disease syndrome that killed most lambs during spring.  During those 
disease episodes, the relationship between lamb recruitment and February-June diet quality for 
both populations was the same pattern as Figure 8, except that the meeting of the two curves was 
shifted greatly to the left to where the peak lamb recruitment was only 30 lambs:100 ewes, 
compared with 61:100 in Figure 8. 

The disease syndrome that previously affected the sheep in the Marble and Old Woman 
Mountains is poorly understood, but is conjectured to have a virus as the ultimate cause, similar 
to what affected the bighorn sheep in the Peninsular Ranges of California for numerous years 
(Wehausen et al 1986, DeForge et al. 1995).  The lamb recruitment patterns in the Marble and 
Old Woman Mountains during those disease episodes were consistent with an insect vectored 
virus, such as bluetongue.  While diet quality of sheep benefits from increasing growing season 
precipitation (Table 1, Figure 7), so do insect populations.  It is possible that the declining lamb 
recruitment phase in Figure 8 is also due to a disease that is adequately spread among sheep by 
arthropods only during very wet years. 
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There appears to be a linear increase in spring lamb recruitment relative February-June 
diet quality up to the inflection point (Figure 8).  However, February-June diet quality follows a 
curvilinear relationship with rainfall (Figure 7).  A noteworthy aspect of that curvilinearity is the 
initial steep increase in diet quality with small gains in rainfall.  Thus, small initial increases in 
rainfall translate to large gains in lamb recruitment.   

 
Conclusions 

Like most scientific questions, it 
is important to break the concept of 
resource predictability into its 
constituent components (Colwell 1974).  
For nutrient availability to desert 
bighorn sheep, temporal predictability 
should be distinguished from amplitude 
predictability.  For the Mojave Desert 
ecosystems studied here, the temporal 
predictability of nutrient availability for 
bighorn sheep is high.  The primary 
growing season occurs consistently in 
winter and spring, a timing that reflects 
both temperature and precipitation 
patterns.   

The timing of births matches that 
pattern of nutrient availability, contrary 
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Figure 8.  The relationship between lamb recruitment rate 
in early summer and winter-spring diet quality for bighorn 
sheep at Old Dad Mountain, California. 
to the common explanation that the long 
birthing seasons of desert bighorn sheep are a gambling strategy response to an unpredictable 
environment.  There is also a lack of support for the idea that there is an abrupt change from 
northern short birthing periods to long birthing seasons in desert bighorn sheep.  Instead, the 
evidence suggests that the birthing season of desert bighorn sheep varies according to habitat, 
from long seasons in the southern hot desert to short seasons typical of northern environments in 
the cold desert of the Great Basin.  A key variable in this variation is the timing of the beginning 
of the birthing season, which varies from November in the hot Sonoran Desert to May in the 
Great Basin Desert. 

The unpredictable aspect of nutrient availability for bighorn sheep in the eastern Mojave 
Desert is the amplitude of the winter-spring growing season.  While geographically consistent, 
the amplitude of the spring peak varied considerably from year to year.  That variation is driven 
by the amount of rainfall during October-April.  Rainfall at different times of year has decidedly 
different effects on diet quality of sheep.  This is even the case within the October-April period, 
with rainfall in the earlier part of that period having a greater effect on diet quality than later 
rainfall.   Temperature plays a strong role in how rainfall affects subsequent diet quality of sheep. 

October-April rainfall probably has a small effect on the timing of the birthing season the 
following year through its effect on subsequent body condition of females and the effect of body 
condition on timing of ovulation.  In contrast, the amount of rainfall during October-April has a 
major effect on the survivorship of lambs to summer.  That relationship is more complex than 
expected, with strong gains in survivorship up to about 23 cm of rainfall, but decreasing 

 48 



survivorship associated with rainfall beyond that amount.  This phenomenon deserves further 
research attention. 

The data sets used here allowed analyses of patterns of nutrient availability because of 
their length (15-18 years).  However, because each year represents but a single data point for 
most analyses, in some ways these data sets allow only the beginning of an understanding of the 
complexities of this ecosystem.  Additional decades of data would allow considerable refinement 
of that understanding.  
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 BIOLOGICAL RESOURCES TECHNICAL REPORT 

B-1

Plant Species Observed on the Solar Two Project Site 

Scientific Name Common Name 

GYMNOSPERMS 

Ephedraceae Ephedra Family 

Ephedra nevadensis mormon tea 

Ephedra trifurca long-leaved ephedra 

Ephedra viridis green ephedra 

ANGIOSPERMS: MONOCOTS 

Agavaceae Agave Family 

Hesperocallis undulata desert lily 

Poaceae Grass Family 

Aristida adscensionis six-weeks three-awn 

Bouteloua aristidoides needle grama 

Bouteloua barbata var. barbata six weeks grama 

Bromus madritensis* foxtail chess 

Cynodon dactylon* Bermuda grass 

Eragrostis sp. lovegrass 

Phalaris minor* Mediterranean canary grass 

Pleuraphis rigida galleta grass 

Schismus barbatus* Mediterranean schismus 

ANGIOSPERMS: EUDICOTS 

Aizoaceae Fig-Marigold Family 

Mesembryanthemum crystallinum* crystalline iceplant 

Mesembryanthemum nodiflorum slender-leaved iceplant 

Amaranthaceae Amaranth Family 

Atriplex canescens four-wing saltbush 

Atriplex hymenelytra desert holly 

Atriplex polycarpa allscale

Chenopodium sp.* pigweed 

Tidestromia oblongifolia honeysweet

Asclepiadaceae Milkweed Family 

Asclepias albicans white-stem milkweed 

Cyanchum utahense Utah cyanchum 

Asteraceae Sunflower Family 

Ambrosia dumosa bursage 

Baileya pauciradiata desert marigold 

Bebbia juncea rush sweetbush 

Calycoseris wrightii  white tackstem 

Chaenactis carphoclinia var. carphoclinia pebble pincushion 

Chaenactis fremontii pincushion 

Chaenactis stevioides desert pincushion 

Encelia farinosa brittlebrush 

Encelia frutescens rayless encelia 



 BIOLOGICAL RESOURCES TECHNICAL REPORT 

B-2

Plant Species Observed on the Solar Two Project Site 

Scientific Name Common Name 

Geraea canescens desert sunflower 

Gutierrezia sarothrae matchweed

Hymenoclea salsola Burrobrush 

Isocoma acradenia var. acradenia alkali goldenbush 

Lactuca serriola* prickly lettuce 

Malacothrix glabrata desert dandelion 

Monoptilon belloides desert star 

Palafoxia arida var. arida desert Spanish-needle 

Pectis papposa cinchweed

Perityle emoryi rock daisy 

Pluchea sericea arrow weed 

Psathyrotes ramosissima turtleback 

Rafinesquia neomexicana desert chicory 

Sonchus asper Prickly sow thistle 

Sonchus oleraceus* common sow thistle 

Stephanomeria pauciflora wire lettuce 

Tetradymia stenolepis cotton-thorn 

Viguiera parishii Parish’s golden-eyes 

Boraginaceae Borage Family 

Cryptantha angustifolia narrow-leaf cryptantha 

Cryptantha maritima cryptantha 

Pectocarya heterocarpa pectocarya 

Pectocarya peninsularis peninsular pectocarya 

Pectocarya platycarpa pectocarya 

Brassicaceae Mustard Family 

Brassica tournefortii wild turnip 

Lepidium sp. peppergrass 

Sisymbrium altissimum tumble mustard 

Cactaceae Cactus family 

Cylindropuntia ramosissima pencil cholla 

Opuntia acanthocarpa buckhorn cholla 

Opuntia echinocarpa silver cholla 

Caryophyllaceae  Pink Family 

Achyronychia cooperi frost-mat 

Ehretiaceae Ehretia Family 

Tiquilia palmeri Palmer’s tiquilia 

Tiquilia plicata plicate coldenia 

Euphorbiaceae Spurge Family 

Chamaesyce micromera Prostrate spurge 

Chamaesyce polycarpa sand mat 

Ditaxis serrata Yuma silverbush 



 BIOLOGICAL RESOURCES TECHNICAL REPORT 

B-3

Plant Species Observed on the Solar Two Project Site 

Scientific Name Common Name 

Stillingia linearifolia stillingia 

Stillingia spinulosa annual stillingia 

Fabaceae Legume Family 

Astragalus sp. milkvetch 

Cercidium floridum palo verde 

Dalea mollis dalea

Dalea mollissima hairy dalea 

Prosopis glandulosa mesquite 

Psorothamnus emoryi dye plant 

Psorothamnus schottii indigobush 

Psorothamnus spinosus smoke tree 

Fouquieriaceae Ocotillo Family 

Fouquieria spendens ssp. splendens ocotillo 

Geraniaceae Geranium Family 

Erodium cicutarium* red-stemmed filaree 

Erodium taxanum filaree

Hydrophyllaceae Waterleaf Family 

Phacelia crenulata notch-leaved phacelia 

Krameriaceae Rhatany Family 

Krameria erecta pima rhatany 

Karmeria grayi white rhatany 

Loasaceae Loasa Family 

Mentzelia sp. Mentzelia 

Petalonyx thurberi ssp. thurberi sandpaper plant 

Malvaceae   Mallow Family 

Eremalche rotundifolia desert five-spot 

Malva parviflora* cheeseweed 

Sphaeralcea ambigua desert mallow 

Nyctaginaceae Four O-clock Family 

Abronia villosa var. villosa hairy sand-verbena 

Allionia incarnata trailing windmills 

Onagraceae Evening-Primrose Family 

Camissonia boothii bottlebrush primrose 

Camissonia brevipes var. brevipes golden sun cup 

Camissonia californica California evening primrose 

Camissonia claviformis ssp. claviformis brown-eyed evening primrose 

Camissonia claviformis spp. peirsonii brown-eyed evening primrose 

Camissonia sp. camissonia 

Oenothera californica ssp. californica California evening primrose 

Oenothera deltoids ssp. deltoids devil’s lantern 



 BIOLOGICAL RESOURCES TECHNICAL REPORT 

B-4

Plant Species Observed on the Solar Two Project Site 

Scientific Name Common Name 

Orobanchaceae Broom-Rape Family 

Orobanche cooperi pine broom-rape 

Papaveraceae   Poppy Family 

Eschscholzia minutiflora pygmy goldenpoppy 

Plantaginaceae Plantain Family 

Plantago ovata wooly plantain 

Polemoniaceae Phlox Family 

Gilia latiflora broad-flowered gilia 

Langloisia setosissima langlosia  

Polygonaceae Buckwheat Family 

Chorizanthe brevicornu brittle spineflower 

Chorizanthe corrugata wrinkled spineflower 

Chorizanthe rigida rigid spineflower 

Eriogonum deflexum skeleton weed 

Eriogonum inflatum desert trumpet 

Eriogonum reniforme buckwheat 

Eriogonum thomasii Thomas buckwheat 

Portulacaceae Purselane Family 

Calandrinia ambigua calandrinia

Calyptridium monandrum pussypaws 

Resdaceae Mignonette Family 

Oligomeris linifolia narrow-leaved oligomeris 

Solanaceae Nightshade Family 

Datura discolor desert thornapple 

Lycium brevipes var. brevipes desert-thorn 

Lycium fremontii Fremont desert-thorn

Tamaricaceae Tamarisk Family 

Tamarix aphylla* Athel 

Tamarix parviflora* tamarisk 

Tamarix ramosissima* Mediterranean tamarisk 

Viscaceae Mistletoe Family 

Phoradendron californicum desert mistletoe 

Zygophyllaceae Caltrop Family 

Larrea tridentata creosote 

Source:  URS, 2008. 

Note:   

*Non-native.
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?oracle Species Available in Saudi, Area

Biomass of plant tan available in the study area

seasonally are presented in Table 3. Shrubs were greater

than 90 percent of the biomass in all seasons, with forbs

and grasses comprising only 3 and 5 percent, respectively,

of the total biomass (Table 4).

The nonparametric multiple comparisons test (2ar 1984,

p. 199) was used to test for seasonal differences in

plant tan biomass in the habitat. This is not a very

powerful statistical test bUt was used because populations

of most plant tan were not normally distributed.

Using this test, total foil) and total grass biomass

were different between seasons (Table 3), but seasonal

biomass differences were deteoted for only a few species.

As a generalization, two forbs (pectocarys securvata and

plantago Ansalsx/a vai.	 faxtigiata) and two grasses

(Aristida adscensionis and Schismus parbatus) had

significantly greater biomass in spring than in the other

three seasons, and Zugliprbia nglvcarpa var. birte l la had

less biomass in spring. 	 NO significant differences were

found between seasons for biomass of any shrub species.

Seasonal differences in r biomase were found by the

Kruskal-Wallis test for five additional fort) tan
(Cryptantbaangnstifoii, Chotizantho brovicorng, lopinus

arizonleus, Brassicaaeae, Bydrophyllaceae), other asters,

prowls rubens, and the total shrub-category, but the less
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Table 3. Bi aaaaa of plant tan avail:ibis each season in the study area. Oct Leta with
no lettin g tellawlag seasonal fleateaP signlacsat diff•rentea tend not be found
betweem seasonal biomass with a nonpa g ametric multiple comparisons test (tar 1914, 17.
199). For plant taxa with letters following each seasonal figut.. similar letters
designate seasons with no significan t dun:ence in biomass between seasons. For those
tan with aft asterisk, differences between seasons were found with the Itusta1-Na11is
test, but the lima powerful tonparametric multiple comparisons test could not determine
which seasons were different.

401813

Summer
2

g/m

Fall
2

Winter
2

9/6

Spring
2

gip

Mein
2

g/s

/Mania 1a862nata 0.003 0.011 1 0 0.001
Boraginacese 0.118 a 8.144	 • 0.054 • 1.319 b 0.164

:S7ntant 64 00411111,2211e
antaarbablirlia r	 ..

0.0€?
0.03.9
0.012 a

9.091
8.036
0.817 a

0.039
0.012
0.003 a

1.137

::n: b
0::::
0.058lastassua p•- n Irvafr i

Brassicacese
C1211112112 spp	 _..•
Chulsialas tim2i8sxne
larbasboaloapp•

0.011:
6

0
0a
1

if
0.046

12
8

1.189
0.000
0.133
0.802

0.002
0.004
0.033
!:!:4Suphorbia alyssums vet. kitallis 2.469 • 2.104 fl 0.965 ab 0.579 b

Hydrophyllacese a 6 a 0.011
::::11211361 AllsanIgur 0.0.4

0 a
:::::liallalunenar.ca 1.1123

UN :It:Plants:, jjlakaLla wet. astialati 0.004 a 0.1154 a a 0.577 b

Total !orbs 2.657 a 1.426 ab 1.089 b 1.779 c 1.133

SHRUBS

/CAWS watt! 1.095 0.499 0.740 1.493 0.614
'WYE dasalti
Azlasosio dawn
Astoria**.

6.12
9.146
1.624

I
7.411
9.926

1.603
8.353
9.682

1.112

::23:: :.1/75

11.477

11212 12111 istosto 2.5:1 .1.873 0.5118
::70:: 1::::4

Caczaceae
22=11111 agalabosnlio v8r , aAndszl
22onti, baaildild

=LW lengeslata
=LISS Liam=
=Ss, amnia
Wl;72:g:2:131;111t116

Ot ter Asters* 8.143
2.6:2
1.5:2

0
4

20./3
2.1114
8.144
9.140

3 8

1.835
6.823
8.012

16.733
3.414
1.748
1.748

0.854

l.lii
0.072

1
16.967
2.213
1.549
1.549

0.938
0.039

1
0.032

16.597

%::::
9.651

1.184
2.163
4.121

8: 68087817
2.400

::::1
Z/16511211112 Waal: sap. 71041426

Dales arhnf tit
1.044
1.8U

o
4.557

I

::58:5

0.024
0.496

1.017

Ili:Lanais litsrls
gala stellatan asp. satmlasis
Soffnonassuala cskosktila

2.943 
1.018

3.643
9.099
3.914

4
a

:::11

1.917
is

1.153 :::175
tiaras Anal ::1:: 1.856 8.164 0.415
1SZIUSILLI app. .

Enatsis Bat.
113112t/14 9A1M.121.La Var. 1466111111

1. 015
9.770
0.215

1.418
1.27/
11.141

1.240
4.733

1::::74

8.545
0.348
11.197

1.152
0.782

113.2413:LULU trwatiatati 14.630 12.095 11.613
Sistalis biga l aVit Var. /22.4231111 0.029 1.026 8.201 8.907 0.166
tarareliU111 app. 0.9/9

0.219
0.009

4
4.109

0
0
0Mailie giastiliall

P lue 'lai suites
Auxin istani
lemaria 1,10911101211
avehinnl-nnirtf i l ifs'3

I
9.034

:::::
9.619

:::24:
0.007
0.211
9.029

0.235

8.835
0.715
8.114
0.182

I

0.187
[Ili

:13:
0.182	

0.098

0.111	 0.057Other

Total shrubs' 13.713 51.624 51.655 46.259 52.071

OliA6SES

Stiatita wasetalats 1,182 a 1.212 a 0.471	 7 0.371 b 4.109
Brame mam a 2.491 1.985 1,808 1.860 2.036
110Littral UMW= 0.114 6.027 8.027 1.142

0.022=S:a sPP•
 la.itattS11

1.054
8,823 ab

1
0.017 a

1.004
1.003	 a

0.832
8.649 b 0.173

Total grasses 3,750 a 3.32E ab 2.313	 0 2.939 be 3.482

Total Biomass 65.150 56.378 55.037 58.477 56.885
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separate analysis to include forb total, shrub total, and

grass total.

There is more seasonal variation in plant tan eaten

than in plant taxa available, indicating that the diet is

controlled by more factors than just changes in biomass

availability. Field observations indicated that seasonal

condition of the -available forage strongly affected

selectivity.

Although forbs appeared to be a greater proportion of

the diet than the habitat in spring, this difference was not

signifiCant. The only significant difference between diet

and habitat in the forb Category .was •a smaller proportion of

Xuphorbie in the diet in most seasons.

Ambronis Aunts was a smaller proportion of the diet
than would be predicted by its proportion of the habitat

except in spring, when new growth appeared. RnrrliA

farinosa, wag= asters, and LAgandia lamis occurred in the
diet in smaller proportions than in the habitat in all

seasons. Only the flowering stalks of Enrolls% are usually

eaten, which might decrease its real availability.

The mass of each plant of Sohedra =ALA was greater

than most other plants (Appendix C), so animals encountered

this plant less often than other.plants with similar total

biomass in the habitat. Thai May have reduced its real

availability to the animals. . Kirkeeng (1985) determined

that $phedra was a major portion of the River Mountains

bighorn diet, but this genurOms 12 to 38 percent of the
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total biomass of that habitat. That area also had different

species of Ephedra - .5; gasciculata and g. viridia - which

may be more palatable and/or more nutritious. Ephedra sPP.

was important in desert bighorn diets in the Canyonlands

National Park, Utah (Hull 1984). The proportion or species

of Enbedra in that habitat is not reported, but the plant

community of that 'area was very different from that of the

Santa Rosas and the annual rainfall is approximately double

that of the Santa Rosas. Egledra viriais; was listed as one

of four most important species in the diet of the Sierra

Nevada bighorn (Q. 1. callforniana) where its availability.

was common and widespread (McCullough and Schneegas 1966).

Considering the possible . redUted real availability of

Sphedrn in the Santa Roses and the importance of this plant
,

in the diet of other desert bighorn, caution should be

observed in concluding' that Ephedra is an undesirable forage

for bighorn in the present stady area.

lardMarialliata Picronhvtla was selected in the diet in
a greater proportion than available in the habitat in

summer. Mvptis emorvi appeared to be selected in a greater

proportion than was present in the habitat for all seasons,

but the difference was not -significant until the data were

combined for all seal:ions. grameria sp. was a smaller

proportion of the diet than tReliabitat in winter. yang&
tzidentata was a smaller icOportion of the diet than

available in the • habitat in all seasons.	 Simmandcis
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chinensig was a larger proportion of the diet than its

proportion of the habitat in winter. Total shrubs were a

smaller proportion of the diet than the habitat for fall,

and grasses, particularly Asistide . pdncenmion i x, were a

greater proportion of the diet.

altiaa2--121-liar-allia121-2girsAL4aLlna
The relationship of the diet, as determined by

microhistological analysis of fecal samples, to field

observations of plants eaten was satisfactory but not

excellent. Major trends were reflected in the fecal

analysis data. M an example. ithrosih dumont appeared in

the diet only during , the,period when new green growth

appeared. Other plant species were represented in the diet

in greater proportion“uriwthe. period when bighorn were

observed feeding on them.

However, some items may have been underrepresented in

fecal analyses. Asanexample, i number of observations

were made of Debbie 'ninon being eaten. Fecal analyses

could not differentiate Dabbit from some other Asteraceae,

and the amounts of unidentified asters in the diet were

small.

Fecal analysis often did not distinguish what portion

of a plant was consumed. H ' ,Bighorn often were observed

feeding on Enceiiii flOwitinOstalks, most often in a dried

condition. Never was an ObservatiOn made of wild bighorn

feeding on Eno...lit leaVesi although they are eaten in a
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Qualifications

Education

I have a Master's of Science Degree in Wildlife and Fisheries Science from the
Pennsylvania State University, University Park. The degree program included
coursework in Landscape Ecology, Biometrics, Statistics, Conservation Biology, and
Wetland Ecology. For my thesis, I conducted seven seasons of independent research on
avian use of restored wetlands. The U.S. Fish and Wildlife Service subsequently used
my technical report as a model for other habitat restoration monitoring projects in
Pennsylvania.

Work Experience

My employment experience has included work in the fields of wildlife biology, forestry,
and natural resource consulting. Much of my work over the past two and a half years has
involved review of environmental documents associated with development of large-scale
solar energy facilities. To date, I have served as an expert on 12 different solar projects,
9 of which are being sited in the Mojave Desert. I am currently entering the second year
of a two-year contract I hold with the State of California to conduct surveys for the
Peninsular bighorn sheep near Anza-Borrego Desert State Park. I serve as a member of
the scientific review team responsible for assessing the effectiveness of the US Forest
Service's implementation of the Herger-Feinstein Quincy Library Group Act.

For the past two and a half years I have operated my own consulting business. I
previously served as a Senior Biologist for TSS Consultants and ECORP Consulting.
Other positions I have held have included conducting wildlife research for the National
Park Service, the Point Reyes Bird Observatory, and the University of California. While
in graduate school I served as an instructor of Wildlife Management and as a teaching
assistant for a course on ornithology. A summary of my education and professional
experience is attached to this testimony.

The testimony contained herein is based on my review of the environmental documents
prepared for the Imperial Valley Solar Project ("Project"), and review of scientific
literature on the biological resources known to occur in the Project area. In addition, I
have conducted my own investigations and analyses on the Project's potential
environmental impacts and alternatives. My testimony is based on the activities
described above and the knowledge and experience I have acquired during more than 17
years of working in the field of natural resources management.
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STATEMENT

I.	 The Project Would Result in Potentially Significant, Unmitigated Impacts to
Special-Status Plants

I concur with the SA/DEIS's conclusion that the applicant's surveys were not
adequate to assess the presence of special-status plant species within the Project area.'
However, I disagree with the SA/DEIS's conclusion that the measures proposed in staff's
Condition of Certification B10-19 would reduce impacts to special-status plants to less
than significant levels under CEQA. 2 As noted in the SA/DEIS, there is currently
inadequate information on the presence of special-status plant species within the Project
area. 3 Without reliable information on the species that occur—and as a result, the level
and types of Project impacts on those species—the SA/DEIS cannot conclude proposed
mitigation would reduce Project impacts to less than significant levels. A conclusion of
this nature would rely on the presumption that all impacts can be mitigated to a less than
significant level. Such a presumption is unrealistic for two reasons. First, it is difficult to
predict the outcomes of surveys due to the new and unexpected discoveries that have
been occurring in the desert (and thus the inability to pre-assign mitigation). Second, the
flora of the Desert Floristic Province is poorly understood and therefore surveys may
yield completely unexpected results that cannot be mitigated by standard conditions.
However, even if one accepts the presumption that all impacts can be mitigated, staff's
proposed mitigation provides little certainty of the desired outcome, as will be described
below.

A) SIRATEGY FOR MITIGATING IMPACTS TO LISTED PLANT SPECIES IS
UNPROVEN

The strategy for mitigating impacts to any State or federally listed species found on
the Project site focuses on establishing a buffer zone around the population(s). 4 The size
of the buffer would depend on the proposed use of the immediately adjacent lands, and it
would include consideration of the plant's ecological requirements (e.g., sunlight;
moisture; shade tolerance; edaphic, physical, and chemical characteristics) that are
identified by the Designated Biologist (although there is no requirement for the
Designated Biologist to examine the plant's ecological requirements).5

I believe it's worth pointing out that although the project technology would be exactly
the same, staff on the Calico Solar Project concluded a 250-foot buffer would be needed
for on-site plant protection& (staff on the Imperial Valley Solar Project has concluded that

I [SA/DEIS] Staff Assessment and Draft Environmental Impact Statement and Draft California
Desert Conservation Area Plan Amendment. SES Solar Two Project. p. C.2-20.
2 SA/DEIS, p. C.2-37.
3 SA/DEIS, p. C.2-20.
° SA/DEIS, p. C.2-98.

Id.
6 Calico Solar Project SA/DEIS, p. C.2-175.
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a buffer of only 50-feet [and perhaps smaller] would be needed). 7 I believe the
discrepancy highlights the fact that the SA/DEIS's approach to establishing adequate
buffers is largely guesswork. Inherently, this may be the case because: (1) the ecological
requirements of most plant species are poorly understood; and (2) there have not been
any studies on the effects of SunCatchers installation (including changes to hydrology) on
the surrounding microclimate. 8 The lack of information is compounded by knowledge
that a project of this size (i.e., > 6,000 acres) will disrupt the ecological processes (e.g.,
seed dispersal, pollination, and gene flow) that may be necessary to maintain viable
populations. As long as the effects of SunCatchers and the adequate buffer sizes needed
for on-site plant conservation remain unknown, there is no scientific basis to conclude
establishing the prescribed 50-foot buffer will mitigate Project impacts to a less than
significant level.

Ultimately, maintaining islands of plants within a disturbance matrix cannot be relied
on as an effective mitigation measure. The Energy Commission staff that evaluated the
Ivanpah Solar Electric Project derived the same conclusion. Specifically, they concluded
the approach was "infeasible to protect the special-status plants from significant indirect
impacts (i.e., from introduction and spread of non-native plants, alterations of the local
hydrology, higher than normal dust levels, etc.)."8 A similar conclusion would likely be
warranted for any special-status species within the Imperial Valley Project site, regardless
of the buffer size.

B) STRATEGY FOR MITIGATING IMPACTS TO NON-LISTED PLANT
SPECIES IS UNENFORCEABLE

The strategy for mitigating impacts to any non-listed special-status species (e.g.,
CNPS listed species) found on the site is comprised of two parts. First, the Condition of
Certification directs the applicant to avoid impacts "where feasible." ) However, the
SA/DEIS does not define what is considered "feasible." Consequently, the condition is at
the sole discretion of the applicant, and it is unenforceable. Second, for impacts that are
not "feasible" and that would result in loss of more than 10% of the known individuals
within an existing population, the SA/DEIS requires the project owner to preserve
existing off-site occupied habitat (that is not already part of public lands) in perpetuity at
a 2:1 mitigation ratio." Thus, if avoidance is not feasible, the ability to mitigate impacts
is entirely dependent on the assumptions that the applicant will first be able to identify
sufficient quantities of occupied habitat on private lands; and then be able to acquire
those lands from willing sellers. The record does not support these as reasonable
assumptions. As an example, in the Ivanpah Solar Electric Generating System Project,
Energy Commission staff was unable to locate any suitable private parcels that could
serve as compensation habitat for proposed project impacts to special-status plant

SA/DEIS, p. C.2-98.
8 Calico Solar Project. Applicant's response to CURE data request 162.
9 Energy Commission Staff's Rebuttal Testimony, Ivanpah Solar Electric Generating System. p.
28.
1 ° SA/DEIS, p. C.2-98.
II SA/DEIS, p. C.2-99.
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species. 12

To evaluate whether the assumption was reasonable for the Imperial Valley Solar
Project, I examined the CNDDB records of the species identified by the SA/DEIS as
having a "moderate" or "high" potential of occurrence on the Project site. I3 A summary
of these records is provided in Table 1.

Table 1. Number of CNDDB records, by land ownership, for special-status plant
species having at least a "moderate" potential of occurring on the Project site.I4 

Number of CNDDB records
Common name Public Private Unknown
Harwood's milk-vetch 27 2 14
Pink fairy duster 32 1 8
Crucifixion thorn 20 1 9
Flat-seeded spurge 1 3
Wiggins' croton 6
Baja California ipomopsis 1
Brown turbans 3 6
Hairy stickleaf 7 3
Slender woolly-heads 3 1 9
Thurber's pilostyles 26
Dwarf germander 3 2
Orcutt's woody-aster 28 1 1

Of the 12 species identified by the SA/DEIS as having a "moderate" or "high"
potential of occurring on the Project site, only 5 have records of occurrence on private
land. Whereas my examination was not exhaustive, it demonstrates that yet to be
identified private land acquisition presents tremendous uncertainty, and cannot be relied
on to conclude mitigation will reduce Project impacts to less than significant levels. To
complicate this issue, the SA/DEIS lacks any financial security or enforcement
mechanisms for the mitigation strategy, and the proposed verification measures would
occur only after the Energy Commission's decision.

Based on the issues I have discussed above, it is my professional opinion that there is
inadequate information to conclude the Project will mitigate all significant impacts to
special-status plant species.

12 Final Staff Assessment, Ivanpah Solar Electric Generating System. p. 6.2-40.
13 SA/DEIS, Biological Resources Table 2.
"California Natural Diversity Database. 2009. Rarefind [computer program]. Version 3.1.0. Mar
2, 2010. Sacramento (CA): Wildlife & Habitat Data Analysis Branch. California Department of
Fish and Game.
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C) ADDITIONAL ISSUES WITH PROPOSED MITIGATION

I have the following additional comments with respect to proposed mitigation for
impacts to special-status plants:

1. The ability of the SA/DEIS's proposed mitigation cannot be evaluated properly
until: (a) the term "population" has been defined (e.g., local, regional, rangewide);
(b) the term "sensitivity" has been defined (e.g., listing status, tolerance to
disturbance, level of threats); and (c) information is provided on how soil features,
extent of disturbance, and habitat structure will be quantified. I5 Most importantly,
the SA/DEIS needs to establish the scale of analysis for impacts and
compensation. For example, if compensation is required for Project impacts to a
single plant whose stem occupies 10 cm 2, would the applicant be required to
provide 20 cm2 of compensation?

2. Whereas I agree with the SA/DEIS that additional surveys are required to obtain
information on the occurrence of special-status species, I disagree with the
presumption that the surveys will be adequate. Such a presumption requires
knowledge of the methods that were used to obtain the data, including the
qualifications of the individuals and the specific techniques used to conduct the
surveys. This knowledge will not be available until the applicant has conducted
the additional survey efforts. The applicant's survey reports must then be
assessed by the Energy Commission, BLM, and intervenors to determine whether
the survey data provide reliable information on the presence of special-status
plants. To date, the applicant has been unable to conduct surveys properly, and
thus provide reliable survey data. Therefore, there is no basis to conclude the
future data will be reliable, and no basis to conclude the Energy Commission can
make a decision before surveys and the prescribed Sensitive Plant Protection Plan
are completed and evaluated.

3. Verification for special-status plant species mitigation includes preparation of a
Sensitive Plant Protection Plan (Plan) if special-status plant species were detected
during the 2010 surveys. I6 The Plan would be submitted to BLM's Authorized
Officer, the CPM, USFWS, and CDFG at least 60 days prior to the start of any
ground-disturbing activities. This condition would be infeasible if there are less
than 60 days between Project approval and commencement of ground
disturbance.

4. Verification for special-status plant species mitigation also includes the
requirement for the project owner to provide to BLM's Authorized Officer, the
CPM, USFWS, and CDFG a construction termination report within 30 days after
completion of construction:2 The report would discuss how mitigation measures
described in the Plan were implemented. By delaying review until the Project is
complete, the condition lacks a mechanism to ensure mitigation is enforceable and
has a reasonable probability of success. Specifically, the SA/DEIS must indicate

15 See SA/DEIS Condition of Certification B10-19.
16 SA/DEIS, p. C.2-99.
R'

	 p. C.2-100.
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what will occur if the mitigation measures were not implemented, or were not
successful.

D) FALL SURVEYS ARE REQUIRED TO ESTABLISH THE
ENVIRONMENTAL SETTING

No fall surveys for special-status plant species have been conducted on the Project
site, and the spring surveys that were conducted had several flaws. As a result, the
SA/DEIS correctly concludes the applicant's botanical surveys have not provided an
adequate basis for analyzing potential Project impacts.I8

Due to the inadequacy of the Applicant's past botanical survey efforts, staff
and BLM have proposed mitigation that requires surveys for special status plants in the
spring and fall of 2010. 1 ° Although the SA/DEIS attempts to analyze the impacts and
formulate mitigation measures before adequate survey data are obtained, the analysis and
mitigation may change after the additional survey efforts are better able to identify
impacts to rare plants. Outside review has proven to be a valuable part of the siting and
compliance process, and the Commission should grant an opportunity for supplemental
testimony once the applicant has submitted its data from the forthcoming survey efforts.

The applicant argues that fall surveys are not necessary to identify potentially
significant impacts, and that "it is not clear why fall surveys are necessary since all
species on the current focal species list have typical spring blooming periods." 20 Neither
the SA/DEIS nor the applicant has documented the "typical blooming periods" of all the
potentially occurring species identified by the SA/DEIS. Therefore, the applicant has not
provided the justification necessary to support elimination of fall surveys. Importantly,
the applicant cannot provide this justification because the applicant's statement is
incorrect. For example, Thurber's pilostyles (Pilostyles thurberi), a species that the
CNDDB reports has occurred on the Project site, blooms in January!'

The focal list referenced by the applicant was generated primarily through an
examination of the CNDDB.2  The CNDDB is not the only source of information that
should be consulted to determine species likely to be on the Project site. Protocol survey
guidance issued by the BLM, CDFG, and California Native Plant Society (CNPS)
suggest the project proponent (or consultant) should contact experts that may have
specific knowledge of potentially occurring plant species. As a result, I contacted Dr.
Jim Andre, Director of the Sweeney Granite Mountains Desert Research Center for the
University of California. Dr. Andre indicated that the following special-status species

18 SA/DEIS, p. C.2-20.
19 SA/DEIS, p. C.2-36.
20 Applicant's Comments on the SA/DEIS 2010
Two) (08-AFC-5). p. 10.
21 California Native Plant Society (CNPS). 2010
(online edition, v7-10a). California Native Plant
Mar. 18, 2010 from http://www.cnps.org/invento
22 SA/DEIS, p. C.2-19.

Mar 12. Imperial Valley Solar (formerly Solar

. Inventory of Rare and Endangered Plants
Society. Sacramento, CA. Accessed on Thu,
rY.
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have the potential to occur in the Project area, and that they may only be identifiable after
late summer/early fall monsoonal rains:

• Abronia villosa var. aurita
• Amaranthus watsonii
• Chamaesyce abramsiana
• C. platysperma
• Ditaxis claryana
• D. serrata var. californica (albeit unlikely)
• Horsfordia alata
• H newbertyi
• Hymenoxys odorata
• Penstemon thurberi
• Pilostyles thurberi (mid-winter)
• Proboscidea althaeifolia
• Teucrium cubense ssp. depressum

I also contacted Dr. Bruce Pavlik, a recognized expert on desert plant ecology.
According to Dr. Pavlik, the Project site is "likely to have summer-active plant species."
As a result, Dr. Pavlik recommended summer-fall surveys.

In addition to failing to provide the scientific foundation to justify eliminating the fall
survey, in arguing all potentially occurring species would be identifiable in the spring, the
applicant is misusing the CNDDB. According to the CDFG, "we cannot and do not
portray the CNDDB as an exhaustive and comprehensive inventory of all rare species and
natural communities statewide." 23 Further, according to the BLM special-status plant
species protocol for NEPA compliance, "the lack of data should not be used as
verification that the species does not exist in a given location."24

By limiting the focal species to only those species identified by the CNDDB, the
applicant has failed to acknowledge the limitations of the database and the general lack of
knowledge of rare plant distribution throughout the desert. These limitations are
acknowledged in the various protocol survey guidelines, including the BLM protocol,
which requires each plant to be identified to the taxonomic level necessary to determine
rarity and listing status. 23 Limiting target species to those on a predetermined list is not a
reliable means of establishing existing conditions. Nonetheless, the applicant continues
to promote this unreliable approach. In conclusion, I agree with the SA/DEIS that fall
surveys are needed and should be performed to identify impacts to rare plants on the
Project site. The Committee should allow further briefing when the fall survey results are

23 California Natural Diversity Database Info ['Internet]. Sacramento: California Department of
Fish and Game; [cited 2010 Apr 29]. Available from:
http://www.dfg.ca.gov/biogeodata/cnddb/cnddb_info.asp.
24 Bureau of Land Management. 2009. Survey Protocols Required for NEPA/ESA Compliance
for BLM Special Status Plant Species.
25 Id.
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obtained to evaluate the adequacy of the survey effort and any new information that the
surveys yielded regarding potentially significant impacts and the need for mitigation.

II. The Project Would Result in Potentially Significant, Unmitigated Impacts
toFlat-Tailed Horned Lizard

The flat-tailed horned lizard (FTHL) is proposed for listing under the Endangered
Species Act because of population declines associated with widespread habitat loss,
fragmentation, and degradation. 26 Without substantial, meaningful, and enforceable
mitigation, the Project will be a significant contributor to the continued decline of the
species.

The SA/DEIS proposes to mitigate project impacts to FTHL through (1) use of
clearance surveys to capture and relocate FTHL; and (2) the requirement that the
Applicant submit funds for mitigation measures such as land acquisition and habitat
rehabilitation. The details of this mitigation strategy have not been resolved. As a result,
the SA/DEIS did not, and could not, conclude that impacts can be mitigated to a level that
is less than significant." I anticipate submitting supplemental testimony on this topic
when additional information about the mitigation strategy is provided by Commission
Staff, BLM, or the Applicant. Therefore, the testimony herein focuses on the significance
of the proposed impacts and the problems with the mitigation currently proposed by the
SA/DEIS.

A. MAGNITUDE OF PROJECT IMPACTS

i. Impacts to the Population

The SA/DEIS estimates the Project site could contain between 2,000 to 5,000
FTHLs.28 Although there will be efforts to salvage FTHLs prior to Project construction,
information from translocation studies suggests lizards that are captured, handled, and
moved will experience high mortality. 29 Lizards that escape capture (e.g., go undetected)
are not likely to survive Project construction and operation. These two issues indicate the
possibility that thousands of FTHL will die as a result of the Project.

To provide some context to a population decline of this size, it is useful to compare it
against the FTHL population estimate from the nearby West Mesa Management Area
(MA). In 2003 (the most recent year for which an estimate is available), there were an
estimated 10,849 FTHL (95% CI 3,213 — 23,486) in the entire West Mesa MA.3°

26 Flat-tailed Homed Lizard Interagency Coordinating Committee. 2003. Flat-tailed homed lizard
rangewide management strategy, 2003 revision. 80 pp. plus appendices. p. 23.
22 SA/DEIS, p C.2-61.
28 SA/DEIS, p. C.2-22.
29 Dodd CK Jr., RA Seigel. 1991. Relocation, repatriation, and translocation of amphibians and
reptiles: Are they conservation strategies that work? Herpetologica 47(3): 336-350.
3° Flat-tailed Homed Lizard Interagency Coordinating Committee. 2009 Mar. Annual Progress
Report: Implementation of the Flat-tailed Homed Lizard Rangewide Management Strategy,
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Therefore, the Project could adversely affect a population that is roughly half the size of
the population within the entire West Mesa MA. The significance of this impact should
not be understated. The MAs were designed to be the core areas for maintaining self-
sustaining populations of FTHLs in perpetuity, based on the best information available at
the time of their establishment? ! There are only five MAs in the United States. Despite
establishment of the MAs, the FTHL is proposed for listing under the Endangered
Species Act. This suggests establishment of the MAs has not averted potential listing of
the species, and that additional habitat conservation may be required (i.e., outside of
existing MAs) for species recovery.

ii. Direct Impacts to Existing Habitat

The Project would remove 6,063 acres of FTHL habitat for at least the 40 year
expected life of the Project. Even considered in isolation, the loss of 6,063 acres of
habitat represents a tremendous impact for a species that is proposed for listing due to
habitat loss.

iii. Indirect Impacts to Existing Habitat

The proposed Project site is within an area that is relatively undisturbed, and that
provides generally continuous connectivity of natural community types from the southern
extent of the Yuha Desert MA to the northern extent of the West Mesa MA. 32 The
applicant has proposed locating the Project in the middle of this undisturbed landscape.
Placing the Project in the proposed location would cause considerable fragmentation to
the remaining FTHL habitat outside of the MAs.

The fragmentation that would be caused by the proposed Project would have
numerous biological consequences that were not mitigated in the SA/DEIS. Two of these
consequences, "edge effects" and loss of connectivity, are likely to be particularly severe
on the FTHL population. As a result, I have discussed them in greater detail below.

a. Edge Effects-

Two studies have examined the response of FTHL to boundary processes between
natural and anthropogenic desert landscapes (i.e., the edge effect). Both studies
concluded a significant adverse edge effect on FTHLs Specifically, Barrows et al.
(2006) concluded "the only aeolian sand species that demonstrated an unambiguous
negative response to the anthropogenic habitat edges was the flat-tailed horned lizard,"33
and Young and Young (2000) concluded "[d]istance to disturbance was found to be a

January 1, 2008 — December 31, 2008.
31 Flat-tailed Homed Lizard Interagency Coordinating Committee. 2003. Flat-tailed homed lizard
rangewide management strategy, 2003 revision. 80 pp. plus appendices. p. 49.
32 Ecosphere Environmental Services. 2009 Apr 21. SES Solar Two AFC Supplemental
Cumulative Analysis. p. 15.
B Barrows CW, MF Allen, JT Rotenberry. 2006. Boundary processes between a desert sand dune
community and an encroaching suburban landscape. Biological Conservation 131:486-494.
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highly significant factor in whether or not flat-tailed homed lizards were present.
Probability of presence increased significantly with increasing distance from disturbance,
indicating a negative indirect effect to at least 450 m away from agricultural or urban
areas."34 Given the configuration of the Project, and assuming an edge effect to 450 m, I
estimate the Project will have an indirect, adverse effect on 2,800 acres outside of the
Project boundaries. Not only are these impacts rather substantial, but they would extend
into the Yuha Desert MA, thus reducing its value as a reserve. Incredibly, although the
literature is unequivocal about adverse edge effects on FTHL, the SA/DEIS provides very
little analyses of the impacts, and absolutely no compensatory mitigation (for indirect
impacts).

b. Loss of Connectivity Between Reserves-

Mitigation for impacts to the FTHL is governed by the FTHL Rangewide
Management Strategy (RMS). According to the RMS, "[s]ignatory agencies incorporate
RMS measures into their land management plans. Compliance with the National
Environmental Policy Act (NEPA) and other applicable federal and state laws will be
achieved through these management plans or revisions."35

The RMS concludes some movement of FTHLs may occur among the Yuha Desert,
West Mesa, and Borrego Badlands MAs, and that maintaining corridors among the MAs
is "an action that must be taken to prevent significant declines in population or habitat
quality."36 The RMS specifically identifies lands between the Yuha Desert and West
Mesa MAs as potential habitat corridors that should be maintained. This is the area
proposed for the Project site.

According to the RMS:

1. Planned actions provide guidance for managers to maintain sufficient
habitat to provide for interchange of FTHLs between MAs, where
habitat corridors persist In this way, those naturally adjoining
populations of FTHLs will be able to interbreed, helping to maintain
genetic vigor, and natural recolonization could occur in the case of
extirpation from local populations.37

2. Activities in potential habitat corridors between MAs and the RA shall
be regulated or mitigated so that at least occasional interchange of
FTHLs occurs among adjacent populations. Potential habitat

34 Young KV and AT Young. 2005. Indirect effects of development on the flat-tailed homed
lizard Final Report submitted to Arizona Game and Fish Department, Yuma. 11 pp.
35 Flat-tailed Homed Lizard Interagency Coordinating Committee. 2003. Flat-tailed homed lizard
rangewide management strategy, 2003 revision. 80 pp. plus appendices. p.
36 Flat-tailed Homed Lizard Interagency Coordinating Committee. 2003. Flat-tailed horned lizard
rangewide management strategy, 2003 revision. 80 pp. plus appendices. p. 45.
37 Flat-tailed Homed Lizard Interagency Coordinating Committee. 2003. Flat-tailed homed lizard
rangewide management strategy, 2003 revision. 80 pp. plus appendices. p. 70.
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corridors include lands between West Mesa and Yuha Desert MAs.38

Activities inherent in Project construction and operation would function as a bather to
FTHL movement that is unmitigated in the SA/DEIS. The SA/DEIS proposed no
mitigation for impacts to FTHL movement between MAs, despite clear guidance from
the RMS. As a result, the Project will almost completely isolate the Yuha Desert MA
from the other MAs (Figures 1 and 2). If left unmitigated, the failure to maintain
corridors between the MAs is likely to have long-term consequences on the conservation
of FTHL.

The applicant identified interference with the movement of FTHL between the West
Mesa and Yuha Desert MAs as a significant impact. 39 The conclusion of the SA/DEIS is
less clear. It states:

"N hough Interstate 8 may serve as a barrier for movement
between the Yuha Desert FTHL Management Area (MA) and the proposed
project site, the large culverts under the highway which are in excess of
200 feet, may allow wildlife movement between the two suitable FTHL
areas. It is unlikely that FTHL would use the culverts to move between the
MA and the proposed project site due to the long distance between these
areas and lack of light along the length (Painter and Ingraldi 2007)."4°

These statements are particularly confusing because the research conducted by
Painter and Ingraldi (2007) does not support the conclusion presented in the SA/DEIS. In
fact, Painter and Ingraldi's research may indicate the exact opposite. They reported:
"[d]ark culverts were used more frequently (9 crossings) than culverts with skylights (3
crossings)."41 With respect to length, Painter and Ingraldi did not present any data to
suggest FTHL would avoid use of long culverts. Ultimately they concluded, "the
evidence did not reveal a strong selection for or against any culvert type." 42 Regardless
of FTHL use of culverts, some FTHL will cross roads to to get to the Project site and
move between MAs. The SA/DEIS does not propose any mitigation or avoidance to
maintain connectivity through the Project site.

Although the value of a particular corridor needs to be evaluated on a case-by-case
basis, value is generally a function of reserve size, number of reserves, interconnectivity
among reserves, and spatial scale. The RMS implements a conservation strategy based
on establishment of five, relatively large, reserves (i.e., MAs). In designating the reserve
system, the FTHL Conservation Team conducted population viability analyses.

38 Flat-tailed Homed Lizard Interagency Coordinating Committee. 2003. Flat-tailed homed lizard
rangewide management strategy, 2003 revision. 80 pp. plus appendices. p. 30.
39 AFC, Ecosphere Environmental Services. 2009 Apr 21. SES Solar Two, LLC. Supplemental
Cumulative Analysis, p. 14, 27.
40 SA/DEIS, p. C.2-22.
41 Painter ML, MF Ingraldi. 2007. Use of Simulated Highway Underpass Crossing Structures by
Flat-Tailed Homed Lizards (Phrynosoma mcallii), Final Report 594. Arizona Department of
Transportation, Phoenix, Arizona.
42 id
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According to the RMS "ideally, these analyses would define an initial population size and
reserve size needed to support a viable population for a specified time interval, such as
100 or 500 years. Unfortunately, population demographics and stochasticity in possible
reserves (MAs) are not adequately understood to provide this information."'"

Whereas each of the MAs is believed to contain viable FTHL populations, no
definitive data exist on population dynamics. 44 Whatever the true ability of the MAs to
support viable FTHL populations, they remain vulnerable to natural catastrophes (e.g.,
drought, fire) and environmental uncertainty (e.g., changes in weather, food supply,
predators and parasites). These factors should be considered in the context of the Theory
of Island Biogeography, which dictates all isolated populations eventually go extinct.
Without corridors, there is no ability for an organism to repopulate an area that has
experienced a local extinction. Therefore, ecological principles dictate maintenance of
corridors is essential to the long-term conservation of the FTHL. The SA/DEIS must
address the significant impact that the Project would have on FTHL corridors.

B. RELOCATION STRATEGY

The SA/DEIS proposes removal surveys to move FTHL "out of harm's way." 45 The
measures proposed by the SA/DEIS to minimize mortality from capture, handling, and
transfer of FTHLs are relatively sound. However, moving lizards out of "harm's way"
only partially addresses their survivorship. First, the SA/DEIS lacks the verification
measures needed to ensure the surveys are effective in locating FTHLs. FTHLs are
notoriously difficult to detect, and any that remain on the site after the clearance surveys
will likely die during Project construction and operation. Second, the SA/DEIS lacks any
information on translocation sites, the habitat suitability of those sites, and the monitoring
that will accompany translocation. The Applicant needs to develop a detailed
translocation plan that is thoroughly vetted before the Energy Commission's decision. At
a minimum, the plan should contain:

I. An assessment of potential release sites, with special attention dedicated to
evaluating the factors that limit the distribution and abundance of FTHLs, as
well as an appraisal of probable dispersal patterns.

2. A detailed description of how FTHLs will be detected, and a means of
documenting the effectiveness of the detection techniques. The latter
objective could be accomplished through a series of "intensive surveys,"
similar to those used to document the accuracy of desert tortoise surveys.

3. An experimental, controlled trial, in which the initial translocation strategy is
evaluated, then modified to improve the likelihood of success.

4. A detailed description of the monitoring and adaptive management measures
that will be implemented after FTHLs are released.

43 Flat-tailed Homed Lizard Interagency Coordinating Committee. 2003. Flat-tailed homed lizard
rangewide management strategy, 2003 revision. 80 pp. plus appendices.
44 Id.
45 SA/DEIS, p C 2-55.
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Currently there are no performance standards associated with FTHL translocation
requirements, so this as yet unproven and deferred mitigation strategy is improper and
cannot be relied upon to show impacts to FTHL will be reduced to a level that is less than
significant.

I have made the following additional conclusions related to Condition of Certification
B10-9 (FTHL clearance surveys):

I. The SA/DEIS indicates "Memoval surveys would be conducted by experience
[sic] biological monitors only during appropriate survey conditions. The surveys
shall be conducted from April 1 through September 30 when air temperatures are
between 25 and 37°C (75 and 100°F). Surveys would not be conducted during
inclement weather conditions (e.g., rain, high winds) that could affect the
movement of FTHLs. FTHL removal from the area could continue outside of
protocol survey periods since the intent is to move animals from harm's way."46

a. The SA needs to define what constitutes an experienced biological
monitor and specify how the measure will be verified. Given the
difficulty of detecting FTHL and the typically low FTHL detection rates,
the monitor(s) should have prior experience conducting FTHL clearance
surveys.

b. Permitting surveys to continue outside of protocol survey periods "since
the intent is to move animals from harm's way" appears to conflict with
the requirement for surveys "only during appropriate survey conditions."
Whereas it is true the intent of the surveys is to move FTHL out of harm's
way, satisfying that intent requires surveys when the organism is most
likely to be detected and captured (i.e., the protocol survey period). There
is no scientific basis for allowing clearance surveys outside of the protocol
survey period and it should not be allowed. The RMS dictates all surveys
should be conducted from April through September.47

2. The SA/DEIS indicates lig FTHL is detected during the clearance surveys the
biological monitors shall move it to the nearest suitable habitat outside of harm's
way or relocated off-site as approved by the FTHL ICC or hold the captured
FTHL for later release:48 To ensure proper implementation, the SA needs to
define what is considered "suitable habitat."

3. The Condition's verification measures include having the Designated Biologist
submit a report within 30 days of completion of FTHL clearance surveys. 49 The
report would describe how mitigation measures have been satisfied, and it would
include the FTHL survey results, capture and release locations of any FTHL
encountered, and any other information needed to demonstrate compliance with

46 SA/DEIS, p. C.2-83.
47 Flat-tailed Homed Lizard Interagency Coordinating Committee. 2003. Flat-tailed homed lizard
rangewide management strategy, 2003 revision. 80 pp. plus appendices.
48 Id
49 Id.
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the measures described in the Condition. The Condition's verification lacks
feasibility, certainty, and a mechanism for enforcement. Specifically,

a. The measure omits the requirement for the applicant to report compliance
with the survey methods described in the Condition.

b. Given the phased nature of the Project, the requirement to submit a report
within 30 days after completion of FTHL clearance surveys enables the
applicant to conduct substantial ground disturbance before any reports are
submitted. As a result, the SA/DEIS lacks a means for approving
clearance surveys before ground disturbance occurs.

C. COMPENSATION STRATEGY

The mitigation proposed by the SA/DEIS improperly allows a net loss of FTHL
habitat. To mitigate for habitat loss and potential take of FTHL, the SA/DEIS requires
the project owner to pay the BLM a monetary equivalent for 6,619.9 acres of "land
suitable for these species." 5° However, Condition of Certification BIO-10 negates the
ability of the proposed compensation to fully mitigate habitat loss by allowing (a)
compensation lands to be "poor quality habitat"; 5I and (b) compensation funds to be
applied to educational purposes or management actions "deemed necessary by the FTHL
ICC."52 By authorizing these uses, the SA/DEIS conflicts with the RMS's stated goal of
preventing a net loss of FTHL habitat.53

The SA/DEIS omits compensation for impacts along the proposed reclaimed water
pipeline route. The SA/DEIS justifies this omission by stating "the construction activities
would occur mainly in the developed/disturbed portions in and along the Evan Hewes
Highway."54 I do not agree with the SA/DEIS's justification, because (a) approximately
45 percent (13 acres) of the pipeline route will be within native habitat, 55 and (b) the
SA/DEIS has failed to address the indirect impacts posed by the water pipeline. With
respect to the latter, the RMS states:

A project's indirect effects on FTHLs should be considered when determining
compensation. For example, ROW grants for aboveground structures such as
roads,  pipelines, towers, or similar facilities can have adverse impacts to FTHLs
beyond the areas that are proposed to be disturbed. First, such disturbances have
been shown to attract FTHL predators. For example, roads may attract round-
tailed ground squirrels (Garland and Bradley 1984), and towers can provide
perching areas for loggerhead shrikes and American kestrels. Second,
construction vehicles can introduce invasive weeds that degrade FTHL habitat
Last, vehicles from increased authorized and unauthorized traffic on maintenance

5° SA/DEIS, p. C.2-85.
51 Id.
52 SA/DEIS, p. C.2-42.
"
54 SA/DEIS, p. C.2-42.
55 SA/DEIS, p. C.2-30.
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roads can cause FTHL mortality. If these and other adverse indirect effects (e.g.,
habitat fragmentation, decreased FTHL density near roads) cannot be mitigated
(with FTHL barriers or corridors, for e.g.),  compensation for indirect effects will
be required.56

D. CONCLUSION

The ability of the SA/DEIS to offset significant Project impacts to FTHL is best
summarized by examining the factors that have led to the species being proposed for
listing under the Endangered Species Act: habitat loss, fragmentation, and degradation.57
First, the Project will eliminate over 6,000 acres of occupied FTHL habitat, without
replacement. Therefore, it's very clear that it will result in habitat loss. Second, the
Project will perforate the landscape, resulting in considerable habitat fragmentation. The
adverse effects of the fragmentation (i.e., edge effects and loss of connectivity) remain
unmitigated. Finally, it has been well established that urban development, pipeline, road
and powerline construction destroy vegetation cover and expose the soil to wind erosion,
which is the principle mechanism of land degradation.58 I believe the SA/DEIS
establishes habitat degradation as a result of the Project would be inevitable, in stating:
"effectiveness of revegetation in an arid environment is difficult, of limited effectiveness,
and capable of recovery only over a very long-term time frame." 59 As a result of these
issues, it is my principal conclusion that the SA/DEIS has failed to reduce impacts to the
FTHL to less than significant levels.

III. The Project Would Result in Potentially Significant, Unmitigated Impacts to
Burrowing Owls

The burrowing owl (Athene cunicularia) is listed as a CDFG Species of Special
Concern and a Bureau of Land Management Sensitive species. Burrowing owl nesting
habitat consists of open areas with bunows. 66 Habitats include dry open rolling hills,
grasslands, fallow fields, sparsely vegetated desert scrub with gullies, washes, arroyos,
and edges of human disturbed lands.61 The Imperial Valley is regarded as a population
stronghold for the bun-owing owl, and it currently has one of the largest and most dense

56 [emphasis added] Flat-tailed Homed Lizard Interagency Coordinating Committee. 2003. Flat-
tailed homed lizard rangewide management strategy, 2003 revision. 80 pp. plus appendices. p.
64.
57 58 Fed. Reg. 62624 (November 29, 1993), Proposed Rule to List Flat-tailed Homed Lizard as
Threatened.
58 Olcin GS, B Murray, WH Schlesinger. 2000. Degradation of 'sandy arid shrubland
environments: observations, process modelling, and management implications. Journal of Arid
Environments Vol. 47, No. 2, pp. 123-144.
59 SA/DEIS, p. C.13-12.
60 Bates C. 2006. Burrowing Owl (Athene cunicularia). In The Draft Desert Bird Conservation
Plan: a strategy for reversing the decline of desert-associated birds in California. California
Partners in Flight. http://www.prbo.orgicalpiEhtinldocs/desert.html.
61 Id.

22I8-097a
	 15



populations throughout the species' range. 62 A recent study in the Imperial Valley
documented owls nesting primarily along drains (43%), delivery ditches (43%), and
canals (11%).63

The SA/DEIS fails to provide a meaningful assessment of Project impacts on
burrowing owls. In particular, the SA/DEIS fails to provide reliable information on the
presence and abundance of owls within the Project area, and it lacks mitigation consistent
with the guidelines issued by CDFG or the California Burrowing Owl Consortium.

Information on owl presence and abundance in the Project area was achieved
through "incidental observations."64 Protocol surveys (or any focused surveys) for
burrowing owls were never conducted. Failure to conduct protocol surveys is a violation
of CEC siting regulation Appendix B (g)(13)(D)(i). This regulation requires the
applicant to follow protocol surveys if such protocols exist. In addition to meeting CEC
regulations, adherence to the protocol ensures uniform standards when surveying
burrowing owl populations and evaluating impacts from development projects. 6) The
California Burrowing Owl Consortium Protocol and Mitigation Guidelines warn lead
agencies against deferring impact evaluations, such as has been done for this Project:

Owls can be affected by disturbance and habitat loss, even though there
may be no direct impacts to the birds themselves or their burrows. There
is often inadequate information about the presence of owls on a project
site until ground disturbance is imminent. When this occurs there is
usually insufficient time to evaluate impacts to owls and their habitat. The
absence of standardized field survey methods impairs adequate and
consistent impact assessment during regulatory review processes, which
in turn reduces the possibility of effective mitigation. These guidelines are
intended to provide a decision-making process that should be implemented
wherever there is potential for an action or project to adversely affect
burrowing owls or the resources that support them.66

Protocol surveys need to be conducted so that the applicant can provide an adequate
analysis of Project impacts to burrowing owls, and so that the resource agencies can
enforce mitigation commensurate with Project impacts. In the Barstow-area Calico Solar
siting proceeding, the same applicant (Stirling Energy Systems LLC) and the same
consultant (URS Corporation) made an identical attempt to soley rely upon incidental
information for its impact assessment to burrowing owl. The BLM and Energy

62 DeSante DF, ED Ruhlen, DK Rosenberg. 2004. Density and abundance of burrowing owls in
the agricultural matrix of the Imperial Valley, California. Studies in Avian Biology No. 27: 116-
119.
63 Rosenburg, DK and KL Haley. 2004. The ecology of burrowing owls in the agroecosystem of
the Imperial Valley, California. Studies in Avian Biology No. 27: 120-135.
64 AFC, p. 5.6-6.
65 The California Burrowing Owl Consortium. 1993. Burrowing Owl Survey Protocol and
Mitigation Guidelines. Available online at:
http://www.dfg.ca.gov/wildlife/species/docs/boconsortium.pdf.
66 1d.
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Commission staff in Calico deemed the impact assessment inadequate and subsequently
required the applicant to conduct protocol burrowing owl surveys. The survey data
provided for the Imperial Valley Solar Project are no more reliable than those initially
provided for Calico Solar.

The SA/DEIS indicates "the applicant's proposed impact avoidance, minimization,
and mitigation measures [for burrowing owlsi would not be sufficient to reduce impacts
to less than significant levels under CEQA."6 However, the SA/DEIS does not establish
why it reached this conclusion, nor does it clearly establish how mitigation proposed in
the SA/DEIS will effectively reduce impacts to less than significant levels.

A. PROPOSED MITIGATION

The project would result in permanent loss of 6,185 acres that is currently used by
burrowing owls for nesting and foraging." Staff considers these impacts to be significant
under CEQA. 69 Although habitat loss has been identified as one of the primary threats to
California's burrowing owl population, 79 and although the Imperial Valley Solar Project
would contribute incrementally to this significant loss under CEQA, 71 the SA/DEIS
provides no mitigation for the Project's impacts to burrowing owl habitat, such as land
acquisition. Further, the compensatory mitigation required for impacts to flat-tailed
homed lizard habitat will not necessarily compensate for impacts to burrowing owls,
because (a) compensatory mitigation for the FTHL may simply entail FTHL management
actions (e.g., fencing, signage, habitat restoration) that would do very little to offset
impacts to burrowing owls; ' 2 and (b) the SAJDEIS provides no mechanism for assuring
compensatory mitigation will provide suitable habitat for burrowing owls.

Condition of Certification B10-16 provides mitigation measures for Project impacts
to burrowing owls. B10-16 measure #1 requires the applicant to "[c]omplete a pre-
construction survey for burrowing owls for any areas subject to disturbance from
construction no less than 30 days prior to the start of initial ground disturbance activities.
If burrowing owls are present within 500 feet of the project site or linear facilities, then
the CDFG burrowing owl guidelines (CDFG 1995) shall be implemented." 73 The
proposed mitigation does not meet the requirements of Section 21081.6 of CEQA for the
following reasons:

1. The mitigation measure lacks certainty due to the failure to define
"disturbance." , Besides earth moving activities, burrowing owls may be
disturbed by Project factors such as noise, night lighting, and altered
hydrology. The mitigation measure also needs to specify the areas where

67 SA/DEIS, p C 2-38.
68 SA/DEIS p C 2-37.
691d.
7° SA/DEIS, p. C.2-38.
71 Id.
72 SA/DEIS, p. C.2-85.
73 SA/DEIS, p C 2-91.
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burrowing owl surveys are required.

2. The mitigation measure lacks any performance standards, including the
methods for conducting the pre-construction survey, the minimum level of
effort required, the qualifications of the surveyor(s), and whether it will be
permissible for the applicant to conduct burrowing owl surveys concurrent
with other pre-construction survey activities.

3. The mitigation measure's requirement to have the applicant implement
CDFG burrowing owl guidelines if burrowing owls are present within 500
feet of the project site or linear facilities is unnecessarily vague and thus lacks
feasibility. First, according to CDFG burrowing owl guidelines, a site should
be assumed occupied if at least one burrowing owl has been observed
occupying a burrow there within the last three years. 74 Because a burrowing
owl was detected along the proposed transmission line within the last three
years,75 the SA/DEIS—by definition—requires the applicant to implement
CDFG mitigation guidelines regardless of future survey results. As a result,
the proposed condition permits an uncertain outcome for what CDFG defines
as a certain impact. Second, if surveys are limited to areas exposed to ground
disturbance, there will be no mechanism for obtaining information on owl
presence within 500 feet of the project site or linear facilities. Finally, the
condition lacks certainty over the portions of the CDFG mitigation guidelines
required of the applicant. For example, CDFG mitigation guidelines state
burrowing owl surveys should be conducted during both the wintering and
nesting seasons, unless the species is detected on the first survey. 76 This
presents a scenario of two mutually contradictory requirements, which
presumably is not the intent of the SA/DEIS.

BIO-16 measure #2 requires the applicant to monitor burrowing owl pairs within 500
feet of any activities that exceed ambient noise and/or vibration levels. 77 The proposed
mitigation does not meet the requirements of CEQA for the following reasons:

1. It lacks compliance standards (i.e., success criteria).

2. It lacks a schedule for monitoring compliance.

3. It lacks a means of recording compliance with any established standards.

4. It lacks an enforcement mechanism and provisions for responding to failure
of the mitigation measure.

5. It does not establish how ambient noise and/or vibration levels will be
measured.

74 California Department of Fish and Game. 1995. Staff Report on Burrowing Owl Mitigation.
75 AFC, Biological Resources, Figure 6.
76 California Department of Fish and Game. 1995. Staff Report on Burrowing Owl Mitigation.
77 SA/DEIS, p. C.2-92.
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B10-16 measure #3 requires the applicant to establish a 500-foot set back from any
active burrow and construct additional noise/visual barriers (e.g., haystacks or plywood
fencing) to shield the active burrow from construction activities. It further requires the
applicant to post signs (in both English and Spanish) designating presence of a sensitive
area. 78 The proposed mitigation does not meet the requirements of CEQA for the
following reasons:

1. It lacks compliance standards (i.e., success criteria).

2. It lacks a schedule for monitoring compliance.

3. It lacks an enforcement mechanism and provisions for responding to failure
of the mitigation measure.

B10-16 measure #4 requires the applicant to passively relocate all owls occupying
burrows that would be temporarily or permanently impacted by the Project. Although the
measure will assist in avoiding direct impacts to owls, the measure fails to incorporate
measures to minimize the adverse effects of evicting owls from their burrows.
Recommended guidelines for minimizing indirect impacts to evicted owls have been
established by the CDFG, which serves as the trustee agency. CDFG's recommended
mitigation includes:

I. Acquiring and permanently protecting a minimum of 6.5 acres of foraging habitat
(calculated on a 100 m {approx. 300 ft.} foraging radius around the burrow) per
pair or unpaired resident bird. The protected lands should be adjacent to occupied
burrowing owl habitat and at a location acceptable to the CDFG.79

2. Provision of at least two replacement burrows on the protected lands site for each
occupied burrow that is destroyed.

3. Allowance of at least one week for evicted owls to become acclimated to alternate
burrows prior to destruction of previously occupied burrows.

4. Having the project sponsor provide funding for long-term management and
monitoring of the protected lands. The monitoring plan should include success
criteria, remedial measures, and an annual report to the CDFG.

Each of these mitigation measures needs to be incorporated by Energy Commission staff
and the BLM to ensure the Project meets the expectations established by the trustee
agency.

The intent of pre-construction surveys for burrowing owls is "to ensure no additional,
burrowing owls have established territories since the initial surveys." 89 They were never
intended to serve as a substitute for protocol surveys, as suggested by the applicant and
the SA/DEIS. The utility of the proposed pre-construction survey is further hampered by
the SA/DEIS's proposed schedule for verification. Specifically, CDFG guidelines

78 1d.
79 California Department of Fish and Game. 1995. Staff Report on Burrowing Owl Mitigation.
10 1d.
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require the survey to be conducted within 30 days of ground disturbance, whereas the
SA/DEIS requires the project owner to submit a report that describes when surveys were
completed, observations, mitigation measures, and the results of the mitigation at least 30
days prior to the start of any project-related site disturbance." As a result, the
verification measure proposed by the SA/DEIS contradicts guidance issued by CDFG. In
addition (and perhaps more importantly), it increases the possibility of "take" and
violation of the federal law that protects migratory birds.

IV. The Project will Eliminate Golden Eagle Foraging Habitat and may not Comply
with the Bald and Golden Eagle Protection Act

The USFWS requires a take permit to be issued for "take" of bald or golden eagles
where the taking is associated with, but not the purpose of the activity, and cannot be
practicably avoided. 82 Take includes causing a decrease in golden eagle productivity by
substantially interfering with normal breeding, feeding, or sheltering behavior. 83 The
SA/DEIS concludes the Imperial Valley Solar Project site provides suitable foraging
habitat for golden eagles. 84 The SA/DEIS further concludes the loss of foraging habitat
for golden eagles may require a permit for take under the Bald and Golden Eagle
Protection Act." Despite these conclusions, the SA/DIES lacks any discussion on the
actions that will be taken to determine whether the Project will require mitigation and
issuance of a take permit for impacts to golden eagle foraging habitat.

The USFWS considers the availability of nest sites and food as the limiting factors for
raptor populations. 86 In examining these two factors: (1) Golden eagle nesting habitat (in
the form of mountainous, rocky terrain) is abundant within 10 miles of the Project site
(Figure 3); and (2) According to the applicant's survey data, jackrabbits and ground
squirrels (i.e., the preferred prey) are present on the Project site and appear to be
relatively abundant.87

Although the Project site provides foraging habitat for golden eagles and is within 10
miles of potential nest sites, it does not appear that there have been any efforts to
establish whether golden eagle nests occur within the vicinity of the Project site. At a
recent SA workshop, the Applicant's biologist Patrick Mock said that there are no
potential nesting sites for golden eagles in a 10-mile radius around the Project. This
contradicts the maps supplied by the Applicant that show rock outcrop areas near the
Project site (see Figure 3).

81 SA/DEIS, p. C.2-92.
82 SA/DEIS, p. C.2-57.
83 Id.
84 Id.

85 SA/DEIS, p. C.2-57.
86 US Fish and Wildlife Service, Division of Migratory Bird Management. 2009. Final
Environmental Assessment, Proposal to Permit Take. Provided Under the Bald and Golden Eagle
Protection Act. Washington: Dept. of Interior.
87 	 to AFC, p. 5.6-9: "rodent tracks and burrows were commonly observed throughout
the site."
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The SA/DEIS lacks any information, or a determination, on the significance of
Project impacts on golden eagles. Following the approach outlined by the Bald and
Golden Eagle Protection Act, "the best scientific information available" indicates the
Project's elimination of 6,063 acres of foraging habitat may result in take due to a
decrease in productivity or nest abandonment (by substantially interfering with normal
breeding, feeding, or sheltering behavior). Therefore, it is my opinion that under the
provisions of the Bald and Golden Eagle Protection Act, the Applicant is required to
survey for golden eagle nests in the Project area, or in the absence of a dedicated survey
effort, the Applicant is required to seek take authorization for potential Project impacts to
golden eagles.

V. The SA/DEIS Does Not Ensure Avoidance, Minimization, and Mitigation for
Project Impacts to Nesting Birds

The Migratory Bird Treaty Act (Act) protects most of the bird species that may nest
within the Project site. The Act makes it unlawful to cause a "take" to any migratory
bird, part, nest, egg or product. To comply with the Act, the SA/DEIS directs the
applicant to conduct vegetation-clearing activities outside of bird nesting season, "where
practicable."88 For construction activities that would occur during the nesting season, the
SA/DEIS requires the applicant to conduct nesting bird surveys prior to ground
disturbance activities. If an active nest is discovered during the surveys, a buffer zone
would be established around the nest.

Avian population trends are highly correlated with nesting success. 89 These trends
indicate aridland bird populations (overall) have declined nearly 30% since 1968, and the
populations of more than 75% of aridland-obligate bird species are still declining."
Without effective mitigation, the Project would further contribute to these declines.

Scientific literature does not support the ability of a pre-construction nesting bird
survey to serve as an effective technique in protecting all (or even most) nesting birds
from take. Rather, research indicates nest finding is labor intensive and can be extremely
difficult due to the tendency of many species to construct well-concealed or camouflaged
nests. 91 92 As a result, most studies that involve locating bird nests employ a variety of
search techniques. These include flushing an adult from the nest, watching parental
behavior (e.g., carrying nest material or food), and systematically searching nesting

88 SA/DEIS, p. C.2-90.
89 Martin TE, GR Geupel. 1993. Nest-Monitoring Plots: Methods for Locating Nests and
Monitoring Success. J. Field Omithol. 64(4):507-519.
" North American Bird Conservation Initiative, U.S. Committee, 2009. The State of the Birds,
United States of America, 2009. U.S. Department of Interior: Washington, DC. 36 pages.
91 DeSante DF, GR Geupel. 1987. Landbird productivity in central coastal California: the
relationship to annual rainfall and a reproductive failure in 1986. Condor. 89:636-653.
92 Baicich H, CJ Harrison. 1997. A guide to the nests, eggs, and nestlings of North American
Birds. rd ed. London: Academic Press.
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substrates.93

Previous studies involving nest detection have focused on nesting ecology (e.g., nest-
site selection, reproductive success) where unknown nest detection rates are acceptable as
long as sample size requirements are met." Consequently, there have not been any
studies that have attempted to quantify the effort required to locate all bird nests within
an area. This lack of information, in conjunction with imperfect nest detection rates,
makes it impossible to evaluate how effective pre-construction nest surveys are in
preventing direct impacts to nesting birds. However, knowledge that nest detection is
difficult and labor intensive suggests two pre-construction surveys is inadequate for large
project areas. As a result of data gaps, the SA/DEIS has no basis to conclude the
proposed pre-construction nest surveys will protect desert nesting birds from direct
project impacts.

The inability of the proposed pre-construction nest surveys to serve as effective
mitigation is confounded by the SA/DEIS's failure to include specific minimum,
measurable performance standards. Verification measures associated with the proposed
mitigation include provision of a letter-report describing the findings of the pre-
construction nest surveys, including the time, date, and duration of the survey; identity
and qualifications of the surveyor(s); and a list of species observed. 95 To meet the
requirements of CEQA, minimum requirements for survey techniques, level of effort, and
surveyor qualifications need to be established before the surveys are conducted, not after.

VI. The SA/DEIS Lacks an Assessment of Potential Project Impacts on the
Colorado Desert Fringe-toed Lizard

The Applicant has indicated the Project site has suitable habitat for the FTHL, which
is described as "sparsely vegetated desert scrub areas with fine, wind-blown (aeolian)
sand deposits and shifting sand substrate." 96 Habitat for the Colorado Desert fringe-toed
lizard (listed as BLM Sensitive and a California Species of Special Concern) is similar to
that of the FTHL. It is described as "fine, loose, wind-blown sand dunes, dry lakebeds,
sandy beaches or riverbanks, desert washes, and sparse desert scrub." 97 According to the
California Natural Diversity Database, there are several documented occurrences of
Colorado Desert fringe-toed lizards within 10 miles of the Project site (Figure 4).
Despite these facts, the SA/DEIS lacks any discussion of the Project's potential impacts
on Colorado Desert fringe-toed lizards

93 Martin TE, C Paine, CJ Conway, WM Hochacka. 1996. BBIRD field protocol. Montana
Cooperative Wildlife Research Unit, Missoula (MT).
" Martin TE, GR Geupel. 1993. Nest-Monitoring Plots: Methods for Locating Nests and
Monitoring Success. J. Field Ornithol. 64(4):507-519.
95 SA/DEIS, p. C.2-91.
96 AFC, p. 5.6-4.
97 California Wildlife Habitat Relationships System. 2005. California Department of Fish and
Game. California Interagency Wildlife Task Group. CWHR version 8.1 personal computer
program. Sacramento (CA).
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VII. The SA/DEIS Lacks a Valid Assessment of, and Mitigation for, Project Impacts
on Sensitive Natural Communities and Associations

The SA/DEIS provides the following assessment of Project impacts on sensitive
natural communities:

No sensitive natural vegetation communities occur in the survey area or
within one mile of the proposed project boundaries (CDFG 2009). The
natural vegetative communities that occur in the project area are not
considered to be of high priority in the California Natural Diversity
Database (CNDDB) (CDFG 2003). These vegetative communities are
generally considered common enough to not be of concern (CDFG
2007).98

The conclusion is flawed for the following reasons:

1. The reference cited (i.e., CDFG 2009) is to the CNDDB. Although the CNDDB
can be a useful mechanism for determining presence, it cannot be used to
conclude absence (as was done in the SA/DEIS). According to the CDFG, "we
cannot and do not portray the CNDDB as an exhaustive and comprehensive
inventory of all rare species and natural communities statewide." 9

2. The reference cited to support the conclusion that vegetation communities on the
site are "common enough to not be of concern" (i.e., CDFG 2007) is outdated,
and may not reflect the most recent assessment of rarity.' 00

Based on my review of photographs, it appears sensitive natural communities and
alliances are present on the Project site and within the one-mile boundary. These include
the Smoke Tree Woodland alliance (rank G4 53), the Big Galleta Shrub-Steppe alliance
(rank G3 S2), White Bursage-Big Galleta (Ambrosia dumosa-Pleuraphis rigida)
association, and the Creosote Bush-White Bursage-Big Galleta (Larrea tridentata-
Ambrosia dumosa-Pleuraphis rigida) association (Figure 5). Several additional sensitive
natural communities and alliances may be present given survey information provided by
the applicant (e.g., plant species lists). These include Mesquite Wash Woodland,
Mesquite Bosque, or Mesquite Thicket; Mixed Wash Woodland; Creosote Bush-White
Ratteny-Big Galleta (Larrea tridentata-Krameria grayi-Pleuraphis rigida) association;
Creosote Bush - Big Galleta (Larrea tridentata-Pleuraphis rigida) association; and the
Creosote Bush - Big Galleta - Anderson's Wolfberry (Larrea tridentata-
Pleuraphis rigida-Lycium andersonii) association.

The SA/DEIS must analyze and mitigate impacts to Sensitive Natural Communities
and Associations.

98 SA/DEIS, p. C.2-11.
99 California Natural Diversity Database Info [intemet]. Sacramento: California Department of
Fish and Game; [cited 2010 Apr 29]. Available from:
http://www.dfg.ca.gov/biogeodata/cnddb/cnddb_info.asp.
IG° California Department of Fish and Game. 2009 Dec 28. List of California Vegetation
Alliances. Sacramento: Biogeographic Data Branch.
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VIII. The SA/DEIS Lacks the Information Necessary to Evaluate Impacts from
Upgrades to the Seeley Wastewater Reclamation Facility

The SA/DEIS identifies the Seeley Wastewater Reclamation Facility (SWWRF) as
the sole source of water for the Project, but does not provide any analysis of the upgrades
needed for this facility to serve as the Project's water supply. The BLM and Energy
Commission staff prepared an appendix to the SA/DEIS to address potential impacts
from upgrades to the Seeley Wastewater Reclamation Facility (SWWRF). 101 With
respect to biological resources, the appendix indicates the surveys necessary to properly
document sensitive biological resources that may be affected by upgrades to the SWWRF
have not yet been conducted. Specifically, the appendix states:

1. A hydrologic study is necessary to quantify how withholding water from the
emergent wetland will affect the wetland habitat and any listed species that may
occupy the affected habitat, including the federally listed endangered Yuma
clapper rail.1°2

2. Focused surveys for sensitive bird species will be completed during the
appropriate spring/summer survey periods in 2010 to determine whether the
emergent wetland is occupied by sensitive species as part of the studies associated
with the EIR for the SWWRF upgrades.1°3

The lack of the necessary survey data prohibits the ability to analyze biological resource
impacts associated with the SWWRF. This is acknowledged in the appendix.
Specifically, the appendix states:

I. This [hydrologic] study may identify significant impacts, but mitigation measures
may be able to reduce the impacts to less than significant.1°4

2. The results of the protocol level surveys [for Yuma clapper rail] may identify
significant impacts and appropriate mitigation would be required.1°)

The Appendix attempts to provide a mitigation strategy that would reduce all impacts to a
level that is less than significant, however, due to the lack of information on the upgrade
project's impacts to sensitive biological resources, the appendix lacks the ability to
specify mitigation that would reduce impacts to less than significant levels. Instead, the
appendix relies on vague mitigation measures that lack (a) certainty; (b) measurable
performance standards; (c) authority; (d) continuity and consistency; and (e) feasibility.
Each of these items is a requirement of the agencies involved in the CEQA process.
Guidelines for meeting the requirements of CEQA Section 21081 state:

1 °' [Al'.!] Appendix 1, Seeley Wastewater Reclamation Facility Improvements, Susan V. Lee,
Docketed March 18, 2010.
102 SA/DEIS, p. AP.1-12.
103 Id.
Dm Id.
m Id.
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a. Specify what is required to be done, how it is to be done, when it must be done,
and who is responsible for ensuring its completion (i.e., "certainty").

b. Include specific minimum, measurable performance standards in all quantitative
measures, and if possible, contingency plans if the performance standards are not
met (i.e., "performance").

c. Measures which are not based on some other authority (i.e., zoning code, tree
preservation ordinance, development agreement, impact fee ordinance,
subdivision ordinance, etc.) are unenforceable (i.e., "authority").

d. Integrate measures with existing policy and regulatory systems, and inspection or
review schedules (i.e., "continuity and consistency").

e. Avoid the trap of imposing mitigation measures that are based upon future
activities of uncertain outcome (i.e., "feasibility").

Diversion of effluent from the SWWRF may adversely affect several sensitive
biological resources. An analysis is included below for several species that may be
affected.

A. SENSITIVE BIOLOGICAL RESOURCES THAT MAY BE IMPACTED

i. Yuma Clapper Rail

The federally-listed Endangered Yuma clapper rail (Rallus longirostris yumanensis)
has the potential to occur in the channel between the SWWRF and the New River.106
The species is known to inhabit freshwater marshes dominated by cattail or bulrush,1°7
and it has been documented along the New River approximately two miles north of the
SWWRF. 1°8

According to the U.S. Fish and Wildlife Service (USFWS) "[m]inimum size of
suitable habitats is unclear, but [Yuma clapper railslhave been found in areas as small as
2-3 acres depending on the quality of the mosaic."1  The patch of habitat associated
with the SWWRF is at least two acres. 110 However, because the habitat is connected to
comparable habitat along the New River, the "patch" is actually much larger. In his

106 BRG Consulting, Inc. 2003. Final Mitigated Negative Declaration and Environmental
Assessment: Proposed Seeley Water! Wastewater Master Plans. p. 15, 31.
107 US Fish and Wildlife Service. 2010. Species Profile: Yuma clapper rail [intemet].
Environmental Online Conservation System. Available at:
http://ecosiws.gov/speciesProfile/profile/speciesProfile.action?spcode=BOOP.

08
	 2009. Draft Mitigated Negative Declaration for the Seeley Wastewater Reclamation

Facility Improvements, Imperial County, California. p. 4-21.
109 US Fish and Wildlife Service. 2010. Species Profile: Yuma clapper rail [Internet].
Environmental Online Conservation System. Available at:
http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=BOOP.

l0 	 Consulting, Inc. 2003. Final Mitigated Negative Declaration and Environmental
Assessment: Proposed Seeley Water / Wastewater Master Plans. p. 16.
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study of Yuma clapper rail habitats, Gould (1975) reported:

Good habitat in this division was characterized by two factors. First,
the habitat, even though found in small parcels, forms a continuum
making each small area part of a much larger area and not just an
isolated patch. Yet the degree of separation of habitat areas separates
rail territories and reduces conflict between pairs which might occur if
the same amount of habitat were contained in one block III

According to the USFWS Icllapper rail habitat includes marshes along rivers,
backwaters, and in drains or sumps supported by irrigation water (Eddleman 1989,
Hinojosa Huerta et al. 2000). Most available habitat occurs in fixed locations where
natural processes of marsh creation, destruction, and re-creation do not operate due to
management control..." 112 These conditions appear comparable to those associated with
the SWWRF. Consequently, it is my professional opinion that upgrades to the SWWRF
may have negative impacts on the Yuma clapper rail.

a. Potential Impacts-

With respect to the Yuma clapper rail, the Draft MND for the SWWRF Project
concluded:

Although SWWRF flows, contributing up to 0.15 cubic feet per second
(cfs) offlows in the channel, will be discontinued, the channel will
continue to receive flows from agricultural underdrain discharges and
underdrain flow from a separate drinking water treatment plant. Water
will still continue to drain into the channel thus maintaining the
emergent wetlands vegetation at this location. Therefore, no impacts to
the Yuma clapper rail, either directly or through habitat modifications,
are expected to occur.

No factual basis is provided to support the conclusion that the water from agricultural
underdrain and the drinking water plant will be sufficient to support the emergent
wetland vegetation in the channel. Moreover, the conclusion is inconsistent with the
conclusion made by BRG Consulting, Inc and information provided by David Dale of
the Water District. I I 3 Specifically, in the MND that was conducted for the SWWRF in
2003, BRG Consulting, Inc. concluded "Nelocation of the existing point of discharge, as
proposed, would potentially result in the rapid demise of an approximately 2-acre
wetland area, since the SWWRF effluent is the major water contributor to this

' I Gould GI Jr. 1975. Yuma Clapper Rail Study — Census and Habitat Distribution. Wildlife
Management Branch Administrative Report No. 75-2. Supported by Federal Aid in Wildlife
Restoration Project W-54-R-7, Nongame Wildlife Investigations.
112 US Fish and Wildlife Service. 2006. Yuma Clapper Rail 5-Year Review. Available at:
http://ecosiws.govispeciesProfile/profile/speciesProfile.action?spcode=BOOP.
"3 David Dale, General Manager, Seeley County Water District [personal communication with
Loulena Miles. 20 Jan 2010].
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drainage." 114 The volume of water currently entering the channel from agricultural
underdrain discharges and underdrain flow from the drinking water treatment plant is
approximately the same as it was in 2003. 115 Mere speculation is an insufficient basis for
the conclusion that emergent vegetation will be unaffected by the Project, and that the
conclusions made by BRG Consulting, Inc. were incorrect. As a result, additional data
and scientific justification is necessary to adequately analyze the potential impacts to
Yuma clapper rail.

ii. California Black Rail

The California black rail (Laterallus jamaicensis coturniculus) is a State-listed
Threatened species. Black rails occupy habitats similar to those of the clapper rail.
According to the CDFG, black rails typically occur in the high wetland zones near the
upper limit of tidal flooding, not in low wetland areas with considerable annual and/or
daily fluctuations in water levels. 116 California black rails have been documented
occurring within approximately two miles of the SWWRF.117

iii. Vermillion Flycatcher

The vermilion flycatcher (Pyrocephalus rubinus)is a CDFG Species of Special
Concern. Nesting individuals inhabit cottonwood, willow, mesquite, and other vegetation
in desert riparian habitat adjacent to irrigated fields, irrigation ditches, pastures and other
open, mesic areas in isolated patches throughout central southern Califomia.115
Vermilion flycatchers have been documented occurring within approximately four miles
of the SWWRF.119

iv. Least Bell's Vireo, Southwestern Willow Flycatcher, and Yellow-billed Cuckoo

The least Bell's vireo ( Vireo bellii pusillus) and southwestern willow flycatcher
(Empidonax trailli extimus) are State and Federally-listed Endangered species. The
western yellow-billed cuckoo (Coccyzus americanus occidentalis) is a State-listed

114 BRG Consulting, Inc. 2003. Final Mitigated Negative Declaration and Environmental
Assessment: Proposed Seeley Water / Wastewater MasterPlans. p. 31. [emphasis added].
"5 David Dale, General Manager, Seeley County Water District [personal communication with
Loulena Miles. 20 Jan 2010].
116 California Wildlife Habitat Relationships System. 2005. California Department of Fish and
Game. California Interagency Wildlife Task Group. CWHR version 8.1 personal computer
program. Sacramento (CA).
"7 California Natural Diversity Database. 2009. Rarefind [computer program]. Version 3.1.0. Jan
7, 2010. Sacramento (CA): Wildlife & Habitat Data Analysis Branch. California Department of
Fish and Game.
115 California Wildlife Habitat Relationships System. 2005. California Department of Fish and
Game. California Interagency Wildlife Task Group. CWHR version 8.1 personal computer
program. Sacramento (CA).
"9 California Natural Diversity Database. 2009. Rarefind [computer program]. Version 3.1.0. Jan
7, 2010. Sacramento (CA): Wildlife & Habitat Data Analysis Branch. California Department of
Fish and Game.
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Endangered species, and it is a candidate for Federal listing. All three species are
reported to occur in riparian woodland and scrub habitats throughout Imperial County
and they could be impacted by upgrades to the SWWRF: 2° The SA/DIES addendum
does not discuss potential impacts to these species, including whether the protocol
surveys recommended by the USFWS will be conducted.

v. Burrowing Owl

As noted above, the burrowing owl (Athene eunicularia) is listed as a CDFG Species
of Special Concern and a Bureau of Land Management Sensitive species. Burrowing owl
nesting habitat consists of open areas with burrows: 21 Habitats include dry open rolling
hills, grasslands, fallow fields, sparsely vegetated desert scrub with gullies, washes,
arroyos, and edges of human disturbed lands: 22 They inhabit golf courses, airports,
cemeteries, vacant lots, and road embankments, wherever there is sufficient friable soil
for a nesting burrow. The Imperial Valley is regarded as a population stronghold for the
burrowing owl, and it currently has one of the largest and most dense populations
throughout the species' range. 23 A recent study in the Imperial Valley documented owls
nesting primarily along drains (43%), delivery ditches (43%), and canals (I l%).1 24

Burrowing owls have the potential to be impacted by upgrades to the SWWRF. The
SA/DIES addendum does not provide a discussion of the upgrade project's impacts on
burrowing owls, including whether burrows are located on or adjacent to areas that will
be affected by proposed upgrades to the SWWRF. If burrows are present, protocol
burrowing owl surveys need to be conducted to determine if any burrows are occupied,
and whether mitigation will be necessary.

vi. Special-status Plants

Several special-status plant species are known to occur in the vicinity of the SWWRF
(Figure 6). However, focused rare plant surveys have not been conducted for the upgrade
project. The Draft MIND completed for the project concluded the project would be
unlikely to impact special-status plant species because (a) no special-status plant species
were detected on site during the general reconnaissance surveys; (b) of the
developed/disturbed nature of the site; and (c) of the overall lack of suitable habitat and
substrate. This is not sufficient rationale to conclude the Project will not impact rare

120 Dudek. 2009. Draft Mitigated Negative Declaration for the Seeley Wastewater Reclamation
Facility Improvements, Imperial County, California. p. 4-22.
121 Bates C. 2006. Burrowing Owl (Athene cunicularia). In The Draft Desert Bird Conservation
Plan: a strategy for reversing the decline of desert-associated birds in California. California
Partners in Flight. http://www.prbo.orgicalpif/htmldocs/deserchtml.
'22 1d.
123 DeSante DF, ED Ruhlen, DK Rosenberg. 2004. Density and abundance of burrowing owls in
the agricultural matrix of the Imperial Valley, California. Studies in Avian Biology No. 27: 116-
119.
124 Rosenburg, DK and KL Haley. 2004. The ecology of burrowing owls in the agroecosystem of
the Imperial Valley, California. Studies in Avian Biology No. 27: 120-135.
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plant species. A reconnaissance survey conducted on one day in July (as was done to
support the MND) is not the appropriate technique for determining occurrence of rare
plants. Additionally, the disturbed nature of the site does not preclude occurrence of rare
plants; some rare plant species most frequently occur in disturbed areas.

The SA/DIES addendum does not provide a discussion of the upgrade project's
impacts on special-status plants, including whether any mitigation would be provided.
Protocol rare plant surveys are required before it can be concluded that the upgrade
project will not have a direct or indirect effect on any rare plant species.

vii. Wetlands

The SWWRF site supports wetland resources under the jurisdiction of the CDFG.I25
In addition, the Draft MND concluded the drainage channel would likely be regulated by
the Army Corps of Engineers and Regional Water Quality Control Board under the
federal Clean Water Act. I26 Similar to conclusions made for the Yuma clapper rail, the
Draft MND states eliminating the SWWRF's contribution to regulated waters would not
have a substantial adverse effect on the resources because the discontinuation of SWWRF
flows is negligible and the channel will continue to receive flows from existing
agricultural underdrain discharges and underdrain flow from the drinking water treatment
plant. I22 This conclusion is radically different from the previous MND (i.e., 2003), which
concluded the SWWRF was the "major water contributor" to the drainage, and that
eliminating the discharge would potentially result in the "rapid demise" of the wetland
area. 128

The SA/DEIS addendum omits any discussion of the impacts of upgrading the
SWWRF on jurisdictional wetlands, including whether any mitigation would be
provided.

viii. Impacts to the Salton Sea

The Salton Sea ecosystem is an extremely valuable resource for resident and
migratory birds, including a large number of threatened, endangered, and other special-
status species. Until recently, the Salton Sea also supported a robust marine sport fishery.
Increasing salinity and declining water quality have eliminated the marine fish species,
and, with inflows that will be diminishing in the future, threaten the continued ability of
the Salton Sea ecosystem to support birds and other wildlife. I29 Reduced inflows will

125 Dudek. 2009. Draft Mitigated Negative Declaration for the Seeley Wastewater Reclamation
Facility Improvements, Imperial County, California. p. 4-22.
'26 1d.
'27 1d.
121 BRG Consulting, Inc. 2003. Final Mitigated Negative Declaration and Environmental
Assessment: Proposed Seeley Water / Wastewater Master Plans. p. 31.
129 California Department of Water Resources and California Department of Fish and Game.
2006. Salton Sea Ecosystem Restoration Program Draft Programmatic Environmental Impact
Report. Chapter 1: Introduction. P.1.
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also reduce the physical size of the Salton Sea and expose lakebed sediments (playa) that,
with the prevailing winds in the area, could exacerbate dust problems for an already
degraded air basin.I30

River mouths, particularly in the southern part of the Salton Sea, provide areas of
reduced salinity and higher dissolved oxygen. These estuarine areas are relatively small,
yet very productive, and they routinely support higher concentrations of birds than
surrounding areas. The size of the estuarine areas is influenced primarily by the amount
of inflow. The New and Alamo rivers, which constitute nearly 80 percent of the inflow
to the Salton Sea, support the largest estuarine areas.

The proposal to divert water from the outfall to the New River and pipe it to the
Project site has the potential to create a cumulatively significant impact on the New River
and Salton Sea. The Project-sponsor, SES, highlighted this issue in a letter to the
District, "[o]f particular concern are impacts of reduced flows from the SWWRF on the
New River and Salton Sea." 131

The Imperial Irrigation District stated that the loss of water to the New River from the
SWWRF would have potential direct impacts on the hydrology of the region and indirect
impacts to biology and habitat, including loss or reduction of drain flows and any
cumulative drainage impacts that might occur during the development and operation of
the facility. 132 The Imperial Irrigation District expressed concern with the impacts that
the loss of water would have on the overall water conveyance system, water conservation
programs, and Salton Sea restoration efforts.I33

The impacts on the Salton Sea from diverting water to the project from the SWWRF
are cumulative in nature with the project's direct impacts to the Salton Sea watershed.
The ephemeral washes on the western edge of the project site drain towards Coyote Wash
north of the project site. Washes in the center of the project site drain north towards
Coyote Wash, but are estimated to return flow towards the northeastern portion of the
project site. The ephemeral washes on the eastern half of the project site drain east across
the project site to the Westside Main Canal. The Westside Main Canal and Coyote Wash
are tributaries to the New River and eventually to the Salton Sea. 134 The impacts of
runoff from the project site on the New River and Salton Sea have not been adequately
analyzed in the SA/DEIS. This is discussed in more detail in testimony submitted by Dr.
Chris Bowles relating to the Soil and Water Resources section of the SA/DEIS. Impacts
from the project on the Salton Sea watershed should be analyzed cumulatively with

13° California Department of Water Resources and California Department of Fish and Game.
2006. Salton Sea Ecosystem Restoration Program Draft Programmatic Environmental Impact
Report. Chapter 1: Introduction. P.2.
131 URS Corporation. 2009 Sep 23. Letter from Matt Moore, Project Engineer, to David Dale,
Seeley County Water District.
132 Imperial Irrigation District. 2010 Jan 7. Comment letter on the Seeley County Water District's
Wastewater Reclamation Facility Improvements Project.
133 SA/DEIS, AP.1-23.
134 SA/DEIS, C.2-11.
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impacts on the Salton Sea watershed from the SWWRF. As is indicated in the Appendix
to the SA/DEIS, further study is required to comprehensively analyze the potential for
more extensive regional effects related to hydrological impacts of the SWWRF
upgrades.I35

IX. Impacts of the Water Pipeline

I have the following comments on impacts to biological resources that may occur as a
result of the proposed pipeline between the SWWRF and Project site:

I. Focused special-status species surveys were never conducted within the water
pipeline extension study area. I36 Therefore, the SA/DEIS has failed to establish
the baseline conditions of the sensitive biological resources that would be affected
by pipeline construction.

2. The SA/DEIS concludes there is a high potential for western yellow bats to be
present along the water pipeline corridor. I37 However, the SA/DEIS lacks an
assessment of the significance of Project impacts to western yellow bats, and no
mitigation has been proposed for this species. Similarly, the SA/DEIS concludes
suitable roosting habitat for pallid bats occurs along the pipeline corridor, I38 but it
fails to provide any information on potential Project impacts or mitigation.

3. Portions of the pipeline will travel through habitat suitable for flat-tailed horned
lizards. The Flat-tailed Horned Lizard Rangewide Management Strategy lists the
direct and indirect impacts of pipelines as one of the threats to the species. I39 The
presence of an existing road does not preclude these impacts. Jones and Lovich
(2009) stated IsJearching on paved and unpaved roads through their habitat can
also be an effective way to find them." 149 Mitigation measures are required to
avoid, minimize, and offset potentially significant impacts to the flat-tailed horned
lizard. These measures are discussed in the Rangewide Management Strategy.

In conclusion, there are potentially significant unmitigated direct and cumulative
impacts posed by the upgrade to the SWWRF and the water pipeline that were not
analyzed in the SA/DEIS or the Appendix to the SA/DEIS. It is not possible to conclude
my testimony on this matter without reviewing the studies that are anticipated in the
Appendix and are being conducted by the Applicant and the Seeley County Water
District.

135 SA/DEIS, AP.1 -35,36.
136 URS. 2009 Jun. Supplement to SES Solar Two Application for Certification. p. 2.6-1.
139 SA/DEIS, p. C.2-25.
138 SA/DEIS, p. C.2-18.
139 Flat-tailed Homed Lizard Interagency Coordinating Committee. 2003. Flat-tailed homed
lizard rangewide management strategy, 2003 revision. 80 pp. plus appendices.
14° Jones LC, RE Lovich, eds. 2009. Lizards of the American Southwest: A Photographic Field
Guide. Rio Nuevo Publishers, Tucson (AZ). 567 pp.
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X. The SA/DEIS Fails to Provide any Analysis of, or Mitigation for, Project
Impacts to Wildlife Movement

CEQA directs lead agencies to examine whether a project would interfere
substantially with the movement of any native resident or migratory fish or wildlife
species or with established native resident or migratory wildlife corridors. The SA/DEIS
identifies the ephemeral washes in the Project site as wildlife movement corridors."'
However, it provides no discussion of the significance of eliminating these corridors, or
the ability to maintain functional wildlife movement corridors after the fence is erected
around the 6,063-acre Project site.

The Flat-tailed Horned Lizard Rangewide Management Strategy identifies the
proposed Project site as an area where corridors should be maintained to enable
movement between the Yuha Basin and West Mesa Management Areas. I addressed the
significance of this in the FTHL portion of my testimony.

Further, the SA/DEIS fails to provide any mitigation for impacts that will result from
erecting a fence around the Project site even though this is likely to have a significant
impact on the metapopulation dynamics essential to the recovery of peninsular bighorn
sheep. Dr. Vern Bleich has provided additional testimony on this topic. In addition to
these two species, the Project would undoubtedly serve as a significant barrier to
numerous other terrestrial wildlife species. In my opinion, the Project would cause a
potentially significant impact on wildlife movement, and would contribute to what
undoubtedly would be a cumulatively significant impact (see Figure 2). The SA/DEIS
lacks any analyses of these impacts or mitigation to reduce them to a level considered
less than significant. As a result, the impacts remain significant and unmitigated.

XI. The SA/DEIS Lacks a Valid Analysis of Avian Collision Hazards

The SA/DEIS provides an un-supported conclusion that "structures at the SES Solar
Two site are unlikely to pose a collision risk because they are shorter than those typically
associated with bird collision events and do not require guy wires." I42 The conclusion
does not accurately reflect the collision hazard posed by the Project. First, "shorter"
structures are not immune from collision hazards, as evidenced by the 100 million to 1
billion birds that are killed annually by day-time window collisions at low-level
structures in the US alone. I43 Second, rather than building height, light emission appears
to be more significant factor in explaining the number of bird collisions.144

A study of avian mortality at the Solar One facility near Daggett concluded most (>
75%) birds died from colliding with the mirrored heliostats. The heliostats at the Solar

141 SA/DEIS, p. C.2-33.
142 SA/DEIS, p. C.2-48.
143 Evans Ogden U. 2002. Summary Report on the Bird Friendly Building Program: Effect of
Light Reduction on Collision of Migratory Birds. Special Report for the Fatal Light Awareness
Program (FLAP). Available at: http://www.flap.org/.
I" Id.
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One facility were smaller (and shorter) than the SunCatcher units being proposed for the
Imperial Valley Solar Project (22.6 x 22.6 ft versus 38-foot diameter).

The Imperial Valley Solar Project will use the same SunCatcher technology as the
Calico Solar Project. For the Calico Solar Project, the SA/DEIS concluded the proposed
facility presents a new and relatively un-researched risk for bird collisions and other
injuries, and that the Project site would likely pose some collision risk to birds. 145 I agree
with that conclusion, as well as the conclusion that measures (i.e., a monitoring study and
adaptive management program) would be required to mitigate bird collision impacts.I46

XII. The SA/DEIS Lacks a Valid Analysis of, and Mitigation for, Noise Impacts on
Special-Status Wildlife

The SA/DEIS identifies the burrowing owl, FTHL, desert bighorn sheep, loggerhead
shrike, and LeConte's thrasher as the wildlife species most likely to be affected by
Project noise. 47 However, there have been very few (or no) studies that have examined
how noise affects these, or the other special-status species that occur in the vicinity of the
Project site. Therefore, the SA/DEIS's list of species appears to be somewhat arbitrary
(especially given the lack of any supporting citations).

Animals rely on hearing to avoid predators, obtain food, and communicate. Noise has
the potential to disrupt these activities, and otherwise reduce fitness through injury (e.g.,
hearing loss), energy loss (from movement away from noise source), reduction in food
intake, and habitat avoidance and abandonment. 148 Given this knowledge, all special-
status species in the vicinity of the Project site may be adversely affected by Project
noise.

A. CONSTRUCTION NOISE

The SA/DEIS states that various noise-reducing features, such as mufflers on internal
combustion engines, air inlet silencers, shrouds, or shields would be employed to
minimize noise levels, and that these measures have been incorporated into staffs
proposed Condition of Certification NOISE-6. 149 The SA/DEIS then states that similar
measures have been applied on past proects and have been shown effective in
minimizing noise impacts on wildlife. I5 These statements are misleading. Condition of
Certification NOISE-6 indicates "[h]aul trucks and other engine-powered equipment shall
be equipped with mufflers that meet all applicable regulations." 1)1 The condition does
not require air inlet silencers, shrouds, or shields to minimize noise, and it does not

145 Calico Solar SA/DEIS, p. C.2-85.
146 Calico Solar SA/DEIS, p. C.2-85, 86.
147 SA/DEIS, p. C.2-33.
148 National Park Service. 1994. Report to Congress . Report on effects of aircraft overflights on
the National Park System.
"9 SA/DEIS, p. C.2-53.
15° SA/DEIS, p. C.2-53.
151 SA/DEIS, p. C.9-22.
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reference the "applicable regulations" that mufflers will meet. Furthermore, it lacks any
information (citations or other) on how the referenced measures "have been shown
effective in minimizing noise impacts on wildlife." I do not doubt measures have been
employed to minimize noise impacts on wildlife; however, I believe scientific study
devoted to testing wildlife responses have been minimal. As a result of these issues, the
SA/DEIS does not ensure construction noise will be minimized and mitigated to reduce
adverse effects on wildlife.

B. OPERATIONS NOISE

The SA/DEIS provides the following assessment of noise impacts associated with
Project operation:

The primary noise sources associated with operation of the SES Solar Two
include the reciprocating Stirling Engines (including generator, cooling
fan, and air compressor) utilized on each of the Sun Catchers, step-up
transformers, and substation. The proposed SES Solar Two power plant
would only operate during the daytime hours when sufficient solar
insulation is available. As discussed in the Noise and Vibration section,
power plant noise levels are predicted to be less than 52 dBA Ldn CNEL
(45 dBA Leg) at the nearest sensitive receptor during daytime hours. The
measured ambient noise levels are higher than the predicted operational
noise levels so there would be very little change from the current ambient
noise levels. The impact on operational noise on surrounding wildlife is
expected to be less than significant under CEQA.152

This information and conclusion is in stark contrast to that provided in the SA/DEIS for
the Calico Solar Project, which will use the same SunCatcher technology:

The impact of operational noise on surrounding wildlife is expected to be
a constant source of disturbance and would likely preclude use of the
adjacent area to some degree. Operation of the Sun Catcher units will
result in noise levels generally considerea to exceed the levels acceptable
to most wildlife. As described above for common wildlife, each of the
Sun Catcher units generates noise levels of 84 dBA Lea at approximately
50 feet. At 850 feet this level remains at 60 dBA. These levels would be
expected to limit, and in some cases preclude, the use of habitat adjacent
to the project site.153

I believe the significant discrepancy between the two projects' estimated noise impacts
regarding identical technology demonstrates that there has been inadequate effort devoted
to assessing the impacts of Project noise on wildlife.

A significant problem with the SA/DEIS's analysis is that it used data from the
nearest sensitive receptor to evaluate the Project's noise impacts. However, the nearest

152 SA/DEIS, p. C.2-49.
153 Calico Solar SA/DEIS, p. C.2-84, 85.
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sensitive receptor was located 3,300 feet (0.625 mile) from the Project boundary:54
Approximately 6,000 acres occur within 3,300 feet of the Project site boundary, and were
thus excluded from stall's analysis.

C. PROPOSED MITIGATION

The SA/DEIS concludes that with the implementation of staff's proposed Condition
of Certification B10-16, noise impacts to nesting birds and other wildlife would be less
than significant under CEQA: 55 This is not a valid conclusion. Condition of
Certification B10-16 provides mitigation for noise impacts to burrowing owls only, and
the mitifation measure would only apply to areas within 500 feet of an active owl
burrow. 56 Consequently, the condition does nothing to address the adverse effects
Project noise and vibrations will have on any other nesting birds, mammals (e.g., kit fox,
bighorn sheep), or FTHL that occur in the Project vicinity.

I am also sponsoring the following exhibits:

Exhibit 473:

A. Letter from Sierra Club San Diego Chapter to David Dale, Seeley County
Water District, February 2, 2010.

B. Salton Sea Authority Website Information, Environmental Issues Around the
Sea, accessed online at htto://www.saltonsea.ca.gov/environ.htm  on 2/2/2010.

C. Letter from U.S. Fish and Wildlife Service to Seeley County Water District,
February 2, 2010, re: Draft Mitigated Negative Declaration for the Seeley
Wastewater Treatment Plant Improvements, Imperial County, California.

D. California Environmental Protection Agency, Regional Water Quality Control
Board, Staff Report: Water Quality Issues in the Salton Sea Transboundary
Watershed, February 2003.

E. State Water Resources Control Board — Colorado River Basin Region, website,
www.waterboards.ca.gov/coloradoriver/water  issues/programs/salton sea/index.s
html, accessed on 2/2/2010.

F. Letter from Imperial County Public Works Department, January 25, 2010 re:
Notice of Intent to adopt a Mitigated Negative Declaration for Seeley County
Water District.

154 SA/DEIS, p. C.9-7.
155 SA/DEIS, p. C.2-33.
156 SA/DEIS, p. C.2-92.
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G. Letter from Department of Toxic Substances Control to Seeley County Water
District, January 25, 2010 re: Notice of Intent to adopt a Proposed Mitigated
Negative Declaration for Seeley County Water District Wastewater Reclamation
Facility.

Exhibit 474: CNPS Botanical Survey Guidelines, December 9, 1983, Revised June 2,
2001.

Exhibit: 475: Protocols for Surveying and Evaluating Impacts to Special Status Native
Plant Populations and Natural Communities, State of California, Natural Resources
Agency, Department of Fish and Game, November 24, 2009.

Exhibit 476: Yuma Clapper Rail, Species Profile, US Fish and Wildlife Service.

Exhibit 477: Klem, Preventing Bird-Window Collisions (2000) Wilson Ornithological
Society.

Exhibit 478: US Fish and Wildlife Service, Final Environmental Assessment, Proposal to
Permit Take as Provided Under the Bald and Golden Eagle Protection Act.
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Figure 1 — Map #1 of MA blockage
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Figure 1. Project site in relation to FTHL corridors between the Yuha Basin and Wesa Mesa Management Areas.



Figure 2— Map #2 of MA blockage
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Figure 2. Map from SA/DEIS depicting cumulative impact scenario. Proposed projects would completely isolate the Yuha Desert
and West Mesa MAs.



Figure 3 — GOEA nesting habitat
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Figure 3. Applicant's map depicting nesting habitat for golden eagles in the Project vicinity. Areas shaded in dark brown are classified
as "Bedrock Cliff and Outcrop.



Figure 4— CDFTL map
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Figure 4. Documented occurrences of Colorado Desert fringe-toed lizards within 10 miles
of the Project site (CNDDB 2010). Number next to flag is CNDDB occurrence number.



Figure 5 — Pictures of sensitive communities











Figure 6 — SS plants near Seeley
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Figure 6. Special-status plant species documented in the vicinity of the SWWRF
(CNDDB 2010).



Figure 7— Yuha and W. Mesa MASS



Legend

II Project Site

Management area

Solar Thermal and PV energy

Projected growth in 50 yrs.

Wind Energy
10 Kilometers

Map 2. Blockage of Flat-tailed Horned Lizard (Phrynosoma mcallii) movement corridor by urban and energy
developments.





Declaration of Scott Cashen
Imperial Valley Solar Project

Docket 08-AFC-5

I, Scott Cashen, declare as follows:

1) I am an independent biological resources consultant. I have been operating my

own consulting business for the past three years. Prior to starting my own

business I was the Senior Biologist for TSS Consultants.

2) I hold a Master's degree in Wildlife and Fisheries Science. My relevant

professional qualifications and experience are set forth in the attached testimony

and are incorporated herein by reference.

3) I prepared jhe testimony attached hereto and incorporated herein by reference,

relating to the biological resource impacts of the Imperial Valley Solar Project.

4) I prepared the testimony attached hereto and incorporated herein by reference

,"luting to the distribution of solar energy generation infrastructure in Imperial

County.

5) It is my professional opinion that the attached testimony is true and accurate with

respect to the issues that it addresses.

6) I am personally familiar with the facts and conclusions described within the

attached testimony, and if called as a witness, I could testify competently thereto.

I declare under penalty of perjury that the foregoing is true and correct to the best of my

knowledge and belief.

Dated, Sh /"

/ t

Siqned:
vl /

At:Ua\4^f CreaL
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Scott Cashen, M.S.
Senior Biologist / Forest Ecologist
3264 Hudson Avenue, Walnut Creek, CA 94597. (925) 256-9185. scottcashen@gmail.com

In his 17 years in the profession, Scott Cashen has consulted on projects pertaining to
wildlife and fisheries ecology, avian biology, wetland restoration, and forest
management.  Because of his varied experience, Mr. Cashen is knowledgeable of the link
between the various disciplines of natural resource management, and he is a versatile
scientist.

Mr. Cashen’s employment experience includes work as an expert witness, wildlife
biologist, consulting forester, and instructor of Wildlife Management.  He has worked
throughout California, and he is knowledgeable of the different terrestrial and aquatic
species and habitats present in the state.

Mr. Cashen is an accomplished birder and is able to identify bird species by sight and
sound.  His knowledge has enabled him to survey birds throughout the United States and
instruct others on avian identification.  Mr. Cashen’s research on avian use of restored
wetlands is currently being used by the United States Fish and Wildlife Service to design
wetlands for specific “target” species, and as a model for other restored wildlife habitat
monitoring projects in Pennsylvania.  In addition to his bird experience, Mr. Cashen has
surveyed for carnivores, bighorn sheep, and other mammals; special-status amphibian
species; and various fish species.

PROFESSIONAL EXPERIENCE

Litigation Support / Expert Witness

Mr. Cashen serves as the biological resources expert for the San Francisco law firm of
Adams Broadwell Joseph & Cardozo.  He is responsible for reviewing CEQA/NEPA
documents, assessing biological resource issues, preparing written comments, providing
public testimony, and interfacing with public resource agencies.

REPRESENTATIVE EXPERIENCE

• Victorville 2 Solar-Gas Hybrid Power Project: Victorville, CA (338-acre natural
gas and solar energy facility) – Review of CEQA equivalent documents and
preparation of written documents.

• Avenal Energy Power Plant: Avenal, CA (148-acre natural gas facility) – Review
of CEQA equivalent documents and preparation of written documents.

• Ivanpah Solar Electric Generating System: Ivanpah, CA (3700-acre solar facility) –
Review of CEQA equivalent documents and preparation of written documents.

• Carrizo Energy Solar Farm: San Luis Obispo County, CA (640-acre solar energy
facility) – Review of CEQA equivalent documents.  Preparation of data requests,
comments on Preliminary Staff Assessment, comments on wildlife corridor model
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(CEQA equivalent documents).
• Live Oak Master Plan: Hanford, CA (390-acre housing development) – Review of

CEQA documents and preparation of comment letter.
• Rollingwood: Vallejo, CA (214-unit housing development) – Review of CEQA

documents and preparation of comment letter.
• Columbus Salame: Fairfield, CA (430,000 ft2 food processing plant) – Review of

CEQA documents and preparation of comment letter.
• Concord Naval Weapons Station: Concord, CA (5028-acre redevelopment) –

Review of CEQA documents, preparation of comment letters, and provision of
public testimony at County hearings.

• Chula Vista Bayfront Master Plan: Chula Vista, CA (556-acre development) –
Review of CEQA documents and preparation of comment letter.

• Beacon Solar Energy Project: California City, CA (2012-acre solar facility) –
Review of CEQA equivalent and NEPA documents.  Preparation of data requests,
comments on Preliminary Staff Assessment, comments on Incidental Take Permit
Application.  Expert witness providing testimony at California Energy
Commission hearings.

• Solar One Power Project: San Bernardino County, CA (8230-acre solar facility) –
Review of CEQA equivalent and NEPA documents and preparation of data
requests.  Expert witness providing testimony at California Energy Commission
hearings.

• Solar Two Power Project: Imperial County, CA (6500-acre solar facility) – Review
of CEQA equivalent and NEPA documents.  Preparation of data requests and
other documents for case record.  Expert witness providing testimony at
California Energy Commission hearings.

• Alves Ranch: Pittsburgh, CA (320-acre housing development) – Review of CEQA
documents.

• Roddy Ranch: Antioch, CA (640-acre housing and hotel development) – Review of
CEQA documents and preparation of comment letter.

• Aviano: Antioch, CA (320-acre housing development) – Review of CEQA
documents.

• Western GeoPower Power Plant and Steamfield: Geyserville, CA (887-acre
geothermal facility) – Review of CEQA documents and preparation of comment
letter.

• Sprint-Nextel Tower: Walnut Creek, CA (communications tower in open space
preserve) - Review of project documents and preparation of comment letter.

Project Management

Mr. Cashen has managed several large-scale and high profile natural resources
investigations.  High profile projects involving multiple resources often require
consideration of differing viewpoints on how resources should be managed, and they are
usually subject to intense scrutiny.  Mr. Cashen is accustomed to these challenges, and he
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is experienced in facilitating the collaborative process to meet project objectives.  In
addition, the perception of high profile projects can be easily undermined if inexcusable
mistakes are made.  To prevent this, Mr. Cashen bases his work on solid scientific
principles and proven sampling designs.  He also solicits input from all project
stakeholders, and provides project stakeholders with regular feedback on project
progress.   Mr. Cashen’s educational and project background in several different natural
resource disciplines enable him to consult on multiple natural resources simultaneously
and address the many facets of contemporary land management in a cost-effective
manner.

REPRESENTATIVE EXPERIENCE

• Forest health improvement projects – Biological Resources (CDF: San Diego and
Riverside Counties)

• San Diego Bark Beetle Tree Removal Project – Biological Resources, Forestry,
and Cultural Resources (San Diego Gas & Electric: San Diego Co.)

• San Diego Bark Beetle Tree Removal Project - Forestry (San Diego
County/NRCS)

• Mather Lake Resource Management Study and Plan – Biological Resources,
Hydrology, Soils, Recreation, Public Access, CEQA compliance, Historic Use
(Sacramento County: Sacramento)

• “KV” Spotted Owl and Northern Goshawk Inventory (USFS: Plumas NF)
• Amphibian Inventory Project (USFS: Plumas NF)
• San Mateo Creek Steelhead Restoration Project – TES species, Habitat Mapping,

Hydrology, Invasive Species Eradication, Statistical Analysis (Trout Unlimited
and CA Coastal Conservancy: Orange County)

• Hillslope Monitoring Project – Forest Practice Research (CDF: throughout
California)

• Placer County Vernal Pool Study – Plant and Animal Inventory, Statistical
Analysis (Placer County: throughout Placer County)

• Weidemann Ranch Mitigation Project – Mitigation Monitoring and
Environmental Compliance (Toll Brothers, Inc.: San Ramon)

• Delta Meadows State Park Special-status Species Inventory – Plant and Animal
Species Inventory, Special-status Species (CA State Parks: Locke)

• Ion Communities Biological Resource Assessments – Biological Resource
Assessments (Ion Communities: Riverside and San Bernardino Counties)

• Del Rio Hills Biological Resource Assessment – Biological Resource
Assessments (The Wyro Company: Rio Vista)
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Biological Resources

Mr. Cashen has a diverse background in biology.  His experience includes studies of a
variety of fish and wildlife species, and work in many of California’s ecosystems.  Mr.
Cashen’s specialties include conducting comprehensive biological resource assessments,
habitat restoration, species inventories, and scientific investigations.  Mr. Cashen has led
investigations on several special-status species, including ones focusing on the foothill
yellow-legged frog, mountain yellow-legged frog, steelhead, burrowing owl, California
spotted owl, northern goshawk, willow flycatcher, and forest carnivores.  Mr. Cashen was
responsible for the special-status species inventory of Delta Meadows State Park, and for
conducting a research study for Placer County’s Natural Community Conservation Plan.

REPRESENTATIVE EXPERIENCE

Avian
• Study design and Lead Investigator - Delta Meadows State Park Special-status

Species Inventory (CA State Parks: Locke)
• Study design and lead bird surveyor - Placer County Vernal Pool Study (Placer

County: throughout Placer County)
• Surveyor - Willow flycatcher habitat mapping (USFS: Plumas NF)
• Independent surveyor - Tolay Creek, Cullinan Ranch, and Guadacanal Village

restoration projects (Ducks Unlimited/USGS: San Pablo Bay)
• Study design and Lead Investigator - Bird use of restored wetlands research

(Pennsylvania Game Commission: throughout Pennsylvania)
• Study design and surveyor - Baseline inventory of bird species at a 400-acre site

in Napa County (HCV Associates: Napa)
• Surveyor - Baseline inventory of bird abundance following diesel spill (LFR

Levine-Fricke: Suisun Bay)
• Study design and lead bird surveyor - Green Valley Creek Riparian Restoration

Site (City of Fairfield: Fairfield, CA)
• Surveyor - Burrowing owl relocation and monitoring of artificial habitat (US

Navy: Dixon, CA)
• Surveyor - Pre-construction raptor and burrowing owl surveys (various clients

and locations)
• Surveyor - Backcountry bird inventory (National Park Service: Eagle, Alaska)
• Lead surveyor - Tidal salt marsh bird surveys (Point Reyes Bird Observatory:

throughout Bay Area)
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Amphibian

• Crew Leader - Red-legged frog, foothill yellow-legged frog, and mountain
yellow-legged frog surveys (USFS: Plumas NF)

• Surveyor - Foothill yellow-legged frog surveys (PG&E: North Fork Feather
River)

• Surveyor - Mountain yellow-legged frog surveys (El Dorado Irrigation District:
Desolation Wilderness)

• Crew Leader - Bullfrog eradication (Trout Unlimited: Cleveland NF)

Fish and Aquatic Resources

• Surveyor - Hardhead minnow and other fish surveys (USFS: Plumas NF)
• Surveyor - Weber Creek aquatic habitat mapping (El Dorado Irrigation District:

Placerville, CA)
• Surveyor - Green Valley Creek aquatic habitat mapping (City of Fairfield:

Fairfield, CA)
• GPS Specialist - Salmonid spawning habitat mapping (CDFG: Sacramento River)
• Surveyor - Fish composition and abundance study (PG&E: Upper North Fork

Feather River and Lake Almanor)

• Crew Leader - Surveys of steelhead abundance and habitat use (CA Coastal
Conservancy: Gualala River estuary)

• Crew Leader - Exotic species identification and eradication (Trout Unlimited:
Cleveland NF)

Mammals
• Principal Investigator – Peninsular bighorn sheep resource use and behavior study

(California State Parks: Freeman Properties)

• Scientific Advisor – Red Panda survey and monitoring methods (The Red Panda
Network: CA and Nepal)

• Surveyor - Forest carnivore surveys (University of CA: Tahoe NF)
• Surveyor - Relocation and monitoring of salt marsh harvest mice and other small

mammals (US Navy: Skagg’s Island, CA)

Natural Resource Investigations / Multiple Species Studies
• Scientific Review Team Member – Member of the science review team assessing

the effectiveness of the US Forest Service’s implementation of the Herger-
Feinstein Quincy Library Group Act.
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• Lead Consultant - Baseline biological resource assessments and habitat mapping
for CDF management units (CDF: San Diego, San Bernardino, and Riverside
Counties)

• Biological Resources Expert – Peer review of CEQA/NEPA documents (Adams
Broadwell Joseph & Cardoza: California)

• Lead Consultant - Pre- and post harvest biological resource assessments of tree
removal sites (SDG&E: San Diego County)

• Crew Leader - T&E species habitat evaluation for BA in support of a steelhead
restoration plan (Trout Unlimited: Cleveland NF)

• Lead Investigator - Resource Management Study and Plan for Mather Lake
Regional Park (County of Sacramento: Sacramento, CA)

• Lead Investigator - Wrote Biological Resources Assessment for 1,070-acre Alfaro
Ranch property (Yuba County, CA)

• Lead Investigator - Wildlife Strike Hazard Management Plan (HCV Associates:
Napa)

• Lead Investigator - Del Rio Hills Biological Resource Assessment (The Wyro
Company: Rio Vista, CA)

• Lead Investigator – Ion Communities project sites (Ion Communities: Riverside
and San Bernardino Counties)

• Surveyor – Tahoe Pilot Project: CWHR validation (University of California:
Tahoe NF)

Forestry

Mr. Cashen has five years of experience working as a consulting forester on projects
throughout California.  During that time, Mr. Cashen has consulted with landowners and
timber harvesters on best forest management practices; and he has worked on a variety of
forestry tasks including selective tree marking, forest inventory, harvest layout, erosion
control, and supervision of logging operations.  Mr. Cashen’s experience with many
different natural resources enable him to provide a holistic approach to forest
management, rather than just management of timber resources.

REPRESENTATIVE EXPERIENCE

• Lead Consultant - CDF fuels treatment projects (CDF: San Diego, Riverside, and
San Bernardino Counties)

• Lead Consultant and supervisor of harvest activities – San Diego Gas and Electric
Bark Beetle Tree Removal Project (SDG&E: San Diego)

• Crew Leader - Hillslope Monitoring Program (CDF: throughout California)
• Consulting Forester – Inventory and selective harvest projects (various clients

throughout California)
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EDUCATION / SPECIAL TRAINING
M.S. Wildlife and Fisheries Science, The Pennsylvania State University (1998)
B.S. Resource Management, The University of California-Berkeley (1992)

Forestry Field Program, Meadow Valley, California, Summer (1991)

PERMITS
U.S. Fish and Wildlife Service Section 10(a)(1)(A) Recovery Permit for the Peninsular
bighorn sheep
CA Department of Fish and Game Scientific Collecting Permit

PROFESSIONAL ORGANIZATIONS / ASSOCIATIONS
The Wildlife Society
Society of American Foresters
Mt. Diablo Audubon Society

OTHER AFFILIATIONS
Scientific Advisor and Grant Writer – The Red Panda Network
Scientific Advisor – Mt. Diablo Audubon Society
Grant Writer – American Conservation Experience
Land Committee Member – Save Mt. Diablo

TEACHING EXPERIENCE
Instructor: Wildlife Management, The Pennsylvania State University, 1998
Teaching Assistant: Ornithology, The Pennsylvania State University, 1996-1997





ENVIRONMENTAL
ASSESSMENT



effective when burrowing owl nesting territories are directly adjaCent to permanently
protected lands (i.e., military reservation, airport, wildlife reserve, agricultural reserve
with appropriate crop type such as alfalfa) (Bloom 2003). Conversely active translocation
of owls involves trapping owls, temporarily holding them in enclosures with supplemental
feeding, and releasing at a suitable off-site location with existing or artificial burrows
prior to breeding.

While active translocation might be a better solution than passive relocation for removing
owls from large sites like the Calico Solar Project site, California Fish and Game Code
Section 3503.3 prohibits the active relocation of burrowing owls.

Staff has reviewed the applicant's proposed mitigation and has recommended additional
measures to reduce impacts to burrowing owls. Staff has incorporated them into staffs
proposed Condition of Certification 810-22. Burrowing owls can tolerate some level of
human activity and it may be possible that some owls will remain or colonize areas
within the Calico Solar project footprint following construction. However, the expected
noise levels associated with the SunCatcher engines may preclude use of the project
site. In addition, it is unknown to what extent owls currently use the existing site and
whether owls would use the site post construction. Condition B10-22 prescribes that the
applicant must establish the breeding status of the owls on-site and, depending on how
owls use the site, structure the relocation events to accommodate the full life cycle of
the species. For example, if owl burrows can be left intact and adequate buffers
maintained for wintering birds, staff and CDFG recommend leaving the animals in place.
However, staff, CDFG, and USFWS recommend that should it become necessary to
destroy an occupied burrow, or if breeding is occurring on the site, the applicant would
implement a passive relocation plan, construct artificial burrows, and acquire compensatory
lands consistent with the California Burrowing Owl Consortium (CBOC 1993) guidelines
to offset the loss of foraging habitat.

Implementation of staff's proposed Condition of Certification 810-17, the compensatory
mitigation plan for desert tortoise, could offset this habitat loss by the preservation of
similar plant communities. However, there are many areas in the Mojave Desert where
tortoise and burrowing owls do not co-occur. With implementation of these conditions,
potential impacts to burrowing owls would remain adverse but would be considered to
be mitigated to less-than-significant under CEQA.

Noise
Construction noise may affect birds in several ways, including annoyance which causes
birds to abandon nests that are otherwise suitable; raise the level of stress hormones,
interfering with sleep and other activities; cause permanent injury to the auditory
system; and interfere with acoustic communication by masking important sounds or
sound components (Dooling 2006). Many bird species rely on vocalizations during the
breeding season to attract a mate within their territory, and noise from construction
could disturb nesting birds and other wildlife and adversely affect nesting and other
activities. Golden eagles, for example, are highly susceptible to disturbance from noise
and may abandon nests if disturbed. Other avian taxa may respond similarly. In general,
60 dBA Leq hourly is considered the threshold for disturbance for many bird species,
but some species are less sensitive.

BIOLOGICAL RESOURCES	 C.2-83	 March 2010



Construction could affect wildlife in adjacent habitats by interfering with breeding or
foraging activities and movement patterns, causing animals to temporarily avoid areas
adjacent to the construction zone. This could disrupt foraging, breeding, sheltering, and
other activities. Nocturnal (i.e., active at night) wildlife would be affected less by
construction than diurnal (i.e., active during the day) species since construction would
occur primarily during daylight hours. However, construction may also occur during
dusk, dawn, or nighttime, and if this occurs, impacts to nocturnal and crepuscular (i.e.,
active at dawn and dusk) species would be similar to impacts described for diurnal
species. More mobile species like birds and larger mammals are expected to disperse
into adjacent habitat areas during the land clearing and grading phases associated with
tower construction and road construction and widening. For example, noise and human
presence are likely to adversely affect bighorn sheep which are expected to avoid the
lower foothills during construction of the proposed project.

Noise from construction activities could also temporarily discourage wildlife from
foraging and nesting immediately adjacent to the project area. As discussed in the
Noise section of the AFC (SES 2008), a maximum noise level of 75 dBA Ldn is
estimated to occur at a distance of 50 feet from the acoustic center of the construction
activity (most often the power block) and attenuate to 40 dBA Ldn or less at project site
boundaries. Assuming that construction noise for this project would be relatively
constant, the 40 dBA Ldn estimated at the site boundaries for construction noise would
be similar to levels of ambient noise.

The loudest noise likely to occur during construction of the Calico Solar Project would
be created by the operation of construction equipment. Depending on the type of
equipment used, the noise produced can vary from 77 dBA to 90 dBA at 50 feet. Staff
concludes that noise impacts to nesting birds and other wildlife would be mitigated
through implementation of Conditions of Certification B10-1 through B10-9 and B10-19.
These measures contain language regarding the reduction of noise adjacent to nesting
birds. For example, if the noise meets or exceeds the 60 dBA Leq threshold, or if the
biologist determines that the construction activities are disturbing nesting activities, the
biologist shall have the authority to halt the construction and shall devise methods to
reduce the noise and/or disturbance in the vicinity. This may include methods such as,
but not limited to, turning off vehicle engines and other equipment whenever possible to
reduce noise, installing a protective noise barrier between the nest site and the
construction activities, and working in other areas until the young have fledged.

If noise levels still exceed 60 dBA Leq hourly at the edge of nesting territories and/or a
no-construction buffer cannot be maintained, construction shall be deferred in that area
until the nestlings have fledged. All active nests shall be monitored on a weekly basis
until the nestlings fledge. Similarly, should bighorn sheep be present within 1000 feet of
the proposed project and noise levels at the project fence line exceed 60 dBA Leq the .
work will halt until the sheep move out of the project area.

The impact of operational noise on surrounding wildlife is expected to be a constant
source of disturbance and would likely preclude use of the adjacent area to some degree.
Operation of the SunCatcher units will result in noise levels generally considered to
exceed the levels acceptable to most wildlife. As described above for common wildlife,
each of the SunCatcher units generates noise levels of 84 dBA Leq at approximately 50
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feet. At 850 feet this level remains at 60 dBA. These levels would be expected to limit,
and in some cases preclude, the use of habitat adjacent to the project site.

Bird Collisions and Electrocution
Birds are known to collide with communications towers, transmission lines, and other
elevated structures. Estimates of the number of bird fatalities specifically attributable to
interactions with utility structures vary considerably. Nationwide, it is estimated that
hundreds of thousands to as many as 175 million birds are lost annually to fatal
collisions with transmission and distribution lines (Erickson et al. 2001). In California,
even general estimates are unavailable, although it is plausible that such collisions
result in the deaths of hundreds of thousands of birds each year (Hunting 2002).

Solar facilities, including large scale complexes such as the 8,230 acre Calico Solar
facility, present a new and relatively un-researched risk for bird collisions and other
injuries. The primary threats to collision on the project site include the main SunCatcher
assembly building (78 feet) main services complex (44 feet), SunCatcher units (40 feet),
and required transmission line facilities (90-110 feet). The SunCatchers at the Calico
Solar Project plant site would likely pose some collision risk to birds. Depending on the
time of day, use of the site by various species, and glare, it is possible that birds will
collide with the structures. Bird fatality studies conducted at the existing Solar One
facility near Daggett, west of the Calico Solar project site, indicated that much of the bird
mortality consisted predominantly of collisions with mirrors, in large part resulting from
increased numbers of birds attracted to the adjacent evaporation ponds and agricultural
fields (McCrary et al. 1986). While the proposed Calico Solar facility is not located
adjacent to agricultural fields the use of evaporation ponds and the reflection of the
SunCatchers may attract various species of birds. The Calico Solar Project would also
require the construction of approximately 12 to 15 new 220 kV transmission line
structures which are approximately 90 to 110 feet tall (SES 2008).

Avian interactions with transmission lines and structures and the risks those interactions
impose vary greatly by location within the proposed project. Bird collisions with power
lines generally occur when a power line or other aerial structure transects a daily flight
path used by a concentration, of birds, or migrants are traveling at reduced altitudes and
encounter tall structures in their path (Brown 1993). Collisions are more probable near
wetlands, valleys that are bisected by power lines, and within narrow passes where
power lines run perpendicular to flight paths. Passerines (e.g., songbirds) and waterfowl
(e.g., ducks) are known to collide with wires (APLIC 2006), particularly during nocturnal
migrations or poor weather conditions (Avery et al. 1978).

Staff has concluded that the risk of such impacts is probably low, although very little
research has been conducted on the risks of bird collisions at solar facilities.

Although staff does not consider it likely that mirrors and other structures within the
project disturbance area pose a significant collision risk to resident or migratory birds at
the project site, there is insufficient information available to conclude with certainty that
the Calico Solar Project would not be an ongoing source of mortality to birds for the life
of the project. Given the lack of research-based data on the impacts of glare and
collision threats to birds, staffs proposed Condition of Certification B10-23, Monitoring
Bird Impacts from Solar Technology, would provide the information needed to
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implement adaptive management measures to mitigate bird collision impacts. If the
SunCatchers are posing a collision risk for birds, the applicant shall implement
measures that may include the placement of bird diverters, aerial markers, or other units
to minimize potential collision risks for birds.

Power line electrocutions result in the losses of tens to hundreds of thousands of birds
annually in the United States (Erickson et al. 2001). In the project area, golden eagles,
red-tailed hawks, and other large aerial perching birds are susceptible to electrocution
on power lines because of their large size, distribution, and proclivity to perch on tall
structures that offer views of potential prey. Electrocution occurs when a perching bird
simultaneously contacts two energized phase conductors or an energized conductor
and grounded hardware. This happens most frequently when a bird attempts to perch
on a transmission tower/pole with insufficient clearance between these elements.
Electrocution can occur when horizontal separation is less than the wrist-to-wrist (flesh-
to-flesh) distance of a bird's wingspan or where vertical separation is less than a bird's
length from head-to-foot. Electrocution can also occur when birds perched side-by-side
span the distance between these elements (APLIC 2006).

The proposed transmission line from the energy collection facilities to the Pisgah
Substation would be energized at 220-kV, which poses a low risk for most avian
electrocutions. The majority of raptor electrocutions are caused by lines that are
energized at voltage levels between 1-kV and 69-kV, and "the likelihood of electrocutions
occurring at voltages greater than 69-kV is extremely low" (APLIC 2006). In addition, the
applicant has proposed constructing the line in accordance with the Suggested
Practices for Raptor Protection on Power Lines: The State of the Art in 2006 (APLIC
2006). As such, staff's proposed Condition of Certification 1310-8 requires transmission
lines and all electrical components to be designed, installed, and maintained in
accordance with the Avian Power Line Interaction Committee's (APLIC's) Suggested
Practices for Avian Protection on Power Lines (APLIC 2006) and Mitigating Bird
Collisions with Power Lines (APLIC 2004) to reduce the likelihood of large bird
electrocutions and collisions. With the proposed mitigation addressed in staff's proposed
Condition of Certification 1310-8, staff concludes that the proposed transmission lines
would not pose a significant threat to birds.

Glare

Glare from the reflection of sunlight off the SunCatcher units is another factor that may
contribute to the risk of avian collision on the project site. To date little is known
regarding the avian response to glare from solar technology. However, it is likely that
glare will affect birds to some degree. In the same way that large mirrored buildings may
be confused by birds as open sky; the mirrors will reflect light and take on the color of
the image being reflected. This may result in birds confusing the SunCatchers as either
open sky or water and increase the collision risk. The AFC indicated that studies of
military overflights did not detect significant glare from existing solar facilities; however
the sites are anticipated to be similar to a body of water (SES 2008). Another factor that
must be considered is how reflected light may result in damage to a bird's vision from
direct exposure to high levels of photon flux density (PFD). Exposure to high intensity
light or glare can damage vision and impair foraging in some species. The proposed
solar mirrors and heat collection elements are sources of bright light caused from the
diffuse reflection of the sun. The SunCatchers are designed so that sun rays from the

March 2010
	

C.2-86	 BIOLOGICAL RESOURCES



authorized officer, in consultation with USFWS and CDFG. Within 30 days after completion
of project construction, the project owner shall provide to the BLM's Wildlife Biologist
and the CPM for review and approval, a written report identifying which items of the
Weed Management Plan have been completed, a summary of all modifications to
mitigation measures made during the project's construction phase, and which items are
still outstanding. A summary report on weed management on the project site shall be
submitted in the Annual Compliance Report during plant operations.

SPECIAL-STATUS PLANT IMPACT AVOIDANCE AND MINIMIZATION
B10-12 The project owner shall implement the following measures to avoid and

minimize impacts to special-status plant species.
1. On-Site Pre-Construction Surveys: During the calendar year 2010, the

project owner shall conduct floristic surveys for special-status plant
species, including all special-status species listed in Biological
Resources Table 1, to provide conclusive evidence of presence or
absence of the federally listed Lane Mountain milk-vetch and to quantify
acres of occupied habitat for all other special-status plants that could be
lost or degraded by construction.
• All surveys shall be conducted by a qualified botanist in accordance

with BLM (2009) and CDFG (2009) plant survey guidelines and shall
be conducted during appropriate seasons (including both spring and
summer blooming periods);

• The survey area shall be delineated on the ground using survey lath
and plastic flagging, or similar materials. Botanical surveys shall cover
each marked area and shall extend over a 250-foot surrounding buffer
area (to extend off-site beyond the project area fenceline and limits of
grading as appropriate);

• Energy Commission offers its staff to assist in planning, managing, and
conducting the required surveys. Staff anticipates that rainfall during
2010 should provide for good detectability of most special-status
plants. Furthermore, staff notes that time is of the essence and
anticipates completing all or most of these field surveys, in
coordination with the applicant, before finalizing the Staff Assessment;

• Survey results shall be reported to the CPM, BLM's Authorized Officer,
and CDFG, and shall follow CDFG and BLM plant survey guidelines,
and shall include complete descriptions of survey methodology,
including field dates and staff for each date, summaries of field
conditions (e.g., rainfall or other factors that may affect ability to locate
special-status plants), locations and condition of special-status plant
reference locations visited for verification, the locations of any special-
status species found during the surveys, delineations of acreage of
occupied habitat, and copies of California Natural Diversity Data Base
field forms submitted to the CDFG;

• Following completion of pre-construction clearance surveys, the CPM
shall review and modify onsite plant avoidance and minimization
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measures (below), to the extent feasible, to avoid or minimize loss or
degradation of occupied special-status plant habitat on site;

• Special-status plant occurrences in the 250-foot buffer areas
surrounding construction sites shall be marked on the ground by field
botanists and shall be designated as Environmentally Sensitive Areas
on plans and specifications, and shall be protected from accidental
impacts during construction (e.g., vehicle traffic, temporary placement
of soils or vegetation) and from the indirect impacts of project operation
(herbicide spraying, changes in upstream hydrology, etc).;

2. On-Site Plant Avoidance/Minimization Areas: The project owner shall
avoid and minimize disturbance to all white-margined beardtongue
occurrences on the project site and within a 250 foot buffer area, and, to
the extent feasible, shall avoid and minimize disturbance to 75% of all
Emery's crucifixion thorn, Coves' cassia, small-flowered sand-verbena,
and any other GNPS List 1B or List 2 taxa (excluding small-flowered
androstephium) occurring on the site. Specific requirements for on-site
plant avoidance and protection are set forth below, in measures 4
through 9.

3. Surveys on Acquired Compensation Lands: The project owner shall
conduct floristic surveys for special-status plants on all lands acquired by
the owner as part of the desert tortoise compensatory mitigation
requirements (see Condition of Certification B10-17). Target species for
the surveys shall be white-margined beardtongue, Emery's crucifixion
thorn, Coves' cassia, small-flowered sand-verbena, and any other special-
status plants located on the project site during onsite pre-construction
surveys described under Item 1 above. The purposes of the surveys shall
be (1) to document biological resource values of the compensation lands,
and (2) to determine presence of special-status plant occurrences that
may serve to mitigate project impacts to Emery's crucifixion thorn, Coves'
cassia, small-flowered sand-verbena, and any other special-status plants
located on the project site. If these species are documented on
compensation lands, then they occurrences may serve to replace
requirements for on-site avoidance Note that off-site occurrences of
white-margined beardtongue may not substitute for on-site avoidance
• Surveys shall be conducted according to methods described for pre-

construction surveys above, and shall be conducted in seasons of
adequate rainfall to verify ability to find the target species in condition
for confident identifications;

• For each year surveys are conducted, yearly survey results shall be
provided to the CPM, BLM's Authorized Officer, and CDFG, and shall
include CNDDB field survey forms for all special-status plant species
encountered during the surveys; and

• All field survey forms shall be submitted to the CNDDB at the time of
submittal to the CPM, BLM and CDFG.
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For each of the species for which surveys were conducted, the project
owner's qualified botanist shall submit a completion report documenting
fulfillment of the target goals and which describe the number of new,
previously undiscovered occurrences identified and mapped. Locations
shall be reported with GPS coordinates compatible with inclusion in a GIS
database.

4. Onsite Protection Goals: The project owner shall implement all feasible
measures to protect 75% of the occupied habitat of white-margined beard-
tongue, Emery's crucifixion thorn, Coves' cassia, small-flowered sand-
verbena, and any other CNPS List 1B or List 2 taxa (excluding small-
flowered androstephium) found during pre-construction clearance surveys
within the project area. Each year during construction the measurement of
percent protection achieved shall be calculated based on a comparison of
extent of occupied habitat of each species present in this area identified
before construction compared to the extent of occupied habitat remaining
post—construction. These pre- and post-construction acreages shall be
based on floristic surveys conducted by a qualified botanist following
survey methodology described above.

5. Identify and Establish Special-Status Plant Protection Areas and 
Environmentally Sensitive Areas : The project owner shall identify Special-
Status Plant Protection Areas within the project footprint as needed to
achieve the 75% protection goal, based on pre-construction surveys
described above. The locations of the Special-Status Plant Protection
Areas shall be clearly depicted on all final maps and project drawings and
descriptions. The areal extent of special-status plants shall be mapped
and the designated Special-Status Plant Protection Area shall provide a
250-foot buffer from all project activities wherever feasible. In addition, the
project owner shall identify special-status plant occurrences within 250
feet of the project fenceline during the pre-construction plant surveys
described above. A qualified botanist shall delineate the boundaries of
these special-status plant occurrences at least 30 days prior to the
initiation of ground-disturbing activities. These flagged special-status plant
occurrences shall be designated as Environmentally Sensitive Areas on
plans and specifications, and shall be protected from accidental impacts
during construction (e.g., vehicle traffic, temporary placement of soils or
vegetation) and from the indirect impacts of project operation (herbicide
spraying, changes in upstream hydrology, etc).

6. Prepare and Implement a Special-Status Plant Protection and Monitoring
Plan: The project owner shall prepare and implement a Special-Status
Plant Protection and Monitoring Plan for special-status plants occurring
within the Special-Status Plant Protection Areas. The goal of the Special-
Status Plant Protection and Monitoring Plan shall be to maintain the
special-status plant species within the Special-Status Plant Protection
Areas as healthy, reproductive populations that can be sustained in
perpetuity. At a minimum, the Special-Status Plant Protection and
Monitoring Plan shall:
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• Establish baseline conditions, including numbers and areal extent of
special-status plant occurrences within the Special-Status Plant
Protection Areas;

• Establish success standards for protection of special-status plant
occurrences within the Plant Protection Areas;

• Provide any available information about microhabitat preferences and
fecundity, essential pollinators, reproductive biology, and propagation
and culture requirements for each special-status species;

• Describe measures (e.g., fencing, signage) to avoid direct construction
and operation impacts to special-status plants within the Special-
Status Plant Protection Areas;

• Describe measures to avoid or minimize indirect construction and
operations impacts to special-status plants within the Special-Status
Plant Protection Areas (e.g., runoff from mirror-washing, use of soil
stabilizers/tackifiers, alterations of hydrology from drainage diversions,
erosion/sedimentation from disturbed soils upslope, herbicide drift, the
spread of non-native plants, etc).

• Provide a monitoring schedule and plan for assessing the numbers
and condition of special-status plants within the Special-Status Plant
Protection Areas; and

• Identify specific triggers for remedial action (e.g., numbers of plants
dropping below a threshold).

7. Develop Special-Status Plant Remedial Action Plan : The project owner
shall develop a detailed Special-Status Plant Remedial Action Plan to be
implemented if special-status plants within the Plant Protection Areas fail
to meet success standards described in the Special-Status Plant
Protection and Monitoring Plan. The Plant Remedial Action Plan shall
include specifications for ex-situ/offsite conservation of seed and other
propagules, and the seed bank and other symbionts contained in the
topsoil where these plants occur. The remedial measures described in the
Plant Remedial Action Plan shall not substitute for plant protection or other
mitigation measures. The Special-Status Plant Remedial Action Plan shall
include, at a minimum:
• Guidelines for pre-construction seed collection (and/or other

propagules) for each special-status species;
• Specifications for collecting, storing, and preserving the upper layer of

soil containing seed and important soil organisms;
• Detailed replacement planting program with biologically meaningful

quantitative and qualitative success criteria (see Pavlik 1996),
monitoring specifications, and triggers for remedial action; and

• Ecological specifications for suitable planting sites.
8. Seed Collection: Implementation of the Special-Status Plant Remedial

Action Plan would require a local source of seeds/propagules. In addition,
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seed collection would serve to preserve germplasm in the event that all
mitigation fails. The project owner shall develop and implement a Seed
Collection Plan to collect and store seed for white-margined beard-tongue,
Emery's crucifixion thorn, Coves' cassia, small-flowered sand-verbena,
and any other CNPS List 1B or List 2 taxa (excluding small-flowered
androstephium) found during pre-construction clearance surveys within
the project area. The source of these seeds shall be from plants proposed
for removal within the project footprint. The project owner shall engage the
services of a qualified contractor approved by the CPM to undertake seed
collection and storage.

9. Security for Implementation of Plans: The project owner shall provide
security adequate to fund implementation of the Special-Status Plant
Protection and Monitoring Plan, the Special-Status Plant Remedial Action
Plan for the life of the project, and the Seed Collection Plan.

10.San Bernardino County Plant Protection and Management Ordinance. The
San Bernardino County Plant Protection and Management Ordinance
regulates the following where they occur on non-government land (San
Bernardino County Code 88.01): desert native plants with stems 2 inches
or greater in diameter or 6 feet or greater in height: Psorothamnus [Dalea]
spinosa (smoke tree), Prosopis spp. (mesquites), all species of the family
Agavaceae (century plants, nolinas, yuccas), creosote rings 10 feet or
greater in diameter, all Joshua trees; and any part of any of the following
species, whether living or dead: Olneya tesota (desert ironwood), all
species of the genus Prosopis (mesquites), and all species of the genus
Cercidium (palo verdes). Staff recognizes that the project site is on public
land and thus not strictly subject to the County ordinance. However, staff
notes that the proposed project would convert the site to exclusive private
use and is, in effect, a private project. Staff recommends conformance
with County standards, as follows:
a. The project owner shall inventory all plants on the project site that

would be removed or damaged by proposed project construction.
b. The project owner shall prepare a Protected Plant Salvage Plan in

conformance with San Bernardino County standards for review and
approval by the CPM. The plan shall include detailed descriptions of
proposed methods to salvage plants; transport them; store them
temporarily (as needed); maintain them in temporary storage (i.e.,
irrigation, shade protection, etc.); proposed transplantation locations
and methods for permanent relocation; proposed irrigation and
maintenance methods at transplantation sites; and a monitoring plan to
verify survivorship and establishment of translocated plants for a
minimum of five years.

c. Prior to initiating any ground-disturbing activities on the project site, the
project owner shall implement the Protected Plant Salvage Plan as
approved by the CPM.

Verification:	 No more than 30 days following the publication of the Energy
Commission Decision the project owner shall submit final maps and design drawings

March 2010
	

C.2-178	 BIOLOGICAL RESOURCES



depicting the location of Special-Status Plant Protection Areas within and Environmentally
Sensitive Areas adjacent to the project site, and shall identify the species and numbers
of plants within each of the Special-Status Plant Protection Areas and Environmentally
Sensitive Areas.

No more than 30 days following the publication of the Energy Commission Decision the
project owner shall submit draft versions of the Special-Status Plant Protection and
Monitoring Plan, the Special-Status Plant Remedial Action Plan, the Seed Collection
Plan, and the Protected Plant Salvage Plan for review by the CPM, BLM's Authorized
Officer, and CDFG. The project owner shall also provide a cost estimate for
implementation of these plans which shall be subject to approval by the CPM, BLM's
Authorized Officer, and the CDFG. The final plans shall be submitted for approval by the
CPM, in consultation with BLM's Authorized Officer, CDFG, and GNPS within 90 days of
the publication of the Commission Decision. The final plans shall be incorporated into
the BRMIMP. At this time, the project owner shall also provide security sufficient to fund
the implementation of the plans.

Within 30 days of the start of construction, the project owner shall submit a copy of the
contract with the CPM-approved seed contractor and the check for seed collection and
curation fees to the CPM.

On January 31st of each year following construction the project owner's qualified
botanist shall submit a report, including CNDDB field survey forms, describing the
results of off-site plant surveys to the BLM's Authorized Officer, the CPM, CDFG, and
CNDDB. Submittal of survey reports shall continue until the same number of
occurrences and areal extent of occupied habitat impacted by the project for small-
flowered androstephium, white-margined beard-tongue, and any other special-status
plants identified on these off-site lands as were impacted by the project. For each of the
species for which surveys were conducted, the project owner's qualified botanist shall
submit a completion report documenting fulfillment of the target goals and which
describe the number of new, previously undiscovered occurrences identified and
mapped using GPS/GIS techniques for each species. Mapping results shall include
GPS coordinates of the plants found.

The Designated Biologist shall submit monthly and annual compliance reports to the
CPM, BLM Authorized Officer, and CDFG describing all project activities pertinent to
mitigation measures listed above. Compliance reports shall include summaries of
written and photographic records of the tasks described above. Compliance reports
shall be submitted monthly and annually for a period not less than 5 years for the
Protected Plant Salvage Plan and for the life of the project for the Special-Status Plant
Protection and Monitoring Plan and the Special-Status Plant Remedial Action Plan,
including funding for the seed storage.

The Designated Biologist shall maintain written and photographic records of the tasks
described above, and make these records available to the CPM, BLM Authorized
Officer, and CDFG upon request.
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SES Solar One
In Response to CURE Data Requests, Set One

Data Requests 1-228
08-AFC-5

TECHNICAL AREA: BIOLOGICAL RESOURCES

Data Request 162: Please provide any studies that have been conducted on the
effect of Suncatchers on the surrounding microclimate (or
microhabitat) or on species composition, abundance, and
diversity.

Response: No reports on this matter are available. No adverse effects have been observed
by the Applicant at its test facilities relative to microclimate (or microhabitat) or
on species composition, abundance, and diversity. Potential impacts on
biological resources, including these considerations, are described in Section 5.6
and Appendix Y of the AFC.
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State Of California 	 The Resources Agency of California

Memorandum

DOCKET
07-AFC-5

DATE JAN 4 2010

RECD JAN 5 2010

Date: January 4, 2009
Telephone: (916) 6544679

To:	 Commissioner Jeffrey Byron, Presiding Member
Commissioner James D. Boyd, Associate Member

From: California Energy Commission — John Kessler, Project Manager
1616 Ninth Street
Sacramento, CA 958144612

Subject ENERGY COMMISSION STAFF'S REBUTTAL TESTIMONY
IVANPAH SOLAR ELECTRIC GENERATING SYSTEM (07-AFC-5)
Exhibit 305

SUMMARY
Energy Commission staff is providing the following Rebuttal Testimony in the technical
areas of Alternatives and Biological Resources. This testimony is organized as follows:

Section 1 — Alternatives, Testimony of Susan Lee
• Rebuttal Testimony Figure 1. (same as Alternatives Fig 5A from FSA/DEIS)
• Rebuttal Testimony Figure 2 (same as Alternatives Fig 6 from FSA/DEIS
• Rebuttal Testimony Figure 3 (Reduced Acreage alt map from July 09

workshop)

Section 2 — Biological Resources, Wildlife, Testimony of Susan Sanders and Rebuttal
Testimony Figures 1 - 6

• Rebuttal Testimony Figure 4 ( same as Sierra Club's Exhibit 604, map of their
survey area for 1-15 Alternative)

• Rebuttal Testimony Figure 5 (USGS Desert Tortoise Habitat Map from
CH2MHill)

• Rebuttal Testimony Figure 6 (Carolyn's 2800-ft eleva contour figure of the 1-15
Alternative

Section 3 — Biological Resources, Special-Status Plants, Testimony of Misa Milliron and
Rebuttal Testimony Figures 7 - 11

• Rebuttal Testimony Figure 7 (same as Bio Fig 2 in FSA/DEIS, the "conceptual
approach to plant avoidance)

• Rebuttal Testimony Figure 8 . (same as Bio Fig 1A in FSA/DEIS, range maps of
pappas grass, cholla, Rusby's mallow)

• Rebuttal Testimony Figure 9 (same as Bio Fig 1B in FSA/DEIS, range maps of
tortoise, milkweed, pincushion)

• Rebuttal Testimony Figure 10 (new figure of Androstephium range)
PBOOF OFSEBVICET REVISED  121151119  I RUM WITH
ORIORIAL MAILED FBOtA SACRAMENTO ON  1/5110 
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• Rebuttal Testimony Figure 11 (lvanpah valley existing and future/foreseeable
projects and ss plant data)

Section 4— Alternatives - Biological Resources, Desert Tortoise, Testimony of Richard
Anderson (No figures), and Declaration

Section 5 — Alternatives - Biological Resources, Special-Status Plants, Testimony of
Carolyn Chainey-Davis and Rebuttal Testimony Figure 12, and Declaration

• Rebuttal Testimony Figure 12 (1-15 Alternative Field Analysis)

Exhibit 305 Attachments in Reference to Section 2:
Exhibit
No

Date of
Document

Description Pages

305
305a 2006 California Department of Fish and Game

Incidental Take Permit #2081-2005-046-04
Los Angeles Department of Water and Power
Pine Tree Wind Development Project

27

305b 2008 California Department of Fish and Game
Incidental Take Permit #2081-2008-015-06
California State Lands Commission
AT&T Fiber Optic Cable Replacement Project

29

305c 2006 California Department of Fish and Game
Incidental Take Permit #2081-2005-028-06
Copper Mountain Community College District
Copper Mountain Community College Expansion
Site

15

305d 2009 California Department of Fish and Game
Incidental Take Permit #2081-2009-018-06
Coso Operating Company LLC; Coso Hay Ranch
Water Extraction and Delivery System

21

305e 2005 California Department of Fish and Game
Incidental Take Permit #2081-2005-015-04
U.S. Borax, Inc.U.S. Borax, Inc.
Life of Mine Project

30

305f 3/6/06 Memo from USFWS Regional Director H. Dale Hall
to Regional Directors, Region 1,2,3,4,5,6, and 7
Manger, California/Nevada Operations Office, re:
Recovery Units and Jeopardy Determinations under
Section 7 of the Endangered Species Act

2

2



details on measures that are likely to assure long-term viability of special-status plants
within the project site. Applicant's proposal has no mechanism to assure long-term
impact avoidance and protection of special-status plants while operation and
maintenance activities are taking place in proximity to the special-status plants. The
actions proposed in and adjacent to protected areas of special-status plants are also
unclear. Staffs condition of certification would avoid impacts and assure protection by
prohibiting development and other project-related activities in protected areas.
Assurances of adequate funding in the form of a security also need to be provided to
implement the required avoidance and minimization measures and to monitor
compliance with and the effectiveness of the measures. Applicant's proposal for only
three years of monitoring, particularly in the desert environment, is insufficient (Sutter
1996, Bainbridge 2007).

At the FSA staff workshop on December 15,2009, the applicant presented a conceptual
special-status mitigation approach (including a draft avoidance map) that described
avoidance and protection of some high-density plant clusters scattered throughout the
project site. Staff's understanding is that the applicant proposes that operations and
maintenance activities consistent with those occurring at the rest of the site (e.g., mirror
washing and vegetation moving) will occur within areas designated as "avoidance
areas," which would contain heliostats and little if any buffer around the special-status
plants. The applicant's development of this conceptual mitigation proposal is ongoing at
present, so its details have not yet been provided.
Staff is encouraged to see that the applicant is working on a special-status plant
mitigation plan and welcomes the opportunity to review it, but until specifics are
developed, staff cannot comment on the conceptual plans in detail. Meanwhile, all the
elements of staffs Condition of Certification B10-18 should be adopted by the
Commission, with corrections discussed later.

Staff's initial concerns with the applicant's special-status plant avoidance draft concept
overlap with those expressed in the opening testimony of the California Native Plant
Society (CNPS), namely the following potential effects: shading effects on plant
reproduction, altered hydrology, soil compaction, direct disturbance from regular
maintenance, weed introduction, and fragmentation of occurrences (including potentially
restricted pollination and dispersal). Staff is unaware of similar, successful mitigation
efforts on the management of solar fields or any other large-scale development project
as special-status plant protection areas in the California desert. In general, the scattered
nature of the applicant's proposed protection areas creates significant challenges to
establishing defensible boundaries from surrounding disturbance, and could make it
infeasible to protect the special-status plants from significant indirect impacts (i.e., from
introduction and spread of non-native plants, alterations of the local hydrology, higher
than normal dust levels, etc.).

Staffs Minor Corrections to B10-18
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Mitigation Measures Considered but Rejected
Acquisition and Protection of Populations on Private Lands. Energy Commission staffs
analysis of mitigation of special-status plant species mitigation through acquisition of
private lands indicated few opportunities for acquisition of existing occurrences Energy
Commission staff examined the mapped CNDDB distribution of the special-status plant
species and added land ownership and conservation lands map overlays available in
CDFG's Biogeographic Information Observation System (BIOS, www.bios.cdfg.ca.gov ).
Available ownership data in CNDDB text records was also examined. The vast majority
of documented occurrences are located on BLM or National Park Service (NPS) land. A
few are owned by the State Lands Commission, and several were owned by a
combination of these agencies. In addition, several parcels were listed as unknown
ownership, and for those, Energy Commission staff contacted the San Bernardino
County Assessor's Office to inquire whether they are privately owned, but was
unsuccessful in obtaining additional ownership information. Only two occurrences
(ranked poor quality) of one species, Rusby's desert-mallow, were listed as partial
private ownership; however, it is unlikely that this land would be suitable for acquisition
as mitigation because it appears to be a transmission line right-of-way owned by
Southern California Edison. Essentially all occupied habitat (i.e., habitat containing
special-status plants) occurs on federal land, primarily BLM and NPS land, and no
suitable private parcels were found that could be placed under a conservation easement
or other deed restrictions to prevent future development.

Protection and Enhancement of Populations on Public Lands.  Special-status plant
occurrences on NPS lands are considered to be adequately protected and thus offer no
potential for offsetting project losses. In recognition that some of the occurrences on
BLM land are subject to the effects of grazing, ORV, transmission projects, mining
(CNDDB 2009), and more currently, by potential future energy projects, Energy
Commission staff investigated the possibility of off-setting project losses by placing land
use restrictions on or enhancing BLM lands which contained one or more of these
special-status plants and which were not currently protected as part of the Mojave
Preserve or within a Desert Wildlife Management Area (DWMA). However, such a
proposed action (land use changes potentially affecting other uses of the land) would
trigger a requirement for a separate NEPA analysis Consequently, this mitigation option
would not be timely for this project as it would take considerable time and effort before it
was even determined whether such an option was feasible. As summarized in the
discussion of enhancements for desert tortoise mitigation: BLM cannot make pre-
decisional firm commitments to implement specific actions such as fencing, altering
grazing allotments, burro removal, or habitat restoration without conducting a NEPA
analysis and providing full public disclosure on the effects of those actions. However,
Energy Commission staff and CDFG cannot defer mitigation requirements for
compliance with the California Endangered Species Act to a "yet to be completed"
NEPA document. A CEQA review might also be needed for some of these
enhancement measures.

Transplantation. The general consensus in the scientific community is that
transplantation is not a viable strategy for special-status plant mitigation (NowaId 1996).
A study by CDFG (Fiedler 1991) found that, even under optimum conditions,
transplantation was not effective in 85 percent of cases studied. GNPS has an official
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BIOLOGICAL RESOURCES
BIOLOGICAL RESOURCES Page C.2-1 

Page C.2-1 states that staff is examining whether or not the provision of funds is
adequate for FTHL mitigation under CEQA.
Comment:

Staff should also state whether or not it is considered adequate under NEPA. Since it is
based on the FTHL Rangewide Management Strategy, provision of funds is adequate.

BIOLOGICAL RESOURCES Page C.2.1-3
State or federal listed plants or California Native Plant Society (CNPS) listed species
were not included in the focused special status plant surveys conducted by the
applicant, including one species which is known from the project site. Just over half the
surveys were done in conjunction with FTHL surveys, utilizing biologists with varying
degrees of botanical expertise to conduct the rare plant surveys. Staff would expect rare
plant surveys to be conducted by qualified botanists without the distraction of looking for
certain special status wildlife species. No special status plant surveys were conducted in
the fall after the late summer/early fall monsoonal rains, which stimulate another bloom.
Thus, survey results were not considered adequate to assess presence or absence of a
species within the project area. Staff has proposed Condition of Certification B10-19
which requires botanical surveys to be conducted spring and fall of 2010 and avoidance
of rare plants during project construction and operation. Implementation of this condition
would reduce impacts to special status plants to less than significant levels under CEQA.

Comment:
Implementation of the botanical surveys was consistent with agency guidelines in force
at the time of the survey effort. URS provided project specific survey protocols to CEC &
BLM staff for approval prior to conducting both 2007 and 2008 survey effort. CEC
approved the timing of the botanical survey effort. Neither CEC nor BLM staff requested
fall surveys be conducted and could have done so in their reviews of the proposed
protocols for 2007 and 2008 and during the data request phase of the CEC process. It
is not clear why fall surveys are necessary since all species on the current focal species
list have typical spring blooming periods. A few species on the list may also bloom in fall
if significant monsoonal rains occur to stimulate fall blooming. Fall rains were 70% of
normal in 2007 and 1% of normal in 2008. To our knowledge, BLM nor CEC has not
previously requested fall botanical surveys be conducted as a condition of approval for a
project.
All rare plants known from within 10 miles of the project areas were included in the focal
species list for the 2007 & 2008 botanical surveys. Four additional species (dwarf
germander pink fairy duster, Thurber's pilostyles and chaparral sand verbena) currently
known from the project vicinity were added to the CNDDB database after the 2008
surveys were conducted.
All personnel utilized were qualified to participate in the surveys as defined by agency
survey guidelines and were supervised by experienced botanists. Rather than denigrate
the survey effort done to date, CEC and BLM staff should acknowledge that the level of
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Pilostvles thurberi 
common Thurber's pilostyles	 CalPhotos

name	 image
era]family Apodanthaceae

life form perennial herb parasitic

-global rank G5 G5 demonstrably secure to
ineradicable

Where did the "RED" code go? We've
simplified our rating system. Read
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A reminder: Species not recorded for a given area may nonetheless be present,
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(1979) for distributional information.
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Background

The CNDDB is a "natural heritage program" and is part of a nationwide network of similar programs overseen by
NatureServe (formerly part of The Nature Conservancy). All natural heritage programs provide location and natural
history information on special status plants, animals, and natural communities to the public, other agencies, and
conservation organizations. The data help drive conservation decisions, aid in the environmental review of projects
and land use changes, and provide baseline data helpful in recovering endangered species and for research projects.

The goal of the CNDDB is to provide the most current information available on the state's most imperiled elements of
natural diversity and to provide tools to analyze these data. For more detailed information on the CNDDB, read this
article from Fremontia, a publication of the California Native Plant Society. The CNDDB concentrates its work on areas
with active NCCP/HCPs, and high priority areas identified by DFG and other biologists. For example, this map shows
which counties received the most attention from CNDDB staff in 2006.

Products

CNDDB data are available in a variety of ways. Take a look at our Maps and Data page for additional information.

Our primary method of data dissemination is via the computer application RareFind, which allows for complex querying
and reporting by the user. Other products include hard copy overlays which fit over standard USGS 7.5' maps and
depict the graphical information with a legend, and printed text reports which complement the overlays. For GIS
users, a shapefile of the entire CNDDB dataset is available with a subscription. We also provide the free, web-based
CNDDB Quick Viewer which provides information only to the 7.5' quadrangle or county level. The Quick Viewer will
generate a list of taxa for a given area, but no details. Access to the detailed information is by subscription only.

Recent enhancements to CNDDB include the ability to view CNDDB data using the online BIOS Data Viewer and
making the Spotted Owl Database available to CNDDB subscribers. The Data Viewer quickly and easily displays
element occurrence information on a map background over the Internet. The BIOS Data Viewer has some limited
reporting and querying capabilities. Spotted Owl location and status information are also available utilizing the BIOS
Data Viewer. The Spotted Owl Database is not integrated into CNDDB (since the locations are not mapped as
occurrences) due to the need to handle observation data differently in a regulatory environment.
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A CNDDB subscription, now at $600 (and $400 to resubscribe annually) for all clients, includes the RareFind
application, all of the digital GIS data, and password-protected access to the BIOS Data Viewer. Clients can either use
RareFind alone, or link it with GIS software such as ArcGIS, ArcView, etc., for greater flexibility. All uses of data from
the CNDDB are subject to the terms and conditions contained in the License Agreement.

Disclaimer

We work very hard to keep the CNDDB and the Spotted Owl Database as current and up-to-date as possible given our
capabilities and resources. However, we cannot and do not portray the CNDDB as an exhaustive and comprehensive
inventory of all rare species and natural communities statewide. Field verification for the presence or absence of
sensitive species will always be an important obligation of our customers. Likewise, your contribution of data to the
CNDDB is equally important to the maintenance of the CNDDB. Whenever possible, we request that data be submitted
using our online field survey form along with a map with the rare populations or stands indicated.

 

  

Conditions of Use | Privacy Policy
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Survey Protocols Required for NEPA/ESA Compliance for BLM
Special Status Plant Species

Policy

It is BLM policy to conduct inventories to determine the occurrence and status of all special
status plant species on lands managed by BLM or affected by BLM actions. This includes pro-
active inventories directed toward developing plans or determining the status of plant species, as
well as inventories conducted to determine the impacts of BLM planned or authorized actions on
any special status plants that might be within the area of a proposed project. Such inventories are
to be conducted at the time of year when such plant species can be found and positively
identified.

Definition and Purpose

Inventory is the periodic and systematic collection of data on the distribution, condition, trend,
and utilization of special status plant species (BLM Manual 6600).

Inventories are conducted for many reasons; however, for the purpose of this document only one
inventory "reason" is addressed:

To ensure compliance with the National Environmental Policy Act and the Endangered
Species Act by having sufficient information available to adequately assess the effects of
proposed actions on special status plants. Assessments of the effects of these actions are
documented in biological assessments (if the project involves Federally listed species and
qualifies as a "major construction activity" as defined by the ESA).

Special status plants include plant taxa that are Federally listed as threatened and endangered,
proposed for Federal listing, candidates for Federal listing, State listed as rare, threatened, or
endangered, or BLM sensitive species. All plant species that are currently on List 1B of the
California Native Plant Society's Inventory of Rare and Endangered Plants of California
(mp://cnps.web.aolus.net/cgi-bin/inv/inventory.cgi), are BLM sensitive species, along with
others that have been designated by the California State Director. BLM is party to a
Memorandum of Understanding with the California Department of Fish and Game to collect
information for inclusion in the California Natural Diversity Data Base. Therefore, in addition to
inventorying for plants formally recognized as special status species by BLM, contractors must
also inventory for all plant, lichen, and fungi species recognized as "special" by the California
Natural Diversity Data Base (http://www.dfg.ca.gov/biogeodata/cnddb/pdfs/SPPlants.pdt) .
Although the following discussion uses the term "special status plants," it should be interpreted
to mean all of the plant taxa discussed above.

The inventory requirements below apply to energy rights-of-way applications on Federal lands
managed by the BLM in California and northwestern Nevada. Projects that include State or
private lands or require State approval will likely also require conformance with the rare plant
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survey guidelines of the California Department of Fish and Game
(http://www.dfg.ca.gov/biogeodata/enddb/pdfs/guideplt.pdf).

Timing and Intensity of Inventory

Before conducting inventories, contractors for BLM or energy companies should research three
valuable sources to see if BLM special status species are known from the project area: the
California Natural Diversity Data Base (CNDDB), CALFLORA, and the Biogeographic
Information & Observation System (BIOS). However, CNDDB and BIOS are positive
occurrence databases only, the lack of data should not be used as verification that the species
does not exist in a given location. Inventories must be timed so that contractors can both locate
and positively identify target plant species in the field. Inventories must be scheduled so that they
will detect all special status species present. A single inventory on a single date will seldom
suffice. For example, when one special status plant species suspected to be in the inventory can
only be found and identified in April and another species can only be located and identified in
August, at least two inventories are necessary. The first inventory can facilitate the second and/or
third inventory, however, if potential sites for the late-flowering species are flagged during the
first inventory. If sufficient information is available on the habitat requirements of potentially
occurring species (substrate, plant community, etc.), and the site in question is believed to be
unsuitable for those species, a field visit should still be conducted to document and validate the
assumptions for believing that the species to be absent. In advance of the project site inventory,
contractors should visit known populations of the target species in similar habitat conditions to
determine current-year growth conditions and phenology. If, based on these visits to known
populations, it appears likely that the project site inventory will fail to detect occurrences
because of drought conditions (as may be the case for annual plant species or geophytic plants),
BLM may require contractors to perform additional inventories in the following year.

Field Survey - Methodology

Field surveys will be floristic in nature, i.e., the contractor identifies every plant taxon observed
in the project area to the taxonomic level necessary to determine rarity and listing status.
Surveys will be conducted so that they will ensure a high likelihood of locating all the plant taxa
in the project area. Depending on the size of the project area and the heterogeneity of the
habitats within the project area, surveys will involve one or a combination of the following
survey methods.

Complete Survey

A complete survey is a 100 percent visual examination of the project area (Figure 1) using
transects. The length of the transect and distance between transects might change as the
topography changes throughout the project area. Transects should be spaced so that all of the
area between transects is visible and so that the smallest rare plant expected to occur is visible.
The surveyor (1) compiles a species list while traversing the project area and keeps track of the
plant community or habitat type where each taxon occurs; (2) maps the locations of all rare taxa
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encountered using a GPS unit, and (3) fills out a CNDDB Native Species Field Survey Form for
each location of each rare taxon encountered.

Figure 1. Complete survey.

Intuitive Controlled Survey

An intuitive controlled survey is a complete survey of habitats with the highest potential for
supporting rare plant populations and a less intense survey of all other habitats present (Figure
2). This type of survey can only be accomplished by botanists familiar with the habitats of all
the plant species that may reasonably be expected to occur in the project area. The botanist
traverses through the project area enough to see a representative cross section of all the major
plant habitats and topographic features. During the survey, the botanist compiles a species list of
all plant taxa seen en route and keeps track of the plant community or habitat type where each
taxon occurs. The surveyor maps the locations of all rare taxa encountered using a GPS unit and
fills out a CNDDB Native Species Field Survey Form for each location of each rare taxon
encountered. When the surveyor arrives at an area of "high potential" habitat, s/he surveys that
area completely as described above and shown in Figure 1. High potential habitat areas include
areas defined in a pre-field review of potential rare plants and habitat and other habitats where a
rare species appears during the course of initial field work traversing the project area. Areas
within the project area that are not the focus of a complete survey must be surveyed sufficiently
so that is the botanist and BLM reasonably believe that few if any additional species would be
added to the complete species list for the project area. The report must justify why the botanist
did not consider these areas to have a high potential for supporting rare plant species and thus did
not subject the area to a complete survey.

3
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Figure 2. Intuitive Controlled Survey.

Documenting the Results of Inventory

The results of special status plant inventories should be well documented. This documentation
must include as a minimum the completion and submission of Field Survey Forms and
shapefiles/geodatabases of all special status plants found by BLM personnel or consultants.
CNDDB defines occurrences as being separated from other plant locations by 0.25 mile. These
forms are submitted to the BLM State Botanist and to the California Natural Diversity Data
Base (CNDDB) at the following address:

CNDDB - Dept. of Fish and Game
1807 13th Street, Suite 202
Sacramento, CA 95811

Forms can be submitted electronically at: CNDDB@dfg.ca.gov
Copies of the Field Survey Form are available from the CNDDB at the same address. They will
also provide photocopied parts of topo maps if needed.

If the inventory discovers any rare or unusual plant communities,' a Natural Community Field
Survey Form must be completed for each such community and sent to the CNDDB at the
address above.

1 Rare or unusual plant communities includes those communities marked with asterisks in the most current list of
California plant communities recognized by the California Natural Diversity Data Base, available at:
httP://Www.dfg.Ca.g0v/biOgeodata/VegCaM13/PdfSinatCOMliSt.pdf,  and Unusual Plant Assemblages as defined in
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Most special status plant inventories of public lands conducted to assess the impacts of a
project are performed by consultants hired by project proponents. These inventories must
meet or exceed the intensity level required for the project by BLM. Personnel conducting the
inventory must meet the qualifications outlined in this document. For BLM to adequately
determine the quality of third party inventories, the following information must appear in a
detailed report to BLM from the consultant or project proponent:

a. Project description, including a detailed map of the project location and study area.

b. A written description of the biological setting, including descriptions of the plant
communities found in the project area and a vegetation map. Plant communities should be
described and mapped to at least the alliance level using the vegetation classification
system of the California Department of Fish and Game (CDFG). A list of the alliances
currently recognized by CDFG can be found at:
http://www.dfg.ca.govibiogeodata/vegcamp/pdfs/NaturalCommunitieskist  Oct07.pdf.
When the Manual of California Vegetation is published in 2009, the alliances recognized
in that document should be used.

c. A detailed description of the inventory methodology, including techniques and intensity of
the inventory and maps showing areas actually searched. This will also include areas
searched but no special status plants found.

d. The results of the inventory.

e. The dates of the inventory.

f. An assessment of potential impacts and recommended mitigation measures to reduce
impacts.

g. Recommended management actions to conserve any special status plants encountered
should include both actions the BLM might take, as well as actions that might be taken by
the FWS (listing or delisting of TIE plants, changes in candidate status, etc.).

h. A discussion of the significance of any special status plant occurrences found, with
consideration for other nearby occurrences, and the distribution of the species as a whole.

i. Assessments of the health, population size, and protective status of any special status
plants found.

j. A complete list of all plant species (not just special status species) identified within the
project area, and a discussion of any range extensions discovered as a result of the
inventory

the California Desert Conservation Area Plan
(http://www.blm.gov/pgdata/etc/medialibiblmica/pdficdd/cdcaplan.Par.15259.File.dat/CA  Desert .pdf) or
shown on Map 6 of the California Desert Conservation Area Plan, as amended (copies on file at the BIM California
State Office, the California Desert District, and each of the field offices in the California Desert District).

5



Survey Protocols for Special Status Plant Species I 2009

k. Copies of all Field Survey Forms, for all special status plant occurrences found, or Natural
Community Field Survey Forms, for any unusual communities found.

I. The name(s) and qualifications of the persons conducting the inventory.

m. A list of references cited, persons contacted and herbaria visited.

n. Additional data needs.

o. Other information as appropriate such as vegetation maps and photographs (see below).

Voucher specimens of special status plants should be collected if necessary to conclusively
document the occurrence of the species and if the collection will not adversely affect the health
of the population at the site. Collection of Federally listed plants on Federal lands requires a
permit from the FWS. If voucher specimens are collected, they should be deposited in major
recognized herbaria for future reference, preferably The University of California, Berkeley
(UC), The Jepson Herbarium (JEPS), The California Academy of Sciences (CAS), or Rancho
Santa Ana Botanic Garden (RSA).

Photographs should be taken of the areas inventoried, of all special status plants found, and of
the habitat associated with each special status plant occurrence.

Data Collection — Data Submission

Data should be collected using a Mapping Grade GPS Receiver with an accuracy of < 3 meters
Horizontal Root Mean Squared (HRMS).

All positions should be logged according to the following specifications:

• Maximum PDOP of 6
• Minimum of 5 Satellites
• Minimum elevation mask of 15 degrees
• Datum: NAD83
• Coordinate System: UTM Zone 10 or Zone 11, depending on where in California or

northwestern Nevada the data is collected.
• ESRI compliant formats (Geodatabase, Coverage or Shapefile)

Metadata must be included with the data. The following must be included in the metadata:
• Project Name
• Purpose — Summary of the intentions with which the data set was developed
• Abstract Information — Brief narrative summary of the data set
• Location — What area(s) does your data cover? ie., list statewide, regions, city, county?
• Developer — Who collected the data?
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Data Dictionary — A data dictionary must be used for all projects. The dictionary should include
the data that is requested on the CNDDB forms. This ensures that the botanist is collecting
(electronically) the same data as is requested by DFG. This also ensures that all inventories are
collecting the same level/standard of data.

GIS Support Data: BLM California State Office Downloadable Data Sources

Index Page with BLM Data Naming Rules
http://www.blm.gov/ca/pa/gis/Data Page/Data%20Page.html

Geospatial Data Downloads
http://www.blm.govica/gis/index.html

All data collected in and referenced to the public land survey are required to conform to
this version of PLSS published on the California BLM data download page.

In addition to the local Field Office; a copy of the Data (DVD or CDROM) must be
submitted directly to:

BLM California State Office
Geographic Services, W1939
Attention: Chief Mapping Sciences
2800 Cottage Way
Sacramento, CA 95825

GIS Questions: Please Call
(916) 978-4343

Qualifications of Personnel Conducting Inventories

All personnel conducting special status plant inventories must have the following:

• strong backgrounds in plant taxonomy and plant ecology

• strong background in field sampling design and methods

• knowledge of the floras of the inventory area including the special status plant species

• familiarity with natural communities of the area

These qualifications help ensure that all special status plants in the inventory area will be
located, including taxa that BLM or project proponents did not predict at the start of the
inventory. All survey efforts must be coordinated with the responsible BLM Field Office
botanist or biologist
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EXECUTIVE SUMMARY 
The Flat-tailed Horned Lizard Rangewide Management Strategy has been prepared to provide 
guidance for the conservation and management of sufficient habitat to maintain extant 
populations of flat-tailed horned lizards (FTHLs), Phrynosoma mcallii, in each of five 
Management Areas (MAs) in perpetuity. The species is found only in southwestern Arizona, 
southeastern California, and adjacent portions of Sonora and Baja California Norte, Mexico. 

The USFWS proposed the species for listing as a threatened species on November 29, 1993. Human 
activities have resulted in the conversion of roughly 49% of the historic FTHL habitat to other uses, 
such as agriculture and urban development. Further evaluation of populations supported by 
remaining habitat is necessary. While initial evidence suggested that FTHL populations had 
declined in the Yuha Basin and northern East Mesa (Wright 1993; USFWS 1993), Wright (2002) 
recently found no significant trends in lizard encounter rates in Yuha Desert, East Mesa, or West 
Mesa from 1979-2001. The USFWS withdrew its proposed listing on January 3, 2003, based in part 
on protections offered by this Rangewide Management Strategy (RMS). 

The 1997 edition of the RMS established five FTHL MAS — four in California and one in Arizona. 
Surface disturbing activities are limited in these areas. Although land alterations in FTHL habitat 
outside of the MAs are not limited, mitigation and compensation measures are applied. One 
research area (RA) was also established to support research in an active off-highway vehicle (OHV) 
recreation area. Conservation areas in the Coachella Valley were also established. 

Wide-scale population estimates have, to date, been unreliable. While new techniques to estimate 
abundance continue to be evaluated, this revised document calls for monitoring changes in 
distribution over time in addition to monitoring changes in population size. Revised monitoring 
techniques have been established. 

The RMS was prepared by representatives from federal, state, and local governments. Itis designed 
to be used as the basis for a conservation agreement among the agencies. Signatory agencies will 
incorporate measures in the RMS into their land management plans. Compliance with the National 
Environmental Policy Act (NEPA) and other applicable federal and state law will be achieved 
through these management plans or revisions. The planned actions in the RMS are organized in a 
step-down format used by the USFWS in recovery plans. 



 

ii 

PREFACE 
Dr. Larry D. Foreman and members of the Flat-tailed Horned Lizard Interagency Coordinating 
Committee (ICC) prepared the original Flat-tailed Horned Lizard Rangewide Management 
Strategy in 1997. Kevin V. Young1 and Ty J. Gardner coordinated the 2003 revision (Arizona 
Game and Fish Department solicitation # QF02-040-S; funds made available by the U.S. Fish and 
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OVERVIEW 
Species Description 

Taxonomy 

The flat-tailed horned lizard (FTHL), Phrynosoma mcallii, was first described by Hallowell in 
1852 as Anota mcallii after U.S. Army Colonel George A. M'Call who collected the type specimen 
(Johnson and Spicer 1985). Due to the lack of external ear openings, the FTHL was initially placed 
in a separate genus (Anota) from other horned lizards (Johnson and Spicer 1985). Norris and 
Lowe (1951) decided that similarities of mcallii to other horned lizards were greater than its 
differences and placed it into the genus Phrynosoma. The FTHL is one of 14 currently recognized 
species of horned lizard (eight of which occur in the U.S.) (Zamudio and Parra Olea 2000). It is 
believed to be most closely related to the desert horned lizard, P. platyrhinos (Reeder and 
Montanucci 2001). No subspecies of FTHL have been described (Funk 1981). 

Field Characters 

The FTHL has the typical round, flattened body shape of horned lizards. It is distinguished from 
other species in its genus by its dark vertebral stripe; lack of external ear openings; long, broad 
and flattened tail; and comparatively long spines on the head (Funk 1981). The FTHL has two rows 
of fringed scales on each side of its body. The species is cryptic in color, ranging from pale gray 
to light rust brown dorsally, and white or cream (unspotted) ventrally with a prominent umbilical 
scar. The only apparent external difference between males and females is the presence of enlarged 
postanal scales in males, typical of Phrynosomatids. Maximum snout-vent length (SVL) for the 
species is 87 mm (Boundy and Balgooyen 1988), but 65-80 mm SVL is typical adult size (Young 
and Young 2000). Adult weight varies between 10 and 25 g. Hatchlings range from 30 to 38 mm 
and weigh about 1.5 g (Johnson and Spicer 1985; Young and Young 2000). 

The only other horned lizard known to be sympatric with the FTHL is the desert horned lizard. The 
latter is distinguished from the FTHL by a combination of characters including absence of a dark 
vertebral stripe, an exposed tympanum, a spotted ventral surface in most individuals, a single row 
of fringed scales, and a narrower and less-flattened tail (Figure 1). Apparent hybrids between the 
two species, which exhibit a mix of morphological characteristics, have been observed near 
Ocotillo, California (Stebbins 1985) and on the BMGR near Yuma, AZ (Morrill, Young, pers. 
obs.). There has been at least one case of hybridization in captivity (Collet 2002). 
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Figure 1. Comparative views of Phrynosoma mcallii (left) and P. platyrhinos (right) 
adults and hatchlings. 

 
 

Distribution and Habitat Status 

The FTHL has the most limited distribution of any horned lizard species in the U.S. (Stebbins 
1985). It is found in the extreme southwestern corner of Arizona, the southeastern corner of 
California, and adjoining portions of Sonora and Baja California, Mexico (Figure 2). In Arizona, 
the FTHL is found in southwestern Yuma County south of the Gila River and west of the Butler 
and Gila mountains. Estimates of historic habitat in Arizona range from 203,520 to 221,043 acres, 
and of current habitat from 135,900 to 176,000 acres (Johnson and Spicer 1985; Rorabaugh et al. 
1987; Hodges 1995, 1997; Piest and Knowles 2002). Suitable habitat is found east and south of 
the city of Yuma outside of the Colorado and Gila River floodplains and adjoining croplands. 
Lands within the range of the FTHL in Arizona include federal lands administered by the 
Department of Defense (DOD) through Marine Corps Air Station at Yuma (MCAS-Yuma), the 
Bureau of Land Management (BLM), and the Bureau of Reclamation (BOR); state of Arizona lands; 
and private lands. The majority of the FTHL's range in Arizona is on the western Barry M. 
Goldwater Range (BMGR), managed by MCAS-Yuma. Records from Mexico Highway 2, just south 
of the International Boundary, suggest the species might be present in the area of Pinta Sands on 
the Cabeza Prieta National Wildlife Refuge, but searches in this area have only documented 
desert horned lizards (Rorabaugh 1996a, 1997). 
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The historical range of the FTHL in California encompasses approximately 1.8 to 2.2 million acres, 
primarily in Imperial County, but also in eastern San Diego County and central Riverside County 
(Turner et al. 1980; Rado 1981; Bolster and Nicol 1989; Hodges 1997). However, about 50% of 
the land within this range is now unsuitable, including the Salton Sea and urban and agricultural 
areas (Hodges 1997). Areas identified as especially important to the species in California 
encompass approximately 210,000 acres and are found primarily in four regions (Rado 1981; 
Turner et al. 1980). MAs were established in these areas and have been the focus of FTHL habitat 
conservation (see Management Areas, p. 49). The El Centro Resource Area (BLM, California 
Desert District) administers three of these areas: West Mesa MA, East Mesa MA, and Yuha Desert 
MA (the BLM and the U.S. Navy jointly manage portions of West Mesa and East Mesa). The 
California Department of Parks and Recreation (CDPR) manages Ocotillo Wells State Off-
Highway Vehicle Area (OWSVRA) as a RA and a portion of Anza-Borrego Desert State Park 
(ABDSP) as the Borrego Badlands MA. 

The northern margin of the species’ range is in the Coachella Valley, an area where expansive 
agricultural and urban development has destroyed the vast majority of original FTHL habitat. The 
largest remaining, unfragmented habitat patch is approximately 3,900-4,200 acres in size, just 3-
4% of the original habitat extent within the Coachella Valley (Barrows 2002). The Coachella 
Valley Multiple Species Habitat Conservation Plan and Natural Communities Conservation Plan 
(CVMSHCP) will protect approximately 44.5% of the remaining FTHL habitat in the valley.  

Based on Figure 2, about half of the historical range of the FTHL is in Mexico, particularly in 
Sonora. In Baja California Norte, the range extends from the International Border west of 
Mexicali south to Laguna Salada. A specimen found south of Laguna Salada in 2001 (Rodriguez 
2002) extended the known southern range limit in Baja by approximately 40 miles. It is unknown 
whether this population is connected to those to the north or is disjunctive. In Sonora, the species 
has been found in the sandy plains immediately south of and contiguous with habitat in Arizona, 
and east through the Pinacate Region to the sandy plains around Puerto Peñasco and Bahía de San 
Jorge (Johnson and Spicer 1985; Gonzáles-Romero and Álvarez-Cárdenas 1989; Rodríguez 
2002). The FTHL is probably absent from the volcanic areas in the Pinacate Region and rare in the 
dune fields of the Gran Desierto (Rodríguez 2002). 

Map Creation 
The current and historical distribution map (Figure 2) is designed to provide graphic 
representation of the approximate current and historical FTHL range boundaries. This map is not 
based on a predictive model, with the exception of the current range in the Coachella Valley (see 
below), and should not be viewed as such. ArcView (ESRI 1998) shape files (.shp) for the current 
and historical distributions recognized in this document are on file with ICC member agencies. 

The historical distribution is based on a 750-foot contour interval across the majority of the range, 
particularly in the U.S. and the most northern portion of Mexico. There are several departures from 
this contour: 1) along the eastern boundary of the Algodones dune system the boundary is based 
on a microphyll/desert dry wash habitat (coverage provided by BLM-El Centro) because the 
habitats to the east of these are not likely to have been occupied by FTHLs at any time (contra 
Hodges 1997); 2) the boundary on the eastern side of the Yuma desert MA was defined as the edge 
of the rocky substrate, estimated as a fixed distance from the western slope of the Gila mountains, 
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since this habitat is not occupied by FTHLs (Hodges 1995, Young and Young 2000);  3) much of 
the range in Sonora, Mexico is based on an ArcView coverage (obtained from 
http://data.geocomm.com) that delineates the boundaries between unconsolidated substrates 
(included) and inundated areas (excluded), but areas outside the unconsolidated substrates were 
included (e.g. mudhill habitat near El Golfo) where verified locality data were available 
(Rodríguez 2002); and 4) the distribution around Laguna Salada is based on the range map in 
Foreman (1997), recent localities (Rodríguez 2002) and mention of sightings on the eastern side 
where sand accumulates against the Sierra Cucapa (Lee Grismer, California State University San 
Diego, pers. comm.). 

The current distribution (except the Palm Springs area) is a subset of the historical range map 
from which habitat that has been converted to urban, agricultural, or other such permanent 
disturbances has been removed. Data used to remove such areas include USGS maps, ArcView 
coverages of city streets, and aerial photographs of the East Mesa, West Mesa, and Yuha Desert 
MAs and surrounding areas (provided by BLM-El Centro). Features removed include, but are not 
limited to:  Yuma, AZ; Ocotillo, Borrego Springs, and Salton City, California; the agricultural 
areas of the Imperial Valley, California and the Mexicali Valley, Baja Norte; and projects 
recognized on aerial photos in the Yuha Desert MA, north of the Yuha Desert MA, and near the 
Salton Sea Test Base. 

The current distribution in the Coachella Valley area (Riverside Co., California) is the October 
2002 draft (provided by the Coachella Valley Association of Governments) of the predicted 
portion of a FTHL habitat model produced for the CVMSHCP. This model includes habitat below the 
700-foot contour interval. The model was refined by looking for vegetation community and soil 
type associations and deleting developed areas. The model includes habitat patches that are too 
small to maintain viable populations (Cameron Barrows, Center for Natural Lands Management 
(CNLM), pers. comm.). Further information is available through the Coachella Valley Association 
of Governments. 

Further work is necessary to solidify the current distribution of the FTHL in the U.S. and Mexico. In 
particular, work is needed outside the MAs to firmly delineate the boundaries on the exterior 
portion of the range in the U.S. Such work, in conjunction with surveys within MAs, could help 
produce a habitat model that may more accurately describe the historical and current FTHL range. 
Areas of Mexico that remain uncertain and could benefit from further surveys and/or modeling 
include: 1) the southeast boundary in Sonora; 2) the extent of historical range in the Mexicali 
valley and the current range surrounding that area (including Mesa Andrade); 3) the extent of the 
current and historical ranges surrounding Laguna Salada; and 4) the degree of connectivity 
between portions of the current and historical ranges in Sonora, the Mexicali Valley, and 
surrounding Laguna Salada. 
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Figure 2. Approximate current and historical distribution of the flat-tailed horned lizard.  
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Habitat Use 

Flat-tailed horned lizards occur entirely within the Lower Colorado River Valley Subdivision of 
Sonoran Desert Scrub (Turner and Brown 1982), the largest and most arid subdivision of the 
Sonoran Desert. Annual precipitation varies from 5.8 cm at El Centro, California to 13.5 cm at 
Palm Springs. Summer daytime temperatures range from 30 to 45oC. 

Most records for FTHLs come from the creosote (Larrea tridentata)-white bursage (Ambrosia 
dumosa) series of Sonoran Desert Scrub (Turner and Brown 1982). It is this open community in 
association with sandy flats and valleys that is often described as FTHL habitat (Stebbins 1985; 
Turner and Medica 1982; Rorabaugh et al. 1987). Although most records for the species are from 
sandy flats or areas with a veneer of fine, windblown sand, the FTHL has also been collected or 
observed in areas with little or no windblown sand, such as badlands in the Yuha Basin and the 
Borrego Valley, and on saltbush flats at the northeastern end of the Salton Sea (Turner et al. 1980; 
Wone and Beauchamp 1995a). The species has also been recorded in the mixed scrub series 
within the Lower Colorado River Valley Subdivision of Sonoran Desert Scrub (Turner and Brown 
1982), on gravelly soils in ABDSP, and in association with senita cactus (Lophocereus schottii) in 
Sonora. FTHLs apparently occur at low densities in parts of the Algodones dune fields 
(Luckenbach and Bury 1983; Wright, pers. obs.) and are probably rare in the unvegetated portions 
of other major dune systems (Luckenbach and Bury 1983; McCalvin 1993; Rodríguez 2002; 
Turner et al. 1980). 

In California, the species has been recorded in a comparatively broad range of habitats, including 
sandy flats and hills, badlands, salt flats, and gravelly soils. In Arizona, the species is apparently 
restricted to sandy and hardpan flats. This may be due to habitat availability rather than FTHL 
habitat preferences. In Arizona, the presence of big galleta grass (Pleuraphis rigida) was 
correlated with FTHL abundance and may be an important vegetation component of its habitat 
(Rorabaugh et al. 1987). However, big galleta grass is not present in many high-density FTHL 
areas in California (Turner and Medica 1982; Rorabaugh et al. 1987). In California, Muth and 
Fisher (1992) found both white bursage (Ambrosia dumosa) and indigo bush (Dalea emoryi) were 
correlated with FTHLs, presumably because of their ability to trap wind-blown sand and provide 
shade for thermal cover. In the badlands habitat at OWSVRA, FTHL commonly use rocks as basking 
sites and for cover, primarily along the ridges of the hills (Setser 2001). In the Coachella Valley, 
FTHL are found in high densities in areas with saltbush (Atriplex canescens and A. polycarpa). The 
saltbush consistently produces seeds each fall, even in drought conditions, which may account for 
elevated ant populations and higher FTHL densities in this habitat (Cameron Barrows, CNLM, pers. 
comm.). A sampling of FTHL habitats is shown in Figure 3. 

Although the desert horned lizard occurs sympatrically with the FTHL, subtle differences have 
been described in preferred microhabitat use by both species in close proximity. Rorabaugh et al. 
(1987) characterized desert horned lizard habitat as gently sloping alluvial terrain dominated by 
washes vegetated with small trees such as palo verde (Parkinsonia microphylla) and ironwood 
(Olneya tesota). FTHL habitat in the near proximity was described as consisting of finer sand, 
more level and unbroken terrain, and sparser creosotebush-bursage vegetation than the habitat of 
the desert horned lizard (Hodges 1995; Young and Young 2000). 



  Species Description 

  7 

Figure 3. Typical flat-tailed horned lizard habitat from various parts of its range. 
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Food Habits 

Ants constituted 97% of the prey items in FTHL stomachs examined by Pianka and Parker (1975) 
and scats examined by Turner and Medica (1982). The percentage of ants in their diet is greater 
than other horned lizards (Pianka and Parker 1975). Harvester ants (in the genera Messor and 
Pogonomyrmex) are far more important in the diet than smaller ant species (Turner and Medica 
1982), and Pogonomyrmex are twice as common as Messor in the scats of FTHL on the Yuma 
Desert MA, AZ (Young and Young 2000). Studies in California (Turner and Medica 1982) and 
Arizona (Turner and Medica 1982; Rorabaugh et al. 1987) showed positive correlations between 
FTHL scat abundance and number of harvester ant nests. 

While FTHLs feed almost exclusively on ants from day to day, occasional outbreaks of other 
insects may provide important feeding opportunities. For example, Mark Fisher (Boyd Deep 
Canyon Desert Research Center, pers. comm.) observed FTHLs gorging on sphinx moth larvae. 
Young (unpubl. data) examined the stomach of one road-killed FTHL and found it full of small 
beetles, which at the time were very abundant. Piest (pers. obs.) observed several instances in one 
morning where FTHLs were feeding at termite casings. While such feeding opportunities are short-
lived, they may allow for quick building of fat reserves. 

Like other carnivorous desert lizards, FTHLs primarily use preformed water (water found in their 
food) to maintain proper water balance (Schmidt-Nielsen 1964). Freestanding water is not usually 
available in FTHL habitat. Dew, which is used as a water source by lizards in other climates, is 
uncommon in southwestern deserts. It normally occurs at cool temperatures and evaporates before 
lizards become active enough to use it (Schmidt-Nielsen 1964). The use of free water by FTHLs is 
debatable. Mayhew (1968) states that FTHLs have never been seen drinking water in the wild or in 
captivity. However, Johnson and Spicer (1985) and Young (pers. obs.) witnessed captive FTHLs 
drinking water that was sprayed on their heads. 

Reproduction 

Flat-tailed horned lizards are oviparous (egg-laying) and early maturing, and they can produce 
multiple clutches (Howard 1974). Under favorable conditions, two cohorts of hatchlings may be 
produced in late July and in September (Muth and Fisher 1992), but in dry conditions only the 
late season clutch may be produced (Young and Young 2000). Hatchlings from the first cohort in 
July may reach sexual maturity after their first winter season, whereas hatchlings born later may 
require an additional growing season to mature (Howard 1974). 

Compared to most other horned lizards, FTHLs produce relatively small clutches, ranging from 3 
to 7 eggs with a mean clutch size of about 5 (Howard 1974; Pianka and Parker 1975). Howard 
(1974) developed a productivity index as a product of the number of egg clutches per year and the 
average number of eggs per clutch. The FTHL productivity ranked the lowest among the horned 
lizards studied, followed by the desert horned lizard. Howard (1974) suspected that very high 
temperatures and high aridity experienced by both species resulted in their lower reproductive 
potential. High aridity may also pose problems for nest construction. In 2000, two nest sites were 
found at OWSVRA, at depths of 14 cm and 26 cm, both times a few centimeters deeper than the 
point at which the substrate became visibly moist (Setser 2001). Two nest sites were also found 
on the Yuma Desert MA in drier weather conditions. One was at a depth of 90 cm and the other 
was at a depth of 80 cm. Again, the nest sites were a few centimeters below the level at which the 
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sand became visibly moist (Young and Young 2000). An even sex ratio was documented in 
populations in California (Turner and Medica 1982; Muth and Fisher 1992). 

Behavior 

Unlike other iguanid lizards, which often flee when approached, FTHLs generally remain still 
(Wone and Beauchamp 1995a), or may bury themselves in loose sand (Norris 1949; Young and 
Young 2000). This reluctance to move when disturbed, together with cryptic coloration and 
flattening of the body, makes them very difficult to locate in the field and very susceptible to road 
mortality. 

FTHLs studied by Muth and Fisher (1992) spent 54% of the day in some form of movement. Most 
activity occurred throughout the mid-day in spring and fall. As summer temperatures increase, 
FTHLs shift to two activity periods, morning and evening (Mayhew 1968). 

During the active season, FTHLs most often spend the night exposed on the surface, but 
occasionally shuffle under the sand or enter a burrow (Klauber 1939; Smith 1946; Muth and 
Fisher 1992; Young and Young 2000). When daytime surface temperatures approach 120°F 
(50°C), individuals retreat into burrows, at least some of which are of their own making 
(Rorabaugh 1994), but do not exhibit summer dormancy, even during drought conditions (Young 
and Young 2000). In Arizona, these daytime burrows were found to be straight, 70-80 cm long, 
and 25-30 cm deep (Young and Young 2000). The availability of burrows, or soils friable enough 
for burrow construction, may be a necessary habitat component for FTHLs (Muth and Fisher 1992; 
Rorabaugh 1994). 

Muth and Fisher (1992) reported winter dormancy for FTHLs from mid-November until mid-
February, but Setser (2001) noted some animals becoming dormant in mid-October. Mayhew 
(1965) found the majority of adult FTHLs hibernated in burrows they had dug within 5 cm of the 
surface. All winter-dormant FTHLs found by Muth and Fisher (1992) were within 10 cm of the 
surface. According to Mayhew (1968), adult FTHLs are obligatory hibernators. He suspected that 
reduced food availability, as well as decreasing photoperiod and lower metabolic rate resulting 
from reduced temperature, is the hibernation triggering mechanism (Mayhew 1965). In his study 
of FTHL in the lab, adults ceased eating in the fall regardless of temperature and starved when 
prevented from hibernating. However, horned lizards are notoriously difficult to keep in captivity, 
and the starvation may have been unrelated to the need to hibernate. Hollenbeck (pers. obs.) has 
observed some adult FTHLs at OWSVRA active for several weeks at a time during the winter. 
Sherbrooke (1987) successfully raised regal horned lizards (Phrynosoma solare) without 
hibernation.  

Juveniles have often been found to show winter activity in California (Muth and Fisher 1992; 
Cameron Barrows, CNLM, pers. comm.). Whereas adults may be able to make metabolic 
adjustments for hibernation, juveniles may have to remain active so their fat reserves can be 
supplemented throughout winter (Muth and Fisher 1992). The smaller body size of the juveniles 
would allow them to reach a preferred body temperature on warm winter days quicker than the 
larger adults (Schmidt-Nielsen 1964), and winter activity may allow juveniles to reach 
reproductive maturity at an earlier age (Howard 1974; Smith and Ballinger 1994). 

FTHLs have unusually large home ranges for lizards their size. Allometric equations based on 
lizard mass would predict FTHL home ranges to be less than 0.5 acres. But at Muth and Fisher’s 
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West Mesa study site, the mean home range size for all FTHLs with more than 18 recaptures was 
6.7 acres. (Muth and Fisher 1992). At a site in the Yuha Desert, Turner and Medica (1982) 
estimated home ranges of 0.32 and 0.12 acres for male and female FTHLs, respectively. However, 
the small size of the Yuha Desert study plot (10.1 acres) combined with relatively few recaptures 
and a relatively short study period likely resulted in an underestimate of home range size. On the 
Yuma Desert MA, among 14 FTHLs that were each relocated at least 45 times over the course of the 
summer, the mean home range of male FTHLs was 8.8 acres. Females had a significantly smaller 
mean home range of 4.37 acres (Miller 1999). However, using only 10-15 locations of 45 FTHLs 
over 15-day time periods changed the mean home range estimate to only 0.84 acres (Miller 1999). 
This suggests that FTHLs in that population may not maintain distinct home ranges, but instead 
shift their area of use through time, thereby increasing the home range estimate with each 
additional location. Great variation in home range size was noted among individuals and between 
years (Miller 1999; Young and Young 2000). Young and Young (2000) found that in the Yuma 
Desert MA, FTHL home range size decreased in females during a wet year, presumably because 
they did not have to forage as widely to meet energetic demands. Conversely, males increased 
their movements in the wet year, presumably because the abundant resources allowed them to 
increase mate-seeking behavior. At OWSVRA, home ranges appear more stable than in the Yuma 
Desert MA (Setser 2001). 

Population Dynamics 

No definitive data exist on population dynamics. However, information from scat surveys 
(Rorabaugh 1994; Wright 2002) and life history studies (Muth and Fisher 1992; Young and 
Young 2000) suggest that densities fluctuate greatly between years and that these fluctuations 
may be associated with winter/spring precipitation and production of annual plants in the spring. 
This pattern is true for other desert lizards (see Mayhew 1967; Hoddenbach and Turner 1968; 
Parker and Pianka 1975). Because scat size and scat production are greatly affected by climatic 
conditions, scat counts may exaggerate true population dynamics (Young and Young 2000).  

FTHL populations may fluctuate in response to prey availability. Harvester ant population sizes 
and activity fluctuate with the availability of seeds, which are correlated with the amount and 
timing of precipitation (Beatley 1967; Brown et al. 1979). Harvester ants rely on seed storage 
during periods of climatic stress, thus decreasing their availability as a food source for FTHLs 
during periods of low precipitation (Brown et al. 1979). In the Yuma Desert MA, it is uncommon 
for individual FTHLs to live more than four years, but a lifespan of at least six years has been 
recorded (Young, unpublished data). Mortality due to predation varies greatly from year to year 
(Young and Young 2000). Predation rates may also vary between habitat types, with higher 
yearly survivorship noted at OWSVRA than in the Yuma Desert MA (Setser 2001). 

Population Viability Analysis 

A FTHL Conservation Team conducted population viability analyses with the simulation models 
RAMAS and VORTEX (Fisher et al. 1998). The Team's work clarified research needs and 
provided some insight into the mechanisms of FTHL population dynamics. Population variables 
such as age-specific survivorship, fecundity, and population size; sex ratios; age at first 
reproduction; density dependence; stochasticity; and other variables were used in the analysis to 
generate information about population viability, especially extinction risk for specified time 
intervals. 
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Ideally, these analyses would define an initial population size and reserve size needed to support a 
viable population for a specified time interval, such as 100 or 500 years. Unfortunately, 
population demographics and stochasticity in possible reserves (MAs) are not adequately 
understood to provide this information. Generally for vertebrates, populations above 5,000 
individuals are considered viable (Meffe and Carroll 1994). The goal of estimating minimum 
viable populations is not to maintain the minimum number, but to maintain populations well 
above that size. Each of the MAs is believed to contain viable FTHL populations.  

The simulation models suggested that FTHL population viability is particularly sensitive to 
changes in mortality rates versus other factors. This likely explains the absence of FTHL near 
agricultural areas where the habitat appears good but there are increased predator densities 
(Young pers. obs.). Other important variables are fecundity and the effects of environmental 
stochasticity, such as drought and years with above average precipitation. Management practices 
intended to benefit FTHL have little effect on fecundity and precipitation. However, by reducing 
activities that result in mortality, directly or indirectly, management within reserves could 
increase the viability of FTHL populations. Thus, the population viability analyses suggest that 
actions that limit sources of mortality, versus other factors, will especially increase the chances 
that populations will persist into the future. Results also highlighted the need for accurate 
estimates of population variables, particularly age-specific clutch size and numbers of clutches 
produced per female annually; mortality rates, particularly for juvenile lizards; population 
density; and how population parameters vary over time and with precipitation or annual plant 
production. Better estimates of population variables would greatly enhance the value of 
population viability analyses in guiding the management of this species. 

Threats 
A variety of anthropogenic activities have altered or destroyed the landscape and native 
vegetation throughout much of the Sonoran Desert (Lovich and Bainbridge 1999). From the 
estimated historical range in the U.S. (Figure 2), the FTHL has lost approximately 49% of its 
original habitat (Hodges 1997). The Salton Basin had been subjected to frequent inundation from 
the Colorado River even prior to the accidental flooding from 1905 through 1907, and it is 
questionable whether this area can be considered historic habitat. If the 235,520 acres currently 
occupied by the Salton Sea are not considered historic habitat, the amount of habitat lost is 
approximately 43%. Rado (1981) estimated that about 315,000 acres of habitat in California had 
been lost to agricultural development and 83,000 additional acres for urban development (398,000 
total acres lost). Hodges (1997) had much higher estimates, with 877,000 total acres lost to 
agricultural and urban development. She also noted that 24,000 acres in Arizona had been 
converted to agriculture and urban use. Additional unknown acreage has been degraded due to 
utility lines, geothermal development, sand and gravel mining, OHV use, waste disposal sites, 
military activities, Border Patrol (BP) activities, and roads. While initial evidence suggested that 
FTHL populations had declined in the Yuha Basin and northern East Mesa (Wright 1993; USFWS 
1993), Wright (2002) recently found no significant trends in lizard encounter rates in Yuha 
Desert, East Mesa, or West Mesa from 1979-2001. Further evaluation of the status of these 
populations is necessary. 

In Sonora, less than 20% of the habitat has been converted to agricultural, urban, or other uses. In 
Baja California Norte, considerable habitat loss has occurred in the Mexicali Valley where urban 



Flat-tailed Horned Lizard Rangewide Management Strategy, 2003 Revision 

12 

and agricultural development extends from Mexicali to the Colorado River (Johnson and Spicer 
1985). 

Several aspects of FTHL ecology and behavior contribute to the species' sensitivity to habitat loss 
and degradation. Among these are the following: 1) the FTHL is distributed over a relatively small 
area (Figure 2); 2) relatively low clutch size may limit the ability of FTHL populations to recover 
from declines; 3) the large home range of the FTHL means that surface-disturbing activities may 
affect populations for relatively great distances from project sites; 4) FTHLs often freeze in 
response to danger, which makes them susceptible to mortality on roads and in other areas of 
activity; 5) FTHLs are found in valleys and flats where the majority of residential and agricultural 
development typically occurs; 6) FTHLs are susceptible to a variety of predators, many of which 
occur at elevated levels near agriculture or urban areas; and 7) FTHLs inhabit the most arid 
portions of the Sonoran Desert, in which drought is likely an important factor in population 
dynamics. 

Agricultural Development 

Conversion to agriculture eliminates FTHL habitat. Agricultural development has occurred 
primarily in the Imperial, Coachella, Mexicali, Borrego, and Colorado River valleys and on Yuma 
Mesa. Portions of the Colorado and Imperial valleys were converted entirely to agriculture many 
decades ago. Limited new agricultural development is continuing northward in the Imperial 
Valley along the edges of the Salton Sea and on Yuma Mesa. Similarly, in the Coachella Valley, 
development of new lands for agriculture is continuing, especially around Indio and southward 
adjacent to the Salton Sea. The rate of new development is relatively slow due to limitations on 
irrigation water.  

Densities of some predators are elevated at or near agricultural lands. Relatively high densities of 
predators (e.g., round-tailed ground squirrel, common raven, greater roadrunner, American 
kestrel, burrowing owl, and loggerhead shrike) appear to result in elevated predation on FTHLs in 
adjacent undeveloped lands (Piest, Wong, Young, pers. obs.). 

Urbanization 

Urban development results in a direct loss of habitat and habitat degradation resulting from a 
variety of human activities. Southeastern California and southwestern Arizona are experiencing 
dramatic growth in human population. Most of the new urban development is occurring on 
agricultural lands in the Imperial, Coachella, and Colorado River valleys. However, some urban 
development is occurring in FTHL habitat in the Coachella Valley and Borrego Valley, California, 
and on the Yuma Mesa near Yuma and San Luis, Arizona. Growth is also occurring in San Luis, 
Sonora, including development of an 8,000-acre industrial park in FTHL habitat on the eastern end 
of the city. Direct impacts on FTHL habitat come from activities such as construction of 
commercial and residential buildings, landscaping for yards, parks, and golf courses, and road 
construction. Indirect effects of urbanization on adjacent FTHL habitat include route proliferation, 
increased OHV use, spread of non-native vegetation, and trash accumulation. Predators, such as 
common ravens, American kestrels, and domestic dogs and cats, also increase in urban areas, 
resulting in increased predation rates on FTHLs in adjacent wildlands (Bolster and Nicol 1989; 
Cameron Barrows, CNLM, pers. comm.). 
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Off-highway Vehicle Use 

Over the past 20 years, there have been numerous bibliographies (e.g., Webb and Wilshire 1983) 
and literature reviews (e.g., Berry 1996) on the effects of OHV activity. In 1983, Webb and 
Wilshire (1983) published a comprehensive analysis on the impacts and management of OHVs in 
arid regions. 

Legal OHV use falls into four basic kinds: 1) use of existing routes and trails for access and 
touring; 2) use of existing routes and trails by motorcycles, four-wheel drive vehicles, and all-
terrain cycles as a recreational activity; 3) use of existing routes and trails for competitive vehicle 
events; and 4) cross-country travel in OHV "open areas." 

Illegal OHV activity occurs in some areas but is limited by law enforcement, signing, and public 
information and education. The U.S. BP conducts patrols and rescues near the International Border 
that sometimes involve cross-country travel. BP OHV activity in FTHL habitat has greatly increased 
from 1997 to 2002 (Rorabaugh pers. comm.), but new BP practices, such as reliance on remote 
cameras, may reduce the amount of OHV traffic in the future (Wright 2002). 

Currently, California BLM permits competitive events in the Superstition Mountains Open Area 
and the Plaster City Open Area on the western side of the FTHL's range. In addition, cross-country 
travel (or "free-play") is allowed in the BLM's Plaster City Open Area, the BLM's Superstition Hills 
Open Area, and the OWSVRA. Portions of these open areas support FTHL populations of various 
densities. However, FTHL encounter rates in BLM open areas have historically been only ¼ of those 
in the adjacent limited areas, suggesting an OHV related effect (Wright 2002). 

The nature and extent of impacts of OHV use depends upon the kind of activity (Webb and 
Wilshire 1978; Adams et al. 1982). Most desert soils are susceptible to compaction from vehicles. 
Important factors determining the intensity of compaction are soil moisture, vehicle type, and 
amount of vehicle activity (Davidson and Fox 1974; Webb et al. 1978; Adams and Endo 1980). 
Compaction results in increased water and wind erosion and decreased water infiltration and 
retention. Important factors in erosion of desert soils are slope, soil particle size, and size of 
disturbed area (Adams and Endo 1980). Compaction of soils may negatively affect burrowing of 
FTHLs or the construction of ant nests. Changes in soil characteristics may affect the ability of the 
soil to support vegetation, resulting in decreased density, diversity, and biomass of plant cover 
(Davidson and Fox 1974; Webb et al. 1978). 

OHVs may impact vegetation by physically damaging roots, stems, or whole plants (Hall 1980). 
The resulting decrease in biomass and/or change in species diversity may result in a reduced or 
degraded food base for ant prey species. In addition, decreases in plant cover will decrease 
protection from predators, shelter from solar heating and wind, and may affect sand accumulation 
and retention. 

The current state of knowledge of the impacts of OHV use on the FTHL is both incomplete and 
inconclusive. The results of work performed by Utah State University (Setser 2001) at the 
OWSVRA suggest that FTHLs are found less often in areas disturbed by OHVs than in areas that were 
randomly selected. However, FTHLs were found within 10 m of an impact area at a frequency 
similar to that of random locations, suggesting that vehicle impacts may be localized. Wright 
(2002) and Rorabaugh et al. (2002) found FTHLs persisting in areas of MAs that had the greatest 
levels of OHV disturbance observed in California and Arizona. Wright (2002) found no consistent 
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relationship between vehicle impacts and flat-tailed horned lizard detection rates, but Wright and 
Grant (2002) noted that plots with less than 9% vehicle track coverage (n = 6) had 3.5 times more 
lizards than plots with greater than 9% track coverage (n= 6, p = 0.05). Substrate differences 
between plots was a confounding variable. These results must be interpreted cautiously since no 
well-controlled study has been conducted to determine effects of OHVs on FTHLs. The OWSVRA 
continues to support research addressing the impacts of OHV use on the FTHL. 

In addition to the indirect effects noted above, FTHLs could be killed directly by being run over, 
either above ground or in burrows. FTHL winter burrows are shallow (average depth of 5.6 cm, 
range 2.6-10.0, n=6; Muth and Fisher 1992); thus, vehicles may crush burrows and lizards in 
burrows. Bury et al. (1977) found reduced biomass, density, and diversity of reptiles in heavily 
used areas of OHV open areas. 

It has been shown that prolonged noise can adversely affect some lizards (e.g., desert iguana, 
Mojave fringe-toed lizard) (Bondello 1976; Brattstrom and Bondello 1983). However, it is not 
known whether or not vehicle noise at levels and durations anticipated in the desert negatively 
impact FTHLs. Effects are more likely where prolonged, loud noise occurs. A bibliography of 
literature on the effects of noise on animals can by found in Brattstrom (1978). 

Off-road activity has increased dramatically over the last decade in the Yuma Desert, Yuha 
Desert, and West Mesa MAs (Wright 1993; Rorabaugh, pers. obs.). In the Yuha and southern half 
of the West Mesa MAs in 2001, 10.5 and 6%, respectively, of the surface area was covered by 
vehicle tracks (Wright 2002), which was a significant increase over 1994. Wright could not 
determine how much of this increase came from BP, smugglers, or recreationalists. Routes in the 
southern part of the East Mesa MA decreased by 45% from 1994 – 2001. In the Yuma Desert MA, 
off-road vehicle tracks covered 2.9% of the ground surface in the BMGR portion, and 3.4% of the 
surface in the 5-Mile Zone portion of the MA (Rorabaugh et al. 2002). The authors suspected that 
much of the off-road traffic was attributable to BP. 

Highways, Canals, Railroads 

Mobile species are commonly killed by vehicle traffic along well-traveled roads. Road mortality 
can significantly decrease amphibian and reptile densities along roads (Nicholson 1978a, b; Rosen 
and Lowe 1994; Carr and Fahrig 2001). Grant et al. (2001) found 87% fewer FTHLs within 0.45 
mile of Highway 98 in Imperial County, California, as compared to areas farther from the road. 
Young and Young (2000) suggested FTHL populations would be affected within 0.3 mile of a road, 
with severe impacts within 0.15 mile. Such mortality could depress local populations and function 
as a partial barrier to movement. FTHLs are less likely to be run over on railroads, but the tracks 
may create a significant barrier to movements. Numerous roads and highways bisect remaining 
FTHL habitat. Within the Coachella Valley, I-10, a busy freeway, separates remaining populations, 
and smaller well-traveled roads fragment remaining habitat to the north and south of I-10. Further 
south in California, State Routes 86, 78, and 98, and Interstate 8 divide habitat areas. It is possible 
that some FTHL movement occurs across these roads, but they likely function as effective barriers 
to most FTHL movement.  Numerous smaller roads exist throughout California that are likely to 
depress local populations but may allow more movement between populations than these major 
highways. 

The Arizona Department of Transportation is developing a proposal to construct the Area Service 
Highway linking the Araby Road Exit on Interstate 8 and the planned commercial port of entry 
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just east of San Luis, Arizona. The proposed route would pass through approximately 10 miles of 
previously undisturbed FTHL habitat and would upgrade and pave approximately 5 miles of an 
existing dirt road. The new commercial port of entry may facilitate urban and industrial 
development, which could cause further loss of habitat on both sides of the international border. 

Canals probably function as nearly absolute barriers, with FTHLs able to cross only at bridges and 
siphons. Some may drown in large canals as well as small agricultural drains, but the significance 
is unknown. Barriers to movement can create small, local populations which are susceptible to 
stochastic events and extinction, and which cannot be recolonized from adjacent populations 
(Wilcox and Murphy 1985). For example, the Andrade Mesa, a small strip of FTHL habitat in 
California north of croplands in Mexico and south of the All-American Canal, is effectively 
isolated. Highways, canals, and railroads may also facilitate urban and agricultural development, 
which results in further loss, degradation, and fragmentation of habitat. Within California, the 
Coachella Canal and the All-American Canal bisect FTHL habitat and separate populations. This 
likely isolates the population to the east of the Coachella Canal (including animals found in the 
Algodones Dunes and to the east of the dunes) from the East Mesa population.   

The BOR and cooperating water districts have proposed construction of a new, concrete-lined All-
American Canal adjacent to the existing unlined canal, from 1 mile west of Pilot Knob to Drop 3 
of the Canal in southeastern Imperial County, California (BOR and Imperial Irrigation District 
1990). Construction would destroy a linear strip of desert scrub and dune habitat approximately 
400 to 600 feet in width and 23 miles in length. Approximately 725 acres of FTHL habitat would 
be lost (Bransfield and Rorabaugh 1993). The project currently is postponed, but is likely to occur 
as water needs escalate in southern California. 

Military Activities 

The FTHL inhabits two military installations, Naval Air Facility (NAF) near El Centro, and the 
western BMGR administered by MCAS-Yuma. The FTHL also occurs at the former Salton Sea Test 
Base. MCAS-Yuma manages 114,800 acres within the Yuma Desert MA, and NAF-El Centro 
manages 29,800 acres within the West Mesa MA and 8,500 acres in the East Mesa MA. 

At NAF-El Centro, Range 2510 intersects the West Mesa MA and Range 2512 intersects the East 
Mesa MA. The training ranges are used for aircraft familiarization, air-to-air refueling, tactical air 
control, inert (non-exploding) bombing, inert rocket/small arms firing, air combat maneuvering, 
air intercept, survey flights, search and rescue flights, and air defense exercises (NAF-El Centro 
2001). Three target areas within FTHL habitat are used for high, intermediate, and low altitude 
inert bombing and inert rocket-firing exercises, and for special weapons and conventional 
delivery of inert ordnance. Each target has an impact radius of up to 1,500 feet. Other activities 
include target maintenance, clean up of target sites, road maintenance, mobile target activity, and 
target and run-in-line grading. Most activity is confined to previously disturbed areas such as 
existing roadways and designated staging areas, so very little off-road activity is required. 
However, unauthorized public OHV recreation occurs in these areas. 

At the BMGR, the Yuma Desert MA intersects Range 2301W which includes two targets in FTHL 
habitat. The targets have an impact radius of up to 1,500 feet, and are used for inert air-to-ground 
rockets, bombs, and strafing. Other activities within FTHL habitat include the use of precision air-
to-ground lasers, explosive ordnance disposal, rifle and pistol training, and tactical landing at 
Auxiliary Airfield 2. Other activities include target maintenance, clean up of target sites, and road 
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maintenance. Most activity is confined to existing roadways and designated staging areas, so very 
little off-road activity occurs. The BMGR and Yuma Desert MA are immediately adjacent to the 
Mexican border, so undocumented alien traffic and U.S. BP off-road vehicle activity are common 
in the area. The BMGR portion of the Yuma Desert MA is closed to the public and patrolled by 
MCAS. 

Most military activities result in small amounts of direct habitat disturbance, or occur in 
previously disturbed habitat, so effects on FTHLs and their habitat are likely to be small except 
where activities are concentrated. Some incendiary devices could start wildfires (see discussion of 
Fire as a threat on p. 19), although the Integrated Natural Resource Management Plans include 
measures for fire suppression. Explosion of ordnance and aircraft noise could potentially cause 
hearing loss in lizards at or near the noise sources (Brattstrom and Bondello 1983). 

Utilities 

Harm and harassment of FTHLs as well as direct habitat disturbance may result from installation 
and maintenance of utilities such as transmission lines, pipelines, and fiber optic cable lines. 
Habitat disturbance from transmission lines results primarily from installation of towers, 
construction and use of access routes to the tower sites, use of the tower site, use of line-pulling 
sites, and maintenance activities. Total direct disturbance is relatively small, usually less than 8 
acres per mile. Vasek et al. (1975a) found in the Mojave Desert that the overall, long-term effects 
are a permanently devegetated maintenance road, enhanced vegetation along the road edge and 
between tower sites, and reduced vegetation cover under the towers, which recovered 
significantly but not completely in about 33 years. If crushing, rather than blading, is required, 
time to recovery of spur routes, tower sites, and pulling sites can be reduced. Although new 
access routes are usually required, sometimes transmission lines are placed along existing 
maintenance roads. An indirect but potentially large impact is that loggerhead shrikes and other 
avian predators can use the transmission lines and towers to more effectively prey upon FTHLs 
(Young and Young 2002). 

Direct habitat disturbance from pipelines results from trenching, stockpiling of fill, refilling the 
trench, and moving vehicles along the corridor during construction and inspections. Total 
disturbance is also relatively small but greater than transmission lines (i.e., usually less than 16 
acres per mile). Natural habitat restoration in the construction zone requires many decades and 
perhaps centuries (Vasek et al. 1975b). 

Direct habitat disturbance from burying fiber-optic cable results primarily from the crushing of 
vegetation where the tracked vehicle lays the cable. The disturbed area is usually narrow (< 4 m), 
resulting in a small disturbance overall (usually less than 1.5 acres per mile). 

Pipelines, transmission lines, or fiber-optic cables are not likely to function as barriers to 
movements. However, roads constructed to build or maintain these utilities may cause a 
proliferation of new access roads into previously undisturbed areas, resulting in off-site habitat 
disturbance. 

Predation 

Round-tailed ground squirrels (Spermophilus tereticaudus) appear to be the chief predator of 
FTHLs. They were responsible for 50% of known mortalities of transmittered FTHL on West Mesa 
MA in 1990-1992 (Muth and Fisher 1992), and they killed 30% of all transmittered FTHLs in 1996 
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and 10% of transmittered FTHLs in 1998 in the Yuma Desert MA (Young and Young 2000). 
However, at OWSVRA ground squirrels were uncommon and did not prey upon transmittered FTHLs 
(Setser 2001). Loggerhead shrikes are also important predators of FTHL (Duncan et al. 1994; Muth 
and Fisher 1992; Young and Young 2000). Other documented predators include American kestrel 
(Falco sparverius) (Duncan et al. 1994; Cameron Barrows, CNLM, pers. comm.), common raven 
(Corvus corax) (Duncan et al. 1994), burrowing owl (Athene cunicularia) (Duncan et al. 1994), 
sidewinder (Crotalus cerastes) (Funk 1965; Muth and Fisher 1992), coachwhip (Masticophis 
flagellum) (Young and Young 2000), kit fox (Vulpes macrotis) (Duncan et al. 1994; Muth and 
Fisher 1992; Young and Young 2000), and leopard lizard (Gambelia wislizenii) (Carlson and 
Mayhew 1988; Young 1999). Other likely predators of FTHLs include the greater roadrunner 
(Geococcyx californianus), thrashers (Toxostoma spp.), patch-nosed snakes (Salvadora 
hexalepis), glossy snakes (Arizona elegans) (Muth and Fisher 1992), and large scorpions 
(Hadrurus arizonensis) (Turner and Rorabaugh 1998). Muth and Fisher also suspected the leaf-
nosed snake (Phyllorhyncus decurtatus) was a possible predator, but recent evidence (S. Gardner 
2002) suggests this is unlikely. Predator densities are often elevated near human development 
(Bryant 1911). For example, data from the Breeding Bird Survey show that populations of 
common raven have increased 4.7-fold in the Colorado Desert between 1969 and 1988 (BLM et al. 
1989). Cameron Barrows (CNLM, pers. comm.) documented high predation rates from a kestrel 
pair nesting in a palm tree just outside the Coachella Valley Preserve. He also noted severely 
depressed FTHL populations within 0.1 mile of a road in the Coachella Valley, a result of predation 
by kestrels and shrikes that nested in nearby housing areas and golf courses and hunted from 
power poles along the roads. Round-tailed ground squirrels and roadrunners occur at elevated 
densities near agricultural areas and may explain absence of FTHLs in some areas of apparently 
suitable habitat adjacent to agriculture (Wong & Young, pers. obs.). Elevated predation may 
contribute to a cumulative set of adverse effects that result in population declines in some areas. 

Energy and Mineral Extraction 

Mining and Mineral Material Extraction 
Mining and mineral extraction activities cause habitat loss and degradation because of long-term 
loss of vegetation cover and removal of topsoil. Associated activities, such as truck and light 
vehicle traffic, can result in direct mortality within the project area as well as outside of the 
project site along access roads. Even though most mineral material sites (e.g., sand and gravel) are 
small, their cumulative effect can be significant. The acreage of mining and mineral sites within 
FTHL MAs has not been mapped and quantified. 

Geothermal Power Development 
Geothermal power development is occurring in the Imperial and Mexicali valleys, particularly in 
agricultural lands, but also in adjacent desert lands. Much geothermal development has occurred 
in FTHL habitat in the southwestern portion of East Mesa. Power plant construction, wells, 
pipelines, transmission lines, and service roads cause habitat loss and degradation. Currently, 
geothermal energy companies believe that the geothermal resource is exploited at or near capacity 
(Rob Waiwood, Geologist, BLM California Desert District, pers. comm.). No additional power 
plants are proposed for East Mesa. Some additional disturbance will occur from replacement 
wells and associated facilities (e.g., pipelines). 
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Oil and Gas Development 
Extensive leasing by the federal government of oil and gas rights occurred in the early 1980's in 
the Salton Sea Trough. Some leasing also occurred in the Yuma Desert south of Yuma. These 
leases were highly speculative. Only one test well was drilled in California, and two test wells 
were drilled in Arizona. None of these wells were profitable, and no oil or gas resources have 
been identified. At present there are no active federal leases for oil and gas within the range of the 
FTHL in the U.S. 

Potentially, portions of public land within the range of the FTHL could be offered for lease in the 
future. Leasing, which is discretionary, would not take place unless interest had been expressed 
by the oil and gas industry. Any leasing would be required to adhere to regulatory standards (43 
CFR 3100 et seq.). Oil and gas leases may be issued with standard stipulations as well as 
additional stipulations for sensitive areas, including stipulations requiring no surface occupancy. 

The development of an oil and gas field would result in loss or degradation of habitat from well 
pads, pipelines, and service roads. Some direct mortality could occur on roads used by trucks and 
other vehicles. Under current regulations the amount and location of disturbance on federal lands 
would be subject to strong controls. 

Wind Turbines 
Wind turbines cover about 317 acres of FTHL habitat in the northwestern portion of the Coachella 
Valley. Some habitat is lost where turbine platforms are built, and there may be some road 
mortality on the dirt maintenance roads. However, the turbines have mainly been built on gravel 
floodplains and foothill slopes, where FTHLs are unlikely to occur. Furthermore, there may be an 
indirect positive effect in that the presence of wind turbines keeps the habitat from being 
converted to urban use, which is the primary cause of habitat loss in the Coachella Valley. The 
turbines may also reduce densities of avian predators. 

Landfills 

In recent years there have been increasing attempts to place large, regional landfills serving 
distant urban centers in remote areas, such as the Colorado Desert. The proposals range from 
2,000 to 20,000 acres in size. Large landfills in FTHL habitat would result in a permanent loss of 
habitat. Additional degradation of habitat as well as direct mortality and population fragmentation 
would occur from trash transportation, such as railroads and roads, and ancillary facilities. 
Although strongly stipulated to limit the effect, landfills may increase populations of predators 
(e.g., ravens, roadrunners) that potentially could prey on FTHLs many miles from the landfill. 

In the past, the federal government issued leases to cities and counties for landfills serving local 
areas. Currently, federal agencies are disposing of, primarily through exchange or sale, lands 
proposed for landfills. Local agencies may still develop new sites on private lands in wildland 
areas. Even though relatively small in size (10-200 acres), these landfills would result in negative 
effects on FTHLs similar to large, regional landfills. 

BOR sold 640 acres of land south of Yuma to the city of Yuma for a regional landfill prior to the 
Conservation Agreement. The land is located just east of the Arizona state prison along County 
23rd Street. It is currently undeveloped and occupied by FTHLs. This landfill will replace the 
existing Yuma County landfill located east of Somerton, when that landfill reaches capacity. 
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Exotic Plants 

Many species of introduced, non-native plants occur in FTHL habitat. Most are Mediterranean or 
Asian annual species that germinate in the winter or spring months. Split grass (Schismus 
barbatus) is common throughout the range of the FTHL and locally abundant. Sahara mustard 
(Brassica tournefortii) and Russian thistle (Salsola tragus) are locally abundant. Sahara mustard 
appears to be spreading rapidly in some areas. Many other non-native annual species may be 
present, especially species in the families Gramineae (grasses), Chenopodiaceae (goosefoots), 
Cruciferae (mustards), and Compositae (sunflowers), particularly near agricultural areas and near 
streams or wetlands. Density, diversity, and productivity of both native and non-native annual 
plants vary greatly from year to year. In years with abundant winter and spring rainfall, densities 
and diversity of annual plants are often relatively high (Tevis 1958; Inouye 1991; Rorabaugh 
1994). 

The effects of non-native annual plants on the FTHL are unknown. However, their abundance in 
FTHL habitat is of concern for several reasons. In portions of East Mesa, the Coachella Valley, and 
habitat in Sonora, densities of Russian thistle and/or Sahara mustard are very great in some years, 
with stem or culm densities perhaps great enough to impede movement by FTHLs, which are 
relatively wide-bodied and active. As discussed in the following section on fire, high productivity 
of non-native annuals can fuel fires that destroy native perennial shrubs and facilitate changes in 
plant composition. 

Where non-native annuals have significantly changed plant communities, the types of food 
available to harvester ants have also been altered. Relationships among species of harvester ants 
and between ant populations and environmental variables are complex (Ryti and Case 1988; 
Mackay 1991). Changes in annual plant communities may trigger changes in ant communities 
that could, in turn, affect predators of ants, including FTHLs. 

In addition to non-native annual plants, saltcedar (Tamarix ramosissima), a non-native perennial 
shrub or tree, has invaded areas of shallow groundwater in FTHL habitat on the west side of West 
Mesa, in the Yuha Basin (Wright 1993), and along portions of the All-American and Coachella 
Canals. FTHLs have been recorded in saltcedar communities (Kim Nicol and Betsy Bolster, CDFG, 
pers. comm.), but dense stands of saltcedar are likely unsuitable for them. 

Fire 

In the summer of 1992, a dense, dried stand of non-native annual plants fueled a fire in northern 
East Mesa that burned approximately 3,600 acres. Although the effects of the fire have not been 
quantified, large numbers of perennial shrubs, particularly creosote, were killed. Restoration of 
perennial cover after the fire has been very slow. Dried, non-native plants in the Coachella Valley 
have also fueled several small fires of less than ten acres. Habitat in portions of the Coachella 
Valley, on East Mesa, and in Sonora support dense stands of non-native annuals and, as a result, 
is particularly susceptible to fire. Presumed ignition sources of fires within habitats occupied by 
FTHLs include: lightning strikes, campfires, highway and railroad sources, catalytic converters on 
OHVs, military activities (particularly use of flares and bombing), and other activities. Fires are 
more frequent near towns and roads (Tracy 1994) and are likely to occur after annual plants cure 
in the spring and before late summer or winter rains reduce the fire hazard. 
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The effects of fire on FTHL habitat have not been studied. However, many species of perennial 
shrubs in desert scrub habitats are generally poorly adapted to fire (Brown and Minnich 1986; 
Minnich 1994). Fire in desert scrub communities causes vegetational conversion to communities 
that are more fire tolerant (Minnich 1994). Recovery of pre-fire cover and biomass of desert 
shrubs is achieved only after several decades (Minnich 1994). Creosote and white bursage, which 
are often dominant perennial shrubs in FTHL habitat, typically experience high mortality during 
fires. Big galleta grass, also an important perennial in some areas, resprouts vigorously after fire 
(Minnich 1994). Although fire suppression activities are needed to control the size of fires, off-
highway access during fires and creation of fire lines can result in habitat damage (Duck et al. 
1994). 

If fire occurs when FTHLs are on or near the surface, individuals could be killed directly by the 
fire. The effects of vegetation community conversion on FTHLs are unknown, but decreased shrub 
cover could make individuals more susceptible to predation and environmental extremes. 
Changes in plant community composition could also facilitate changes in substrates and ant 
populations that could adversely affect FTHLs. Additional study is needed to quantify the effects of 
fire on this species and its habitat. 

Pesticide Use 

Agricultural fields in the range of the FTHL are sprayed aerially with insecticides to control 
various insect pests. These pesticides may drift onto adjacent wildlands and kill ants, the primary 
prey of FTHLs (BLM 1990). Pesticide drift is less likely to be concentrated sufficiently to kill FTHLs 
directly, but dosages may become lethal if accumulated in the tissues by consuming contaminated 
prey. Sublethal effects on lizards are poorly studied and pesticide tolerances of FTHLs are 
unknown (Johnson 1989). Drift of herbicides from croplands may also injure or kill plants in 
adjacent FTHL habitat. 

Since 1943, the California Department of Food and Agriculture has conducted a control program 
for the exotic sugar beet leafhopper (Circulifer tenellus), a carrier of curly top virus, which 
damages crops. The program has entailed aerial application of insecticides (DDT from 1956-1965 
and malathion since 1965) in areas known to harbor the insect. In the past this has included 
portions of East Mesa, West Mesa, and Yuha Basin in California (Calif. Dept. of Food and Agric. 
1991). Historically, treatments in the Imperial Valley have occurred in about one out of every 
three years with aerial treatment acreage varying between 3,000 and 27,000 acres. The last two 
aerial treatments in Imperial County were in 1992 and 1998, with treatment acreages of 7,143 and 
5,900 respectively (Calif. Dept. of Food and Agric. 2002). 

Effects of malathion on the FTHL have not been studied; however, studies on other lizards have 
shown no direct effects at applications many times higher than planned here (Peterle and Giles 
1964; Giles 1970; Hall and Clark 1982). Harvester ants, which are the primary prey of FTHLs, are 
killed by the insecticide treatments (Bolster and Nicol 1989). Proposed treatment protocols call 
for application during night or early morning hours in the winter or spring. Since most ants in a 
colony are underground during these cool periods, few ants should be killed directly (Calif. Dept. 
of Food and Agriculture 1995). Monitoring efforts have shown that, although foraging individuals 
may be killed in significant numbers, ant colonies recover quickly following malathion spraying 
(Peterson 1991; Calif. Dept. of Food and Agric. 2002). However, no rigorous studies have 
investigated the effects of malathion spraying on harvester ant populations within the range of the 



  Threats 

  21 

FTHL, therefore the conclusions of these monitoring efforts are as yet unsupported. Spraying, if 
necessary, typically would occur at or near the time of emergence of hibernating FTHLs. This 
would likely affect populations in sprayed areas, because food resources (ants) would be 
temporarily reduced. Therefore, malathion spraying is considered inconsistent with FTHL 
conservation in FTHL MAs. 

Despite mitigation measures, the overall effects of the program are uncertain. Effects of applying 
broad-spectrum insecticide over many years to desert scrub communities are potentially many and 
complex. For instance, changes in invertebrate communities may include changes in pollinator 
and herbivore populations, which may in turn alter plant communities. Changes in plant 
communities could precipitate further changes in invertebrate communities and create altered 
conditions for vertebrates, as well. The effects of this program need further study. The USFWS has 
issued a biological/conference opinion, and a recent update, on the beet leafhopper control 
program (USFWS 1996b; USFWS 2001). The terms and conditions stipulate that no treatments may 
occur in FTHL MAs, and that aerial treatments in habitats elsewhere that support high densities of 
FTHLs should be restricted to the fall and winter months to the extent possible. The most recent 
decision of the BLM California State Director (March 11, 2002) in authorizing a beet leafhopper 
malathion control program on public lands in California includes the following terms and 
conditions: 

“9. No treatments shall be applied in designated flat-tailed horned lizard management areas, as set 
forth in the Flat-tailed Horned Lizard Rangewide Management Strategy (Twedt 2001). 
Treatments within other flat-tailed horned lizard habitats shall be limited to not more than one 
application in a given area per year. 

10. Harvester ant monitoring shall be conducted in association with any treatments that occur in 
flat-tailed horned lizard habitat in the Imperial Valley.”  

Land Disposal 

Lands that are removed from federal or state ownership are available for agricultural 
development, urban development, landfills, or other surface disturbing activities consistent with 
local zoning regulations. These activities result in varying degrees of habitat loss and adverse 
effects to FTHL populations. 

The Arizona State Land Department is disposing of land occupied by FTHLs in two areas: 1) near 
Fortuna Road east of Yuma and south of Interstate 8 and 2) near the town of San Luis. The 
parcels of state lands that are currently being sold are immediately adjacent to residential and 
commercial development and have reached what the State Land Department feels is their peak 
value. It is expected that these lands will be developed as housing or commercial property soon 
after their sale and thus will no longer be useable as habitat for FTHLs. The State Land Department 
is currently denying land sale applications for other state land parcels in FTHL habitat because 
these lands have not yet reached their highest potential value. Recently, however, they have 
leased significant parcels of habitat for agricultural development. 

Cattle Grazing 

Historically, portions of FTHL habitat in the U.S. were grazed (e.g. East Mesa) as ephemeral 
pasturelands; however, we are not aware of any grazing currently occurring in the U.S. range of 
the species. Cattle grazing occurs at least seasonally in some portions of Sonora where FTHLs are 
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found. In dry periods, cattle congregate around water sources and corrals, such as at Pozo Nuevo, 
Sonora. During wet winters and springs when annual plants are abundant, cattle may stray far 
from water and ranchers often truck in additional stock to take advantage of abundant forage. 
Areas in the immediate vicinity of water are often heavily trampled and denuded of vegetation. 
The effects of livestock grazing on the FTHL are unknown; however, grazing can reduce 
populations of other lizards (Jones 1981; Bock et al. 1990; Mitchell 1999). Heavy grazing is 
widely recognized as having serious deleterious effects on desert soils, vegetation communities, 
and fauna; however, effects of light to moderate grazing are not as well documented (see review 
in Lovich and Bainbridge 1999). 

Other Activities 

Various specialized projects and facilities have been constructed or proposed for desert areas that 
provide habitat for the FTHL. As habitat is lost to these projects, populations of FTHLs are reduced 
accordingly. Examples of such projects are the Arizona state prison in the Yuma Desert, which 
occupies about 640 acres of former FTHL habitat, and the nearby A-22 site that BOR had developed 
prior to the Conservation Agreement for disposal of salt sludge produced by the Yuma Desalting 
Plant. Development at the A-22 site currently occupies about 160 acres but would be expanded to 
as large as 960 acres if or when the desalting plant began full-scale operation. 

Listing History 
In California, the FTHL was designated a sensitive species by the BLM in 1980 (BLM 1980). The 
purpose of the designation was to provide increased management attention to prevent population 
declines and habitat loss or degradation that might result in federal or state listing as endangered 
or threatened. The designation raises the level of concern for FTHLs in the environmental review 
process and in land use planning. No specific habitat or population protection measure or review 
process is required or prohibited by the sensitive species designation. By present BLM policy, 
species designated sensitive are, at a minimum, afforded the protection provided candidate 
species (BLM 1988). This includes direction to 1) determine distribution, abundance, and 
population status, 2) develop a habitat management program, and 3) coordinate with the USFWS 
(BLM 1988). 

On January 25, 1988, the California Department of Fish and Game (CDFG) Commission received a 
petition requesting listing of the FTHL as an endangered species. On May 13, 1988, the 
Commission accepted the petition and designated the FTHL a candidate species (Carlson and 
Mayhew 1988). The CDFG reviewed the petition and other information and recommended in its 
review (Bolster and Nicol 1989) that the species be listed as threatened. On June 22, 1989, the 
Commission voted against the proposed listing. 

The Arizona Game and Fish Department (AGFD) currently includes the FTHL on its draft list of 
wildlife of special concern (AGFD in prep). This designation affords no legal protection to the 
species, but is used in planning to encourage habitat conservation and management consideration. 
Collecting or killing FTHLs is prohibited in both Arizona and California, except by special permit. 

The USFWS included the FTHL as a Category 2 candidate for listing as a threatened or endangered 
species in its original "Review of Vertebrate Wildlife" published in the Federal Register, 
December 10, 1982 (USFWS 1982). Category 2 candidate species were those for which data in the 
USFWS possession indicate that listing may be appropriate, but additional information is needed to 
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support a proposed rule. In a 1985 revision of the candidate list, the species was retained as a 
Category 2 candidate (USFWS 1985). Due to new data (especially Rorabaugh et al. 1987, Carlson 
and Mayhew 1988, and Olech undated), the USFWS elevated the FTHL to a Category 1 candidate in 
its revised list issued on January 6, 1989 (USFWS 1989). Category 1 candidate species were those 
for which the USFWS had sufficient information to support a proposal to list them as threatened or 
endangered. 

On November 29, 1993, the USFWS published a proposed rule to list the FTHL as a threatened 
species (USFWS 1993). The USFWS cited "documented and anticipated population declines 
associated with widespread habitat loss, fragmentation, and degradation due to human activities 
such as agricultural developments, urban expansion, OHV use, energy developments, and military 
activities" as the primary bases for the proposed listing. The USFWS could not determine critical 
habitat at that time. A public meeting was held in El Centro on March 22, 1994, to gather public 
comment. The passage of Public Law No. 104–6, 109 Stat. 73 in April 1995 delayed 
consideration of listing the FTHL until an executive waiver, signed by President Clinton on April 
26, 1996, allowed the Secretary of the Interior to again list species for protection under the 
Endangered Species Act.  

In response to a lawsuit brought by the Defenders of Wildlife and others, the Secretary of the 
Interior was ordered by the district court in Arizona on May 16, 1997 to, within 60 days, issue a 
final decision on the listing of the FTHL. On July 15, 1997 the Secretary of the Interior issued a 
notice to withdraw the proposal to list the FTHL based on three primary factors: 1) population 
trend data did not conclusively demonstrate significant population declines; 2) some of the threats 
to the habitats occupied by FTHLs had become less serious since the proposed rule was issued; and 
3) the 1997 Conservation Agreement and RMS would ensure a further decrease in threats to the 
FTHL and its habitat (USFWS 1997). The Defenders of Wildlife and others again filed suit against 
the Secretary of the Interior in district court. On June 16, 1999, the district court for the Southern 
District of California issued a summary judgment upholding the Secretary of the Interior’s 
decision not to list the FTHL. 

The Defenders of Wildlife and others appealed the case to the Ninth Circuit Court of Appeals, 
which on July 31, 2001 reversed the district court’s ruling and asserted that the Secretary of 
Interior’s decision to withdraw the FTHL from consideration for listing was “arbitrary and 
capricious”. The primary reasoning for this decision was that the Secretary of the Interior did not 
adequately address the meaning of the phrase, “in danger of extinction throughout … a significant 
portion of its range” and how an adequate interpretation of this phrase applies to the status of the 
FTHL. Furthermore, the court expressed concern about the incomplete implementation of the 1997 
Conservation Agreement. On October 24, 2001, the district court ordered the Secretary of the 
Interior to reinstate the 1993 proposed rule to list the FTHL. The proposed rule was reinstated 
December 26, 2001 (USFWS 2001).  

On January 3, 2003, the USFWS withdrew the proposed rule to list the FTHL as a threatened species 
(USFWS 2003). They determined that listing was not warranted because threats to the species as 
identified in the proposed rule were not as significant as earlier believed, and current available 
data did not indicate that the threats to the species and its habitat are likely to endanger the species 
in the foreseeable future throughout all or a significant portion of its range.  

The Mexican Government has designated the FTHL a threatened species. As such, the species is 
protected from collection, sale, and commerce, and its habitat is afforded special protection 
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(Secretaría de Medio Ambiente y Recursos Naturales 2002). An international consortium selected 
the FTHL and portions of its habitat as conservation priorities in an ecosystem-wide analysis 
(Marshall et al. 2000). 
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MANAGEMENT PROGRAM 
Overall Goal 

MAINTAIN SELF-SUSTAINING POPULATIONS OF FLAT-TAILED HORNED LIZARDS 
IN PERPETUITY. 

Management Objectives 
• Continue to secure and/or manage sufficient habitat to maintain self-sustaining FTHL 

populations in each of the five designated MAs (Yuma Desert, East Mesa, West Mesa, 
Yuha Desert, and Borrego Badlands MAs) and in areas designated by the CVMSHCP. 

• Maintain a "long-term stable" or increasing population of FTHLs in all MAs. A 
population that is stable over the long term exhibits no downward population trend 
after the effects of natural demographic and environmental stochasticity are removed. 

• Continue to support research that promotes conservation of the species at OWSVRA and 
elsewhere throughout the range of the species.  

• Within and outside of MAs, limit the loss of habitat and effects on FTHL populations 
through the application of effective mitigation and compensation. 

• Encourage and assist Mexico in the development and implementation of a FTHL 
conservation program.  

 
Overview and Purpose 

In 1994, the USFWS, BLM, BOR, DOD, and several other agencies signed a MOU "...on 
Implementation of the Endangered Species Act" that established a general framework for 
cooperation and participation among cooperators in the conservation of species tending toward 
federal listing as threatened or endangered under the Endangered Species Act. The MOU identified 
the development of conservation agreements as a valuable process for achieving conservation of 
species through voluntary cooperation. A conservation agreement is a formal, written document 
agreed to by the USFWS and other cooperators that identifies specific actions and responsibilities 
for which each party agrees to be accountable. The objective of a conservation agreement is to 
reduce threats to a candidate species or its habitat, possibly lowering the listing priority or 
eliminating the need to list the species. 

This strategy formed the basis of a conservation agreement among the cooperators for 
management of FTHLs (Foreman 1997). The conservation agreement that was signed is included 
as Appendix 1. Although the USFWS determined that the conservation agreement was effective and 
that listing the FTHL was unnecessary, it retains the ability to reconsider the effectiveness of the 
agreement. Lack of compliance among the cooperators, a change of circumstances, or other 
reasons may alter the expected result of this strategy. If threats to the FTHL or its habitat are not 
reduced, the USFWS may proceed with another proposed or an emergency listing. 

The purpose of this strategy is to provide a framework for securing and managing sufficient 
habitat to maintain several self-sustaining populations of the FTHL throughout the species' range in 
the U.S. (see Habitat Management, p. 49). A major step towards that objective was the 
establishment of five MAs encompassing large blocks of habitat where surface disturbing and 



Flat-tailed Horned Lizard Rangewide Management Strategy, 2003 Revision 

26 

mortality causing activities are minimized. Prior to the RMS, management of federal lands within 
FTHL habitat was guided by several management plans, as discussed in Appendix 2. These plans 
cover federal lands both within and outside the MAs. When the MAs were established, this 
document became the standard for management and conservation of FTHL habitat. Signatory 
agencies have incorporated measures in the RMS into their land management plans to comply with 
the NEPA and state counterparts.  

Outside of these MAs, FTHL habitat receives a degree of protection through mitigation and 
compensation and through the previously established habitat management plans that affect public 
lands outside of MAs (Appendix 2). Specifically, signatories to the conservation agreement ensure 
that adverse effects of projects they authorize outside of MAs are mitigated and that residual 
effects are compensated in accordance with a standard formula (see Mitigation and 
Compensation). The funds obtained through compensation are used to consolidate land ownership 
within the MAs or to enhance habitat. 

As part of its adaptive management approach, programs for monitoring FTHL population, 
distribution, and habitat disturbance have been established (see Monitoring Program, p. 66 and 
Appendix 4 and Appendix 5). If population or distribution declines occur, the ICC shall investigate 
potential causes.  If causes are anthropogenic in nature, the ICC shall make recommendations to 
the MOG for reversing the trend.  

This document is the first revision of the 1997 RMS (Foreman 1997). Because the Implementation 
Schedule will expire in 2008, it is expected that the schedule will be revised at that time. 
Concurrently, the need for a revision of the entire document will be evaluated. 

Planning Actions 
The following Planning Actions have been developed as recommendations to signatory agencies 
to ensure that the goal of maintaining a “long-term stable” population within each MA is achieved. 
The original Planning Actions from the 1997 RMS are repeated here, though some of these actions 
have been completed. Actions that have been identified since 1997 have been added. It is 
understood that implementation of these actions is subject to availability of funds and compliance 
with all applicable regulations. It is anticipated that specific actions may be modified based on 
information obtained from future monitoring, research, and evaluations of the effectiveness of this 
strategy. Annual evaluations and proposed modifications of this strategy shall be coordinated 
through the FTHL ICC. The MOG will meet as necessary to review recommendations of the ICC and 
may make corresponding modifications to Planning Actions in the RMS. 

1. Delineate and designate five FTHL MAs and one FTHL RA. See Table 3 for a summary of 
land ownership within each MA. Boundary descriptions and geographic information 
system (GIS) maps are on file with land management agencies. 
1.1. Designate the Yuma Desert FTHL MA as shown in Figure 4. If the proposed Area 

Service Highway is constructed along a portion of the boundary of the MA, the east 
and south side of the ROW will be the new western and northern boundary of the MA, 
as appropriate. 

1.2. Designate and complete NEPA process for the East Mesa FTHL MA as shown in Figure 
5. 



  Planning Actions 

  27 

1.3. Designate and complete NEPA process for the West Mesa FTHL MA as shown in Figure 
6. 

1.4. Designate and complete NEPA process for the Yuha Desert FTHL MA as shown in 
Figure 7. 

1.5. Designate and complete California Environmental Quality Act process for the 
Borrego Badlands FTHL MA as shown in Figure 8. 

1.6. Designate the OWSVRA as the Ocotillo Wells FTHL RA as shown in Figure 9. 

1.7. Continue to manage areas in the Coachella Valley that are capable of sustaining viable 
populations of FTHL by working with other agencies and organizations in finalizing a 
CVMSHCP (see Figure 10). 

2. Define and implement management actions necessary to minimize loss or degradation 
of habitat.  
2.1. Mitigate and compensate, as needed (Appendix 6), project impacts on FTHLs and their 

habitat both within and outside of MAs and the RA through humane and cost-effective 
measures. 

2.1.1 Apply mitigation measures as appropriate, based on the nature of the 
anticipated impacts (see Mitigation section). 

2.1.2 Require compensation for residual impacts remaining after application of other 
on-site mitigation measures (see Compensation section). 

2.2. Limit land use authorizations that would cause surface disturbance within the MAs. 

2.2.1 Land use applications will continue to be reviewed on a case-by-case basis for 
impacts on FTHLs and their habitat. Every attempt shall be made to locate 
projects outside of MAs. New ROWs may be permitted only along the boundaries 
of MAs and only if impacts can be mitigated to avoid long-term effects on FTHLs 
in the MA. Where discretionary, other new authorizations may be permitted if 
the habitat disturbance does not pose a significant barrier to lizard movements. 
Disturbance shall be limited to 10 acres or less per authorization, if possible. If 
individual disturbances over 10 acres are necessary, the ICC and the MOG shall 
be contacted to provide suggestions for minimizing potential impacts to FTHLs. 
The cumulative new disturbance per MA since 1997 may not exceed 1% of the 
total acreage on federal land. The 1% cap on new surface disturbance within 
MAs will remain in effect for 5 years, after which the 1% cap will be reviewed 
by the MOG and amended, if necessary, based on more recent information. Each 
agency may permit disturbances of up to 1% of the land that the agency 
manages within the MA. Additions to the 242 Well Field by the BOR and 
existing, on-going activities at DOD facilities (for MCAS-Yuma, these activities 
are described in the EIS for the Yuma Training Range Complex) do not count 
towards this 1%. If disturbance greater than the 1% cap is desired, the agency 
may request use of the 1% disturbance allowance of other signatory agencies in 
the MA. All authorizations must be conducted in accordance with applicable 
mitigation and compensation. 
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2.2.2 All federally owned lands in the MAs shall be retained in federal ownership 
(except the patenting of mining claims pursuant to the General Mining Law of 
1872). Lands in MAs owned by the state of California and managed as 
preserves, refuges, or parks shall be retained in state ownership. 

2.2.3 Maintenance of all existing ROW facilities may continue within MAs. 

2.2.4 The proposed Area Service Highway and its ROW are outside of the Yuma 
Desert MA. This and other new road construction along the boundary of the 
Yuma Desert MA shall require fencing to reduce access to the MA and lizard 
exclusion fencing (Appendix 7) to reduce lizard mortality. 

2.3. Limit and/or reduce surface disturbance in MAs from discretionary minerals actions. 

2.3.1 Allowable activities are the following: 1) leasing under the mineral leasing 
laws with no surface occupancy; 2) development and production in existing 
mineral material extraction sites in accordance with local, state, and federal 
laws and land-use plans, and subject to applicable mitigation; 3) new leases and 
permits for geothermal energy with stipulations of no surface occupancy (in 
California MAs only); and other mining and exploration activities authorized 
under the General Mining Law of 1872. Replacement wells and operation and 
maintenance of facilities shall be allowed on existing leases. The activities 
listed above shall be subject to applicable Mitigation (p. 60) and Compensation 
(p. 62). 

2.4. Limit vehicle access and limit route proliferation within MAs. 

2.4.1 Reduce new road construction to a minimum by coordinating access needs and 
avoiding conflicts and replication in road use, development, and management. 
Allow maintenance of roads on a case-by-case basis, recognizing that 
maintenance of some roads may be necessary to prevent proliferation of 
parallel routes. Any new surface disturbance associated with road maintenance 
shall require mitigation. 

2.4.2 All routes shall be designated either "closed" to motorized vehicles, "open" for 
general public use by all types of vehicles, or "limited" to a specific season, 
user, or vehicle type or number. Vehicle use shall be restricted to designated 
open and limited routes. Routes in MAs shall be given a high priority for 
signing. Routes shall be considered “closed” unless signed as “opened” or 
“limited”. 

2.4.3 Reduce open and limited route density in MAs, particularly in portions of MAs 
where route density is high. 

2.4.4 Participating land managers shall coordinate with the U.S. BP to ensure 
cooperation with and enforcement of vehicle regulations in MAs and the RA to 
the maximum extent possible. Coordination shall include regularly scheduled 
meetings among signatory agencies and U.S. BP in the Yuma and El Centro 
Sectors to discuss management issues and ways to resolve those issues. 

2.5. Limit the impacts of recreational activities within MAs. 
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2.5.1 All types of vehicle-oriented recreation in compliance with current regulations 
may occur within the RA. 

2.5.2 Permit no competitive motorized vehicle recreational events within MAs. A 
competitive event is any event where speed or elements of competition (i.e., 
winning) are present in any form. Non-competitive events may be allowed on 
routes designated open for public use during the FTHL season of hibernation. 
Other types of vehicle-based recreation except camping (see action 2.5.4) in 
compliance with current regulations may occur within MAs. 

2.5.3 Allow currently authorized non-motorized recreational activities, such as rock 
hounding, hiking, backpacking, non-vehicle based camping, picnicking, 
bicycling, horseback-riding, hunting, bird watching, and nature study, in all 
MAs and the RA in accordance with existing regulations. Development of new 
recreational facilities, such as visitor centers, campgrounds, mountain bike 
trails, equestrian trails, shall not be allowed within MAs, if these would create 
new surface disturbance in excess of 1%. Installation of interpretive signing 
and informational kiosks is allowed. 

2.5.4 Allow vehicle-based camping only in developed campgrounds, designated 
camping areas, or within 50 feet from centerline of a designated open route 
within MAs. More restrictive measures may apply in certain areas. Non-vehicle 
camping may occur anywhere. 

2.5.5 No long-term camping areas shall be designated or developed in MAs. 

2.6. Authorize limited use of plants in MAs.  

2.6.1 Make no sales and allow no commercial collecting of native plant products 
(including whole plants, plant parts, flowers, and seeds) within MAs, except as 
needed for rehabilitation projects within the MAs. 

2.6.2 Authorize no livestock grazing in the MAs. 

2.7. Within the MAs, allow off-road military maneuvers and encampments only in 
designated sites. Allow other military activities on previously disturbed lands 
managed by DOD agencies consistent with normal operations and functions. Marine 
Corps activities on the BMGR shall be governed by Conference Opinion 2-21-95-F-
114, dated April 17, 1996 (USFWS 1996a), as amended, whether or not the species is 
listed. This Conference Opinion is consistent with the goal and management 
objectives set forth in this RMS. 

2.8. Suppress fires in MAs and the BLM-administered lands in the RA using a mix of the 
following methods: 1) aerial attack with fire retardants, 2) crews using hand tools to 
create fire breaks, and 3) mobile attack engines limited to public roads, designated 
open routes, and routes authorized for limited-use. Do not allow earth-moving 
equipment (such as bulldozers) except in critical situations to protect life, property, or 
resources. Post-suppression mitigation shall include rehabilitation of firebreaks and 
other ground disturbances using hand tools. 

2.9. No pesticide treatments shall be applied within MAs. Use of specifically targeted, 
hand-applied herbicides (e.g. for tamarisk eradication projects) is allowed. 
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2.10. Within MAs, other discretionary land uses and activities not consistent or compatible 
with the above restrictions and the general RMS shall not be approved by the 
authorizing agency. 

3. Within the MAs, rehabilitate damaged and degraded habitat, including closed routes 
and other small areas of past intense activity. Methods to be used may include, but 
are not limited to, a) ripping or scarifying compacted soils, b) recontouring the 
surface, c) pitting or imprinting the surface, d) seeding with native plants, e) planting 
seedlings, f) irrigating, and g) barricading. See Habitat Rehabilitation on page 69 for 
additional information. 

4. Attempt to acquire through exchange, donation, or purchase from willing sellers all 
private lands within MAs. 
4.1. Establish and maintain with approval of the MOG (see Planning Action 6.1.1) a 

prioritized list of parcels or screening criteria for acquisition within each MA and 
habitat corridor. 

4.2. Seek funding to acquire key parcels within MAs. 

4.3. Using compensation and other funds, acquire land within MAs in accordance with 
established priorities and/or criteria. 

4.4. Participate in exchanges where opportunities arise to acquire key parcels within MAs. 

5. Maintain or establish effective habitat corridors between naturally adjacent 
populations. 
5.1. Activities in potential habitat corridors between MAs and the RA shall be regulated or 

mitigated so that at least occasional interchange of FTHLs occurs among adjacent 
populations. Potential habitat corridors include lands between West Mesa and Yuha 
Desert MAs and between West Mesa MA and Ocotillo Wells RA (see Corridors). In 
addition, activities in the Yuha Desert and Yuma Desert MAs that would prevent 
interchange of FTHLs across the International Border shall be prohibited. 

5.2. Coordinate conservation efforts with Mexico and the Immigration and Naturalization 
Service to ensure continued movement of FTHLs across the International Border in the 
Yuha Desert and Yuma Desert MAs. 

6. Coordinate activities and funding among the participating agencies and Mexican 
agencies. 
6.1. Maintain information exchange and coordination of monitoring, management 

activities, and research. 

6.1.1 Maintain a FTHL MOG consisting of management representatives from agencies 
participating in the conservation agreement (see Planning Action 6.2). The 
FTHL MOG shall provide management-level leadership, coordination, and 
oversight in the implementation of this RMS. The FTHL MOG shall review 
progress in implementing the conservation agreement, approve amendments to 
the RMS, set priorities, and recommend measures to resolve management issues 
relevant to implementation of the RMS. The FTHL MOG shall provide overall 
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policy guidance and coordination among the cooperators for the use of 
compensation funds. 

6.1.2 Hold semi-annual meetings of the ICC. Each of the participating agencies shall 
designate a representative(s) to the ICC. Representatives from other agencies, 
organizations, and groups with special interests or knowledge of the FTHL may 
also be invited to ICC meetings. The ICC shall function as a forum for exchange 
of information on research results and proposals and for discussion of technical 
and management issues. The ICC may be assigned specific duties and 
responsibilities by the FTHL MOG. 

6.1.3 Develop a forum for discussions with agencies and individual counterparts in 
Mexico to coordinate activities, provide information exchange, and promote 
and assist in development of a FTHL conservation program in Mexico. 

6.2. Confirm commitment of agencies participating in this RMS through development and 
signing of a conservation agreement. 

6.3. Incorporate management actions from this RMS when developing multi-agency, multi-
species ecosystem plans for the ecoregions in the range of the FTHL incorporating 
management actions from this RMS. 

6.3.1 Incorporate actions in the development of the Western Colorado Desert 
Coordinated Management Plan (including the Yuha Desert, West Mesa, East 
Mesa, and Borrego Badlands MAs and Ocotillo Wells RA). 

6.3.2 Incorporate actions in the development of the CVMSHCP.  

6.3.3 Incorporate actions in the development of the Western Colorado Desert Route 
Designation. 

6.4. Coordinate with the BP in developing mutual agreements for the conservation of 
natural resources. 

6.4.1 Encourage use of techniques that minimize BP OHV activity, such as remote 
cameras and vehicle barriers. 

6.4.2 Prepare an educational presentation for briefing BP agents. 

7. Promote the purposes of the strategy through law enforcement and public education. 
7.1. Provide law enforcement in MAs and the Coachella Valley FTHL conservation areas 

sufficient to ensure compliance with OHV and other regulations as described in the 
planned actions. 

7.2. Public information and education about the MAs and RA, including but not limited to 
interpretive signs and brochures, shall be made available to the public at the offices 
and interpretive centers of the participating agencies. Information provided shall 
describe the purposes of the MAs, the RA, and conservation areas within the Coachella 
Valley, and shall list all pertinent regulations. 

8. Encourage and support research that will promote the conservation of FTHLs or 
desert ecosystems and will provide information needed to effectively define and 
implement necessary management actions. Research should be encouraged both 
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within and outside of MAs and the RA. Planning actions 8.3 and 8.4 shall be 
emphasized, as recommended by the ICC. 
8.1. All research shall be conducted under permit from the land management agency. 

Permits from the state game and fish agency may also be required, and from the 
USFWS if the species is listed. 

8.2. The OWSVRA shall continue to budget for research for at least 5 years. A team of 
scientists and managers will recommend research designs. Results shall be distributed 
to other land management agencies. 

8.3. Continue to refine cost-effective techniques for assessing FTHL abundance. 

8.3.1 Test trapping webs and other techniques to enumerate FTHLs directly. 

8.3.2 Determine effectiveness of relative enumeration techniques as an index of 
relative abundance using test plots of known density. 

8.4. Determine the following life history and demographic parameters and how they vary 
with environmental conditions: 

• Age-specific mortality 
• Longevity 
• Clutch size 
• Age-specific number of clutches per year 
• Hatching success 
• Recruitment 
• Diet 
• Home range size 

8.5. Determine effects of the following activities and factors on FTHL demographics and 
habitat: 

• Paved roads and highways 
• OHV use and associated activities 
• Geothermal development 
• Pesticide Use 
• Predation 
• Non-native plants 
• Fire 
• Wind turbines 

8.6. Determine genetic variation among populations and the effects of barriers on 
movements. 

8.6.1 Determine genetic variation in populations in the different MAs. 

8.6.2 Determine effects of human-created barriers such as railroads, canals, paved 
roads, agricultural fields, and extensively denuded areas. 

8.6.3 Determine effects of natural barriers, such as the Colorado River. 
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8.7. Determine the effectiveness of the proposed mitigation measures. 

9. Continue inventory and monitoring. 
9.1. Continue to inventory lands within the range of FTHLs to clarify current range and 

habitat use. 

9.2. Monitor habitat quality and population trends in five MAs, and additional MAs as 
designated, to determine progress toward overall management goal. 

9.2.1 The ICC shall monitor implementation of this strategy. 

9.2.2 Land management agencies shall monitor regional population trends using 
standardized techniques (see Appendix 4 and Appendix 5). Each MA shall be 
monitored using mark-recapture technique to estimate FTHL population size and 
determine a confidence interval, at least once every three years. 

9.2.3 Land management agencies shall document habitat disturbance and loss; 
recording cumulative totals for percent and acreage of habitat lost. Land 
management agencies shall document a running total of compensation funds 
collected to date. 

9.2.3.1 Signatory agencies shall conduct aerial reconnaissance and analysis 
of surface disturbance on the five MAs every five years. 

9.2.4 The ICC shall prepare an annual report of monitoring results and progress on 
implementation of this RMS. The annual report shall be presented to the MOG for 
review and approval by the end of February each year and shall document 
implementation of Planning Actions in the previous calendar year. The report 
shall include a schedule of activities to be accomplished in the current calendar 
year, budget needs for the next fiscal year, and outyear budget needs for major 
projects.  The report shall also include a summary of monitoring results and a 
discussion of the likely causes of any noted declines. Recommendations for 
reversing anthropogenic declines shall be made. 

9.2.5 New inventory, monitoring, and research data shall be used in evaluations of 
the RMS and in assessing proposed changes to the RMS.  

Summary of Management Strategy Implementation, 1997-2002 
This section summarizes the implementation of Planning Actions identified in the 1997 edition of 
the RMS. It covers the period from May 1997 through June 2002. Details of items listed in this 
section can be found in the ICC annual reports that were completed during this period. 

1. Delineate and designate flat-tailed horned lizard MAs and a RA. 

1.1-1.6. Five MAs and one RA were mapped and precise boundary descriptions completed 
(see Figure 4 through Figure 9 and Appendix 3). Measures identified in the RMS 
were implemented within areas mapped as MAs. BLM-El Centro and BLM-Yuma 
drafted a document to implement the RMS: The Proposed Amendment to the 
California Desert Conservation Area Plan and the Yuma District Resource 
Management Plan to Expand the East Mesa ACEC, West Mesa ACEC, and Gran 
Desierto Dunes ACEC Boundaries and to Implement the Flat-tailed Horned Lizard 
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Rangewide Management Strategy in Imperial County, California and Yuma 
County, Arizona. A draft EA is attached to the Proposed Amendment (EA No. CA-
067-EA-1998-023). Public scoping meetings concerning this proposed amendment 
were held. Work is in progress to finalize the EA, complete the NEPA process, and 
legally designate the MAs.  

1.7. Encourage development of a MA in the Coachella Valley. The ICC developed a 
map with recommended boundaries for a MA in the Coachella Valley. The map 
was submitted to the Science Advisory Committee to be considered for 
incorporation into the CVMSHCP (see 6.3.2). Areas designated for management of 
FTHL in the Coachella Valley would take into account habitat connectivity, current 
levels of degradation, and manageability. Rather than designate a separate FTHL 
MA in the Coachella Valley, signatories decided to support creation and 
management of the CVMSHCP. 

2. Define and implement management actions necessary to minimize loss or degradation 
of habitat. 

2.1. Mitigate and compensate project impacts through humane and cost-effective 
measures. 

2.1.1. Apply mitigation measures. Appropriate mitigation measures were enforced for 
all authorized projects that impacted FTHLs or their habitat. 

2.1.2. Require compensation for residual impacts. Compensation funds were required 
for most projects that had residual impacts to FTHL habitat. Funds collected totaled 
$9742 in 1997/98, $5262 in 1998/91, $45,372 in 1999/01, and $246,880 in 
2001/02 (the last figure is for BLM-Yuma only). Some projects were not charged 
compensation. This occurred where mitigation measures eliminated residual 
effects, and in cases of unauthorized BP project impacts on FTHL. 

2.2. Limit authorizations that would cause surface disturbance in MAs. 
2.2.1. Attempt to locate projects outside MAs; limit discretionary land use 

authorizations and ROWs to 10 acres and 1% total per MA.  Four projects in 
excess of 10 acres were authorized; these were 75.7, 31.4, 16.1, and 11.6 acres in 
size. Acreage and percent of the MA authorized for disturbance were 2.7 and 0.002 
% in the Yuma Desert, 20.2 and 0.018 % in the East Mesa, 107.1 and 0.079 % in 
the West Mesa, 20.2 and 0.036 % in the Yuha Desert, and 0.0 and 0.000 % in the 
Borrego Badlands. 

2.2.2. Federally owned lands in the MAs shall be retained in federal ownership. No 
disposal of federal lands within MAs occurred. 

2.2.3. Maintenance in existing ROWs may continue. No action required. 
2.2.4. Require fencing along Yuma Desert MA boundary road. Signatory agencies 

coordinated with Yuma Mesa Irrigation and Drainage District and Yuma County on 
plans to fence the south side of County 14th Street from Avenue 6E east to Avenue 
16E. The fence would be along the northern boundary of the Yuma Desert MA, and 
is planned to consist of barbed wire and hardware cloth. Fencing will be required 
along the Area Service Highway. 
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2.3. Limit surface disturbance in MAs from minerals actions. 
2.3.1. Allow approved minerals actions while applying applicable mitigation and 

compensation. In 1998, 10 acres were adversely affected. In 2001, an additional 
8.17 acres were affected by mining in previously existing claims. 

2.4. Limit vehicle access and route proliferation in MAs. 
2.4.1. Reduce new roads to a minimum in MAs. No new roads were authorized in MAs. 

However, numerous roads have developed in some MAs through repeated 
unauthorized use by BP, OHV recreationalists, and/or smugglers. 

2.4.2. Designate routes “open”, “closed”, or “limited”. Give route signing a priority. 
Some closed routes have been signed as such on the boundary of the Yuma Desert 
MA. The only paved road in the Yuma Desert MA was posted with a 25-mph speed 
limit to reduce the chance of FTHL mortality. BLM-El Centro signed vehicle routes 
several times, but overall signing of the route network was incomplete. NAF-El 
Centro signed routes on their ranges to reduce FTHL mortality. [In January 2003, 
BLM-El Centro completed route designation for the Western Colorado Desert. All 
vehicle routes on BLM managed lands in Imperial County were designated as open, 
closed, or limited. BLM is actively seeking congressional and grant dollars to 
implement this designation through signing and enforcing open and limited routes 
and closing and rehabilitating closed routes.] 

2.4.3 Reduce route density in MAs. No action. Route densities in some areas increased 
because of smuggler and BP traffic. 

2.4.4. Coordinate with US BP to ensure cooperation and enforcement of vehicle 
regulations. ICC members held several FTHL orientation sessions with BP agents in 
the Yuma and El Centro sectors to reduce impacts to FTHL habitat along the 
International Border. These briefings were designed to familiarize BP agents with 
FTHL natural history, habitat requirements, and the importance of minimizing 
vehicular traffic off of designated patrol routes/roads. These briefings were well 
received by BP personnel. BLM-El Centro implemented an aggressive education 
strategy with BP to reduce impacts to FTHL habitat. This education included 
Detailer and Post Academy Orientation in which detailers and new employees 
assigned to the El Centro sector were given a 1-2 hour presentation on the 
location of MAs, desert ecology, sensitive species, and how FTHL habitat is 
affected by off-route travel, including information relating to prey, ecology, and 
habits of the FTHL. BP representatives attended several MOG meetings, during 
which the issue of off-road travel was discussed. BLM-El Centro and BP held 
monthly coordination meetings. 

2.5. Limit impacts of recreational activities in MAs. 
2.5.1. Allow vehicle-oriented recreation in RA. No action required. 

2.5.2. Permit no competitive recreation events in MAs. Competitive races have not been 
permitted in MAs. Prior to 1997, 6-12 races per year had been held in the West 
Mesa and Yuha Desert MAs. 
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2.5.3. Allow non-motorized recreational activities in MAs, but no new recreational 
facilities. No new recreational facilities were allowed in MAs. 

2.5.4. Limit camping in MAs. A camping closure was implemented and enforced as 
mitigation in the East Mesa MA. This closure was signed and monitored and uses 
interpretive kiosks to educate the recreational community on FTHL habitat. No 
camping (or other public access) is allowed in the BMGR portion of the Yuma 
Desert MA. 

2.5.5. No long-term camping areas shall be developed in MAs. None were developed. 

2.6. Allow no sales or commercial collecting of plant products in MAs. No plant sales 
or commercial collecting were allowed. 

2.7. Allow military maneuvers and encampments only in designated sites in MAs. 
Accomplished. A military staging area in the Yuma Desert MA was fenced to 
identify its location and limits so that adjacent areas would not be impacted. 

2.8. Suppress fires in MAs and BLM lands in the RA using allowable methods. No fires 
occurred. 

2.9. No pesticide treatments shall be applied within MAs. No pesticide treatments 
occurred.  

2.10. Within MAs, other activities not consistent with the RMS shall not be approved. 
None were approved. 

3. Rehabilitate damaged and degraded habitat in MAs. BLM-El Centro closed and 
rehabilitated several unauthorized vehicle tracks. Many of these received further vehicle 
impacts after being closed. 

4. Attempt to acquire all private lands within MAs. 

4.1 Maintain prioritized list of parcels for acquisitions. Lists prioritizing parcels for 
acquisition were maintained by the California OHV Division office headquarters 
in Sacramento and by BLM-El Centro. BLM-El Centro contacted all landowners 
within the East Mesa MA to advise them of BLM’s desire to acquire their lands 
through purchase or exchange. 

4.2 Seek funding to acquire key parcels in MAs. Compensation funds collected in 
California were banked for habitat acquisition. 

4.3. Using compensation and other funds, acquire key lands in MAs. Acreage of 
habitat acquired in MAs and the RA is summarized in Table 1. DOD acquired 
approximately 15,500 acres of Arizona state land within the Yuma Desert MA, 
with DOD funding. All lands within this MA are now managed by signatory 
agencies. Private lands totaling 740 acres within and adjacent to the Borrego 
Badlands MA were acquired. BLM acquired 320 acres in the East Mesa and West 
Mesa MAs. Acquisitions of private lands totaling 8,936 acres were added to the 
OWSVRA RA.  

4.4. Participate in exchanges to acquire key parcels in MAs. No opportunities for 
exchange arose. 
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Table 1. Private and state land acquired in MAs and the RA. 

Agency    Acres Location 
Department of Defense 15,500 Yuma Desert Management Area 
Ocotillo Wells District 8,936 Ocotillo Wells Research Area 
Anza-Borrego State Park 740 Borrego Badlands Management Area 
BLM El Centro 240 East Mesa Management Area 
BLM El Centro 80 West Mesa Management Area 
Total 25,496  

 
5. Maintain or establish effective habitat corridors between naturally adjacent 

populations.  

5.1. Limit or mitigate activities in movement corridors. No projects were considered 
that would block movement across existing corridors between MAs. 

5.2. Coordinate with Mexico and INS to ensure movement across the border. All 
corridors are currently intact to the best of our knowledge. No projects were 
considered that would block movement across the International Border. 

6. Coordinate activities and funding among the participating agencies and Mexican 
agencies. 

6.1.1. Establish a FTHL MOG. The MOG met three times per year to coordinate 
implementation of the conservation agreement in response to recommendations 
from the ICC. Meeting minutes were provided to all MOG and ICC members to 
facilitate effective coordination. 

6.1.2. Hold semi-annual meetings of the ICC. The ICC met quarterly to discuss 
implementation of Planning Actions under the RMS and issues and challenges 
regarding implementation of the Planning Actions. In addition to ICC meetings, 
subgroups of the ICC met on occasion to discuss specific issues. 

6.1.3. Develop a forum for discussions with agencies and individuals in Mexico. 
Directors of the Reserva de la Biósfera Alto Golfo de California y Delta del Río 
Colorado and the Reserva de la Biósfera el Pinacate y Gran Desierto de Altar 
cooperated with the ICC in furthering the knowledge and conservation efforts of 
the FTHL and its habitat. The Alto Golfo director hosted a meeting of the ICC at the 
Reserve’s field station near El Golfo de Santa Clara, Sonora, and participated in 
one meeting in the U.S. A study, funded by BLM-Yuma and BOR was completed 
which investigated the status of FTHL in Sonora and Baja California del Norte 
(Rodríguez 2002), and developed interpretive materials (see 7.2 and 9.1). 

6.2 Develop a conservation agreement. The conservation agreement was developed and 
was signed in June 1997. Signatories were AGFD; California Department of Parks 
and Recreation; NAF-El Centro; MCAS-Yuma; BLM, California and Arizona state 
offices; BOR, Lower Colorado Region; and USFWS, Region 1 and Region 2. The 
CDFG signed in July 1998. 
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6.3.1. Incorporate actions in Western Colorado Desert ecosystem plan. [BLM-El 
Centro designated all routes in the Western Colorado Desert as open, closed or 
limited in January 2003] 

6.3.2. Incorporate actions into the CVMSHCP. BLM-Palm Springs participated in the 
development of the CVMSHCP. [This planning effort was ongoing as of January 
2003. In addition, BLM-Palm Springs completed an amendment to the California 
Desert Conservation Area Plan in December 2002.  Actions described in the RMS 
were incorporated into that planning decision and will be implemented on federal 
land in the Coachella Valley.] 

6.4. Coordinate with U.S. BP to develop mutual agreements. In addition to the 
education efforts described in 2.4.4, coordination with BP occurred at multiple 
levels, and BP was represented at several MOG meetings. 

7. Promote the purposes of the strategy through law enforcement and public education. 

7.1. Provide sufficient law enforcement. AGFD, BLM, and MCAS-Yuma participated in off-
road vehicle patrols in the Yuma Desert. Two MCAS-Yuma law enforcement 
positions were filled in April 2001 for the west side of the BMGR to help prevent 
illegal off-highway activity. ABDSP law enforcement rangers enforced regulations 
in the Borrego Badlands MA. Insufficient law enforcement was available to 
prevent illegal OHV traffic and illegal dumping in the West Mesa, Yuha Desert, 
East Mesa MAs, and the BOR portion of the Yuma Desert MA. [As of January 2003, 
BLM-El Centro was filling vacant law enforcement positions and applying for 
grants to add two additional rangers.] 

7.2. Provide public information and education about the MAs and RA. FTHL signs were 
placed along roads within the East Mesa MA as compensation for a pipeline 
project. FTHL signs were posted at most access points into the Yuma Desert MA; 
however, most were subsequently stolen. BOR conducted information workshops 
and survey training for maintenance staff and other interested parties. Information 
brochures addressing the FTHL were prepared by staff from OWSVRA, printed in 
both English and Spanish, and were distributed to other agencies, their staffs, and 
the public. Funding for these brochures was provided by BOR and BLM. MCAS-Yuma 
developed a wallet-sized photo information card addressing the FTHL and 
distributed the card to key personnel working on BMGR. All users of BMGR 
received a briefing that included information on the FTHL, slides, pictures and/or 
descriptions. BLM-El Centro completed a range-user brochure and wallet cards to 
educate all range users of the presence of FTHL and correct procedures to avoid 
impacting lizards or to report any accidental impacts to lizards. The brochures and 
wallet cards were distributed to all range users. NAF-El Centro also produced 
brochures and wallet cards. During the 2001 and 2002 Yuma Birding and Nature 
Festivals, an ICC member presented one-hour seminars on the biology and 
conservation of the FTHL and hosted field trips to the Yuma Desert MA. FTHL 
ecology and habitat, the conservation agreement, and cooperative efforts of the 
participating agencies were highlighted during the seminars and field trips, all of 
which were well attended and well received by the public. Rorabaugh et al. 
(2000) presented a paper at a symposium entitled Creative Cooperation in 
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Resource Management in which they described the multi-agency conservation 
agreement to implement the RMS for the FTHL. AGFD and USFWS met with the 
Tucson Herpetological Society and other plaintiffs in a suit against USFWS regarding 
their 1997 decision to not list the FTHL. This meeting provided an opportunity to 
better explain the position of AGFD and USFWS regarding the status of the FTHL and 
the decision to not list it. Preservation of FTHL habitat was a priority issue in 
discussions with the Yuma Mesa Irrigation and Drainage District, BOR, BLM-

Yuma, MCAS-Yuma, and the city of Yuma regarding development in the Foothills 
and the inclusion of this area into the water district. AGFD coordinated with Yuma 
city and county planners in the Growing Smarter and open spaces initiatives in 
Arizona. Discussions included the funding of habitat enhancement/acquisition and 
the potential for creating FTHL reserves outside the MA. With funding provided by 
BOR and BLM, Centro Intercultural de Estudios de Desiertos y Océanos worked 
with the education departments of the Alto Golfo and Pinacate Reserves to 
develop a brochure that informed visitors about the FTHL, biological features of 
the Gran Desierto de Altar, and the habitats and potential threats to FTHLs in 
Mexico (Rodríguez 2002). In addition, the brochure included specific information 
on regulations and recommendations for people to help protect FTHLs. Signs were 
developed to place in strategic areas in the reserves and along their borders, 
particularly areas close to railroad routes, roads frequented by locals, and roads 
accessing ejido lands. 

8. Encourage and support research to promote conservation of FTHL and desert 
ecosystems. 

8.1.  Require permits for research. AGFD and CDFG continued to require a scientific 
collecting permit for any person who handled a FTHL. The AGFD issued 21 permits 
during this reporting period and CDFG issued seven through June 2001. 

8.2.  OWSVRA shall continue to budget for research. OWSVRA funded four studies 
(Young 1999; Setser and Young 2000; Setser 2001; T. Gardner 2002) to collect 
information on demographics, habitat use, and effects of OHV activity (see 8.4 and 
8.5). The Ocotillo Wells District funded genetic and relative abundance studies by 
Utah State University researchers during the 2002 field season. 

8.3.  Develop a cost-effective technique for assessing FTHL abundance. 
8.3.1.  Test trapping and other techniques to enumerate FTHLs directly. ICC members 

consulted with Dr. David Anderson, a statistician from Colorado State University, 
regarding the practicality of monitoring FTHL population trends. Colorado State 
University statisticians developed a proposal for a trapping web design, which 
uses 97 pit fall traps arranged along 8 lines radiating from a central point. The 
theory is based on distance sampling, and the statistics of importance are the 
distances from the center of the web to the traps containing FTHL. Based on 
capture rates of FTHLs in pit fall traps reported by other studies, the authors 
recommended establishing 10-15 webs in each MA to achieve desirable sample 
sizes. ICC members established a trial trapping web in the Yuma Desert MA to test 
methods and materials, and to help evaluate whether this technique could produce 
the minimum of five captures per web calculated to be required to estimate 
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densities and trends. The web was operated in May and September of 2000, 2001, 
and 2002. Total captures were four, five, five, and four, respectively. A proposal 
to implement a full-scale trapping web was prepared by the ICC for submittal to 
funding sources. Young and Young (2000) used intensive tracking techniques to 
estimate densities in the Yuma Desert MA. Their estimates ranged from 0.5 lizards 
per hectare during drought conditions to 5.1 lizards per hectare in a good year. 
They believed that this variability, resulting from variable weather patterns, would 
be problematic for use in trends analysis. They estimated a minimum population 
of 28,000 FTHLs on the BMGR in 1996.  A proposal to evaluate detection by dogs 
was drafted and is being finalized. A survey that uses mark/recapture 
methodology to estimate populations was developed and implemented by BLM-El 
Centro (Grant et al. 2001). It yielded a crude abundance estimate of 1.9 lizards per 
hectare (95% CI: 1.08 to 3.91 lizards/ha). [In the summer of 2002, the protocol 
was modified to provide a more robust estimate. This effort resulted in the best 
MA population estimate to date. The population of FTHLs in the Yuha Basin MA 
was estimated at 18,494 adults (95% CI = 14,596-22,391) and 8,685 juveniles 
(95% CI =6,860-10,510). “Adults” included all individuals over 60 mm SVL, 
while juveniles included all individuals less than 60 mm SVL (Wright and Grant 
2002). This method is presented in Appendix 4.]. A presence/absence survey 
protocol was developed for determining distribution in Mexico (Gardner et al. 
2001), and a modified version of that protocol is proposed for monitoring 
distribution in MAs (Appendix 5). 

8.3.2.  Determine effectiveness of direct enumeration techniques and scat counts as 
an index of relative abundance. Young and Young (2000) tested pitfall traps, 
walking surveys, driving surveys, and tracking for their effectiveness in surveying 
FTHL. Tracking and driving were the most successful.  

8.4.  Determine life history and demographic data. Young and Young (2000) 
captured 499 individual FTHLs in Arizona, and fitted 80 with radio transmitters to 
track movements and habitat use. They made comparisons between FTHLs and 
desert horned lizards, and between drought years and a wet year. Growth, 
longevity, predation, home range, habitat use, and behavior were investigated. 
Setser and Young (2000) caught, measured and marked 95 FTHLs at OWSVRA. They 
compared growth rates between years and with FTHLs captured in Arizona. They 
attached transmitters to 58 FTHLs to obtain home range and microhabitat use data. 
Comparisons were made between males, females, juveniles, and with Arizona 
FTHLs. They analyzed associations between FTHL habitat use and habitat features. 
Setser (2001) caught, measured and marked 121 FTHLs at OWSVRA. They 
compared the length, weight, and condition index between areas and between 
FTHLs caught in 1999 and 1998. They attached transmitters to 65 FTHLs to obtain 
home range and microhabitat use data. Comparisons were made between males 
and females.  Gardner et al. (2001) x-rayed several gravid FTHLs for reproductive 
analysis. Gardner and Foley (2001) conducted a research study at NAF-El Centro 
to quantify availability and use of FTHL habitat at target areas. Weights were 
tracked through the course of the season and thread bobbins were used to evaluate 
use of different substrates by FTHLs and desert horned lizards. T. Gardner (2002) 
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captured a total of 82 individual FTHLs at OWSVRA in 2001 and placed transmitters 
on 49. Body condition and movements were monitored. 

8.5.  Determine effects of conflicting activities. A study at the Coachella Valley 
Preserve compared the invertebrate and reptile communities in an old vineyard and 
an undisturbed area (Cameron Barrows, CNLM, pers. comm.). Four  FTHLs were 
caught in a regenerating vineyard, indicating their ability to use rehabilitated 
habitats. Nicolai and Lovich (2000) found that FTHL movements declined after an 
OHV race in the Yuha Desert. Setser and Young (2000) and Setser (2001) found a 
negative association between OHV disturbance and FTHL habitat use at OWSVRA. 
Based on qualitative observations, T. Gardner (2002) did not suggest that any 
differences in OHV activity had influenced the FTHLs at his study sites at OWSVRA. 
He did, however, recognize that some habitat factors (vegetation, sand 
availability) that appeared to differ between the sites may have been influenced by 
OHV activity. In addition, at OWSVRA, the district ecologist outfitted some 
individual lizards with radio-telemetry as part of a limited, ongoing study of the 
effects of OHVs on movement and home ranges. Wright and Grant (2002) 
determined that neither vehicle track coverage nor number of vehicle routes or 
roads were significantly correlated with FTHL numbers. However, plots with less 
than 9% vehicle track coverage had 3.5 times more FTHLs than plots with greater 
than 9% track coverage. Plots with a route or road on them did not have a 
significantly different number of FTHLs than plots without a route or road. They 
suggested that substrate characteristics played a greater role in affecting numbers 
of FTHLs than did vehicle traffic. 

8.6. Determine genetic variation among populations and effects of barriers. 
8.6.1.  Determine genetic variation in MAs. Tissue samples (toe clips from live animals, 

plus liver and muscle from sacrificed animals) were obtained from FTHLs in the 
Yuma Desert MA in Arizona (Gardner et al. 2001) and several populations in 
California, including OWSVRA (Setser 2001; T. Gardner 2002), Yuha Desert (Dan 
Mulcahy, Utah State University, unpubl. data), East Mesa MA (Dan Mulcahy, 
unpubl. data; Gardner & Foley 2001), West Mesa MA (Gardner & Foley 2001), 
and Coachella Valley (Tanya Trepanier, unpubl. data). Tissues from scattered 
localities in Baja California del Norte and Sonora, Mexico were also obtained 
(Rodríguez 2002). Dan Mulcahy is conducting the analyses and anticipates 
completion of the findings in 2003 (pers. comm.) 

8.6.2.  Determine effects of human-created barriers. This was not investigated. 

8.6.3.  Determine effects of natural barriers. The genetic analyses described under 
8.6.1 will allow an evaluation of the effects of the Colorado River and the Salton 
Sea Trough as potential natural barriers. 

8.7.  Determine effectiveness of mitigation measures. BLM-Yuma tested ¼- and ½-
inch mesh fencing to determine its durability for potential use in excluding FTHLs 
from roads. They found that both sizes withstood burial from drifting sand, but the 
½-inch mesh resulted in ensnarement and mortality of zebra-tailed lizards. Utah 
State University researchers installed test enclosures and found that FTHL are not 
likely to climb fences of either size mesh. Gardner et al. (2001) found that ¼-inch 
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mesh barrier fences were effective in reducing the number of FTHL entering the 
Auxiliary 2 road in the Yuma Desert MA. These findings were incorporated into a 
fencing protocol (Appendix 7). 

9. Continue Inventory and Monitoring 

9.1.  Continue inventories. The area between I-10 and Dos Palmas was surveyed to 
determine if a corridor for FTHL existed there. Only desert horned lizards were 
found. The substrate was apparently too rocky and coarse for FTHL. Historic FTHL 
habitat in this area appeared to have been lost to agriculture. BLM-Yuma and AGFD 
completed a project to test Landsat imagery to predict FTHL occurrence. They 
found that the imagery could be used to predict with moderate accuracy areas of 
high to moderate lizard density. Areas with few or no FTHL could not be predicted 
with any accuracy, however. BLM-Palm Springs surveyed the area between the 
east end of Indio Hills and the Coachella Valley Preserve for FTHL and found 
none. These two populations were probably genetically isolated from one another. 
Due to the small area the Indio Hills population occupies (1,800 acres), its heavily 
impacted nature, and low population density, it is not believed to be viable in the 
long term. Surveys were conducted along fringe areas of the Borrego Badlands 
MA in the area of Clark Dry Lake, Font’s Wash, and the western Borrego 
Badlands. These surveys added to our knowledge of documented FTHL range. 
FTHL were monitored for presence/absence on a provisional basis (pending the 
establishment of an effective protocol) at OWSVRA. With funding from BOR and 
BLM, an important study to investigate the distribution of FTHL in Sonora and Baja 
California del Norte was conducted. The Centro Intercultural de Estudios de 
Desiertos y Océanos, a binational non-governmental organization in Puerto 
Peñasco, Sonora, was contracted to conduct this study. The principal investigator 
worked closely with ICC members to develop a survey protocol, conduct surveys, 
and analyze the results. Cooperators in this project included the Reserva de la 
Biósfera Alto Golfo de California y Delta del Río Colorado, the Reserva de la 
Biósfera el Pinacate y Gran Desierto de Altar, and several ICC agencies. ICC 
members made several trips, totaling 43 person-days of effort, to assist with this 
project. New distributional records were obtained in Baja California, the Gran 
Desierto, and Alto Golfo. A database was developed in conjunction with these 
surveys for storing locality records of FTHL in Mexico, morphometric and habitat 
data, and time and date of encounters. An interim report was completed during 
this reporting period, and a final report was completed in July 2002 (Rodríguez 
2002). 

9.2. Monitor habitat quality and population trends in the MAs. 

9.2.1.  Monitor implementation of the RMS. Implementation has been monitored 
through the compilation of annual reports as required by 9.2.4 (ICC 1998; Henry 
1999; Twedt and Wright 2002). 

9.2.2.  Monitor population trends. Trends in encounter rates for FTHL and their scat 
were analyzed using data collected from 1979 to 2001 on three MAs in California 
(Wright 2002). Each year from 1979 to 2001 (except 1981), sample sites were 
drawn at random or systematically from three areas in the eastern Yuha Desert, 
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West Mesa, and southern East Mesa MAs. Analysis of these data showed no 
significant trends in encounter rates of FTHL or their scat. However, given the 
potential observer and sampling biases, a minor trend (upward or downward) 
could not be ruled out. Extension of this work into 2002 in the eastern Yuha 
Desert showed a similar non-significant trend (Wright and Grant 2002). 
Observations of FTHL during the course of biannual reptile surveys at OWSVRA 
were recorded as part of regular monitoring. FTHL observations by staff during 
archeology surveys, ranger patrol, or in the course of maintenance duties were 
noted. MCAS-Yuma continued its long-term surveys of the Auxiliary 2 road to 
assess the number of road kills and to monitor population trends. 

9.2.3. Document habitat disturbance and loss. Data forms were developed to facilitate 
standardized assessment and documentation of habitat disturbance and loss. The 
habitat impacts that were authorized are shown in Table 2. Narratives describing 
these impacts and significant impacts on state or private lands may be found 
within the ICC annual reports. The Navy contracted Tierra Data Systems to aerial 
photograph and digitally map the 5 MAs and the RA to document habitat loss and 
disturbance. This effort provided a baseline with which to compare future 
analyses of habitat condition. BLM-El Centro began to quantify the level of 
vehicular impacts to FTHL habitat in their resource area using a step-point method. 
This consisted of walking 2.5-mile triangular transects within randomly chosen 
sections and tabulating what was found at the point of the surveyor’s toe every 
20th step along the transect. Variables measured included plants, vehicular tracks, 
organic litter, human footprints, water bottles, piles of clothes, and campfires. 
These surveys were conducted in 2001 in southeastern and southern portions of 
the Yuha and East Mesa MAs, respectively. Approximately 10.5% of the 
southeastern portion of the Yuha Desert MA was found to be covered with vehicle 
tracks. About 4.8% of the southern half of the East Mesa MA was covered with 
vehicle tracks (Wright 2002). The number of vehicle routes crossed by 12 
transects in the Yuha Desert MA declined by 45% from 2001 to 2002, probably 
due to unusually strong spring sandstorms and changes in BP practices (Wright 
and Grant 2002). A similar effort was conducted in the Yuma Desert MA, where 
vehicle tracks were found to cover 2.9% of the ground surface in the BMGR portion 
of the MA and 3.4% of the surface in the 5-Mile Zone portion (Rorabaugh et al. 
2002).  

9.2.4. Prepare an annual report of monitoring results and implementation 
progress. Two annual reports (ICC 1998; Henry 1999) and a biannual report 
(Twedt and Wright 2002) were produced that summarized monitoring and RMS 
implementation from July 1997 through June 2001. The 2001/2002 report was in 
preparation. 

9.2.5.  New data shall be used in evaluations of the RMS and in assessing proposed 
changes. The new information described in the planning actions above was relied 
upon heavily during the revision of this RMS. 
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Table 2. Acres of FTHL habitat authorized for impact on lands managed by 
signatory agencies. 

Agency Inside MA Outside MA Total1 

Palm Springs BLM 0 40.6 40.62 

El Centro BLM 146.5 240.8 387.3 

Yuma BLM 0 81.3 81.3 

Naval Air Facility - El Centro 1 0 1 

Marine Corps Air Station-Yuma 2.5 0 2.5 

Anza-Borrego Desert State Park 0 0 0 

Ocotillo Wells SVRA 0 0 0 

Bureau of Reclamation 0.2 391 391.2 

Total Acres 150.3 753.7 904.0 
1Figures exclude impacts from casual OHV use, BP activity, and OHV racing. 
2Disturbance was considered temporary on 38.6 acres and permanent on 2 acres. 
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Management Implementation Schedule, 2003-2007 

Table Description 

The following table displays the priority, responsible agency, estimated cost, and schedule for 
completing each Planning Action. Initiation of these actions is subject to availability of funds. 
Actions in the table are explained further in the corresponding Planning Actions. 

The priorities indicated in the table are assigned the following definitions: 

Priority 1: An action that must be taken in the near term to conserve the species and 
prevent irreversible population declines. 

Priority 2: An action that must be taken to prevent significant declines in population or 
habitat quality. 

Priority 3: All other actions necessary to meet the goals and objectives of this Strategy. 

 

The following abbreviations and symbols are used in the implementation schedule: 

ABDSP.....................Anza-Borrego Desert State Park 

AGFD ......................Arizona Game and Fish Department 

BLM ........................Bureau of Land Management 

BOR.........................Bureau of Reclamation 

ICC..........................Interagency Coordinating Committee 

CDFG.......................California Department of Fish and Game 

OWSVRA..................Ocotillo Wells State Vehicular Recreation Area 

USFWS.....................U.S. Fish and Wildlife Service 

USMC......................U.S. Marine Corps 

USN ........................U.S. Navy 

!...........................Task completed since 1997 

"...........................Task not completed 
!,! ......................Task ongoing 
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Management Strategy Implementation Schedule, 2003-2007 

Cost estimates ($000) 

St
at

us
 

Pr
io

rit
y 
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ct
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n 
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m
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r 

Planned action 
Duratio

n (yrs) 
Resp 

agency 

Total 
cost 

($000) 
FY 
2003 

FY 
2004 

FY 
2005 

FY 
2006 

FY 
2007 

 

  1. Delineate and designate FTHL MAs     

! 1 1.1 Designate Yuma Desert MA 2 BLM 
BOR 

USMC 

0      

! 1 1.2 Designate East Mesa MA 2 BLM 
USN 

0      

! 1 1.3 Designate West Mesa MA 2 BLM 
USN 

0      

! 1 1.4 Designate Yuha Desert MA 2 BLM 0      

! 1 1.5 Designate Borrego Badlands MA 2 ABDSP 0      

! 3 1.6 Designate Ocotillo Wells RA 1 BLM 
OWSVR

A 
ABDSP 

0      

! 1 1.7 Designate conservation areas in 
Coachella Valley 

2 BLM 
USFWS 
CDFG 

0      

  2. Define and implement actions necessary to minimize loss or degradation of habitat  

! 1 2.1.1 Apply mitigation measures ! ALL 0      

! 1 2.1.2 Require compensation ! ALL 25 5 5 5 5 5 

! 1 2.2.1 Limit discretionary land uses 
authorizations and rows to 10 
acres and 1% total per MA 

! ALL 0      

! 1 2.2.2 Do not dispose of lands in MAs ! ALL 0      

! 3 2.2.3 Continue maintenance in existing 
ROWs 

! ALL 0      

! 2 2.2.4 Require fencing along Yuma 
Desert MA boundary road 

! ALL 0      

! 2 2.3.1 Limit surface disturbance from 
mineral activities in MAs 

! ALL 0      

! 2 2.4.1 Reduce new roads to a minimum 
in  MA s 

2 ALL 0      

" 1 2.4.2 Designate routes "open," "closed, 
or limited." Give route signing a 
priority 

2 BLM 200 50 90 20 20 20 

" 1 2.4.3 Reduce route density in MAs See 2.4.2         

! 1 2.4.4 Coordinate with U.S. BP ! ALL  20 4 4 4 4 4 

! 3 2.5.1 Allow OHV recreation in RA ! OWSVR
A 

0      

! 1 2.5.2 No competitive recreational 
events in MAs 

! ALL 0      

! 2 2.5.3 Allow non-motorized recreational 
activities in MAs, but no new 
recreational facilities 

! ALL 0      

! 2 2.5.4 Limit camping in MAs ! BLM 20 10 10    
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Management Strategy Implementation Schedule, 2003-2007 

Cost estimates ($000) 
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Planned action 
Duratio

n (yrs) 
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agency 

Total 
cost 

($000) 
FY 
2003 

FY 
2004 

FY 
2005 

FY 
2006 

FY 
2007 

 

! 2 2.5.5 No new long-term visitor areas in 
MAs 

! ALL 0      

! 3 2.6 Authorize limited use of flora in 
MAs 

! ALL 0      

! 1 2.7 Allow military maneuvers and 
encampments only in designated 
sites in MAS 

! USN 
USMC 

0      

! 3 2.8 Suppress fires in MAs using limited 
fire suppression methods in MAs 

! ALL 0      

! 1 2.9 Prohibit pesticide treatments in 
MAs 

! ALL 0      

! 3 2.10 Limit other activities consistent 
with above 

! ALL 0      

  3. Rehabilitate damaged and degraded habitat    

! 2 3 Rehabilitate damaged and 
degraded habitat in MAs 

! BLM 
BOR 

ABDSP 
USMC 
USN 

200 40 40 40 40 40 

  4. Bring all lands within MAs into public management     

! 3 4.1 Maintain prioritized list of parcels 
for acquisitions; and respect 
private rights 

1 ALL 0      

" 3 4.2 Procure funds for land acquisitions 
in  MA s (37,600 acres of private 
lands acres in California MAs at 
$250 per acre) 

! BLM 
CDFG 
ABDSP 
OWSVR

A 

9,400      

! 3 4.3 Use compensation funds to 
acquire key lands in MAs 

! BLM 
CDFG 
ABDSP 
OWSVR

A 

20 4 4 4 4 4 

! 3 4.4 Exchange lands opportunistically ! BLM 20 4 4 4 4 4 

  5. Maintain or establish effective habitat corridors between naturally adjacent populations  

! 2 5.1 Limit or mitigate activities in 
movement corridors 

! ALL 25 5 5 5 5 5 

! 3 5.2 Coordinate with Mexico and INS ! ALL 10 2 2 2 2 2 

  6. Coordinate activities and funding among the participating agencies and Mexican agencies 

! 2 6.1.1 Establish FTHL MOG ! ALL 5 1 1 1 1 1 

! 2 6.1.2 Hold semi-annual ICC meetings ! ALL 5 1 1 1 1 1 

! 3 6.1.3 Establish forum for discussions 
with agencies and individuals in 
Mexico 

! ALL 5 1 1 1 1 1 
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Management Strategy Implementation Schedule, 2003-2007 

Cost estimates ($000) 
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Planned action 
Duratio

n (yrs) 
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agency 

Total 
cost 

($000) 
FY 
2003 

FY 
2004 

FY 
2005 

FY 
2006 

FY 
2007 

 

! 1 6.2 Develop Conservation 
Agreement 

1 ALL 0      

" 2 6.3.1 Incorporate actions in Western 
Colorado Desert ecosystem plan 
(Note: other state and local 
agencies will fill key roles) 

3 ALL 750 20 300 250 200  

! 2 6.3.2 Incorporate actions in CVMSHCP 
(Note: other state and local 
agencies will fill key roles) 

3 BLM 
CDFG 
USFWS 

600 300 200 100   

" 2 6.3.3 Incorporate actions in Western 
Colorado Desert Route 
Designation 

3 BLM       

! 1 6.4 Coordinate with U.S. BP and 
develop mutual agreements 

2 BLM 
BOR 

6 3 3    

! 2 6.4.1 Encourage use of techniques to 
minimize BP OHV activity 

! BLM 
BOR 

5 1 1 1 1 1 

" 2 6.4.2 Prepare educational briefing for BP 
agents 

1 BLM 
BOR 

5      

  7. Promote the purposes of the strategy through law enforcement and public education 

! 1 7.1 Provide adequate law enforcement ! BLM 
CDFG 
AGFD 

750 150 150 150 150 150 

! 3 7.2 Provide public information and 
education 

! ALL 25 5 5 5 5 5 

  8. Conduct research necessary to effectively define and implement necessary management actions 

! 3 8.1 Require permits for research ! ALL 5 1 1 1 1 1 

! 2 8.2 OWSVRA shall continue to fund 
research 

! OWSVR
A 

200 40 40 40 40 40 

" 2 8.3.1 Test trapping as a population 
census technique 

2 ALL 170      

" 2 8.3.2 Test direct counting methods 2 ALL  Included in 8.2 and 8.3.1  

" 2 8.4 Determine life history and 
demographic data 

2 ALL  Also included in 8.2 and 8.3.1  

" 2 8.5 Determine effects of conflicting 
activities 

5 ALL 300      

" 3 8.6.1 Determine genetic variation in 
population 

5 ALL 30      

" 3 8.6.2 Determine effects of non-natural 
barriers 

5 ALL 30      

" 3 8.6.3 Determine effects of natural 
barriers 

5 ALL 15      

" 3 8.7 Determine effectiveness of 
mitigation measures 

5 ALL 20      

  9. Continue inventory and monitoring  
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Management Strategy Implementation Schedule, 2003-2007 

Cost estimates ($000) 
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cost 

($000) 
FY 
2003 

FY 
2004 

FY 
2005 

FY 
2006 

FY 
2007 

 

! 2 9.1 Continue inventories ! ALL 125        
     

25 25 25 25    25 

! 2 9.2.1 Monitor implementation ! ICC 40 8 8 8 8 8 

! 2 9.2.2 Monitor population trends ! ALL 
(MCAS) 

320   
(70) 

70 105 
(35) 

70 105 
(70) 

70 

! 1 9.2.3 Document habitat disturbance 
and loss 

! ALL 40 8 8 8 8 8 

! 1 9.2.3.1 Conduct aerial reconnaissance and 
analysis of surface disturbance on 
the five MAs every five years 

! ALL 50      

! 2 9.2.4 Prepare annual 
monitoring/implementation 
report 

! ICC 20 4 4 4 4 4 

! 1 9.2.5 Use new inventory, monitoring, 
and research data in evaluations 
and proposed changes 

! ALL 0      

 

Habitat Management 

Management Areas 

Each MA is controlled by multiple agencies and may include private inholdings (Table 3). MAs 
were designed to include most FTHL habitat identified as key areas in previous studies, even 
though the absolute densities of FTHLs within the MAs were not known. MAs were proposed based 
upon accepted principles of good preserve design, utilizing the best information available at the 
time. MAs included as large an area as possible, but avoided extensive, existing and predicted 
management conflicts (e.g., OHV open areas). Conflicts that are localized in nature (e.g., sand and 
gravel mines, military bombing targets) were accepted within some of the MAs. The MAs are the 
core areas for maintaining self-sustaining populations of FTHLs in perpetuity. Legal descriptions 
of the MAs and the RA are provided in Appendix 3, and maps (Figure 4 to Figure 10) are provided 
below. Maps do not show existing OHV trails, which are extensive in some MAs, except for major 
trails at OWSVRA. 

The prescriptions that guide the management of lands within the MAs (see Planning Action 2, pg 
27) were designed primarily to reduce surface disturbance and to promote reclamation of areas, 
such as duplicate roads that are no longer needed. 

Table 3. Overview of Acreage and Ownership of Management Areas. 

Management Area1 
Federal 
Non-

military2 

Federal 
Military 

State3 Private Total 

Yuma Desert4 (Figure 4) 16,200 114,8005 0 0 131,000
East Mesa (Figure 5) 99,900 8,500 0 6,900 115,300
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West Mesa (Figure 6) 83,200 29,800 1,300 21,800 136,100
Yuha Basin (Figure 7) 57,200 0 0 3,000 60,200

Borrego Badlands (Figure 8) 0 0 36,500 5,900 42,400
Total 256,500 153,100 37,800 37,600 485,000

1 The existing Coachella Valley Preserve and Dos Palmas ACEC (not included in table) includes about 17,076 and 14,400 
acres, respectively, administered by federal and state agencies and private organizations. 

2 Includes lands administered by the BLM and BOR. 
3 Includes lands administered by California Department of Parks and Recreation and California State Lands Commission 
4 Pending designation of the proposed Area Service Highway. A portion of the Yuma Desert MA boundary will be formed by 

the Area Service Highway, if and when constructed (see Figure 4). 
5 Lands administered by MCAS-Yuma 
 

Other Lands 

Ocotillo Wells State Vehicular Recreation Area 
A RA was established in California (Figure 9) where FTHL research is encouraged and funded by 
the California Department of Parks and Recreation’s Division of Off-Highway Motor Vehicle 
Recreation (Foreman 1997). The RA is about 77,000 acres in size. About 47,000 acres of the RA 
are owned by the state and 22,000 acres are owned by BLM, all of which are managed as OWSVRA. 
The State has applied to BLM under the Recreation and Public Purposes Act for transfer and 
patenting of all 22,000 acres of BLM land to OWSVRA. The State is also actively acquiring the 
remaining private lands (8,000 acres) within the RA. 

OWSVRA is mandated to provide OHV recreation (free-play, racing, and touring) in a manner to 
sustain long-term use. Soil removal, artifact collecting, hunting, and shooting are prohibited 
within OWSVRA. No collecting of reptiles is allowed except under a scientific collecting permit 
issued by CDFG and approved by OWSVRA. 

In 1991, an extensive wildlife survey and habitat protection plan (Kutilek et al. 1991; Wone et al. 
1991) was completed in OWSVRA. The presence of FTHLs and the possibility of listing precipitated 
a study in 1994 (Wone et al. 1994) to develop methods for monitoring population trends in 
OWSVRA. In these studies, methods of monitoring FTHL population trends on permanent plots in 
OWSVRA and on control plots were assessed (Wone and Beauchamp 1995b; Wone et al. 1997). 
OWSVRA has since funded several studies (Young 1999; Setser and Young 2000; Setser 2001; T. 
Gardner 2002; Gardner in prep) investigating topics such as: demographics, habitat use (including 
investigation of the mud hills habitat type), movement patterns, and the effects of OHV activity on 
FTHLs and their habitat. OWSVRA has made a commitment to continue to support FTHL research 
through 2007. 

Anza-Borrego Desert State Park 
Lands within ABDSP are managed to conserve native plant and animal communities. Mining, soil 
removal, grazing, rock hounding, artifact collection, hunting, shooting, and other activities that 
could cause surface disturbances are prohibited in the park. FTHLs occur on an estimated 30,000 to 
40,000 acres of the Park. 

Within the 600,000-acre park, there is a system of primitive roadways about 500 miles in length. 
No vehicular activity is allowed off these roadways. Patrol rangers cite violators; the park’s patrol 
aircraft provides backup. Designated roads that might impact sensitive natural or cultural 
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resources can be closed seasonally or permanently by order of the District Superintendent. OHVs 
are prohibited from park roads unless they are licensed for use on highways. This rule essentially 
excludes use of all-terrain vehicles, quad-runners, high performance two-cycle motorcycles, and 
most dune buggies. 

All animal and plant life within ABDSP is protected. No collection of reptiles is allowed, with the 
exception of those taken under a scientific collecting permit issued by the park office. Reptile 
poaching takes place on paved roadways, but usually does not include FTHLs (ABDSP files; Mark 
Jorgensen, pers. comm.) 

Coachella Valley  
Upon completion, the CVMSHCP will protect approximately 44.5% of the remaining FTHL habitat in 
the valley. This plan has been in preparation approximately 7-8 years, and will likely be signed in 
2003. The FTHL is a covered species in this plan. An earlier HCP, implemented in 1986 to provide 
protection for the Coachella Valley fringe-toed lizard, also provides protection for FTHL habitat in 
the valley. Several hundred acres of privately owned and currently occupied habitat remains 
adjacent and connected to protected habitat. These lands are currently at risk for development, but 
will be protected if there are willing sellers and funds available to purchase through the CVMSHCP 
(Barrows 2002). In addition to protections via the CVMSHCP, habitat for FTHL within Dos Palmas 
ACEC and other BLM-managed public lands in eastern Riverside County, are already in 
conservation status and will remain so. 

In the mid 1980's, the Coachella Valley Preserve System was established primarily for 
conservation of the Coachella Valley fringe-toed lizard (Uma inornata). The BLM, USFWS, CDFG, 
California Department of Parks and Recreation, and The Nature Conservancy acquired major 
portions of the preserve system. The System consists of three units totaling about 20,114 acres 
(Coachella Valley Preserve - 17,076 acres; Willow Hole-Edom Hill Preserve - 1,863; and Indian 
Avenue Preserve - 1,175 acres). About 6,000 acres of the System contain suitable FTHL habitat 
(Figure 10). The USFWS holdings were designated the Coachella Valley National Wildlife Refuge 
System. BLM-administered lands were designated an ACEC in 1993. The CDFG lands were 
designated an Ecological Reserve. The CDPR manages the adjacent Indio Hills State Park in a 
manner consistent with the Preserve goals. An interim plan was prepared in 1986 by The Nature 
Conservancy; it was replaced by an updated, interagency management plan in 1995 (BLM et al. 
1995). A preserve management team meets quarterly to discuss management activities. No 
vehicular traffic is allowed.  

Dos Palmas ACEC 

The Dos Palmas ACEC is located north of the Salton Sea community of North Shore and 
encompasses about 14,400 acres of federal, state, and private lands. Surveys for FTHL in the 
southern part of the ACEC in the late 1970’s resulted in the discovery of FTHL near Bat Cave 
Buttes. No additional surveys have been conducted since the 1970’s. The ACEC is managed 
cooperatively by an interagency management committee, consisting of representatives from BLM, 
CDFG, California Department of Parks and Recreation, CNLM, and USFWS, which meets quarterly to 
discuss management issues and directions. In 1998, BLM prepared an Ecosystem Management 
Plan for the ACEC and continues to implement that today. Vehicular traffic is limited to existing, 
designated routes. BLM-Palm Springs has requested funding in Fiscal Years 2004 and 2005 to 
conduct surveys at Dos Palmas and east toward the East Mesa MA in Imperial County. 
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Arizona Lands outside the Yuma Desert MA 
On BLM and BOR FTHL habitat outside BMGR, OHV use is limited to existing roads and trails. 
Because BLM and BOR are signatories to this document, surface-disturbing projects are subject to 
mitigation and compensation as described in this document. The Arizona State Land Department 
has not developed a plan for the management of state of Arizona lands within FTHL habitat. The 
State Land Department is processing land purchase applications for state of Arizona lands east of 
Yuma and near San Luis. 

Mexican Habitat 
Although this strategy currently addresses habitat in the U.S. only, there are objectives and planned 
actions for establishing and maintaining contacts with appropriate agencies and personnel in 
Mexico to promote the conservation of FTHL habitat within Mexico. Agencies that have the 
authority to work with Mexico, including the AGFD, CDFG, USFWS, BOR, and BLM, have developed 
partnerships with agencies, researchers, and non-governmental organizations in Sonora, and will 
work to develop similar contacts in Baja California Norte. It is hoped that through these contacts 
and exchanges of ideas a similar management strategy will be adopted in Mexico. This program 
may include corridors between MAs in the U.S. and Mexico. 

Lands in El Parque Nacional del Pinacate Cerro Pinto and the Sierra del Rosario in Sonora and 
near the delta of the Colorado River in Sonora and Baja California are in core protection zones of 
biosphere reserves (Reserva de la Biósfera de El Pinacate y Gran Desierto de Altar and Reserva 
de la Biósfera del Alto Golfo de California y Delta del Río Colorado). El Parque Nacional del 
Pinacate is an area administered by the Mexican government with use restrictions similar to a 
national park in the U.S. However, the boundaries are not well established, and enforcement of 
regulations is minimal. The Pinacate area is primarily a volcanic zone within which FTHL habitat 
is probably limited to the sandy perimeters of Volcán Pinacate. Reserva de la Biósfera Alto Golfo 
includes FTHL habitat in Sonora in the vicinity of the Colorado River Delta and the Gran Desierto. 
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Figure 4. Yuma Desert Management Area. 
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Figure 5. East Mesa Management Area. 
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Figure 6. West Mesa Management Area. 
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Figure 7. Yuha Desert Management Area. 
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Figure 8. Borrego Badlands Management Area. 
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Figure 9. Ocotillo Wells State Vehicular Recreation Area Research Area. 

 



  Habitat Management 

  59 

Figure 10. Coachella Valley Preserve System. 
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Mitigation 
In accordance with Planning Action 2.1.1, the following mitigation measures shall be 
incorporated into all projects where applicable based on the Project Evaluation Protocol in 
Appendix 6. The measures are to be modified to conform to the nature of the project. 

1. To the extent possible, surface-disturbing projects shall be located outside of FTHL MAs 
and the RA, and shall be timed to minimize mortality. If a project must be located within a 
MA or RA, effort shall be made to locate the project in a previously disturbed area or in an 
area where habitat quality is poor. A survey of the project site shall be conducted prior to 
construction in order to assist in locating the project. 

2. Prior to project initiation, an individual shall be designated as a field contact 
representative. The field contact representative shall have the authority to ensure 
compliance with protective measures for the FTHL and will be the primary agency contact 
dealing with these measures. The field contact representative shall have the authority and 
responsibility to halt activities that are in violation of these terms and conditions. 

3. All project work areas shall be clearly flagged or similarly marked at the outer boundaries 
to define the limit of work activities. All construction and restoration workers shall 
restrict their activities and vehicles to areas that have been flagged to eliminate adverse 
impacts to the FTHL and its habitat. All workers shall be instructed that their activities are 
restricted to flagged and cleared areas. 

4. Within FTHL habitat, the area of disturbance of vegetation and soils shall be the minimum 
required for the project. [If possible, specify a maximum disturbance allowable based on 
the specifics of the project.] Clearing of vegetation and grading shall be minimized. 
Wherever possible, rather than clearing vegetation and grading the ROW, equipment and 
vehicles shall use existing surfaces or previously disturbed areas. Where grading is 
necessary, surface soils shall be stockpiled and replaced following construction to 
facilitate habitat restoration. To the extent possible, disturbance of shrubs and surface 
soils due to stockpiling shall be minimized. 

5. Existing roads shall be used for travel and equipment storage whenever possible. 

6. Where feasible and desirable, in the judgment of the lead agency, newly created access 
routes shall be restricted by constructing barricades, erecting fences with locked gates at 
road intersections, and/or by posting signs. In these cases, the project proponent shall 
maintain, including monitoring, all control structures and facilities for the life of the 
project and until habitat restoration is completed. 

7. A biological monitor shall be present in each area of active surface disturbance 
throughout the work day from initial clearing through habitat restoration, except where 
the project is completely fenced and cleared of FTHLs by a biologist (see Measure 8). The 
biological monitors shall meet the requirements set in Appendix 6. The monitor(s) shall 
perform the following functions: 

a) Develop and implement a worker education program. Wallet-cards summarizing this 
information shall be provided to all construction and maintenance personnel. The 
education program shall include the following aspects at a minimum: 
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• biology and status of the FTHL, 
• protection measures designed to reduce potential impacts to the species, 
• function of flagging designating authorized work areas, 
• reporting procedures to be used if a FTHL is encountered in the field, and 
• importance of exercising care when commuting to and from the project area 

to reduce mortality of FTHLs on roads. 
b) Ensure that all project-related activities comply with these measures. The biological 

monitor shall have the authority and responsibility to halt activities that are in violation 
of these terms and conditions. 

c) Examine areas of active surface disturbance periodically (at least hourly when surface 
temperatures exceed 85ºF) for the presence of FTHLs. In addition, all hazardous sites 
(e.g., open pipeline trenches, holes, or other deep excavations) shall be inspected for 
the presence of FTHLs prior to backfilling. 

d) Work with the project supervisor to take steps, as necessary, to avoid disturbance to 
FTHLs and their habitat. If avoiding disturbance to a FTHL is not possible or if a FTHL is 
found trapped in an excavation, the affected lizard shall be captured by hand and 
relocated. 

8. Sites of permanent or long-term (greater than one year) projects in MAs where continuing 
activities are planned and where FTHL mortality could occur, may be enclosed with FTHL 
barrier fencing to prevent lizards from wandering onto the project site where they may be 
subject to collection, death, or injury. Barrier fencing should be in accordance with the 
standards outlined in Appendix 7. After clearing the area of FTHLs (also see Appendix 7), 
no on-site monitor is required (see Measure 7). 

9. The project proponent shall develop a project-specific habitat restoration plan under 
approval by the lead agency. The plan shall consider and include as appropriate the 
following methods: replacement of topsoil, seedbed preparation, fertilization, seeding of 
species native to the project area, noxious weed control, and additional erosion control 
(see Habitat Rehabilitation, p. 69). Generally, the restoration objective shall be to return 
the disturbed area to a condition that will perpetuate previous land use. The project 
proponent shall conduct periodic inspection of the restored area. Restoration shall include 
eliminating any hazards to FTHLs created by construction, such as holes and trenches in 
which lizards might become entrapped. Disturbance of existing perennial shrubs during 
restoration shall be minimized, even if such shrubs have been crushed by construction 
activities. 

10. Construction of new paved roads shall include a lizard barrier fence on each side of the 
road that is exposed to occupied FTHL habitat. Exceptions may occur in accordance with 
the following evaluation, to be applied separately to each side of the road. This 
prescription may also be applied to canals or other fragmenting projects.  

Side is made nonviable for FTHLs even if connected to the other side: 
• Compensate for the entirety of the fragmented parcel. 
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Side is viable only if connected to the other side: 
• Compensate for the entirety of the fragmented parcel, or 
• Provide fencing and effective culverts or underpasses that will maintain 

connectivity. 
Side is viable even if not connected to the other side: 

• Provide fencing (no culverts) 
Specifications for barrier fences are provided in Appendix 7. The FTHL ICC will make the 
determination of FTHL population viability based on the size, configuration, and habitat 
condition of the isolated parcel, threats from adjacent lands, and existing scientific 
evidence of edge effects on FTHL. Culvert design will be provided by the FTHL ICC. 

Compensation 
Pursuant to Title 43 Code of Federal Regulations and the Federal Land Policy and Management 
Act of 1976, federal land management agencies may permit actions that result in FTHL habitat loss 
on their lands. To mitigate such losses both within and outside MAs, compensation is charged if 
residual effects would occur after all reasonable on-site mitigation has been applied. Signatories 
may use compensation funds to acquire, protect, or restore FTHL habitat both within and 
contiguous with MAs (with MOG approval). These actions will help ensure the existence of FTHLs 
and their habitat in the future. 

Determining Whether Compensation Is Required 

When compensation is required 
If adverse effects remain after the project proponent has taken all reasonable on-site mitigation 
measures, a project proponent must compensate for the remaining (residual) on-site effects. To 
evaluate whether it is appropriate to collect compensation, agency biologists must consider 
whether the impacted area can potentially support FTHLs based on habitat factors favorable to 
FTHLs (Appendix 6). If agency biologists determine that the project area can potentially support 
FTHLs, then compensation shall be required. Negative FTHL survey results in the project area shall 
be irrelevant in the determination of whether to charge compensation because FTHLs can re-
occupy the suitable FTHL habitat in the future, or FTHLs were present but not detected due to their 
cryptic nature. 

When compensation is not required 
Situations when compensation is not required include the following. First, a project proponent 
does not need to compensate if the proposed disturbance would not occur in suitable FTHL habitat 
(e.g., compacted ground, small lots surrounded by urban development, or riparian areas). 
However, if the project area contains both suitable and unsuitable habitat, agency biologists may 
base compensation on the entire project area because FTHLs may use unsuitable habitat (e.g., 
paved or dirt roads or fringes of agricultural fields) adjacent to suitable habitat. 

Second, a project proponent does not need to compensate if the agency biologist has determined 
that mitigation measures have eliminated all adverse, on-site effects (i.e., there are no residual 
effects). 
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Third, a project proponent does not need to compensate for disturbances if the signatory 
authorized the project (e.g., a lease or ROW) before June 1997 (when the signatory signed the 
conservation agreement), and no longer maintains regulatory discretion to impose compensation. 
For example, if a signatory granted a ROW to a proponent before June 1997, and the proponent 
disturbs land within their ROW, the proponent does not need to pay compensation. However, if the 
signatory renews a permit or ROW authorization, the signatory should require proponents to follow 
the RMS under the renewed agreement. 

Last, signatories to the RMS do not need to compensate for their own disturbances because they 
are already contributing significant resources towards FTHL conservation. However, if a signatory 
disturbs over 1% of a FTHL MA (see Planning Action 2.2.1 for details), the signatory must pay 
compensation based on the compensation formula described below for that exceeded disturbance. 

Compensation Determination 

Compensation basis 
The goal of compensation is to prevent the net loss of FTHL habitat and make the net effect of a 
project neutral or positive to FTHLs by maintaining a habitat base for FTHLs. To achieve this goal, 
compensation will be based on the acreage of FTHL habitat lost to a project proponent’s impacts 
on signatory land after all reasonable on-site mitigation has been applied. Compensation for 
habitat lost outside a FTHL MA will be charged at a 1:1 ratio. When a project proponent’s impacts 
are inside a FTHL MA, a multiplying factor ranging from three to six will be applied to the affected 
acreage to obtain an adjusted compensation acreage. 

This multiplying factor (M) for disturbances inside FTHL MAs will be determined by the 
following formula: 

 

1M = 3 + A + G + E + D 
 

where the factors are evaluated as shown below: 

 

2A Adjacent habitat impacts: 
a) Adjacent lands will not be affected. ..........................................0 
b) Adjacent habitat will receive direct or  

indirect deleterious impacts...................................................0.5 
 

3G Growth inducing effects within flat-tailed horned lizard habitat: 
a) The project will have no growth inducing effects. ....................0 
b) The project will have growth inducing effects.......................0.5 

 

4E Existing disturbance on site: 
a) There is moderate to heavy existing habitat disturbance...........0 
b) There is little or no existing habitat disturbance. ......................1 

 

5D Duration of effect: 
a) The effects of the project are expected to be short term 
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(< 10 years). ..................................................................................0 
b) The effects of the project are expected to be long term 
(> 10 years). ..................................................................................1 

 
Signatories should require project proponents to replace the acreage or adjusted acreage lost to the 
project proponent’s impacts. However, signatories may convert either the compensation acreage 
or adjusted compensation acreage to a monetary equivalent (including administrative costs) that is 
required to replace the acreage or adjusted acreage. The per acre dollar figure for compensation 
fees shall be based on the cost of acquiring lands prioritized for acquisition by signatory agencies.  

If signatories cannot replace the land disturbed by proponents because lands within FTHL MAs 
haven’t been appraised or there are no more lands available for acquisition (Yuma Desert MA), 
signatories can charge fair market value of the impacted land and any costs associated with 
appraising the impacted land. Minimum compensation shall be $200. 

Unique Compensation Circumstances 

Some land actions have unique circumstances or impacts to FTHLs, and therefore determining the 
acreage of impact often will depend on the circumstance. Some examples of unique 
circumstances in common land actions are listed below. 

Land disposal 
Federal regulation provides for public lands to be made available for disposal via the Recreation 
and Public Purposes Act. Such land leases and patents are discretionary actions that require both 
NEPA and Endangered Species Act compliance. Federal land management agencies endeavor to 
retain ownership of land that provides habitat for sensitive species. However, if a case arises 
where public lands within FTHL habitat are to be disposed, the signatory disposing the land will 
collect compensation for the entire acreage regardless if the proponent intends to disturb only a 
portion of the land because there is no guarantee that the undisturbed portion will remain habitat 
for FTHLs. 

Indirect effects 
A project’s indirect effects on FTHLs should be considered when determining compensation. For 
example, ROW grants for aboveground structures such as roads, pipelines, towers, or similar 
facilities can have adverse impacts to FTHLs beyond the areas that are proposed to be disturbed. 
First, such disturbances have been shown to attract FTHL predators. For example, roads may 
attract round-tailed ground squirrels (Garland and Bradley 1984), and towers can provide 
perching areas for loggerhead shrikes and American kestrels. Second, construction vehicles can 
introduce invasive weeds that degrade FTHL habitat. Last, vehicles from increased authorized and 
unauthorized traffic on maintenance roads can cause FTHL mortality. If these and other adverse 
indirect effects (e.g., habitat fragmentation, decreased FTHL density near roads) cannot be 
mitigated (with FTHL barriers or corridors, for e.g.), compensation for indirect effects will be 
required. 

Boundaries of MAs 
In areas where a MA boundary is defined by a road, the road ROW (not the road itself) will be 
considered to be the boundary for the MA. Consequently, compensation for residual effects within 
the ROW will be 1:1. 
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Recovered FTHL Habitat 
Over time, disturbed habitat may recover from a project’s residual effects and again become 
suitable FTHL habitat. If a subsequent project disturbs the recovered area again, the proponent 
(regardless of whether they were the original proponent) will still be required to pay 
compensation for residual effects. 

Reopening of Mines along the East Highline Canal 
For sites that have previously been mined along the East Highline Canal, either inside or outside 
of the East Mesa MA, compensation shall be charged at a 1:1 ratio if the applicant is not intending 
to fully mine and complete final reclamation of the site.  Compensation shall not be charged if the 
applicant will be reclaiming the site and no further mining would occur. 

Compensation Fund Accounts 

Each of the signatories shall maintain an accounting of all compensation funds paid and collected. 
 These accountings shall be incorporated into the annual monitoring report. The BLM shall act as a 
clearinghouse for all compensation funds and accounting data. Project proponents will pay the 
BLM through the signatory that authorizes the project. The signatory should give the check to the 
BLM field office (El Centro or Yuma) that manages the nearest FTHL MA. In addition, the signatory 
should also provide the secretary of the ICC a completed pre-project and post-project (if 
appropriate) reporting form for projects/activities that disturb FTHL habitat. The forms are 
provided in Appendix 8. 

Use Of Funds 

The agency to receive the compensation land or fee shall be determined through coordination 
among the permitting agencies. Typically, the compensation fee or land will go to the agency that 
predominantly manages the nearest MA. Pre-authorized and unauthorized uses are listed below. 
This list is not exclusive and the MOG, in consultation with the ICC, will ultimately decide how to 
use compensation funds for unlisted uses. 

Pre-authorized uses of funds  
Signatories can fund a variety of actions with compensation funds, but funds must directly benefit 
FTHLs or their habitat within or contiguous with FTHL MAs. 

There are several approved uses of compensation funds, but the top priority shall be acquisition of 
inholdings within the nearest MA (see Planning Action 4). If opportunities for acquisition have 
been exhausted, examples of activities that could be carried-out with compensation funds include 
the following: 

• Transfer funds to other MAs to purchase FTHL habitat, especially FTHL habitat within or 
contiguous with MAs that are threatened with imminent impacts. 

• Construct and maintain fences and signs around MAs to prevent OHVs from entering 
and degrading FTHL habitat (see Planning Action 2.4.2). In addition, these fences 
could be designed to physically prevent FTHLs from leaving the MAs and encountering 
nearby roads (Appendix 7). 

• Educate people and organizations about the effects of OHV use (see Planning Action 
7.2). Educators should target those audiences most likely to travel off-road, such as 
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the public, BP, and utility companies. 
• Restore degraded FTHL habitat within or contiguous with MAs (see Planning Action 

3).  
• Fund other management actions deemed necessary by the ICC and MOG. 

 

Essentially, funds that cannot be used to purchase FTHL habitat within or contiguous with MAs can 
be used to accelerate implementation of actions identified in the implementation schedule (e.g., 
expending $100,000 in FY03 for habitat rehabilitation, instead of $40,000 as currently 
scheduled). 

Unauthorized uses of funds  
Funds should not be used in place of other agency funding that is obligated or programmed to 
carryout planning actions listed in the implementation schedule. For example, signatories shall 
not fund law enforcement and FTHL research/monitoring with compensation funds because 
signatories to this document have agreed to implement monitoring and law enforcement activities 
with their own funds. 

Monitoring Program 
In accordance with the first objective of this RMS (to “maintain a ‘long-term stable’ or increasing 
population of FTHLs in all MAs”), a population monitoring program has been implemented to learn 
how FTHL populations are changing over time. Determining whether there is a trend means 
obtaining accurate measurements of the populations over time, then removing “the effects of 
natural demographic and environmental stochasticity.” Such effects are currently unknown; hence 
the monitoring also has a goal to document the variability in FTHL populations in response to 
natural processes (such as drought cycles).  

Monitoring cannot reveal the actual causes of a population trend (Elzinga et al. 1998). However, 
by monitoring habitat disturbance in addition to population and distribution, correlations can be 
made between population change and one potential cause for decline. Even without conclusive 
proof of its cause, if a population or distribution decline of >30% is noted within any MA, and 
factors other than climate are the potential cause, the ICC will draft management prescriptions to 
reverse the trend. If declines are correlated with increased habitat disturbance from OHV use 
(documented either through ground surveys or aerial monitoring), signatory agencies will take 
measures to limit OHV traffic. If statistical proof of causal relationships is deemed necessary, the 
costs of implementing a research program with replicated controls and treatments will be 
evaluated.  

The foundation for an inventory and monitoring program was laid in 1978 with surveys 
conducted on East Mesa, West Mesa, and Yuha Basin (Turner et al. 1978). Some monitoring has 
been conducted every year since then except 1980, 1982, and 1983. Distribution and relative 
abundance of FTHLs were estimated through much of the range of the species in California and 
Arizona by use of standardized 3-mile triangular transects in which numbers of FTHLs and their 
scat were counted and used as an index to relative abundance (Turner and Medica 1982; 
Rorabaugh et al. 1987; Olech undated; BLM and CDFG 1990; Wright 1993). Scat transect methods 
were standardized in 1990 (BLM and CDFG 1990). Trends on BLM-administered lands have been 
analyzed periodically (Olech 1986; Wright 1993, 2002). In addition to BLM-administered lands, 
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inventories of the Navy target areas (Dames & Moore 1995; Rorabaugh 1996b), Salton Sea Naval 
Base (Muth and Fisher 1989; Rorabaugh 1996c) and OWSVRA (Wone et al. 1994; Wone et al. 
1995; Wone and Beauchamp 1995a, 1995b) have been conducted.  

 Two critical assumptions of the scat transect survey method are 1) FTHL scat is readily 
distinguishable from other lizard's scat, and 2) scat and lizard counts are correlated with FTHL 
density. 

The first assumption is largely met by not counting scat less than 5.5 mm in diameter (Muth and 
Fisher 1992) and not using scat counts to estimate relative density in areas where desert horned 
lizards occur (desert horned lizard scat is indistinguishable from FTHL scat) (Turner and Medica 
1982).  

The second assumption has been problematic. The relationship between scat counts and horned 
lizard density has been difficult to examine due to the problems associated with obtaining true 
FTHL density estimates. But several reports suggest that if scat is correlated with lizard density, the 
relationship may be weak (Muth and Fisher 1992; Rorabaugh 1994; Beauchamp et al. 1998). 
Wright (1993) found a correlation between FTHL counts and scat; however, the relationship 
between lizard counts and relative abundance is unknown. Use of lizard count data to estimate 
relative density is suspect due to the infrequency with which FTHLs are observed on triangular scat 
transects (on average less than one animal per 10 hours of searching) (Turner and Medica 1982; 
Rorabaugh et al. 1987) and because environmental conditions are likely to influence FTHL activity 
and detectability. Scat counts in the same area may fluctuate greatly from year to year (Wright 
1993; Rorabaugh 1994), but there are factors other than lizard density that affect numbers of scat 
that are produced and visible (Muth and Fisher 1992; Rorabaugh 1994; Young 2002). Beauchamp 
et al. (1998) note that the presence of several scat in an area suggests two indistinguishable 
alternatives: either a single individual used the area repeatedly and the scat persisted, or multiple 
individuals have used the area over a shorter time span.  

Due to the animal’s cryptic nature, monitoring efforts typically yield highly variable, low 
encounter rates, making analysis of monitoring data problematic. In a recent analysis of 1979-
2001 FTHL monitoring data, no population trends were detected despite increases in habitat 
disturbance (Wright 2002). It was noted that inconsistencies between observers and changes in 
monitoring protocols added to the difficulties of detecting trends. Because of known problems 
with scat surveys and lizards encountered on line transects, new monitoring methods were called 
for (Foreman 1997).  

Two new monitoring techniques are being implemented as part of this first revision. 
Implementation of these revised monitoring methods should increase sensitivity to detecting 
future trends. The first is an improved mark/recapture population monitoring technique developed 
by Wright and Grant (2002) (see Appendix 4). Using this technique, they estimated a population 
of about 30,000 FTHLs (95% CI: 21,500 – 33,000) in the Yuha Desert MA during the summer of 
2002, with an average density of 1.3 lizards per hectare (0.5 per acre). Percent sand coverage was 
the only variable significantly correlated with population size. This technique has yielded the best 
wide-scale population estimate to date.  

Pronounced natural fluctuations and potentially large confidence intervals may still mask 
detection of long-term population trends. Additionally, the small number of mark/recapture plots 
may be insufficient for detecting localized population declines, such as on the edges of MAs. In 
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addressing these problems, the ICC felt that monitoring changes in FTHL distribution and changes 
in habitat disturbance could supplement monitoring population trends, to provide a more sensitive 
indicator of unnatural population declines. Distribution may be monitored by gathering 
presence/absence data (Appendix 5). These data, in conjunction with GIS overlays, can be used to 
create a predictive spatial model using StatMod (Garrard 2002), which will aid in detecting 
declines in distribution and may serve to tighten the population estimates obtained from the 
mark/recapture surveys. 

The protocols for monitoring population and distribution both include measuring disturbance at 
the sample sites. In addition to those measures, wide-scale (aerial) monitoring of surface 
disturbance will occur every five years (see Planning Action 9.2.3.1).  

It is anticipated that a population estimate from mark/recapture will be obtained from each MA 
during the next five years, which will allow for evaluation of this technique as a long-term 
monitoring tool. The distribution monitoring protocol is yet untested. It is recommended that it be 
implemented on a trial basis (e.g. in one MA for two years) and evaluated by the ICC to determine 
whether to expand the sampling. Following these new protocols over the next five years will 
establish baseline estimates against which future comparisons can be made. It is anticipated that 
during the 2007 revision of this document, the baseline data will be carefully reviewed and the ICC 
will determine whether or not they can set population and distribution thresholds which, if 
reached, would act as a stimulus for more drastic management efforts. 

Restorative Measures 
The following restorative measures are prescribed in the Planning Actions and are explained in 
more detail in this section. A discussion of how these measures were implemented can be found 
in the Summary of Management Strategy Implementation, 1997-2002, under actions 2, 3, and 5. 

Route Closures 

To reduce direct mortality from vehicles and to limit the increase in surface disturbance from the 
proliferation of routes, each discretionary, designated route in a MA shall require justification for 
the necessity of the route. Designated routes shall be prioritized in terms of importance to FTHLs 
and to the OHV community and other public and private route users. Redundant, low priority, and 
non-essential routes in MAs shall be closed and restored. 

The following process will be utilized to reduce route density in MAs: 

Step 1 - A small, interdisciplinary team shall be formed. The team should include, at a 
minimum, biological and recreation staff from the land management agency and 
representatives of USFWS, the state wildlife agency, the state OHV recreation agency, 
and important user groups. Other management agency staff, such as surface 
protection specialist or realty specialist, may be added as desirable. 

Step 2 - The team shall identify non-discretionary routes (e.g., routes with existing ROWS) and 
discretionary routes (i.e., routes that can be closed at the discretion of the land 
management agency). 
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Step 3 - Representatives of users of routes shall assign an importance priority to each 
discretionary route. A written justification for each desired open route shall be 
prepared. 

The team shall evaluate route densities and priorities, FTHL population density and trend data, 
FTHL home range size, and habitat disturbance attributed to routes to determine the level of route 
closures needed to ensure viable populations of FTHLs. Areas within MAs that support high levels 
of vehicular use and that are particularly important for the FTHL shall be identified as high priority 
areas for route closure. 

Step 4 - Within areas identified for route closure, the team shall identify discretionary routes 
needing closure. Any discretionary route that serves no identifiable purpose, parallel 
routes, routes with no identifiable destination, and routes with high resource damage 
shall also be recommended for closure. Routes along utility corridors and canals and 
routes used by agencies (e.g., BP access) shall be evaluated for closure except to 
specific, authorized users. 

Step 5 - All necessary federal and state environmental reviews shall be completed. 

Step 6 - Closed routes shall be signed, as necessary, and restored. 

Habitat Rehabilitation 

Damaged and degraded areas in the desert may take centuries to recover their original appearance 
and ecosystem function without intervention. Preparation of the ground surface and replanting of 
vegetation may speed the restoration of the native flora, the rebuilding of the soil structure, and 
the reestablishment of native wildlife. Available techniques are reviewed in Lovich (1993). 

Lovich and Bainbridge (1999) estimate low-intensive restoration efforts can cost $30,000 to 
$62,000 per acre. Besides being expensive, plants often die after re-vegetation efforts because of 
unknown, unpredictable, or uncontrollable environmental factors (e.g., drought or unsuitable soil 
conditions). Given the cost, recovery time, and the low to moderate probability of long-term 
success of restoration efforts, it is more effective to limit the extent and intensity of the initial 
impacts to the land (Lovich and Bainbridge 1999). Nonetheless, there are times when habitat 
rehabilitation is worthwhile. When a decision has been reached to restore a degraded area within 
an MA, and the underlying causes of habitat degradation have been removed (such as closing 
routes of travel), the most effective rehabilitation techniques known must be used. Since little is 
known about the habitat factors that benefit FTHL, initial rehabilitation efforts should be planned in 
an experimental fashion and the results of various treatments should be well documented so they 
can be improved upon over time.  

Corridors 

It is recognized that the Colorado River has been a long-term, natural barrier between populations 
in Arizona and California, and that this may have resulted in genetic divergence (see Figure 2). 
During the past century, the populations in East Mesa were effectively isolated from those to the 
west and south by the Salton Sea, extensive agricultural development, canals, and highways. 
However, managed areas to the west (i.e., Yuha Desert, West Mesa, Ocotillo Wells, and Borrego 
Badlands) lie relatively close to one another, and some movement between MAs may occur. 
Populations in the Coachella Valley are probably currently disjunct from those in the Imperial and 
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Borrego valleys. Planned actions provide guidance for managers to maintain sufficient habitat to 
provide for interchange of FTHLs between MAs, where habitat corridors persist. In this way, those 
naturally adjoining populations of FTHLs will be able to interbreed, helping to maintain genetic 
vigor, and natural recolonization could occur in the case of extirpation from local populations. 
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Appendix 1. 1997 Conservation Agreement 

CONSERVATION AGREEMENT  
PHRYNOSOMA MCALLII, FLAT-TAILED HORNED LIZARD 
1.  PURPOSE AND NEED 

The flat-tailed horned lizard is a small, phrynosomatid lizard inhabiting sandy flats and valleys from the 
Coachella Valley, California, south and east through the Borrego and Imperial valleys, California, 
Southwestern Yuma County, Arizona, and adjacent portions of Baja California Norte and Sonora, Mexico. 
 Approximately 34 percent of flat-tailed horned lizard habitat has been converted to urban or agricultural 
uses, or was inundated by the Salton Sea early in this century and is no longer occupied by the species.  
Six key habitat areas remain in the United States, including the Ocotillo Wells area, Borrego Badlands, 
West Mesa, Yuha Desert, and East Mesa in California, and the Yuma Desert in Arizona.  These areas are 
subject to a variety of activities that degrade habitat, including agricultural, residential, and industrial 
development, off-highway vehicle use, geothermal development, sand and gravel operations, military 
activities, fire, and construction of roads, canals, and utilities.  Although population trends are difficult to 
monitor, evidence suggests populations may have declined in two key areas, including northern East Mesa 
and the Yuha Desert.  The Fish and Wildlife Service proposed the flat-tailed horned lizard as a threatened 
species in a November 29, 1993 Federal Register Notice.  Collection of the species is prohibited by state 
law in Arizona and California.  Further information on the status, distribution, taxonomy, and threats 
facing this species can be found in the Rangewide Management Strategy (Appendix 1), which serves as a 
Conservation Assessment and Conservation Strategy. 

Occupied habitat is under the jurisdiction of a variety of federal, state, local government, and private 
entities.  The primary land owners or managers of flat-tailed horned lizard habitat in California include; the 
Bureau of Land Management, Department of the Navy, California Department of Parks and Recreation 
(Ocotillo Wells State Recreational Vehicle Area and Anza Borrego Desert State Park), Bureau of 
Reclamation, and private individuals.  In Arizona, the primary land owners or managers are; Marine Corps 
Air Station Yuma, Bureau of Reclamation, Bureau of Land Management, Arizona State Land Department, 
and private individuals.  In both states, the U.S. Border Patrol is empowered with broad law enforcement 
authority and conducts many activities in flat-tailed horned lizard habitat, particularly within 25 miles of 
the international boundary.  Local governments, including cities and counties, affect location and types of 
development, and may affect rates of growth within their jurisdiction. The six key habitat areas are 
managed primarily by the parties to this agreement. 

This Conservation Agreement has been initiated to conserve the flat-tailed horned lizard by reducing 
threats to the species, stabilizing the species' populations, and maintaining its ecosystem.  The document's 
primary purpose is to conserve the flat-tailed horned lizard through conservation measures under the 
Endangered Species Act of 1973, as amended. 

The Conservation Agreement establishes a general framework for cooperation and participation among 
signatories.  The signatories will provide support to the program as needed, and will provide input on 
current and future program needs.  The Agreement is made and entered into to meet the following 
objective: 1) Implement the Flat-tailed Horned Lizard Rangewide Management Strategy (Appendix 1), 
thus establishing an open process by which to identify and carry out such actions as will conserve the 
species through voluntary participation of public and private partners. 

II. INVOLVED PARTIES 
In order to meet the present and/or future needs of this conservation effort, this Agreement may be 
modified or amended at any time by mutual written concurrence of the cooperating agencies to facilitate 
additional cooperators.  The parties below are currently involved in this agreement. 
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Ecological Services - Carlsbad Field Office 
U.S. Fish and Wildlife Service 
2730 Loker Avenue West 
Carlsbad, California 92008 

Ecological Services Phoenix Field Office 
U.S. Fish and Wildlife Service 
2321 West Royal Palm Road, Suite 103 
Phoenix, Arizona 85021-4951 

U.S. Bureau of Land Management 
California Desert District 
6221 Box Springs Boulevard 
Riverside, California 92507 

U. S. Bureau of Land Management 
Yuma District 
2555 Gila Ridge Road 
Yuma, Arizona 85365 

U.S. Bureau of Reclamation 
Yuma Area Office 
P.O. Box D 
Yuma, Arizona 85356 

Marine Corps Air Station - Yuma 
Box 99220 
Yuma, Arizona 85369-9220 

U.S. Navy 
El Centro Naval Air Facility 
El Centro, California 92243-5001 

Arizona Game and Fish Department 
2221 West Greenway Road 
Phoenix, Arizona 85023-4399 

California Department of Fish and Game 
330 Golden Shore, Suite 50 
Long Beach, California 90802 

California Department of Parks and Recreation 
Off-Highway Motor Vehicle Division 
Ocotillo Wells State Recreational Vehicle Area 
P.O. Box 320 
Borrego Springs, California 92004 

California Department of Parks and Recreation 
Anza Borrego Desert State Park 
P.O. Box 299 
Borrego Springs, California 92004 

III.  AUTHORITIES 
The authorities for the involved parties to participate in this Conservation Agreement are derived from the 
following legislation: 
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U.S. FISH AND WILDLIFE SERVICE: 

Endangered Species Act of 1973, as amended 
Fish and Wildlife Act of 1956, as amended 
Fish and Wildlife Coordination Act of 1934, as amended 
Sikes Act of 1960, as amended 

U.S. BUREAU OF LAND MANAGEMENT 

Endangered Species Act of 1973, as amended 
Federal Land Policy Management Act 
Sikes Act of 1960, as amended 

U.S.  BUREAU OF RECLAMATION 

Endangered Species Act of 1973, as amended 
Fish and Wildlife Coordination Act of 1934, as amended 

MARINE CORPS AIR STATION - YUMA 

Endangered Species Act of 1973, as amended 
Sikes Act of 1960, as amended 

U. S. NAVY EL CENTRO NAVAL AIR FACILITY 

Endangered Species Act of 1973, as amended 
Sikes Act of 1960, as amended 

ARIZONA GAME AND FISH DEPARTMENT 

Arizona Revised Statute 17-231.B-7 
Endangered Species Act of 1973, as amended 
Sikes Act of 1960, as amended 

CALIFORNIA DEPARTMENT OF FISH AND GAME 

Endangered Species Act of 1973, as amended 
Sikes Act of 1960, as amended 
California Fish and Game Code section 1802 
California Fish and Game sections 3450 et seq. 

CALIFORNIA DEPARTMENT OF PARKS AND RECREATION 

Endangered Species Act of 1973, as amended 
 

In addition to the above-listed legislative authorities, the following interagency agreements provide a 
framework for cooperation and participation among involved parties in the conservation of species tending 
towards listing: a Memorandum of Understanding signed by the U.S. Fish and Wildlife Service, the U.S. 
Bureau of Land Management, the U.S. Forest Service, the National Park Service, the National Marine 
Fisheries Service, and the International Association of Fish and Wildlife Agencies, issued on January 25, 
1994 and amended on March 20, 1994 (Appendix 2); and a Memorandum of Understanding signed by 14 
federal agencies, including among others, the U.S. Fish and Wildlife Service, the U.S. Bureau of Land 
Management, U.S. Bureau of Reclamation, and Department of Defense on September 28, 1994 (Appendix 
3). 
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IV. IMPLEMENTATION OF CONSERVATION ACTIONS 
Conservation actions necessary to ensure the long-term persistence of the flat-tailed horned lizard are 
identified in the Flat-tailed Horned Lizard Management Plan implementation schedule.  Subject to 
availability of funds and compliance with all applicable regulations, the involved parties agree to 
implement actions according to scheduled completion dates and by responsible parties, as shown in the 
implementation schedule.  If threats have been removed to a degree that the flat-tailed horned lizard does 
not meet the definition of a threatened species, pursuant to the Act, the Fish and Wildlife Service may 
withdraw the proposed rule to list the flat-tailed horned lizard as threatened.  If the species is withdrawn 
and it becomes known that there are threats to the survival of the species that are not or cannot be resolved 
through this or any Conservation Agreement, the species will be re-assigned to candidate status and an 
appropriate listing priority assigned. 

NOW THEREFORE, in consideration of the above premises, the cooperators enter into this Agreement as 
full and equal partners to accomplish its purpose and objectives. 

All cooperators agree to: 

1 . Further develop and implement the objectives, strategies, and tasks of the Flat-tailed 
Horned Lizard Rangewide Management Strategy 
 
2. As needed for this conservation effort, and as available, provide program personnel with 
facilities, equipment, logistical support, and access to lands under their control. 
 
3. Participate regularly in ICC and MOG meetings to enhance communication and 
cooperation, and to help develop annual or other work plans and reports. 
 
4. Develop and distribute public information and educational materials on this conservation 
effort. 
 
5. Provide ongoing review of, and feedback on, this conservation effort. 
 
6. Cooperate in development of major media releases and media projects. 
 
7. Keep local governments, communities, the conservation community, citizens, and other 
interested and affected parties informed on the status of this conservation effort, and solicit their 
input on issues and actions of concern or interest to them. 
 
8. Whenever possible, develop voluntary opportunities and incentives for local communities 
and private landowners to participate in this conservation effort. 
 
9. Assist in generating the funds necessary to implement this conservation effort. 

 
V. FLAT-TAILED HORNED LIZARD INTERAGENCY COORDINATING 
COMMITTEE 

1. The involved parties shall designate a representative to serve on the Flat-tailed Horned Lizard 
Interagency Coordinating Committee (ICC).  The ICC shall monitor the implementation of the Rangewide 
Management Strategy and provide a forum for exchange of information on the species.  The ICC shall also 
be responsible for specific tasks as set forth in the implementation schedule.  Through mutual agreement 
among designated representatives of all involved parties, the ICC may recommend changes in the tasks 
and scheduling of task implementation to the MOG, as described in the implementation schedule of the 
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Rangewide Management Strategy.  The ICC shall in no way make recommendations to or serve as an 
advisory group to a federal agency.  

Designated representatives shall attend at least two meetings of the ICC annually for the life of this 
Agreement to review progress and coordinate work priorities and schedules. 

VI. FLAT-TAILED HORNED LIZARD MANAGEMENT OVERSIGHT GROUP 
The involved parties shall designate a management-level representative to serve on the Flat-tailed Horned 
Lizard Management Oversight Group (FTHL MOG).  The FTHL MOG will perform management-level duties, 
as described in the Rangewide Management Strategy and as identified by the ICC.  The FTHL MOG shall 
meet semi-annually, or as needed.  Members of the FTHL MOG have been selected by each signatory 
agency, and are listed below. 

Bureau of Land Management, California  El Centro Resource Area Manager 
Bureau of Land Management, Arizona  Yuma Field Office Manager 
Bureau of Reclamation, Yuma   Yuma Area Manager 
U.S. Fish and Wildlife Service, Region 1 Assistant Field Supervisor, Carlsbad 
U.S. Fish and Wildlife Service, Region 2 Field Supervisor, Phoenix 
Arizona Game and Fish Department  Yuma Region Supervisor 
California Department of Parks and Recreation Ocotillo Wells SVRA Superintendent 
Anza Borrego Desert State Park    Superintendent 
El Centro Naval Air Station   Resource Management Officer 
Barry Goldwater Range    Range Management Officer 
California Department of Fish and Game Regional Manager 

 
VII.  ADMINISTRATIVE CLAUSES 

 
1. Nothing herein shall be construed as obligating the parties to expend or as involving the 
parties in any contract or other obligation for the payment of money in excess of appropriations 
authorized by law and administratively allocated to work described herein. 
 
2. This agreement is not a fund obligating document, and each party shall carry out its 
separate activities in a coordinated and mutually beneficial manner.  Any activity that may create 
an exchange of funds will be conducted outside the scope of this agreement as authorized by law 
or regulations of each party. 
 
3. All parties are hereby put on notice that the Arizona Game and Fish Department's 
participation in this agreement is subject to cancellation by the Governor of Arizona pursuant to 
A.R.S. 38-511 if any person is significantly involved in initiating, negotiating, securing, drafting, 
or creating a contract on behalf of the state of Arizona or any of its departments or agencies at 
any time while the contract or any extension of the contract is in effect, or is an employee of any 
other party to the contract in any capacity or a consultant to any other part of the contract with 
respect to the subject matter of the contract. 
 
4. This Agreement will not be effective with respect to the Arizona Game and Fish 
Department until the fully executed Agreement is filed with the Arizona Secretary of State. 
 
5. Pursuant to the laws of Arizona (A.R.S. 35-124 and 35-215, and section 41-1179.04, as 
amended), California, and the United States, all jointly maintained books, accounts, reports, files, 
and other records relating to this Agreement shall be subject at all reasonable times to inspection 
and audit by the state of Arizona, the state of California, and the federal government for five 
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years after completion of the Agreement.  Such records shall be reproduced as designated by the 
state of Arizona, the state of California, and the federal government. 
 
6. Any contracts entered into as a result of this Agreement shall comply with all state and 
federal contracting laws, including all applicable laws prohibiting discriminatory employment 
practices by contractors.  Contracts entered into by the state of Arizona shall incorporate the 
Arizona Governor's Executive Order No. 75-5 entitled "Prohibition of Discrimination in State 
Contracts - Non-discrimination in Employment by Government Contractors and Subcontractors". 
 
7. To the extent required or permitted by the laws of Arizona (Arizona Revised Statutes 
section 12-1518 and any successor statutes), California, and the United States, the cooperators 
agree to use arbitration, after exhausting all applicable administrative remedies, to resolve any 
dispute arising out of this agreement, where not in conflict with federal law or laws of the state of 
California.  Any arbitration with respect to real property shall occur in the state where the real 
property is located or, if the real property is owned by the United States, shall be conducted 
pursuant to federal law.   

 
IT IS MUTUALLY AGREED AND UNDERSTOOD BY AND BETWEEN THE COOPERATORS 
THAT: 

 
1. Specific work projects or activities that involve transfer of funds services, or property 
among cooperators to this Agreement may require execution of separate agreements or contracts. 
 
2. Specific proposed project actions or changes in management activities may require 
amendments to existing land use plans and further environmental analysis before implementation. 
 
3. Conflicts between or among cooperators concerning procedures or actions under this 
Agreement that cannot be resolved at the operational level (i.e. by cooperator representatives to 
the MOG or ICC) will be referred to the next higher level within each cooperator, as necessary, 
for resolution. 

 
VIII.  DURATION OF AGREEMENT 

 
The term of this Agreement shall begin on the date the Agreement is filed with the Secretary of State, after 
signed by all parties, and end after all tasks identified in the implementation schedule are completed, or 
until terminated by mutual concurrence of all the parties.  The involved parties shall review the 
Conservation Agreement and its effectiveness annually to determine whether it should be revised.  Within 
a year of completing the tasks identified in the implementation schedule, the Conservation Agreement 
shall be reviewed by the involved parties and either modified, renewed, or terminated.  This Agreement 
may, at any time, be amended, extended, modified, supplemented, or terminated by mutual concurrence.  
Any party may withdraw from this Agreement by providing 60 days notice to the other parties in writing. 
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IX. SIGNATURES 
[The original, signed signature pages are not included] 

IN WITNESS WHEREOF: 

The cooperators hereto have executed this Agreement as of the last written date below. 

For the U.S. DEPARTMENT OF INTERIOR, FISH AND WILDLIFE SERVICE, REGION 1 
Michael Spear, Regional Director  
 
For the U.S. DEPARTMENT OF INTERIOR, FISH AND WILDLIFE SERVICE, REGION 2 
Nancy Kaufman, Regional Director  
 
For the U.S. DEPARTMENT OF INTERIOR, BUREAU OF LAND MANAGEMENT, 
CALIFORNIA STATE OFFICE 
Edward Hastey, State Director  
 
For the U.S. DEPARTMENT OF INTERIOR, BUREAU OF LAND MANAGEMENT, ARIZONA 
STATE OFFICE 
Denise Meridith, State Director  
 
For the U.S. DEPARTMENT OF INTERIOR, BUREAU OF RECLAMATION, LOWER 
COLORADO REGION 
Robert Johnson, Regional Director  
 
For the U.S. DEPARTMENT OF DEFENSE, MARINE CORPS AIR STATION - YUMA 
C. J. Turner, Commanding Officer  
 
For the U.S. DEPARTMENT OF DEFENSE, EL CENTRO NAVAL AIR FACILITY 
Captain P. T. Madison, Commanding Officer  
 
For the ARIZONA GAME AND FISH DEPARTMENT 
Duane Shroufe, Director  
 
For the CALIFORNIA DEPARTMENT OF FISH AND GAME 
Jacqueline E. Schafer, Director  
 
For the CALIFORNIA DEPARTMENT OF PARKS AND RECREATION 
Donald Murphy, Director  
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Appendix 2. Federal Plans Affecting Flat-tailed Horned Lizard Habitat 

Bureau of Land Management lands 

In 1980, the Secretary of the Interior signed the California Desert Conservation Area Plan (BLM 
1980) prescribing land uses on BLM-administered lands in California. The existing network of 
designated routes is illustrated on BLM's Desert Access Guides (maps). The Desert Plan 
established two ACECs to conserve the FTHL - the Yuha Basin (40,622 acres) and East Mesa ACECs 
(40,712 acres). The Desert Plan also directed that habitat management plans be written for lands 
adjacent to these ACECs. Although not designated specifically for the FTHL, the San Sebastian 
Marsh/San Felipe Creek ACEC (6,337 acres) and Dos Palmas ACEC (14,400 acres) also contain 
habitat for the FTHL.  

In 1990, the BLM and CDFG signed the "Management Strategy for the Flat-tailed Horned Lizard on 
Bureau of Land Management Administered Lands within the California Desert Conservation 
Area" (BLM and CDFG 1990). Habitat categories were defined, and a category map was developed 
in the plan. A policy and formula were instituted for projects to compensate for lost or degraded 
habitat. Other management activities to reduce habitat degradation and loss were implemented. 
Measures implemented through various plans were brought into a species rangewide (California 
only) context. Among these were the research program, the inventory and monitoring program, 
interagency coordination, and habitat compensation. 

California 
Yuha Basin ACEC 

In 1981, a combined plan was prepared for the Yuha Basin ACEC (BLM 1981). Specific actions in 
the plan were designed to protect sensitive cultural and wildlife resources while allowing for 
mineral material sales, geothermal development, and motorized vehicle competitive events. In 
1983, a habitat management plan was prepared for the adjacent Yuha Desert area (BLM 1983). 
Measures were similar to the Yuha Basin ACEC Plan with additional measures dealing with 
monitoring of FTHL population trends, exchanges and acquisitions, and formation of an 
interagency coordinating committee. In response to indications of declining FTHL populations and 
increasing damage to cultural resources due to route proliferation and cross-country vehicle travel 
in Yuha Basin, the "Yuha Desert Management Plan" (BLM 1985) was prepared. This plan covers 
both of the previous areas plus several adjacent ACECs and Natural Areas. The plan tightened 
controls on, but did not eliminate OHV competitive events. Routes of travel were reduced in 
number. Camping was restricted to a 25-foot corridor along routes of travel. Law enforcement 
was increased. Other actions dealing with interagency coordination and monitoring of population 
trends were strengthened. In 1985, the Yuha Basin ACEC was expanded to 63,000 acres. 

East Mesa ACEC 
In 1982, the "Southern East Mesa ACEC Management Plan" (BLM 1982a) and "East Mesa Wildlife 
Habitat Management Plan" (BLM 1982b) were completed. The two plans covered adjacent areas 
and included similar measures. Although not previously conducted in East Mesa, competitive 
events were formally prohibited, but oil and gas leasing and geothermal energy development were 
allowed. The ACEC is closed to mineral material sales. Inventory and monitoring of FTHL 
populations were given a high priority. 
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San Sebastian Marsh/San Felipe Creek ACEC 
In 1986, the "San Sebastian Marsh/San Felipe Creek [ACEC] Management Plan" (BLM 1986a) was 
signed. Based on scat counts, FTHLs are locally abundant in this ACEC (BLM 1986a). Most 
measures in the plan were aimed at protecting and enhancing the aquatic and riparian resources. 
The ACEC is closed to vehicle entry. The ACEC encompasses about 5,100 acres administered by the 
BLM and about 1,250 acres administered by the CDFG. 

Dos Palmas ACEC 
Limited FTHL habitat is found in the Dos Palmas ACEC along the northeastern side of the Salton 
Sea. This area encompasses about 14,400 acres of federal, state, and private lands. Dos Palmas 
ACEC originated in 1980 as the Salt Creek ACEC, at the time about 2,500 acres to protect Yuma 
clapper rail, desert pupfish, and other sensitive biological resources, including the FTHL. In 1998, 
BLM prepared an Ecosystem Management Plan for the ACEC and continues to implement that 
today. 

West Mesa 
The West Mesa ACEC was officially designated in 1986 to protect habitat of the FTHL, rare plants, 
and cultural resources. No plan has been written at this time. The ACEC encompasses more than 
20,300 acres, including about 1,600 acres of private land. 

Algodones Dunes 
A habitat management plan for the Algodones Dunes was prepared in 1987 (BLM 1987b). Based 
on scat counts, FTHLs are present in small numbers, mostly around the periphery of the dunes. The 
plan focuses on general enhancement and protection of the flora and fauna of the dunes. Most of 
the dunes north of Highway 78 is designated wilderness; the dune area south of Highway 78 is 
open to vehicular cross-country travel. 

Arizona 
BLM Yuma Field Office manages approximately 900 acres of potential FTHL habitat. These 19 land 
parcels range in area from 1.6 to 335 acres with an average area of 46 acres. Most of the potential 
FTHL habitat is poor quality because parcels are typically small, fragmented, and disturbed.  

BLM manages lands within the Yuma Field Office under the Yuma District Resource Management 
Plan (BLM 1987a) and the Lower Gila South Resource Management Plan (BLM 1998). In addition, 
amendments have been developed for the Yuma Resource Management Plan. They are the: 
Lower Gila South Resource Management Plan – Goldwater Amendment (BLM 1990), Yuma 
District Resource Management Plan Amendment (BLM 1992), Yuma District (Bill Williams) 
Resource Management Plan Amendment (BLM 1994), Yuma District (Havasu) Resource 
Management Plan Amendment (BLM 1994), Yuma District (Lands) Resource Management Plan 
Amendment, and Lechuguilla-Mohawk Habitat Management Plan (BLM 1997). 

Currently, the FTHL RMS is addressed in the Lechuguilla-Mohawk Habitat Management Plan, and 
BLM-Yuma has been following the RMS since its inception. BLM-Yuma plans to incorporate the RMS 
in its upcoming resource management plan. 
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Department of Defense Lands 

California 
The Congress has withdrawn two military ranges in California, R-2510 (West Mesa) and R-2512 
(East Mesa). The ranges have been withdrawn from all forms of appropriation under public land 
laws and are reserved for use by the Secretary of the Navy for defense-related purposes. This 
withdrawal became effective on October 1, 1996, and is in effect for 25 years. FTHLs occur 
throughout both of these ranges. Although the ranges are withdrawn from entry for non-military 
uses, R-2510 is adjacent to an OHV open area, and trespass OHV activity occurs. R-2512 also has 
some OHV use but to a lesser extent. Land management strategies and responsibilities will be 
developed through a new memorandum of understanding between BLM and the Department of the 
Navy. 

Arizona 
The passage of the Military Lands Withdrawal Act of 1986 (Public law 99-606) transferred land 
management responsibilities on the BMGR to the BLM. However in 2001, land management 
responsibilities transferred back to the DOD under the Military Lands Withdrawal Act of 1999 
(Public law 106-65). DOD will manage the BMGR under the Integrated Natural Resources 
Management Plan, which is in preparation as of this writing. 

On the BMGR, FTHL habitat occurs in portions of three special areas: 1) the Gran Desierto Dunes 
ACEC; 2) the Yuma Desert and Sand Dunes Habitat Management Area; and 3) the extreme 
western portion of the Tinajas Altas Mountains ACEC. In these areas, OHV use, camping, new 
ROWs, and other land use authorizations are limited. For safety reasons, MCAS-Yuma issues range 
passes for visitors to the BMGR. Visitors are restricted to driving street-legal vehicles, which 
further inhibits off-road travel. 

For military activities on the BMGR, the USFWS has prepared a conference opinion (USFWS 1996a) 
that provides guidance for activities affecting the FTHL. 

Bureau of Reclamation lands 

About 600,000 acres, mostly in Imperial County, California, were withdrawn by Secretarial 
orders dating back to the early 1900's for use by the BOR in development of the All-American 
Canal, Boulder Canyon, Colorado River Storage, and Yuma Reclamation projects. Lands were 
withdrawn from settlement, sales, location under the mining laws, and entry. Withdrawn lands are 
managed by the BLM under an agreement with the BOR signed in 1978. The Federal Land Policy 
and Management Act of 1976 directed agencies holding withdrawals to work with the BLM to 
determine which withdrawals were obsolete and should be terminated; agency recommendations 
were to be submitted to the Department of the Interior for review and approval. In January 1992, 
recommendations reflecting the coordinated efforts of the BOR, BLM, and the Imperial and 
Coachella Valley Irrigation Districts were submitted to the Department of the Interior. It was 
recommended that 133,712 acres continue under withdrawal and that withdrawals be terminated 
on 444,781. The California Desert Conservation Area Plan (BLM 1980) will cover lands released 
from withdrawal. Unless within the boundaries of the 1964 Lower Colorado River Land Use Plan, 
lands continuing under withdrawal and covered under the earlier agreements will be managed by 
BOR. 
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Appendix 3. Legal Description of Management and Research Areas 

Description of Yuma Desert Flat-tailed Horned Lizard Management Area 

Beginning in the northwest corner of the area, the northern boundary of the MA is approximately 
50 feet south of the BMGR boundary to accommodate County 14th Street and its right-of-way. On 
the eastern side of the MA, the boundary follows Foothills Boulevard south to the Auxiliary 2 
service road. East and south along the Auxiliary 2 road to its end in Sec. 23 in T.11S., R.21W. 
The boundary then follows a southeasterly direction to the International Boundary. The southern 
boundary of the MA follows the International Boundary to Avenue D. The boundary includes 
federally administered lands in the Five-Mile Zone east of Avenue D and south of County 23rd 
Street, excluding the State Prison and the Yuma City Landfill. Along County 23rd Street and the 
western side of the BMGR, the boundary follows the proposed Area Service Highway route, 
excluding the proposed highway and its ROW. 

In the interim period until a full analysis of alternative corridors is completed, federally 
administered lands within the BMGR west of the proposed route of the Area Service Highway and 
in the Five-Mile Zone north of the proposed route will be managed in accordance with 
prescriptions that apply to MAs. 

QUAD SHEETS: 

East boundary – Butler Mountains, Vopoki Ridge SE, Vopoki Ridge, W. of Vopoki Ridge, Fortuna 
SW, Fortuna 

North boundary – Fortuna, Yuma East 

West boundary – Yuma East, Yuma SE, S.E. of Somerton, S. of Somerton 

South boundary – S. of Somerton, S.E. of Somerton, W. of Vopoki Ridge, Vopoki Ridge SW, 
Vopoki Ridge SE, Butler Mountains   

Description of East Mesa Flat-tailed Horned Lizard Management Area 

All are San Bernardino Meridian. 

[East boundary]  Beginning in Sec. 31 in T.16S., R.20E. at the intersection of Frontage Road and 
West Levee Road on the north side of the All-American Canal, then northwest along the West 
Levee Road (on west levee of Coachella Canal) to Highway 78 (Glamis Highway) in Sec. 35 in 
T.13S., R.17E; 

[North boundary]  then west on Highway 78 to the intersection with an unnamed dirt road in 
NW¼NE¼NE¼ Sec. 2 in T.14S., R.16E.; 

[West boundary]  then south on this dirt road to the intersection with BLM Route A181 in Sec. 23 
in T.14S., R.16E., then south on BLM Route A181 to BLM Route A3410 in Sec. 11 in T.15S., 
R.16E., then eastward and southward on BLM Route A3410 to BLM Route A357 in Sec. 18 in 
T.15S., R.17E, then east on BLM Route A357 for about 0.3 miles to the west side of Sec. 17 in 
T.15S., R.17E., then south on the west side of Sec. 17, 20, 29, 32 in T.15S., R.17E. and Sec. 5, 8, 
and 17 in T.16S., R.17E to the Frontage Road on the north side of Interstate Highway 8 in Sec. 17 
in T.16S., R.17E.; 
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[South boundary]  then east on Interstate 8 Frontage Road to the west side of E½E½ Sec. 31 in 
T.16S., R.19E., then due north to the northern side of Sec. 31, then east 1.0 miles to the west side 
of E½E½ Sec. 32 in T.16S., R.19E., then due south to the Frontage Road, then east to the west 
side of Sec. 36 in T.16S., R.19E., then north to the N½ Sec. 36, then due east 1 mile to the east 
side of Sec. 36, then south to Frontage Road, then east on Frontage Road to the West Levee Road. 

QUAD SHEETS: 

East boundary - Grays Well, Cactus, Glamis SE, Glamis SW, Glamis NW. 

North boundary - Glamis NW, Holtville NE. 

West boundary - Holtville NE, Holtville East, Glamis SW. 

South boundary - Glamis SW, Midway Well NW, Midway Well, Grays Well. 

Description of West Mesa Flat-tailed Horned Lizard Management Area 

All are San Bernardino Meridian. 

[East boundary]  Beginning in southeast corner of Sec. 30 in T.14S., R.13E. and north along the 
east side of Sec. 30, 19, 18, and 7 to the south side of N½ of Sec. 7, then west and north around 
SW¼NE¼ Sec. 7, then west and north around NW¼NE¼ Sec. 7, then west along the north side 
of N½ Sec. 7, then north about 0.15 miles along the east side of Sec. 13 in T.14S., R.12E. to the 
southeast corner of Sec. 12, then in Sec. 12, west and north around E½SE¼, then west and north 
and east around SW¼NE¼, then north along the west side of NE¼NE¼, then in Sec. 1 in T.15S, 
R.12E., north along the west side of SW¼SW¼, then west and north around NW¼SE¼, then 
west and north around E½NW¼, then west to the southeast corner of Sec. 35 in T.13S., R.12E., 
then north along the west side of Sec. 35 to the northeast corner of Sec. 35, then west and north 
around E½ of Sec. 26, then west along the northern side of Sec. 26 W½, 27, and 28 to the 
intersection with BLM Route SF291 (transmission power line service road), then northwest on BLM 
Route SF291 to the northern side of Sec. 28 in T.12S., R.11E., then west on the north side of Sec. 
28 to the southeast corner of Sec. 20, then north on the east side of Sec. 20 to Highway 86, then 
northwest on Highway 86 to the northern side of Sec. 20, then west on the northern side of Sec. 
20 to the southeast corner of Sec. 18 in T.12S., R.11E., then north along the east side of Sec. 18 to 
Highway 78; 

[North boundary] then west on Highway 78 to the west side of Sec. 18 in T.12S., R.10E.; 

[West boundary] then south on the west side of Sec. 18 in T.12S., R.10E., then west on the north 
side of Sec. 24 in T.12S., R.9E. to the west side of Tarantula Wash, then southeast along the west 
side of Tarantula Wash to the south side of Sec. 24, then east to the northwest corner of Sec. 30 in 
T.12S., R.10E., then south along the west side of Sec. 30 and east along the south side of Sec. 30, 
then south on the west side of Sec. 32 and east along the south side of Sec. 32 to Carrizo Wash 
near the northeast corner of Sec. 5 in T.13S., R.10E., then south along the west side of Carrizo 
Wash through Sec. 5, 8, 17, 20, 29, and 32 in T.13S., R.10E., and then south through Sec. 5, 8, 
17, 20, 29, and 32 in T.14S., R.10E. to the intersection with BLM Route SF397 in NW¼ Sec. 32 in 
T.14S., R.10E., then southeast on BLM Route SF397 to an unnamed, east-west route along the 
northern side of the SW¼SE¼ Sec. 15 in T.15S, R.10E., then west about .25 miles to the 
boundary of the U.S. Navy Target 103 at about the northwest corner of SE¼SE¼ Sec. 15, then 
south along the boundary of Target 103 (approximately west side of SE¼SE¼ Sec. 15 and E½E½ 
Sec. 22 to the south side of Sec. 22 in T.15S, R.10E., 
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[South boundary]  then (along the boundary of Target 103) east on the south side of Sec. 22 and 
east and south around NW¼ of Sec. 26 in T.15S, R.10E., then east along the south side of NE¼ 
of Sec. 26 and N½ Sec. 25, in T.15S., R.10E., and N½ Sec. 30 and NW¼ Sec. 19, in T.15S., 
R.11E., then north along the east side of NW¼ Sec. 19, then north and east around the S½SW¼ 
Sec. 20, then north along the east side of Sec. 20 and 17, then east along the south side of Sec. 9, 
then north along the east side of Sec. 9, then east along the north side of Sec. 10, then north along 
the east side of Sec. 3, in T.15S., R.11E and along the east side of Sec. 34 and 27 in T.14S., 
R.11E, then diagonally from the southeast corner to the northwest corner across Sec. 22, the west 
along the north side of Sec. 21, then north on the east side of Sec. 17 to the 120-ft. contour line, 
then northwest on this contour line to the intersection with BLM Route SF274 in Sec. 17 T.14S., 
R.11E., then northwest on BLM Route SF274 to the intersection with BLM Route SF391 in Sec. 6 
T.14S., R.11E., then southwest on BLM Route SF391 to the boundary of U.S. Navy Target 101 in 
Sec. 32 T.14S., R.12E., then southeast along the boundary of Target 101 to the southwest corner 
of Sec. 34 in T.14S., R.12E., then west on the south side of Sec. 34, 35, and 36 in T.14S., R.12E., 
then south along the west side of Sec. 30 in T.14S., R. 13E., then along the south side of Sec. 30 
to the southeast corner of Sec. 30. 

QUAD SHEETS: 

East boundary - Brawley NW, Calipatria SW, Kane Spring, Kane Spring NE. 

North boundary - Kane Spring NE, Kane Spring NW. 

West boundary - Kane Spring NW, Harpers Well, Plaster City NW, Painted Gorge. 

South boundary - Painted Gorge, Plaster City, Superstition Mountain, Brawley NW. 

Description of Yuha Desert Flat-tailed Horned Lizard Management Area 

All are San Bernardino Meridian. 

[East boundary]  Beginning at the International Boundary Road on the east side of Sec. 19 in 
T.17S., R.13E., then north along the eastern edge of public lands lying west of the Westside Main 
Canal Service Road in T.17S., R.13E.;  T.17S., R.12E.;  and T.16½S., R.12E. to Interstate 
Highway 8; 

[North boundary]  then east along the south side of Interstate Highway 8 to the west side of Sec. 
30 in T.16S., R.11E.; 

[West boundary]  then south along the west side of Sec. 30 and 31 (T.16S., R.11E.) about 1.5 
miles to the intersection with BLM Route Y1929, then south on BLM Route Y1929 to BLM Route 
2716 in Sec. 12 in T.17S, R.10E., then south on BLM Route Y2716, to BLM Route Y2722 in Sec. 
11 in T.17S, R.10E., then south to the International Boundary Road; 

[South boundary]  then east along the International Boundary Road to the east side of Sec. 19 in 
T.17S., R.13E. 

QUAD SHEETS: 

East boundary - Mount Signal, Yuha Basin, Plaster City. 

North boundary - Plaster City, Painted Gorge. 

West boundary - Painted Gorge, Coyote Wells. 

South boundary - Coyote Wells, Yuha Basin, Mount Signal. 
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Description of Borrego Badlands Flat-tailed Horned Lizard Management Area 

All are San Bernardino Meridian. 

[East boundary]  Beginning at the road near the northeast corner of the SE¼ of Sec. 32 
(unsurveyed) in T.11S., R.8E., then north along the east side of Sec. 32, 29, 20, and 17 
(unsurveyed), then east on the south side of Sec. 9 and 10 in T.11S., R.8E. to the east side of the 
east fork of Palo Verde Wash in Sec. 10, then northwest and north along the east side of Palo 
Verde Wash to Borrego Springs Highway, then northwest along Borrego Springs Highway to the 
intersection with Truckhaven Trail in NE¼SW¼ Sec. 13 in T.10S., R.7E., then west on 
Truckhaven Trail to the 800-ft. contour line in NE¼NW¼ Sec. 14, then north and northwest 
along the 800-ft. contour line through Sec. 14, 11, 12, 1, and 2 in T.10S, R7E and Sec. 35, 34, 27, 
28, 21, and 20 in T.9S., R.7E. to the northern side of Sec. 20 in T.9S., R.7E; 

[North boundary]  then west along the northern side of Sec. 20 and 19 in T.9S., R.7E. and the 
northern side of Sec. 24 and 23 in T.9S., R.6E. to the northwest corner of Sec. 23; 

[West boundary]  then south on the west side of Sec. 23 in T.9S., R.6E. to the intersection with 
the Rockhouse Trail in ¼SW¼NW Sec. 23, then southeast on Rockhouse Trail (west fork in Sec. 
36, 1, 6, 7) through Sec. 23, 26, 25, and 36 in T.9S., R.6E. and Sec. 1 in T.10S., R.6E. and Sec. 6 
and 7 in T.10S., R.7E. to the northwest corner of Sec. 17 in T.10S., R.7E., then east along the 
northern side of Sec. 17, then south along the eastern side of Sec. 16, 21, 28, and 33 in Sec. 
T.10S., R.7E. and the eastern side of Sec. 4, 9, 16, and NW¼ Sec. 21 in T.11S., R.7E. to the 
southwest corner of NW¼ Sec. 16; 

[South boundary]  then west on the south side of NW¼ of Sec. 21 then south on the south side of 
E½ Sec. 21, then east on the south side of Sec. 21, 22, and 23 to the Borrego Mountain Wash Jeep 
Trail in Sec. 23 in T.11S., R.7E., then north along the Borrego Mountain Wash Jeep Trail to the 
intersection with the San Felipe Creek Road in SW¼SE¼ Sec. 14, then west along the San Felipe 
Creek Road to the east side of Sec. 32 (unsurveyed) in T.11S., R.8E. 

QUAD SHEETS: 

East boundary - Borrego Mountain, Fonts Point, Clark Lake, Clark Lake NE. 

North boundary - Clark Lake NE. 

West boundary - Clark Lake NE, Clark Lake, Borrego Sink 

South boundary - Borrego Sink, Borrego Mountain 

Description of Ocotillo Wells Flat-tailed Horned Lizard Research Area 

All are San Bernardino Meridian. 

East boundary Beginning at the intersection of Highway 86 and Highway 78 in Sec. 17 in T.12S, 
R.11E., then north along Highway 86 to the north side of Sec. 9 in T.11S., R.10E.; 

North boundary  then west on the northern side of Sec. 9, 8, and 7 in T.11S., R.10E., then north 
on the east side of Sec. 1 in T.11S., R.9E to the intersection with the northern fork of Arroyo 
Salada Wash in ¼NE¼NE¼NE of Sec. 1., then northwest along this wash through Sec. 36 in 
T.10S., R.9E. and east through N½N½ Sec. 35 and 34 to the intersection with Truckhaven Trail in 
NE¼NE¼, then west on Truckhaven Trail to the west side of Sec. 30 (Imperial/San Diego County 
Line); 
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West boundary  then south on the west side Sec. 30 and 31 in T.10S., R.9E. and the west side of 
Sec. 6 and 7 in T.11S., R.9E to a point about 0.6 miles south of the northwest corner of Sec. 7, 
then due west 4 miles, then due south along the west side of Sec. 16, 21, 28, and 33 in T.11S., 
R.8E. and the west side of Sec. 4 in T.12S., R.8E. to Highway 78; 

South boundary  then east on Highway 78 to the intersection with Highway 86. 

QUAD SHEETS: 

East boundary - Kane Spring NE, Kane Spring NW. 

North boundary - Kane Spring NW, Truckhaven, Seventeen Palms. 

West boundary - Seventeen Palms, Shell Reef, Borrego Mountain. 

South boundary - Borrego Mountain, Kane Spring NW, Kane Spring NE. 
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Appendix 4. Population Monitoring Protocol 

Introduction 

This protocol describes how to establish and survey 12 plots on a MA and is based on Wright and 
Grant’s (2002) surveys of the Yuha Desert MA.  

Plot selection 

The MA can be stratified based on coarse habitat differences (three strata were defined based on 
substrate in the Yuha Desert MA). The 12 plots should be divided between strata. Plots should be 
randomly selected from within the strata. Each plot should measure 200 x 200 m (4 ha; 10 acres). 
Divide the plot into 20, 10 m-wide north/south lanes using pin flags (this takes 400 pin flags and 
about a day of work).  

Disturbance surveying 

Data on substrate and disturbance should be collected for each plot in a separate procedure 
(usually after flagging the plot on the first day). Each of the three technicians walks the flag lines 
(one beginning at each end and one beginning in the middle), and records the substrate and 
disturbance category at the tip of his/her toe on every tenth step until each technician has recorded 
100 point observations (see data sheet in Appendix 8). A vehicle track is recorded if the point was 
in a vehicle track of any kind of any age. Two digital photos should also be taken at each plot, 
from the middle of the north and south sides, facing into the plot.  

Lizard surveying 

All surveys shall be conducted from April through September when air temperatures are between 
25 and 37 °C (75 and 100 °F) (Young and Young 2000). Each plot is to be surveyed by three 
technicians looking for lizards while walking side by side in each lane, taking care to search the 
whole plot thoroughly. Technicians should begin searching 20 minutes before sunrise. The entire 
plot should be searched in a morning before temperatures get too hot for the lizards to be on the 
surface (it generally takes three people two to four hours per plot). Each plot should be surveyed 
for five consecutive days.  

When a FTHL is found, all data on the Horned Lizard Observation Data Sheet (see Appendix 8) 
should be filled in completely. Additional data to be collected while walking the plot includes 
number of horned lizard scat seen and other lizard species observed.  

To minimize survey variance, always use the same number of people each day on a plot and use 
the same people on a plot for all survey days. Try to search for the same amount of time each day, 
and only search all areas and lanes of the plot once a day, giving equal effort to each area of the 
plot. Rotate where you start the plot each day from one side to the other and then from the center 
in either direction, thus ensuring that each portion of the plot is searched under the ideal 
temperature regime. 

Data analysis 

Capture histories are to be analyzed using the computer program MARK (Otis et al. 1978; White 
and Burnham 1999), which gives an estimate of the population using the plot. Population 
estimates for adults and juveniles (<60 mm SVL) should be obtained separately. The most 
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appropriate model, as determined by MARK’s model selection procedure (using Akaike’s 
Criterion and M(0) as a baseline), should be used for abundance estimates, although models 
determined to have unrealistic assumptions (i.e., regarding individual capture heterogeneity, 
capture response, or temporal variability) may be disregarded. The population calculated by 
MARK can’t simply be divided by 4 ha to get a density estimate (Otis et al. 1978). More lizards 
use the plot over time than are on the plot at any single time. Many home ranges are only partially 
in the plot. To calculate density, the mean maximum distance moved (MMDM) method of Wilson 
and Anderson (1985) should be used. This method adds a boundary strip around the plot using the 
observed recapture distances during the survey as an index of home range size for that site/year. 
This method is more appropriate than using a set boundary based on home range averages 
because FTHL home range size varies according to habitat, gender, size, density of lizards, how 
wet the year is and how long you follow the lizard (Young and Young 2000; Setser 2001; Young, 
pers. obs.; Kirk Setser, pers. comm.). 
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Appendix 5. Distribution Monitoring Protocol 
Distribution shall be monitored through one-hour presence/absence surveys at one-hectare (100 x 
100 m) [2.5 acre (330 x 330 ft.)] sample points. All surveys shall be conducted from April 
through September when air temperatures are between 25 and 37 °C (75 and 100 °F) (Young and 
Young 2000). Surveys should be conducted by personnel who have demonstrated competence at 
locating FTHLs. The distribution monitoring datasheet in Appendix 8 should be used for data 
collection. Each sample point should be surveyed by only one person, but it is recommended that 
researchers work in pairs (drive together to the general area and split up to survey nearby sample 
points). 

Key Areas 

Within each MA, two permanent key areas will be selected for long-term monitoring. These key 
areas will serve as an early warning system where localized population declines can be detected 
before becoming widespread. Hence, key areas should be selected in areas of known or suspected 
habitat decline, most likely on the margins of the MA. Key areas can be of any shape, but should 
be four square miles (10.4 km2) in total area. A control area, also four square miles, should be 
selected in the interior of the MA away from disturbances, to serve as a control against which 
changes in distribution within key areas can be compared. Within each area, 30 permanent one-
hectare sample points should be randomly selected. Thirty additional sample points should be 
randomly selected from outside the control and key areas. These last 30 points are for refining the 
predictive distribution model over time and should not be permanent. Choose all sample points 
ahead of time and assign an identifying number to each. Vary which area you sample from week 
to week to avoid a seasonal bias. Sample each point only once each year. In subsequent years, 
resample the permanent points in the control and key areas, but select new random points for 
model refinement. 

Monitoring Protocol at Sample Points 

To survey, navigate to a sample point with a GPS unit, put down a tall pin flag to mark the 
position (the center of the hectare), note the starting time, then take a digital photo from the 
middle point, facing whichever direction you feel best represents the average habitat of that 
hectare. Spend up to one hour searching carefully within a 50-meter radius of the flag. Measure 
disturbance and other variables of interest during your initial search by collecting 50 “toe point” 
samples. This is done by walking north/south transects spaced 10-20 m apart and recording 
whether there is a vehicle track (of any size or age) or other variable of interest (e.g. galleta grass) 
within two m (6.5 ft) of every 10th footstep (if you encounter a horned lizard track while doing 
toe point samples, pause the sampling and follow the track—you can finish your sampling later). 
If you encountered a FTHL while measuring disturbance, no additional searching is needed. If you 
did not encounter a FTHL, continue surveying in any fashion that gives good coverage of the 
hectare and maximizes the chance of encountering a FTHL (tracking is encouraged when 
conditions allow). Note presence of scat, but focus on finding a lizard. The survey ends after one 
hour, or as soon as a FTHL is found and disturbance data have been gathered. Note end time, check 
that all data are filled out and then (if conditions permit) navigate to the next sample point (with a 
goal of completing two or three samples per person each morning). 
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Data analysis 

The presence or absence of FTHLs (represented as a 1 or 0 respectively) at each location serves as 
the dependent variable to be used in conjunction with GIS overlays that represent various habitat 
features (the independent variables) in a logistic regression model. Using a recently developed 
ArcView extension, StatMod (Garrard, 2002), the goal is to create a predictive spatial model of 
FTHL occurrence within the MA and surrounding area. Such a model predicts probability of 
presence, and should indicate areas of high and low importance to the lizard. Proximity to roads 
and agriculture, as well as disturbance from OHV activity (if available as GIS overlays) can also be 
used as predictor variables, thus allowing assessment of their effects upon FTHL occurrence. 

StatMod samples the independent variables at each survey point, and the resulting data set is used 
to create the model. The user has great flexibility in model creation (e.g. selecting which 
independent variables will be used in the model through either backward elimination, forward 
selection, stepwise selection, no selection, or specifying certain variables that must be included). 
Careful thought should be given to the choice of independent variables and to the settings for 
model parameters. Either categorical or continuous predictor variables may be used. It is 
recommended that Chris Garrard (Utah State University), or another statistician familiar with 
spatial modeling, be consulted prior to undertaking any analyses. The StatMod extension and a 
user’s guide are available (at no cost) at http://bioweb.usu.edu/gistools/statmod/ but to run the 
logistic regression model requires ArcView 3.2 and SAS statistical software. The model can be 
refined as additional survey data are collected. 
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Appendix 6. Project Evaluation Protocol 

Introduction 

The objective of this protocol is to provide an assessment of FTHL presence or absence at 
proposed project sites within FTHL habitat on federal lands outside of MAs, to determine whether 
mitigation may be required (mitigation and compensation are automatically required on MAs, and 
compensation is required on all historic FTHL habitat on signatory lands outside of MAs). If the 
results indicate the species is present in a proposed project area, that project will be subject to 
appropriate mitigation and compensation. Surveys to determine presence or absence of the species 
are only required in areas of unknown occurrence (mitigation and compensation are automatically 
required in areas of known occurrence). However, a project proponent can forego these surveys 
by assuming the species is present and applying appropriate mitigation and compensation. If less 
than 20 acres of continuous potential habitat remain on and adjacent to the project site, no surveys 
or mitigation will be required (but compensation will still be required). 

Areas of Known Occurrence 

Resource and land management agencies have mapped areas of known FTHL occurrence (Figure 
2). Within the historical range, assume the species is present if: 

1. There is a locality record within two miles; and 

2. the habitat is continuous (i.e., not divided by impermeable barriers such as a canal) and 
suitable between the locality and the project site; and 

3. major habitat alteration or conversion has not taken place since the species was 
detected. 

Areas of Unknown Occurrence 

In areas of potentially suitable habitat within or on the edge of the species' range (Figure 2) in 
which presence is not assumed, surveys must be conducted to determine the presence or absence 
of FTHLs at project sites prior to project initiation. If the surveys indicate FTHLs are present at the 
project site, then mitigation and compensation will be required. If all survey requirements are met 
and the species is deemed absent, then mitigation is not required. 

Required Authorizations and Qualifications 
Only persons authorized by AGFD (in Arizona) or CDFG (in California) shall conduct surveys and 
handle FTHLs. Investigators shall have experience in surveying for FTHLs, including ability to 
recognize and follow FTHL tracks, or shall obtain training from an experienced investigator. Prior 
to any survey effort, a survey proposal shall be developed and approved by AGFD (in Arizona), 
CDFG (in California), and/or by the state or federal agency that manages the lands to be surveyed. 

Survey Protocol 
Although investigators shall focus on finding horned lizards, both scat and horned lizards shall be 
noted. All surveys shall be conducted from April through September when air temperatures are 
between 25 and 37 oC (75 and 100 oF) (Young and Young 2000). For projects that will impact 
less than nine hectares (22 acres), surveys should cover an area of at least nine hectares, centered 
on the proposed project site (unless one or more edges of the project site are unsuitable habitat, in 
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which case the surveys would be conducted in adjacent suitable habitat). A minimum of four one-
hour presence/absence surveys (Appendix 5) shall be conducted in this area, with one of the 
surveys centered on the project site. 

For larger projects the number of one-hour presence/absence surveys will increase in the 
following manner:  

Project impact size (ha)  Number of one-hour presence/absence surveys 

10-25        4 

26-50        6 

51-100        8 

100-260 (1 section)    10 

>260      10 per section 

 

Road Surveys 
FTHLs are often easier to detect on roadways than during walking surveys. Thus, road surveys 
shall also be conducted and shall consist of driving all roads at least twice in or near the survey 
area and recording any horned lizards observed. Workers should drive very slowly (no more than 
10 miles per hour on unpaved roads) to allow detection of lizards. Road surveys should be 
conducted from April through September primarily in the morning when air temperatures range 
from 25 to 37 oC (Young and Young 2000). 

Data Records 
The location of transects, and each FTHL, desert horned lizard, and horned lizard scat found during 
walking or road surveys shall be recorded on maps of scale no less than 1:24,000. Date and time 
observed, and (if captured) sex and snout-vent length shall be recorded for each horned lizard 
observed. A 35-mm color photograph with the lizard filling at least half of the frame shall be 
taken of each horned lizard. A sample of horned lizard scat shall be collected. A qualitative 
assessment of the habitat should be conducted, including listing dominant perennial and annual 
plants, substrate types, and level of disturbance (note roads, OHV tracks, vegetation removal, etc.) 
Photographs can be used to document habitat characteristics. Survey dates, and beginning and 
ending times and surface temperatures of each survey shall be recorded. Any blocks of time not 
actually spent conducting the survey shall be subtracted from the total survey time. Data collected 
during walking surveys shall be recorded on the attached sample survey form. Survey results shall 
be detailed in a report to which all survey forms and data on lizards, including photographs and 
maps, shall be appended. 
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Interpretation of Survey Results 
The following criteria shall be used to derive presence or absence of the FTHL from the survey 
results: 

Species present if:  

1. FTHLs are found; or 

2. Horned lizard scat is found and the desert horned lizard is unlikely to occur at the 
project site; or, as noted previously, 

3. No FTHLs are found; but 

a) FTHLs have been found within two miles of the project site, and 

b) The habitat is continuous or suitable between the locality and the project site. 

Species absent if:  

1. No scat or horned lizards are found; and 

a) No FTHLs have been found within two miles of the project site; or 

b) FTHL locality record(s) exist within two miles, but the habitat is not continuous 
or suitable between the locality and project site; or 

2. Scat is found, no FTHLs are found, but desert horned lizards occur within two miles of 
the project site; and 

a) No FTHL locality record(s) exist within two miles of the project site; or 

b) FTHL locality record(s) exist within two miles, but the habitat is not continuous 
or suitable between the locality and project site. 

If, based on the above analysis, FTHLs are deemed present, locality records, scat occurrence, and 
descriptions of habitat shall be sent to the ICC secretary to update the distribution map. 
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Appendix 7. Fencing and Removal Survey Protocols 
In accordance with Measure 8 of the Mitigation section, sites of permanent or long-term (greater 
than one year) projects in MAs where continuing activities are planned and where FTHL mortality 
could occur may be enclosed with FTHL barrier fencing. After clearing the enclosed area of horned 
lizards following the protocol described in this appendix, no on-site monitor is required (see 
Measure 7 of the Mitigation section). Fencing for the purpose of producing a FTHL barrier along 
roads (see Mitigation Measure 10) shall also follow these protocols as applicable. Prior to any 
fencing or removal survey, a proposal shall be developed and approved by AGFD (in Arizona), 
CDFG (in California), and/or by the state or federal agency that manages the lands to be surveyed. 

Fencing Protocol 

 Barrier fences for the exclusion of FTHLs shall follow these specifications: 

1) The barrier fence shall be constructed along the entire perimeter of the project and be 
inset sufficiently from the perimeter of the parcel to allow for construction and 
maintenance. 

2) Barrier material shall be 0.25” mesh hardware cloth and 36” in height 

3) Barrier material shall be buried 6” deep, providing 30” above the surface.  

4) Barrier material shall be securely attached to t-posts or fence posts and barbed wire 
strung at heights of 15” and 30” (A third barbed wire shall be strung above the FTHL 
proof fencing), using metal clips or wire.  

5) Additional t-posts or fence posts shall be placed at any junctions between rolls of 
hardware cloth to discourage the formation of gaps. 

6) An experienced biological monitor shall oversee the construction of the barrier fence 
and be on-site to search for and remove FTHLs during surface-disturbing activities. 

7) The entire fence shall be maintained in perpetuity, including but not limited to the 
repair of gaps under or in the fence, and accumulation of plant debris or sand on the 
outside of the fence. 

8) Biological monitors shall conduct a removal survey, following the protocol below, 
only after the fence construction is completed. 

Removal Survey Protocol 

 Removal surveys shall be conducted after barrier fence completion and prior to construction 
activities. Surveys shall follow these guidelines: 

1) Surveys shall be conducted by experienced biological monitors as described in 
Appendix 6. 

2) Surveys shall occur only during appropriate survey conditions as described in 
Appendix 6 

3) Projects < 4 acres (1.6 ha) in size require four hours of survey effort. For larger 
projects, minimum survey effort shall be 0.5 hour per acre. The land managing 
agency may require a greater survey effort. 
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4) Survey methods shall be designed to achieve a maximal capture rate and shall 
include but not be limited to the following: strip transects, tracking, and raking 
around shrubs. 

5) Survey methods shall incorporate a systematic component to ensure that the entire 
fenced project site is surveyed. A modification of the Population Monitoring Protocol 
(Appendix 7) may be used. 
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Appendix 8. Forms and Data Sheets 
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Distribution Monitoring Data Sheet.........................................................................................109 
Horned Lizard Observation Data Sheet ...................................................................................110 
Project Reporting Form .......................................................................................................111 



 

 

Population Monitoring Data Sheet 
MA: _____ Plot#: ____ Technicians: ________________________________________________________________________________  

Corner locations (NAD 27 projection, UTM Zone _____) NW _____________ , _____________SW ___________, ___________  

NE __________ , __________ SE ___________ , ____________  Photo ID #’s _____ ,______ Dominant Vegetation _____________  

Habitat Inventory (report totals from 300 point obs here): OHV trails _Fine sand (<0.5 mm):______Coarse sand (0.5 – 1.0 mm):______Gravel (>1 – 30 mm):____ Rock (>30 mm): ___  
 

5 DAY CAPTURE HISTORY TABLE 
 DAY 1 DAY 2 DAY 3 DAY 4 DAY 5

Start/End times           
Start Date: 

Start/End temps           
Start corner      

End Date: 

Record UTM (NAD 27) of capture for each day caught (or mark ‘0’ if not seen). Record full capture data of each lizard’s initial capture on the Horned Lizard Observation data sheet  
ID SEX1 AGE2 DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 CAP. HIST.3 
1     
2     
3     
4     
5     
6     
7     
8     
9     
10     
11     
12     
13     
14     
154     

 1Sex categories: 0 = female, 1 = male.  2Age categories: 0 = hatchling = <40 mm; 1 = juvenile = 40-60 mm; 2 = adult = >60 mm. 3Series of five 0’s and 1’s where 1 = caught, 0 = not 
seen. Compile capture histories for each animal at the end of the 5 survey days.  4If more than 15 individuals are captured on a plot, use an additional 
data sheet. 

 



 

   

Distribution Monitoring Data Sheet Sheet #______________
(Time should be recorded in 24:00 clock) Use NAD27 projection and specify UTM Zone________ 

Observer Date 

Start 
time 

End 
time Easting (UTM) Northing (UTM) Plot # Photo # 

        

NOTES: 

FTHL DHL Scat GrSq Ztail 
<500 m from 
development? Disturbance Ggrass 

        

Record these as 1 = present; 0 = absent. Record FTHL 
measurements on FTHL observation data sheet. 

If yes, specify type 
(road, ag, housing) 

Values between 0 and 50 from 
toe-point samples 

 

Observer Date 

Start 
time 

End 
time Easting (UTM) Northing (UTM) Plot # Photo # 

        

NOTES: 

FTHL DHL Scat GrSq Ztail 
<500 m from 
development? Disturbance Ggrass 

        

Record these as 1 = present; 0 = absent. Record FTHL 
measurements on FTHL observation data sheet. 

If yes, specify type 
(road, ag, housing) 

Values between 0 and 50 from 
toe-point samples 

 

Observer Date 

Start 
time 

End 
time Easting (UTM) Northing (UTM) Plot # Photo # 

        

NOTES: 

FTHL DHL Scat GrSq Ztail 
<500 m from 
development? Disturbance Ggrass 

        

Record these as 1 = present; 0 = absent. Record FTHL 
measurements on FTHL observation data sheet. 

If yes, specify type 
(road, ag, housing) 

Values between 0 and 50 from 
toe-point samples 



 

 

Horned Lizard Observation Data Sheet Sheet #______________
(Time should be recorded in 24:00 clock) Use NAD27 projection and specify UTM Zone________ 

Observer Date Time Easting (UTM) Northing (UTM) Plot # I.D. # Photo # 

        

Species Sex SVL (mm) Weight (g) Notes: 

FTHL DHL M F     

Observer Date Time Easting (UTM) Northing (UTM) Plot # I.D. # Photo # 

        

Species Sex SVL (mm) Weight (g) Notes: 

FTHL DHL M F     

Observer Date Time Easting (UTM) Northing (UTM) Plot # I.D. # Photo # 

        

Species Sex SVL (mm) Weight (g) Notes: 

FTHL DHL M F     

Observer Date Time Easting (UTM) Northing (UTM) Plot # I.D. # Photo # 

        

Species Sex SVL (mm) Weight (g) Notes: 

FTHL DHL M F     

Observer Date Time Easting (UTM) Northing (UTM) Plot # I.D. # Photo # 

        

Species Sex SVL (mm) Weight (g) Notes: 

FTHL DHL M F     

Observer Date Time Easting (UTM) Northing (UTM) Plot # I.D. # Photo # 

        

Species Sex SVL (mm) Weight (g) Notes: 

FTHL DHL M F     

Observer Date Time Easting (UTM) Northing (UTM) Plot # I.D. # Photo # 

        

Species Sex SVL (mm) Weight (g) Notes: 

FTHL DHL M F     



 

   

Project Reporting Form  
for Projects or Activities that Disturb Flat-tailed Horned Lizard Habitat 

This form is to be filled out before project initiation and after project completion.  
If this form is used for reporting unauthorized disturbances (within or outside of MAs), document all information sources, 
preferably with publicly available documents. In all cases, respect private property rights. 

 
PROJECT DESCRIPTION/LOCATION: 
Project Number:__________Authorizing Agency:__________Field Contact Rep:____________________ 
Project name/description:_______________________________________________ 
Project proponent:_______________________________________________ Authorized:___ Unauthorized:___  
 
Project type: Construction___ Military Maneuver___ Land Disposal___ Maintenance of Existing Project___ Intrusive 
Research___ Recreation/Interpretive Development___ Mining (includes sand and gravel)___  
Other (describe)_____________________________________________________________________ 
 
Project location: (attach map showing location and footprint of project) 
Within MA___ (indicate which MA)______________  
Outside MA___Township_____ Range_____ Section_____ 1/4 Section_____ 
 
EFFECTS OF THE PROJECT: 
Growth inducing effects: Yes___ No___ Previously disturbed: Yes___ No___ Partly___  
Duration of effect: Short term (<10 yrs)___ Long term (>10 yrs)___ New access: Yes___ No___  
Acres lost as habitat:_____ Acres degraded:_____  
Lands outside project footprint: Not affected_____ Adversely affected_____  
 
MITIGATION/COMPENSATION: 
Mitigation required: Yes___ No___ Mitigation plan: Yes___ No___ Mitigation type: Construction limited to 
11/15-2/15___ Worker education___ Location altered___ FCR___ Define and limit work areas___ Biological 
monitor___ Preconstruction surveys___ Perimeter lizard fence___ Restoration___ Post-project 
monitoring___Other_______________________________________________________________________________
_____________________ 
 
Compensation required: Yes___ No___ Compensation type: $(amount)________ Lands(acres):_______  
If compensation is lands: Lands transferred to:_______________________ 
Location of lands:________________________________________________ 
 
FTHL OBSERVATIONS: 
FTHL Observed on Project Site: Yes___ No___ If Yes, fill out the FTHL Observation Data Sheet 
#FTHLs relocated_____ #FTHLs killed_____ #FTHLs injured_____  
 
COMMENTS:____________________________________________________________(continue other side if 
needed) 
 
Preparer (print):______________________________________________ Title:_____________________________ 
 
 
Signature:___________________________________________________________ Date:__________ 
 

Mail a copy of this form and any additional data to the Secretary of the Interagency Coordinating Committee 
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EDITOR'S NOTE.-The following three papers constitute an essay by C. K. Dodd, I r  
and R. A. Seigel followed by two replies to the essay by, respectively, R .  L. Burke 
H. K. Reinert. 

Herpetologica, 47(3), 1991, 336-350 
@ 1991 by The Herpetologists' League, Inc 

RELOCATION, REPATRIATION, AND TRANSLOCATION OF 
AMPHIBIANS AND REPTILES: ARE THEY 

CONSERVATION STRATEGIES THAT WORK? 

C. KENNETH DODD, J R . ~  AND RICHARD A. SEIGEL~ 
'National Ecology Research Center, U.S. Fish and Wildlife Service, 

412 N.E. 16th Avenue, Room 250, Cainesville, FL 32601, USA 
^Department of Biological Sciences, Southeastern Louisiana University, 

Box 814, Hammond, LA 70402, USA 

ABSTRACT: Conservation strategies involving relocations, repatriations, and translocations (RRT) 
have been carried out, are underway, or are advocated for a number of endangered and threatened 
amphibians and reptiles. However, recent reviews of RRT projects involving birds and mammals 
suggest that the success rate is low and that the factors that lead to endangerment operate to impede 
effective RRT results. In this paper, we review available information on RRT projects involving 
amphibians and reptiles, examine the motives for advocating RRT strategies, and recommend 
biological and management criteria that should be considered prior to undertaking RRT projects. 
Most RRT projects involving amphibians and reptiles have not demonstrated success as conservation 
techniques and should not be advocated as if they are acceptable management and mitigation 
practices. We urge caution in accepting claims of success and urge colleagues to publish detailed 
methods and results of past and ongoing RRT projects. 

Key wordy: Amphibians; Reptiles; Repatriation; Relocation; Translocation; Conservation; Man- 
agement 

THE concept of re-establishing popula- 
tions of endangered or threatened species 
in areas where they have been extirpated 
has become extremely popular in recent 
years. For example, Griffith et al. (1989) 
reported that approximately 700 translo- 
cations or repatriations occurred each year, 
mainly in the United States and Canada. 
Variously termed "reintroductions", 
"translocations", and "repatriations", such 
programs have the laudable goal of re- 
ducing the probability of extinction by in- 
creasing the number of viable populations 
or increasing the number of individuals in 
small populations (Campbell, 1980; Scott 
and Carpenter, 1987). Repatriations into 

natural habitats are frequently combined 
with captive-breeding programs at zoolog- 
ical parks (Scott and Carpenter, 1987) and 
may spark wide public interest. 

Despite the increasing popularity of re 
patriation programs as a conservatioi 
technique, serious questions have arisen 
about the theory behind such programs 
and their effectiveness (British Herpeto- 
logical Society, 1983; Campbell, 1980; Co- 
nant, 1988; Griffith et al., 1989; Mlot, 1989: 
Scott and Carpenter, 1987; Tasse, 1989). 
In a comprehensive review of the success 
of repatriation and translocation programs 
for birds and mammals, Griffith et al. 
(1989) found an overall project success rate 
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f 44%. They noted that success rates were of individuals into geographic areas not 
.,pparently dependent on a variety of eco- historically occupied by that species are 
logical factors, including the quality of the termed translocations. Relocation involves 
habitat where the release occurred, wheth- moving an animal or population of animals ' 

er the individuals released were wild or away from an area where they are im- 
captive-bred, and the feeding habits of mediately threatened (e.g., by develop- 

ment) to an area where they would be less adults. 
There has been considerable recent in- prone to habitat loss; ideally, relocated an- 

terest in the conservation of reptiles and imals should be moved to habitats where 
mphibians despite the fact that they lack they historically occurred, but this is not 
he broad public appeal of birds and mam- always the case. 
rials. In the United States. Puerto Rico, There is considerable confusion in the 
and the U.S. Virgin Islands, 11 species of literature concerning what the term "suc- 
amphibians and 29 species of reptiles are cess" means in the context of repatriation 
currently on the federal list of Endangered or translocation programs. Because the goal 
and Threatened Wildlife and Plants, with of any conservation program is the estab- 
many other species protected by state and lishment (or enhancement) of a viable, self- 
territorial regulations. Frequently, man- sustaining population, we follow Griffith 
agement,conservation, and recovery plans et al. (1989) in defining a repatriation, re- 
or endangered or threatened reptiles and location, or translocation as successful only 
mphibians involve repatriation, reloca- if evidence is presented that a self-sustain- 
ion, or translocation (hereafter referred to ing population has been established. Hence, 

as RRT) programs. Such programs often 'the presence of some breeding individuals 
become highly visible and intertwined with does not, in our opinion, constitute evi- 
local political concerns. For example, re- dence for success unless it can be shown 
location programs for the gopher tortoise that the population is at least stable. Be- 
(Copherus polyphemus) have been used cause many endangered reptiles and am- 
as mitigation allowing development of up- phibians have long life spans (e.g., sea tur- 
lands habitats throughout Florida. Given tles, tortoises), determining the success of 
he extremely limited resources (both in a given release may be difficult and time- 
m e  and money) available for conserva- consuming. Nonetheless, we suggest that 

[ion programs for reptiles and amphibians, the burden of   roof is on the investigator 
a detailed understanding of the effective- to show that a self-sustaining population 
ness of repatriations or translocations is es- exists before declaring success; to do oth- 
sential (Scott and Carpenter, 1987). How- erwise would be to imply that the ~ roba-  
ever, we are unaware of any critical review bility for extinction has been lowered for 
of the success of repatriation or translo- that species, when, in fact, this may not 
cation programs for amphibians and rep- be true. 
tiles. In this paper, we provide such a re- Our review is based on published ref- 
iew. erences in the open literature, unpublished 

references (often in the form of reports to 
DEFINITIONS various resource management agencies), 

A wide variety of terms have been used and personal communications solicited 
to refer to programs where animals are from colleagues. We recognize that we may 
released into areas where they have be- have missed RRT programs whose results 
come extirpated or rare (British Herpe- remain unpublished. - 
tological Society, 1983; Conant, 1988; Grif- 
fith et a].. 1989: Mlot. 1989; Scott and DISCUSSION OF RRT PROGRAMS 
Carpenter, 1987; Tasse, 1989). For the We documented RRT that had 

rposes of this paper, we define the re- been carried out for 25 species of am- 
ase of individuals of a species into an area phibians and reptiles (Table 1). We con- 

irmally or currently occupied by that sider the RRT programs for Chelonia my- 
'pecies as a repatriation, whereas releases dm separately, but combine RRT programs 



TABLE I.-Tabulation of actual and planned RRT projects involving amphibians and reptiles, U = unknown, E = eggs, L = larvae, J = juveniles, H = 
hatchlings, A = adults, N = not successful, C = casual observations. Reasons for relocation failure as follows: I = unknown, 2 = unsuitable habitat, 3 = 
unsuitable developmental conditions, 4 = human predation, 5 = animals moved away from release site, 6 = mongoose predation, 7 = poor release design. 

Repro- 
Species h a t i o n  Stage s-s duction Follow-up Reference 

RRT projects completed or in progress 
Amphibians 

Salamanders 
Plethodontidae 

Plethodon idahoensis 
Salamandridae 

Trittirus vitiafus 
. Frogs 

Biifonidae 
i n f o  calamita 
Peltophryne lemur 

Pelobatidae 
Pelobates syriaciis 

Reptiles 
Turtles 

Cheloniidae 
Caretta caretta 
Chelonia mydas 

Lepidochelys kempi 
Clielydricioc 

Macroclemys temmincki 
Testudiniciae 

Geochelone elcphantoptis 

hfontana 

USSR 

Englaiicl 
Puerto Rico 

USSR 

Virginia 
Caribbean 
Florida 
Texas 

Georgia 

Galapagos Is 

Seychelles 

Southeast USA 

California 

A? 

J 

I.. u 
J ,  A 

L. I 

K 
H 
H 
E 

H 

I 
A 

A 

A 

Anon (1990) 

Bcebee (19831; Corbett (1989) 
Miller (1985h Paine and Duval (1985); Paine e l  

al, (1989); Paine (personal communication) 

Goncliarov et al. (1989) 

DocM (1988~1 
Carr (1984); Dodd (19821; Huff (1989); Parsons 

(1962) 
Caillouet and Landry (1989) 

MacFarland et al. (1974); Bacon and Reynolds 
119821: Snell lner'ional communicatinnl 

s t iddar te l  al. (1982); Samour et al. (1987); 
Spratt (1989) 

Bard (1989); Burke (1987, 1989a.b); Diemer 
(1986. 1987. 19891; Dietlein and Smith (1979): . .. 
~ n o n i n  (1i86). FGFWFC (1989); Fucigna 
and Nickerson (1989); Godley (1989); Layne 
(1989); Lolio~fener and Lohmeier (1986); 
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for other species. Of these RRT projects, 
five (19%) were classified as successful, six 
(23%) were unsuccessful, and 15 (58%) 
could not be classified although in six in- 
stances reproduction occurred. Thus, the 
success rate for RRT programs for reptiles 
and amphibians is considerably lower than 
for birds and mammals (44%: Griffith et 
al., 1989). Moreover, the success rate for 
reptiles and amphibians varied phyloge- 
netically; of the five successful programs, 
four involved crocodilians. If projects were 
considered individually rather than by 
species, especially for all gopher tortoise 
RRT's, the success rate would be lowered 
considerably. Although reproduction may 
have occurred, no RRT program has yet 
established a self-sustaining population of 
snakes, turtles, frogs, or salamanders. 

We recognize that some of the cases 
marked as "unknown" could eventually 
prove to be successful, such as projects in- 
volving the Aldabrii and Galapagos tor- 
toises and Galapagos land iguana. We also 
note that some of the cases currently listed 
as successful are based on limited follow- 
up data, and long-term studies could show 
that initial optimism was premature. There 
are few published accounts dealing with 
the rationale, methodology, results, and 
criteria for success of conservation-related 
repatriation, relocation, or translocation 
projects (but see Stubbs, 1989). 

Examples of RRT Projects 
In the following section, we summarize 

data on several representative RRT activ- 
ities. While space limitations preclude a 
detailed summary of each actual or pro- 
posed RRT project listed in Table 1, a sum- 
mary can be obtained by contacting the 
authors. 

Bufo houstonensis.-Conservation ef- 
forts for the Houston toad have involved 
extensive data collection on both natural 
populations and the husbandry of toads in 
captivity. The project was begun in 1978 
by the Houston Zoo to identify remaining 
populations and to either supplement ex- 
isting populations or to start new popula- 
tions in protected areas using wild adults, 
naturally deposited eggs, or captive-reared 
juveniles and adults. Ten sites at Attwater 

Prairie Chicken National Wildlife Refnz,. 
(APCNWR) were chosen in 1982 for . .. 
introduction, and tadpoles or juveniles v, ,, 
observed 6 wk after the 1982 and J 1 
releases. Detailed descriptions of husba,,~ 1~ 
ry, sites, release methods and numbers, awl 
monitoring are contained in unpublishrd 
reports to the U.S. Fish and Wildlife Srr. 
vice (Quinn, 1980, 1981; Quinn and Frr- 
guson, 1983; Quinn et al., 1984). However. 
despite careful laboratory and field tecl,. 
niques and the introduction of 0.5 milli, , 
individuals since 1982 (adults, juven 
recent metamorphs, tadpoles), not even. , 

new population of the Houston toad I):,, 
been successfully established at APCNW11 
(H. Quinn, personal communication). 

Lepidochelys kernpi.-From 1978 
through 1988, freshly deposited Kernp's 
ridley eggs (1000-3000/yr) were trans- 
ported from Rancho Nuevo, Mexico, 1'8 
Texas in an attempt to establish a nt-, 
nesting colony on protected Texas beach 
Eggs were incubated in sand at Padre 
land and hatchlings were allowed to entci 
the water at Padre Island National Sea- 
shore to allow for possible imprinting on 
environmental cues. Hatchlings were then 
shipped to a National Marine Fisherie5 
Service rearing facility at Galveston for 
head-starting. More than 17,000 hatcli- 
lings were imprinted at Padre Island, ai, ' 
>12.000 turtles have been released aft 
head-starting. Details of the project, 1 9  

eluding rationale and objectives, metli. 
odology of transport, rearing, and release. 
numbers of turtles involved, and mortality 
and disease, have been outlined in a pop- 
ular book (Phillips, 1989) and discussed b! 
many papers in a symposium volume ed- 
ited by Caillouet et al. (1989). The Padre 
Island phase of the Kemp's ridley projec' 
was terminated after the 1988 season. 

Gopherus polyphemus.-The most nu 
merous and extensive relocations and 
translocations of any amphibian or reptile 
species involve the gopher tortoise in the 
southeastern United States. Although 
thousands of animals have been moved 
from one area to another, particularly 
within Florida, in efforts to mitigate de- 
velopment or mining of the tortoise's re- 
maining habitat, few details are available 
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id these relate to only a few projects 
~ a r d ,  1989; Burke, 1987, 1989b; Diemer, 

1986, 1987,1989; Doonan, 1986; Fucigna 
jnd Nickerson, 1989; Stout et al., 1989). 
additional animals have been released into 
populations from which they did not orig- 
inate after use in tortoise races (e.g., Diet- 
Iein and Smith, 1979), although this prac- 
tice now has ceased. Other efforts have 
ought to establish populations in areas that 
lay be outside the historic range (e.g., in 
i e  Fall Line Hills of Alabama), in isolated 

 cations at the limits of the species' range 
\e.g., in Tangipahoa Parish, Louisiana), or 
n reclaimed phosphate mines (Godley, 
1989). 

Diemer (1989) reviewed relocations of 
gopher tortoises that occurred in Florida 
prior to 1987. Details were provided on 
line additional relocations at a 1987 sym- 
osium sponsored by the Florida Game 
nd Fresh Water Fish Commission (Burke. 

i989b; Fucigna and Nickerson, 1989; God- 
ley, 1989; Layne, 1989; Stout et al., 1989). 
Four studies followed tortoises 2 yr or less. 
Each of the four short-term relocations in- 
volved moving a group of tortoises from 
one or more sites to one or more different 
'ites. Generally about 50% of relocated tor- 
oises remained within 0.5 km 1 yr after 

Â¥lease 
Additional details are available from two 

studies reported at the 1987 symposium. 
Burke (1987, 1989b) reported that 35 of 
85 relocated tortoises in south Florida re- 
mained 2 yr after relocation, an "appar- 
ently stable population". Although his 
study was of short duration, Burke (1989b) 
vncluded that tortoises could be relocated 
rairly successfully" and that his work did 

~t support social factors as influencing 
~ccess rate. In a central Florida relocation 

Bard, 1989; Doonan, 1986), two of 12 ra- 
dio-tagged tortoises could be accounted for 
dter 41 mo while only three of 30 non 
radio-tagged animals were ever recap- 
lured after release. Seven relocated tor- 
toises were recaptured on 11 occasions 
wmpared with 144 captures of resident 

ftoises on 188 occasions. 
Until 1990, moving tortoises from one 
ea to another was accepted as a conflict 

Â¥litigatio measure, especially for Devel- 

opments of Regional Impact (DRI's), by 
the State of Florida, particularly in the 
rapidly growing central and southern 
regions of the state. Between 75 and 100 
relocations, involving thousands of tor- 
toises, have occurred or been authorized 
(D. Wood and J. Diemer, personal com- 
munication). Details concerning these re- 
locations are unknown. 

Lacerta agiiis.-After a severe fire on 
a nature reserve in 1976, surviving sand 
lizards were collected. In 1978, they were 
moved to an outdoor vivarium. In 1981, 
the vivarium held a breeding colony, the 
purpose of which was to furnish animals 
for eventual reintroduction to the burned 
area (Spellerberg and House, 1982). Liz- 
ards were released in 1981 and recolonized 
the burned area. By 1988, the heathland 
community had recovered and sand liz- 
ards were again prevalent (Spellerberg, 
1988). Details concerning follow-up sam- 

. pling or lizard numbers were not present- 
ed. Other relocations and translocations of 
this species have occurred throughout 
southeastern England (primarily Dorset), 
and more recently in northwestern areas. 
for at least 20 yr. However, little infor- 
mation appears in the literature concem- 
ing specific details. Four populations from 
releases 17 yr ago continue to survive: one 
survives after 13 yr, two survive after 5 yr, 
and only two have disappeared because of 
fire (Corbett, 1988). A population in the 
Inner Hebrides continues to survive 14 yr 
after establishment although this area is 
outside the known distribution and cli- 
matic requirements for the species (Cor- 
bett, 1988). 

Crocodilians in India.-Relocation ef- 
forts in India have been summarized by 
de Vos (1984) and Choudhwy and Chow- 
dhury (1986), including discussions of ob- 
jectives, criteria for relocation, problems, 
and the need for monitoring the release. 
However, specific data on individual rein- 
troductions and the long-term status of in- 
troduced animals is unavailable. 

More than 1000 muggers (Crocodylus 
palustris) have been reintroduced in 22 
locations as of 1986. As of 1986, 1022 salt- 
water crocodiles (C. porosus) had been re- 
introduced in India in five locations 
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(Choudhury and Chowdhury, 1986). Re- 
introduction of both species is thought to 
be successful. 

The reintroduction of gharials (Gaviahs 
gangeticus) to areas where they had been 
eliminated or severely reduced is touted 
as a major conservation achievement in 
India. As of 1986, 1456 gharials had been 
released in eight locations (Choudhury and 
Chowdhury, 1986). Specific details are 
available only for the reintroduction at the 
National Chambal Sanctuary where mon- 
itoring has been conducted since 1975 (Rao, 
1990). In 1988, 50 nests at 15 sites were 
reported, and the nesting population was 
estimated at 50 animals (Rao, 1990). A to- 
tal of 1287 captive-raised gharial have been 
released in the Chambal River, and the 
total population estimate based on 1987- 
1988 surveys was 804, 

Because the success rate of RRT move- 
ments for conservation-related purposes is 
not very high, the reasons for advocating 
such efforts as conservation strategies 
should be examined. We suggest the fol- 
lowing reasons may help to explain the 
advocacy of RRT movements as conser- 
vation practices, and we recommend a 
change in attitudes concerning these prac- 
tices. 

Good publicity.-Moving animals from 
one area to another for what promoters 
describe as conservation-related purposes, 
particularly popular species such as sea 
turtles and tortoises, creates favorable me- 
dia attention and publicity. Media atten- 
tion in turn can be used to increase the 
public's awareness of problems facing the 
species and perhaps generate funding for 
other less public activities such as land ac- 
quisition and basic research. However, the 
"30-second spot" or short newspaper story 
may create a false positive image for the 
non-involved public, affected individuals 
(e.g., land developers or home owners), 
advocacy groups, and even land managers 
and agency administrators. The result is a 
belief that such movements are a proven 
conservation strategy that benefits the in- 
dividual animal and species. Critical ex- 

aminations of relocation results and c ,  
sequences are rarely part of me< 
coverage. From a cynical point of vie.. 
positive public perception of the succry, 
of human-mediated animal movemen,, 
may be desirable if alternatives are difii. 
cult to undertake or costly (see Political 
concerns below). 

Some relocations are successful.-Then- 
have been successful conservation re la t~!~ 
RRT movements involving amphibians 3 

reptiles (Table 1). for example, among 
crocodilians and for the sand lizard in Bn,, 
ain. Although there is not much in for^ 
mation in the published literature, croco- 
dilian biologists have exchanged 
unpublished information on relocation and 
reintroduction techniques through corrc- 
spondence and attendance at the meetings 
of the Crocodile Specialist Group of tin 
International Union for the Conservatic, 
of Nature and Natural Resources. Lik 
wise, conservation groups in England aii 
closely situated to exchange information 
on sand lizard relocations. Exchange of in- 
formation has undoubtedly facilitated the 
success of these efforts. 

Perceived successes.-Perceived suc- 
cesses result from inadequate information 
presented to the general public, inappro- 
priate extrapolation of results from or. 
study to other taxa, and premature repor 
of success. 

Some individuals and organizations (e.g.. 
Tasse, 1989) have advocated RRT move- 
ments as a conservation strategy based on 
limited success in a few species: for ex- 
ample, the Arabian oryx repatriation or 
the rock wallaby translocation from Aus- 
tralia to Hawaii. We believe such advo- 
cacy is naive and ill-informed. If two spe- 
cies have similar biological requirements 
and evolutionary history, extrapolation of 
the results from one taxon to the other may 
be initially justified. However, we do not 
recommend the automatic acceptance of 
positive results on one species as a substi- 
tute for critical experimentation and long- 
term monitoring of the related species, The 
recent publication of critical examinations 
of movement-related management of a 
wide variety of birds and mammals should 
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Gerve as a caution for even within-taxon 
Â¥xtrapolationo results (Conant, 1988; Grif- 
fith et al., 1989). 

Of greater concern to us, however, is 
the premature claim of "success" by re- 
searchers involved with RRT movements. 
For instance, we fail to understand how a 
50-60% desertion rate by gopher tortoises 
relocated in south Florida, surroundedby 
urban development and monitored for only 
i yr or less, can be heralded as a success 
~ n d  proof that relocation works (Burke, 
1989b). Such claims give credence to the 
perception that RRT movements are prov- 
en management strategies that can be used 
to mitigate questions of habitat loss. In turn, 
this perception undermines efforts to pro- 
tect existing habitat and appears to provide 
an easy way out of difficult land use ques- 
tions. Until long-term studies have dem- 
onstrated otherwise, human-mediated 
movements of amphibians and reptiles 
should not be taken as proven conservation.. 
strategies, but only as experimental strat- 
egies designed to fit specific needs. Re- 
searchers should temper their claims of 
success with a recognition of the need for 
long-term evaluation. If they do not, edi- 
tors should. 

Lack of information on failures.-We 
suspect one of the most likely reasons hu- 
man-mediated movements of animals for 
conservation purposes are continually pro- 
posed is the lack of information on what 
has been attempted in the past. Informa- 
tion on criteria for RRT movements, tech- 
niques, and results are very difficult to ob- 
tain for most studies, even those claimed 
as "successes". Data on negative results are 
virtually impossible to find. Perhaps the 
reasons for failure of most RRT move- 

mane way of dealing with problems related 
to habitat loss. However, most relocated or 
translocated animals move off the reloca- 
tion or translocation site, and long-term 
studies have yet to demonstrate the effec- 
tiveness of these techniques. When the an- 
imals die becomes more important than if 
they die. In addition, commensals and oth- 
er less glamorous members of the threat- 
ened community often are not considered. 
Rather than creating within-habitat pro- 
tected areas or dealing with the larger is- 
sues of habitat protection in rapidly grow- 
ing areas, relocation allows an expedient 
answer to a crisis demanding immediate 
attention. As such, relocation and trans- 
location efforts have become the "cost of 
doing business" rather than well thought 
out strategies for effective conservation. 

Humane considerations.-Concern for 
the fate of individual animals has sparked 
interest in moving them from harm's way. 
Concern is shown generally for the larger 
and more charismatic or benign reptiles, 
particularly tortoises, although humane 
reasons are sometimes used as a justifica- 
tion for relocating crocodilians or smaller 
species. Relocating animals for humane 
considerations can be used to foster inter- 
est in nature and involve individuals, es- 
pecially young persons and the elderly, in 
active participation in conservation issues 
and activities. However, animals relocated 
for humane reasons should be released in 
accordance with the same scientific prin- 
ciples that guide other relocations and 
translocations. 

Self-interest.-We have received re- 
ports that a few consultants have promoted 
relocation not as a measure to mitigate 
habitat-related conflicts, but because they 

nents are unknown. However, we con- 
>ider it essential that both positive and neg- 
ative results be made available in accessible 
sources if mistakes are to be avoided in the 

I future. 
Political concerns.-Relocation has been 

advocated in areas where rapid develop- 
ment is occurring, particularly involving 
tortoises in south and central Florida. Mov- 
ng animals rather than killing them dur- 
ng construction would seem to be a hu- 

want to make a large profit from the re- 
location. Rumors exist of consultants 
charging clients exorbitant fees for relo- 
cations of tortoises in south Florida (G. 
Dalrymple, personal communication). 
While we believe that most consultants op- 
erate within professional and ethical 
guidelines, reasons for relocating amphib- 
ians and reptiles should not be based solely 
on the profit to be made from the relo- 
cation. Consultants should ensure that sci- 
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entitle principles guide the relocation and 
that provisions for the long-term survival 
of the relocated animals are in place prior 
to relocation. 

In addition to the recommendations we 
have made in the preceding text, the topics 
discussed below should be addressed prior 
to advocating or undertaking RRT projects 
for conservation purposes. Lack of clearly 
defined objectives, methodology, measures 
of success, and provisions for long-term 
follow-up studies is an indication of a proj- 
ect likely to fail. In addition, we cannot 
over-emphasize the need to publish the 
results of RRT experiments in appropriate 
journals. The methodology and results of 
both successful and unsuccessful RRT ex- 
periments need to be presented in detail 
to ensure that future efforts benefit from 
past experience. Unfortunately, it is our 
experience that seemingly obvious ques- 
tions often are not asked during the plan- 
ning stages of RRT projects. 

Know Causes of Decline 
A sound recovery plan for any species 

should start with a detailed understanding 
of what caused the species to become en- 
dangered or threatened. Consequently, 
RRT programs should only be attempted 
if (a) the causes of the original decline are 
reasonably well understood, and (b) those 
problems have been eliminated. In several 
cases, an understanding of why the species 
became endangered or threatened was not 
apparent (e.g., Bufo houstonensis, Pelto- 
phryne lemur) or was ignored (e.g., Amei- 
ua polops), and these RRT programs have 
not been successful. 

Know Biological Constraints 
Although intuitively obvious, the need 

for RRT projects to operate within the bi- 
ological constraints imposed by the species 
must be re-emphasized. Several projects 
have failed, at least in part, because of lack 
of attention to the biological requirements 
of the species (Beebee, 1983; Berry, 1986; 
Dodd, 1988a). Biological constraints to 
conservation are those factors that set the 
limits within which human-mediated ac- 

3 .  

tions can be taken: i.e., they comprise 
animal's life history requirements. T, 
include habitat, demographic, and I , ,  
physical components. Various authors hdM 
discussed the need to consider the bioloe. 
ical and habitat requirements of herpi. 
tofaunal species in specific RRT project. 
(ex . ,  Bloxam, 1982; Berry, 1986; Dierner 
1989). 

Habitat constraints.-We refer to haIL 
itat constraints as the physical charact, 
istics, both macro and micro, that in 
ence a species' presence. These inclu., 
sufficient space for feeding, reproductio~, 
cover, and social interaction of all life 
stages; space to allow for a population suf- 
ficiently large so that environmental fluc- 
tuation and demographic stochasticity dn 
not lead to extinction (Soul&, 1983); food 
of proper nutrient content and availability 
especially for herbivores; habitats free fro, 
adverse disturbance, especially from thc 
related to human activity, roads, and pr, 
dation or modification by introduced, fe- 
ral, or domestic animals (especially dogs. 
cats, mongooses, pigs, and cattle); habitats 
designed to minimize "edge effects"; hah- 
itats without unnaturally large concentra- 
tions of natural predators, such as raccoon< 
and ravens; and habitats free of toxic pol- 
lutants. Appropriate habitats should l 
available for all phases of the life cycle. 

In addition to the size and disturbanc, 
factors above, the proper habitat must bi, 
available in sufficient quality. Factors to 
be considered include vegetative structure 
(e.g., important for gopher tortoises and 
many lizards), friable soils (for digging 
species), moisture requirements and ac- 
cess, access to dispersal agents (e.g., off- 
shore currents for sea turtles), and acces 
to symbionts (e.g., bacteria to aid gut fer 
mentation in herbivorous species). 

For wide ranging species, corridors for 
dispersal or migration (Harris, 1988; Har- 
ris and Gallagher, 1989) should be factored 
into the selection of RRT sites. Active man- 
agement should be planned for RRT re- 
lease sites (Griffith et al., 1989). but we 
caution that single species management 
may have detrimental effectson other sen- 
sitive species and should generally be 
avoided. 
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, , ,2i'r(ivhic constraints.-Population 
,: 

<tics of both the released animals 
, .il,imals already on-site, if any, 
, , (  , , cons ide red  prior to undertaking 
I ,,,,jrcts. Factors include knowledge 

, , , , , ~ i  [lie age and size structure of af- 
, , , ,llliinats, sex ratios, and social struc- 

, , I  structure must be considered 
, , of mating system, spacing and 

, , , , n t  patterns, and cannibalism. 
i ,',,,.sical constraints.-As ecto- 

, , i~~phibians and reptiles have ther- 
, zirements not common to endo- 
, HRT projects should consider 
, , . , I I / c c ~  biophysical requirements, es- 
, , , , I  I D  ensure the presence of undis- 
, asking sites. Amphibians and rep- 
. . need a proper environment for 

l o p m e r i t  (temperature, moisture, 
, , 11;inge. waste excretion, pH, ion 

, .ition). For species with environ- 
. a *  x determination (ESD), sex ratios 

iffected by the location of nest 
I 1 1  reason of deposition (e.g., Mro- 
, k i  r t  al.. 1984; Mrosovsky and Pro- 
. 1989; Vogt and Bull, 1984). ESD 

I ..iSrcts existing and future population 
! t n ,  f i i i - I , .  Many reptiles have ESD (Deem- 

I I2erguson, 1988). especially those 
I for RRT projects (crocodilians, 

!! ~ , .  
habitat, demographic, and bio- 

. I  inluirements of species are care- 
nsidered, RRT success will be ran- 

! .unl most likely to fail. We 
1 1 1 1 n i t l  that thorough knowledge of a 

I : life history requirements be a pre- 
u \ i l r  lo  the adoption of RRT strategies. 

' 1  1." k of information on the life histo- 
' 1 i tphibians and reptiles, especially 

' ~t geographic regions, emphasiz- 
a Â ¥ i  for basic research. 

l'oimlation Genetics and 
Social Structure 

I n a t i o n  biologists have recently 
* ' 1  considerable attention on the con- 
! tlie minimum viable '  uson, on, 1983; Samson et al., 1985; ., . , , , (  . 1981; Shaffer and Samson, 1985): 

1111nber of breeding individuals in 
t ion  needed to avoid possible del- 
rffects of inbreeding and loss of 

genetic variability as the result of drift 
(Simberloff, 1988). Although the exact 
consequences of small population size re- 
mains unclear (Simberloff, 19881, a con- 
sideration of population genetic factors is 
considered to be essential to successful 
management (Frankel and Soul&, 1981; 
Lande, 1988). 

The RRT programs that we reviewed, 
with the exception of the Puerto Rican 
crested toad project, did not give any con- 
sideration to population genetics when 
planning the repatriation or translocation. 
Even for Peltophryne lemur, studies on 
mitochondria1 DNA began long after ini- 
tial repatriation attempts. Although theex- 
act numbers of individuals used in RRT 
programs often are not available, in several 
cases (e.g., many gopher tortoise pro- 
grams), the number of individuals released 
is clearly much smaller that the 50-500 
number frequently cited as the minimum 
necessary to sustain a viable breeding pop- 
ulation (see Simberloff, 1988, for a review 
and critique of these numbers). In addi- 
tion, because many newly-released indi- 
viduals do not become part of the breeding 
population, the actual number of animals 
released may need to be much higher than 
the theoretical effective population size. If 
the planners of RRT programs rejected the 
idea of a minimum viable population size 
because of a sound theoretical argument, 
we would have little basis for criticism. 
However, to neglect the subject entirely 
suggests either ignorance of the conse- 
quences of small population size or wishful 
thinking that the project may "work out" 
despite the small number of individuals 
released. 

In a similar manner, we suggest that 
more specific attention should be devoted 
to the social structure of the released group 
of animals based on specific information 
from natural populations. For example, if 
natural populations of a species have a 
characteristic sex ratio, then that sex ratio 
should be maintained among released an- 
imals because of its potential bearing on 
social interactions (e.g., dominance, hier- 
archies, harem formation, movements 
away from areas). Obviously, detailed in- 
formation on the life history and popula- 
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tion ecology of the managed species is re- Because of the threat of disease t r m  

mission, we recommend that health chy timet 
be adopted for animals scheduled to cess." 

Disease Transmission relocated or translocated prior to ac~, , ,1  ~Ucce 
There are few studies on the effects of movement, particularly for groups such ;,\ (e.g., 

disease on natural populations of amphib- tortoises that are known to be susceptit>i,, ley, 1 
ians and reptiles. However, disease may be to contagious diseases. Release of long-term ' and t 
confined to localized populations and have captives should always be discouraged re10c 
serious consequences, at least on a short- Health checks should include clinical era). man; 
term basis (e.g., Dodd, 1988b). Of more uation using hematologic diagnosis (Ro5,. LC 
immediate concern is the potential for in- kopf and Woerpel, 1982) by a veterinari:.' divic 
traducing disease to wild populations from familiar with herpetofaunal patholci SUCCI 
either captive animals released into the Keeping animals in a pen or "half\\ cons 
wild or from moving diseased animals from house" may increase the opportunity i , lif e-' 
one population to another. observe disease problems prior to relea-ic 1 For 

For example, disease has proved cata- but may expose animals to other problem5 grar 
strophic and led, in part, to federal pro- including disruptionof social behavior am1 but 
tection for the desert tortoise in the west- vandalism. Individuals from an area with tern 
ern Mojave Desert (U.S. Fish and Wildlife known disease problems, such as Sanilx'l ore! 
Service, 1990b). The disease affects the up- Island, should never be moved to area, the 
per respiratory tract, hence the name up- where they could infect wild populatioi; Lor 
per respiratory disease syndrome (URDS), lea: 
and combined with nutritional problems Need for Long-term Monitoring rat1 
and long-term environmental stress is There is a critical lack of informati~u to 
nearly always fatal. Preliminary work sug- on the long-term success or failure of hcr- "ec 
gests that the agent is a Mycoplasma ()a- petofaunal-related RRT projects even 
cobson and Gaskin, 1990) that is spread when monitoring has been incorporate11 vol 
from individual to individual through di- into management and conservation pro- be 
rect contact. URDS is common in captive grams. Except for the study of gopher tor- Â£0 

reptiles (Jacobson and Gaskin, 1990), and toises by Layne (1989), Aldabra tortoises to1 
the locations of areas where the disease was in the Seychelles [Table 1). and the moi, ra 
first observed suggest that it may have been itoring of crocodilian repatriation projec bim 
introduced to wild populations from re- in India, details of reputed successes, sui., nc 
leased captives. as with sand lizards in Great Britain, arc, cc 

A similar URDS has been diagnosed in lacking, sh 
the population of Gopherus polyphemus For the other studies that we reviewed. lo 
on Sanibel Island, Florida, and more re- data are either unavailable or the projects 01 
cently near Ft. Myers and along the Ta- have not been monitored long enough to sl 
miami Trail. While it is premature to spec- evaluate success or failure. We are es- V 
ulate whether the disease is identical with pecially critical of claims of relocation sl 
URDS in desert tortoises, preliminary data "successes" involving long-lived specie. s 
suggest that transmission is directly from where monitoring occurred for a relative!! i' 
one tortoise to another, and that thedisease short time. For example, Burke (1989a 
is highly contagious and often fatal (G. claimed relocation had no effect on exist- 
McLaughlin, personal  communication)^ ing social structure of resident tortoises. 
Captive tortoises are known to have been and that tortoises could be successfully re- t 
released on Sanibel Island, and it is possible located (Burke, 1989b) despite data to the i 
that the disease was introduced by a re- contrary on related species (Berry, 1986). 
leased captive. The appearance of URDS He monitored relocated animals for only 
in a wild population is cause for concern, 2 yr at the end of which only 41% of the 

for only 10% of the time it takes to reach 
. . 
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sexual maturity hardly qualifies as enough 
time to measurelong-term relocation "suc- 
cess." Likewise, we suggest that claims of 
success involving other tortoise relocations 
<e-g., Fucigna and Nickerson, 1989; God- 
ley, 1989; Stout et al., 1989) are premature 
and tend to foster a false impression that 
relocation and translocation are proven 
management techniques. 

Long-term monitoring of marked in- 
dividuals will be required to establish the 
success or failure of RRT projects. What 
constitutes "long-term" will depend on the 
life-history characteristics of the species. 
For instance, a long-term monitoring pro- 
gram might continue 10-15 yr for a toad, 
but extend >20 yr for tortoises. Such long- 
term monitoring will establish not only the 
presence of released individuals but also 
the success or failure of reproduction. 
Long-term monitoring will ensure that re- 
lease sites can maintain their integrity 
rather than become susceptible themselves 
ro destruction or encroachment from 
'edge-eff ects". 

We recommend that RRT projects in- 
volving amphibians and reptiles should not 
be attempted unless provisions are made 
for a biologically-based, long-term moni- 
toring program. Considerationssuch as du- 
ration of monitoring that are based on non- 
biological priorities should not eclipse the 
reed for evaluation within the biological 
,onstraints of the species. RRT movements 
should be considered experimental unless 
long-term studies document the feasibility 
of the movement on the same or a related 
species. Periodical evaluation is important. 
We caution our colleagues to exercise re- 
straint when evaluating the "success" of 
such movements based on short-term mon- 
toring and data collection. 

SUMMARY 
It is not our intention to belittle any of 

the biologists or RRT programs reviewed 
in this paper. We recognize that decision- 
making in conservation biology often is 
made by non-scientists or under crisis cir- 
cumstances. Nonetheless, our review casts 
iloubt on the effectiveness of RRT pro- 
:rams as a conservation strategy, at least 

~r most species of amphibians and rep- 

tiles. Although RRT programs may work 
under certain circumstances, they should 
not be used unless all parties involved are 
prepared to make the necessary commit- 
ment for collecting baseline data, releasing 
animals under appropriate circumstances, 
providing for follow-up studies at periodic 
intervals, and publishing the methodology 
and results of the program regardless of 
whether the outcome is positive or nega- 
tive. If such commitments cannot be made, 
other conservation strategies should be 
considered. 
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RELOCATIONS, REPATRIATIONS, AND 
TRANSLOCATIONS OF AMPHIBIANS AND 

REPTILES: TAKING A BROADER VIEW 

RUSSELL L. BURKE 
Department of Biology and Museum of Zoology, University of Michigan, 

Ann Arbor. MI 48109 USA 

THE review of "relocation, repatriation 
and translocation" (RRT's) of amphibians 
and reptiles by Dodd and Seigel (1991) 
provides a summary of the literature on 
the use of these techniques for conserva- 
tion purposes. Their recommendations are 
generally sound, and apply not only to these 
conservation practices, but equally well to 
any of the myriad possible techniques used 
to help insure the preservation of a species. 
However, I believe that the evidence they 
use for support is weak, that their dissat- 
isfaction with past efforts is only partially 
justified, and thus their conclusions ex- 
treme. Basically, the question that they at- 
tempt to answer is: given that conservation 
dollars are always limited, are RRT's cost 
effective and appropriate procedures for 
amphibian and reptile conservation pro- 
grams? They find that these techniques 
have been successful in only a fewcases, 
and thus they propose a rigid set of criteria 
to be addressed before any future attempts 
are begun. My comments on their work 
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focus on two main points: whether am- 
phibians and reptiles are generally poo, 
candidates for RRT's, and how succes! 
should be determined. 

REPTILES AND AMPHIBIANS AS RRT 
CANDIDATES 

As Griffith et al. (1989) did for a much 
larger number of studies of birds and 
mammals, Dodd and Seigel reviewed RRT 
programs for 25 species of amphibians and 
reptiles and found that of the 11 projects 
that could be defined as successful or un- 
successful by their standards, five (45%) 
were successful. This is slightly higher than 
the success rate reported for 198 RRT's 
reviewed by Griffith et al. Even so, the use 
of this type of analysis is exceedingly crude, 
because it assumes that snakes, lizards, tur- 
tles, crocodilians, salamanders, and anu- 
rans have comparable potential for suc- 
cessful RRT. Certainly there is wide 
variation within each order as  well as be- 
tween them, and anyone considering an 

I 
pternb - 
R T  j 
iainb. 
iar s t  
1989) 
natic: 
evels, 
eloca 
.Is0 ti 
hat c 
mmb 
.eleas 
raised 
these 
RRT 

Be. 
for i 
analy 
ples t 
pans1 
cause 
addit 
one i 
ysis : 
peci: 
but s 
et a1 
refel 

D' 
exan 
cies 
man 
ture 
Po11 
viev 
belc 
initi 
cau: 
tive 
call 
tior 
leas 
an 
relc 
Pm 
tan 
val 
an( 
sioi 
att 
19! 
19. 
a !  
nu 

I 





Annual Progress Report:

Implementation of the

Flat-tailed Horned Lizard Rangewide Management Strategy

January 1, 2008- December 31, 2008

Prepared by the

Flat-tailed Horned Lizard Interagency Coordinating Committee

March 2009





EXECUTIVE SUMMARY

The flat-tailed homed lizard is a small horned lizard that inhabits a narrow range within
southeastern California, southwestern Arizona, and northwestern Mexico. Much of the species'
historic habitat in the United States has been lost due to agricultural and residential development.
A Conservation Agreement was signed by several federal and state agencies in 1997 to
implement the Flat-tailed Horned Lizard Rangewide Management Strategy. The Strategy is a
long-term plan of action among signatory agencies to ensure persistence of the species. It
continues to be implemented by the signatory agencies throughout the Management Areas, the
Research Area, and other areas of flat-tailed horned lizard habitat.

Implementation activities during 2008 included regular coordination between the participating
agencies through the Management Oversight Group and Interagency Coordinating Committee.
Authorized surface impacts remained low in Management Areas. Outreach efforts continued to
include the general public and other agencies, such as the U.S. Border Patrol and Mexican
agencies, as active participants in implementing the Strategy. Agencies conducted population
inventories, trend monitoring, and research. Research this year targeted the effectiveness of
mitigation measures. This information is useful in developing future management actions and in
being able to make better decisions in implementing projects. New lands were acquired within
the East Mesa and Borrego Badlands Management Areas. Continued attempts will be made to
acquire additional lands in 2009 in the California Management Areas.

Biologists from the Alto Golfo Preserve in northern Sonora (Mexico) continue to be involved
with the ICC. They have begun the process of creating a management strategy for FTHL in
northern Mexico.

The participating agencies believe the Flat-tailed Horned Lizard Rangewide Management
Strategy as designed and implemented by the signatories of the Conservation Agreement
continues to provide an effective management focus to conserve flat-tailed horned lizard habitat
throughout its range. The majority of the tasks outlined by the Strategy are being completed on
schedule. Only a few are behind schedule.
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INTRODUCTION

On June 7, 1997, a Conservation Agreement, deemed a long-term agreement by its signatories,
was signed by several federal and state agencies to implement the Flat-tailed Horned Lizard
Rangewide Management Strategy (RMS). The RMS is a plan of action to conserve the flat-tailed
horned lizard (Phtynosoma mcallii) (FTHL) in the United States. The FTHL is a small horned
lizard that inhabits creosote flats, sand dunes, and mud hills in southeastern California,
southwestern Arizona, and northwestern Mexico. Much of the FTHL's historic habitat (possibly
as much as 50%) in the United States has been lost due to agricultural and residential
development. A revision of the RMS, with minor changes, was completed in 2003.

The following agencies are signatories to the Conservation Agreement:

• U.S. Fish and Wildlife Service (USFWS), Region 1
• USFWS, Region 2
• Bureau of Land Management (BLM), California State Office
• BLM, Arizona State Office
• Bureau of Reclamation (Reclamation), Lower Colorado Region
• Marine Corps Air Station, Yuma (MCAS-Yuma)
• Naval Air Facility, El Centro (NAF-El Centro)
• Arizona Game and Fish Department (AGFD)
• California Department of Fish and Game (CDFG)
• California Department of Parks and Recreation (CDPR)

The U.S. Border Patrol (BP) at times participates as guests in the Management Oversight Group
(MOG) and the Interagency Coordinating Committee (ICC). BP elected not to sign the
Conservation Agreement, but they continue to work closely with staff at BLM-El Centro.

The Conservation Agreement remains in effect today, and the RMS continues to be implemented
by all Conservation Agreement signatory agencies. The RMS requires that an annual report be
prepared by the Interagency Coordinating Committee to monitor plan compliance (Planning
Action 9.2.4). This is the tenth annual report and covers the period from January through
December 2008.

In 2005, the U.S. District Court for the District of Arizona set aside the 2003 withdrawal of the
proposed rule to list the FTHL as a threatened species on the grounds that the withdrawal failed
to determine whether the lost historical habitat for the FTHL is a significant portion of the range
for this species and thereby violated the Endangered Species Act. On December 7, 2005, the
USFWS published a Federal Register Notice vacating the 2003 withdrawal and restoring
proposed status to the FTHL (70 FR 72776). The comment period was reopened on March 2,
2006, for two weeks (71 FR 10631) and on April 21, 2006, for two weeks (71 FR 20637). On
June 28, 2006, the U.S. Fish and Wildlife Service published a notice in the Federal Register
withdrawing the proposed rule, based on the conclusion that the lost habitat is not a significant
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portion of the range of the FTHL (71 FR 36745). However, a new lawsuit was filed on
December 11, 2006, in the Arizona District Court challenging the 2003 and 2006 decisions to
withdraw the proposed rules to list the FTHL as threatened.

IMPLEMENTATION PROGRESS IN 2008

Progress toward implementation of Planning Actions within the RMS during this period is
summarized below.

Planning Action 1. Delineate and designate five FTHL Management Areas and one FTHL
Research Area.

Five Management Areas (MAs) and one Research Area (RA) were designated in the Conservation
Agreement in 1997, and their boundaries were precisely described. Maps and boundary
descriptions are available in the 2003 RMS. Pursuant to actions (listed below) taken prior to this
reporting period, all MAs and a portion of the RA were formally adopted within agency
environmental and planning documents (see also planning action 6). Prior to formal adoption, all
agencies had applied provisions of the RMS to these areas.

Yuma Desert MA: MCAS Yuma finalized an Integrated Natural Resource Management Plan
(INRMP) in 2007 that fully incorporates the RMS for its portion of the Yuma Desert MA. For
Reclamation's portion of this MA, it completed a Five-Mile Zone Resource Management Plan in
2004 that incorporated the RMS.

East Mesa, West Mesa, and Yuha Desert MAs: An Environmental Assessment (EA) proposing
an amendment to the California Desert Conservation Area Plan to officially adopt these three
MAs received no public protests and was signed on February 1, 2005.

Borrego Badlands MA: Anza-Borrego Desert State Park's (ABDSP) General Plan was
unanimously approved by the California State Parks and Recreation Commission in 2004, giving
long-range guidance and planning to the 600,000 acre park and acknowledging the FTHL RMS.
A Natural Resources Management Plan to be completed in the near future will more specifically
address FTHL management. Boundaries for the Borrego Badlands MA within ABDSP have
been delineated in the Borrego Badlands and Clark Dry Lake areas.

Ocotillo Wells RA: The BLM portion of the Ocotillo Wells RA was designated in 2003 in an
amendment to the Western Colorado Desert Ecosystem Plan. The portion of the RA owned by
California State Parks has not been incorporated into planning documents but is managed by
Ocotillo Wells State Vehicle Recreation Area (OWSVRA) in accordance with provisions in the
RMS.

Coachella Valley: BLM-Palm Springs continues to participate in the Coachella Valley Multi-
Species Habitat Conservation and Natural Communities Conservation Plan (CVMSHCP) which
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fully incorporates measures in the FTHL RMS. The CVMSHCP uses an ecosystem/habitat
approach and identifies natural communities and sensitive species known or expected to occur in
the Plan area. The Plan is designed to ensure the long-term viability of sensitive-species
populations within the Coachella Valley, including the FTHL.

Planning Action 2. Define and implement management actions necessary to minimize loss
or degradation of habitat.

Construction of a pedestrian fence along the border of the entire Yuma Desert was completed in
2008. The fence appears to have greatly reduced impacts to FTHL habitat in the Yuma MA
resulting from drug smuggling, illegal immigration, and associated law enforcement activities.
Outreach efforts to inform and educate enforcement personnel on FTHL issues continue.

The habitat impacts authorized by managing agencies within the period are shown in Table 1.
Included in the remainder of this section is a narrative for each participating agency. For
reference, the amount of land owned by each agency in the various MAs is shown in Table 2.

BLM - El Centro Field Office.

The BLM completed an EA for the construction of a new communication tower in the Yuha
totaling 1.4 acres of disturbance. The project has been appealed and has not officially granted
the right-of-way (ROW). IID installed 9 power poles to supply power to the communication site
without authorization. It submitted an ROW application after the work was completed. IID will
be charged compensation according to the RMS. Stirling Energy was authorized to conduct
geotechnical testing in its project site. Disturbance was approximately 100 acres; however,
Stirling has completed restoration of the site and was not charged compensation. The US Border
Patrol installed a fence along the border across most of the Imperial Valley including the Yuha
MA. The project impacted 91.5 acres outside the Yuha MA and 222.5 acres south of the East
Mesa MA. Compensation is proposed at a 1:1 ratio but will be included as part of a larger
package of border fence mitigation.

A total of 2,199 acres was acquired at a cost of $1,122,000.00 in the East Mesa using ADOT
funds. All property owners in the West Mesa were sent a letter to identify willing sellers.

BLM Law Enforcement Officers regularly patrol the MAs. However, because there is such a
large area to cover, some illegal use and route proliferation continue to occur in Limited Use
Areas.

The El Centro Field Office continues to receive multiple solar energy applications in FTHL
habitat. It has been successful in preventing applications located in its MAs. Most of the
applications ask for 500-15,000 acres. Stirling Energy Systems submitted its Plan of
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Development and Application for Certification with the California Energy Commission. After
several rounds of reviews and data requests, Stirling's plan found data adequate late in the year.
Stirling remains the furthest along in the process. The Stirling Site sits across 1-8 from the Yuha
MA and will require installation of a powerline through the Yuha MA to the Yuha Substation.

BLM - Palm Springs South Coast Field Office.

BLM-Palm Springs didn't authorize any impacts in FTHL habitat during 2008. It continued to
enforce the Windy Point vehicle closure to protect FTHL, should they still be present in this area.
The BLM also received OHV grant money in 2008 to fence off the Windy Point area. Fencing is
anticipated to take place in 2009. BLM rangers continue to patrol the 1000 Palms Preserve,
Willow Hole, and Edom Hill to keep out OHVs which may damage FTHL habitat.

BLM - Yuma Field Office.

BLM Yuma granted Yuma County two leases. The first lease is to build a library (lease No.
AZA 03339101) on 4.375 acres of land. BLM Yuma collected a total of $1,251.25 for that
project's residual impacts to FTHL habitat. The second lease issued is to build county offices
(lease No. AZA 03420601) on 5.625 acres. BLM Yuma collected a total of $1,608.75 for that
project's residual impacts to FTHL habitat. Compensation funds were deposited in the
LLAZCO20000 L71220000 JP0000 LVTF5701AZOO account on June 03, 2008. The amount
was based on $286 per acre. BLM Yuma reached the $286/acre figure based on the land cost
rate of $200/acre that BLM El Centro appraisers determined as fair market value in the East and
West Mesa a few years ago. In addition to the land cost rate, there is an added administrative
overhead surcharge of 18% and an operations cost of 25% to cover the cost of titling the land
and/or managing the dollars collected, bringing the total to $286/acre.

Marine Corps Air Station - Yuma.

No projects subject to the authority of the RMS were authorized in or out of the Yuma MA by
MCAS during 2008. Projects described in the EIS for the Yuma Training Range Complex of
1995 are not subject to the RMS (Planning Action 2.2.1). No projects within MA were
implemented pursuant to the EIS in 2008.

NAF-El Centro.

NAF-El Centro authorized one project in 2008. Project caused disturbance at two 'A acre sites
for a total of 1/2 acre of project impacts. NAF-El Centro provided funds in the amount of
$22,797.00 to the BLM-EL Centro Office for surveying at the West Mesa (Target 101 area).
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Anza-Borrego Desert State Park.

The illegal sand and gravel mining operation issue of 2006 persists to this day, The County of
San Diego has been ineffective in dealing with the fact that the operation lacks a Major Use
Permit. This illegal operation is using two miles of a public dirt road in the Park (and the MA)
as a haul road and then those trucks are traversing paved roads in FTHL habitat that border either
ABDSP or OWSVRA. No other impacts were encountered within FTHL habitat in 2008.
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Table 1. Acres of flat-tailed horned lizard habitat authorized for impact by RMS
signatories from January to December 2008, and cumulative acres of impacts within the
management areas.

Agency

Within MA
Outside

(acres)
Total Acres

Acres Impacted
to Date in MAs

,.,A Acres
Total Percent

Palm Springs BLM 0 0 0
El Centro BLM East Mesa 0 225.5 225.5 93.9 0.09

West Mesa 0 0 0 117.11 0.14
Yuha Desert 1 91.5 92.5 88.7 0.15

Yuma BLM 0 10.00 10.00
NAF, El Centro East Mesa 0 0 0 1.0 0.01

West Mesa 0 0 0 6.0 0.02

MCAS, Yuma Yuma Desert 0 0 0 10.15 0.01

Anza-Borrego Borrego 0 0 0 0 0.00
Desert State Park Badlands
Ocotillo Wells State 0 0 0
Vehicular
Recreation Area
Reclamation Yuma 0 0 0 15.80 0.10

Desert

Total Acres 1 327.00 327.00 332.66 0.07
* No land administered within an MA.

Table 2. Ownership of lands within FTHL management areas by signatory agencies.
Agency MA Acres as of 1997 Acres acquired since Total

1997
BLM-El Centro East Mesa 99,900 2910 102,819

West Mesa 83,200 3,337 86,537
Yuha Desert 57,200 57,200

NAF-El Centro East Mesa 8,500 8,500
West Mesa 29,800 29,800

MCAS-Yuma Yuma 99,300 15,500 114,800
Reclamation Yuma 16,200 16,200
ABDSP Borrego Badlands 36,500 600 37,865

765 (A-B Foundation)
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Bureau of Reclamation - Yuma.

No projects that impacted FTHL habitat were authorized in 2008. Reclamation finalized an
interagency agreement with BLM-E1 Centro. Agreement enables the transfer of the DROP 2
project's FTHL compensation funds totaling $1,173,655.00 to the BLM-El Centro. Construction
activities for the DROP 2 project began in 2008. Also, construction activities for the All
American Canal lining (AAC) project continued in 2008.

Ocotillo Wells State Vehicular Recreation Area.

No new development projects resulted in loss of fiat-tail habitat in 2008. No decision regarding
the disposition of the geothermal site (approximately two acres) developed in 2007 has been
made. Therefore, no restoration or compensation has been scheduled yet.

Total Habitat Disturbance from January through December 2008.

During this reporting period 327.33 acres were reported disturbed outside MAs and 1.4 acres was
reported disturbed within the Yuha MA.

Planning Action 3: Within the MAs, rehabilitate damaged and degraded habitat, including
closed routes and other small areas of past intense activity.

BLM-El Centro has been actively implementing the Western Colorado (WECO) route
designation plan (signed on January 31, 2003). Signage for the Yuha Desert, East Mesa, and
West Mesa MAs is complete. BLM rangers make routine checks on signs and replace them as
necessary. BLM-El Centro continues to update 12 interpretive kiosks within the Yuha Desert
and West Mesa MAs with new maps, rider, and lizard information. ELM-E1 Centro continues to
provide regular outreach by producing and distributing maps of the WECO route of travel
designations. ELM-El Centro continues law enforcement patrol of all MAs under their
jurisdiction and makes regular public enforcement and education contacts.

Through a series of multiple-year grants from the California OHV Motor Vehicle Commission,
ELM is continuing work on an ambitious restoration program. ELM continued to work with the
Student Conservation Association (SCA) to conduct restoration activities in the Yuha Desert,
West Mesa, and East Mesa MAs. Archaeological surveys are necessary before implementing
restoration and are ongoing, concurrent with restoration.

The SCA crew completed restoration work (closure of unauthorized roads) in the Coachella
Valley Preserve and repaired the fence around the Willow Hole portion of the preserve.

OWSVRA is attempting to restore some mesquite dune habitat. A large number of mesquite
bushes as well as several other plant species have been transplanted into previously fenced areas
in hopes that they will survive and become vegetation around which sand will accumulate. In
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addition, the OW Resources Department has added a Park Aide whose main duty will be
monitoring, repairing, and upgrading fencing around restricted areas.

Planning Action 4: Attempt to acquire through exchange, donation, or purchase from
willing sellers all private lands within MM.

California State Parks acquired approximately 262 acres of private in-holdings for the Research
Area (OWSVRA).

Most of the in-holdings within the Yuma Desert MA were purchased previously and all land
remains federally owned. Remaining parcels are held by unwilling sellers

Anza-Borrego Desert State Park: Land acquisitions within FTHL habitat continue. A new
initiative to acquire private in-holdings within Anza-Borrego Desert State Park is being
coordinated by the Anza-Borrego Foundation and Institute. Approximately 543.5 acres of FTHL
habitat within the Borrego Badlands FTHL MA were purchased and added to the Park during
2008.

BLM-El Centro has adequate funding for acquisition of private lands throughout FTHL MAs.
District realty specialists are working to identify all willing sellers in MAs and are currently in
negotiations with several land owners. BLM-El Centro prioritized lands for acquisition in the
East Mesa MA and plans to establish priorities in the West Mesa MA when staff and funding are
available. Compensation funds from current projects and those likely to occur in the near future
will provide for the acquisition of a significant portion of remaining privately owned lands in the
MAs. Approximately 27,483 acres of land are not under signatory agency control in the 3 El
Centro BIM MAs combined. The BLM is currently working with a number of project
proponents to develop agreements to facilitate land purchases.

Reclamation's Boulder City Regional Office which is implementing the Multi-Species
Conservation Program (MSCP), is in the process of acquiring 230 acres of FTHL habitat to meet
Lower Colorado River MSCP mitigation requirements. Lands acquired by MSCP must be
inhabited and will be transferred to an appropriate land management agency. During 2008,
MSCP was looking at lands in California.

Seek funds for land acquisitions in MAs.

The compensation of $1.17 million for Drop II Reservoir was paid to the BLM by Reclamation
for the acquisition of FTHL habitat. BLM continues to work with the Resource Legacy
Foundation and Wildland Conservancy to acquire lands in the West Mesa.
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Planning Action 5: Maintain or establish effective habitat corridors between naturally
adjacent populations.

The Department of Customs and Border Protection completed construction of a pedestrian fence
along the border of the entire Yuma Desert. Following ICC recommendations, this fence
includes slots that were intended to allow passage by FTHL. However, because of drifting sand,
these slots have become either buried or stranded high above the sand surface, making most of
them inaccessible to FTHL. This, combined with the difficulty of crossing Mexico Highway 2,
may mean there is no longer an effective corridor between the Arizona and Sonora populations.
The ICC provided recommendations on how to maintain permeability for FTHL so that genetic
exchange with Mexico populations could continue.

No activities or projects have been permitted within the California MAs or Ocotillo Wells RA
this year that would prevent or obstruct FTHL movement between adjacent populations in the
MAs or RA.

Planning Action 6: Coordinate activities and funding among the participating agencies
with Mexican agencies.

Management Oversight Group.

The MOG is comprised of managers from 12 offices of the signatory agencies. It meets as
necessary each year to coordinate implementation of the Conservation Agreement in response to
recommendations from the ICC. The MOG met on the following date during 2008:

19 March (MOG/ICC; BLM-Yuma)

Major items discussed by the MOG during 2008 included the use of compensation funds that
would result from the Area Service Highway near Yuma, various projects that could impact
FTHL habitat, and land acquisitions.
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Interagency Coordinating Committee.

The ICC is comprised of biologists from 13 offices of the signatory agencies. It meets quarterly
to exchange information on research results, develop proposals, and discuss technical and
management issues. The ICC is responsible for compiling information for the annual ICC report,
which outlines accomplishments under the RMS, lists concerns of the MAs and RAs regarding
management issues, and details planned actions for the upcoming year. During 2008, the ICC
met on the dates and at the locations that follow:

19 March (MOG/ICC; BLM-El Centro)
19 June (Yuma Crossing Park)
9 September (Yuma Crossing Park)
3 December (BLM-El Centro)

Major items that the ICC discussed in 2008 included the use of compensation funds (including
the purchase of in-holdings within the East Mesa MA), various projects that could impact FTHL
habitat, training for monitors, results of monitoring and research, future direction for monitoring
and research, and completion of informational videos.

Coordination with Mexico

ICC team members continued to meet with staff from the Alto Golfo de California Biosphere
Reserve (AGCBR) to discuss issues of common concern. An item that continued to be discussed
is the new highway between the community of Santa Clara (El Golfo) and Puerto Pefiasco
(Rocky Point), passing through FTHL habitat and providing access for tourists, including off-
highway vehicle enthusiasts, to the dunes of the Gran Desierto and the beaches on the Gulf. The
total distance of the new highway is 128 kilometers (about 80 miles) in length.

FTHL surveys were conducted along the area of the new road alignment in 2008. Data collected
will be able to show impacts to FTHL resulting from associated use of the new road, and also
could help in mitigating impacts (e.g. possible fence construction).

In 2007, a bi-national working group was formed to address FTHL conservation activities in
Mexico which would include a conservation management strategy. The ICC formed a sub-team
headed by Rob Lovich (Natural Resources Specialist with the Department of Navy) to facilitate
coordination through the ICC and Mexico representatives. A funding agreement was initiated in
2008 that would transfer funding to Mexico which will help with the development of a
conservation management strategy.

Brochures and other interpretive materials are still needed to inform visitors of the sensitivity of
the area and of regulations designed to protect the environment, as well as the FTHL in Mexico.
Special management areas, equivalent to the MAs in the U.S., need to be identified and managed
as such. Additional signage and interpretive materials would be needed in support of these areas.
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In addition, meetings of the MOG and/or ICC need to be held specifically to discuss
management and research needs in Mexico and projects to support those needs. Meetings should
ideally be held in Sonora, but must include representatives from AGCBR and El Pinacate y Gran
Desierto de Altar Biosphere Reserves; a Spanish version of the RMS would be useful.

Conservation Agreement.

The 10 agencies that are signatories to the Conservation Agreement to implement the FTHL
RMS are listed in the introduction.

Incorporate RMS actions in ecosystem plans
See also Planning Action 1.

In January 2003, the BLM-El Centro Field Office completed the Western Colorado Routes of
Travel Designation (WECO). This designated routes as open, closed, or limited. WECO
specifically incorporates the guidelines of the RMS, and the BLM is managing its land under
those guidelines. BLM-El Centro wrote an Environmental Assessment to amend the California
Desert Conservation Area Plan to officially designate the FTHL MAs. The EA was signed on
February 1, 2005, thus formally establishing all three MAs in the El Centro area.

Reclamation continues to implement the Five-Mile Zone Resource Management Plan, adopted
March 18, 2004, for withdrawn lands along the five-mile zone that parallels the international
border. This RMP incorporated the RMS and is described further in the 2004 FTHL Annual
Report.

MCAS-Yuma finalized the INRMP (see Planning Action No. 1), which fully incorporates and
implements the RMS.

BLM-Palm Springs continues to participate in the CVMSHCP that fully incorporates measures
in the FTHL RMS.

Border Patrol.

BLM-El Centro holds monthly coordination meetings with three BP offices and holds regular
FTHL orientation sessions with the BP to reduce impacts to FTHL habitat along the international
border. In 2008, BP initiated construction of fencing in all flat-terrain and lowland areas for the
entire California-Mexico border and areas along the Arizona—Mexico border. Several types of
fencing (pedestrian and vehicular) were constructed. HIM conducts regular briefings for the
troops to ensure that they are aware of FTHL concerns in the desert. This coordination is viewed
as a model nationally because of its positive effect on BLM's and BP's ability to accomplish
their missions. Because of BP's increased understanding of FTHL and its habitat needs, BP is
completing its mission while minimizing impacts in FTHL habitat.
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BLM-El Centro implemented an ambitious education strategy with BP to reduce impacts to
FTHL habitat. This includes Detailer and Post Academy Orientation. Detailed staff and new
employees assigned to the El Centro Sector of the BP are given a 1-2 hour presentation on the
location of MAs, desert ecology, sensitive species, archeology, and wilderness. Detrimental
effects of off-route travel on FTHL habitat is discussed in relation to prey, ecology, and habits of
the FTHL. This information is provided to all new field agents in the El Centro and Calexico BP
stations as part of their new employee orientation. BLM recommends, and will assist with,
similar training for enforcement staff in other MAs (e.g. Yuma Desert).

In 2008, Border Patrol and the FWS have been working on developing a mitigation proposal to
compensate for habitat loss from the new border fence.

Planning Action 7: Promote the goals of the Strategy through law enforcement and public
education.

Law Enforcement.

BLM-E1 Centro has continued to increase law enforcement patrols in FTHL habitat in Imperial
County (see description under Planning Action 3 above). Law enforcement reports that the
majority of recreational users in the MAs are now following the route designation requirements
of staying on approved routes and camping in appropriate areas.

__,--
OWSVRA law enforcement personnel monitor OHV use to ensure that regulations are followed.
Personnel are familiarized with information pertaining to the FTHL, both for enforcement and
educational purposes.

MCAS conducts daily ORV patrols within the Yuma Desert MA and adjacent habitat.

Public Information.

OWSVRA continues to distribute the FTHL information brochure to park visitors. In addition,
an informational video on FTHL is now advertised and available for public viewing at the
reception area of the Ocotillo Wells District Office. OWSVRA has been officially designated as
a California Watchable Wildlife Site as of September 29, 2008. The nomination process
specifically emphasized the importance of the area as habitat for FTHL.

BLM-El Centro and the National Park Service are preparing an interpretive brochure discussing
important resource values in the Yuha basin, such as FTHL. BLM-El Centro continues to
maintain informational kiosks and continues to update and distribute the WECO route of travel
area map, which encompasses the Yuha Desert, and West Mesa and East Mesa MAs.
Furthermore, BLM-El Centro continues public contacts and information dissemination using
Park Rangers and the Student Conservation Association crew. BLM-El Centro has extended
these contacts into the West Mesa MA and has also partnered with the Desert Protective Council
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in their securing of a grant to produce and distribute an interpretive brochure of the Yuha area.
Additionally, BLM-El Centro has expanded the environmental outreach program in the Imperial
Sand Dunes. New interpretive panels that have information about FTHL and other wildlife in
the dunes have been placed in the Cahuilla Ranger station. Five new kiosks will be placed in
various locations around the dunes. These will have panels that are designed to be removed and
moved from location to location so that returning visitors will get to see a variety of information.
While there is not yet a panel for FTHL, one will be made available in the future.

As discussed in the previous report, the ICC administered a contract to produce educational
videos for BP training and the general public. The general public video is intended to provide
information about issues of concern to FTHL and its habitat. Upon completion it will be
distributed to schools, OHV groups, conservation groups, and civic groups, and will be provided
to the public by the signatory agencies.

Recreation is allowed within the MCAS portion of the Yuma Desert MA. MCAS has published
a recreational use map depicting closed areas, supported with on-the-ground signage.

Planning Action 8: Encourage and support research that will promote the conservation of
FTHLs or desert ecosystems and will provide information needed to define and implement
necessary management actions effectively.

Research Permitting and Funding

AGFD issued 9 permits for collecting or handling FTHL during 2008. CDFG issued no new
scientific collecting permits during 2008. The following studies were funded by signatory
agencies or other sources during this reporting period:

In addition to funding the ongoing occupancy monitoring study, OWSVRA self-funded a
demographic study that included two separate plots to examine more long-term population
parameters. While the primary purpose was to continue to test and refine the feasibility of the
protocol, the collection of data was organized in a manner such that ecological questions and
populations trends could be examined over time.

With funding from AGFD, the University of Arizona completed a study to analyze microsatellite
genetic variation in FTHL throughout its range. The abstract from the final repot appears in
Appendix A of this report.
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Planning Action 9: Continue Inventory and Monitoring.

A summary of past and current inventory and monitoring efforts is provided in Table 3.

In 2008 the BLM-E1 Centro continued demographic surveys on the East Mesa, Yuha, and West
Mesa MAs. The Navy El Centro and BLM established an MIPR, whereas the Navy provided
funding for the BLM to conduct monitoring on Navy withdrawn lands. A new demographic plot
was established east of the target. Nine hectare plots were surveyed for 10 consecutive days by
SCA interns. All FTHL of 55mm snout-vent length were PIT tagged, the location GPSed, and a
range of measurements noted. Occupancy plots were completed on 85 randomly selected 4-
hectare plots in August. The data was sent to Tyler Grant for analysis of the data.

OWSVRA conducted both Demographic and Occupancy Plot surveys. The nine hectare
Demographic Plots that were surveyed for nine consecutive days produced an insufficient
number of captures to provide useful data. The first Demographic, or Sentinel, Plot resulted in
two captures, only one of which was deemed large enough to implant a PIT tag. This plot had
been established last year. None of the seven implanted FTHLs from 2007 (four on plot and
three on the boundary sweep) were recaptured during the surveying of this plot. A second
Demographic Plot was established this year. This plot was surveyed for only six days because
the scanner ceased functioning. On the second Sentinel, while more successful with 13 FTHLs
located, only four were adults and only three were tagged because the fourth was found after the
scanner broke. Of the 10 possibilities for recapture, only one juvenile was recaptured, twice.
Since the Occupancy Plots surveyed in 2006 and 2007 had been inappropriately selected in some
cases, a thorough analysis of our total area and stratifications was conducted. As a result, 120
plots were established, 63 from the original set. Tyler Grant analyzed the data. All surveys were
conducted by employees of OWSVRA and a helpful group of volunteers. Observations of FTHL
during the course of biannual reptile surveys and any other incidental sightings in the OWSVRA
were recorded in the CDFG California Natural History Database and archived with GPS
equipment. FTHL observations by staff during archaeological surveys, ranger patrol, or in the
course of maintenance activities were noted. CDPR, through OWSVRA and ABDSP, awarded a
contract to the San Diego Natural History Museum to conduct flat-tail research, primarily
presence-absence surveys, on the Freeman Property, approximately 10,000 acres north of
OWSVRA, adjacent to the RA, and east of ABDSP, although not adjacent to the Borrego
Badlands MA. Status of FTHLs is not known in this area. The initial survey done in October
did find four flat-tails.

With funding from Reclamation, AGFD completed surveys on two demographic plots within the
Yuma Desert MA. One plot each was established in the Reclamation portion of the MA and the
BMGR portion. Each was surveyed for 10 days in late summer. All adult FTHL were PIT
tagged and their locations were recorded.

Because of increasing traffic, MCAS-Yuma discontinued its long-term surveys of the Auxiliary
2 road which had previously been conducted to assess the number of road kills and to monitor
population trends. No FTHL surveys were completed at the Dos Palmas ACEC.

18



Table 3. Summary of flat-tailed homed lizard Management Area monitoring estimates with 95 percent confidence
intervals. Estimates are of the total population in the Management Area or the probability of occupancy of lizards or
scat on plots in the Management Area. Population estimates were based on mark-recapture data, except one case
where trapping webs were used TW in 2003 in the Yuma MA. Anal yses for 2008 have not been completed.

MA 2002 2003 2004 2005 2006 2007 2008

East Mesa
- 42,619

(19,704-67,639)
- - 0.50 (lizards)

(0.3 -0.7)
- -

West Mesa - 10,849
(3,213 - 23,486)

- 0.42 (scat)
(0.27 -0.58)

- - -

Yuha Basin 25,514
(12,761 -38,970)

- 73,017
(4,837-163,635)

- - - TBD

Yuma Desert - 16,328 MN)
(8,378 - 31,794)

25,855
(16,390 - 43,951)

- - -

Borrego
Badlands

- - - - -

OWSVRA - 19,222
(18,870 - 26,752)

- 24,345
(14,329 -69,922)

1.0
(No CI.)

1.0
(0.56 - 1.0)

TBD

Table 4. Demographic plot density estimates with 95 % confidence intervals calculated following Royle and Young
2008). Analyses for 2008 have not been completed

Plot BMG
(=YM1)

BOR
(=YM2)

315
(=EMI)

486
(=YU1)

156
(=WM1)

WM2 Squaw
Peak

Mudhills

MA Yuma
Desert

Yuma
Desert

East Mesa Yuha Basin West
Mesa

West
Mesa

OWSVRA OWSVRA

2007 - - 2.55
(I 89 - 3.44)

2.40
(1.67 - 3 22)

1.12
(0 78 - I 56)

- - -

2008 TBD TBD TBD TBD TBD TBD TBD* TBD*
*Sample sizes are too small for statistical analysis.

Analysis of 2008 monitoring data has yet to be accomplished because of limitations in staff time.
In the meantime, a summary of captures is given in Table 5 and 6.

Table S. Summary of flat-tailed horned lizard captures on demographic plots in 2008 Juveniles < 60mm SVL.

Plot Location Description MA Adults
Captured

Juveniles
Captured

BMG (=YM1) On BMG range Yuma 33 45
BOR (=YM2) BOR land Yuma 16 16
315 (=EMI) East of geothermals East Mesa 17 0
486 (=YU1) Pinto Wash Yuha Basin 18 1
156 (=WMI) SW of Superstition Mtn West Mesa 5 3
WM2 On Navy target West Mesa 36 5
Squaw Peak Near Squaw Peak OWSVRA 1 1
Mudhills Mudhill area OWSVRA 3 7
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Table 6. Number of plots surveyed and proportion that were found to be occupied.
Management Area Number of Plots Naïve Occupancy Estimate
Ocotillo Wells 120 40%
Yuha Basin 85 TBD

The ICC evaluated the success of previous FTHL monitoring efforts and established a plan for
future monitoring. Following is a summary:

Monitoring of FTHL using 4-hectare closed mark-recapture plots has been done at least once on
all the MAs and the RA except for the Borrego Badlands. This monitoring has successfully
generated broad population estimates. The confidence intervals were very wide in a few cases;
and, because it is believed that the populations fluctuate in size, the ICC believed that another
method would be more informative to use in 2007 and beyond.

Monitoring is used to assess the status or "health" of the populations in question. Many different
indicators can be informative of "health," and which indicator is used is often a function of
conditions specific to the species. Such indicators include population size, density, survival rate,
recruitment, population growth rate, or other such metrics. The ICC proposed a new monitoring
regime to monitor the health of FTHL populations in MAs and the RA. The monitoring
consisted of occupancy estimation and "sentinel" plots.

Occupancy estimation will give inference about the distribution of FTHLs in the MAs. It will
answer the question: Is the distribution of FTHLs in the MAs stable, increasing, or decreasing?
This component of the monitoring is meant to detect large-scale changes that reflect large or
catastrophic changes in status. The protocol for this method has generally been established in
occupancy conducted during the last two years.

The sentinel plots are a smaller number of plots where more in-depth information is collected to
further understanding of the population dynamics of the species. ICC participants are using a
statistical mark-recapture model Icnown as "Robust Pradel." Robust Pradel models are used to
estimate abundance each summer and yearly survival and fecundity rates, critical elements in the
population dynamics of the FTHL. The Robust Pradel model is a recent extension of the simple
Pradel model which has been used to monitor northern spotted owl.

The summer of 2007, with expansion in the summer of 2008, served as a pilot study/evaluation
of the sentinel plot protocol. The ongoing monitoring goal will be to conduct surveys every year
on every MA and RA for a specified amount of time (e.g. 5 years).
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TREASURY REPORT

Table 4 below lists the expenditures and balances throu
Date Yuma Area

LLAZCO20000

L71220000

JP0000

LVTF5701AZOO

Yuma MA
AZ 320
7122 5701

(173%INC)

ASH
intermediate
acquisitions
costs (AZ 320
7122 5808)
(19% INC)

ASH land
purchase cost
(AZ 320 7122
6974)(19%
INC)

East Desert
MA (CA
670 7122
6712)
(% INC)

West Desert
MA (CA 670
7122 713)
(% INC)

2007
carryover

1 Jan 07 $ 0 $248,975.81 $1,106,500.00 82,912,0000.00 $131,425.78 $65,715.23.

Additions
San Luis

ROW
3 June 08 $2,860.00

Reclamation
Drop 2

Deposit

$1,173.655.00

Truckhaven
Geothermal

Developer

Subtractions
DO!

Minerals
$1,122,000.00

DO!
Minerals

TOTALS $2,860.00 $248,975.81 $1,106,500.00 $1,790,000.00 $131,425.78 $1,239,370.23

CONCLUSIONS

Signatory agencies continue close cooperation and execution of their respective responsibilities.
The FTHL RMS is being implemented throughout the MAs and FTHL habitat by the
cooperating agencies. Regular coordination between the participating agencies continues
through the MOG and ICC. The participating agencies believe the FTHL Conservation
Agreement and RMS continue to provide an effective management focus to conserve FTHL
habitat throughout its range. During the past year, the aggressive implementation of the RMS
has been a positive benefit for FTHL conservation. Outreach efforts continue to include the
general public and other agencies, such as BP and Mexican agencies, as active participants in
implementing the RMS. The Alto Golfo de California and Pinacate Biosphere Reserves are
already working closely with agencies in the U.S. on research and conservation efforts to benefit
the FTHL in Mexico. Authorized surface impacts have remained low in MAs.
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The MOG and ICC continue to support the 2004 decision that compensation money can be
shared among MAs, regardless of source state, since there is no available land for purchase in
the Yuma MA. The major focus of this decision continues to be the purchase of available land
in any MA prior to private development and, secondly, to use compensation funds to restore
habitat within MAs after there is no additional land available for purchase in a MA. Some
signatory participants have been able to secure funding for rehabilitation efforts from non-
compensation funds. This supplements the compensation funds in providing management
capability for implementing the RMS.
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Population inventories and monitoring of trends continue, as does research in MAs and habitat
areas. This information is useful in developing future management actions and in being able to
make better decisions in implementing projects.

Outreach, including providing education and information to the public, is an on-going activity.
The informational videos that were produced in 2006 for the general public and the BP will help
immensely in this effort. Public understanding of the FTHL, its habitat needs, and authorized
activities in its habitat areas, is necessary to fully implement the RMS.

The 2003 updated version of the FTHL RMS continues to be a platform to move participating
agencies into more effective management and conservation of FTHL in the upcoming years.
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RMS IMPLEMENTATION PROGRESS TO DATE (Updated schedule)

The following table displays the priority, responsible agency, estimated cost, and schedule for
completing each Planning Action. The priorities indicated in the table are assigned the following
definitions:

Priority 1: An action that must be taken in the near term to conserve the species and
prevent irreversible population declines.

Priority 2: An action that must be taken to prevent significant declines in population or
habitat quality.

Priority 3: All other actions necessary to meet the goals and objectives of this RMS.

The following abbreviations and symbols are used in the implementation schedule:

ABDSP Anza-Borrego Desert State Park

AGFD	 Arizona Game and Fish Department

BLM	 Bureau of Land Management

Reclamation 	 Bureau of Reclamation

ICC	 Interagency Coordinating Committee

CDFG	 California Department of Fish and Game

OWSVRA Ocotillo Wells State Vehicular Recreation Area

USFWS U.S. Fish and Wildlife Service

USMC	 U.S. Marine Corps

USN	 U.S. Navy

Task completed since 1997

Task not completed

Task ongoing, on schedule

4,0	 Task ongoing, not on schedule
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Management Strategy Implementation Schedule, 2008-2012

Z
Phoned action

1--.

I
I Ibtal

0300)

Cost estimates MOO)

2
8

FY
20139

FY
2010

FY
3311

FY
2012

1. Delineate and designate FTHL MAa

M 1 1.1 Designate Yuma Desert MA 2 81 1.0.9aA110
N

US1MC

1 0 0 0 0 0

0 1 12 Designate East Mesa MA 2 BIM
INV

1 0 0 0 0 0

M 1 13 Designate West Mesa ha 2 BIM
USN

1 0 0 0 0 0

M 1 1.4 Desigpate Yuha Desert mit, 2 BIM 1 0 0 0 0 0

M 1 1.5 Designate Bonego Badlands MA 2 altid6P 1 0 0 0 0 0

M 3 1.6 Desatnate Ocotillo Wells RA 1 BIM
OWSNRA

ARDS"

1 0 0 0 0 0

0 1 1.7 Designate conservation areas in
Coachella Valley

2 BLNI
USTANS
CLFG

1 0 0 0 0 0

2. Define and impktnent actions necessary to mnsire loss or degradation of habitat

* 1 2.1.1 Apply mitigation measures 0 AIL 5 1 1 1 1 1

* 1 212 Reciliccompenwtion 0 ALL 25 5 5 5 5 5

* 1 22.1 Limit discretionary land uses
authorizations and rows to 10 ades
and 1% total per MA

0 ALL 5 1 1 1 1 1

c > 1 222 Do not dispose °fluids in MAs C.) AIL 0 0 0 0 0 0

* 3 223 Continue maintenance in existing
ROWs

C.) AIL 0 0 0 0 0 0

* 2 22.4 Require fencing along Yuma Desert
MA boundary road

0 AIL 50 0 50 0 0 0

* 2 2.3.1 Limit surface distuibance from
mined adivities in MM

0 ALL 5 1 1 1 1 1

* 2 2.4.1 Reduce new roads to a minimurn in
MA s

C./ ML 5 1 I 1 1 1

C) 1 242 Designate routes "open," "dosed, or
limited" Give route signing a priority

0 BIM
USNC

BR

100 20 20 20 20 20

2.43 Reduce route density in MM See 242

* 1 244 Coordinate with US BP 0 ALL 20 4 4 4 4 4

3 251 Allow 011V reaeation in Itit 0 OWIWRA 0 0 0 0 0 0

c> 1 252 No competitive reaeational events in
NIAs

C..) AIL 0 0 0 0 0 0

* 2 253 Allow non-motosized reaeaiional
activities in MM, but no new
reaeational &cites

C./ AIL 0 0 0 0 0 0

* 2 254 Link camping in Mas 0 BUM
Mx:

20 4 4 4 4 4
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Management S. . , ., Implementation Schedule, 2008-2012

Z
Planned action .ri

1

ICost

Mtal
(30)0)

estimates1$000)

200FY	FY	 FY
8	 3)09	 2010

FY
3311

FY
2012

c> 2 2.55 No new long-turn visitor areas in
MM

C..) All. 0 0	 0	 0 0 0

* 3 2.6 Authofize limard use of float in MAs (.1 All. 5 1	 1	 1 1 1

* 1 2.7 Allow military rraneuvas and
encampments only in designated sites
in MM

C.) USN
liqva:

5 1	 1	 1 1

c> 3 2.8 Suppress fires in MAs ming Emited
fire suppression methods in MM

C.) All. 5 1	 1	 1 1 1

* 1 2.9 Prohibit pesticide treatments in MAs 0 All. 5 I	 1	 1 1

* 3 2.10 Limit other a.ctivities consistent with
above

C.) All. 5 1	 1	 1 1 1

3. Rehabilitate damaged and degraded habitat

e. 2 3. Rehabilitate damaged and deg:laded
habitat in MAs

0 NM
REG AMATIO

N
ABUT
USMC
INV

5W 100	 100	 100 100 100

4. Bring all lands within Ms into public management

a 3 4.1 Mainttir, prioritized list of parcels for
acqtrisitions; and respect private tights

1 All. 5 1	 1	 I 1 1

* 3 42 Procure funds for land acrEisitions in
MA s (32,178 acres ofptivate lands

C..) BIN
MIC
ABIN,

OWSVRA

A525 4,505	 4,505	 4,505 4,505 4,505

acres in Ca/ifornia MM)

* 3 43 Use compensation funds to acquire
key lands in MAs

0 tilm
MFG
ABUT

OWNRA

20 4	 4	 4 4 4

* 3 4.4 Exchange lands oppoitunisfically C.) BIM 20 4	 4	 4 4 4

5. Maintain or establish effective habitat combs between flaw* adjacent populations

c> 2 5.1 Limit or mitigate activities in
movement maiden

0 All. 25 5 5 5 5

* 3 52 Coordinate widi Mexico and INS 0 All. 10 2 2 2 2 9

6. Coordinate activities and fimdlog among the participating againes and Mexican agencies

El 2 6.1.1 Establish FiliL MOG L) All. 5 1 1 1

* 2 6.12 Hold serniannual Kt meetings 0 AI 1. 5 1 1 1 1 1

* 3 6.13 Establish fomm for discussions with
a.gencies and individuals in Maim

C.) All. 5 5 5 5 5 5

MI 1 62 Develop Conservation Agreement 1 AIL 0
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Management Strategy_bnplementation Schedule, 2008-2012

Planned action I
I

ICost

lrbtal
(W00)

estimates 000170

200FY	 FY	 FY
8	 3109	 21110

FY
2011

FY
2012

c> 2 63.1 Incorporate actions in Western
Colorado Desert ecosystem plan
(Noie Other staw and local agencies
wil fill key roles)

C.) AIL 50 10 10 10 10 10

2 2 632 Incorporate actions in cvs.tx10' 3 BIM
CDIC
UR WS

0 0 0 0 0 0
(Note Other state and local agendes
vall fd kg roles)

iz> 2 633 Incorponite actions in Western
Colorado Deszat Rouse Designation

U RIM 20 4 4 4 4 4

c> 1 6.4 Coothimte with US. BP and develop
mutull agteements

2 BIM
RITIAMATIO

N
USTIC

6 2 2 2 0 0

ir) 2 6.4.1 Enotittinge use of techniquts to
minimize BP OFIV activity

U BIM
REGAMMIO

N
LSMC

5 1 1 1 I

c> 2 6.42 Prepare educational briefing for BP

agents
1 WM

Blt
5 1 1 1 1

7. Ptotnote the purposes of the RIM through law enforcement and public education

g> 1 7.1 Provide adequate law enforcement C.) BIM
(lit,
z(ti D
t.Zavr

75
0

150 150 150 150 150

g> 3 72 Provide public information and
education

0 All, 25 5 5 5 5 5

8. Conduct research	 to definenecessary	 and implement neoessaty management actions effedively

g> 3 8.1 Requi.re peones for research e.) Au. 5 1 1 1 1 1

g> 2 8.2 ow:Wm shall continue to fund
research

0 OWSVRA aip 43 40 40 40 40

a 2 8.31 Test towing as a population census
technique

2 All, 0 0 0 0 0 0

g> 2 832 Test direct counting rreithods 2 All, Included in 82 and 83.1

a 2 8.4 Determine life history and
dernogiaphic data (sentinel plots)

5 RIM
MCAS,

IIMAMATIO
N

oeAmtz
ANN,

3(X)

150
150
1(X)

60
30
30
20

60
30
30
20

60
30
30
30

60
30
30
al

60
30
30
20

iz> 2 83 Determine effects of =tiering
activities

5 AIL 300 60 60 60 60 60

ir> 3 8.6.1 Determine genetic variation in
popuhtion

5 Ai 1. 40 0 20 0 20 0

tc> 3 8.62 Determine ef6scts of non-natunil C.) All, 30 5 5 5 5 5
baniess

3 8.63 Drmsrnine effects of nannul bathos 5 All. 15 3 3 3 3 3
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Management Strategy Itnplementation Schedule, 2008-2012

Z
Plaxmed action 1

/

ICost

Thtal
(1(0O

estimatesS$000)

FY200
8

FY
2009

FY
2010

FY
2011

FY
2012

c>	 3 83 Determine effectiveness of mitigation
meas-uses

5 All, 20 4 4 4 4 4

9. Continue inventory and monitoring
c>	 2 9.1 Conti= inventories C) All, 125 25 25 25 25 25

g),	 2 921 Monitor implementation C./ la: 40 8 8 8 8 8

c>	 2 922 Morita! population trends
(occuPancY Plots)

0 WM
Naas

IMAMATION
owsvRA

AIIIIT

400
180
135
150

100
60
45
50

50 100
60
45
50

50 100
60
45
50

g>	 1 9.2.3 Document habitit disturbance and
loss

AIL 50 10 10 10 10 10

g>	 1 923.1 Conduct aerial reconnaissance and
analysis of surface cisturbante on the
five Wis every five yeas

C) AU, 100 100

c)2 924 Prepare annual
monitoinWirnplementation report

C.) la: 20 4 4 4 4 4

g>	 1 925 Use new inventory, monitoring, and
research tin evaluations and
PD/PaGed chu‘des

Ci Ai I . 10 2 2 / 2 2
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Appendix A: Report Abstracts

Bureau of Land Management El Centro Field Office. Flat-Tailed Horned Lizard Monitoring
Report 2008. The BLM-E1 Centro continued monitoring at the East Mesa, West Mesa, and Yuha
MAs. A fourth plot was added on Navy lands, the bombing range north of Superstition
Mountain. Nine hectare demographic plots were established and surveyed for 10 consecutive
days using 6 monitors on all plots. Lizards over 55mm snout-to-vent length were fitted with a
PIT tag and temporarily marked with a sharpie. The capture locations were GPSed and routes
walked recorded. Individual lizards were generally recaptured near the original capture site.
One hundred seventy-one FTHL were captures were made on the demographic plots, including
one individual who was caught on 8 out of 10 survey days. In addition to the demographic plots,
85 occupancy plots were surveyed in the Yuha MA.

Demographic Plots

Table I. Number of fiat-tailed homed lizards captured on demographic plots in 2008. Juveniles < 60mm SVL.

I Plot Location Description MA	 .] Adults Captured] Juveniles Captured
1 BMG (=YM1) On BMG range Yuma	 1 33	 I

I 45

i BOR (=YM2) BOR land Yuma	 __I 16	 l 16

[315 (=EMI) East of geothermals East Mesa} 17	 1 0

1486 (=YU1) Pinto Wash Yuha Basin1  18______ i I______.

1156 (=WM1) SW of Superstition Mtn West Mesa [ 5	 1
1WM2 On Navy target	 [ West Mesa 136	 i 5

LS_quaw Peak Near Squaw Peak 	 j OWSVRA 1	 j

1Mudhills Mudhill Area OWSVRA 1 3

Occupancy Surveys

Table 2. Number of plots surveyed and proportion that were found to be occupied.

I Management Areal Number of Plots Naive Occupancy Estimate

i  Ocotillo Wells! 	 .1_ _	 120	 _ 40%

1Yuha Basin	 I 85 ?
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Hollenbeck, Eric and Joe Hopkins. 2008. Ocotillo Wells District 2008 flat-tailed horned
lizard (Phrynosoma mcallii) occupancy survey and initial demographic survey report
(draft). In 2008, Ocotillo Wells State Vehicular Recreation Area, designated as the Research
Area under the FTHL Conservation Agreement, was surveyed using the Occupancy protocol
authored by the BLM in 2006. 120 stratified-random and nested four-hectare plots were searched
for presence of FTHL. 48 plots (40%) were positive for FTHL. Analysis in the program MARK
for occupancy is still being done, but it will probably indicate 100% occupancy. Two
Demographic (Sentinel) Plots were surveyed using the Robust Pradel Mark-Recapture Protocol
for Monitoring Flat-tail Homed Lizards on Sentinel Plots authored by Tyler Grant, USFWS, in
2006. Too few lizards were found to calculate a detection probability or population estimate.
On the first Sentinel Plot, established in 2007, only two FTHLs were detected and only one was
implanted with a PIT tag. None of the seven FTHLs implanted in 2007 (four on the plot and
three on the boundary sweep) were recaptured. A second Sentinel Plot established this year did
produce 13 FTHLs, but only four were adults, three of which were implanted with PIT tags

Hollenbeck, Eric and Joe Hopkins. 2008. Ocotillo Wells District 2008 flat-tailed horned
lizard (P. mcallii) capture rate in pitfall arrays. In 2008, Ocotillo Wells State Vehicular
Recreation Area, while completing its biannual reptile monitoring, captured an extraordinary
number of flat-tailed homed lizards. Prior to Fall, 2007, OWSVRA's reptile monitoring system
was a combination of walking (time-constraint) surveys and pitfall arrays run for one week (4
trapping days). The pitfall arrays consisted of four five-gallon buckets buried with a center
bucket and three buckets 20 feet away separated by 120 degree angles and drift net fencing
running between the center and spoke buckets. In the Fall season, 2007, most of the walking
surveys were replaced with pitfall arrays, and all the pitfall arrays were worked for three weeks
(12 trapping days). In Spring, 2008, the remainder of the walking surveys were converted to
pitfalls, worked for the longer time period. Total spring captures of flat-tailed homed lizards
from 2000 through 2007 amounted to 21 individuals. Total fall captures, 2000 through 2007
with 2007 having more pitfall arrays run for the longer time period, were 23. In Spring, 2008,
there were 21 FTHLs captured, equal to the eight previous springs. In Fall, 2008, 35 FTHLs
were captured, a 52% increase over the total captures of the previous eight falls. The total of 56
individuals is 81% of the total 69 FTHLs found by the crews doing the Occupancy Plots with
those Occupancy Plot Surveys being conducted from May 27 through September 12, visiting 120
plots a total of 197 times and executing 640 individual surveys.

Culver, M. and T. Dee. 2008. Microsatellite Genetic Variation in Flat-tailed Horned
Lizards (Phrynosoma mcallii) in Arizona, California and Mexico. Arizona Game and Fish
Department, final report for Heritage Fund Project number 105004. 14 p. The Flat-tailed
Homed Lizard (Phrynosoma mcallii) is a strict habitat specialist with a very limited range in SW
Arizona, SE California and the adjoining portions of Sonora, Mexico. It has been through a
series of listings as a candidate species for threatened or endangered status under the Endangered
Species Act since 1980. Lack of sufficient data has been cited as one of the reasons for
withdrawal from the proposed candidate species list. We used 3 microsatellite markers to
characterize the extent of genetic variation and uniqueness in and among the Arizona
population(s) of Phrynosoma mcallii, and between the Arizona population(s) and populations
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from California and Mexico. We found evidence of strong differentiation between
Arizona/Mexico and California populations of P. mcallii. We found moderate differentiation
between Arizona and Mexico populations of P. mcallii. Finally, we found moderate
differentiation between the Arizona populations North and South of Interstate 8, with the small
population north of the interstate exhibiting some evidence of inbreeding or drift. It is imperative
for policy makers involved in the listing or delisting of P. mcallii to have an accurate
understanding of its genetic status, in order to make informed and appropriate decisions
concerning the status of its legal protection.

Delta Del Rio Colorado, in Sonora, Mexico, in 2008.

During June, presence/absence surveys were conducted using the Flat-tailed Horned Lizard/Scat
transect record data form. Surveys were conducted in habitats located along the new highway, in
the areas nearest to El Golfo de Santa Clara town, and in vegetation along the transect which was
also sampled. Six FTHLs were found in seven days of survey.

31



Appendix B: 2009 Annual Work Plan for the Flat-tailed Horned
Lizard Interagency Coordinating Committee

1. Delineate and designate flat-tailed horned lizard MAs and a RA.

1.1-1.6. All MAs and the RA have been delineated and officially designated. ABDSP
will work to strengthen their official commitment in their new Natural
Resources Management Plan.

1.7. Encourage development of a MA in the Coachella Valley. Signatories decided
to support creation and management of the CVMSHCP instead. BLM-Palm
Springs will continue to participate in the development of the CVMSHCP.

2. Define and implement management actions necessary to minimize loss or
degradation of habitat.

2.1. Mitigate and compensate project impacts through humane and cost-effective
measures.

2.1.1. Apply mitigation measures. Appropriate mitigation measures will be enforced
for all authorized projects that impact FTHLs or their habitat.

2.1.2. Require compensation for residual impacts. Agencies will continue to
require compensation for projects that have residual impacts to FTHL habitat.

2.2. Limit authorizations that would cause surface disturbance in MAs.

2.2.1. Attempt to locate projects outside MAs; limit discretionary land use
authorizations and ROWs to 10 acres and 1% total per MA. These limits
will be observed.

2.2.2. Federally owned lands in the MAs shall be retained in federal ownership.
No disposal of federal lands within MAs will occur.

2.2.3. Maintenance in existing Rows may continue. No action required.

2.2.4. Require fencing along Yuma Desert MA boundary road. Agencies in
Arizona will continue to coordinate with ADOT to ensure that they are committed to
providing and maintaining lizard barrier fencing along the Area Service Highway,
when and if it is constructed.

2.3. Limit surface disturbance in MAs from minerals actions.

2.3.1. Allow approved minerals actions while applying applicable mitigation and
compensation. Applicable mitigation and compensation will continue to be
applied.
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2.4. Limit vehicle access and route proliferation in MM. BLM-El Centro will
continue to rehabilitate illegal routes and sign designated routes.

2.4.1. Reduce new roads to a minimum in MM. BLM-El Centro will sign all
designated routes within the MAs. MCAS-Yuma is finalizing their INRMP,
which will restrict new road development.

2.4.2. Designate routes "open," "closed," or "limited." Give route signing a
priority. BLM-El Centro completed route designation for the Western
Colorado Desert. All vehicle routes on BLM managed lands in Imperial
County were designated as open, closed, or limited. BLM has completed initial
signing of all of these routes and is routinely patrolling the area and replacing
signs as necessary. BLM is also in the process of restoring closed routes to a
natural condition. MCAS-Yuma's INRMP includes a comprehensive effort to
sign routes.

2.4.3. Reduce route density in MM. BLM-El Centro completed route designation
for the Western Colorado Desert. All vehicle routes on BLM managed lands
in Imperial County were designated as open, closed, or limited. BLM has
successfully secured hundreds of thousands of grant dollars to restore closed
routes throughout the Western Colorado Desert area, particularly in the FTHL
Management Areas. The MCAS-Yuma INRMP includes most of the Yuma
Desert MA and calls for closure of redundant routes; routes will be identified
for closure within the MA.

2.4.4. Coordinate with USBP to ensure cooperation and enforcement of vehicle
regulations. ICC members will continue to hold FTHL orientation sessions
with BP agents in the El Centro sector to reduce impacts to FTHL habitat
along the International Border.

2.5. Limit impacts of recreational activities in MAs. Recreational camping is
limited in the Yuha Desert MA to designated camping areas. The MCAS-
Yuma INRMP closes the portion of the Yuma Desert MA on the Barry M.
Goldwater Range to all forms of recreation.

2.5.1. Allow vehicle-oriented recreation in RA. No action required.

2.5.2. Permit no competitive recreation events in MAs. Competitive races will not
be permitted in MAs.

2.5.3. Allow non-motorized recreational activities in MM, but limit new
recreational facilities.
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2.5.4. Limit camping in MAs. Recreational camping is limited in the Yuha Desert
MA to designated camping areas. The MCAS-Yuma INRMP closes the
portion of the Yuma Desert MA on the Barry M. Goldwater Range to camping.

2.5.5. No long-term camping areas shall be developed in MAs. None will be
developed.

2.6. Allow limited use of plants in MM. No plant sales, commercial collecting, or
grazing will be allowed.

2.7. Allow military maneuvers and encampments only in designated sites in MAs.
Military training areas in the Yuma Desert MA are fenced or marked to
identify their locations and limits so that adjacent areas will not be impacted.

2.8. Suppress fires in MM and BLM lands in the RA using allowable methods.

2.9. No pesticide treatments shall be applied within MM. No pesticide treatments
will occur in MAs, except for specifically targeted herbicides. Herbicides are
used on tamarisk removal projects, which improve FTHL habitat.

2.10. Within MAs, other activities not consistent with the EMS shall not be
approved. None will be approved.

3. Rehabilitate damaged and degraded habitat in MAs. Several years of extensive
habitat rehabilitation is planned and has begun for the Yuha Desert, West Mesa,
and East Mesa MAs

4. Attempt to acquire all private lands within MM.

4.1 Maintain prioritized list of parcels for acquisitions. Lists identifying parcels
for acquisition will be maintained by the California OHV Division office
headquarters in Sacramento and by BLM-El Centro. Ocotillo Wells District,
through OHMVRD, will continue to acquire private in-holdings. ABDSP will
continue to acquire private in-holdings within the park.

4.2. Seek funding to acquire key parcels in MAs. Compensation funds will be
banked for habitat acquisition.

4.3. Using compensation and other funds, acquire key lands in MAs. Key lands in
MAs will be acquired as opportunities arise. Compensation funds collected in
Arizona may be used for habitat acquisition in the East Mesa MA in
California. The ICC and MOG will continue to develop a more comprehensive
approach regarding the use of funds.

4.4. Participate in exchanges to acquire key parcels in MAs. This will occur as
opportunities arise. At the moment, the primary tool for land acquisition is
through purchases rather than land exchanges.
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5. Maintain or establish effective habitat corridors between naturally adjacent
populations.

5.6. Limit or mitigate activities in movement corridors.

5.7. Coordinate with Mexico and INS to ensure movement across the border.
Agencies will continue to consult with Department of Homeland Security on
border fencing issues.

6. Coordinate activities and funding among the participating agencies and Mexican
agencies.

6.1.1. Maintain a FTHL MOG. The MOG will continue to meet as needed to
coordinate implementation of the conservation agreement in response to
recommendations from the ICC. Meeting minutes will be provided to all
MOG and ICC members to facilitate effective coordination.

6.1.2. Hold semi-annual meetings of the ICC. The ICC has met quarterly since the
inception of the RMS and will continue to do so to discuss implementation of
Planning Actions under the RMS and issues and challenges regarding this
implementation. In addition to ICC meetings, subgroups of the ICC may meet
on occasion to discuss specific issues.

6.1.3. Develop a forum for discussions with agencies and individuals in Mexico.

6.2 Develop a conservation agreement. The 2003 revision of the RMS has been
finalized, printed, and distributed to all involved agencies and interested
parties. The RMS may be revised as necessary to reflect new information.

6.3.1. Incorporate actions into the Western Colorado Desert Coordinated
Management Plan. In 2005, the California Desert Conservation Area Plan
was amended to formally adopt the Strategy and the FTHL MAs. This plan
will continue to be implemented in 2009.

6.3.2. Incorporate actions into the CVMSHCP. BLM-Palm Springs will continue
to participate in the development of the CVMSHCP.

6.3.3. Incorporate actions into the Western Colorado Desert Route Designation.
See 2.4.2.

6.4. Coordinate with U.S. BP to develop mutual agreements. BP will continue to
be invited to MOG meetings. ICC agencies will finalize the production of the
BP training and education video and distribute it to BP offices for use in their
training programs.
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7. Promote the goals of the FtMS through law enforcement and public education.

7.1. Provide sufficient law enforcement. MCAS and AGFD will continue to
conduct ORV patrols within the Yuma Desert MA and adjacent habitat. BLM-
El Centro has aggressively moved ahead to fill vacant law enforcement
positions and apply for grants to add additional rangers.

7.2. Provide public information and education about the MM and RA. All users
of BMGR will receive a briefing that includes information on the FTHL, via
slides, pictures and/or descriptions. BLM-El Centro will continue to distribute
FTHL brochures and maps to land users. Agencies on both sides of the border
will continue to distribute the FTHL brochure that was developed by the
Centro Intercultural de Estudios de Desiertos y Oceanos. ICC agencies will
finalize the production of the general public information video and distribute it
to appropriate groups.

8. Encourage and support research to promote conservation of FTHL and desert
ecosystems.

8.1. Require permits for research. AGFD and CDFG will continue to require
scientific collecting permits for people who collect or handle FTHL. (New
CDFG regulations enable monitors who move FTHL as mitigation for projects
in California to do so with a letter of authorization from CDFG and not a
collecting permit.)

8.2. OWSVRA shall continue to budget for research. Continued Monitoring (in
house): Repeat the survey of all 120 Occupancy Plots. In lieu of the
scientifically disappointing Demographic Plots, do a detailed habitat analysis
of the positive plots from the Occupancy survey including substrate,
vegetation, and OHV use. Explore alternate detection methods such as
evening surveys and pitfall arrays. Explore the establishment of Occupancy
Plots on a potential new acquisition to the north of OW and east of ABDSP.
Explore training methods that might help in FTHL detection.

8.3. Continue to refine cost-effective techniques for assessing FTHL
abundance.

8.3.1. Test trapping and other techniques used to enumerate FTHLs directly.

8.3.2. Determine effectiveness of relative enumeration techniques and scat
counts as an index of relative abundance.

8.4. Determine life history and demographic data. The sentinel plots proposed
for each of the MAs will provide this data.

8.5. Determine effects of conflicting activities.

8.6. Determine genetic variation among populations and effects of barriers. The
study to evaluate genetic variation across the range of FTHL has been
completed.
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8.6.1. Determine genetic variation in MM.

8.6.2. Determine effects of human-created barriers.

8.6.3. Determine effects of natural barriers.

8.7. Determine effectiveness of mitigation measures. The ICC will review the
results of the relocation study to determine whether the RMS should be revised
or whether additional information is needed on this issue.

9. Continue Inventory and Monitoring.

9.1.Continue inventories. BLM-Yuma will determine the presence/absence of FTHL
within some BLM-managed land. BLM-El Centro will continue to monitor lizard
populations in the MAs using the methods prescribed by the ICC. In the Coachella
Valley Preserve, FTHL will continue to be surveyed by the Center for Natural
Lands Management, with a focus on lizard-ant-small mammal interactions. The
objective is to use a correlation approach as well as an experimental approach
(small mammal enclosures with varying resource levels) to determine whether the
small mammals restrict the growth of the ant populations and therefore impact
FTHL. With funding from Reclamation and/or MCAS, AGFD will conduct two
sentinel plots within the Yuma Desert MA as well as a baseline sample of
occupancy plots. In addition, sentinel plots are proposed in the West Mesa, and
Yuha Desert MAs. OWSVRA will survey its existing Occupancy Plots and will
investigate establishing new Occupancy Plots on the new acquisition property
jointly managed by OWSVRA and ABDSP. ABDSP proposes to conduct
occupancy surveys during 2009 in the Borrego Badlands MA. Occupancy surveys
are also proposed for the Yuha Desert MA. Occupancy plot surveys at OWSVRA
will be continued and possibly expanded in number.

9.2.Monitor habitat quality and population trends in the MAs. OWSVRA will
continue to monitor habitat. RIM-El Centro conducts disturbance and vehicle
track surveys as time and funding allow. The Student Conservation Crew
conducting restoration in the Yuha Desert MA is evaluating the level of
disturbance within the MA before, during, and after the restoration.

9.2.1. Monitor implementation of the RMS. The 2009 Work Plan describes how
the 2003 RMS will be implemented. At the end of the year, the ICC will report
accomplishments and significant deviations.

9.2.2. Monitor population trends. Observations of FTHL during the course of
biannual reptile surveys at OWSVRA will be recorded as part of regular
monitoring. FTHL observations by staff during archeology surveys, ranger
patrol, or in the course of maintenance duties will be noted. BIM-El Centro
will gather population data using occupancy and sentinel plots.
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9.2.3. Document habitat disturbance and loss. Al! authorized habitat impacts will
be reported in the 2009 ICC Annual Report. BLM-El Centro, AGFD, and
USFWS will continue to quantify the level of vehicular impacts to FTHL
habitat using a step-point method.

9.2.4. Prepare an annual report of monitoring results and implementation
progress. An annual report will be produced that summarizes monitoring and
RMS implementation during 2009. The report will include a schedule of
activities to be accomplished in 2010, budget needs for 2010, and projected
budget needs for major projects in 2011 and 2012. The report shall also
include a summary of monitoring results and a discussion of the likely causes
of any noted declines in population.

9.2.5 New data shall be used in evaluations of the RMS and in assessing proposed
changes. New information resulting from ongoing research will be used to
revise the RMS.
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1.0 INTRODUCTION

1.1 INTRODUCTION TO SUPPLEMENTAL CUMULATIVE ANALYSIS

This supplement to the Application for Certification (AFC) for the Stirling Energy Systems, 
LLC Solar Two Project (Project) is designed to provide additional data and analysis 
supporting the cumulative impact assessment in the AFC submitted in June 2008. This 
analysis is based on discussion and findings from the staff workshop to discuss potential 
alternatives and cumulative impacts held on February 10, 2009. 

The purpose of cumulative impact analysis in Section 5.18 of the AFC is to identify past, 
present, and reasonably foreseeable actions in the vicinity of the Project and its ancillary 
systems that could affect the same resources, and provide the following analysis:

� Determine if the effects of the Project and the other actions would overlap 
in time or geographic extent;

� Determine if the effects of the Project would interact with, or intensify, the 
effects of the other actions; and

� Identify any potentially significant cumulative effects.

Where potentially significant effects were identified for the Project, an assessment of 
cumulative effects was provided under each respective resource in Section 5.18
(Environmental Information) of the AFC.

This supplemental analysis expands the geographic area considered for past, present, and 
reasonably foreseeable development surrounding the proposed Project location to more 
thoroughly examine Project effects that could be “cumulatively considerable”. The analysis 
also includes some data that were not available or incomplete in the AFC as well as further 
specification for parameters that could be used to measure significance of potential effects.
The additional data allows better definition of reasonable foreseeable future actions and 
specific conclusions regarding significance of cumulative impacts than was possible with the 
data available at the time the analysis was completed for the AFC.

This supplemental cumulative analysis covers the following:

1. Past, Present, and Reasonably Foreseeable Future Actions - a description of the 
projects and development actions that are considered in the cumulative impact 
analysis. The geographic scope of the area considered varies by resource, but is 
generally expanded from the AFC. Tables and maps are included to illustrate actions 
and explain assumptions regarding future development.

2. Supplemental Cumulative Impact Analysis for each resource except Cultural and 
Paleontological whose final impact analysis is not complete. Each resource analysis 
covers geographic scope of past, present, and reasonable foreseeable future actions, 
parameters that can be used to measure significance of impacts, and supporting data 
and analysis for determining significant cumulative impacts. A more detailed analysis 
was conducted for Land Use, Socioeconomics, Biological Resources and Visual 
Resources because these resources were considered to be more likely to have 
significant cumulative effects.  The remaining resources were analyzed specifically 
to determine if there would be a difference from the conclusions in the AFC by using 
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the updated reasonable foreseeable development forecast created for this 
supplement. 

1.2 PAST, PRESENT AND FUTURE ACTIONS IN THE PROJECT VICINITY

The cumulative impact analysis included in the AFC considers actions within a 10-mile radius 
of the Project location. These actions and associated maps are identified in the following 
tables and figures in the AFC:

� Table 5.18-2 Past Actions

� Table 5.18-3 Pending BLM Applications for Energy Projects Near the Project 
and Other Reasonably Foreseeable Future Projects Within 10-Mile Boundary 
of Project Site

� Table 5.18-4 Imperial County Large-Scale Development Permits Within 10-
Mile Boundary of Project Site

� Table 5.18-5 BLM Right-of-Way (ROW) Permits Within 10-Mile Boundary of 
Project Site

� Figure 5.18-1 Reasonably Foreseeable Project Boundary Map

� Figure 5.18-2 Pending BLM Applications

This supplemental cumulative impact analysis varies the geographic scope of past, present, 
and reasonably foreseeable future actions by resource depending on the geographic and 
temporal characteristics of potential impacts. For example, the geographic scope of 
cumulative socioeconomic effects is determined by the extent of the commute distance for 
workers. The geographic scope of cumulative visual effects is determined by the extent of 
the viewshed for the Project.  Past and present development for this supplemental 
cumulative analysis is illustrated in Figure 1 General Zoning Plan (Attachment A – Project
Maps). Figure 1 shows the general zoning plans for Imperial County as well as public land 
designations such as the US Naval Air Facilities, Wilderness Areas, and Areas of Critical 
Environmental Concern (ACEC). Figure 1 is based on GIS data from Imperial County, BLM and 
other land managers. 

Future urban expansion in Imperial County is mapped in Figure 2 Projected Urban 
Development (Attachment A - Project Maps) from a recent analysis by the California 
Department of Conservation, Division of Land Resource Protection, Farmland Mapping and 
Monitoring Program (Cal DLRP [2009]). The results of the analysis include a series of 
baseline population and urban growth projections for California's 38 urban counties through 
2100 in map and table form.  The projections are based on extrapolations of current 
population and urban development trends. In that study, urban development is defined by 
structures with a building density of at least 1 unit to 1.5 acres, or approximately 6 
structures to a 10-acre parcel. The particular types of development represented by this
urban development include residential, industrial, commercial, institutional facilities, 
cemeteries, airports, golf courses, sanitary landfills, sewage treatment, and water control 
structures.

In the supplemental cumulative analysis, results from the Cal DLRP study are used to 
illustrate past, present and future urban development from 1984 to 2020 in the region.  
Instead of identifying individual housing developments or proposed commercial buildings as 
in the AFC (Table 5.18-4), the urban development forecast was used to define the past, 
present, and future geographic extent of “urban” types of development in a generic sense.  
These generic data are suitable for most resources but had to be further refined for visual 
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impact assessment and combined with demographic data for the socioeconomic impact 
analysis as described in the resource analysis sections below.

Reasonably foreseeable future actions for this supplemental cumulative analysis and 
expanded geographic area are based on data developed for the recently drafted Renewable 
Energy Transmission Initiative (RETI) Phase IB study (RETI 2009). RETI is a collaborative 
stakeholder planning process initiated as a joint effort among the California Public Utilities 
Commission (CPUC), the California Energy Commission (Energy Commission), and the 
California Independent System Operator (CAISO), together with publicly owned and investor 
owned utilities. The goal of RETI’s work is to identify major upgrades to California’s electric 
transmission system needed to access competitive renewable energy zones (CREZs) 
sufficient to meet the state’s renewable energy target. The RETI renewable energy target is 
the amount of additional renewable energy needed to provide 33 percent of California’s 
electric energy consumption in the year 2020.

The major difference between the list of BLM Right-of-way (ROW) applications used in 
cumulative analysis for the AFC (Table 5.18-5) and the RETI data is that the RETI 
incorporates a screening analysis that further refines the list of possible power projects by 
indirectly estimating the likelihood that a project will actually get built. The RETI screening 
process considers the environmental constraints that restrict power project locations as well 
as the estimated cost to generate renewable power from a suitable location within a CREZ.
The CREZs are ranked by estimated costs and those CREZs with the lowest cost renewable 
power are expected to supply more power and require more transmission capacity than 
other CREZs. Note that the RETI study considers supply options in Nevada, Arizona, and 
Mexico. 

The renewable energy power resources and associated transmission and collector lines that 
were determined by the RETI screening analysis to be included in the CREZs surrounding the 
Project were included in this supplemental cumulative analysis. Specifically, the generation 
and transmission resources identified for the Imperial North CREZ, Imperial South CREZ, San 
Diego South CREZ, and Out-of-State Baja sub-CREZ were included in the Reasonably 
Foreseeable Development data set. These resources are listed in Table 1-1 and mapped in 
Figure 3 in Attachment A – Project Maps.

Overall, this supplemental cumulative analysis differs from the AFC cumulative analysis by 
considering a set of renewable energy power projects and associated transmission lines that 
are likely to be constructed in the area surrounding the Solar Two site by 2020. This
supplemental analysis also differs in that the power resource project boundaries are not 
defined specifically. The RETI does not endorse or define any specific projects or 
transmission routing. Rather, a proposed project is included in the RETI as a generic 
renewable energy resource with the capacity and location that meet the RETI economic and 
environmental screening criteria.  Similar to the urban development data shown in Figure 2
(Attachment A), this generic data is generally sufficient for estimating cumulative impacts 
for most resources in this supplemental report, but may require more definition for 
estimating cumulative effects to some resources such as visual resources. 
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Table 1-1. Reasonable, foreseeable development in Project area.

Type of Project1 Estimated Footprint 
(Acres)

MW Map ID

Solar Thermal Electric 1276 200 ST1
Solar Thermal Electric 1276 200 ST2
Solar Thermal Electric 1276 200 ST3
Solar Thermal Electric 1277 200 ST4
Solar Thermal Electric 1277 200 ST5
Solar Thermal Electric 1277 200 ST6
Solar Photovoltaic 159 20 PV1
Solar Photovoltaic 159 20 PV2
Solar Photovoltaic 159 20 PV3
Solar Photovoltaic 159 20 PV4
Solar Photovoltaic 159 20 PV5
Solar Photovoltaic 159 20 PV6
Solar Photovoltaic 159 20 PV7
Solar Photovoltaic 159 20 PV8
Solar Photovoltaic 159 20 PV9
Solar Photovoltaic 159 20 PV10
Solar Photovoltaic 159 20 PV11
Solar Photovoltaic 159 20 PV12
Solar Photovoltaic 159 20 PV13
Solar Photovoltaic 159 20 PV14
Solar Photovoltaic 159 20 PV15
Wind 6270 45 W1
Wind 7112 216 W2
Wind 4923 161 W3
Wind 5087 113 W4
Wind 7467 188 W5
Wind – Baja Norte 34581 764 BW1
Wind – Baja Norte 36599 973 BW2
Wind – Baja Norte 70821 707 BW3
Wind – Baja Norte 32603 449 BW4
Wind – Baja Norte 42753 573 BW5
Wind – Baja Norte 34247 631 BW6
Geothermal 80 160 G1
Geothermal 10 32 G2
Geothermal 640 1170 G3
Biomass 10 36 B1
Transmission Collector Line 29 CL1
Transmission Collector Line 19 CL2
Transmission Collector Line 12 CL3
Transmission Collector Line 16 CL4
Transmission Collector Line 19 CL5
Transmission Collector Line 35 CL6
Transmission Collector Line 81 CL7
Transmission Collector Line 82 CL8
Transmission Collector Line 91 CL9
Transmission Collector Line 76 CL10
Transmission Collector Line 101 CL11
Transmission Collector Line 57 CL12
Transmission Collector Line 51 CL13
Transmission Collector Line 67 CL14
Transmission Collector Line 42 CL15
Transmission Collector Line 122 CL16
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1Sources:  RETI 2009, Cal DLRP 2009, Wind Zero 2009.

2.0 AIR QUALITY

2.1 INTRODUCTION

The potential impacts to air quality from the Project are primarily related to dust generated 
by equipment and vehicle operations. The cumulative analysis in the AFC found that because 
such a large area would be disturbed there is a measurable possibility of significant air 
quality impacts during construction. However, because the emissions would be short term 
and mitigated, they are unlikely to contribute to significant effects. Furthermore, during 
the operation and maintenance of the Project, emissions of air pollutants would come from 
vehicles moving through the site to conduct maintenance and cleaning of the solar 
collectors. Because these are all intermittent sources and because the Project would have 
best management practices in place to reduce emissions, these effects are likely to be 
below a level of significance.

According to the AFC, “Past and present activities within the region that have contributed 
to effects on air quality include other construction projects (e.g., commercial and 
residential developments involving multiple acres), Naval Air Facility El Centro flight 
operations (i.e., emissions from aircraft), infrastructure improvements (i.e., highway 
construction), and OHV use. Each of these activities is expected to continue in the future. 
The combination of past, present, and future activities are likely to contribute to increased 
particulates and emissions within the Project area.”  Considering the potential off-site 
development associated with the RETI projects and cumulative urban development 
forecasted by 2020, there could be significant changes to air quality in the air basin 
surrounding the Project site. Given the potential dust and air emissions from Solar Two that 
could be “additive” to reasonable foreseeable development, we focus the supplemental 
cumulative analysis on dust and vehicle emissions.

Transmission Collector Line 191 CL17
Transmission Collector Line 120 CL18
Transmission Collector Line 158 CL19
Transmission Collector Line 159 CL20
Transmission Trunk Line 238 TL1
Transmission Trunk Line 173 TL2
Transmission Trunk Line 211 TL3
Transmission Trunk Line 381 TL4
Transmission Trunk Line 122 TL5
Transmission Trunk Line 738 TL6
Collector Substation 10 CS1
Collector Substation 10 CS2
Collector Substation 10 CS3
Collector Substation 10 CS4
Collector Substation 10 CS5
Solar Two 6183 750 Project
Total Renewable Excluding 
Baja Norte Wind

52,500 7718

Wind Zero Training Facility 1070 WZ
Urban Development 2020 43,900 Green

Yellow
Red
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2.2 SIGNIFICANCE CRITERIA

The criteria used to determine significant air quality impacts are based on air model 
determinations of how criteria emissions levels from the Project would cause or contribute 
significantly to a violation of a California Ambient Air Quality Standards (CAAQS) or National 
Ambient Air Quality Standards (NAAQS). The Imperial County Air Pollution Control District 
(ICAPCD) is the primary agency responsible for planning, implementing, and enforcing 
federal and State air quality standards in Imperial County. The ICAPCD established an 
attainment plan for PM10 in 1993 (PM10 State Implementation Plan [SIP]) and updated the 
plan in 2005 with Regulation VIII rules that include the “best available control measures” for 
control of windblown particulate matter and particulate matter from travel on unpaved 
roads across Imperial County. The ICAPCD also oversees a Natural Events Action Plan that
allows the ICAPCD to document and take into account high PM10 concentrations caused by 
qualified natural events, such as windstorms and wildfires. The Regulation VIII Rules and the 
Natural Events Action Plan are part of the regional plan to comply with PM10 standards. 
ICAPCD also maintains and implements an ozone attainment plan that depends on the State 
Implementation Plan to achieve reductions of ozone precursors from mobile sources.

2.3 GEOGRAPHIC AND TEMPORAL PARAMETERS

The Imperial Valley/Salton Sea Air Basin includes Imperial County and portions of Riverside 
County. This air basin encompasses the past, present, and reasonable foreseeable 
development (including RETI project and future urban development) surrounding the Project
site. The major source of particulate matter in Imperial Valley is fugitive windblown dust, 
with other contributions from entrained road dust, farming, and construction activities.

In August 2004, the United States Environmental Protection Agency (USEPA) proposed to 
reclassify the Imperial Valley from a moderate to a serious PM10 nonattainment area based 
on monitor readings that exceeded the 24-hour PM10 standard. In December 2007, the USEPA 
finalized the reclassification and required the State to submit an air quality plan that 
demonstrates that the Imperial Valley air basin will attain the PM10 standard. Since the area 
was designated as nonattainment for PM10 Imperial County government agencies and industry 
groups private and public stakeholders, along with the ICAPCD have proactively worked to 
reduce PM10 emissions to bring the Imperial Valley into compliance with the federal NAAQS. 
These efforts resulted in amendments to Regulation VIII Best Available Control Methods 
(BACM) in 2005 and a draft State Implementation Plan (SIP) for PM10 in January 2009. There 
was only a working review copy of the draft SIP at the time of this analysis and it could not 
be cited or quoted.

2.4 CUMULATIVE AIR QUALITY EFFECTS

The amended Regulation VIII BACM requirements and the new SIP regulations will likely 
change the allowable emissions for future development in the Imperial Valley. Furthermore, 
future RETI projects (including Solar Two) and urban development will be required to meet 
the revised BACM requirements. Even though measurable renewable energy and urban 
development is forecasted within the Imperial Valley, it will be required to occur in such a 
manner as to achieve and keep the Imperial Valley air basin in attainment with Federal PM10

NAAQS.  Therefore, it is unlikely that there would be significant cumulative air quality 
effects from the Project.
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3.0 GEOLOGIC HAZARDS AND RESOURCES

3.1 INTRODUCTION

Geologic hazards are generally not affected by project development activities instead the 
project development activities are impacted by geologic hazards.  The primary geologic 
hazard that has potential to affect Project development activities is ground motion from a 
seismic event.  A discussion of the potential for seismic activities in the Project area is 
included in AFC Section 5.3.

Geologic resources can be affected by Project development because it can restrict access or 
development of sub-surface minerals located beneath surface activities such as renewable
energy and transmission line projects. Significant impacts can occur if long term leasing or 
permanent structures preclude development of known mineral deposits.

3.2 SIGNIFICANCE CRITERIA

Geologic hazards have the potential to impact the Project features through the effects of 
seismic shaking (ground motion) and surface rupture or surface displacement.  These 
naturally occurring phenomena would not be enhanced or caused by any of the Project
features.  Seismic activity has the potential to cause damage to the Project features 
depending on the location and intensity of the seismic event.

Construction activities associated with site preparation (clearing and grading of surface 
features) would cause localized modification to site topography.  The Project construction 
activities would not require re-routing of any washes or arroyos within the Project area.  
Based on the generally flat terrain associated with the proposed Project area the amount of 
cut and fill required for any specific location would be ‘minor’ according to the AFC 
although term ‘minor’ is explicitly not defined.

The long term leasing of the Project area for renewable energy generation would preclude 
the development of mineral resources within the Project area.  

The following criteria may be considered in assessing the cumulative impacts of the 
proposed Project in combination with potential effects from past, present, and reasonably 
foreseeable future projects on mineral resources.  

� Preclude the development of a known mineral resource that would be of 
value to residents and or the region.

� Preclude the development of a known mineral resource that has been 
mapped on a land use plan.

The criteria are specified in CEQA Environmental Checklist Form (CEQA Appendix G) which 
considers environmental factors in determining impacts. 

3.3 CUMULATIVE GEOLOGIC HAZARD AND RESOURCE IMPACTS

With respect to geologic hazards, the expansion of the reasonable foreseeable development 
to include urban development and RETI resources does not change the analysis included in 
the AFC.  These development activities would be located on the surface and would not 
affect mineral resources beneath the ground surface.
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Mineral resources and existing mineral leases on BLM lands within the proposed Project area 
and adjacent areas was included in the Geologic Hazards and Resources section of the AFC
Section 5.3.  It was concluded from the review of the USGS data for mining resources that 
the Project would not have a significant effect on geologic resources of the region.

4.0 SOILS

4.1 INTRODUCTION

The topography of Imperial County is generally flat, with low levels of natural erosion.  
Erosion is dependent on texture, moisture content, and agronomic practices.  Lacustrine 
basin soils in the Imperial County area formed on nearly flat ancient lakebeds near 
prehistoric Lake Cahuilla.  The soils in Imperial County generally consist of silty clays, silty 
clay loams, and clay loams; are deep and highly calcareous; and usually contain gypsum and 
soluble salts.  

Soils within Imperial County have no potential for farming unless irrigated, because of the 
very dry climate (AFC 2008).  Soil types near the proposed Project are described and 
mapped to the level of soil association for the AFC.  The location and properties of the soil 
associations are based on interpretation of the State Soil Geographic Database (STATSGO) 
prepared by the Natural Resources Conservation Service (NRCS 1995) with data from the Soil 
Data Mart.

4.2 SIGNIFICANCE CRITERIA

The criterion used for determining significance of effects to soil resources in the California 
Environmental Quality Act (CEQA), Appendix G, is that the Project results in substantial soil 
erosion or loss of topsoil, degradation of soils or farmland, changes in topography, or 
unstable soil conditions.

4.3 GEOGRAPHIC AND TEMPORAL PARAMETERS

The geographic scope for soil resources includes the soil map units that underlie the 
proposed Project extended to their farthest connected extent from the Project area.  This 
includes three soil associations, Rositas-Carrizo-Orita [MU s994], Badland-Beeline-Rillito [MU 
s995], and Meloland-Vint-Indio [MU s996], as defined in Tables 5.4-1 and 5.4-2 of the AFC.  
The geographic scope includes about 237,600 acres of all three soils types (see Figure Soils-1
in Attachment C).

Table 4-1 shows the past, present, and future projects identified as occurring within the soil 
resources cumulative analysis area as show in Figure Soils-1 (Attachment C).
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Table 4-1. Soil associations and acreage for the past, present, and reasonably 
foreseeable projects within the soils geographic scope.

Soil Associations and Map Units (MU)
Rositas-Carrizo-
Orita [MU s994]

(Acres)

Badland-Beeline-
Rillito [MU s995]

(Acres)

Meloland-Vint-Indio 
[MU s996]

(Acres)
Type of Project
Past and Present
OHV Trails (Open and Closed) 
(5-foot corridor) 400 50 100

Roads (US, State, County) 
(100 foot corridor) 600 0 100

Open ATV Trails 300 20 30
Plaster City OHV Area 17,300 0 3,700
Naval Ranges 21,800 0 600
Proposed Project
Solar Two 5,539 0 644
RETI Projects
Solar – PV 200 0 300
Solar – Thermal 3,500 500 2,200
Wind 6,300 0 0
Proposed transmission lines 
(100-foot corridor) 500 4 500

Future development
Wind Zero Training Facility 1,100 0 0
2020 Development plan 300 0 900

4.4 CUMULATIVE SOIL EFFECTS

Construction-related effects to soil resources associated with the development of the 
Project primarily involve vegetation removal, excavation, grading, and temporary 
stockpiling.  Section 5.4.2.1 of the AFC outlines the potential effects to soils within the 
Project area from Project construction and operation. 

Potential cumulative effects to soils in combination with past, present, and future actions 
would include erosion and sediment runoff during construction.  Table 4-1 lists the soil 
associations and acreage for the past, present, and reasonably foreseeable projects with the 
geographic scope.  The potential for impacts to soil resources to combine with similar 
effects of off-site development would occur only if other projects were implemented in the 
same area coincident with the Project. Furthermore Best Management Practice (BMP) 
measures are expected to be implemented to reduce or prevent erosion impacts during 
construction within the Project area and at other project locations. Therefore impacts from 
the proposed Project are not expected to combine with similar effects from other projects
to result in significant effects to soil resources.



SES Solar Two AFC Supplemental Cumulative Analysis Page 10
Ecosphere Environmental Services April 21, 2009

5.0 WATER RESOURCES

5.1 INTRODUCTION

The proposed Project lies within the southeastern part of the Colorado Desert Hydrologic 
Region, which covers approximately 1,870 square miles in Southern California.  More 
specifically, the proposed Project lies within the Brawley Hydrologic Area and is 
immediately adjacent to the Coyote Wells Hydrologic Area.  It is located predominately 
within the Coyote Wells Valley Groundwater Basin with additional portions of the site lying 
in the Imperial Valley Groundwater Basin (see Water-1 Figure in Attachment C).  The 
groundwater basins are explained in detail in section 5.5.1.2 of the AFC.

A number of well-defined ephemeral washes cross the proposed Project area and off-site 
transmission line.  These washes are primarily erosion features created by runoff from large 
scale flood events, and are not representative of riverine features supporting aquatic life or 
functions and do not support any riparian vegetation or habitat. No open water or 
intermittent or perennial water resources have been identified in the Project area (AFC 
2008). 

5.2 SIGNIFICANCE CRITERIA

Significance criteria are based on those listed in CEQA Appendix G, modified to be 
applicable and relevant to anticipated impacts of the Project. Hydrology and water 
resources impacts would be significant if the Project would:

� Violate any water quality standards or waste discharge requirements, create 
new sources of polluted runoff, or otherwise substantially degrade water 
quality.

� Substantially deplete groundwater supplies or interfere substantially with 
groundwater recharge such that there would be a net deficit in aquifer 
volume or a lowering of the local groundwater table level (e.g., the 
production rate of pre-existing nearby wells would drop to a level that would 
not support existing land uses or planned uses for which permits have been 
granted).

� Place within a watercourse or flood hazard area structures that would 
impede or redirect flood flows, or otherwise substantially alter the existing 
drainage pattern of the site or area, including through the alteration of the 
course of a stream or river, in a manner which would result in substantial 
erosion or siltation onsite/offsite.

� Substantially increase the rate or amount of surface runoff in a manner that 
would result in flooding onsite/offsite, or otherwise create or contribute 
runoff water which would exceed the capacity of existing or planned 
stormwater drainage systems.

� Any of the following effects to or within jurisdictional wetland and/or 
riparian habitats as defined by United States Army Corps of Engineers 
(USACE), The California Department of Fish and Game (CDFG) or local 
jurisdictions: removal of vegetation; grading; obstruction or diversion of 
water flow; adverse change in velocity, siltation, volume of flow, or runoff 
rate; placement of fill;  construction of a road crossing; placement of 
culverts, other structures, or other underground piping; any disturbance of 
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the substratum; and/or any activity that may cause an adverse change in 
native species composition, diversity, or abundance.

5.3 GEOGRAPHIC AND TEMPORAL PARAMETERS

The geographic scope for water resources includes all of the dry washes that run through the 
proposed Project area as depicted by the National Hydrographic Dataset (NHD) “bluelines.” 
This database provides mapping for surface water features for the United States (USGS 
2008).  Within the proposed Project area, ephemeral streams were the only features 
identified in the NHD.  The geographic scope for the Project cumulative analysis area 
includes these ephemeral streams from where they originate upstream of the Project area 
to where they drain into the canal system of the Imperial Valley.  Since groundwater 
recharge regions are not currently available for this area, the same geographic scope used 
for surface water features was used to evaluate groundwater resources. The entire 
cumulative analysis area for water resources includes approximately 57,000 acres (see 
Water-1 Map in Attachment C).

Table 5-1 shows the past, present, and future projects identified as occurring within the 
cumulative analysis area as shown in Water-1 Map (Attachment C).  

Table 5-1. Past, present, and reasonably foreseeable future projects within the surface 
and groundwater cumulative analysis area.

Type of Project Length of NHD “Bluelines” 
in Project Areas (miles)

Area in NHD “Bluelines” 
Potentially Affected by 

Projects (acres)1,2

Past and Present
OHV Trails (Open and Closed) (5-foot 
corridor) 0.5 4.4

Roads (US, State, County) (100 foot 
corridor) 0.03 0.3

Open ATV Trails 0.3 2.8
Plaster City OHV Area 0.5 4.4
Total Past and Present 1.2 11.8
Proposed Project
Solar Two 11.2 268
Future Projects
RETI Projects
Solar – PV 0.6 5.4
Solar – Thermal 6.2 60.1
Proposed transmission lines (100-foot 
corridor) 0.3 3.1

Other Future development
2020 Development plan 0.6 5.4
Total future projects 7.6 74.1
Cumulative Total 20.1 353.9
1Acreages determined by multiplying the length (miles) of blueline water features found in each 
Project area by 5,280 feet in a mile by an approximate average width of 80 feet for each feature and 
dividing this number by 43,560 square feet in an acre.
2Acreage for the Solar Two Project was determined using the baseline survey of all the ephemeral 
streambeds within the Project area (AFC 2008).
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5.4 CUMULATIVE WATER EFFECTS

The proposed Project would obtain water from an off-site waterline and is not expected to 
use groundwater wells for construction, operation, and maintenance water supplies. This is 
because the Coyote Wells Valley Groundwater Basin is already in a water overdraft deficient 
status (CDWR 2004). However, in emergency situations, SES may use groundwater for 
operation and maintenance.  In addition, the proposed Project would discharge water 
directly to the ground from routine monthly cleaning of the SunCatchers and is anticipated 
to use only 14.2 acre-feet of water per year for that purpose. Wash water would not contain 
contaminants or pollutants that could affect water quality within the underlying 
groundwater aquifers.

The use of water from Seeley, CA is in compliance with the State water use policy (State 
Water Resources Control Board, Resolution 75-58 and CEC Integrated Energy Policy Report 
Proceeding [04-IEPR-01E]).

The groundwater aquifers located beneath the Project area lie more than 40 feet beneath 
the surface. This depth is greater than any anticipated excavation required for Solar Two or 
other future projects identified as occurring in the cumulative analysis area.  Also, the 
proposed Project does not plan to use groundwater as a source of water, so it would not 
deplete the Coyote Wells Valley or Imperial Valley Groundwater Basins.  Reasonably 
foreseeable future projects have the potential to impact groundwater aquifers depending on 
their individual construction plans and how they intend to obtain water for operation.

The proposed Project would not locate any SunCatchers within ephemeral streambeds found 
on the Project site.  However, these dry washes may be impacted by the placement of 
access roads and utility lines in these areas.  A report, the Review of Federal and State 
Surface Waters for the Stirling Energy Systems Solar Two Project, was prepared by URS and 
sent to the USACE in February 2009 to obtain a determination from the USACE on the 
jurisdictional status of the ephemeral streambeds within the Project area.  This 
determination is pending of March 2009.

The CDFG also regulates surface water features within the State of California according to 
Sections 1600-1609 of the Fish and Game Code.  The AFC finds that the CDFG routinely 
asserts jurisdiction on areas demonstrating a minimum of one of three parameters: (1) a 
dominance of hydrophytic vegetation, (2) hydric soils, or (3) wetland hydrology. CDFG has 
indicated that a Stream Bed Alteration Agreement would be required if the channels onsite 
are to be modified.

Section 5.5.1.8 of the AFC identifies limited portions of the Project area that are located 
within the Federal Emergency Management Agency’s (FEMA) 100-year floodplain.  Figure 
5.5.3 of the AFC maps these areas and the floodplains are completely adjacent to the larger 
dry wash that drains east along Evan Hewes Highway off of the Project site.  SES does not 
plan to place any SunCatchers in the dry washes and would develop access roads and utility 
corridors in such a manner that would not impact the 100-year floodplain.

The Project could impact up to about 11 miles or 270 acres of dry washes within its 
proposed boundaries from the placement of access roads or utility lines within these areas.  
The Project would impact a small percentage of the overall 6,183 acres with the exact 
acreage determined when the construction plan is finalized.  Other past and future projects 
identified in the cumulative analysis area would impact, if is assumed that all areas have 
been or would be affected, an additional 9 miles of dry washes during their construction and 
operation activities for a total of 86 acres of dry wash areas potentially affected by past, 
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present, and future projects.  These dry washes do not support much if any riparian 
vegetation and flow only during large flood events.  Proper placement of BMP mitigation 
measures, such as erosion and sediment control devices, would protect these dry washes 
from increased siltation and/or erosion from Project activities.  After the federal and state 
jurisdictional status of the dry washes is determined, a restoration and/or compensation 
plan for impacts to the dry washes would be established and submitted to the USACE or 
CDFG.

6.0 BIOLOGICAL RESOURCES

6.1 INTRODUCTION

The Biological Resources analysis is divided into two sections: General Vegetation/Wildlife 
and Sensitive Species.  The sensitive species chapter is further subdivided into analysis on 
the flat-tailed horned lizard (FTHL), burrowing owl, migrating birds, and wintering and 
resident birds.  In this report, bird species protected under the Migratory Bird Treaty Act 
(MBTA) were divided into birds that migrate over the area using the Pacific Flyway and 
stopover at the Salton Sea 20 miles north of the Project area (migrating birds) and birds that 
would use the Project area either as a resident or wintering bird.  This analysis corresponds 
to sections 5.6 (Biological Resources) and 5.18 (Cumulative Effects) and Appendix Y 
(Biological Resources Technical Report) of the AFC.

6.2 GENERAL VEGETATION AND WILDLIFE 

The Project’s cumulative analysis area for general vegetation and wildlife habitat is located 
in the Colorado Desert bio-geographic province in gently rolling open terrain dominated by 
desert scrub vegetation. The Colorado Desert is the western portion of the larger Sonoran 
Desert that extends across the southwest United States and into Mexico. Perennial and 
intermittent rivers and streams are rare in this area, and most water flow occurs as 
ephemeral flash flood flows within defined washes and less defined flood-flow paths during 
rare major winter rain events (AFC 2008).

Habitats in this region of the Colorado Desert vary with the landscape and availability of 
water. The Project and associated cumulative analysis area for biological resources is 
located on the southern extent of the Imperial Valley, with irrigated agricultural lands 
generally located along the eastern half of the Imperial Valley and undeveloped natural 
communities located in the western half of the Imperial Valley. Sonoran-Mojave Creosote
Bush-White Bursage Desert Shrubland communities, desert pavement, and ephemeral washes 
dominate the landscape in the undeveloped portions of the Imperial Valley (GAP Analysis 
2008). Interstate-8 bisects the cumulative analysis area and Off Highway Vehicle (OHV) trails 
are common in the undeveloped areas. Vegetation density in the area ranges from sparse, 
low-growing grasses and shrubs such as creosote in the wide, flat desert basins to virtually 
non-existent in areas of high OHV use.

Section 3.2.2 of Appendix Y of the Application for Certification (AFC) for the Project
describes common wildlife species found in the general Project area. A list of species 
observed in the vicinity of the Project is provided in Wildlife Species List, Appendix Y of the 
AFC. Additional information on general wildlife species for the cumulative analysis area, 
including a checklist of mammal species recorded for Imperial County, is available at the 
San Diego Natural History Museum’s website at: 
http://www.sdnhm.org/research/birds/impmamm.ht. A copy of the checklist is also 
provided as Attachment B with this report.
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6.2.1 Project Effects Identified in the AFC for General Vegetation and 
Wildlife Habitat

The AFC identified the following effects to general vegetation and wildlife habitat that 
could occur as a result of implementation of the Project:

� Direct and indirect effects to approximately 6,183 acres of native habitat 
(exclusive of the proposed transmission line and water pipeline ROWs.

� A substantial reduction in the carrying capacity of the site for common 
wildlife species with specific habitat requirements (e.g., California horned 
lark).

� The AFC indicated that the Project was located outside of wildlife 
management areas and would therefore not contribute to significant 
cumulative effects.  Portions of the proposed transmission line are located 
within the Yuha Desert Management Area for the FTHL.  However, the 
proposed transmission line would be adjacent to an existing transmission 
line, so the only new disturbance would be for the installation of the towers.  
No new access roads would be necessary.

6.2.2 Significance Criteria

The following criteria may be considered in assessing the impacts of the proposed Project
combined with potential effects from past, present, and reasonably foreseeable future 
projects on general vegetation and wildlife habitat. These criteria are adapted from the 
CEQA Appendix G Guidelines and BLM’s California Desert Conservation Plan and include:

� Direct removal of habitat or the fragmentation of habitat.

� Impacts that would affect the number, range, or regional long-term survival 
of wildlife species.

� Impacts that prevent wildlife access to foraging habitat, breeding habitat, 
water sources, or other areas necessary for their survival and reproduction.

� Impacts that interfere with connectivity between blocks of habitat, or block 
or interfere with a local or regional wildlife corridor or linkage, or impede 
the use of native wildlife nursery sites.

� Project-related construction, grading, clearing, or other activities that would 
temporarily or permanently remove sensitive native or naturalized habitat.

� Introduction of exotic species that could substantially adversely affect native 
vegetation communities.

� Impacts to unique or biologically sensitive vegetative communities or wildlife 
habitat.

6.2.3 Geographic Extent of the Cumulative Analysis Area

The cumulative analysis area for general vegetation and wildlife habitat is centered on the 
West Mesa section of the Imperial Valley, California, where natural biological communities 
are generally characterized by Sonoran Desert shrublands and sparsely vegetated desert 
pavement. The geographic scope for the general vegetation and wildlife habitat cumulative 
impacts analysis includes the proposed Project area, the desert environment that extends 
west from the Project boundaries to the Fish Creek Mountains and the area that extends 
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east from the Project area to the western edge of the extensive agricultural fields located 
in the Imperial Valley (Bio-1 Map, Attachment C). 

At the request of BLM and USFWS biologists, the cumulative analysis area also extends north 
and south to include the Yuha Desert and West Mesa Management Areas (MA) (Grant 2009 
and Stewart 2009). 

The Yuha Desert ACEC is approximately 40,600 acres and lies west of the agricultural center 
of Imperial County, off of SR98 and south of Interstate-8 and the proposed Project site. It 
runs from the Jacumba Wilderness Area to the West Side Main Canal near El Centro, and 
south from Plaster City to Mexico’s Mount Signal. It includes several large, sandy desert 
washes, expanses of desert pavement and gravel, and dry mud flats and hills. The Yuha 
ACEC is one of four flat-tailed horned lizard (FTHL) management areas located in California; 
three are in southern Imperial County, and one is located in the Borrego Badlands of Anza-
Borrego Desert State Park. One of the most extensive and least disturbed stands of the rare 
plant, crucifixion thorn (Castela emoryi), is located in the Yuha Desert MA. Several other 
unique attractions are located in this ACEC, including the Juan Bautista de Anza National 
Historic Trail, geoglyphs created by Native Americans, oyster shell beds, and the Yuha Well 
(Sunrise Powerlink 2009). 

The West Mesa ACEC covers over 136,100 acres of BLM land north of Interstate-8 in the 
western portion of Imperial County north of the proposed Project area. The West Mesa MA 
was established in 1997 to protect the FTHL. It has areas of dry mud flats and hills, areas of 
sandy or gravely substrate, and deeply cut washes. Much of the West Mesa MA is part of the 
Essential Habitat Recovery Region for the peninsular population of desert bighorn sheep 
(Sunrise Powerlink 2009).

Most of the three main biological community types identified in the vegetation and wildlife 
habitat cumulative analysis area (Sonora-Mojave Creosotebush-White Bursage Desert 
Shrubland, North American Warm Desert Pavement, and North American Warm Desert Wash) 
are generally continuous from the southern extent of the Yuha Desert MA to the northern 
extent of the West Mesa MA (GAP Analysis 2008). Gap Analysis Program (GAP) created a new 
vegetation map with more detailed vegetation types for California in December, 2008 that 
was not available when the initial AFC was created.

Bio-1 Map (Attachment C) provided with this supplement portrays the almost 322,000-acre 
extent of the Project’s cumulative analysis area boundaries identified for general vegetation 
and wildlife habitat.  

6.2.4 Past, Present, and Future Projects Considered 

The past, present and reasonably foreseeable future projects considered in association with 
the Project have been identified in Table 1-1. Projects from that list that lie within the 
boundaries of the general vegetation and wildlife habitat cumulative analysis area as 
presented in Bio-1 Map (Attachment C) are summarized below in Table 6-1.
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Table 6-1. Past, present, and reasonably foreseeable future projects identified within 
the General Vegetation and Wildlife Habitat Cumulative Analysis Area.

Type of Project Length (miles) Area (acres)
Past and Present Developments
OHV Trails (Open 
and Closed) (5-
foot corridor)

1,115 700

Roads (US, 
State, County) 
(100-foot 
corridor)

153 700

Open ATV Trails
(5-foot corridor) 618 400

Plaster City OHV 
Area N/A 24,800

Naval Ranges N/A 29,500
Proposed Project
Solar Two N/A 6,183
Reasonably Foreseeable Future Projects

RETI Projects
Solar –
Photovoltaic N/A 300

Solar – Thermal N/A 9,100
Wind N/A 6,300
Proposed 
transmission 
lines (100-foot 
corridor)

81 1,000

Other Future Development
Wind Zero
Training Facility N/A 1,100

2020 Urban 
Development N/A 1,200

6.2.5 Cumulative Analysis Data

To assist in identifying potential cumulative effects to general vegetation and wildlife
habitat, we prepared Tables 6-2, 6-3, and 6-4, that list the various biological communities 
located in the cumulative analysis area as identified through GAP analysis (GAP Analysis 
2008) in association with past, present, and reasonably foreseeable developments located 
within the adopted cumulative analysis boundary as identified in Bio-1 Map (Attachment C). 
GAP analysis mapped the vegetation of California in December, 2008 based upon digital 
imagery and classified the communities based upon the dominant species.

Baseline surveys for the AFC mapped the vegetation for the Project area using the Holland 
Code (AFC 2008) and observed only one vegetation community: Sonoran creosote bush scrub.  
The GAP analysis uses a different classification system that mapped two different desert 
vegetation communities for the Project area (North American Warm Desert Pavement and 
Sonora-Mojave Creosotebush-White Bursage Desert Shrubland).  Both of the vegetation 
communities would be contained within the Sonoran creosote bush scrub community 
observed during baseline surveys.  
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In addition, the baseline surveys found no riparian habitat within the Project area while GAP 
analysis mapped 3 acres of North American Warm Desert Riparian Woodland and Shrubland
and 636 acres of North American Warm Desert Wash.  This overestimates the amount of dry 
wash habitat within the Project area.  Baseline surveys for the AFC mapped the length and 
width of all ephemeral streambeds within the Project area and found 268 acres of dry wash 
habitat.  This number will be used to describe the amount of dry wash habitat found on the 
Project area not the areas mapped by GAP.

GENERAL BIOLOGICAL COMMUNITIES

The following includes a brief description of the major vegetation communities found within 
the geographic cumulative area of effect (NatureServe 2009).  Several vegetative 
communities included in Tables 6-2, 6-3 and 6-4 are not described below since the amount 
of acreage that occurs in the cumulative area of effect for these communities is minimal.

Inter-Mountain Basins Shale Badland:  This ecological system is relatively widespread and is 
composed of barren and sparsely vegetated substrates (<10 percent plant cover) typically 
derived from marine shales; however, it can also include substrates derived from siltstones 
and mudstones (clay). Landforms found in this community typically include rounded hills and 
plains that form a rolling topography. Plant species in this community have adapted to the
harsh soil conditions and high erosion and deposition rates in this community, and typically 
include low-lying shrubs such as mat saltbush (Atriplex corrugata) and herbaceous 
vegetation (NatureServe 2009).

North American Warm Desert Pavement:  This ecological system occurs throughout much 
of the warm deserts of North America and is composed of unvegetated to very sparsely 
vegetated (<2 percent plant cover) landscapes, typically flat basins where extreme 
temperature and wind develop ground surfaces of fine to medium gravel coated with "desert 
varnish." This community typically supports desert scrub species such as creosote bush
(Larrea tridentata). However, ephemeral herbaceous species may occur seasonally in 
response to seasonal precipitation, including desert trumpet (Eriogonum inflatum) and hairy 
desert sunflower (Geraea canescens) (NatureServe 2009).

North American Warm Desert Wash:  This ecological system is restricted to intermittently 
flooded washes or arroyos that dissect bajadas, mesas, plains and basin floors throughout 
the warm deserts of North America. Although often dry, the intermittent fluvial processes 
define this system, which are often associated with rapid sheet and gully flow. This system 
occurs as linear or braided strips within desert scrub- or desert grassland-dominated 
landscapes. The vegetation of desert washes is quite variable ranging from sparse and 
patchy to moderately dense. Vegetation typically is located along banks, but may occur 
within the channel. The woody layer is typically intermittent to open and may be dominated 
by shrubs and small trees such as catclaw acacia (Acacia greggii), splitleaf brickellbush
(Brickellia laciniata), desertbroom (Baccharis sarothroides), and desert willow (Chilopsis 
linearis) (NatureServe 2009).
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Table 6-4. Cumulative analysis area vegetative communities and potential disturbance
from past, present, and future projects.

General Habitat Type
Total Acreage within 
the Geographic Scope

% of 
habitat 

type
Total acres of 
disturbance

% of 
habitat 

type
Developed 4,021 1% 1,717 43%
Agriculture 1,498 0.5% 70 5%
North American Warm Desert 
Bedrock Cliff and Outcrop 10,810 3% 1,637 15%
North American Warm Desert 
Active and Stabilized Dune 171 0.1% 6 4%
Inter-Mountain Basins Shale 
Badland 1,161 0.4% 909 78%
North American Warm Desert 
Pavement 76,472 24% 30,461 40%
North American Warm Desert 
Volcanic Rockland 350 0.1% 54 15%
Inter-Mountain Basins Big 
Sagebrush Shrubland 0.19 0% 0 0%
Inter-Mountain Basins Mixed Salt 
Desert Scrub 0.47 0% 0 0%
Mojave Mid-Elevation Mixed 
Desert Scrub 15 0% 0 0%
Sonora-Mojave Creosotebush-
White Bursage Desert Shrubland 168,434 52% 30,295 18%
Sonora-Mojave Mixed Salt Desert 
Scrub 4,545 1% 1,484 33%
North American Warm Desert 
Wash 47,417 15% 14,084 30%
North American Warm Desert 
Riparian Woodland and 
Shrubland 7,071 2% 521 7%
Total 321,965 81,240
Source: GAP Analysis 2008

North American Warm Desert Riparian Woodland and Shrubland:  This ecological system 
consists of low-elevation (<1200 m) riparian corridors along medium to large perennial 
streams throughout canyons and desert valleys of the southwestern United States and 
adjacent Mexico. The vegetation can be a mix of riparian woodlands and shrublands. 
Dominant trees include boxelder (Acer negundo), velvet ash (Fraxinus velutina), Fremont’s 
cottonwood (Populus fremontii), and Goodding's willow (Salix gooddingii). Shrub dominants 
include Geyer’s willow (Salix geyeriana), silver buffaloberry (Shepherdia argentea), and 
Coyote willow (Salix exigua). Vegetation is dependent upon annual or periodic flooding and 
associated sediment scour and/or annual rise in the water table for growth and reproduction
(NatureServe 2009).

North American Warm Desert Bedrock Cliff and Outcrop:  This ecological system is found 
from subalpine to foothill elevations and includes barren and sparsely vegetated landscapes 
(generally <10 percent plant cover) of steep cliff faces, narrow canyons, and smaller rock 
outcrops of various igneous, sedimentary, and metamorphic bedrock types. Also included 
are unstable scree and talus slopes that typically occur below cliff faces. Species present 
are diverse and may include elephant tree (Bursera microphylla), ocotillo (Fouquieria 
splendens), Bigelow's nolina (Nolina bigelovii), teddybear cholla (Opuntia bigelovii), and 
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other desert species, especially succulents. Lichens are predominant lifeforms in some 
areas. This community may include patches of desert shrublands (NatureServe 2009).

Sonora-Mojave Creosotebush-White Bursage Desert Shrubland: This ecological system is 
the most common in the Project cumulative analysis area. It typically is found in broad 
valleys, lower bajadas, plains and low hills in the Mojave and lower Sonoran deserts. This 
desert scrub community is characterized by a sparse to moderately dense shrub layer (2-50
percent cover). Creosotebush and white bursage (Ambrosia dumosa) are typically 
dominants, but many different shrubs, dwarf-shrubs, and cacti may co-dominate or form
sparse understories. Associated species may include four-wing saltbush (Atriplex canescens),
desertholly (Atriplex hymenelytra), brittlebush (Encelia farinosa), and Nevada jointfir
(Ephedra nevadensis). The herbaceous layer is also typically sparse, but may be seasonally 
abundant depending on climatic conditions. Herbaceous species such as sandmat 
(Chamaesyce spp.), desert trumpet, low woollygrass (Dasyochloa pulchella), and three-awn 
(Aristida spp.) are common (NatureServe 2009).

Sonora-Mojave Mixed Salt Desert Scrub: This system includes extensive open-canopied 
shrublands of typically saline basins in the Mojave and Sonoran deserts. Substrates are 
generally fine-textured, saline soils. Vegetation often is concentrated around playas and is 
typically composed of one or more saltbush species, such as four-wing saltbush or cattle 
saltbush (Atriplex polycarpa). Species of iodinebush (Allenrolfea sp.), pickleweed 
(Salicornia sp.), seepweed (Suaeda sp.), or other salt-loving plants are often present. Grass 
species found in this community may include alkali sacaton (Sporobolus airoides) or saltgrass 
(Distichlis spicata) at varying densities (NatureServe 2009).

DISTURBANCE ACREAGE

Using GIS analysis, the acres and percentage of the various biological community types that 
may be affected by the various developments were identified and compared to the acres 
potentially affected by the proposed Project and to the total amount of habitat found within 
the entire cumulative effects area (see Tables 6-2 to 6-4).

Approximately 322,000 acres of various biological communities are located within the 
cumulative analysis area identified for general vegetation and wildlife habitat. Of that 
amount, the proposed Project may indirectly affect up to 6,183 acres, or about 2 percent, 
with the installation of the SunCatcher solar arrays and related infrastructure, such as 
construction of a water pipeline and transmission line, or potential introduction of exotic 
species.  However, the actual acreage of vegetation that is likely to be directly affected is 
expected to be much lower than 6,183 acres since 74-foot wide strips of vegetation would 
remain between the rows of the solar arrays and vegetation would remain within each 
cluster of six SunCatchers (AFC Chapter 3).  The proposed project is expected to affect
vegetation primarily from three major habitat types found within the cumulative analysis 
area: North American Warm Desert Pavement (1,410 acres), Sonora-Mojave Creosotebush-
White Bursage Desert Shrubland (4,475 acres), and North American Warm Desert Wash (268).  

The GAP Analysis mapped 3 acres of North American Warm Desert Riparian Woodland within 
the proposed Project area; however, vegetation mapping during baseline surveys detected 
no riparian habitat on the site.  The dry washes were dominated by upland vegetation.  The 
project would not disturb any riparian habitat, but would potentially impact the dry washes 
with the installation of access roads and utility lines.  

The amount of riparian habitat mapped by GAP is likely overestimated if the results 
identified in the baseline surveys conducted for the proposed project are consistent for this 
vegetation type for the entire cumulative analysis area.  The dry washes in the cumulative 
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analysis area mostly consist of upland vegetation with little or no difference in vegetation 
from the surrounding upland communities.  For the extent of this analysis, riparian habitat 
will be referred to as dry wash habitat.

Past and present projects have affected up to 17 percent of the total habitat found in the 
cumulative analysis area; including 35 percent of the North American Warm Desert 
Pavement community, 10 percent of the Sonora-Mojave Creosotebush-White Bursage Desert 
Shrubland community, and 21 percent of the Sonora-Mojave Mixed Salt Desert Scrub habitat 
type found within the cumulative analysis area.  These projects have also impacted up to 
8,500 acres or 16 percent of the dry wash habitat found within the cumulative analysis area 
primarily within the North American Warm Desert Wash habitat type.  

Reasonably foreseeable future projects, exclusive of the Project, are expected to affect 
approximately 19,000 acres or about 6 percent of the total habitat found in the cumulative 
analysis area. A wind project accounts for 6,280 of these acres, though wind projects 
generally only disturb approximately 3-5 percent of the vegetation within its footprint.  This 
includes effects to about 5,400 acres or 15 percent of dry wash habitat associated with the 
North American Warm Desert Wash and North American Warm Desert Riparian Woodland and 
Shrubland communities.  

Overall, the proposed Project combined with past, present, and reasonably foreseeable 
future projects would primarily affect the following communities:

� North American Warm Desert Pavement - 30,500 acres or 40 percent (Solar 
Two = 2 percent)

� Sonora-Mojave Creosotebush-White Bursage Desert Shrubland - 30,300 acres 
or 18 percent (Solar Two = 3 percent)

� North American Warm Desert Wash – 14,000 acres or 30 percent (Solar Two = 
1 percent)

� North American Warm Desert Riparian Woodland and Shrubland - 500 acres or 
7 percent (Solar Two = 0 percent)

All projects within the cumulative analysis area may affect almost 40 percent of the 54,500 
acres of desert dry wash habitat found within that area.  Although this habitat type 
represents only 17 percent of the total habitat found in the cumulative analysis area, 
typically these communities have some of the highest species diversity of any of the 
biological communities found in the region (CalPIF 2006). This is true even thought the 
vegetation composition and density does not differ from the surrounding uplands.  The dry 
washes provide topographical diversity, thermal shelter, and increased moisture compared 
to the surrounding upland areas.  Other habitat types that may have a high percentage of 
their total acreage in the cumulative analysis area potentially affected by projects include 
Inter-Mountain Basins Shale Badland (78 percent) and Sonora-Mojave Mixed Salt Desert Scrub 
(34 percent).

In addition to vegetation removal and alteration through introduction of exotic species, 
habitat fragmentation may be a detriment to animal movement within the cumulative 
analysis area.  Within the geographic scope of this analysis, the largest contiguous tracts of 
land that may include potentially effected habitat include the Plaster City OHV Area, US 
Highway I-8, Evan Hewes Highway, the proposed Project, and other adjacent proposed solar 
thermal projects.  The combination of these projects could affect up to 42,800 acres of 
conterminous desert shrublands (Bio-1 Map, Attachment C).  
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6.2.6 Proposed Mitigation Measures

The following mitigation measures are outlined in the AFC and would reduce impacts to 
vegetation and general wildlife habitat:

� Erosion and sedimentation control will be implemented during Project 
construction to retain sediment on-site, avoid habitat degradation, and 
prevent potential violations of water quality standards.

� A weed management plan will be implemented to prevent the introduction 
and spread of noxious weeds and potential habitat degradation.

6.2.7 Cumulative Effects Summary

Baseline surveys for the AFC of the Project area did not observe any unique vegetation 
communities or wildlife habitat such as those found in the Yuha Desert and West Mesa MAs.  
In addition, the vegetation within the Project area has already been impacted and degraded 
by OHV trails.  Vegetation cover is sparse to non-existent and would be considered marginal 
habitat for wildlife species in the area.

Section 4.2.1 identifies the potential effects from the project on vegetation and wildlife 
habitat in the area.  Most of the projects identified in Table 6-1 would result in temporary 
and permanent losses of native vegetation through grading and clearing activities.  Projects 
such as the Wind Zero Training Facility could result in the clearing of hundreds of acres of 
vegetation.  However, the degraded condition of vegetation and wildlife habitat in the 
proposed Project area combined with the mitigation measures outlined in the AFC would 
render the project’s contribution to this impact less than cumulatively considerable.

6.3 SENSITIVE SPECIES

Field surveys were completed on the proposed Project site for sensitive species as part of 
the AFC permit process. No federally-listed species were identified in the Project area
during those field surveys and no potential habitat for federally-listed species has been 
identified in the proposed Project area (Table 6-5) (Grant 2009). Surveyors did not observe 
any sensitive plant species or sensitive vegetation communities.  Surveys of the Project area
did locate five special-status wildlife species: the flat-tailed horned lizard (FTHL), burrowing 
owl, loggerhead shrike, Le Conte’s thrasher, and California horned lark.

Table 5.6-1 in the AFC lists all sensitive plant and animal species that have potential habitat 
within the Project area and were considered during the field surveys. Table 6-5 below 
identifies the most recent list of federally-listed species in Imperial County that were 
considered in this analysis.  
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Table 6-5. Habitat Descriptions and Presence of USFWS listed Threatened (T), Endangered 
(E), or Candidate (C) species with potential to occur in Imperial County, California.

SPECIES1 FEDERAL 
STATUS HABITAT ASSOCIATIONS POTENTIAL HABITAT IN 

THE PROJECT AREA

MAMMALS

Peninsular bighorn 
sheep
(Ovis canadensis)

E

Restricted to the east-facing, lower 
elevation slopes [typically below 
1,400 meters (4,600 feet)] of the 
Peninsular Ranges along the 
northwestern edge of the Sonoran
Desert.

None to limited. Species 
documented in the 
adjacent In-ko-pah Gorge 
quad.  Usually prefers 
higher elevations with 
rocky substrates. The 
highways that surround the 
Project area provide a 
barrier to sheep movement 
into the Project area.
Designated critical habitat 
is 2.5 miles northwest of 
the Project area in the 
Coyote Mountains.

Jaguar
(Panthera onca) E

Imperial County, California is at the 
extreme northern limit of the jaguar’s 
range.  Habitats used include Sonoran 
desert scrub.

Extirpated.  No jaguars 
have been sighted in 
California since the 1860’s.

BIRDS

Southwestern willow 
flycatcher (Empidonax 
traillii extimus)

E
Breeds in dense, shrubby riparian 
habitats, usually in close proximity to 
surface water or saturated soil.

None. No dense riparian 
habitats or perennial water 
sources found in the 
Project area.

Yellow-billed cuckoo
(Coccyzus americanus 
occidentalis)

C
Nests in cottonwood/willow riparian 
habitat with dense understory along 
rivers.

None. No dense riparian 
habitats or perennial water 
sources found in the
Project area.

Brown pelican
(Pelecanus 
occidentalis)

E Commonly found at the Salton Sea. 

None.  Project area contains 
no permanent water sources 
and is 20 miles from the 
Salton Sea.

Yuma clapper rail
(Rallus longirostris 
yumanensis)

E
Breeds in freshwater marshes in the 
United States as well as brackish 
marshes in Mexico.

None. Project area contains 
no marshes or other wetland 
features.

California least tern
(Sternula (Sterna) 
antillarum browni)

E
Occupies areas of light-colored sand, 
diret, or dried mud close to a lagoon 
or estuary along the Salton Sea.

None. Project area 
contains no permanent 
water sources and is 20
miles from the Salton Sea.

Least Bell’s vireo
(Vireo bellii pusillus) E

Inhabits structurally diverse 
woodlands along watercourses, 
including cottonwood-willow forests, 
oak woodlands, and mule fat scrub.

None. No riparian woodlands 
or permanently flowing 
waterways are found in the 
Project area.
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1 Obtained from USFWS website accessed in March 2009: 
http://www.fws.gov/carlsbad/TEspecies/CFWO_Species_List.htm

6.3.1 Flat-tailed Horned Lizard (FTHL) 

The FTHL is a BLM sensitive species that has been proposed for federal listing. It inhabits 
areas of fine sand in ephemeral washes and desert flats in San Diego, Imperial, and Riverside 
counties in California, southwestern Arizona, and northern Baja California and Sonora in 
Mexico.  FTHL are suffering habitat loss from development and OHV use.  It is estimated 
that up to 90 percent of the lizards’ original geographic range is subject to, or potentially 
subject to, some form of human disturbance (Turner and Medica 1982).  This includes 
Imperial County where approximately 50 percent of the FTHL habitat has been removed due 
to the creation of the Salton Sea, the expansion of agricultural fields, and urban 
development (FTHL ICC 2003).  

The FTHL Rangewide Management Strategy report was prepared by the FTHL Interagency 
Coordinating Committee (FTHL ICC 2003) to provide guidance for the conservation and 
management of sufficient habitat to maintain extant populations of FTHLs in perpetuity.  
One of the main objectives of the FTHL Management Strategy was the establishment of FTHL 
Management Areas (MAs) that would preserve sufficient FTHL habitat to maintain self-
sustaining FTHL populations.  Two of these MAs (Yuha Desert and West Mesa) are located in 
close proximity to the proposed Project and the project’s proposed transmission line 
corridor would pass through a portion of Yuha Desert MA.  

REPTILES

Desert tortoise
(Gopherus agassizii) T

Occur in a variety of habitats from 
desert flats and slopes dominated by 
creosote bush scrub to rocky slopes in 
blackbrush and juniper woodland 
ecozones.

Limited.  Tortoise range in 
Imperial County is east of 
the Salton Sea and El Centro 
– more than 20 miles from 
the site. 

FISH
Desert pupfish
(Cyprinodon 
macularius)

E Cienegas, springs, small streams, and 
margins of large rivers.

None. No permanent water 
sources are present within 
the Project area.

Bonytail chub
(Gila elegans) E

Endemic to the Colorado River Basin 
and found in warm water reaches of 
larger rivers.

None. No permanent water 
sources are present within 
the Project area.

Colorado squawfish
(Ptychocheilus lucius) E

Endemic to the Colorado River Basin 
and require pools, deep runs, and 
eddy habitats.

None. No permanent water 
sources are present within 
the Project area.

Razorback sucker 
(Xyrauchen texanus) E

Endemic to the Colorado River Basin 
and occur in perennially flowing large 
rivers.

None. No permanent water 
sources are present within 
the Project area.

PLANTS
Peirson’s milkvetch
(Astragalus 
magdalenae var. 
peirsonii)

T
Occurs on open sand dunes along a 
narrow strip of the Algodones Dunes of 
Imperial Country, California. 

None. No open sand dunes 
located within the Project 
area.  Project is not near the
Algodones Dunes.
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PROJECT EFFECTS IDENTIFIED IN THE AFC FOR FTHL
The AFC identified the following effects to FTHL populations that could occur as a result of 
implementation of the Project:

� Mortality due to roadkill, site grading, and loss of suitable forage habitat.

� Mortality due to vehicle usage along access roads.

SIGNIFICANCE CRITERIA

The following criteria could be used to assess the cumulative impacts of the proposed 
Project combined with past, present, and reasonably foreseeable future projects on FTHL 
populations and habitat. These criteria were developed from management objectives 
identified in the FTHL Rangewide Management Strategy (2003).

� Direct removal of FTHL habitat or the fragmentation of habitat.

� Impacts that would affect the number, range, or regional long-term survival 
of the FTHL.

� Permanent disturbance of FTHL MAs that exceeds 1 percent of the total area 
of the FTHL MA.

� Interference with the movement of FTHL within the corridor between the 
West Mesa and Yuha Desert MAs.

� Increase the amount of edge habitat that exposes FTHL populations to 
greater disturbance and/or predation.

GEOGRAPHIC EXTENT

The geographic scope for the FTHL cumulative analysis area includes the entire Yuha Desert 
FTHL Management Area (MA) to the south, the corridor between the Yuha Desert and West 
Mesa MAs, and the entire West Mesa MA (Bio-2 Map, Attachment C).  The cumulative analysis 
area also includes the desert environment that extends west to the Fish Creek Mountains 
and east to the extensive agricultural fields of the Imperial Valley.  This analysis area is 
based upon mapping identified in the FTHL Rangewide Management Strategy (2003). 

The cumulative analysis area lies on the West Mesa in the Imperial Valley, where the 
vegetation is characterized by Sonoran Desert shrublands and sparsely vegetated desert 
pavement.  This area includes approximately 316,500 acres of potential FTHL habitat which 
was determined by subtracting the developed land and agricultural fields identified in the 
GAP vegetation map (Tables 6-2 to 6-4) from the overall area of the geographic scope (GAP
Analysis 2008).  These vegetation communities are generally contiguous from the southern 
extent of the Yuha Desert MA to the northern extent of the West Mesa MA.  The cumulative 
analysis area includes the entirety of both the Yuha Desert and West Mesa MAs as requested 
by the BLM and the USFWS (Grant 2009, Stewart 2009). 

REASONABLY FORESEEABLE DEVELOPMENT

The past, present and reasonably foreseeable future projects considered in association with 
the Project have been identified in Table 1-1. Projects from that list that lie within the 
boundaries of the FTHL cumulative analysis area as presented in Bio-2 Map (Attachment C) 
are summarized below in Table 6-6.

Table 6-6. Past, present, and reasonably foreseeable future projects within the FTHL 
cumulative analysis area.
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Type of Project Length (miles)
Potential FTHL 

Habitat
(acres)1

Area (acres) within 
FTHL Management 

Areas
Past and Present
OHV Trails (Open and 
Closed) (5-foot corridor) 1,115 600 400

Roads (US, State, County) 
(100-foot corridor) 153 200 200

Open ATV Trails (5-foot 
corridor) 618 400 200

Plaster City OHV Area N/A 24,600 0
Naval Ranges N/A 29,500 29,200
Total past and present 1886 55,300 30,000
Proposed Project
Solar Two N/A 6,153 6
RETI Projects
Solar – PV N/A 300 0
Solar – Thermal

N/A 8,800
2,800

Yuha Desert – 1,300
West Mesa - 1,500

Wind N/A 6,100 0
Proposed transmission lines 
(100-foot corridor) 81 1,000

700
Yuha Desert – 100
West Mesa – 600

Future development
Wind Zero Training Facility N/A 1,000 0
2020 Urban Development N/A 900 100

Yuha Desert – 100
Total future development 18,100 3,600
Grand Total 77,553 33,606
1-Potential FTHL habitat was calculated using GIS analysis and the GAP vegetation types.  Developed 
land and agricultural fields were deleted to determine potential FTHL habitat.

CUMULATIVE ANALYSIS DATA

In the AFC, it was noted that FTHLs have the potential to occur throughout the site and 
along the off-site transmission line and waterline. During AFC baseline surveys for the 
proposed project, two FTHL were observed on the eastern boundary of the proposed project 
and it is estimated that between 20 and 30 FTHL may occupy the Project Site.  AFC baseline 
surveys observed two FTHL along the proposed off-site transmission line.

The historical range of the FTHL in California encompassed approximately 1.8 to 2.2 million 
acres that were primarily located within Imperial County.  However, approximately 50
percent of this land within Imperial County is now unsuitable for the FTHL, including the 
Salton Sea, the extensive agricultural fields of the Imperial Valley, and urban development 
(FTHL ICC 2003).

The proposed project would remove up to 6,153 acres of potential FTHL habitat for the 
installation of the SunCatchers and necessary infrastructure.  However, the actual acreage 
of vegetation removed would be much lower than 6,153 acres. 74-foot strips of vegetation 
would remain between rows of SunCatchers and even within the rows of SunCatchers, not all 
of the vegetation would be removed (AFC Chapter 3).  It is not know if FTHLs would use
these highly fragmented patches of habitat.   When combined with reasonably foreseeable 
future projects from Table 6-6, there would be the potential to impact up to 24,200 acres of 
potential FTHL habitat.  This is in addition to the 55,300 acres of potential FTHL habitat 
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that has been impacted from past and present projects (Table 6-6).  Up to 79,600 acres of 
potential FTHL habitat or 25 percent of the overall geographic scope would be impacted by 
past, present, and reasonably foreseeable future projects.  

Not only would the proposed Project directly remove habitat, but it would further fragment 
habitat outside of the MAs.  Currently, the Project area is surrounded by Interstate-8 to the 
south and Evan Hewes Highway to the north. This puts the proposed project in between two 
highways that currently fragment the FTHL habitat.  Studies have shown that FTHL 
populations are affected within 0.3 miles of a road with severe impacts within 0.15 miles of 
a road (Young and Young 2000).  

An additional barrier to movement is the Plaster City OHV area that is located north of Evan 
Hewes Highway (Bio-2 Map, Attachment C).  McGrann et. al. (2006) observed that FTHL 
densities, body mass, and food resources were lower in areas used by OHV when compared 
with undisturbed areas in the West Mesa MA.  Additional studies have found that FTHL avoid 
OHV areas and utilize less than optimal habitat as a result (Nicolai and Lovich 2000 and
Beauchamp et. al. 1998).  The proposed Project would utilize an area that currently is used 
as an OHV area with 37 miles of open OHV trails and unlimited cross-country travel.  The 
project may have the beneficial effect of closing this area down to OHV travel and 
decreasing overall traffic in the area.  Another proposed solar thermal project would impact 
up to 8,800 acres of habitat between the two MAs.  When combined with the Plaster City 
OHV Area, the two highways, and another proposed solar project, the proposed Project
would contribute to the fragmentation of up to approximately 39,800 acres of suitable FTHL 
habitat.

In addition to habitat removal and fragmentation, Young and Young (2005) observed that 
there is a clear negative impact on FTHL presence up to at least 450 meters from the edge 
of development.  This effect is most obvious at the interface between agricultural fields and 
desert habitat.  The proposed waterline would be adjacent to a railway and for its entire 
length.  It would not impact any agricultural fields and would be completely contained 
within previously disturbed areas.  It would not create any edge effect habitat for the FTHL.  
The proposed transmission line is within an existing transmission line corridor, so it would 
not create any additional edge effect.  Reasonably foreseeable future energy development 
would create up to 400 acres of edge habitat for the construction of solar thermal projects 
and 50 acres of edge habitat for the construction of new transmission lines (Bio-2 Map, 
Attachment C).  Young and Young (2005) recommended that one way to conserve FTHL 
populations would be to minimize edge effects on the border areas.

Along the edge of disturbance, there appears to be an increase in roundtail ground squirrel 
(Spermophilus tereticaudus) density.  The ground squirrel is the primary predator of the 
FTHL and likely is a factor in the decreased density of FTHL along the edge of disturbed 
areas (Young and Young 2005).  One potential effect of the SunCatchers is that the 
SunCatcher would provide shade to vegetation directly underneath the apparatus and that 
the periodic cleanings would increase water availability in an otherwise extremely arid 
climate.  This combination could have a beneficial impact on adjacent vegetation.  
However, this increase in vegetation could attract roundtail ground squirrels to an area that 
previously would not sustain ground squirrel populations (Grant 2009).  If this was to occur, 
there would be direct impacts to FTHL populations in the area.  In addition, the proposed 
Project would be fenced off to protect from trespassing.  This could have the unintentional 
effect of providing ideal hunting perches for loggerhead shrikes, another primary predator 
of the FTHL, which would further threaten FTHL populations (Grant 2009).
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The FTHL Management Strategy includes several conservation measures to preserve FTHL 
populations and habitat.  One was the creation of the FTHL Management Areas that include 
the Yuha Desert and West Mesa MAs.  Within the MAs, the FTHL Management Strategy 
recommends limiting impacts from projects to less than 1 percent of the total area of the 
MA.  Up until December 2005, 88 acres (0.2 percent) of the Yuha Desert MA and 117 acres 
(0.1 percent) of the West Mesa MA have been impacted (FTHL ICC 2005).  The proposed 
project would include a transmission line to link up to the power grid and this transmission 
line would cross the Yuha Desert MA.  The installation of the towers would remove up to 6 
acres (0.01 percent) of habitat within the MA.  Additional reasonably foreseeable projects 
would impact up to an additional 1,600 acres (3 percent) of the Yuha Desert MA.  The 
proposed project would not impact the West Mesa MA, but other projects would impact up 
to 2,000 acres (2 percent) of the West Mesa MA (Table 6-6).

Another priority for the FTHL Management Strategy (FTHL ICC 2003) is to preserve the 
corridor between the West Mesa and Yuha Desert MAs (Bio-2 Map, Attachment C).
Currently, the Plaster City OHV Area, the Naval Ranges, US Highway I-8, and Evan Hewes 
Highway lie in the area between the two MAs.  The roads and OHV area likely are a 
hindrance to movement within the corridor, but there is probably still some potential for 
gene flow (Grant 2009).  FTHL densities are lower in areas with high OHV traffic, but they 
still use the areas.  As for the two major highways, experiments with simulated road 
crossings observed that FTHL would use culverts to cross under roads such as I-8 (Painter and 
Ingraldi 2007).  These culverts are likely choke-points for movement and their location 
should be noted when designing the proposed project and movement protected on both 
sides of the culvert.  The proposed project would fragment an additional 6,153 acres of 
potential FTHL habitat between I-8 and Evan Hewes Highway.  This would further restrict 
movement within the corridor and make it less likely for the exchange of genetic material 
between the two MAs.  Future solar thermal projects would impact up to an additional 9,100 
acres of land between the two MAs.  Mitigation measures to ensure that FTHL can move 
freely through the SunCatchers would ease movement through the Project area. Table 6-7
provides a summary of the cumulative impacts of the proposed Project.
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Table 6-7. Summary of the cumulative impacts of the proposed Project and reasonably 
foreseeable future project on FTHL populations and habitat based upon the significance 

criteria outlined above.

Type of project

Impacts to the 
FTHL 

Management 
Areas (acres)

Impacts to 
the corridor 
between the 
West Mesa 
and Yuha 

Desert MAs 
(acres)

Impacts to 
potential 

FTHL habitat 
(acres)

Increase in edge 
habitat between 

the desert 
shrublands and 

agricultural fields 
(acres)

Past and present 
projects (Includes 
open ATV trails, 
Plaster City OHV 
Area, Naval 
Ranges, and 
roads)

Yuha Desert MA –
100 acres or 0.15%
of the MA

West Mesa MA -
100 acres or 0.14%
of the MA

25,000 55,300 N/A

Proposed Solar 
Two Project

Yuha Desert MA –
6 acres or 0.01% 
of the MA

6,153 6,153 Total - 0

Future Projects
(includes RETI 
projects, Wind 
Zero, and 2020 
development)

Yuha Desert MA –
1,600 acres  or 
2.6% of the MA 

West Mesa MA -
2,000 acres  or 
1.5% of the MA 

8,900 18,100

Total - 450
RETI Transmission 
Lines – 50
RETI Solar Thermal 
Projects - 400

Total Yuha Desert MA -
1,706 acres or 
2.8% of the MA

West Mesa MA -
2,100 acres or 
1.6% of the MA

40,053 79,553 Total - 450

PROPOSED MITIGATION MEASURES

The following mitigation measures, as outlined in the AFC, would be utilized to minimize 
impacts to FTHL populations and habitat within the Project area and protect FTHL where 
impacts are unavoidable:

� Clearance surveys for FTHL will be conducted before each phase of Project 
construction.

� Any FTHLs within the construction area will be relocated to suitable habitat 
outside the Project footprint.

CUMULATIVE EFFECTS SUMMARY

The proposed Project area lies between two major highways (I-8 and Evan Hewes Highway) 
and the area has been used as a cross-country area for OHV for many years.  The existing 
vegetation is sparse and would be considered marginal FTHL habitat.  Four FTHL were 
observed during AFC baseline surveys and harvester ants (primary prey of the FTHL) were 
observed during AFC baseline surveys, so the FTHL presently use the Project area for 
habitat.  
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Approximately 316,500 acres within the cumulative analysis area for the FTHL have been 
identified through GAP analysis as potentially suitable FTHL habitat (see Bio-2 Map, 
Attachment C). Of this total acreage, approximately 55,300 or 17 percent has been 
previously or currently disturbed by past or existing projects identified as occurring in the 
analysis area. An additional 2 percent (6,153 acres) could be affected by the proposed 
Project. Future proposed actions could affect another 6 percent (18,100 acres) for a 
cumulative habitat acreage disturbance total of 25 percent of potential FTHL habitat in the 
cumulative analysis area affected by past, present and future actions. 

It should be noted that the above numbers represent the high range of potential FTHL 
habitat within the geographic scope.  The analysis uses the GAP vegetation mapping data to 
identify potential FTHL.  This mapping likely includes areas that are not considered suitable 
FTHL habitat when investigated on the ground such as hills, desert pavement, and other 
landforms unsuitable for FTHL.  The 6,153 acres of disturbance to potential FTHL habitat by 
the proposed Solar Two project and the anticipated 18,100 acres of disturbance for other 
future projects represent the high end of disturbance to FTHL populations.  The acreage of 
potential FTHL habitat disturbed is likely lower and the exact acreage could be determined 
only by field surveys.

The two FTHL management areas, the Yuha Desert MA and the West Desert MA, encompass 
approximately 58,900 and 136,200 acres of potentially suitable FTHL habitat, respectively, 
for a total of 195,100 acres. Past and present actions currently are affecting 0.29 percent or 
200 acres of these two MAs. The proposed Project would affect an additional 0.01 percent or 
6 acres of the Yuha Desert MA and other future projects are anticipated to affect an 
additional 2.6 percent or 1,600 acres of the Yuha Desert MA (see Table 6-7).  The proposed 
Solar Two Project would not affect the West Mesa MA, but other future projects are 
anticipated to affect up to 1.6 percent or 2,000 acres of the West Mesa MA.  The total 
cumulative percentage for both MAs would be up to 4.4 percent or 3,777 of disturbance. The
future projects’ potential impacts exceed, even without the 0.01 percent addition of the 
Project, the 1 percent effect recommended in the FTHL Management Plan for each MA 
separately and cumulatively for both MAs.

The proposed project lies within a corridor between the Yuha Desert and West Mesa MAs 
that the FTHL Management Strategy has highlighted as an important movement corridor to 
maintain genetic movement between FTHL populations.  The corridor is already impeded by 
the Plaster City OHV Area, I-8, and Evan Hewes Highway.  The proposed project would 
further fragment the corridor making movement between the MAs even more challenging. 

The proposed project would remove up to 6,153 acres of potential FTHL habitat, would have 
the potential to cause the mortality of individual FTHLs, would impact the Yuha Desert MA, 
and would further fragment the corridor between the West Mesa and Yuha Desert MAs.  
According to the significance criteria defined by CEQA and the FTHL Management Strategy, 
the proposed project could be considered to have a cumulatively significant impact to FTHL 
populations in combination with other past, present and future projects within the 
geographic scope of this analysis.

6.3.2 Burrowing Owl 

The Imperial Valley contains approximately 5,600 burrowing owl pairs almost exclusively 
within the agricultural fields of the Imperial Valley.  This represents approximately 70
percent of all burrowing owls found in California.  Within the agricultural complex, 
burrowing owls are primarily found adjacent to irrigation canals that they use for burrows 
and that are closely tied to the roundtail ground squirrel.  Their density decreases 
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significantly within the desert shrubland communities that surround the Project area 
(DeSante et. al. 2004).  

The proposed Project would primarily impact desert shrublands with the proposed waterline 
following Evan Hewes Highway to Seeley, CA and the proposed transmission line located
within 800 feet of the agricultural fields (Bio-3 Map, Attachment C).  The AFC identified the 
loss of borrowing owl habitat as the effect to burrowing owl populations that could occur as 
a result of implementation of the Project.

SIGNIFICANCE CRITERIA

The following criteria could be used to assess the cumulative impacts of the proposed 
Project combined with past, present, and reasonably foreseeable future projects on 
burrowing owl populations and habitat:

� Impacts to the agricultural fields and especially the banks of the irrigation 
canals of the Imperial Valley.

� Disturbance or harassment within 50 meters (approx. 160 ft.) of occupied 
burrows.

� Destruction of burrows and burrow entrances. Burrows include structures 
such as culverts, concrete slabs and debris piles that provide shelter to 
burrowing owls.

� Degradation of foraging habitat adjacent to occupied burrows.

GEOGRAPHIC EXTENT

The geographic scope includes the proposed Project area with a 2,300 foot buffer into the 
desert areas where burrowing owl densities are significantly lower than surrounding the 
agricultural fields.  This buffer is based on their estimated home range of 358 hectares
(Rosenberg and Haley 2004).  The geographic focus of this supplemental cumulative impact 
analysis is the interface between desert shrublands and the agricultural complex north and 
south of the where the proposed waterline would follow Evan Hewes Highway to Seeley, CA 
(Bio-3 Map, Attachment C).  

The geographic scope includes approximately 80,900 acres that is divided into 49,900 acres 
of desert shrubland and 27,200 acres of agricultural fields.  It includes approximately 40 
miles of the interface between the desert shrublands and the agricultural fields that extends 
from the Salton Sea to the border with Mexico.

REASONABLY FORESEEABLE DEVELOPMENT

The past, present and reasonably foreseeable future projects considered in association with 
the Project have been identified in Table 1-1. Projects from that list that lie within the 
boundaries of the burrowing owl cumulative analysis area as presented in Bio-3 Map 
(Attachment C) are summarized below in Table 6-8.

Table 6-8. Past, present, and reasonably foreseeable future projects within the 
burrowing owl geographic scope with their length, area, and area within MAs.

Type of Project Length 
(miles)

Area 
(acres)

Agricultural 
Lands (acres)

Desert 
Shrublands 

(acres)
Past and Present
OHV Trails (Open and Closed) 228 100 8 111
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CUMULATIVE IMPACT DATA

Potential effects to the burrowing owl from the proposed Project include the loss of habitat 
through direct removal of vegetation for the construction of the SunCatchers and necessary 
infrastructure, the fragmentation of habitat that remains between rows of SunCatchers, 
direct mortality of individual burrowing owls during construction activities and from 
maintenance vehicle traffic during the operation of the proposed power plant.  In addition, 
the waterline would follow the Evan Hewes Highway ROW from the proposed project site to 
Seeley, CA.  The proposed waterline would not impact any of the Imperial Irrigation District 
Canals or infrastructure along its path.  

During AFC baseline surveys for the proposed project, owl burrows with scat were observed 
at three sites within the Project area, one location near the off-site waterline and four at 
adjacent off-site locations.  Two burrowing owls were detected on lands adjacent to the 
Project Site, and two burrowing owls were detected at one location along the off-site 
transmission line.   Burrowing owl densities within the Project area are roughly 0.06 pairs 
/km2 while burrowing owl densities within the agricultural matrix were estimated at 8.3 
pairs/ km2 (Rosenberg and Haley 2004).  

The proposed project would impact up to 6,153 acres of desert habitat, but no agricultural 
lands would be impacted by the proposed project, waterline, or off-site transmission line. 
When combined with reasonably foreseeable future projects, there would be the potential 
to impact up to 1,100 acres of agricultural fields and 16,900 acres of desert shrublands.  
This is in addition to the 100 acres of agricultural fields and 4,900 acres of desert shrublands 
impacted by past and present projects as shown in Table 6-8.  Up to 1,200 acres of 
agricultural fields and 21,800 acres of desert shrubland would be impacted by past, present, 
and reasonably foreseeable future projects.  

Agricultural lands in California are protected from development by many laws including the 
Williamson Act.  This makes it difficult to develop farmland to other uses such as renewable 
energy or residential development.  This provides a measure of security for the burrowing 
owl populations within the agricultural matrix of Imperial Valley.  For this reason among 
others, reasonably foreseeable future projects are not likely to be sited within agricultural 
areas and the impacts to burrowing owls would be reduced.

(5-foot corridor)
Roads (US, State, County) 
(100-foot corridor) 76 900 10 109

Open ATV Trails (5-foot 
corridor) 113 100 5 56

Plaster City OHV Area N/A 4,100 48 3,847
Shade Tree Naval Range N/A 800 0 769
Proposed Project
Solar Two Project N/A 6,183 0 6,153
RETI Projects
Solar – PV N/A 400 100 300

Solar – Thermal N/A 6,100 400 5,300
Proposed transmission lines 
(100-foot corridor) 47 600 200 400

Future development
2020 urban development N/A 1,700 400 900
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The SunCatchers would provide additional shade immediately surrounding the device and 
additional water would be available from the periodic washings.  This combination of shade 
and water in an extremely hot and arid climate has the potential to change the vegetation 
immediately adjacent to the SunCatchers.  This could potentially increase the density of 
round tail ground squirrels within the Project area and a corresponding increase in 
burrowing owls (Grant 2009).  In addition, the project may have the beneficial effect of 
removing OHV travel from the area which impacts burrowing owl density and behavior.  The 
availability of prey would continue to be scarce in the desert shrublands of the Project area,
so burrowing owl densities would be limited. 

In addition, the burrowing owl is very tolerant of human encroachment and degradation of 
their native habitats as long as long as materials and habitat remain for their burrows (Klute 
et. al. 2003).  The proposed Project would not impact the desert washes that they use for 
burrows in the area and may potentially increase burrowing habitat with the creation of 
access roads.  The access roads would be raised and might act as ideal perches for hunting 
prey as well.

Table 6-9 provides a summary of the cumulative impacts of the proposed Project.

Table 6-9. Summary of the cumulative impacts of the proposed Project and reasonably 
foreseeable future project on burrowing owl populations and habitat based upon the 

significance criteria outlined above.

Type of project Disturbance of agricultural fields
Past and present projects 100
Future projects 1,100
Proposed Solar Two project 0
Total 1,200

PROPOSED MITIGATION MEASURES

The following mitigation measures, as outlined in the AFC, would be utilized to minimize 
impacts to burrowing owl populations and habitat within the Project area and protect 
burrowing owls where impacts are unavoidable:

� Where practicable, ground-disturbing activities will occur outside the 
burrowing owl breeding season (February 1 through August 20).

� Clearance surveys for burrowing owls will be conducted before each phase of 
Project construction.

� Burrowing owl burrows within 250 feet of the construction area will be 
surveyed; any resident owls will be passively removed and unoccupied 
burrows will be collapsed by following procedures outlines in the Burrowing 
Owl Survey Protocol and Mitigation Guidelines (CBOC 1993).

CUMULATIVE EFFECTS SUMMARY

The proposed project would not impact any agricultural lands along the edge of the Imperial 
Valley when constructing the proposed waterline.  No other construction activities 
associated with the proposed project or the off-site transmission line are expected to 
impact agricultural fields.  Burrowing owls are primarily associated with agricultural fields 
and the banks of irrigation ditches within the Imperial Valley.  The proposed project would 
not impact any of the irrigation canal banks where burrowing owls prefer to construct 
burrows during the construction of the waterline.  No owls are expected to be displaced by 
the installation of the SunCatchers or the construction of the off-site transmission line.  
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Appropriate mitigation measures outlined above would be taken if any burrowing owls are 
detected during pre-construction surveys.

Other future projects would impact agricultural lands within the Imperial Valley (Table 6-9), 
but the proposed project would not add to this impact.  According to the significance 
criteria above, the proposed project would not have a cumulatively significant effect on 
burrowing owls within the area.

6.3.3 Resident and Wintering Birds 

The Mojave and Colorado deserts are among the hottest and driest habitats in North 
America.  As a result, the Colorado desert ecosystems possess a host of endemic plants and 
animals including a variety of bird species found nowhere else in the United States (CalPIF 
2006).  

The area surrounding the proposed Project is dominated primarily by Sonoran creosote bush 
desert shrubland.  Resident birds in this vegetation community include black-throated 
sparrows, loggerhead shrikes, LeConte’s thrashers, and greater roadrunners.  Several dry 
washes run through the Project area that collects precipitation and nutrients from the 
surrounding watershed which promotes greater floral variety.  These desert wash habitats 
are scarce within the arid environment but are estimated to support ninety percent of 
Sonoran Desert birdlife. Phainopeplas, ashthroated flycatchers, verdin, crissal, LeConte’s, 
and Bendire’s thrashers, long-eared and western screech owls, black-tailed gnatcatchers, 
Gila and ladder-backed woodpeckers, Lucy’s warblers, northern mockingbirds, and 
loggerhead shrikes all inhabit desert washes (CalPIF 2006).  Appendix Y in the AFC has a full 
list of bird species observed during baseline studies.

PROJECT EFFECTS IDENTIFIED IN THE AFC FOR RESIDENT AND WINTERING BIRDS

The AFC identified the following effects to resident and wintering bird populations that 
could occur as a result of implementation of the Project:

� Removal of nesting or wintering bird habitat.

SIGNIFICANCE CRITERIA

The following criteria will be used to assess the cumulative impacts of the proposed Project
combined with past, present, and reasonably foreseeable future projects on resident and 
breeding bird populations and habitat:

� Loss of breeding or foraging habitat for resident and wintering birds.

� Habitat fragmentation to the extent that habitat becomes a disconnected 
series of fragments of varying shapes and sizes.

� Impacts to the dry washes found within the geographic scope.

� Introduction and spread of exotic plant species into the desert shrublands.

� Impacts to breeding birds during the breeding season.

� Increase in edge habitat along the fringes of the desert ecosystem.

GEOGRAPHIC EXTENT

The geographic cumulative analysis area for resident and wintering birds includes the 
continuous Sonoran Desert shrubland ecosystem that extends almost 20 miles north of the 
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proposed Solar Two Project area and south into Mexico (Bio-4 Map, Attachment C).  The 
scope includes desert shrublands that extends west to the Fish Creek Mountains and east to 
the extensive agricultural fields of the Imperial Valley.  The area is bounded by a playa 
(Laguna Salada) in Mexico and to the north by the northern boundary of the West Mesa FTHL 
MA.

The geographic cumulative analysis area includes approximately 375,763 acres of desert and 
the three main vegetation types are Sonora-Mojave Creosotebush-White Bursage Desert 
Shrubland, North American Warm Desert Pavement, and North American Warm Desert Wash
(Bio-1 Map, Attachment C).

REASONABLY FORESEEABLE DEVELOPMENT

The past, present and reasonably foreseeable future projects considered in association with 
the Project have been identified in Table 1-1. Projects from that list that lie within the 
boundaries of the general vegetation and wildlife habitat cumulative analysis area as 
presented in Bio-4 Map (Attachment C) are summarized below in Table 6-10.

CUMULATIVE IMPACT DATA

Potential effects to resident and wintering birds from the proposed Project include the loss 
of habitat through direct removal of vegetation for the construction of the SunCatchers and 
necessary infrastructure, the fragmentation of habitat that remains between rows of 
SunCatchers, and direct mortality of individual birds during construction activities and from 
maintenance vehicle traffic during the operation of the proposed power plant.  Also, 
vegetation clearing could remove nests and nesting habitat during the breeding season.  
During baseline surveys for the proposed Project, loggerhead shrikes, LeConte’s thrashers, 
and California horned larks were observed on the project site.  Exact locations are mapped 
on Figure 5.6-6 of the Biological Resources section of the AFC.  Appendix Y in the AFC 
(Biological Resources Technical Report) has a full list of bird species observed during 
baseline studies.

The USFWS developed the Birds of Conservation Concern (BCC) to track accurately the 
migratory and non-migratory bird species (beyond those already designated as federally 
threatened or endangered) that represent the highest conservation priorities and draw 
attention to species in need of conservation action (USFWS 2002).  Table 6-11 lists the BCC 
species for region 33 (Sonoran and Mojave Deserts-U.S. portion only) that have the potential 
to use the desert shrublands of the geographic scope as resident or wintering grounds.

Table 6-10. Past, present, and reasonably foreseeable future projects within the 
resident and wintering birds geographic scope with their length, area, and area within 

MAs.

Type of project Length 
(miles)

Area 
(acres)

Dry wash 
habitat (acres)1

% of dry wash 
habitat in entire 
geographic scope

Past and Present
OHV Trails (Open and 
Closed) (5-foot corridor) 1,115 700 200 0.3%

Roads (US, State, County) 
(100 foot corridor) 153 700 100 0.1%

Open ATV Trails 618 400 100 0.1%
Plaster City OHV Area N/A 24,800 5,200 9%
Naval Ranges N/A 29,500 3,100 6%
Proposed Project
Solar Two N/A 6,183 268 0.6%
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RETI Projects
Solar – PV N/A 300 50 0.1%
Solar – Thermal N/A 9,100 4,600 8%
Green Hunter/Wind Hunter N/A 6,300 0 0%
OOS Wind Projects N/A 13,100 N/A N/A
Proposed transmission
lines (100-foot corridor) 81 1,000 200 0.4%

Future development
Wind Zero Training Facility N/A 1,000 50 0.1%
2020 Urban Development N/A 1,200 500 1%

1 Dry wash habitat includes the North American Warm Desert Wash and North American Warm Desert Riparian Woodland and 
Shrubland mapped by GAP (GAP 2008).

Table 6-11. Birds of Conservation Concern for Region 33 (Sonoran and Mojave Deserts-
U.S. portion only) that have the potential to be resident or wintering birds in the 

geographic extent.

Species Status1

Mountain plover Wintering
Burrowing owl Resident

Gila woodpecker Resident
Gilded flicker Wintering

Loggerhead shrike Resident
Le Conte’s thrasher Resident

Sage sparrow Wintering
1Determination of whether birds had potential habitat in the Project area and their status was determined using Birds of North 
America Online (Poole 2005) and Wildlife of Salton Sea National Wildlife Refuge, California (USFWS 1993).

The proposed project would remove up to 6,183 acres of habitat for the installation of the 
SunCatchers and necessary infrastructure.  However, the actual acreage of vegetation 
removed would be much lower than 6,183 acres.  When combined with reasonably 
foreseeable future projects from Table 6-10, there would be the potential to impact up to 
38,153 acres of potential resident and wintering bird habitat.  This is in addition to the 
56,100 acres of potential resident and wintering bird habitat that has been impacted from 
past and present projects (Table 6-10).  Up to 94,253 acres of habitat or 25 percent of the 
overall geographic scope would be impacted by past, present, and reasonably foreseeable 
future projects.  

Habitat fragmentation is a significant threat to resident and wintering birds in this section of 
the Sonoran Desert.  Fragmented shrubland areas may not provide enough continuous 
acreage to support those birds that require large areas of habitat for an individual to survive 
(CalPIF 2006).  This is even more evident in areas of sparse vegetation and low precipitation 
such as the geographic scope of this analysis.  Normally, a LeConte’s thrasher requires 
approximately 50 acres of land to support its needs (Weigland and Fitton 2008).  However, 
in the Project area, it was estimated that a single LeConte’s thrasher would require up to 
400 acres of habitat to meet its essential needs (Weigland 2009 pers. comm.).  

Within the geographic scope of this analysis, the largest continuous tract of land that would 
be impacted includes the Plaster City OHV Area, US Highway I-8, Evan Hewes Highway, the 
proposed Project, and other proposed solar thermal projects.  The combination of these 
projects would impact up to 39,707 acres of desert shrublands (Bio-4 Map, Attachment C).  
Other projects are not linked as these projects are and would not fragment as many 
continuous acres as these projects.
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Dry washes are found throughout the Project area and the total dry wash habitat within the 
geographic scope of the analysis is 54,500 acres (includes the North American Warm Desert 
Wash and North American Warm Desert Riparian Woodland and Shrubland vegetation types) 
(Tables 6-2 to 6-4).  Within the Sonoran Desert, dry washes support a majority of bird 
species due to their increased biodiversity and greater availability of moisture.  The 
proposed project would impact up to 268 acres of 0.6 percent of the dry wash habitat within 
the geographic scope.  However, SunCatchers would not be installed within the ephemeral 
streambeds and impacts would be restricted to access roads and other infrastructure needs.  
The proposed Project would combine with other reasonably foreseeable future projects to 
impact up to 6,000 acres of 11 percent of dry wash habitat.  This would combine with past 
and present projects to impact up to 14,739 acres or 27 percent of dry wash habitat within 
the geographic scope of the analysis (Table 6-10).

The geographic scope of the analysis includes the interface between the desert shrublands 
and the extensive agricultural matrix of the Imperial Valley.  The proposed Project includes 
the waterline that would follow Evan Hewes Highway’s ROW from the project site to Seeley, 
CA.  The proposed waterline would not impact any agricultural fields or the Imperial 
Irrigation District’s irrigation canals or related infrastructure.  The proposed waterline and 
transmission line would not increase edge habitat because both are contained within 
existing ROWs.  Reasonably foreseeable future projects would increase edge habitat by an 
additional 3.4 miles.

Table 6-12 provides a summary of the cumulative impacts of the proposed Project.
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Table 6-12. Summary of the cumulative impacts of the proposed Project and reasonably 
foreseeable future project on resident and wintering bird populations and habitat based 

upon the significance criteria outlined above.

Type of project
Impacts to dry 
wash habitat1

(acres)

% of dry wash 
habitat in 

entire 
geographic 

scope

Increase in edge 
habitat between 

the desert 
shrublands and 

agricultural fields 
(miles)

Past and present 
projects 8,700 16% N/A

Proposed Solar 
Two project 268 0.6% 0

Future Projects 5,400 10% 3.4
Total 14,739 27% 3.4

1 Dry wash habitat includes the North American Warm Desert Wash and North American Warm Desert Riparian Woodland and 
Shrubland mapped by GAP (GAP 2008).

PROPOSED MITIGATION MEASURES

The following mitigation measures as outlined in the AFC would reduce the impacts of the 
proposed Project on resident and wintering birds.

� Where practicable, ground-disturbing activities will be conducted outside the 
bird nesting season (February through July).

� Clearance surveys for nesting birds will be conducted before each phase of 
Project construction if the activity must be conducted during the bird 
breeding season.

� A Weed Management Plan will be implemented to decrease the risk of 
introduction and spread of noxious weeds on the project site.

� Ephemeral dry washes would be preserved where practicable. 

CUMULATIVE EFFECTS SUMMARY

The proposed project would remove vegetation and impact up to 6,183 acres of desert 
shrublands. The Project area includes 268 acres of dry wash habitat where bird densities are 
larger than the surrounding sparse desert shrublands; however, no SunCatchers would be 
placed in the dry washes and impacts to the dry washes would be minimized where possible.  
Other projects identified within the geographic scope would impact vegetation and remove 
potential resident and wintering bird habitat including dry wash habitat.

The proposed project would follow the above mitigation measures to minimize impacts to 
resident and wintering birds in the Project area including pre-construction surveys, 
construction monitoring, and stopping and deferring work if impacts to nestlings cannot be 
avoided.  This would prevent adverse impacts to resident and wintering birds from occurring 
as a result of the proposed project.  Therefore, the proposed projects’ contribution to a 
cumulative impact to wintering and resident birds would be rendered less than cumulatively 
considerable and would not be significant.

6.3.4 Migrating Birds

Millions of birds – more than 350 species - follow the Pacific Flyway. They travel this avian 
highway each year from the Bering Straight to South America, flying over, and some 
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wintering at the Salton Sea.  The Project area is approximately 20 miles south of the Salton 
Sea and in the path of the Pacific Flyway as it leaves California and follows the Gulf of 
California. 

PROJECT EFFECTS IDENTIFIED IN THE AFC FOR MIGRATING BIRDS

The AFC did not specifically discuss migrating birds in the biological resources (5.6) or 
cumulative effects (5.18) sections.

SIGNIFICANCE CRITERIA

The following criterion could be used to assess the cumulative impacts of the proposed 
Project combined with past, present, and reasonably foreseeable future projects on 
migrating bird populations. This criterion is adapted from the CEQA Appendix G Guidelines 
as follows “activities that result in the killing of migratory birds or destruction or 
abandonment of migratory bird nests and/or eggs (Migratory Bird Treaty Act).”

GEOGRAPHIC SCOPE

The geographic scope of analysis for cumulative impacts to migratory birds is a 30-mile 
radius surrounding the proposed Project area.  The radius chosen is not a limit for the area 
of potential cumulative impacts for migratory birds, but it represents the area within which 
reasonable foreseeable development activities through 2020 have been reviewed and 
quantified.  In addition, this radius includes the Salton Sea which is an important stopping 
point and wintering grounds for migratory birds. The geographic scope includes 
approximately 2,410,400 acres and 51,400 acres of the Salton Sea (Figure 3, Attachment A). 

REASONABLY FORESEEABLE DEVELOPMENT

Based on a review of proposed urban development activities and renewable energy 
development within the analysis area, an additional 97,470 acres may be developed by 2020 
(see Table 1-1). The potential acreage of development would represent an increase in the 
developed land area surrounding the project by 4 percent. A description of the types of 
developments is provided in Section 1.0.  The location of the potential development areas 
are shown in Figure 3 (Attachment A).

CUMULATIVE IMPACT DATA

Potential effects to migratory birds associated with development activities include: changes 
in vegetation type, habitat fragmentation, increases in human activity, changes in predator 
patterns and changes in overall wildlife activity patterns and distribution.  Changes in 
vegetation type will change the type of species that use the area.  Habitat fragmentation 
causes changes in migratory bird usage due to the breaking up of a large habitat into smaller 
patches or fragments of habitat.  Human activity may cause disruption to nesting and 
changes in habitat usage patterns.  Changes in land use, such as the construction of facilities 
and fencing may cause a change in predator and wildlife activity by providing perching 
opportunities for predators.

USFWS has identified several BCC that have the potential to migrate over the Project area 
and use the Salton Sea as a breeding area or wintering area.  Table 6-13 identifies the BCC 
species for Region 33 (Sonoran and Mojave Deserts-U.S. portion only) that have the potential 
to migrate over the geographic scope of this analysis. 

Table 6-13. Birds of Conservation Concern for Region 33 (Sonoran and Mojave Deserts-
U.S. portion only) that have the potential to be resident or wintering birds in the 

geographic extent.
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Species Status1 Breeds at the 
Salton Sea

Winters at the 
Salton Sea

Black rail Migrating Y N
Snowy plover Migrating Y N
Whimbrel Migrating N Y
Long-billed 
curlew

Migrating N Y

Marbled godwit Migrating N Y
Red knot Migrating N Y
Gull-billed tern Migrating Y N
Black skimmer Migrating Y N

1- Determination of whether birds had potential habitat in the Project area and their status was determined using Birds of 
North America Online (Poole 2005) and  Wildlife of Salton Sea National Wildlife Refuge, California (USFWS 1993).

Seasonal migration is one of the main activities of birds that can bring them into the 
proximity of wind turbines.  Many types of birds migrate primarily at night, when they may 
be less able to see and avoid tall structures intersecting their flight paths.  Most migrants fly 
well above “turbine height” usually between 50m and 1,000m above the ground.  The 
SunCatchers of the proposed Project would be 56 feet high, which is well below this height.  
Two wind projects are includes in the reasonably foreseeable future project, one located 
west of the Project area and one located just south of the border with Mexico.  Birds should 
safely clear these turbines as well (Richardson 1998).

However, birds are at a much lower elevation when taking off or descending to land.  One of 
the key stopping points on the Pacific Flyway is the Salton Sea, which is within the 
geographic scope of this analysis.  Several transmission lines are proposed within 4 miles of 
the Salton Sea which could be a collision hazard for birds taking off from and descending to 
the Salton Sea.  Power lines present a real threat for migrating birds and are a significant 
cause of mortality for some bird species (Erickson et. al. 2001).

PROPOSED MITIGATION MEASURES

The mitigation measures outlined in the Suggested Practices for Avian Protection on Power 
Lines:  The State of the Art 2006 (APLIC 2006), would help prevent bird electrocution and 
collision from power lines associated with the Solar Two project.

CUMULATIVE EFFECTS SUMMARY

The proposed project is greater than 20 miles from the Salton Sea which is an important 
stopover point for migrating birds of the Pacific Flyway.  The SunCatchers are not tall 
enough to impact birds migrating between the Salton Sea to the Gulf of California.  In 
addition, the proposed transmission line is not near the Salton Sea and would not pose a risk 
to birds taking off or landing on the Salton Sea.  The appropriate mitigation measures 
outlined in the Suggested Practices for Avian Protection on Power Lines:  The State of the 
Art 2006 (APLIC 2006) will ensure that the proposed off-site transmission line would 
minimize the potential for bird collisions and electrocutions.

This would prevent adverse impacts to migrating birds from occurring as a result of the 
proposed project.  Therefore, the proposed projects’ contribution to a cumulative impact to 
migrating birds would be rendered less than cumulatively considerable and would not be 
significant.
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7.0 LAND USE

7.1 INTRODUCTION

According to the AFC, the potential impacts to land use associated with the Project are due 
to the conversion of 6,183 acres from Government Service BLM-administered public land and 
County Open Space use to solar electric generation. The cumulative impacts analysis in the 
AFC was limited by the uncertainty of future development patterns and changes to the land 
use codes and plans. This supplemental cumulative analysis considers urban development 
patterns as forecasted by the Cal DLRP and renewable energy development forecasted by 
the RETI (see Introduction 1.0).  

7.2 SIGNIFICANCE CRITERIA

Determining the significance of potential cumulative impacts to land use associated with the 
Project can be derived from CEQA and NEPA guidelines. In Appendix G of the CEQA 
Guidelines (Environmental Checklist Form, Section IX), cumulative impacts are cumulatively 
considerable if: 

� The proposed Project would conflict with applicable land use plans, policies, 
or regulations of an agency with jurisdiction over the project adopted for the 
purpose of avoiding or mitigating environmental effects.

� The proposed Project would divide an established community or disrupt an 
existing or recently approved land use.  

� The Project would conflict with any applicable habitat conservation plan or 
natural community conservation plan.

While there are no specific NEPA guidelines for determining significance of cumulative land 
use impacts, the BLM NEPA handbook suggests that authors describe the interaction among 
the effects of the proposed action and past, present, and reasonably foreseeable actions. 
This interaction may be: 

� Additive: The effects of the actions add together to make up the cumulative 
effect. 

� Countervailing: The effects of some actions balance or mitigate the effects 
of other actions. 

� Synergistic: The effects of the actions together are greater than the sum of 
their individual effects. 

Land use in the area surrounding the project site are described in the AFC in Section 
Sections 5.9 and 5.18 and Figure 5.8-2. Land use within the region including the Project site 
is dominated by agricultural with recreational, military, government (BLM), community, and 
small portions of industrial and urban activities. Past and present activities including 
development (residential and commercial), OHV use, infrastructure development (highways 
and roads), and agricultural activities have changed a land use from relatively undeveloped 
region. 

The findings in the AFC for land use impacts using CEQA and NEPA significance criteria 
include:
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1. (CEQA) The Project would not require variances in noise levels, use regulations, or 
land use ordinances and would not conflict with applicable land use plans policies, or 
regulations.

2. (CEQA) The Project would not divide an established community or disrupt an existing 
or recently approved land use.

3. (NEPA) There could be additive impacts associated with land use changes and 
recreation.  Given the heavy use of the Project area and areas surrounding the 
Project boundary for OHV use, the potential to displace these activities is high. 
Considering the number of other large development projects that are reasonably 
foreseeable within the study area including residential and commercial development 
as well as renewable energy projects, the availability of open space for OHV 
recreation could be cumulatively affected. 

4. (NEPA) The Multiple Class Designation for the Project site would be changed from 
designation “Limited” to  “Intensive” so that future uses planned for the project site 
(power generation) better match the designations in the CDCA Plan (BLM 1980, as 
amended).

7.3 GEOGRAPHIC AND TEMPORAL PARAMETERS

The availability of new forecast information for land use patterns in the region including the 
Project site supports cumulative impacts analysis to land use using expanded the geographic 
and temporal parameters. The Cal DLRP (2008) completed a forecast of urban development 
in 38 counties in California from 1984 to 2050. The pattern of urban development 
anticipated for Imperial County and Eastern San Diego County is shown in Figure 7-1. In 
addition, the RETI Phase IB Study released in January 2009 includes a list of renewable 
energy resources and transmission lines that are likely to be located in Imperial County and 
eastern San Diego County (RETI 2009). These resources are illustrated in Figure 3
(Attachment A) and listed in Table 1-1. 

The current land use distribution in Imperial County was as follows (CCBRES 2007):

1. Total land area of Imperial County is about 2,942,080 acres.

2. Approximately half of the Imperial County land is undeveloped and managed by 
Federal agencies (primary BLM).

3. Less than one percent of the land area is considered “urban” and it is evenly split 
between incorporated and unincorporated management.

4. Irrigated agricultural lands comprise almost 20 percent of the land area. 

5. The Salton Sea covers about seven percent of the land area.

The Imperial Valley extends south into Mexico and joins with the Mexicali Valley to create 
about 50 square miles of irrigated agricultural production. The total land area of Mexicali 
was 1,413,980 hectares with about 25,620 hectares or 2 percent considered urban (CCBRES 
2008).
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7.4 CUMULATIVE LAND USE IMPACTS

Using the urban development forecast and RETI data, it is possible to illustrate the size and 
speed of land use changes in Imperial County. The size of urban development in 1984 and 
2006 as well as forecasted urban development for 2020 and 2050 are shown in Table 7-1.  
The renewable energy and transmission development forecasted by RETI Phase IB data for 
Imperial County is estimated to be completed between 2006 and 2020. Renewable energy 
development beyond 2020 is uncertain and is assumed that the State targets for renewable 
energy would have been achieved by then requiring no further renewable energy 
development. This is likely an under-estimate of future development beyond 2020, but is 
appropriate for this analysis. 

Urban development in Imperial County is expected to increase by about 19,000 acres 
between 2006 and 2020. Renewable energy development in Imperial County is expected to 
change the land use status of about 34,000 acres during that same time period.  Based on 
these forecasts, the total estimated “developed” land area in Imperial County is expected 
to increase from about 1 percent to more than 2 percent by 2020, essentially doubling the 
developed land area in 14 years. This rate of development is much faster than in the past 
and renewable energy development is the major contributor to the acceleration.  

Table 7-1. Estimated Land Use in Imperial County.

Land Use Past – 1984
Acres

2006
Acres

2020
Acres

2050
Acres

Urban Development 19,160 25,075 44,000 85,700
Renewable Energy
& New Transmission

34,000

TOTAL  Estimated 
Acres

19,160 25,075 78,000 85,700

% of Imperial 
County Land Area
(2,942,080 acres)

0.6% 0.8% 2.7% 3%

Solar Two Project 6,183
Data sources: RETI 2009, Cal DLRP 2009.

The more specific data available from with RETI and Cal DLRP urban development forecasts 
allows us to better define future land use impacts than what was possible with the data 
available for the AFC. The Project would contribute to about 8 percent of the estimated 
land use change or development between 2006 and 2020. Given the speed and extent of 
land use change during the time period when Solar Two would be built and operated, it 
would have an additive cumulative impact on land use. This level of impact does not exceed 
any of the significance thresholds defined in CEQA; however, it will be measurable and 
noticeable by Imperial County residents and could motivate future land use code or 
regulations changes that limit the rate or span of development in the County.
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8.0 SOCIOECONOMICS

8.1 INTRODUCTION

This section considers the cumulative socioeconomic analysis using a wider geographic area 
than the socioeconomic analysis included in the AFC and some updated information on 
population and employment in the region. A recent New York Times article called El Centro, 
California the “capital of the Great Recession” (NYT 2009). The Times reported that El 
Centro (located 5 miles east of the Project site) has one of the highest unemployment rates
in the nation at 22.6 percent. Although the relatively high unemployment rate in Imperial 
County is considered in the AFC socioeconomic analysis, the potential employment impact of 
other renewable energy projects is not fully evaluated because of data gaps. The recent 
Renewable Energy Transmission Initiative (RETI) Phase 1B report provides information that 
can be used to fill the data gaps and support a more complete cumulative analysis.

8.2 SIGNIFICANCE CRITERIA

The criteria used in the AFC to determine whether Project-related socioeconomic impacts 
would be significant are derived from the CEQA Guidelines, Appendix G. Socioeconomic 
impacts are deemed significant if they:

� cause substantial growth or reduction of population,

� cause substantial increase in demand for public services and utilities, 

� displace a large number of people or existing housing, or

� disrupt or divide the physical arrangement of an established community, or 
result in substantial long-term disruptions to businesses.

NEPA provides no specific thresholds of significance for socioeconomic impact assessment.  
Significance varies, depending on the context of the proposed action (40 CFR 1508.27[a]), 
but 40 CFR 1508.8(b) states that indirect effects may include those that are growth inducing 
and others related to induced changes in the pattern of land use, population density, or 
growth rate.

The socioeconomic assessment in the AFC concludes that:

� The Project will not displace any current jobs and will not affect the 
surrounding agricultural enterprises. 

� The Project will also not displace any people, as the Project Site is currently 
unused.

� The increase in permanent employees is not expected to have an adverse 
effect on employment, housing, tax revenues, public services, or utilities. In 
addition, the Project is expected to have a positive effect on the local 
economy because it will introduce jobs and potentially increase tax 
revenues, due to the construction and operational employees’ economic 
activities.

� The Project is not located within any established communities; therefore, 
the Project will not divide an established community.
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8.3 GEOGRAPHIC AND TEMPORAL PARAMETERS

The cumulative socioeconomic analysis in the AFC is based on the following assumptions (see 
Section 5.18 in the AFC): 

1. The study area is dominated by small urban centers (El Centro and Ocotillo), 
military, recreational and agricultural activities. 

2. Past contribution of jobs created (1,300 in 2006) from the Naval Air Facility El Centro 
was significant for this area.

3. Reasonably foreseeable future activities, including development (residential, 
commercial, roadway), other renewable energy projects, agriculture, and military 
activities would continue to provide job opportunities in the region. The duration of 
jobs created by future projects cannot be determined at this time.  Whether the 
work force supporting these projects would be housed locally or commute from other 
areas within the region is also unknown. Considering that past and present 
construction- related activities resulted in beneficial effects to the region, it is likely 
that future projects would also contribute beneficially to the socioeconomic 
environment in the region.

The RETI Phase IB Study released in January 2009 includes a list of renewable energy 
resources and transmission lines that are likely to be located in Imperial County and eastern 
San Diego County. These resources are illustrated in Figure 3 (Attachment A) and listed in 
Table 1-1. In addition to the Project (750 MW), the RETI Study anticipates that by 2020 the 
following projects will be built in Imperial County, Eastern San Diego County and Baja Norte, 
Mexico:

� 6 Solar Thermal Electric projects totaling 1,200 MW

� 15 Solar Photovoltaic project totaling 300 MW

� 5 Wind projects totaling 723 MW

� 6 Large Wind projects in Baja Norte Mexico totaling 4,100 MW

� 3 Geothermal projects totaling 1,362 MW

� 1 Biomass project totaling 36 MW

� 26 Transmission projects totaling  280 miles

� 5 Substations

There will also be further urban development and at least one large non-energy project, the 
Wind Zero Military Training facility constructed next to the Project site. 

To estimate employment associated with the anticipated energy development, we consider 
the jobs estimated for the Project in the AFC. It is expected that during the construction 
phase there would be an average of 360 people per month working on the Project, totaling 
24,086 personnel months for the 40-month construction period.  Monthly construction 
personnel would peak at a maximum of 731 workers. The AFC estimates that the Project 
would be operated by a staff of approximately 180 full-time employees at full operation. For 
the Project, this amounts to about one-quarter full-time permanent employee per MW of 
operation and 32 personnel months of construction labor per MW over the 40-month 
construction period. Relative to other types of renewable energy, the SES SunCatchers are
more labor intensive to build and operate. Therefore, we assume that on average the 
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renewable energy projects will require about two-thirds the workforce that the Project will 
require or 0.17 full-time employees per MW of operation and 21 personnel months of 
construction labor per MW. The estimated workforce needed in the region for the energy
projects anticipated to be built by 2020 (total of 3,620 MW excluding Solar Two and the Baja 
Norte projects) is 7,600 personnel months of construction labor each year between 2010 and 
2020 assuming 362 MW were started each year.  In addition 615 permanent employees would 
be needed to maintain and operate these facilities. This is likely an under-estimate of actual 
labor needs because the large wind projects in Baja Norte Mexico will require significant 
labor and a share of it will likely come from the US. Also transmission line and substation 
construction have not been included explicitly in the estimate.

In the AFC, it is assumed that approximately 90 percent of the workforce required for the 
Project would reside in southern California. The remainder may come from other areas in 
California, Arizona, or Oregon. It is anticipated that specialized trades and higher skill level 
construction personnel would commute to the construction site on a weekly basis and would 
reside in temporary housing or apartments during the week for the duration of the Project. 
The socioeconomic analysis in the AFC (Section 5.10) includes detailed information on 
population, employment and income for the El Centro Metropolitan Statistical Area (MSA), 
Imperial County, and the San Diego-Carlsbad-San Marcos MSA (Tables 5.10-3 and 5.10-4).  
These data are used to determine that housing and public services would not be significantly 
impacted by the Project.

8.4 CUMULATIVE SOCIOECONOMIC IMPACTS

Given the estimated labor needs for the anticipated renewable energy development in the 
region surrounding Solar Two, would there be a significant cumulative impact to housing or 
public services?  A recent study for the California Energy Commission on the Border region 
found that “The Imperial Valley–Mexicali border area has a combined population of nearly 
one million residents. The Imperial Valley’s border towns include Brawley, Imperial, El 
Centro, Calexico, Heber, and Seeley; on the Mexico side of the border is Mexicali. The 
overall population for Imperial County is expected to double in the next 30 years, from 
nearly 150,000 to 300,000. To accommodate this growth, Imperial Valley’s border towns are 
expected to add 22,000 new homes in 2005 and beyond. A population forecast for Mexicali 
shows a steady rise in the current population between now and 2030 from 800,000 to 1.5 
million” (CEC 2005). Employment projects for Imperial County estimate a total increase of 
non-farm employment from 40,700 in 2002 to 51,000 in 2012 or a 25 percent increase. The 
industries with the most job growth are to be Trade, Transportation, and Utilities adding 
3,250 jobs, Government adding 2,450 jobs, and Natural Resources, Mining, and Construction 
adding 950 jobs (CCBRES 2007). The job growth anticipated in the forecast is not being 
realized. In fact, recent layoffs at Plaster City (wallboard manufacturing facility) and other 
large employers in the region have resulted in El Centro having the highest unemployment 
rate in the US at more than 22 percent (NYT).

The anticipated employment needs of the renewable energy industry (7,600 personnel 
months of construction labor and 615 permanent employees between 2010 and 2020) are 
consistent with the optimistic employment forecast for Imperial County for 2012. However, 
it is unlikely that housing stocks and public service capacity are growing during the recession 
because of lack of jobs and tax revenues to support growth. This could create a shortage of 
housing or public services if the anticipated renewable energy projects occur simultaneously 
starting in 2010 because the housing additions needed to meet future population and 
employment will not be complete.  In 2005, Imperial County had an estimated population of 
144,500 and about 4,500 housing units (CCBRES 2007). The labor force was 57,900 persons 
with 4,400 construction workers and 5,800 unemployed. The housing vacancy rate was just 
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over 9 percent. If the construction workforce in Imperial County increases by the equivalent 
of 7,600 personnel-months or more because of renewable energy development in the area, 
there could be a measurable impact on the availability of housing and capacity of public 
services, especially if housing stocks and public services do not expand during the recession. 
The extent of any shortages will depend in part on employment numbers and whether 
workers occupy permanent or temporary housing. This could result in a measurable 
socioeconomic impact, but it is not possible to determine whether a significance threshold 
will be exceeded because the number of new residents in the Imperial Valley as a result of 
renewable energy development and the amount of housing built between 2006 and 2020 is 
too uncertain. Therefore, as in the AFC, the Project would not have any significant 
socioeconomic impacts.

9.0 TRAFFIC AND TRANSPORTATION

9.1 INTRODUCTION

The AFC finds that construction and operations traffic for Solar Two would not coincide with 
known potential future projects, so its contribution to cumulative traffic would not be 
cumulatively considerable, and cumulative effects of the Project would therefore be less 
than significant. With the additional data regarding foreseeable future development for the 
area surrounding the Solar Two site, we reconsider the potential for significant traffic and 
transportation impacts.

9.2 SIGNIFICANCE CRITERIA

A project would result in a significant effect when it will “cause an increase in traffic which 
is substantial in relation to the existing traffic load and capacity of the street system,” 
according to the guidelines established in California Energy Commission Staff Application for
Certification Instructions and those set forth in California Environmental Quality Act,
Appendix G (1), (Public Resources Code Section 21000 et seq). Generally, the capacity of the 
street system is determined by the State Highway Level of Service (LOS) Standard 
acceptable to the local governing agencies.  The LOS criteria for the local circulation system 
are defined by the Imperial County General Plan Circulation and Scenic Highway Element 
and have set a standard of LOS C. Consequently, LOS A, B, and C are considered acceptable, 
whereas LOS D, E, and F are unacceptable.

9.3 GEOGRAPHIC AND TEMPORAL PARAMETERS

Recently, the Imperial Valley Association of Governments revised the Highway Element of 
the Imperial County Transportation Plan (IVAG 2008). According to the draft plan,  
“Substantial growth in population is anticipated for the County. If that rate of growth 
continues, the population will more than double in the next 25 years. Future conditions 
could also include potential developments such as the expansion of the Calexico Port Of
Entry, the Silicon Border Development, a cargo airport, and a Calexico casino.” (IVAG 2008). 
This anticipated growth is consistent with the urban development patterns included in the 
reasonable foreseeable development considered in this cumulative impacts supplement.

9.4 CUMULATIVE TRAFFIC AND TRANSPORTATION EFFECTS

The revised Imperial County Transportation Plan finds that traffic volumes estimated for 
2025 will result in LOS D, E, F for Interstate 8 and most major streets and highways east of 
the Project site (IVAG 2008). The west end of the Evan Hewes Highway and Interstate 8 are 
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not forecast to drop below LOS C. Therefore, considering urban development patterns 
anticipated for Imperial County, the conclusion in the AFC that the contribution of the 
Project to cumulative effects on traffic and transportation circulation is not likely to be 
significant is valid.

10.0 NOISE

10.1 INTRODUCTION

This section generally supplements information on sound resources (Noise) provided in the 
AFC and also incorporates modifications to equipment levels for the Project made after 
release of the AFC, as well as recent applicable information on the Project area identified in 
the Sunrise Powerlink EIR/EIS (2009).The AFC has indicated that no significant cumulative 
effects to sound levels in the Project area are expected during construction, concurrent 
construction and partial Project operation, and full operation when construction is 
complete. 

Construction noise would be temporary and would conclude upon completion of Project 
construction. Although operation of the Project would add noise to the ambient sound 
environment, the AFC indicated that the magnitude was not considered significant and 
would dissipate with increasing distance from the Project boundary. 

The AFC predicted that operational noise levels would be in compliance with all applicable 
local LORS at sensitive receivers (limited to less than 50 dBA Leq daytime/45 dBA Leq

nighttime) and at Project property lines (75 dBA hourly limit). Additionally, the calculated 
increase of ambient sound level generated by Project operation was calculated to be no 
more than +4 decibels at a representative nearby noise-sensitive receiver, which is an 
increase of less than 5 dBA Leq (AFC 2008).

10.2 SIGNIFICANCE CRITERIA

The following criteria may be considered in assessing the cumulative impacts of the 
proposed Project combined with potential effects from past, present, and reasonably 
foreseeable future projects on sound levels. These criteria are adapted from BLM, EPA, and 
CEQA noise guidelines, and Imperial County Land Use Compatibility Guidelines. Factors to 
consider in determining impacts on sound levels include:

� EPA Guidelines  

o EPA has published a guidance document that specifically addresses issues of 
community noise (EPA Levels Document, Report Number 550/9-74-004). This 
report, commonly referred to as the “Levels Document,” contains goals for 
noise levels pertaining to public health and welfare and is not a legal 
document. It, however, does recommend that noise levels in outdoor 
residential use areas not exceed Ldn levels of 55 dBA (EPA 1974). 

� Imperial County Policy C3 and C4 Guidelines  

o The Project would be located entirely within unincorporated Imperial County, 
where noise is regulated by the Imperial County Code (Section D.8.3.3) 
Ambient Noise Levels.
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o If future noise levels after the Project is completed will be within “normally 
acceptable” noise levels as outlined by the State of California General Plan 
Guidelines (as shown in Table 5.12-9 of the AFC) and the Imperial County 
General Plan Noise Element (2003), but will result in an increase of 5 dB 
community noise equivalent level (CNEL) or greater, it will be considered a 
potentially significant noise effect. In the case of the proposed Project,
normally acceptable noise levels would be up to approximately 70 dB (CNEL) 
for industrial, utilities, and agricultural land use categories.

o If future noise levels after completion of the project are greater than the 
“normally acceptable” noise levels outlined by the State of California General 
Plan Guidelines (see Table 5.12-9 in the AFC), a noise increase of 3 dB CNEL 
or greater would be considered to be a potentially significant effect. 

o The one-hour average sound level limit for general industrial zones is 75 dB 
(CNEL). No guidelines have been specified for agricultural lands, or County 
open space and Government Service BLM-administered public lands, which is 
the current zoning for the Project area. If the ambient sound level meets or 
exceeds the property line standard, the increase of the existing or proposed 
noise shall not exceed 3 dB Leq.

o Construction noises shall not exceed 75 dB when averaged over an 8-hour 
period.

o Under Imperial County Code Section 90702.00, Subsection A, average hourly 
noise in residential areas is limited to 50 to 55 dBA from 7 am to 10 pm and to 
45 to 50 dBA from 10 pm to 7 am. With respect to the lower values of these 
ranges, this effectively prohibits sources that cause more than 53 dBA CNEL 
on a day-night basis.

o A 1-hour average sound level over 75 dB Leq should not be exceeded during 
construction (Sunrise EIR/EIS 2009, AFC 2008).

o Construction equipment operation shall be limited to the hours of 7 am to 7 
pm Monday through Friday and 9 am to 5 pm on Saturday. No construction
operations are permitted on Sunday or holidays.

� State of California (CEC) Guidelines 

o Increases in operation noise above ambient background noise levels by 5 dBA 
or greater at noise-sensitive receptor locations would be considered 
significant (Sunrise Powerlink EIR/EIS 2009, AFC 2008).

10.3 GEOGRAPHIC AND TEMPORAL PARAMETERS

The cumulative analysis area for the sound environment was determined based upon the 
distance from the project site boundaries to the nearest sensitive receptors identified in the 
area and the boundary where modeled noise levels for project construction and operation 
would be below 55 dBA or where increases in the ambient noise levels from project 
activities would be below 5 dBA, whichever boundary was greater. This area effectively is 
approximately a 2.5 to 3-mile radius from all project boundaries and generally equates to 
the area shown in Figure 5.12-1 in the AFC (2008). The calculations used to confirm this 
cumulative analysis boundary are detailed below.

To confirm the boundaries for the general cumulative analysis geographic extent of changes 
to the sound environment, it was first assumed that the highest noise-producing activities 
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would occur during construction actions. Since release of the AFC, the number and timing of 
equipment use for the Project has been modified from information presented in Table CC-3-
1 in Appendix CC-3 of the AFC. The revised monthly construction equipment projection 
information is provided as Table 1, Attachment D to this text,

Using the numbers provided in the new monthly construction equipment projection list and 
decibel levels as identified in Table CC-3-1, in Appendix CC-3 of the AFC, it was also 
assumed that the highest noise-producing construction equipment (generally dozers, cranes, 
concrete pumps, dump trucks, flatbed trucks, loaders and water trucks at 114 dBA at 1 
meter from the equipment) could be used within approximately 50 meters of the project 
boundaries.  Additionally, it was assumed that a combination of equipment would be used 
near the boundaries during the “noisiest” construction month (which appears to be the 2nd 
month of construction with 37 uses of equipment with base sound values of 114 dBA at 1 
meter as shown on the new equipment numbers projection table and Table CC-3-1). The 
noise levels generated during this period are expected to be higher than during subsequent 
periods when both construction and SunCatcher operation activities coincide, or when only 
operation activities are occurring. It was further assumed that at 100 percent utilization as 
indicated on Table 1, Attachment D, that all 37 pieces of equipment would be utilized 
continuously throughout that month. This scenario is considered to be very conservative; a 
more realistic expectation is that varying numbers of high-level noise equipment would be 
used throughout the month at varying locations in the Project area; however, to simplify the 
development of a cumulative analysis area, the full scale equipment use scenario was used 
to represent the highest possible noise levels that could be associated with the Project.

Because noise is measured on the decibel scale (a logarithmic scale), combining two noise 
levels is not achieved by simple addition. For example, combining two 60 dBA noise levels 
does not equal a noise level of 120 dBA (which is near the threshold of pain), but yields 63 
dBA, which is lower than the volume at which most people listen to their televisions. In 
addition, when the difference between two noise levels is 10 dBA or more, the amount to be 
added to the higher noise level is zero. In such cases, no adjustment factor is needed 
because adding in the contribution of the lower value in the total noise level makes no 
perceptible difference in what people can hear or measure. For example if a workplace 
noise level is 95 dBA and another machine is added that produces 80 dBA noise, the 
workplace noise level will still be 95dBA (FTA 2006). Table 10-1 identifies how to calculate 
combined noise levels.

Table 10-1. Calculating combined noise levels

When Two Decibel Values 
Differ by

Add the Following Amount to 
the Higher Value

O or 1 dB 3 dB
2 or 3 dB 2 dB
4 to 9 dB 1 dB

10 dB or more 0 dB
Source: FTA 2006 and Canadian Center for Occupational Health and Safety 2009

For the Project, it was assumed that all equipment operating during the second construction 
month that operated at dBAs less than 114 would not be perceptible when combined with 
the 37 pieces of equipment that would be operating at 114 dBA. To determine noise levels 
generated from the use of multiple 114-dBA equipment, the following methodology was 
used:  
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1. One 114 dBA level reading for one piece of construction equipment was subtracted 
from the second 114 dBA level reading for another piece of construction equipment 
to get a difference of 0.

2. Since the value between the two readings is 0, the amount that is added to one of 
the readings is 3 (see Table 10-1). 

3. 114 + 3 = 117

4. This value was then taken and subtracted from the next 114-dBA equipment reading, 
repeating the process over again:

5. 117 dBA – 114 dBA = 3 dBA

6. Because the difference in the readings is 3 dBA, the amount to be added to the 
higher reading value is 2 dBA:

7. 117 dBA + 2 dBA = 119 dBA

8. This process was repeated until the difference between the two values reached 10 
and no additional dB were added.

- 119-114 = 5 dB
- 119+1 = 120
- 120-114 = 6
- 120 + 1 = 121
- 121-114 = 7
- 121+1=122
- 122-114=8
- 122+1=123
- 123-114=9
- 123+1=124
- 124-114=10
- 124+0=124

It is assumed, worse case, that the highest dB levels that would be achieved with all 37 
pieces of 114-dB level construction equipment being used in close proximity would be 124 
dB at 1 m. To further confirm cumulative analysis area boundaries for noise effects, it was 
assumed that that construction and operation would generally occur approximately 50 
meters within the project boundaries.

When one doubles the distance from a noise source, the recorded noise level is reduced by 6 
dB. This is also called the Rule of 6 (FTA 2006, Wiki 2009). To determine the cumulative 
analysis boundary for the Project where levels would drop below 55 dBA or less than 5 dBA 
of change, the noise levels during the nosiest construction month were assessed using the 
general calculations identified below.

1. Assumed 124 dB at 1 meter from equipment located approximately 50 meters within 
the boundary based on the calculations developed previously.

2. 2 meters from the equipment the noise level would be 124 - 6 = 118 dB

3. 4 meters from the equipment, noise levels would be 118 – 6 = 112
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4. 8 meters; 112 – 6 = 106

5. 16 meters; 106 – 6 = 100

6. 32 meters; 100 - 6 = 94

7. 64 meters; 94 – 6 = 88  

For the cumulative analysis boundary determination, noise levels at the project boundaries 
were conservatively estimated at between approximately 88 and 90 dB during the noisiest
construction period. Actual levels should be considerably less than this assuming varying 
numbers of equipment use and location, and additional reductions due to air absorption and 
ground attenuation.

The nearest sensitive receptors to the project boundaries are located approximately 3,200 
feet northwest of the northwestern corner of the project boundary (CR or near 1510 Painted 
Gorge Road), approximately 5,000 feet from the western project boundary (ML-1, near 426 
Evan Hewes Highway) and about 3,000 feet northeast of the 25-acre laydown area (ML-5 or 
2828 Evan Hewes Highway) (ML-1 and ML-5 are represented on Figure 5.12-1 in the AFC). 
Using the calculations identified above for distance doubling, the predicted dBA at these 
locations from construction sound levels would be approximately 60 to 62 dBA or less as 
follows:

1. 64 meters (at property boundary) = 88 dB (Actual calculations indicate that the 
construction noise levels at the property boundary are predicted to be between 
approximately 75 and 80 dBA – see Section 10.4 for a detailed discussion).

2. 128 meters: 88-6=82

3. 256 meters; 82-6=76

4. 512 meters; 76-6=70

5. 1024 meters (or approximately 3072 feet); 70-6=64

6. 2048 meters ; 64-6=58

7. 4096 meters (or approximately 12,288 feet or 2.3 mile radius); 58-6=52

Operational noise levels would be significantly lower than construction levels.

Once the boundary locations for the cumulative analysis area for noise effects was 
confirmed, additional GIS mapping was used to identify which past, present and reasonably 
foreseeable future projects as identified in Table 1-1 would be located within the sound 
resource cumulative analysis area. Table 10-2 identifies those projects that were included in 
the cumulative analysis for noise; locations may also be seen on Figure 3 Reasonable 
Foreseeable Development in Attachment A.

Table 10-2. Past, present and reasonably foreseeable future projects located within the 
sound resources cumulative analysis area.

Map Reference 
Number
Figure 3

Type of Project
Average Distance from 
Project Boundaries to 
Solar Two Boundaries
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Past and Present Development

OHV Trails (Open and Closed) (5-foot corridor) 2 miles or less

Roads (US, State, County) Less than 1 mile

Open ATV Trails 2 miles or less

Plaster City OHV Area 2 miles or less

Plaster City Drywall Plant Shared boundary

Future Development

W1 Wind Project 0.5 mile or less

CL3 Collector Line
(100-foot corridor) Less than 1 mile

CL4 Collector Line
(100-foot corridor) Less than 1 mile

CL5 Collector Line
(100-foot corridor) Less than 1 mile

CL6 Collector Line
(100-foot corridor) Less than 1 mile

CL7 Collector Line
(100-foot corridor) Less than 1 mile

CL8 Collector Line
(100-foot corridor) Less than 1 mile

CL9 (100-foot corridor) Less than 1 mile

CL10 Collector Line
(100-foot corridor) Less than 1 mile

CL12 (100-foot corridor) Less than 1 mile

CL16 Collector Line
(100-foot corridor) Less than 1 mile

CS1 Collector Substation Within the project 
boundaries

CS4 Collector Substation Within 0.5 mile

2020 Urban Development Plan Within 1 mile

WZ Wind Zero Training Facility Within 1 mile

Sources:  RETI 2009, Cal DLRP 2009, Wind Zero 2009.

10.4 CUMULATIVE NOISE SUMMARY

Due to changes associated with modifications to the estimated number of equipment needed 
for construction of the Solar Two Project, revisions to noise level calculations presented in 
the AFC are included in the following sections. Prediction methods used for this analysis are 
generally consistent with those described in Section 5.12.2.2 of the AFC, with a few minor 
exceptions as noted.  

Using the revised monthly construction equipment project list from March 20, 2009, which is 
attached as Table 1 Attachment D, construction noise was re-estimated for the Solar Two 
Project for both a SunCatcher 18-megawatt (MW) block construction activity zone and for 
overall construction activity as delineated in the AFC.  For this discussion, the “noisiest” 
construction location in the Project area was generally defined as the project boundary line 
position located closest to the southeast corner of the proposed Main Services Complex and 
the southwest corner of the proposed 750-MW Substation (as identified in AFC Figure 5.12-
1).  At this location, and conservatively ignoring air and ground attenuation effects, the re-
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estimated construction noise level for overall construction and 18-MW block activity was 
modeled to be 75 dBA and 80 dBA Leq, respectively. If air and ground attenuation are 
considered, it is anticipated that project construction levels would be below the 75 dBA
construction average limit for an 8-hour period as required by County code.

During operations, the “noisiest” project boundary line position was identified as being co-
linear with either the northern or southern edge of the existing transmission line ROW that 
generally splits the Solar Two Project area into eastern and western portions.  Such a 
position would be located, for instance, near ML-3 as shown on Figure 5.12-1 of the AFC.  At 
this position, the operational noise model using the new equipment information identified
operation noise levels at the property boundary of about 70 dBA Leq.

Noise modeling for the Solar Two Project activities used the Cadna/A Noise Prediction Model 
(Version 3.7.124), as discussed in Section 5.12.2.2 in the AFC, which incorporates industry-
accepted air and ground acoustical absorption factors. Air absorption and ground 
attenuation factors were applied to the Solar Two Project model using the following 
assumptions:

� an approximate air absorption rate of -1dBA per 1,000 feet (ISO 9613-2:1996b(E), 
Table 2);

� sound is traveling through “standard air” (70° F, 50% RH); and

� an industry-accepted ground attenuation formula was used (ISO 9613-2:1996b(E), Eq. 
10.

In addition, it was assumed that 18-MW Suncatcher block construction would be oriented 
north-to-south and dimensioned roughly 4000 feet (North-South) by 1,000 feet (East-West) 
(see Figure 3.13 in the AFC) and that there would be room for only one 18-MW construction 
block along the western portion of the property boundary. Additional 18-MW blocks (built 
before or after any construction located along the western boundary of the Project area) 
would have to be located further from the western property boundary by at least 1,000 
feet. 

To predict expected future noise levels in the Solar Two Project cumulative noise analysis 
area, the following assumptions were made regarding future projects located within the 
analysis area: 

� The “W1” Wind Project located west of the Solar Two Project area was conceptually 
considered to be a wind farm composed of twenty-four 1.8-MW Vestas V80 wind 
turbine generators (WTG), spaced in three east-to-west rows of eight with 
approximate rectangular grid spacing centers of 750 m in each direction.  Operation 
was assumed to be day and night at 9 meters per second wind speed, corresponding 
with a sound power level (PWL) of 104.4 dBA per WTG).  The southeast corner of this 
farm would be located approximately 1,500 meters west of the sensitive receptor 
near 426 Evan Hewes Highway (ML-1) and about 2,800 meters west of the sensitive 
receptor represented as 1510 Painted Gorge Road (CR, or the closest identified 
receptor to the Solar Two project). 

� Traffic volumes on Interstate 8 and Evan Hewes Highway would need to double in 
order to increase their noise component by 3 dB.  A 25 percent increase in traffic 
volumes, assuming vehicle mixes/proportions remain the same, would only create a 
1 dB increase from ambient levels.  For some locations, especially those near such 
roadways, these increases would likely increase the ambient noise by the same 
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decibel amount in the absence of other sources (i.e., the cumulative projects under 
consideration).  At other locations, however, where other ambient sources may have 
comparable or even dominant contribution (e.g., aircraft overflights, existing 
operating machinery, flows of water in exposed irrigation canals, wildlife, etc.), 
these increases in traffic noise may not meaningfully influence the aggregate.  
Hence, traffic noise increases were not considered in the above table.

� The “Wind Zero” Project was identified as a proposed private racetrack based on 
data identified on the project website. The project would feature an east-to-west 
straightaway section that lies approximately 1,600 m south of sensitive receptor site 
ML-1, and 3,200 m south of sensitive receptor site CR.  Based on information 
obtained from similar projects, the following input parameter assumptions were 
used for a coarse operation noise model for the Wind Zero Project:

o 0.5 mile length of the raceway straightaway segment that passes closest to 
the sensitive receptor (pass-by)

o 124 dBA (PWL) per 750 HP sports car

o 5  cars would occupy the straightaway during a pass-by

o Average of 100 miles per hour for vehicles on the track

o 6 mile length of track

o 16 laps per hour

o 0.8 minutes for a group of cars to pass-by

o 14 minutes out of an hour that a group of cars are on the pass-by

o 3 hour length for a typical race event during one active racing day

If the assumptions identified here are changed to better reflect future action 
characteristics, cumulative noise estimates identified for the Solar Two Project would need 
to be modified.

Based upon the preceding assumptions, cumulative noise estimates were generated for 
sensitive receptor sites located closest to the Solar Two Project area and compared to 
estimated construction and operation levels identified for the Project. These estimates are 
summarized in Table 10-3. The cumulative noise totals represent logarithmic additions of 
the indicated predicted activity noise levels.  

Table 10-3. Modeled sound levels at sensitive receptor locations from the AFC. 

Project Activity

Estimated Sound 
Levels at Sensitive 

Receptor Locations, 
Average Daytime 

Leq (dBA)
ML11 CR2 ML53

Solar Two 
(S2)

“Overall” Construction 32 38 27
“18MW Block” Construction 54 54 43
Operation 47 50 46
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W1 Operation 29 26 < 20
Wind Zero 
(WZ) Operation 55 44 < 20

Cumulative Operations (W1  + WZ  + S2) 56 51 46
Cumulative (W1 Operations + WZ Operations + S2 
Overall & Block Construction) 58 55 43
Ambient Levels 48 48 55

1 Measurement location and receptor at 426 Evan Hewes Highway residence yard
2 receptor at 1510 Painted Gorge Road, called ML1 in section 5.12.2.2 of the AFC, assumed to 
have ambient levels similar to 426 Evan Hewes Highway
3 2828 Evan Hewes Highway residence property line
Source: URS 2009

As identified in Table 10-3, construction activities in the Solar Two Project area may 
temporarily increase noise levels at sensitive receptor sites ML-1 and CR; however, out of 
the 40-month total construction period during which 18-MW blocks are being installed, no 
more than two of those months, when construction is occurring on the western portion of 
the Project area, would exhibit an estimated construction noise level high enough to cause 
an increase greater than 5 dBA over ambient noise levels.

The additional noise levels associated with future projects through 2020 in the area may add 
incrementally to the overall noise levels in the area, particularly effects associated with 
activities at the Wind Zero training facility and W1 Wind Project. Although the Solar Two 
Project does not, by itself, result in significant long term changes in the noise environment 
during operations, additions to ambient noise levels from the Wind Zero facility and W1 
Wind Project in combination with Solar Two Project actions may result in significant 
changes.

Operational levels at the Wind Zero Project alone may create an increase in noise levels 
greater than 5 dBA over ambient noise levels. It is assumed that the Wind Zero Project will 
be required to implement noise reduction mitigation if it is determined during the  
permitting process for that project that noise control regulations would not be met.

In its cumulative effects analysis, the Sunrise Powerlink EIR/EIS (2009) has indicated that 
cumulative effects from construction of the Sunrise Powerlink transmission line in concert 
with the Project would not create long-term, operational noise impacts. Operating the Solar 
Two facility or the associated 230 kV transmission line would cause an increase in ambient 
noise that would be more than 5 dBA, but because of sufficient distance and noise 
attenuation, no sensitive receptors would be adversely affected.

11.0 VISUAL RESOURCES

11.1 INTRODUCTION

This report generally supplements information on visual resources provided in the AFC and 
also incorporates recent applicable information on the region identified in the Sunrise 
Powerlink EIR/EIS (2009).

11.2 PROJECT EFFECTS IDENTIFIED IN THE AFC FOR VISUAL RESOURCES

The AFC has indicated that significant impacts to visual resources in the Project area are 
anticipated from the proposed Project. Travelers along Interstate-8 and local area highways, 
several local residences, sensitive recreational users, and OHV use areas could experience 
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significant or cumulatively considerable visual effects due to changes in existing conditions 
if no mitigation is implemented. No significant effects were anticipated due to night lighting 
and no effects to aviation are expected. The AFC indicates that some positive effects could 
occur due to viewer perceptions and positive visual interest in renewable energy.

11.3 SIGNIFICANCE CRITERIA

The following criteria may be considered in assessing the cumulative impacts of the 
proposed Project combined with potential effects from past, present, and reasonably 
foreseeable future projects on visual resources. These criteria are adapted from Appendix G 
of the CEQA Guidelines, criteria outlined in the Sunrise Powerlink EIR/EIS (2009), and BLM 
Visual Resource Management (VRM) guidelines (BLM 2009). Factors to consider in 
determining impacts on visual resources include:

� Existing management requirements, such as BLM visual resource management 
classes,

� Scenic quality of the project site and vicinity,

� Available visual access and visibility,

� Frequency and duration that the landscape is viewed,

� Viewing distance and degree to which project components would dominate 
the view of the observer,

� Contrast of the proposed facilities or activities with existing landscape 
characteristics,

� The extent that project features or activities would block views of higher 
value landscape features, and

� The level of public interest in the existing landscape characteristics and
concern over potential changes.

Adverse visual impacts can occur if:

� An action changes existing conditions to the extent that they no longer 
appear to be characteristic of the area; 

� An action introduces features to the landscape that are noticeably different 
from those typically found in the area;

� Important scenic aspects of the landscape become less visible (e.g., partially 
or totally blocked from view) or are removed; 

� Visual impacts degrade the integrity of setting and feeling for NRHP or CRHR-
eligible historic properties;

� Project construction or the long-term presence of project components would 
cause a substantial effect on a scenic vista;

� Project construction or the long-term presence of project components would 
substantially damage scenic resources, including, but not limited to, trees, 
rock outcroppings, and historic buildings within view of a State Scenic 
Highway; 
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� Project construction or the long-term presence of project components would 
substantially degrade the existing visual character or quality of a site and its 
surrounding landscape;

� Project construction or the long-term presence of the Proposed Project 
would create a new source of substantial light or glare that would adversely 
affect day or nighttime views in the area or be hazardous to motorists or 
pedestrians;

� The presence of the Proposed Project or Alternative would result in a long-
term (greater than three years) inconsistency with established (or interim) 
BLM Visual Resource Management Class objectives (applies only to public 
lands administered by the BLM). This would typically occur where a
landscape with a relatively high visual quality and viewer concern is 
noticeably altered;

� Construction of the Proposed Project or the presence of project components 
would result in an inconsistency with local regulations, plans, and standards 
applicable to the protection of visual resources; or

� The presence of the Proposed Project would add to a cumulative visual 
alteration.

11.4 EXTENT OF THE CUMULATIVE ANALYSIS AREA FOR VISUAL RESOURCES

11.4.1 Geographic Extent

The cumulative analysis area was identified by first completing a computerized viewshed 
analysis modeling exercise to determine areas where the proposed Project may be visible. 
An approximate boundary was then drawn around the furthest visible, or seldom seen points 
located within this viewshed. The results of this modeling are provided in Figure V-1 
(Attachment D).

The viewshed used to generate the cumulative analysis boundary was derived using a 1 
Meter Digital Elevation Model (1 meter DEM) viewshed analysis program with a Geographic 
Information System (GIS) to determine line of sight locations from several points within the 
Project area that represented the approximately 50-foot tall apex of a “SunCatcher” unit.  
The 1 meter refers to the pixel size (1x1 meter pixels).  A 1-meter grid size Digital Elevation 
Model (DEM) was extracted and cast into the UTM projection.  The viewshed analysis routine 
analyzed whether each cell in the DEM grid would be in line of sight of the 50-foot high 
SunCatcher units.  In the program, the SunCatcher units were given a height offset of 50 
feet from the ground elevation of the location on the DEM and all other cells were given a 6-
foot offset to simulate the view from a standing adult (shown as Offset A and Offset B in the 
attached diagram). This is shown as Offset A and Offset B in Figure 5-1 provided below.

Figure 11-1. Line of Sight Analysis
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The viewshed analysis modeling took into account topography between the SunCatchers and 
viewpoints as well as the curvature of the earth; it did not include vegetative or 
atmospheric screening. This modeling roughly represents where the project may be visible 
from; however, local factors such as vegetation height, micro-topographic features not 
represented in the DEM, atmospheric conditions, and distance from the project site would 
need to be included to determine exactly where the SunCatchers would actually be visible 
from a location within the modeled line of sight. 

Relative visibility generated by the modeling was classified into distance zones. The three 
zones are based upon definitions provided in the BLM’s VRM Manual (BLM 2009) and include 
foreground-middleground, background, and seldom seen.  These zones are defined as:

� Foreground-Middleground Zone - This is the area that is less than 3 to 5 miles 
away from the proposed project boundary and where activities might be 
viewed in detail.  The outer boundary of this distance zone is defined as the 
point where the texture and form of individual plants are no longer apparent 
in the landscape.  In some areas, atmospheric conditions can reduce visibility 
and shorten the distance normally covered by each zone.  

� Background Zone - This is the area between approximately 5 to 15 miles 
away.  It does not include areas in the background that are so far distant
that the only thing discernible is the form or outline.  In order to be included 
within this distance zone, vegetation is visible at least as patterns of light 
and dark.

� Seldom-Seen Zone - These are areas that are not visible within the 
foreground-middleground and background zones (i.e., hidden from view). 
This may be due to vegetative screening or topographic relief.

11.4.2 Past, Present, and Future Projects Considered 

Once the boundaries were defined, additional GIS mapping was used to identify which past, 
present and reasonably foreseeable future projects as identified in Table 1-1 would be 
located within the visual resource cumulative analysis area. Table 11-1 identifies those 
projects that were included in the cumulative analysis; locations may also be seen on Figure 
V-1 (Attachment D).



SES Solar Two AFC Supplemental Cumulative Analysis Page 63
Ecosphere Environmental Services April 21, 2009

Table 11-1. Past, present and reasonably foreseeable future projects located within the 
visual resources cumulative analysis area.

Map Reference 
Number on 
Figure 3 –

Attachment A Type of Project
Average Height used in 

Viewshed Analysis (feet)
Past and Present Development

OHV Trails (Open and Closed) (5-foot corridor) NA

Roads (US, State, County) NA

Open ATV Trails NA

Plaster City OHV Area NA

Plaster City Drywall Plant 80

Border Fence 10

Future Projects

ST4 Solar Thermal 50

ST6 Solar Thermal 50

W1 Wind 300

BW1 Wind 300

BW5 Wind 300

BW6 Wind 300

B1 Biomass 90

CL1 Collector lines - 100 foot corridor 100

CL2 Collector lines - 100 foot corridor 100

CL3 Collector lines - 100 foot corridor 100

CL4 Collector lines - 100 foot corridor 100

CL5 Collector lines - 100 foot corridor 100

CL6 Collector lines - 100 foot corridor 100

CL7 Collector lines - 100 foot corridor 100

CL8 Collector lines - 100 foot corridor 100

CL9 Collector lines - 100 foot corridor 100

CL10 Collector lines - 100 foot corridor 100

CL12 Collector lines - 100 foot corridor 100

CL16 Collector lines - 100 foot corridor 100

CL18 Collector lines - 100 foot corridor 100

CL20 Collector lines - 100 foot corridor 100

TL1 Transmission lines - 100 foot corridor 100

TL2 Transmission lines - 100 foot corridor 100

TL4 Transmission lines - 100 foot corridor 100

TL5 Transmission lines - 100 foot corridor 100

CS1 Collector Substation 50

CS4 Collector Substation 50

Other Development Projects
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Map Reference 
Number on 
Figure 3 –

Attachment A Type of Project
Average Height used in 

Viewshed Analysis (feet)

2020 Urban Development 50

WZ Wind Zero Training Facility 45

Sources: RETI 2009, Cal DRLP 2009

11.5 CUMULATIVE ANALYSIS DEVELOPMENT

11.5.1 General Landscape Overview

The visual resources cumulative analysis area for the Solar Two Project includes the 
southern portions of the Imperial Valley located within the Salton Trough of the Basin and 
Range physiographic province. This area is generally characterized by a large valley 
bordered by rugged mountains formed by northerly trending fault blocks. Landscapes in this 
province typically include broad desert basin valleys, jagged mountain ranges, and desert 
alluvial slopes (bajadas) (Hunt 1974). Irrigated agricultural lands characterize views along 
the eastern sections of the Imperial Valley immediately west of the towns of El Centro and 
Imperial. Vegetation in this region ranges from sparse, low-growing grasses and desert 
shrubs in the wide, flat desert basins to completely absent in areas of high four-wheel drive 
(4WD) recreational use.

Views from travel routes within the area tend to encompass broad, sweeping desert 
expanses bordered on the west by rugged mountain ranges of the Jacumba, Coyote, and Fish 
Creek Mountains. The Yuha Desert basin and West Mesa desert area lie south and north of 
the Project area, respectively and include flat, desert landscapes with sparse vegetation 
and heavily eroded washes. The Yuha Desert area also includes the historic Fages–De Anza 
Trail–Southern Emigrant Road, sections of which have been determined to be eligible to the 
National Register of Historic Places (NRHP) under Criterion A (association with significant 
events in the past) and Criterion B (association with significant persons in the past) and is 
also listed on the CRHR (Sunrise Powerlink EIR/EIS 2009). A portion of this trail passes 
through the Project area (see Figure V-2) (Sunrise EIR/EIS 2009), however, these sections 
have not been designated as historic. Therefore, further visual resource impacts for the trail 
have not been pursued.

The cumulative analysis area is relatively undeveloped and the linear forms of Interstate-8, 
SR78, and SR86, railroad grades, and existing transmission lines are the prominent manmade 
features. The existing lattice towers of the Southwest Powerlink transmission line currently 
transect the Project site and the unincorporated town of Plaster City lies to the north of the 
Project area. Plaster City is primarily comprised of a large gypsum quarry and plant, 
operated by United States Gypsum that is a prominent industrial feature in the surrounding 
landscape. From surrounding elevated viewpoints, Plaster City is the most prominent 
feature on the existing landscape near the Project site.

There are many viewing opportunities within the cumulative analysis area, including 
Interstate-8, State Routes (SR) 78, 86, and 98, local roads, the many 4WD access roads on 
public lands, and recreational and visitor areas. Several residences were also identified 
within several miles of the proposed Project area in the AFC. The Coyote Mountains and 
Jacumba Mountains Wilderness Areas lie west and southwest of the Project area.
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11.5.2 Cumulative Analysis Methodologies

Several steps were completed to obtain information for the visual resources analysis. These 
steps are outlined in the following sections.

VIEWSHED ANALYSIS FOR PAST, PRESENT AND FORESEEABLE PROJECTS IN CUMULATIVE ANALYSIS 
AREA

Once past, present, and reasonably foreseeable future projects were identified within the 
cumulative analysis area for visual resources (Figure V-1 in Attachment D and Section 5.4.2), 
a viewshed analysis was completed for each project using the methodology described in 
Section 5.4.1. To simplify the analysis process, one point located on the highest elevation of 
each past, present, and foreseeable future Project area was typically used as the modeling 
point. These points have been identified on Figure V-2 (Attachment D) with each project’s 
identification number as shown on Table 1-1 and on Table 11-1. Projects with larger surface 
disturbance areas, such as the Mexico wind project (BW), used several analysis points.

The offset height used for each project’s viewshed analysis is also provided in Table 11-1. 
The extent of the projects’ viewsheds were limited to only those portions that occur within 
the boundaries of the Solar Two cumulative analysis area and only the areas that overlap 
with the viewshed of the Project. This was done to ensure that only those areas with 
potential effects from the Project were being considered cumulatively in conjunction with 
the other projects.

Cumulative impacts to visual resources could occur where projects are visible within the 
same field of view as other developments or impacted landscapes. When all viewshed 
analyses were completed, the viewsheds were overlapped to determine locations where 
views of multiple projects could occur. To further simplify the process, viewshed analysis 
for projects other than the proposed action were only completed for the foreground-
middleground distance zones. This viewshed distance was chosen since it was assumed that 
foreground-middleground areas would be the zones most readily visible to sensitive viewers 
and the areas most likely to experience the greatest changes in the visual character of the 
landscape. Beyond these zones it was expected that views would likely be screened by 
vegetation, topography, and atmospheric effects and changes to the visual landscape would 
not be as dramatic.

A ranking system was created to group viewshed overlap occurrences; one or fewer 
viewshed overlaps, 2 overlaps, 3 overlaps, and 4 or more viewshed overlaps. The results of 
these rankings are portrayed on Figure V-2 (Attachment D).

The occurrence values on the cumulative analysis viewshed map (Figure V-2, Attachment D) 
were derived by assigning a value of 1 to each separate project entity.  A sum was then 
derived for each cumulative analysis area viewshed pixel based on the overlapping entity 
values for totals ranging from 1 to 39 (one point for each of the 39 projects that are located 
within the cumulative analysis area). Generally, the higher the number, the more viewsheds 
that overlap and the more projects that can be seen in a viewer’s foreground at one time.

For example:

At one particular spot or pixel location, three project viewsheds 
overlapped; the Wind Farm, the Gypsum Plant, and the Project Area 
Foreground. 1 + 1 + 1 = 3
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This overlapping cumulative viewshed pixel point then receives a value 
of 3.

OR

Gypsum Plant Background (1) + Project Area Foreground (1) = 2

Pixel point values were then aggregated and color-coded to produce the Cumulative 
Analysis Area Map Figure V-2 (Attachment D).

IDENTIFICATION OF VIEWSHED MANAGEMENT CLASSES

The proposed Project is located mainly within BLM-managed lands. A majority of the lands 
that lie within the visual resources cumulative analysis area are also managed by the BLM. 
Visual resource analysis on lands subject to administration by the BLM is based on the BLM’s 
Visual Resource Management (VRM) system (BLM 2007). This is a system that the BLM 
requires for use in determining effects to visual resources on BLM-administered lands (BLM 
1998); it, however, cannot be applied to non-BLM lands because the BLM has no visual 
resource management authority over non-BLM lands. All of the BLM lands in the Project
visual resources cumulative analysis area are located within the California Desert 
Conservation Area (CDCA) and are managed under the CDCA Plan. VRM classifications have 
not currently been formally established for non-wilderness area BLM lands managed under 
the CDCA in Imperial County. The Coyote Mountains and Jacumba Wilderness Areas, located 
west of the Project area have BLM VRM classifications of Class I due to their designation as 
wilderness areas. Based on information provided in the Sunrise Powerlink EIR/EIS (2009), the 
Jacumba and Coyote Wilderness Areas and the Yuha Desert ACEC are located in VRM Class I 
and Class II areas, respectively. 

The Sunrise Powerlink EIR/EIS (2009) has identified interim VRM classes or visual resource 
inventory (VRI) classes using the BLM’s methodology for non-wilderness BLM-managed lands 
within its project boundaries. These lands overlap those located within the Project’s visual 
resources cumulative analysis area in Imperial County. The interim designations developed 
as part of the Sunrise Powerlink Project have been incorporated into this analysis as they 
are expected to become final once the interim visual management classes have been 
adopted in an amendment to the CDCA Land Management Plan. Complete discussions on how 
the VRI designations were derived for the area are available in Section D.3 of the Sunrise 
Powerlink EIR/EIS (2009). VRI designations identified in the Sunrise Powerlink EIR/EIS (2009) 
have been mapped on Figure V-2 (Attachment D).

VRI classes portray the relative value of visual resources in a select area and provide a 
management tool that describes visual management objectives. They do not establish 
management direction. The four VRI Classes (I, II, III, and IV) generally mirror VRM class 
definitions and include:

� Class I. The objective of this class is to preserve the existing character of the 
landscape. This class provides for natural ecological changes; however, it 
does not preclude very limited management activity. The level of change to 
the characteristic landscape should be very low and must not attract 
attention.

� Class II. The objective of this class is to retain the existing character of the 
landscape. The level of change to the characteristic landscape should be 
low. Management activities may be seen, but should not attract the
attention of the casual observer. Any changes must repeat the basic 
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elements of form, line, color, and texture found in the predominant natural 
features of the characteristic landscape. 

� Class III. The objective of this class is to partially retain the existing 
character of the landscape. The level of change to the characteristic 
landscape should be moderate. Management activities may attract attention 
but should not dominate the view of the casual observer. Changes should 
repeat the basic elements found in the predominant natural features of the 
characteristic landscape.

� Class IV. The objective of this class is to provide for management activities 
which require major modifications of the existing character of the landscape. 
The level of change to the characteristic landscape can be high. These 
management activities may dominate the view and be the major focus of 
viewer attention. However, every attempt should be made to minimize the 
impact of these activities through careful location, minimal disturbance, and 
repeating the basic elements (BLM 2007a).

IDENTIFICATION OF KEY OBSERVATION OR SENSITIVE VIEW POINTS

The AFC and the Sunrise Powerlink EIR/EIS (2009) established several Key Observation Points 
(KOPs) or Key Viewpoints (KVPs) within the visual cumulative analysis area. These points 
typically represent the most sensitive viewpoints in the area and are used to evaluate 
existing landscapes and potential changes that could occur. Typical KOP locations may 
include: important travel corridors such as Interstate-8, scenic view points, recreation 
areas, residential areas, and representative examples of the existing landscape context and 
viewing conditions. 

The 12 KOPs summarized in Table 11-2 were identified from the AFC and Sunrise Powerlink 
EIR/EIS (2009) as generally representative of viewpoints located within the Project’s 
viewshed and cumulative analysis area. Detailed descriptions and analysis associated with 
these KOPs, including coordinates, viewing angles, and exposure times, is available in 
Section 5.13 of the AFC and Section D.3 of the Sunrise Powerlink EIR/EIS. The locations of 
these KOPs are provided on Figures V-1 and V-2 (Attachment D).

In addition to these established KOPs, viewshed mapping on Figure V-2 (Attachment D) 
indicates that areas of high viewshed overlap (i.e. those areas with 3 or more foreground-
middleground areas overlapping with the Project viewshed) for past, present, and 
foreseeable future projects in the cumulative analysis area occur in the following locations:

� North of the Project area in the U.S. Naval Air Facility;

� West of the Project area in the Jacumba Wilderness and the Coyote 
Mountains Wilderness Areas; and

� Scattered locations in the Yuha Desert ACEC south of the Project.

Established AFC KOPs 1, 2 and 4 and Sunrise KOP 28 also lie in high viewshed overlap areas 
as shown on Figure V-2 (Attachment D).

ANALYSIS AT SENSITIVE VIEW LOCATIONS

With the information provided in Figure V-2 (Attachment D), locations with high 
concentrations of cumulative project viewshed overlap within the Project’s cumulative 
analysis area for visual resources can be identified. The relationship between these areas, 
sensitive viewpoints, and locations with strictly defined regulatory requirements related to 
viewshed changes (e.g. wilderness areas) can also be compared. 
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The ratings or values identified in Figure V-2, Attachment D can help identify areas with 
more cumulatively collected foreground-middleground views and potentially more 
cumulative effects where visual resource analysis criteria should be applied to determine 
the level of contrast or modification to the environment. This mapping also helps to identify 
projects that can be seen from sensitive viewpoints (past, present, and future) and where 
contrast rating analysis for cumulative effects should be conducted. If contrast rating 
analysis in sensitive locations in areas with a high degree of viewshed overlap indicates a 
high degree of change or attention from viewers, visual resource cumulative effects would 
likely be considered to be high. Conversely, if contrast rating analysis indicates minimal 
change or attraction in a high ranking cumulative analysis area, effects would be considered 
to be low.

Several KOPs (e.g.; AFC KOPs 1,2 and 4) are located within high viewshed overlap areas in 
the cumulative analysis area. High concentration viewshed overlap areas also occur within 
the Coyote Mountains Wilderness Area, the Jacumba Wilderness Area (both VRM Class I 
areas), and the US Naval Facility north of the Project area, suggesting that additional KOPs
may need to be established in those locations. All of these areas can be evaluated for 
cumulative changes to visual resources by modifying two existing visual resource analysis 
methodologies; the BLM’s VRM methodology (BLM 2007) for KOPs located on BLM-
administered public lands and a Visual Sensitivity–Visual Change (VS-VC) method similar to 
that used in the Sunrise Powerlink EIR/EIS (2009) for all other KOPs located on non-BLM and 
non-USFS public and private lands.  Little, if any, USFS-managed lands are present in 
multiple viewshed overlap areas in the cumulative analysis area; however, the U.S. Forest 
Service’s Scenery Management System could be used if necessary for analysis of KOPs 
located on National Forest lands.



SE
S 

So
la

r 
Tw

o 
AF

C 
Su

pp
le

m
en

ta
l C

um
ul

at
iv

e 
An

al
ys

is
Pa

ge
 6

9
Ec

os
ph

er
e 

En
vi

ro
nm

en
ta

l S
er

vi
ce

s
Ap

ri
l 2

1,
 2

00
9

Ta
bl

e 
11

-2
. 

Ke
y 

O
bs

er
va

ti
on

 P
oi

nt
s 

es
ta

bl
is

he
d 

in
 t

he
 C

um
ul

at
iv

e 
A

na
ly

si
s 

A
re

a.

K
O

P 
N

um
be

r
D

es
cr

ip
tio

n
An

al
ys

is
 

M
et

ho
d*

*

B
LM

 V
R

I 
St

at
us

 (f
ro

m
 

Su
nr

is
e 

Po
w

er
lin

k 
EI

R
/E

IS
)

B
LM

 S
ce

ni
c 

Q
ua

lit
y 

C
la

ss
ifi

ca
tio

n
D

is
ta

nc
e 

Zo
ne

Vi
ew

er
 

Se
ns

iti
vi

ty
/C

on
ce

rn
*

Ex
is

tin
g 

Sc
en

ic
 

In
te

gr
ity

 L
ev

el
Vi

su
al

 Q
ua

lit
y

Pr
oj

ec
t 

Vi
si

bi
lit

y
Vi

ew
er

 
Ex

po
su

re

Vi
su

al
 E

ffe
ct

 
Su

sc
ep

tib
ili

ty
/ V

is
ua

l 
Se

ns
iti

vi
ty

R
es

ul
ts

 o
f A

na
ly

si
s 

(A
FC

 2
00

8,
 S

un
ris

e 
Po

w
er

lin
k 

EI
R

/E
IS

 
20

09
)

AF
C

 (2
00

8)

1
O

H
V

 a
re

a 
no

rth
 

of
 S

ol
ar

 T
w

o 
lo

ok
in

g 
so

ut
h

B
LM

III
N

ot
 id

en
tif

ie
d

Fo
re

gr
ou

nd
-

M
id

dl
eg

ro
un

d
H

ig
h

M
od

er
at

e
H

ig
h

M
od

er
at

e
M

od
er

at
e/

H
ig

h
E

SI
L 

fro
m

 th
is

 a
re

a 
w

as
 

ch
ar

ac
te

riz
ed

 a
s 

C
la

ss
 

C
.

2

E
va

n 
H

ew
es

 
H

ig
hw

ay
 lo

ok
in

g 
SW

 to
w

ar
ds

 
S

ol
ar

 T
w

o

B
LM

III
N

ot
 id

en
tif

ie
d

Fo
re

gr
ou

nd
-

M
id

dl
eg

ro
un

d
H

ig
h

M
od

er
at

e
H

ig
h

M
od

er
at

e
M

od
er

at
e/

H
ig

h
E

SI
L 

fro
m

 th
is

 a
re

a 
w

as
 

ch
ar

ac
te

riz
ed

 a
s 

C
la

ss
 

C
.

3

Fr
om

 re
si

de
nc

e 
lo

ok
in

g 
w

es
t 

to
w

ar
ds

 
tra

ns
m

is
si

on
 li

ne

V
S

-V
C

III
? 

A
C

E
C

?
N

ot
 id

en
tif

ie
d

Fo
re

gr
ou

nd
-

M
id

dl
eg

ro
un

d
M

od
er

at
e

Lo
w

Lo
w

Lo
w

Lo
w

E
SI

L 
fro

m
 th

is
 a

re
a 

w
as

 
ch

ar
ac

te
riz

ed
 a

s 
C

la
ss

 
C

.

4
In

te
rs

ta
te

-8
 a

t 
O

co
til

lo
 lo

ok
in

g 
ea

st
B

LM
III

N
ot

 id
en

tif
ie

d
Fo

re
gr

ou
nd

-
M

id
dl

eg
ro

un
d

H
ig

h 
(A

FC
 =

 
M

od
er

at
e/

Lo
w

)
Lo

w
H

ig
h

H
ig

h
M

od
er

at
e

E
SI

L 
fro

m
 th

is
 a

re
a 

w
as

 
ch

ar
ac

te
riz

ed
 a

s 
C

la
ss

 
C

.

5

In
te

rs
ta

te
-8

w
es

tb
ou

nd
 

lo
ok

in
g 

N
W

 
to

w
ar

ds
 S

ol
ar

 
Tw

o

B
LM

III
? 

A
C

E
C

?
N

ot
 id

en
tif

ie
d

Fo
re

gr
ou

nd
-

M
id

dl
eg

ro
un

d
H

ig
h 

(A
FC

 =
 

M
od

er
at

e)
Lo

w
H

ig
h

H
ig

h
M

od
er

at
e/

H
ig

h
E

SI
L 

fro
m

 th
is

 a
re

a 
w

as
 

ch
ar

ac
te

riz
ed

 a
s 

C
la

ss
 

C
.

Su
nr

is
e 

Po
w

er
lin

k 
EI

R
/E

IS
 (2

00
9)

1
w

es
tb

ou
nd

 I-
8,

 
ju

st
 w

es
t 

of
 t

he
 

W
es

ts
id

e 
Ca

na
l

V
S

-V
C

N
A

N
ot

 id
en

tif
ie

d
Fo

re
gr

ou
nd

-
M

id
dl

eg
ro

un
d

M
od

er
at

e
N

ot
 id

en
tif

ie
d

Lo
w

 to
 

M
od

er
at

e
N

ot
 

id
en

tif
ie

d
H

ig
h

M
od

er
at

e

In
cr

ea
se

d 
st

ru
ct

ur
e 

co
nt

ra
st

, i
nd

us
tri

al
 

ch
ar

ac
te

r, 
vi

ew
 

bl
oc

ka
ge

, a
nd

 s
ky

lin
in

g 
w

he
n 

vi
ew

ed
 fr

om
 K

O
P 

1 
on

 w
es

tb
ou

nd
 I-

8

2

W
es

tm
or

la
nd

 
Ro

ad
, 

ju
st

 n
or

th
 

of
 E

va
n 

H
ew

es
 

H
ig

hw
ay

V
S

-V
C

N
A

N
ot

 id
en

tif
ie

d
Fo

re
gr

ou
nd

-
M

id
dl

eg
ro

un
d

Lo
w

 to
 M

od
er

at
e

N
ot

 id
en

tif
ie

d
Lo

w
 to

 
M

od
er

at
e

N
ot

 
id

en
tif

ie
d

M
od

er
at

e
Lo

w
 to

 
M

od
er

at
e

In
cr

ea
se

d 
st

ru
ct

ur
e 

co
nt

ra
st

, i
nd

us
tri

al
 

ch
ar

ac
te

r, 
vi

ew
 

bl
oc

ka
ge

, a
nd

 s
ky

lin
in

g 
w

he
n 

vi
ew

ed
 fr

om
 K

O
P 

2 
no

rth
bo

un
d 

on
 

W
es

tm
or

la
nd

 R
oa

d.

28
N

or
th

bo
un

d 
D

un
aw

ay
 R

oa
d

B
LM

III
C

Fo
re

gr
ou

nd
-

M
id

dl
eg

ro
un

d
H

ig
h

N
ot

 id
en

tif
ie

d
N

ot
 id

en
tif

ie
d

N
ot

 
id

en
tif

ie
d

N
ot

 
id

en
tif

ie
d

N
ot

 id
en

tif
ie

d

In
co

ns
is

te
nc

y 
w

ith
 

In
te

rim
 B

LM
 V

R
M

 C
la

ss
 

III
 m

an
ag

em
en

t 
ob

je
ct

iv
e 

du
e 

to
 

in
tro

du
ct

io
n

of
 s

tru
ct

ur
e 

co
nt

ra
st

, i
nd

us
tri

al
 

ch
ar

ac
te

r, 
vi

ew
 b

lo
ck

ag
e 

an
d 

sk
yl

in
in

g 
w

he
n 

vi
ew

ed
 fr

om
 K

ey
 

V
ie

w
po

in
t 2

8 
on

 
D

un
aw

ay
 R

oa
d



SE
S 

So
la

r 
Tw

o 
AF

C 
Su

pp
le

m
en

ta
l C

um
ul

at
iv

e 
An

al
ys

is
Pa

ge
 7

0
Ec

os
ph

er
e 

En
vi

ro
nm

en
ta

l S
er

vi
ce

s
Ap

ri
l 2

1,
 2

00
9

K
O

P 
N

um
be

r
D

es
cr

ip
tio

n
An

al
ys

is
 

M
et

ho
d*

*

B
LM

 V
R

I 
St

at
us

 (f
ro

m
 

Su
nr

is
e 

Po
w

er
lin

k 
EI

R
/E

IS
)

B
LM

 S
ce

ni
c 

Q
ua

lit
y 

C
la

ss
ifi

ca
tio

n
D

is
ta

nc
e 

Zo
ne

Vi
ew

er
 

Se
ns

iti
vi

ty
/C

on
ce

rn
*

Ex
is

tin
g 

Sc
en

ic
 

In
te

gr
ity

 L
ev

el
Vi

su
al

 Q
ua

lit
y

Pr
oj

ec
t 

Vi
si

bi
lit

y
Vi

ew
er

 
Ex

po
su

re

Vi
su

al
 E

ffe
ct

 
Su

sc
ep

tib
ili

ty
/ V

is
ua

l 
Se

ns
iti

vi
ty

R
es

ul
ts

 o
f A

na
ly

si
s 

(A
FC

 2
00

8,
 S

un
ris

e 
Po

w
er

lin
k 

EI
R

/E
IS

 
20

09
)

44
So

ut
h 

of
 t

he
 

D
un

aw
ay

 R
oa

d/
I-

8 
ov

er
pa

ss
B

LM
III

C
Fo

re
gr

ou
nd

-
M

id
dl

eg
ro

un
d

H
ig

h
N

ot
 id

en
tif

ie
d

N
ot

 id
en

tif
ie

d
N

ot
 

id
en

tif
ie

d
N

ot
 

id
en

tif
ie

d
N

ot
 id

en
tif

ie
d

In
cr

ea
se

d 
st

ru
ct

ur
e 

co
nt

ra
st

, v
ie

w
 b

lo
ck

ag
e,

 
an

d 
sk

yl
in

in
g 

w
he

n 
vi

ew
ed

 fr
om

 K
ey

 
V

ie
w

po
in

t 4
4 

at
 

D
un

aw
ay

 O
H

V
 S

ta
gi

ng
 

A
re

a

45
Yu

ha
 D

es
er

t 
I-

8
Sp

an
B

LM
III

C
Fo

re
gr

ou
nd

-
M

id
dl

eg
ro

un
d

H
ig

h
N

ot
 id

en
tif

ie
d

N
ot

 id
en

tif
ie

d
N

ot
 

id
en

tif
ie

d
N

ot
 

id
en

tif
ie

d
N

ot
 id

en
tif

ie
d

In
cr

ea
se

d 
st

ru
ct

ur
e 

co
nt

ra
st

, v
ie

w
 b

lo
ck

ag
e,

 
an

d 
sk

yl
in

in
g 

w
he

n 
vi

ew
ed

 fr
om

 K
ey

 
V

ie
w

po
in

t 4
5 

on
 

W
es

tb
ou

nd
 I-

8,
 C

ro
ss

in
g 

th
e 

Y
uh

a 
D

es
er

t

46
Pl

as
te

r 
Ci

ty
 W

es
t 

O
H

V 
St

ag
in

g 
Ar

ea
B

LM
III

C
Fo

re
gr

ou
nd

-
M

id
dl

eg
ro

un
d

H
ig

h
N

ot
 id

en
tif

ie
d

N
ot

 id
en

tif
ie

d
N

ot
 

id
en

tif
ie

d
N

ot
 

id
en

tif
ie

d
N

ot
 id

en
tif

ie
d

In
co

ns
is

te
nc

y 
w

ith
 B

LM
 

V
R

M
 C

la
ss

 II
I 

m
an

ag
em

en
t o

bj
ec

tiv
e 

du
e 

to
 in

tro
du

ct
io

n 
of

 
st

ru
ct

ur
e 

co
nt

ra
st

, 
in

du
st

ria
l c

ha
ra

ct
er

, v
ie

w
 

bl
oc

ka
ge

 a
nd

 s
ky

lin
in

g 
w

he
n 

vi
ew

ed
 fr

om
 K

ey
 

V
ie

w
po

in
t 4

6 
at

 th
e 

P
la

st
er

 C
ity

 W
es

t O
H

V
 

S
ta

gi
ng

 A
re

a

47
Su

ga
rl

oa
f 

M
ou

nt
ai

n 
to

 
In

te
rs

ta
te

 8
 (

B
LM

III
C

Fo
re

gr
ou

nd
-

M
id

dl
eg

ro
un

d
H

ig
h

N
ot

 id
en

tif
ie

d
N

ot
 id

en
tif

ie
d

N
ot

 
id

en
tif

ie
d

N
ot

 
id

en
tif

ie
d

N
ot

 id
en

tif
ie

d

In
cr

ea
se

d 
st

ru
ct

ur
e 

co
nt

ra
st

, v
ie

w
 b

lo
ck

ag
e,

 
an

d 
sk

yl
in

in
g 

w
he

n 
vi

ew
ed

 fr
om

 K
ey

 
V

ie
w

po
in

t 4
7 

on
 

E
as

tb
ou

nd
 I-

8,
 S

ou
th

 o
f 

S
ug

ar
lo

af
 M

ou
nt

ai
n

**
VR

M
=B

LM
’s

 V
is

ua
l R

es
ou

rc
e 

M
an

ag
em

en
t 

m
et

ho
do

lo
gy

, 
SM

S=
th

e 
Fo

re
st

 S
er

vi
ce

’s
 S

ce
ne

ry
 M

an
ag

em
en

t 
Sy

st
em

,
VS

-V
C=

 t
he

 V
is

ua
l S

en
si

ti
vi

ty
-V

is
ua

l C
ha

ng
e 

m
et

ho
do

lo
gy

 f
or

 n
on

-B
LM

/n
on

-
U

SF
S 

la
nd

s.
* 

Ar
ea

s 
ly

in
g 

w
it

hi
n 

th
e 

Ca
lif

or
ni

a 
D

es
er

t 
Co

ns
er

va
ti

on
 A

re
a 

on
 B

LM
-m

an
ag

ed
 la

nd
s 

ha
ve

 h
ig

h 
vi

ew
er

 s
en

si
ti

vi
ty

 (
Su

nr
is

e 
Po

w
er

lin
k 

EI
R/

EI
S 

(2
00

9)



SES Solar Two AFC Supplemental Cumulative Analysis Page 71
Ecosphere Environmental Services April 21, 2009

The details of completing BLM and VC-VS analysis are included in Section D.3.1 of the 
Sunrise Powerlink EIR/EIS (2009). BLM VRM methodology analysis is also described at: 
http://www.blm.gov/nstc/VRM/vrmsys.html. If required to meet BLM impact analysis 
requirements, these methodologies could be used to assess the cumulative visual impacts of 
the Project as described below:

� BLM VRM Methodology: Contrast rating sheets could be completed for each 
KOP identified for the cumulative analysis generally using the same BLM 
analysis approach as that used for a single proposed project analysis. 
However, under the “Characteristic Landscape Description” section of the 
standard rating sheet, the evaluation could be completed as if the proposed 
Project was already in place. Contrast rating sheets and/or simulations 
completed previously for the proposed project or associated KOP 
information, such as that included in evaluations for KOPs 4 and 47 (see 
Table 11-2), may be used to help complete this section. Changes that could 
then occur from cumulative projects identified as having viewsheds that 
would overlap with the Project at that KOP could then be considered under 
the “Proposed Activity Description” section of the standard rating sheet. 
Photo simulations may be required to help evaluate multiple project effects. 

� The degree to which multiple projects or activities affect the visual quality 
of a landscape will depend on the extent of the visual contrast created 
between the projects’ components and the major features, or predominant 
qualities, in a landscape that considers the proposed Project. Contrast 
between the “look” of the anticipated Project landscape and a landscape 
that includes multiple cumulative projects could be compared and ranked 
using the standard BLM ranking methodology.  A conclusion on the overall 
level of change may then be made (ranging from very low to high) and 
compared to the applicable VRM Class objective for the location for a 
determination of consistency with the existing management objectives and 
level of visual impact.

� If a determination is made that the resulting level of change between the 
proposed action and implementation of multiple cumulative projects would 
be inconsistent with the VRM class objective for that location, and the 
inconsistency is considered to be a significant visual impact, the impact 
situation can be further evaluated against the application of feasible 
mitigation measures in an effort to reduce the visual impact to a level of less 
than significant if possible. 

� VC-VS Methodology: Under this methodology, changes in the visual 
landscape from the proposed action could again be compared against 
changes associated with multiple cumulative projects identified as occurring 
at that location. Evaluation could occur as if the proposed action was already 
in place and was, in fact, the “new” existing environment with other 
projects added to that viewshed. Again, visual simulations may help in the 
comparison evaluations. This evaluation methodology is explained in detail in 
Section D3.4.1 of the Sunrise Powerlink EIR/EIS (2009) and incorporates 
aspects of the State of California’s visual analysis methodology. The 
methodology for the VC-VS analysis includes Visual Contrast, Project 
Dominance, View Blockage or Impairment, and Overall Visual Change 
components. 
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11.6 CUMULATIVE VISUAL RESOURCE SUMMARY

In its cumulative effects analysis, the Sunrise Powerlink EIR/EIS (2009) indicated that 
cumulative effects from construction of the Sunrise Powerlink transmission line in concert 
with the Project would create long-term, operational visual impacts that would be 
experienced by travelers on Interstate-8, Dunaway Road, Evan Hewes Highway, and other 
local roads, and recreationists accessing BLM lands in the Yuha Basin. The EIR/EIS indicated 
that views would be dominated by a vast expanse of thousands of 45-foot-high solar 
collection dishes, which would be visible in the foreground of travelers on area roads. It 
stated that the projects would transform the existing desert landscape into an industrial 
setting with prominent structures that would skyline (extend above the horizon line) and 
cause view blockage of the background sky, the distant Superstition Mountains, and the 
Coyote, Fish Creek and Jacumba Mountains. The EIR/EIS also indicated that, from some 
vantage points, viewers could be subjected to glare from the solar arrays, and that the 
overall resulting level of change would be high, which would not meet the BLM’s VRM Class 
III objective of a moderate (or lower) degree of visual change. No mitigation was identified 
in the EIR/EIS to reduce the cumulative impacts to levels that would be less than significant.

The cumulative summary in the AFC (2008) indicated that if ROW permits are granted for 
large-scale solar and wind power facilities in the vicinity of the Project area and 
construction of these facilities is completed, then “there is a potential for significant 
impacts to the visual resources in the area resulting specifically from the cumulative effects 
of a succession of intensive development in an area that has historically been left to open 
space and recreation. Conversely, there could be some positive cumulative impacts related 
to the development of these areas as a regional and/or national center for alternative 
renewable energy. Positive visual resource effects could draw tourists, students, and 
researchers to the area, and appeal to residents who are interested in working in the field 
of renewable energy.”

Based upon the results of the GIS viewshed mapping used in this analysis, it appears that 
select areas within existing VRM Class I and Class II areas (Coyote Mountain and Jacumba 
Wilderness Areas and the Yuha Desert ACEC, respectively) may experience modifications to 
their viewsheds from multiple overlapping foreground-middleground views of past, present, 
and future projects, including the Solar Two Project viewshed (see Figure V-2). Tables 11-3
and 11-4 summarize the extent of the Project’s viewshed that overlaps with the wilderness
areas and Yuha Desert ACEC. If it is determined that these changes to the viewsheds in the 
wilderness and ACEC areas are significant and alter the characteristics of these areas, these 
modifications could potentially result in inconsistencies with BLM management objectives 
for those locations. 
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Table 11-3. Cumulative viewshed area within selected Wilderness Areas and ACECs.

Area within 
Solar Two 
Viewshed 
(Acres)

Total 
Wilderness 

Area (Acres)

Proportion of 
Area within 
Solar Two 
Viewshed

Coyote 
Mountains 
Wilderness 993 18,644 5%

Jacumba 
Wilderness 3,603 32,691 11%

Yuha Basin ACEC 779 71,848 1.10%

Table 11-4. Solar Two viewshed area located within selected Wilderness Areas and  
ACECs for each viewshed distance classification. 

Total 
Area 

(Acres)

Seldom 
Seen 
Area 

(Acres)

Proportion 
of Area 
within 
Seldom 

Seen Area

Background 
Area 

(Acres)

Proportion 
of Area 
within 

Background 
Area

Middleground
-Foreground 
Area (Acres)

Proportion of 
Area within 

Middleground-
Foreground 

Area
Coyote 
Mountains 
Wilderness 18,644 0 0.00% 390 2.10% 811.94 4.40%

Jacumba 
Wilderness 32,691 0 0.00% 4914 15% 686 2.10%
Yuha Basin 
ACEC 71,848 0 0.00% 693 1% 450 0.60%

Measurable changes are expected to the viewsheds in the vicinity of the residence near KOP 
2 and in portions of the OHV area located north of the Solar Two Project site.  Also, multiple 
project views overlap in the military area located north of the Solar Two Project area; 
however, viewers in this area would likely not be as sensitive to viewshed changes as those 
in the other areas previously identified. Other effects from past, present and future projects 
in the visual resources cumulative analysis area may also include:

� Short-term visibility of construction activities, equipment, and night lighting.

� Long-term visibility of land scars in arid and semi-arid landscapes.

� Increased structural contrast, industrial character, view blockage, glare, and 
skylining.
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12.0 WASTE MANAGEMENT

12.1 INTRODUCTION

Waste management has three aspects that have potential to affect a project and or Project 
area.  There is the potential for off-site waste management practices to impact a site 
through public nuisance (visual and odor), through off-site impacts to surface water quality 
that run on to a site, or from impacts to ground water quality due to off-site sources.  There 
is also the potential for on-site waste management practices to impact a site, through the 
same methods (nuisance, impacts to surface water or impacts to ground water).  A final 
impact of waste management is the potential for site construction or operation activities to 
impact the capacity of area waste disposal facilities.

12.2 SIGNIFICANCE CRITERIA

The following criteria may be considered in assessing the cumulative impacts of the 
proposed Project in combination with potential effects from past, present, and reasonably
foreseeable future projects on waste management.  

� Create a hazard to the public or the environment due to waste handling in 
the vicinity of existing or proposed schools.

� Create a hazard by locating a project on existing waste disposal site.

The criteria are specified in CEQA Environmental Checklist Form (CEQA Appendix G) which 
considers environmental factors in determining impacts from waste management.

12.3 GEOGRAPHIC AND TEMPORAL PARAMETERS

The AFC has indicated that there would be no significant cumulative effects to public health 
or the environment as a result of waste management practices at the Project area during 
construction, concurrent construction and partial project operation, and full operation. 
Waste streams generated by the project construction and project operations activities 
would include non hazardous solid waste, small quantities of hazardous waste and waste 
water (sanitary sewer, equipment wash water and storm water runoff). All of these waste 
streams would be handled per federal, state and local regulations.  Impacts to public health 
and the environment would only occur in the event of accidental releases of the waste 
stream material.  The severity of the impact of the release would depend on the material 
released, the volume released, the location of the release and the response to the release.

A Phase 1 Environmental Site Assessment (Phase 1 ESA - AFC Appendix T) was completed at 
the Project Site to determine the potential for recognized environmental conditions to occur 
on the project site or on adjacent or non adjacent parcels (1 mile radius from the Project 
boundary).  The 1 mile radius search was completed to evaluate a larger area of adjacent 
properties.  The standard search radius specified in the ASTM standard for Phase1 ESAs 
(ASTM Standard E 1527-05) range from ¼ mile to ½ mile based on the database searched.  
The Phase 1 ESA identified one adjacent parcel as having a recognized environmental 
condition with potential to impact the project site.  

12.4 CUMULATIVE WASTE MANAGEMENT EFFECTS

Based on a review of proposed development activities in the vicinity (1 mile radius) of the 
Project site (Table 1-1), there are no proposed development activities that would be a 
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source of impacts created by waste management and handling activities.  There are no 
hazardous material - treatment, storage and disposal (TSD) facilities or solid waste disposal 
facilities currently proposed in the vicinity of the Project site.  With any development the 
potential exists for spills and releases, which may cumulatively contribute to existing 
conditions.

The reasonably foreseeable development activities for the project area vicinity (see Figure 3
Attachment A) include potential residential development adjacent to the project area by 
the year 2020.  Residential development may include proposed schools in the vicinity of the 
proposed project.  The current project schedule would have all construction activities 
completed before 2020.  Based on the type and volume of waste streams generated during 
project operation activities it is not anticipated that the project activities would create a 
hazard to potential schools in the vicinity of the project (significance criteria 1 – Section 
1.2).

The Phase 1 ESA for the project site identifies one recognized environmental condition 
present within the project area vicinity (1 mile radius) that has potential to impact the 
project site.  Details on the extent and magnitude of potential contamination (if any) at the 
site (US Gypsum Company) are not currently known.  The site was reported to be operating 
as a Class III non-hazardous waste disposal site.  The site also had other activities reported 
to regulatory agencies that classified the site as a recognized environmental condition as 
defined in ASTM Standard E 1527-05.

The proposed development and operation activities have the potential for spills and releases 
of waste stream material.  If these releases occurred in the vicinity of the US Gypsum 
Company site, there would be potential for the spills or releases to combine with the 
existing recognized environmental condition. If this scenario were to occur it would meet 
the second significance criteria listed in Section 1.2 above.  The likelihood of this occurring 
is considered low.

13.0 HAZARDOUS MATERIALS

Similar to waste management, past, present and future activities that have affected or 
would affect hazardous materials management include infrastructure development, creation 
of landfills, agricultural activities, and residential and commercial development. Section 
5.15 of the AFC, Hazardous Materials Handling, includes a discussion of the potential effects 
from storage and use of hazardous materials during construction and operational phases of 
the Project on the project site.  On-site storage procedures are designed to keep maximum 
potential effects below defined thresholds of significance. 

The reasonable foreseeable development anticipated for the area surrounding the Project 
site is assumed to meet the same standards and best management practices as the Project. 
However, the Wind Zero Military Training Facility proposed near the Solar Two site has 
potential to handle more hazardous materials than other anticipated development in the 
region. Considering the reasonable foreseeable development in the area surrounding the 
Project and the limited amount and type of hazardous materials to be used as part of the 
Project, no significant contribution to cumulative effects from hazardous material handling 
would be expected from the Project.
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14.0 PUBLIC HEALTH AND WORKER SAFETY

The public health and worker safety analyses are included in Sections 5.16, Public Health 
and Safety and 5.17 Worker Safety of the AFC. Past and present activities that may have 
affected public health and safety include industrial activities, construction projects (e.g.,
diesel engine emissions) and the agricultural activities throughout Imperial County (e.g., use 
of pesticides and herbicides). These activities are likely to continue in association with
reasonably foreseeable development and may pose minor risks to public health and safety. 

The health risk assessments applicable to the Project contain uncertainty from emissions 
estimates, dispersion modeling, exposure characteristics, and extrapolation of toxicity data 
in animals for application to humans. For this reason, assumptions used in HRAs are designed 
to provide sufficient health protection to avoid underestimation of health risk to the public. 
No sensitive receptors were identified within three miles of the Project. Cancer risk was not 
calculated at any of the sensitive receptors since the risk at the point of maximum effect 
would be well below the significance threshold. When considering other past, present and 
reasonable foreseeable future activities surrounding the Project area, the contribution of 
the Project to cumulative effects are not expected to be significant.

Worker exposure to hazards associated with the Project and past, present and reasonably 
foreseeable development can be minimized through adherence to appropriate engineering
design criteria and administrative controls, use of applicable personal protective equipment, 
and compliance with all applicable health and safety LORS. Given the comprehensive health, 
safety, and fire prevention program and an accident/injury prevention program that would 
be implemented for the Project, effects on worker safety are not likely to be significant.
Additional renewable energy project and similar development in the region may increase 
worker safety by providing support for relevant technical training programs at community 
colleges and training centers in the Imperial Valley. The Project could contribute to a better 
trained, more experience local workforce in the region and result in a cumulative benefit to 
worker safety.
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ATTACHMENT B 
MAMMALS OF IMPERIAL COUNTY, CALIFORNIA 
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Checklist of Mammal Species
Recorded in Imperial County

Classification at the species level follows "Mammal Species of The World," 2nd ed., 1993, by D. E. Wilson and D. M. 
Reeder; that at the subspecies level "The Mammals of North America," 2nd ed., 1981, by E. R. Hall. English names 
refer to the species as a whole, not individual component subspecies. If a species has a restricted range or multiple 
subspecies occur in Imperial County, this range is indicated briefly. 

** Double asterisks specify that the mammal's occurrence in Imperial County is supported by specimens in the San 
Diego Natural History Museum. 
* Single asterisks specify that specimens in other museums have been reported in the literature.  

Source: San Diego Natural History Museum 2009; http://www.sdnhm.org/research/birds/impmamm.html 

MARSUPIALS: MARSUPIALIA
Opossums: Family Didelphidae 

Opossum Didelphis virginiana virginiana (introduced)

INSECTIVORES: ORDER INSECTIVORA 
Shrews: Family Soricidae 

Desert or Desert Gray Shrew Notiosorex crawfordi crawfordi** 

BATS: ORDER CHIROPTERA 
Leaf-nosed Bats: Family Phyllostomatidae 

California Leaf-nosed Bat Macrotus californicus**
Plain-nosed Bats: Family Vespertilionidae 

Pallid Bat Antrozous pallidus pallidus 
Big Brown Bat Eptesicus fuscus pallidus**
California Myotis Myotis californicus stephensi** 
Little Brown Myotis Myotis lucifugus occultus**
Cave Myotis Myotis velifer brevis 
Yuma Myotis Myotis yumanensis yumanensis**
Western Pipistrelle Pipistrellus hesperus hesperus** 
Townsend's Big-eared Bat Plecotus townsendii pallescens** 
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Free-tailed Bats: Family Molossidae 
Western Mastiff Bat Eumops perotis californicus 
Pocketed Free-tailed Bat Nyctinomops femorosaccus
Mexican Free-tailed Bat Tadarida brasiliensis mexicana** 

CARNIVORES: ORDER CARNIVORA  
Dogs: Family Canidae 

Coyote Canis latrans mearnsi** 
Gray Fox Urocyon cinereoargenteus scottii**
Kit Fox Vulpes velox arsipus** 

Cats: Family Felidae 
Bobcat Lynx rufus baileyi**
Mountain Lion Puma concolor browni 
Jaguar Panthera onca arizonensis (extirpated) 

Weasels and Relatives: Family Mustelidae 
River Otter Lontra canadensis sonora 
Striped Skunk Mephitis mephitis estor** 
Spotted Skunk Spilogale putorius phenax* 
Badger Taxidea taxus berlandieri** 

Raccoons and Relatives: Family Procyonidae 
Raccoon Procyon lotor pallidus**
Ringtail Bassariscus astutus yumanensis*

EVEN-TOED UNGULATES: ORDER ARTIODACTYLA  
Deer and Relatives: Family Cervidae 

Mule Deer Odocoileus hemionus eremicus 
Pronghorn: Family Antilocapridae 

Pronghorn Antilocapra americana americana (extirpated) 
Cattle, Sheep, and Relatives: Family Bovidae 

Bighorn Sheep Ovis canadensis (threatened)
O. c. cremnobates (SW corner of county) 
O. c. nelsoni (Chocolate Mts.) 
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RODENTS: ORDER RODENTIA  
Squirrels: Family Sciuridae 

White-tailed Antelope Squirrel Ammospermophilus leucurus leucurus** 
Round-tailed Ground Squirrel Spermophilus tereticaudus tereticaudus**
Baja California Chipmunk Tamias obscurus obscurus* (SW corner of 

county only) 
Beaver: Family Castoridae 

Beaver Castor canadensis repentinus**
Pocket Gophers: Family Geomyidae 

Valley or Botta's Pocket Gopher Thomomys bottae
T. b. albatus** (Imperial Valley and eastern 
Imperial Co.) 
T. b. boregoensis** (western Imperial Co.) 
T. b. crassus* (E side Salton Sea) 
T. b. rupestris* (Chocolate Mts.) 

Pocket Mice: Family Heteromyidae 
Agile Kangaroo Rat Dipodomys agilis cabezonae (SW corner of 

county only) 
Desert Kangaroo Rat Dipodomys deserti deserti**
Merriam's Kangaroo Rat Dipodomys merriami

D. m. trinidadensis** (SW corner of county) 
D. m. arenivagus** (Imperial Valley and west) 
D. m. merriami** (east of Salton Sea and 
Imperial Valley) 

Bailey's Pocket Mouse Chaetodipus baileyi hueyi* 
San Diego Pocket Mouse Chaetodipus fallax pallidus** (SW corner of 

county only)  
Long-tailed Pocket Mouse Chaetodipus formosus mesembrinus** 
Desert Pocket Mouse Chaetodipus penicillatus angustirostris** 
Spiny Pocket Mouse Chaetodipus spinatus

C. s. spinatus**
C. s. rufescens* (SW corner of county only) 

Little Pocket Mouse Perognathus longimembris** 
P. l. internationalis** (SW corner of county) 
P. l. bombycinus** (near Colorado River)
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Rats and Mice: Family Muridae 
California Vole Microtus californicus sanctidiegi (SW corner of 

county only) 
Muskrat Ondatra zibethicus bernardi** 
House Mouse Mus musculus** (introduced) 
Norway Rat Rattus norvegicus (introduced) 
Roof Rat or Black Rat Rattus rattus (introduced) 
White-throated Woodrat Neotoma albigula venusta** 
Desert Woodrat Neotoma lepida

N. l. gilva** (SW corner of county) 
N. l. lepida** (central and western Imperial Co.) 
N. l. grinnelli** (eastern Imperial Co.) 

Southern Grasshopper Mouse Onychomys torridus pulcher** 
Brush Mouse Peromyscus boylii rowleyi* (SW corner of 

county only) 
California Mouse Peromyscus californicus insignis* (SW corner of 

county only) 
Canyon Mouse Peromyscus crinitus stephensi**
Cactus Mouse Peromyscus eremicus eremicus** 
Deer Mouse Peromyscus maniculatus sonoriensis** 
Piñon Mouse Peromyscus truei martirensis* (SW corner of 

county only) 
Western Harvest Mouse Reithrodontomys megalotis megalotis** 
Hispid Cotton Rat Sigmodon hispidus eremicus**

RABBITS AND PIKAS: ORDER LAGOMORPHA  
Rabbits and Hares: Family Leporidae 

Black-tailed Jackrabbit Lepus californicus deserticola*
Desert Cottontail Sylvilagus audubonii arizonae** 



SES Solar Two AFC Supplemental Cumulative Analysis  Attachments 
Ecosphere Environmental Services April 21, 2009 

ATTACHMENT C 
BIOLOGICAL RESOURCES FIGURES 
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ABSTRACT

We assessed indirect effects of human activity on adjacent populations of flat-tailed homed
lizards by sampling plots at increasing distances from agricultural or urban development that
abutted undeveloped flat-tailed homed lizard habitat. Surveys consisted of one-hour presence-
absence searches on one-hectare plots centered at 50, 250, 450, and 650 meters from disturbance.
Detection rates were low, and homed lizard scats were used to indicate presence when lizards
were not found. The data were analyzed using logistic regression analysis. Distance to
disturbance was found to be a highly significant factor in whether or not flat-tailed homed lizards
were present. Probability of presence increased significantly with increasing distance from
disturbance, indicating a negative indirect effect to at least 450 m away from agricultural or
urban areas. We suspect the impact is mainly due to increased predator density near human
activity. Harvester ants, the main prey of flat-tailed homed lizards, were not diminished near
agriculture. We did not evaluate presence of invasive species but discuss this as another risk
associated with human development.
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INTRODUCTION

INTRODUCTION

Habitat loss through human activities is considered the leading agent of species declines,
followed by threats from non-native species (Czech and Krausman 1997, Wilcove et al. 1998).
Habitat destruction comes from a variety of human activities, with agricultural and urban
development topping the list (Wikove et al. 1998). While it is understood that either activity
makes former habitat completely unusable for the flat-tailed homed lizard (FTHL), Phrynosoma
mcallii, the extent to which negative indirect effects impact adjoining populations has not been
established (FTHL ICC 2003).

The FTHL has the most limited range of any of the 14 species of homed lizards (Sherbrooke
2003). It is found only in the extreme southwestern corner of Arizona, the southeastern corner of
California, and adjoining portions of Sonora and Baja California, Mexico (Stebbins 2003, FTHL
ICC 2003). While a variety of human activities have modified or destroyed habitat throughout
the Sonoran Desert (Lovich and Bainbridge 1999), agricultural and urban development have
been the primary causes of habitat loss within the range of the FTHL. As of 1997 approximately
24,000 acres of FTHL habitat had been converted to agricultural and urban use in Arizona and
877,000 acres in California (Hodges 1997). While it has been suspected that the impact to FTHL
populations is greater than the total acreage directly converted to human use (FTHL ICC 2003),
no data to measure indirect effects have previously been available.

In May 2004 we conducted a series of time and area-constrained presence-absence searches for
FTHL near Yuma, Arizona. We surveyed plots beginning at places of human activity
(agricultural or urban development) and extending into adjacent undeveloped desert land, with a
goal of assessing whether or not human activities have a measurable indirect effect on FTHL
populations.

METHODS

We surveyed 4 plots along a 650 m transect at each of 27 sites, selected randomly from a pool of
all possible sites (provided by Fred Wong, Bureau of Land Management, Yuma) that met the
following criteria: 1) a sharp edge between agricultural or urban development and undeveloped
desert, 2) development was at least one year old, 3) no major road within 200 m, 4) no additional
disturbances or other transects within 500 m, and 5) no protruding or recessed edges of the
disturbance within 200 m on either side of the transect. We avoided areas close to heavily-
traveled roads in order to limit our study to the effects of agricultural and urban development, but
a few sites close to roads were included to increase sample size. We conducted some additional
surveys away from disturbance to test the methodology, but did not include these in analyses
(Fig. 1).

At each of the 27 sites we placed four one-hectare plots in a line going perpendicular to the edge
of human activity, for a total of 108 total sample plots. The center of the first plot was placed 50
m from the disturbance (so that one edge of the plot touched the human disturbance), and other
plots were placed 250 m, 450 m, and 650 m away from the edge of disturbance.
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Each plot was surveyed by a single person. Two observers worked together at a site to survey all
4 plots between sunrise and 9:30 AM. In the case of evening surveys we sampled two plots one
evening and the remaining plots the following evening. To survey a plot an observer navigated to
the coordinates of the plot center using a handheld GPS unit and flagged the center point with a
pin flag. The approximate edges of the plot were delineated by pacing from the center point, and
searches were constrained to within these boundaries for one hour. We randomly chose which
plots to survey first, with the constraint that a near plot (50 m or 250 m) and a far plot (450 m or
650 m) were always surveyed simultaneously.

Data that were collected include date, time, location in UTMs, type of disturbance (agricultural,
urban, or both), tracking conditions, percentages of different substrate components (fine sand,
coarse sand, gravel, rock), number of scat, tracks, and FTHLs found, roundtail ground squirrel
(Spermophilus tereticaudus) density (high, medium, or low based on tracks, burrows, and
vocalizations), number of black harvester ant mounds (Messor pergandei) observed, and a
density estimate of FTHLs. In short the methodology was similar to the presence-absence
surveys conducted in 2003 by Young et al. (2004) except that we surveyed each plot for a full
hour regardless of whether or not a FTHL was caught because we wanted to estimate FTHL
density instead of just determining presence or absence. Factors that we considered for the
density estimate included number of FTHLs found, number of tracks, number of scat,
distribution of tracks and scat throughout the plot, freshness of tracks and scat, tracking
conditions, and overall habitat quality. Tracking conditions were relatively poor this year due to
dense annual vegetation and high rodent activity (in response to winter rainfall), so we had to
rely more heavily on indirect measures of FTHL presence.

Primarily because of the difficult tracking conditions, we lacked confidence in the density
estimates and chose to not present any summary data on these estimates or use them for
estimating effects of disturbance. Since 75% of the estimates were either 0 or I anyway it
seemed prudent to base analyses simply on presence or absence and do a logistic regression
analysis instead of a linear regression. We counted presence for any plot where a FTHL was
captured, but also for any plot (outside the range of desert homed lizards) with at least 3 scats
found, or at least one definite track plus a scat. If we were near where desert homed lizards were
known to occur we only counted FTHL captures as presence. During the 2003 presence-absence
surveys we only counted presence when we found a FTHL, thus avoiding any false presences but
risking false absences. The change in protocol this year is because our ability to find FTHLs was
so much lower than last year (due to tracking conditions). We would have created too many false
absences if we had relied solely on captures.

We performed a logistic regression analysis using stepwise selection (SAS 2004). Stepwise
selection begins with no independent variables in the model. It adds variables one at a time by
comparing the P-values for the F statistics of the possible independent variables (the variable
with the lowest P-value is added first). Unlike forward selection, in stepwise selection a variable
that has already been added to the model does not necessarily stay there (if the F statistic changes
too much in presence of other variables then it is dropped from the model). The stepwise
selection process ends when no variable outside the model has an F statistic that is significant at
the specified entry level (we used P < 0.05 as the entry criteria). The independent variables that
were available for selection by the model were distance from disturbance, northing coordinate,
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RESULTS

easting coordinate, percentages of fine sand, coarse sand, and gravel, tracking rating, type of
disturbance, observer, and probability of presence values (from the model of predicted
distribution that was created with 2003 presence/absence survey data) (Young et al. 2004).

After running the logistic regression model we plotted predicted presence at each sampling
distance and compared mean values of these predictions with t-tests. We ran a separate logistic
regression analysis that forced type of disturbance (agricultural, urban, or both) to stay in the
model to evaluate differences between disturbance types. Data for ground squirrel density and
density of active black harvester ant mounds were summarized but not statistically analyzed.

Figure 1. Sample plots for 2004 indicated by red dots. Blue dots indicate 2003 presence-absence samples used
to create a model of predicted distribution. Some samples (such as indicated by the green arrow) are adjacent
to disturbance that is new since the time of this satellite image in the year 2000. Other samples (such as
indicated by the purple arrow) are not adjacent to disturbance and were not included in any analyses. A
black line shows the boundaries of the Yuma Desert Management Area

RESULTS

We surveyed 27 sites, with 4 plots per site, for a total of 108 plots sampled as 27 replicates per
distance treatment. Of the 27 different sites that interfaced between human disturbance and
desert, 18 were adjacent to agriculture, 5 next to urban development, and 4 were a mixture of
agricultural and urban impacts. FTHL presence was counted at 1 or more plots at 22 of the 27
sites, while 5 sites had absence at all 4 plots. Presence was confirmed by capture of at least one
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FTHL at only 27 of the 108 plots (25%), but we noted presence based on tracks, scat, habitat
suitability, and captures at 63 plots (58%). Scat was the most common indicator of presence,
with an average of 4 scats found per plot (35 maximum), compared to an average of 0.66 tracks
(5 maximum) and 0.23 FTHLs (3 maximum) found per plot.

A bar graph showing how many plots had presence or absence at each of the distances from
disturbance (50 m, 250 m, 450 m, and 650 m) shows a clear increase in frequency of FTHL
presence with increasing distance from agricultural or urban development (Figure 2).

Figure 2. Bar chart of frequency of absence (0) or presence (1) of flat-tailed horned lizards at plots of
increasing distances (in meters) from human disturbance.

The step-wise selection criteria only included the 2003 model predictions (P = 0.0133) and the
distance from disturbance (P = 0.0148) as effects in the model. The predictions from the logistic
regression analysis were plotted to visualize probability of presence at each of the four distances
from disturbance (Figure 3). The mean predicted value at each distance was statistically different
from the values at all other distances (P < 0.05).

When type of disturbance was forced into the logistic regression analysis along with the 2003
model predictions and distance from disturbance, type of disturbance did not have any
measurable effect on probability of FTHL presence (P = 0.4363).

Ground squirrel densities were considered high at eight of the nearest plots, but at only one plot
at each of the other distances (Table 1). Number of active black harvester mounds was higher at
the two nearest plots than the two farthest plots (Table 1). Because ground squirrel data were
subjective and ant data were not collected systematically, we did not statistically test for
differences between distances for these variables.
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Figure 3. A box plot indicating a positive relationship between the probability of occurrence of flat-tailed
horned lizards and distance (in meters) from human disturbance. Predicted probability of occurrence at each
sample plot was output from the logistic regression analysis that used output from a predictive model of
distribution and distance from disturbance as predictive variables. The box encloses the middle 50% of the
predicted values for each distance, the horizontal line within the box represents the median value, and the
line extending beyond the box represents the range of values.
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Table 1. Comparison of ground squirrel (Spermophilus tereticaudus) density categories and mean number of
black harvester ant mounds (Messor pergandei) at increasing distances from human activity.
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DISCUSSION

The data are very clear in any form—there is a negative effect on FTHLs that extends beyond the
margins of human activity. While the main predictor of presence in the logistic regression model
was the 2003 model of predicted distribution (which is a reflection of habitat suitability), the
only other significant predictor of FTHL presence was distance from disturbance. There is a
clear negative impact on FTHL presence to at least 450 m away from disturbance. We did not
sample far enough away from disturbance to verify that we had reached the edge of the
disturbance effect since predicted density did not reach an asymptote. However, our subjective
opinion is that the rates of presence at the most distant plots were similar to those at areas far
removed from disturbance. A measurable edge effect of 450 m is similar to other studies where it
was found that most edge effects typically extend a few hundred meters into natural areas
(Murcia 1995, Laurance 2000). We found no difference between agricultural and urban
development, but it should be noted that our sample size from urban development was low (not
surprising since agriculture commonly adjoins undisturbed habitat but urban areas generally do
not).

We have documented that development along an edge of a management area impacts adjacent
habitat, thus diminishing the overall reserve size. For example, a 40-acre field (1/4 mile square)
that borders FTHL habitat on one edge (1/4 mile = 402 m) negatively impacts at least 45 acres of
undisturbed FTHL habitat (402 m * 450 m = 180,900 m 2 = 18.1 ha = 44.7 acres). Management
agencies need to consider that they will experience FTHL losses within their management areas
on at least 180 acres per mile of edge that borders agricultural or urban development. Impacts
from human activities are a leading cause of mortality within protected areas (Woodroffe and
Ginsberg 1998). A visual estimate of the perimeter of the Yuma Desert Management Area shows
at least 20 miles that border land that has been or may be converted to agricultural or urban
development, for a potential indirect negative impact on FTHL populations on 3,600 acres of
protected land. Because the habitat is still intact FTHL will continue to move into these areas,
creating a population sink that will have a negative impact on the overall population on an
ongoing basis. Such sinks would have the greatest impact on population dynamics in small
habitat fragments with a high perimeter:area ratio and on species that range widely (Woodroffe
and Ginsberg 1998). Fortunately, the Yuma Desert Management Area and other FTHL
Management Areas are quite large relative to the movements of the FTHL, thus reducing the risk
of extinction from edge effects within these reserves.

With the FTHL Management Areas already established, one additional way to conserve FTHL
populations would be to minimize edge effects on border areas (Woodroffe and Ginsberg 1998).
This can be difficult, but in the case of the proposed Area Service Highway, the planned homed
lizard-proof fence along the border of the Management Area should mitigate much of the impact.
FTHL habitat occurs on both sides of the proposed highway along some stretches, but the fence
will only be on the side that borders the Management Area. The success of minimizing impacts
of the road could be studied by comparing plots on either side of the road at increasing distances
from it. This would indicate both the effect of a road in FTHL habitat and also the effectiveness
of homed lizard-proof fencing.
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DISCUSSION

Artificially increased predator densities may be an important contributor to the negative
correlation between FTHL presence and proximity to human development. As stated in the
Rangewide Management Strategy (FTHL ICC 2003), "Predators, such as common ravens,
American kestrels, and domestic dogs and cats, also increase in urban areas, resulting in
increased predation rates on FTHLs in adjacent wildlands (Bolster and Nicol 1989; Cameron
Barrows, CNLM, pers. comm.)." Although we cannot attribute the reduced presence of FTHLs
near development to specific causes with certainty, the density of a major FTHL predator, the
roundtail ground squirrel, was highest in the plots closest to human activity. Young and Young
(2000) found that the roundtail ground squirrel killed a higher proportion of FTHLs carrying
transmitters in the Yuma Desert Management Area than all other predators combined. Shrikes
are almost certainly more common around agricultural fields, but we made no attempts to
measure their density.

While we think increased predator density is the most likely cause for the observed decline in
FTHLs near development, invasive species may also contribute. Biological invasions can spread
far into a reserve, thus decreasing its effective area (Suarez and Case 2002). We did not evaluate
presence or density of alien species, but they are known to be problems for other homed lizards
Argentine ants (Linepithema humile) invade coastal homed lizard (Phrynosoma coronatum)
habitat much more readily in disturbed areas or adjacent to development (Suarez et at 1998).
These ants displace native ants and are not, themselves, eaten by homed lizards (Suarez et at
2000). This "bottom-up" effect is different than the "top-down" effect of increased predator
abundance, but can be just as threatening to a rare species, particularly when that species is a
dietary specialist (Suarez and Case 2002). Fire ants (Solenopsis invicta), which have had adverse
effects on the Texas homed lizard (P. cornutum), were found in Yuma on one occasion but have
apparently been eradicated (L. Piest pen. comm.). We did not look for fire ants at the sites we
sampled. We did count active mounds of Messor pergandei, which is a native harvester ant and
an important food source of FTHLs (Young and Young 2000). Since we found more of these
harvester ants closer to development, we suspect that fire ants had not invaded any of the areas
that we sampled. We know invasive plants occur over wide areas of the Yuma Desert MA and
suspect that they are more common closer to development. Invasive plants may negatively affect
FTHLs but the actual impacts are unknown (FTHL ICC 2003) and we did not attempt to measure
their presence or density in this study. Another factor that may cause decline in prey abundance
is pesticide drift. Although harvester ants were more abundant closer to fields, we do not know
which, if any, of these fields had been sprayed with pesticides applied by plane. Either there was
no pesticide drift, or if there was there was no measurable negative impact on black harvester
ants.

Presence-absence data yields less information than actual counts, but due to low detection rates
this year we were limited to using only presence-absence data in the analyses. Because we did
not resample sites and create a history of detection/non-detection for each site, it was not
possible for us to estimate detection rates or true occupancy rates (MacKenzie et aL 2002). These
estimates would be helpful for establishing differences in detection rates in different years, and
we recommend including site resampling in future designs. If enough sites are resarnpled enough
times, it is even possible to deduce abundance estimates from presence-absence samples (Royle
and Nichols 2003). Since FTHL are easy to capture if detected, mark-recapture data can be
collected during repeated site visits, which will yield better abundance estimates when combined
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with presence-absence data than the presence-absence data alone (Royle, pers. comm. 2005). If
samples are repeated across years it is also possible to estimate extinction and recolonization
rates (MacKenzie et aL 2003), which would be particularly valuable in areas where new
disturbance occurs.
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I. EXECUTIVE SUMMARY

The flat-tailed horned lizard (Phrynosoma walla° occupies a restricted range in the
Lower Sonoran Desert of southwest Arizona, southeast California, and adjacent land in
Mexico. Because they exhibit behavior patterns that include basking and remaining
motionless when danger approaches, flat-tailed homed lizards are particularly susceptible
to mortality on roads. More importantly, highways fragment areas of habitat and isolate
segments of lizard populations. Depending on the size of the isolated habitat patches,
these populations may be non-viable without connections to the larger population.
Therefore, roads and new road construction are recognized as threats influencing the
long-term persistence of this species.

The propensity for flat-tailed horned lizards to use culverts as road crossing structures to
avoid vehicle-caused mortality is unknown. From 2005-2006, Arizona Game and Fish
Department researchers studied flat-tailed horned lizard use of a variety of simulated road
crossing structures. The study objectives were to 1) determine if flat-tailed horned lizards
will pass through culverts of sizes commonly used in road construction, and 2) compare
and describe the characteristics of culverts used by flat-tailed horned lizards to those not
used. The research team built a testing facility south of Yuma, Arizona, with six culverts
of three dimensions and two interior lighting options. All culverts were 40 feet long; the
three types included 24-inch diameter steel culverts, 36-inch diameter steel culverts, and
4-foot tall by 8-foot wide box culverts. One of each type of culvert was lit with skylights,
and one of each type of culvert had only natural light from the ends. Light and
temperature conditions in the culverts were evaluated during the study. Out of 54 flat-
tailed horned lizards placed in the testing facility, 12 complete crossings were observed.
The 36-inch diameter culvert without skylights was used five times. The 24-inch
diameter culvert with skylights was not used, and other culvert designs were each used
once or twice. Results indicated that flat-tailed horned lizards can use culverts as road
crossing structures, but the evidence did not reveal a strong selection for or against any
culvert type.

Because the 24-inch diameter culverts were used less frequently than the larger culverts
and they seemed more susceptible to movement of soil, the research team tentatively
recommends against using these culverts as standard road crossing structures for flat-
tailed horned lizards. While the 36-inch diameter and the 4-foot by 8-foot box culverts
were not immune to movement of sandy soil, they were not as vulnerable as the smaller
culverts. Although the 36-inch diameter culvert may be the best option, either of the
larger styles could work as a crossing structure, as long as fencing is used to funnel
animals toward the culvert, it remains passable, preferably holds some soil on the floor,
and allows some daylight through its length.



Other issues to consider in designing appropriate road crossing structures include:
regular maintenance (i.e., maintaining substrate in culverts and ready access to culvert
entrances), how many to install, where to install them, position under the road, and
topography of the crossing site. Although this study showed that in an experimental
situation flat-tailed homed lizards are capable of moving through culverts, they may
exhibit different reactions to culverts under normal circumstances in their own territories
or during typical dispersal. To further test road crossing structures as a viable mitigation
measure for flat-tailed homed lizards, use of actual culverts under roads (with exclusion
fencing) should be documented for this species in situ.
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II. INTRODUCTION

The flat-tailed horned lizard (Pluynosoma mcallii)is a small cryptic lizard restricted to
the western Sonoran Desert in southeast California, southwest Arizona, and adjacent land
in Mexico. It is commonly found below 820 feet in areas with flat to modest (< 3%)
slopes. The flat-tailed horned lizard was proposed for threatened species listing by the
U.S. Fish and Wildlife Service (Service) in 1993. The proposal was subsequently
withdrawn in 1997 when it was determined that population trend estimates were
ambiguous, and threats (i.e., habitat loss/degradation) to the species did not warrant
listing. In 1997, flat-tailed horned lizards gained protective status on public lands under a
conservation agreement signed by several state and federal agencies. This conservation
agreement implements the Flat-tailed Horned Lizard Rangewide Management Strategy
(Flat-tailed Horned Lizard Interagency Coordinating Committee 2003). On 7 December
2005 the Service announced reinstatement of the 1993 proposed rule, but again withdrew
it on 28 June 2006 (71 FR 36745).

In response to increasing transportation demands in southwestern Arizona, the Arizona
Department of Transportation (ADOT) is developing plans to build new highways and
improve existing highways within flat-tailed horned lizard habitat. The Rangewide
Management Strategy recognizes roads and new road construction as threats influencing
the long-term persistence of this species. Since flat-tailed horned lizards exhibit
behaviors that include basking and remaining motionless when danger approaches, they
are particularly susceptible to mortality on roads (Flat-tailed Horned Lizard Interagency
Coordinating Committee 2003). More importantly, highways fragment areas of habitat
and isolate segments of wildlife populations. Depending on the size of the isolated
habitat patches, these populations may be non-viable without connections to the larger
population (Trombulak and Frissell 2000). The Rangewide Management Strategy
stipulates the installation of effective culverts to mitigate road effects and maintain
connectivity between flat-tailed horned lizard populations bisected by paved roads
proposed or authorized by signatories to the conservation agreement. It also states that
the Flat-tailed Horned Lizard Interagency Coordinating Committee shall provide a
culvert design. To date, there has been little information to guide this effort.

Highway crossing structures can mitigate some roadway effects on wildlife, but only if
the target species use them (Ng et al. 2004). Road permeability can be improved for
lizards and other wildlife by installing culverts as crossing structures (Yanes et al. 1995,
Ascensio and Mira 2007). Culverts accompanied by proper exclusion fencing further
improve connectivity between road-fragmented habitat patches and decrease roadway
mortality (Dodd et al. 2004, Aresco 2005). Some animals exhibit aversion to certain
types of crossing structures and may not use a culvert if it is not suitably designed
(Rodriguez et al. 1996, Ng et al. 2004). Use may be influenced by the culvert's internal
temperature, lighting, or overall width (Ruediger 2001).
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The propensity for flat-tailed homed lizards to use culverts as road crossing structures is
unknown. To determine if culverts can mitigate road effects on flat-tailed homed lizards,
it is imperative to determine crossing structure parameters that are suitable for the
species. The purpose of this study was to test flat-tailed horned lizard use of several
different simulated road-crossing structures, and assist decisions regarding mitigation of
highway construction and maintenance within flat-tailed homed lizard habitats.

This project was designed to test flat-tailed homed lizard use of commonly employed
road crossing structures and provide information that can be applied to road design and
maintenance questions. The project addressed the following objectives:

• Determine if flat-tailed homed lizards will pass through culverts of sizes
commonly used in road construction.

• Compare and describe the characteristics of culverts used by flat-tailed horned
lizards to those not used.
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HI. METHODS

A. STUDY SITE

The study site was located approximately 10 miles south of Yuma, Arizona on the Barry
M. Goldwater Range (Figure 1). The biotic community is classified as the Lower
Colorado River Valley subdivision of the Sonoran Desert. Dominant vegetation includes
creosote bush (Larrea tridentata), white bursage (Ambrosia dumosa), and big galleta
(Pleuraphis rigida). Topography is gently rolling with broad dunes of sandy loam, and
elevation ranges from 100-400 feet above sea level (Brown 1994). Mean summer (June-
September) temperature and rainfall are 90 degrees Fahrenheit and 3/10 inches,
respectively (TWC 2007).

Figure 1. Flat-tailed homed lizard study site from 2005-2006
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B. FACILITY CONSTRUCTION

In 2005 the research team built a facility to test potential use of highway culverts
currently used by ADOT to control water flow and erosion. The testing facility (Figure
2) was designed as a hexagon (100 feet/side, 6/10 acre) constructed with 1/4-inch mesh
hardware cloth 36 inches tall, buried 6 inches and held up by 1/4-inch rebar. Midway on
each side of the hexagon, we installed a 40-foot long culvert connected to a 10-foot by
10-foot hardware cloth peripheral enclosure. Ground inside the fenced area was not
disturbed to preserve natural characteristics of the vegetation and soil. The length of
culverts used in this study was similar to that of culverts used under typical two-lane
roads. Four-lane roads typically have an open median between the opposing traffic
directions. To maintain even substrate conditions throughout the testing facility, sand
was distributed inside each culvert to thoroughly cover the floor 1-3 inches deep (Figure
3). The R-value (insulation coefficient) of a road (asphalt and gravel fill) was estimated
to be approximately 22, so each culvert was covered with approximately 18-24 inches of
soil and/or rigid foam insulation (R-Tech expanded polystyrene; Insulfoam, Tacoma,
Washington, USA) to simulate thermal properties of an actual culvert under a road.

The testing facility included three types of culverts and two interior lighting options.
Culvert types included 24-inch diameter galvanized steel culverts, 36-inch diameter
galvanized steel culverts, and 4-foot tall by 8-foot wide box culverts. The steel culverts
were the same as those in use by ADOT. The box culverts were constructed of %-inch
plywood and framed with 2-inch by 4-inch wood posts (Figure 4). Box culvert were
designed to mimic those made of concrete in use by ADOT. Each culvert received one of
two lighting options: light or dark. The "light" culverts were lit inside with skylights; the
"dark" culverts received only natural light from the ends. For the skylight option, at least
one 12-inch tubular skylight was installed midway into one of each type of culvert.
Because the 24-inch and 36-inch culverts were much darker than the box culverts, they
were fitted with two additional skylights. In 2005, sunlight was directed into the mouth
of these crossing structures with 22-inch flexible tubular skylights suspended from the
top half of the culvert openings. These terminal skylights reduced the entrance diameter
of these culverts by one-third to one-half. Interior lighting conditions were improved in
2006 by removing the terminal skylights, and installing two 10-inch tubular skylights, 10
feet away on either side of the midway skylight (Figure 5).
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Figure 2. Layout of the testing facility (not to scale)

Notes: Total dimensions of the facility were approximately 300 feet by 300 feet. Each
enclosure was constructed of 36-inch hardware cloth buried approximately 6 inches and
held up by 1/4-inch rebar. The crossing structures (S1 —56) were constructed as follows:
S2 and S5 were 24-inch culvert piping; 53 and S6 were 36-inch culvert piping; and SI
and S4 were 4-foot tall by 8-foot wide simulated box culvert (constructed of 3/4-inch
plywood). S2, S4, and S6 had skylights illuminating the crossing structures internally.
All culverts had approximately 18-24 inches of soil or comparable insulation covering
each structure. Three radio telemetry receiver-data loggers each operated two antennas
of coaxial cable.
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Figure 3. Soil from the site distributed
through the 36-in diameter culvert

without skylights.

Figure 4. Entrance of the 4-ft by 8-ft box
culvert with a skylight (upper right) and

headwalls (dark brown).

Figure 5. Skylights positioned on a 24-in diameter culvert.

Notes: In the background is the main enclosure. In the left foreground is the small
peripheral pen that prevents flat-tailed homed lizards from escaping if they walk though
the culvert. Plywood headwalls minimize sand loss at the ends.
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C. MONITORING FLAT-TAILED HORNED LIZARD USE OF
EXPERIMENTAL CULVERTS

From September through October 2005 and June to September 2006, flat-tailed homed
lizards were captured from approved locations on the Barry M. Goldwater Range and
adjoining Bureau of Reclamation land. The research team recorded capture coordinates
(UTM, NAD 1927), sex, and length (2005, total length; 2006 snout-to-vent length) for
each individual. Only lizards? 1 year old were used in the study. Either a 0.36-gram or
a 0.77-gram radio transmitter (models LB-2N or BD-2, respectively; Holohil Systems
Ltd., Carp, Ontario, Canada) was affixed on the back of each individual with Dap brand
silicon aquarium sealant. After covering the tags with sealant, they were dusted with
sand for camouflage. Each individual also received a unique identification mark on the
belly and tail with black permanent marker. To ensure attachment and tag performance,
tags were activated and affixed the night before releasing the flat-tailed horned lizards
into the testing facility (Figures 6 and 7)

Figure 6. Flat-tailed homed lizard with a radio telemetry transmitter attached.

Notes: The larger rod on the left side of the lizard's back is a radio frequency
identification transponder that we tested unsuccessfully in 2005. The traditional radio
telemetry transmitter (Holohil model LB-2N) is on the right side of the lizards back, with
the thin wire projecting posteriorly. Most lizards only carried the telemetry transmitter.
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Figure 7. Flat-tailed homed lizard exhibiting typical hiding behavior while carrying a
radio telemetry transmitter.

Anywhere from six to eight flat-tailed homed lizards were in the testing facility at any
one time. In 2005 the research team experimented with radio frequency identification
(RFID) transponders, but the system failed to work at the study site (Painter and Ingraldi
2005). In 2006 only traditional radio telemetry equipment was used to monitor lizard
movements.

All flat-tailed homed lizards were released in the moming, in the center of the main
enclosure where all six culverts were equally available for selection. Because the testing
facility contained several active ant nests, supplemental food was not provided. The
research team monitored movement (i.e., use of each crossing structure) of each
individual lizard for 10 days. After 10 days, or death of an individual in the testing
facility, animals were replaced with new individuals. General location and status of each
animal was determined with handheld receivers at least every third day. If an animal was
lost, circumstances of the loss were noted. After 10 days in the testing facility, surviving
individuals were taken out, their tags removed, and released at their point of capture.
Animals originally found on a road were released approximately 100 yards from their
capture point.

Because the RFID remote detection system failed to work during 2005, location and
status of each animal was determined with handheld receivers once every day. If an
animal was found in a terminal pen, the type of culvert was noted and that event counted
as one crossing. In 2006, the research team used radio telemetry equipment with
stationary scanning receiver-data loggers (model R4500S; Advanced Telemetry Systems,
Inc., Isanti, Minnesota, USA) to remotely detect and record flat-tailed horned lizard
movement through the culverts, in addition to checking lizard status approximately every
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third day with handheld receivers. At the rim of the exit (i.e., distal end) of each crossing
structure, a radio telemetry antenna was buried just under the sand to detect flat-tailed
homed lizards as they passed out of the culvert. Each receiver monitored two culverts.
When a receiver detected a signal, it logged the antenna, time, frequency, and signal
strength. Data were downloaded to a laptop computer in the field.

D. MEASURING TEMPERATURE AND LIGHT INTENSITY

In 2005 one data logger (Hobo® pendant temp/light data logger; Onset Computer
Corporation, Bourne, Massachusetts, USA) was placed on the floor about 15 feet inside
the distal end of each crossing structure to measure light intensity and temperature inside
the culverts every 15 minutes. In 2006 temperature and light intensity data collection
was modified by placing a data logger on the floor midway inside each culvert to take
readings inside the culverts every 60 minutes. In both years, one data logger was placed
outside the culverts to record ambient environmental conditions. These data loggers were
in place for the duration of the field season. To compare conditions between the
simulated crossing structures and culverts actually installed under roadways by ADOT,
temperatures outside and inside three real culverts similar to those in the testing facility
were also sampled in 2006 (Table 1). Sampled culverts were located under highway US-
95, approximately 23 miles north of the study site. Real culverts installed for water flow
typically passed under the road at an angle, were installed as a pair, and/or were located
down in a wash. For general comparison, the research team found such dissimilarities
acceptable. Samples were collected over a 24-hour period at each of the three real
culverts. Data loggers were checked to ensure they measured within 2 degrees
Fahrenheit of each other.
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Table 1. Description of real road culverts selected for temperature comparison to
simulated road crossing structures.

Culvert Width 24-in diameter

Date placed 9/12/2006

Time placed 14:00

Date retrieved 9/14/2006

Time retrieved 16:14

Approximate length (ft) 68

Alignment E-W

Mean temperature —2.9 ± 7.1

36-in diameter

9/14/2006

16:40

9/16/2006

11:13

89

NW-SE

—2.6 ± 8.1

4-ft tall x 8-ft wide

9/16/2006

11:50

9/18/2006

07:30

36

E-W

—5.9 ± 8.2
difference (°F SD)

Comments Logger placed on
sand in metal
culvert; mouth a
bit elevated
above the ground
outside; not in a
wash and hasn't
seen water in a
long time.

Two metal
culverts in a
shallow wash,
side by side with
about 12 inches
of dirt between;
logger placed on
sand and rocks
inside north pipe;
it funnels water
but was mostly
dry at the time.

Double side-by-
side concrete box
culvert in a
shallow wash;
logger placed on
sandy gravel in the
north box; box
funnels water, but
it was dry at the
time.

Notes: By subtracting culvert temperature from ambient temperature, mean temperature
difference and range were determined for comparison with simulated culverts.

E. ANALYSIS
Flat-tailed homed lizard use of each of the six culvert types was summarized as a count
of the number of times a lizard crossed through to a terminal pen. The number of
crossings confirmed visually added to the number of likely crossings detected only by the
remote telemetry units. For a description of what the research team considered a "likely
crossing," see Appendix A. Low numbers of observations precluded reliable statistical
analysis of lizard crossings.

After the 2005 field season, it was discovered that the 24-inch and 36-inch diameter
culverts did not mimic real culvert conditions because the bulky skylights attached to the
ends blocked more light than they directed into the culvert interior (Painter and Ingraldi
2005). Because interior lighting and probably airflow in these culverts likely did not
accurately mimic real culvert conditions, 2005 light intensity and temperature data were
dropped from final analyses.
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In 2006, mean light intensity measurements were compared among all culverts and
ambient values. Temperature measurements were used to calculate the disparity between
ambient and internal culvert temperature, and then the season-long means from the six
simulated culverts were compared. A subset of the temperature discrepancies from the
simulated culverts was also compared to that of the real culverts under highway AZ-95.
The subset was determined by including only measurements from the simulated culverts
that were taken in the same 24-hour period as that of the real culverts. Each test was
conducted with a one-way ANOVA, and because equal variances could not be assumed,
multiple comparisons were conducted with a Games-Howell post hoc test. All tests were
considered significant at a = 0.05 (SPSS for Windows, Version 11.5, 2002).

There was one problem with light and temperature data collection in 2006; the data
logger in the simulated 24-inch diameter dark culvert was buried by windblown sand at
some point in the field season This situation was not discovered until the end of the
season. Light intensity recordings indicated that it was mostly covered by 11 July 2006,
so that data set was truncated, and mean temperature difference of the simulated 24-inch
diameter dark culvert was not compared to that of the real 24-inch diameter culvert.
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IV. RESULTS

A. FLAT-TAILED HORNED LIZARD USE OF EXPERIMENTAL CULVERTS

Arizona Game and Fish Department biologists monitored movements of 54 flat-tailed
horned lizards (34 males and 20 females) in the testing facility and observed 12 complete
crossings (Table 2). Proportionally, there was little difference in use between the sexes;
23% (eight) of the males used culverts and 20% (four) of the females used culverts. All
crossing structures except the 24-inch diameter culvert with a skylight were used at least
once (Table 3). Dark culverts were used more frequently (nine crossings) than culverts
with skylights (three crossings). The 36-inch diameter culverts were used most
frequently (six crossings), and the 24-inch diameter culverts were used least frequently
(two crossings). No individual flat-tailed homed lizard used more than one culvert.

From September through October 2005, at least two of 12 flat-tailed homed lizards made
complete crossings through culverts. From June through September 2006, 42 flat-tailed
homed lizards were monitored in the testing facility. The research team visually
confirmed that six individuals used culverts, and remote telemetry data indicated another
four individuals likely used culverts. During both years, tracks of other species were
found in the culverts, including snakes, ground squirrels, beetles, roadrunners, passerines,
and lizards with long tails

Not all flat-tailed homed lizards survived 10 days. In 2005, one individual shed its skin
with the transmitter and was lost in the testing facility; a raptor killed another individual.
In 2006 predation in the testing facility became a problem. Predators (e.g., ground
squirrels, roadrunners, shrikes, or raptors) killed at least 20 flat-tailed homed lizards.
Telemetry signals of another 15 individuals were lost, which was likely a result of raptors
carrying the lizards far away. One individual died of exposure when its transmitter wire
snagged on a stick. Approximate end dates and apparent fates are listed in Appendix B.
Exact survival times were not measured, because the majority of animals were not
visually checked every day.
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24-in dark
4-ft x 8-ft dark

36-in dark

36-in dark

Visual & remote receiver
Visual & remote receiver

Remote receiver

Remote receiver

Table 2. Information on each flat-tailed horned lizard used in the simulated road crossing
structure experiment (2005-2006). 

ID #	 Sex Release	 Culvert use Culvert width	 Detection method
date	 and lighting 

M	 22-Sep-05	 4-ft x 8-ft light Visual
M	 22-Sep-05
M	 22-Sep-05	 24-in dark	 Visual
M 22-Sep-05
M	 22-Sep-05
M 22-Sep-05
M	 11-Oct-05
M	 11-Oct-05
F	 11-Oct-05
M	 11-Oct-05
F	 11-Oct-05
M	 11-Oct-05
M	 10-Jun-06
M	 10-Jun-06
F	 10-Jun-06
F	 10-Jun-06
F	 10-Jun-06
F	 10-Jun-06
F	 12-Jul-06
M	 12-Jul-06
M	 12-Jul-06
M	 12-Jul-06
M	 12-Jul-06	 4-ft x 8-ft light Remote receiver
F 14-Jul-06
M 5-Aug-06
M 5-Aug-06
F	 5-Aug-06
F	 5-Aug-06

M	 18-Aug-06
M	 18-Aug-06
F	 18-Aug-06
M	 18-Aug-06
M	 18-Aug-06
M 18-Aug-06
M 30-Aug-06
M 30-Aug-06
F 30-Aug-06
M 30-Aug-06
M 30-Aug-06

Continued.

A

2A
2B
2C
2D
2E
2F
Al
A2
A3
A4
AS
A6
2B
4B
MCI
MC3
MC5
MCI 3
MC27
MC28
MC26
MC29
MC30
MC33
MC47
MC42
MC46
MC45
MC43
MC44
MC48
MC49
MC50
MC54
MC51

Yes
Unknown
Yes
Unknown
Unknown
Unknown
Inside 36D
Unknown
Unknown
Unknown
Unknown
Unknown
Unlikely
Unlikely
Unlikely
Unlikely
Unlikely
Unlikely
Unlikely
Unlikely
Unlikely
Unlikely
Yes
Unlikely
Unlikely
Unlikely
Unlikely
Unlikely
Yes
Yes
Unlikely
Unlikely
Unlikely
Unlikely
Unlikely
Yes
Yes
Unlikely
Yes
Unlikely
Yes

F	 6-Aug-06	 Visual & remote receiver
F 8-Aug-06 Remote receiver

36-in dark
36-in dark
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Table 2 (continued). 
ID #	 Sex Release	 Culvert use Culvert width	 Detection method

date	 and lighting 
MC55 M 30-Aug-06 Unlikely
MC52 F	 30-Aug-06 Unlikely
MC53 M	 30-Aug-06 Unlikely
MC56 M 4-Sep-06	 Unlikely
MC57 F	 4-Sep-06	 Unlikely
MC58 M	 4-Sep-06	 Yes	 4-11 x 8-ft dark Visual & remote receiver
MC59 F	 5-Sep-06	 Unlikely
MC60 F	 7-Sep-06	 Unlikely
MC61 F	 7-Sep-06	 Yes	 36-in dark	 Visual & remote receiver
MC62 M	 7-Sep-06	 Yes	 36-in light	 Visual & remote receiver
MC63 M	 11-Sep-06 Unlikely
MC64 F	 11-Sep-06 Unlikely
MC65 M	 11-Sep-06 Unlikely

Notes: Release Date: date the animal was released in the testing facility.

Culvert Use: Yes = crossed all the way through a culvert, Unknown = never observed
using a culvert, Unlikely = probably did not use any culverts because the remote
telemetry detection system did not record a strong signal from their transmitter, or Inside
36D = found inside the 36-in diameter dark culvert.

Detection methods: Visual = lizard visually observed in the terminal pen of a culvert,
Remote receiver = remote receiver detected a crossing, or Visual & remote receiver =
lizard was visually observed in terminal pen and the remote receiver detected the
crossing.

Table 3. Summary of flat-tailed horned lizard use of simulated road crossing structures
(2005-2006).

Culvert width 2005 visual 2006 remote 2006 remote detections Total
and lighting detections detections only verified visually crossings
24-in dark 1 0 1 2
24-in light 0 0 0 0
36-in dark 0 3 2 5
36-in light 0 0 1 1
4-ft x 8-ft dark 0 0 2 2
4-ft x 8-ft light 1 1 0 2
Sum 2 4 6 12
Notes: In 2005, only visual observations of crossings were noted. In 2006, some
crossings were detected only with remote telemetry receivers; some were also verified
with visual observations.
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B. TEMPERATURE AND LIGHT INTENSITY

For all simulated culverts, light intensity inside was considerably dimmer than ambient
light intensity (Table 4). Of the two lighting options at the testing facility, the interior of
all culverts with skylights was brighter than the interior of all culverts without skylights.
Each culvert differed from ambient light intensity and that inside all other culverts
(ANOVA: F6 , 8158 = 583.42, P < 0.001; post hoc: all P < 0.017).

Among the simulated culvert temperature discrepancies (Table 4), within same-size pairs
generally did not differ, but among-size comparisons were generally significantly
different (F5 , 12700= 97.73, P < 0.001). The only exception was the 24-inch dark culvert,
which differed from its same-size partner, and did not differ from either of the 4-foot by
8-foot box culverts (Tables 4 and 5).

Table 4. Light intensity and temperature discrepancies at the testing facility (Jun-Sep).
Culvert width
and lighting

Mean light intensity
(Lumens/square foot

+ SD)

Mean temperature discrepancy
(°F ± SD)

Ambient 2549.8 ± 3437.8
24-in dark 1.2 ± 0.5 * 3.4± 8.3
24-in light 85.5 ± 104.7 -0.2 ± 6.6
36-in dark 14.9	 95.3 1.5 ± 6.6
36-in light 100.1 ± 121.7 1.5 ± 5.8
4-ft x 8-ft dark 34.1 ±14.4 3.0 ± 4.5
4-ft x 8-ft light 116.8 ± 76.5 2.7	 5.1

Notes: SD stands for 'Standard Deviation. Light intensity was averaged over all daylight
hours. Mean temperature discrepancy and range was determined by subtracting culvert
temperature from ambient temperature. * Conditions inside the 24-inch dark culvert
were only averaged through 11 July 2006, because the data logger was likely buried by
windblown sand after that point.

Table 5. Games-Howell test results (P-values) of multiple comparisons among
temperature discrepancies recorded at simulated culverts. 

Culvert width	 24-in light	 36-in dark	 36-in light	 4-ft x 8-ft	 4-ft x 8-ft
and lighting	 dark	 light

24-m dark	 0.000
24-in light
36-in dark
36-in light
4-ft x 8-ft dark

0.000
0.000

0.000
0.000
1.000

0.830
0.000
0.000
0.000

0.264
0.000
0.000
0.000
0.311

Notes: Bold text denotes a significant difference between means (a = 0.05). The notable
comparison here is the two 24-inch culverts differed from one another, while the other
same-size pairs did not. Even in a separate comparison between the 24-inch culverts
using data from both sets through 11 July 2006, the means differed (F 1,1500 = 21, P <
0.001).
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Temperature discrepancy comparisons between real and simulated culverts during a 24-
hour period showed few differences ( F7,745 = 4.76; P < 0.001). On average, the
temperature discrepancy of the 4-foot by 8-foot real concrete box culvert was 2-4 degrees
Fahrenheit more than that of other culverts. Mean temperature discrepancy of the 4-foot
by 8-foot real concrete box culvert differed significantly from that of the simulated dark
box culvert (PS 0.001), the simulated light box culvert (P = 0.001), the simulated 24-inch
light culvert (P = 0.001), the real 24-inch culvert (P = 0.004), and the real 36-inch culvert
(P = 0.005). Mean temperature discrepancy among all other real and simulated culverts
did not differ (all P? 0.129).
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V. CONCLUSIONS

Although natural conditions inside the testing facility were preserved as much as
possible, the research team acknowledges that the response of each flat-tailed homed
lizard to being placed in a foreign environment likely influenced their behavior. Normal
daily home range movements, migration, dispersal, or breeding behavior may affect an
animal's propensity to use culverts as actual road crossing structures. The observed low
crossing rate could have been affected by each individual's reaction to unfamiliar
surroundings, the high density of animals inside the testing facility, presence of predators,
or other factors we did not measure. As the purpose of this study was not focused on
absolute crossing rates, but rather on whether flat-tailed homed lizards would use culverts
and if so what types, the research team agrees that the collected data met the defined
objectives.

Flat-tailed homed lizards can use culverts as road crossing structures, but the evidence
did not reveal a strong selection for or against any culvert type because each size of
culvert was used and both lighting options were used (Table 3). However, the 36-inch
culverts were used slightly more often than the other sizes, and we observed no use of the
24-inch culvert with skylights. It is possible that more crossings occurred undetected,
especially in 2005 when we relied solely on periodic visual monitoring. Lizards may
prefer to use culverts of an intermediate size. Smith (2003) found that herpetofauna in
Florida used culverts most frequently when they were? 59 inches wide and 23-59 inches
high.

Although mean temperature discrepancy was not the same among all culverts, they were
reasonably close, and all averaged less than 5 degrees Fahrenheit different from ambient
conditions. Unless temperature inside a culvert is drastically different from that outside,
the research team foresees no issues with temperature dissuading flat-tailed horned lizard
use. Lighting inside the 40-foot long experimental culverts may not have affected lizard
selection of culverts, but dark culverts were used slightly more than culverts with
skylights. Culverts longer than 40 feet were not tested in this study, so poor lighting
could be a problem with extremely long culverts, where the center of a small diameter
culvert would be very dark.

Flat-tailed homed lizards did not seem averse to entering culverts. In 2005, at the end of
the summer when lizards were starting to spend more time underground, one individual
was found buried in the sand and mildly torpid a few feet inside the entrance of the 36-
inch diameter dark culvert. In 2006, three flat-tailed homed lizards (MC44, MC50, and
MC51) were found lingering inside either the 24-inch diameter dark culvert or the 36-
inch diameter dark culvert several hours before passing all the way through. Lizards may
also use culverts as thermoregulatory microhabitat or hiding cover since they provide
vertical structure (e.g., Rodriguez et al., 1996).
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Although we did not test whether substrate inside a culvert affects selection, it may be
important for encouraging use, especially in corrugated metal culverts that are slick and
uneven and very different from natural sand or rock. Lesbarreres et al. (2004) found that
amphibians select culverts lined with soil as opposed to those of bare concrete. The same
idea of substrate influence may be true for flat-tailed homed lizards.

Characteristics of some culverts changed as time passed. Although light intensity and
visibility from entrance to exit was excellent in the box culverts, strong winds inevitably
swept the sandy soil away from the ends of the culverts, revealing the smooth wood
beneath. If the box culverts had been built I or 2 feet into the ground and leveled with
soil, they may have resisted the scouring action of the wind. The real concrete box
culvert also had no soil at the ends, but this was likely due to effects of water flow instead
of wind. The 24-inch diameter culverts seemed particularly susceptible to movement of
the sandy soil. They began filling in with sand quicker than the other culverts, restricting
visibility from entrance to exit. At the real 24-inch diameter culvert, soil had eroded
away from around the ends, leaving the openings above ground level, rendering it useless
as a crossing structure for flat-tailed homed lizards.
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VI. RECOMMENDATIONS

Because the 24-inch diameter culverts were used less frequently than the larger culverts
and they seemed more susceptible to movement of soil, the research team tentatively
recommends against using these culverts as standard road crossing structures for flat-
tailed horned lizards. While the 36-inch diameter and the 4-foot by 8-foot box culverts
were not immune to movement of sandy soil, they were not as vulnerable as the smaller
culverts. Although the 36-diameter culvert may be the best option, either of the larger
styles could work as a crossing structure, as long as fencing is used to funnel animals
toward the culvert, it remains passable, preferably holds some soil on the floor, and
allows some daylight through its length.

Other issues to consider in designing appropriate road crossing structures include:
regular maintenance (i.e., maintaining substrate in culverts and ready access to culvert
entrances), how many to install, where to install them, position under the road, and
topography of the crossing site. Although this study showed that in an experimental
situation flat-tailed horned lizards are capable of moving through culverts, they may
exhibit different reactions to culverts under normal circumstances in their own territories
or during typical dispersal. To further test road crossing structures as a viable mitigation
measure for flat-tailed horned lizards, use of actual culverts under roads (with exclusion
fencing) should be documented for this species in situ.
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APPENDIX A. RECORDS AND INTERPRETATION OF FLAT-
TAILED HORNED LIZARD REMOTE TELEMETRY DATA

Appendix A lists the guidelines used in determining if remote telemetry data indicated a
flat-tailed homed lizard crossed through a simulated road crossing structure. The
complete set of remote telemetry data is on file at the Arizona Game and Fish
Department, and is available upon request (Research Branch, AGFD, 2221 W. Greenway
Rd., Phoenix, AZ 85023; 602-942-3000).

We established basic guidelines for interpreting remote telemetry data by evaluating the
signal patterns recorded during visually confirmed crossing events. An example is
presented on the next page. If a flat-tailed homed lizard successfully crossed through a
culvert to the terminal pen, the following general patterns were usually (but not always)
evident in the antenna and signal strength data:

• The data file had several hundred to a few thousand detections for a single
frequency.

• The data file had many (e.g., > 40 or 50) detections at an identified antenna within
a few minutes or hours. Detections without an identified antenna were not
convincing.

• A dominant antenna was identified repeatedly in the section where lots of
detections were recorded in a few minutes or hours. The dominant antenna was
the one with a signal strength >>100, at the same time the subordinate antennas
recorded a signal strength «100 (if at all).

• The increase/decrease in signal strength was more or less steady over time as the
lizard walked past the antenna. A convincing signal pattern would not jump
instantly or repeatedly from a weak signal (e.g., 60-70) to a strong signal (e.g.,
>115).
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Appendix A (contd). Example of signal strength recorded by a remote telemetry receiver (Flat-tailed horned lizard Male MC44). This
example includes all the detections of frequency 150.410-411 on receiver R2678, which monitored the dark 24-in diameter metal
culvert and the lit 4-ft x 8-ft box culvert from 18-30 August 2006. The strong signals from the 24-in culvert dominate and cluster at
the top of the line. After the lizard was seen in the terminal pen, he was moved back to the main pen, and the signal faded
accordingly.
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APPENDIX B. SURVIVAL DATA AND FATE OF FLAT-TAILED
HORNED LIZARDS

ID # Release date Approximate end date Apparent fate
A 22-Sep-05 2-Oct-05 Lived
B 22-Sep-05 2-Oct-05 Lived
C 22-Sep-05 2-Oct-05 Lived
D 22-Sep-05 2-Oct-05 Lived
E 22-Sep-05 23-Sep-05 Shed transmitter
F 22-Sep-05 2-Oct-05 Lived
2A 11-Oct-OS 22-Oct-05 Lived
28 11-Oct-05 15-Oct-05 Predator
2C 11-Oct-05 22-Oct-05 Lived
2D 11-Oct-05 22-Oct-05 Lived
2E 11-Oct-05 22-Oct-05 Lived
2F 11-Oct-05 22-Oct-05 Lived
Al 10-Jun-06 < 21-Jun-06 Predator
A2 10-Jun-06 < 21-Jun-06 Predator
A3 10-Jun-06 20-Jun-06 Predator
A4 10-Jun-06 < 21-Jun-06 Predator
AS 10-Jun-06 < 21-Jun-06 Predator
A6 10-Jun-06 < 21-Jun-06 Predator
28 12-Jul-06 14-Jul-06 Predator
48 12-Jul-06 14-Jul-06 No signal
MCI 12-Jul-06 14-Jul-06 No signal
MC3 12-Jul-06 23-Jul-06 Lived
MC5 12-Jul-06 21-Jul-06 No signal
MCI3 14-Jul-06 18-Jul-06 Predator
MC26 5-Aug-06 17-Aug-06 Lived
MC27 5-Aug-06 7-Aug-06 No signal
MC28 5-Aug-06 16-Aug-06 Died intact
MC29 5-Aug-06 7-Aug-06 No signal
MC30 6-Aug-06 14-Aug-06 Predator
MC33 8-Aug-06 9-Aug-06 Predator
MC42 18-Aug-06 20-Aug-06 Predator
MC43 18-Aug-06 22-Aug-06 No signal
MC44 18-Aug-06 22-Aug-06 Predator
MC45 18-Aug-06 22-Aug-06 Predator
MC46 18-Aug-06 19-Aug-06 No signal
MC47 18-Aug-06 20-Aug-06 No signal
MC48 30-Aug-06 1-Sep-06 No signal
MC49 30-Aug-06 1-Sep-06 Predator
MC50 30-Aug-06 8-Sep-06 Lived
MC51 30-Aug-06 1-Sep-06 No signal

Continued.
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Appendix B (contd).
ID # Release date Likely end date Fate
MC52 30-Aug-06 1-Sep-06 Predator
MC53 30-Aug-06 1-Sep-06 Predator
MC54 30-Aug-06 2-Sep-06 No signal
MC55 30-Aug-06 31-Aug-06 Predator
MC56 4-Sep-06 6-Sep-06 No signal
MC57 4-Sep-06 5-Sep-06 Predator
MC58 4-Sep-06 13-Sep-06 Lived
MC59 5-Sep-06 14-Sep-06 Lived
MC60 7-Sep-06 16-Sep-06 Lived
MC61 7-Sep-06 13-Sep-06 Predator
MC62 7-Sep-06 13-Sep-06 No signal
MC63 11-Sep-06 13-Sep-06 No signal
MC64 11-Sep-06 12-Sep-06 Predator
MC65 11-Sep-06 12-Sep-06 No signal
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Field remote sensing, and modelling observations from a degraded Mojave
Desert shrubland were used to develop a model of the progressive degradation
of areas adjacent to sites of direct anthropogenic disturbance. Aeolian removal
and transport and dust, sand, and litter are the primary mechanisms of
degradation, killing plants by burial and abrasion, interrupting natural pro-
cesses of nutrient accumulation, and allowing the loss of soil resources by
abiotic transport. It is concluded that any arid shrubland with wind-erodible
soils is susceptible to degradation, and where possible development of these
lands should be avoided.

© 2000 Academic Press

Keywords: desertification; wind erosion; Mojave Desert; shrublands;
paleolakes; agriculture

Introduction

The Manix Basin in the Mojave Desert of south-eastern California is the site of ancient
Lake Manix (Buwalda, 1914; Meek, 1989, 1990; Dohrenwend et at, 1991). Far from
being a unique geological setting, the fine-grained lacustrine sediments in the basin are
part of the Pleistocene legacy shared by depressions throughout the entire basin and
Range and Mojave provinces (Smith & Street-Perrott, 1983). Morrison (199 lb, 1991a)
has reported that 'nearly all closed or formerly closed basins in the Great Basin have
ancient strandlines marked by lacustrine bars, spits, embankments, terraces, deltas, and
wave-cut cliffs at elevations well above the playas or permanent lakes of today'. The
lacustrine sediments of Pleistocene age that form the floors of these basins share qualities
that make them amenable for agriculture and other human activities: very low slopes,
little or o relief, subsurface water resources, and fine-grained sediments suitable for
farming or other activities. The intersection of the human uses of Pleistocene paleolakes
with their geological history creates opportunities for land degradation much greater
than typically recognized.
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2	 G. S. OKIN ET AL.

Wind erosion in the Mojave Desert is the principle mechanism of land degradation.
Agriculture, urban development, military maneuvers, pipeline, road and powerline
construction, and recreational vehicles all destroy vegetation cover and expose the soil to
wind erosion (Sharifi et at, 1999). These activities can result in increased dust emission,
blowing sand, and damage of native vegetation.

Although the processes of arid land degradation have been well-established elsewhere
in the south-western U.S. (see for example, Schlesinger a at, 1990), no published
process model exists for shrubland degradation in the Mojave Desert or other shrub-
lands. In this paper, we report on the importance of human-induced wind erosion in
initiating and propagating land degradation in the Manix Basin of the Mojave Desert.
Based on these observations, we develop a model of wind-driven desertification in sandy
arid shrublands.

Arid land degradation has received significant attention in the technical and popular
media over the past several decades. Much of this interest has been practical in nature
owing to the facts that: (1) desertification is widespread throughout the south-western
United States and globally (Mabbutt & Floret, 1980; Walker, 1982; Warren & Hutchin-
son, 1984; Verstraete & Schwartz, 1991; Khalaf & Al-Ajmi, 1993; Dregne, 1995); (2) it
has severe financial and societal consequences including property damage, increased
health and safety hazards, and decreased agricultural productivity (Clements a at,
1963; Bowden a at, 1974; Fryrear, 1981; Hyers & Marcus, 1981; Leathers, 1981; Leys
& McTainsh, 1994; Bach, 1998); and (3) some forms of desertification are irremediable
on human timescales at reasonable cost (Whitford, 1992; Dregne, 1995). The increas-
ing use of desert shrublands by humans for habitation, agriculture, industry, and
recreation increases the amount of arid land directly impacted (Verstraete & Schwartz,
1991). Thus, it is important to understand the processes of arid land degradation in
these environments. Improved process understanding will allow improved identification
of areas at heightened risk of desertification before serious damage has occurred.

History and features of the Manix Basin, California

Our observations are drawn from the Manix Basin in the Mojave Desert, about 25 miles
ENE of Barstow in south-eastern California (centred around 34°56 .5'N. 116°41 . 5' W at
an elevation of about 540 m). The basin has an area of 40,700 ha and was the site of
ancient Lake Manix which existed during the peak pluvial episode of the last glaciation
and drained through Afton Canyon to the east (Smith & Street-Perrott, 1983; Meek,
1989). Much of the basin is filled with lacustrine, fluvial, and deltaic sediments capped
by weak armoring (Meek, 1990). There is clear evidence of pre-modern wind erosion,
indicating that wind erosion, transport, and deposition has long been a dominant
geological process in the area (Evans, 1992).

The modern climate of the Manix Basin is arid with an average annual precipitation of
100 mm, falling mostly in the winter, although there can be significant summer precipi-
tation in some years (Table 1). The average annual temperature is 19 .6°C, the average

Table 1. Average precipitation (cm) by season at Daggett Airport

Jan-Mar Apr-Jun Jul-Sept Oct-Dec Annual

1944-1997 3.7 0-9 2-9 24 10.0
1980-1989 4.5 11 31 31 12.7
1990-1997 6.0 0.3 2.8 2.0 11.1

Source: National Climate Data Center, U.S. Precipitation by State, California: http://www.ncdc.noaa.
gov/ol/climate/online/coop-precip.html
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winter temperature of 9-1°C, and the average summer temperature is 31-4°C (Meek,
1990). The average wind speed at the airport in Daggett is 5-5 m s at a height of 6 . 1 m
and is typically from the west (National Climate Data Center, 1993).

The vegetation in undisturbed areas of the basin in dominated by an association of
Larrea tridentata and Ambrosia dumosa, with minor occurrence of AtrzPlex polyccopa,
Atriplex hymenelytra, Atriplex canescens, Ephedra californica, and Opuntia spp. Prosopis
glandulosa occurs in some areas of the basin. Areas that have been disturbed directly by
human activity are dominated by A. polycarpa with total cover often greater than that in
undisturbed desert. Schismus, an exotic annual grass, in ubiquitous, but grass cover
varies significantly with yearly precipitation.

There has been extensive human activity in the Manix Basin with several phases of
agriculture utilizing ground-water recharged by the Mojave River. The basin was used
for dryland farming in the 1800s (Tugel & Woodruff, 1978). Limited irrigated
farming started in the basin in 1902 with the acreage of irrigated land increasing sharply
after World War II (Tugel & Woodruff, 1978). Today alfalfa hay is the major
agricultural product. In the Coyote Dry Lake sub-basin, square flood-irrigated fields and
abandoned flood irrigation equipment are seen in early Landsat images. After the
mid-1970s, central-pivot agriculture became the dominant form of land use in the area,
but many fields have since been abandoned throughout the northern part of the basin
due to increasing costs of ground-water pumping (Ray, 1995).

Methods

In this study a series of Landsat Multispectral Scanner (MSS) and Airborne Visible
Infrared Imaging Spectrometer (AVIRIS) images from the Manix Basin from 1979,
1982, 1985, 1988, 1997, and 1998 were used in order to identify areas of blowing sand
associated with central-pivot agriculture in the basin. AVIRIS measures the total upwell-
ing spectral radiance in 224 bands from 400 to 2500 nm in 20-m ground pixels from
a NASA ER-2 aircraft flying at 20-km altitude. Landsat MSS measured upwelling
radiation in four visible-near infrared broad multispectral bands in 80-m ground pixels.
Geographical information about the extent and locations of blowing sand were the
object of the remote sensing analysis. Simple spatial information is readily available from
uncalibrated remote sensing images. Therefore, no attempt was made to calibrate the
images or correct for atmospheric scattering. The images were incorporated into
a geographical information system.

A series of field trips between 1996 and 1999 were undertaken to the Manix Basin in
order to verify remote-based observations of sand blow-outs. In 1998 and 1999,
perennial vegetation cover was estimated at several sites in the Manix Basin by measur-
ing individual plant diameters in circular plots with 5-m radii (12 replicates each) and
assuming full, circular shrub canopies.

Finally, a quantitative assessment of observed wind erosion and deposition rates was
undertaken in order to link observed phenomena with physical and mathematical wind
erosion models.

Results and discussion

Remote observation from the Man ix Basin

The Landsat MSS and AVIRIS images taken in Fig. 1 clearly indicate the growth of
sand blow-outs downwind of abandoned agricultural fields in the Manix Basin. Deposit-
ion of sand downwind of the fields is a progressive process, with sand plumes lengthen-
ing in each successive image. No regrowth of perennial vegetation was observed in these
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Figure 1. 1979-1988: Landsat Multispectral Scanner (MSS) images of the Manix Basin. Red is
MSS band 4 (800-1100 nm), green in MSS band 2 (600-700 nm), and blue is MSS band
1 (500-600 nm). Interstate 15 goes diagonally through the centre of the images. North is up and
active fields appear bright red in these images. The wind blows from west to east across the basin
causing sand blowouts to appear as bright areas east of the fields. Arrows indicate the progressive
appearance of sand mobilized from agricultural fields. 1997: An Airborne Visible Infrared
Imaging Spectrometer (AVIRIS) image of the same area taken in 1997, and processed to display
colours in the same way as in the MSS images. The relative sharpness of this image is due to the
higher spatial resolution of the AVIRIS instrument. The dark-red area C consists of two fields
covered with A. polycwpa while area A is an abandoned field with very little shrub cover. Both
areas exhibit dramatic sand blowouts downwind.
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Table 2. Direct and indirect disturbance for some selected fields in the Mantic Basin
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sand plumes. Thus, the occasional darkening of the sand blow-outs is inferred to be due
to annual vegetation related to winter rainfall. Annual cover can be relatively high in wet
years, but seldom lasts through the spring and summer months.

Anthropogenic disturbance in the Manix Basin may be separated into two types:
direct and indirect. Direct anthropogenic disturbance refers to human activities and the
consequence of those activities in the area in which they were performed. This includes
the actual fields, roads, pastures, corrals, trails, and so on that are affected by land
use practices. Indirect disturbance refers to the consequences of direct disturbance in
areas not directly disturbed. Our observations demonstrate that both direct and indirect
disturbance are extensive in the Manix Basin, and that they are coupled by wind erosion
and redeposition of wind-blown sediment.

Ray (1995) has reported that in 1985 agriculture in the Manix Basin reached its
greatest extent with 37 active central-pivot irrigated fields accounting for 3062 ha of land
in cultivation. Agricultural activity in the basin has decreased in the last decade. Thus, at
least 3000 ha of land have been directly disturbed in the Manix Basin. By areal analysis
of 1998 AVIRIS data, the relative areas of direct and indirect disturbance were identified
in the form of sand blow-outs, for some of the fields in the Manix Basin (Table 2). No
clear relationship was found between time of abandonment nor of cultivation with the
magnitude of indirect disturbance. All fields were located in soils with sandy or loamy
sand soils, the dominant soil textures in the basin (Tugel & Woodruff, 1978).

Sand may be blown several kilometres beyond the downwind boundary of a field and
therefore the area of indirect disturbance can exceed the directly disturbed area by
several-fold. With 3000 ha of land directly disturbed in the basin, 3000 to 9000 ha of
land may be expected to be indirectly disturbed by agriculture. This sums to
6000-12,000 ha total disturbance or 15-30% of the total basin floor area, and approx-
imately 23-45% of the non-playa area of the basin. Other disturbances, such as housing
developments and roads are also present in the basin, while large areas of the basin are
taken up by the Coyote and Troy playas. Anthropogenic degradation appears to have
a major impact on land quality and status in the Manix Basin.

Field observations in the Manis Basin

Direct disturbance

Before the fields of the Manix Basin could be cultivated they were cleared of vegetation.
Vegetation cover shelters the soil from the erosive force of the wind by: (1) reducing the
force of the wind near the ground; (2) extracting momentum above the surface (Wolfe
& Nickling, 1993); and (3) trapping soil particles in transport (Lancaster & Baas, 1998).
Tillage destroys fragile surface armours, thereby reducing the threshold shear velocity
(Gillette a al., 1980; Gillette, 1988; Tegen & Fung, 1955; Lopez, 1998). Vegetation
removal and soil cultivation, therefore, have the combined effect of dramatically
increasing soil erodibility in the Manix Basin (as seen in Fig. 1). Mechanical agriculture
itself visibly mobilizes dust and sand on windy days and ensures that the soil surface is
exposed for at least part of the year. Active fields, therefore, become sustained sources of
material for aeolian transport immediately upon clearing.

The magnitude of deflation associated with wind erosion of agricultural fields in the
Manix Basin is difficult to quantify. However, in one agricultural field in the Manix
Basin abandoned about 30 years ago (Fig. 1, area F), wind erosion has led to an average
deflation rate of more than 1 .5 cm per year, as evidence by wind excavation of buried
irrigation pipes. These pipes provide a rare field constraint on deflation, as the vertical
feeder sections were once flush with the ground.

Areas that have been cleared to vegetation and then abandoned follow one of two
principal trajectories with respect to their vegetative cover. Areas may be recolonized
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Table 3. Percent cover by species in undisturbed desert compared with areas on
abandoned central-pivot agriculture fields

Undisturbed	 On-field	 On-field
(low-cover)	 (high cover)

Larrea tridentata +8% 0-8% 0-0%
Ambrosia dumosa 14% 0.4% 0.0%
Atriplex polycarpa 0-8% 32.5%

Total fractional cover 6.7% 9-5% 32.5%

Plant counts were carried out in February 1998 and April 1999 in 5-m radius circles.
The 'Undisturbed' plant cover data represent three sites with 12, 4, and 12 replicates, respectively.
The 'On-field (low cover)' data represent two sites with 12 replicates each. The 'On-field (high cover)' data
represent one site with 8 replicates.

principally by A. polycmpa, a perennial shrub, and annual exotic grasses such as
Schismus. Perennial vegetation cover estimates from various sites in the Manix Basin are
shown in Table 3. We found 8 to 30% cover a A. polycarpa on abandoned fields, while
undisturbed areas typically have approximately 5 to 7% cover, dominated by L.
tridentata. In some cases, only the upwind portions of abandoned fields support a low
cover of A. polycarpa, even after a decade or more of disuse. This may be due to the fact
that fetch, and therefore, mass transport rate of the wind, is lowest here, minimizing
plant abrasion and seed removal. These fields have only been abandoned for at most 30
years, and are nowhere near the 65 years Carpenter a at (1986) estimate for a creosote
bush scrup community to approach climax conditions nor the several hundred years
estimated by Vasek a at (1975). Stylinski & Allen (1999) have suggested that in arid
shrublands, altered stable states can occur if a community is pushed beyond its threshold
of resilience by anthropogenic disturbance. The dramatic differences between
abandoned agricultural fields and undisturbed desert in the Manix Basin after several
decades certainly argue for centuries for recovery, if it occurs at all.

Some of the abandoned fields in the Manix Basin do not support any native perennial
vegetation, even after a decade or more of disuse. This may be explained by: (1)
transport of sand by wind over the exposed soil surface killing young seedlings; and/or
(2) absence of climatic or soil conditions suitable for plant germination (Lovich & Bain-
bridge, 1999). In an experiment aimed at restoring Mojave Desert farmland by seeding
native plants in order to reduce dust emissions, Grantz a at (1998) found A. canescens
could be established in areas without deep sand. However, 'this revegetation was
achieved in an anomalous year with above average and late rainfall that eliminated early
competition from annual species and later fostered abundant shrub growth. This success
was not reproducible in more normal years'. Thus, natural germination of native
perennial vegetation on abandoned fields may be rare, explaining the lack of cover on
some abandoned fields in the Manix Basin. The importance of germination conditions
highlights the dramatic role of interannual climate variability and long-term regional
climatic conditions on the response of these ecosystems to human disturbance. Bare
fields in the Manix Basin may be expected to take much longer than the vegetated fields
to approach climax conditions, if they recover at all.

Once fields are abandoned, they serve as sources of wind-borne sediment at least until
a deflationary soil pavement is re-established or they are some how crusted (Lopez,
1998). Landsat MSS and AVIRIS imaged in Fig. I depict the mobilization of sand from
abandoned agricultural fields in the Manix Basin. Area C, which appears as dark red in
the 1997 AVIRIS image, is a set of two fields abandoned in the early 1980s according to
Landsat images of the basin from 1973 to 1992; area A was abandoned in 1988 (Ray,
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Figure 2. Photograph taken in an abandoned field in the Manix Basin after a fire in the summer
of 1998 showing the response of highly disturbed areas to fire. Prior to the fire, this abandoned
field had been covered with approximately 30% cover of A. polyanpa. Most individuals in the path
of the fire in the area of high A. polyanpa cover were killed as shown here. Nearby, in adjacent
undisturbed desert, only the annual grasses burned and perennial plant mortality was low.

1995). Areas downwind of both fields show significant sand encroachment even though
area A has almost no cover and C has relatively high ( —30%) A. polycarpa cover. Thus,
even after regrowth of A. polycarpa, abandoned fields remain sources of aeolian sand.
High A. polycatpa cover may increase roughness length and decrease boundary layer
velocity, but once the soil crust was removed, these soils clearly remained.

A notable consequence of the trajectory that areas of direct disturbance follow is their
potential response of fire. Lovich & Bainbridge (1999) have reported a 10-year average
of 175 fires in the Mojave and Colorado deserts of California that affected an
average of 10,927 ha annually. Besides this, there are no published definitive studies of
fire return intervals or typical areas burned in individual fires in the Mojave Desert.
Nonetheless, it is clear that fire has only recently become a factor in shaping the structure
and dynamics of plant communities in the Mojave Desert. In prehistoric times, limited
biomass, large intershrub spacing, low combustibility of some native plants and sparse
ground cover to support and propagate combustion are thought to have led to very low
fire frequencies. The recent proliferation of exotic annual plants has increased the fuel
load and fire frequencies in many ecosystems around the world have increased in recent
years (Lovich & Bainbridge, 1999).

A fire in the Manix Basin that occurred in June 1998 indicates that areas of high
A. polycarpa cover have different fire responses than undisturbed areas or aban-
doned areas of direct disturbance with little or no vegetation regrowth. After the 1998
Manix Basin fire, the mortality of nearly all shrubs on the A. po/ycarpa-covered aban-
doned field was observed. The same fire burnt a nearby undisturbed area dominated by
L. tridentata and A. dumosa. Here, the fire killed few shrubs and was only sustained in
areas with a dense cover of exotic annual grasses as a type of under-storey fire. A fire in
an abandoned field covered with A. polyanpa, therefore, re-exposed the soil surface to
wind erosion while a fire in an undisturbed area has little effect on the landscape
(Fig. 2). Disturbed areas that are subsequently burned therefore are likely to have much
longer recovery times than their unburned neighbours, both due to fire mortality and the
enhanced vulnerability of burnt landscapes to wind erosion.
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Figure 3. Photograph taken downwind of an abandoned field in the Manix Basin in the spring of
1988 displaying evidence of active sand movement (sand ripples) and plant mortality. The plants
in the foreground are L. tridentata and A. dumosa individuals that have been buried, abraded and
ultimately killed by the encroaching sands.

Indirect disturbance

Indirect disturbance in the Manix Basin primarily takes the form of redeposition of
wind-borne sediments onto previously undisturbed adjacent lands. Three types of
material are removed from abandoned agricultural fields by wind erosion: saltation-sized
particles, suspension-size particles, and organic litter. The removal of all three con-
tributes to indirect disturbance. Saltation of large particles results in their redeposition
wherever wind velocities drop, typically in adjacent, downwind vegetated areas or in the
lee of plants growing on the field itself.

The encroachment of blowing sand into adjacent shrublands has dramatic conse- .
quences for the landscape. Field observations indicate that blowing sand abrades plants,
resulting in leaf stripping and damage to the cambium and therefore to the plant's ability
to distribute and use water. Young plants are especially vulnerable to the effect of
blowing sand as they lack woody tissue. This results in the suppression of revegetation in
bare areas and the loss of vegetation on adjacent lands. Nitrogen-fixing microbial
communities and cryptobiotic crusts are buried by sand, reducing inputs of nitrogen to
the soil (Belnap a at, 1993; Evans & Belnap, 1999).

Blowing sand creates dunes in the wind-shadows of plants. Inspection reveals that
these dunes typically have a coarser texture than the material from which they were
derived, a result of the progressive removal of fines in a continual process of winnowing
(Gibbens a at, 1983; Hennessy a at, 1986; Lyles & Tatarko, 1986). Dunes can
grow and coalesce resulting in: (1) burial of large plants not able to grow fast enough
to keep up with dune growth; (2) burial of all vegetation including very young shrubs
in inter-shrub spaces; and (3) complete blanketing of the soil surface by sand.
The persistence of branches and twigs from buried or abraded vegetation decreases
the erodibility of the surface, but with time these disintegrate (Fig. 3). Since new
vegetation growth is inhibited by blowing sand, the ability of vegetation in stem erosion
is limited.
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Anthropogenic additions

Chemical fertilizers or other soil amendments are often added to agricultural fields to
increase productivity or soil workability. Inorganic salts also may be added inadvertently
to the soil as irrigation water evaporates. The transportation of materials from an area of
direct disturbance may be accompanied by the dispersal of these soil additives across the
landscape. The dispersal of salts by wind onto adjacent undisturbed areas may contri-
bute to the decreased plant growth on these areas by increasing osmolyte concentrations
in soil solutions. Okin et at (in press) have reported that Cl SOZ 2, and Na + are
significantly elevated on and downwind of an abandoned field in the Manix Basin
relative to the upwind areas as salts have spread with the moving sands. On the field,
Cl SO 2, and Na + accumulated at average rates of approximately 9 . 9, 30, 29% per
year, respectively over 7 years. This represents a dramatic addition of ions to the soil and
may limit the usability of these areas for extended agriculture or influence the recovery of
agricultural fields after abandonment.

Soil additives (including nitrate and phosphate) act as chemical tracers of mass flux
and determine the relative effects of physical abrasion and nutrient loss in propagat-
ing desertification in arid shrublands. Olcin et at (in press) have reported significantly
elevated concentrations of plant-available N and P on and downwind of an abandoned
field in the Manix Basin. Fertilizer has been broadcast across the landscape as the soil
from the field has been transported by wind. Despite elevated nutrient concentrations on
the abandoned agricultural field at Manix, the absence of shrubs on this field indicates
that recolonization of fields by native shrubs after their abandonment is not simply
related to nutrient content of the soils, but is dependant more on germination conditions
as suggested by Grantz et at (1998). The area immediately downwind of the fertilized
field has seen an increase in plant mortality and not a bloom in response to increased
nutrient concentrations. This indicates that abrasion and burial of vegetation may
dictate a landscape's response to wind erosion, especially in years without favourable
germination conditions.

Quantitative assessment

Are the observed rates of deflation and burial of adjacent lands that are suggested
quantitatively plausible in the Manix Basin? Using published threshold shear velocities
and equations for the flux of wind-borne sediments, we conclude that observed defla-
tion rates at the Manix basin are reasonable in light of literature values and theoretical
considerations. Our quantitative assessment thus provides insight into the magnitude
of deflation, redeposition of saltation-sized particles, and emission of nutrient-laden
dust.

With erosion and transport processes have been reviewed many times in the literature
(see for example Greeley & Iversen, 1985; Table 3 .5). Here, the analysis of Bagnold
(1941) will be followed because it is still prevalent in the modern literature of aeolian
transport and because it provides a simple method for determining the magnitude of
sand transport. From momentum considerations and simplifying assumptions about the
path of saltating grains, Bagnold derived a relationship for the horizontal mass flux of
saltating grains integrated over all heights:

fl pa 3
 U,

D g

where q is the horizontal mass flux in g cm -1 s -1 , U. is the shear velocity, d is the grain
diameter of the sand in question, D is the grain diameter of a standard 0 .25-mm sand,

(1)
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Pa is density of air, g is the acceleration due to gravity, and C is 1 .8 for a naturally graded
sand. Assuming that d = D, Bagnold's equation simplifies to

q = 1 . 5 x 10 -9 (U - U,) 3, (2)

where U is the wind velocity and U, is the threshold wind velocity measured at 1 m
height. U and U, are related to shear velocity, U., and threshold shear velocity, U.„
respectively, by Bagnold's formula:

--1Ù In (21),
k

where 11, is wind speed at height z,k is von Karmann's constant taken to be 0 .4, and zo is
the roughness length (Bagnold, 1941).

Shao & Raupach (1993) have shown from energetic considerations that vertical dust
flux due to suspension, F, in mass per area per unit time is linearly related to q. Based on
this, Gillette a aL (1997) have obtained a value for Fl q of 5 .4 x 10 -4 m -1 from wind
tunnel experiments, which is of the order of that for sandier soils (Gillette, 1977; Shao
& Raupach, 1993; Gillette a al., 1997) and is therefore applicable here.

For a field with cross-wind diameter, x, and area, A:

q x
arta/anon =

	

	 (4)
Ps A'

where pB is the bulk density of the soil and rate of deflation due to saltation, Arsa,,,„„„, is
expressed as cm year'. pB is taken to be 1 . 25 Mg m -3 for a dry, medium-texture

mineral soil (Brady & Weil, 1999), x is taken to be 750 m, and A = -7r X2 for a circular
4

field. Aix is a equivalent to erosive fetch. The total average mass rate of erosion is:

Fraud =q (1) + F q (f) ,
A	 A

and the total deflation rate (in cm year') is given approximately by:

„ +=	 +f),
p3 \A q

where the mass flux due to saltation, q, depends on a detailed wind record, zo, and U. by
equations (2) and (3).

The threshold shear velocity required to account theoretically for Ar T„,„, =
1 . 5 cm year in the Manix Basin was found iteratively using equation (6), Gillette
a at's (1997) value for F q = 5-4x 10 -4 m -1 , zb = 0-04 cm (an average of values
reported by Gillette a aL (1980) for non-playa, uncrusted soil), and the wind conditions
at Daggett Airport in the Manix Basin where wind speed has been collected hourly since
1961. U., was found to be 103 cm s -', well within the bounds of reported values for arid
agricultural soils of 20-132 cm s" (Gillette, 1988). These results indicate that empiric-
ally-understood processes can account for observations in the Manix Basin and, there-
fore, that it is reasonable to invoke these processes to drive indirect disturbance in the
conceptual model developed here.

The value q = 8-56 Mg m" year' calculated from U., = 103 cm s' by equation (2)
implies that the equivalent of 10 8-109 sand grains saltate through each metre of width
per year. In fact, considering that the majority of wind erosion occurs during storms of
a fe* days in duration, this constitutes an extremely concentrated attack on vegetation
and is capable of overwhelming plants' self-healing capabilities.

(3)

Arrow, = Ar,,h,

(5)

(6)
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The effect of abrasion acts in tandem with redeposition and dune forma-
tion to compromise vegetation in adjacent downwind areas. The total volume, V
in m3 year , of soil moved by saltation from an abandoned agricultural field is
given by:

where T is the time in years before the re-establishment of an armoured surface. If the
density of the soil is approximately the same after redeposition downwind, volume is
conserved and the average depth of burial is given by VI Ab , where Ab is the area buried
by the mobilized sand, which can be estimated from remote sensing imagery. Area C in
the Manix Basin (Fig. 1, Table 2) has been abandoned for 16 years and has a sand
plume downwind with an area of 241 ha. Using the value of q calculated above, we
estimate that the average depth of this sand plume is 6-8 cm. However, mobilized sand
usually accumulates in the wake of plants, leading to dunes larger than the average depth
of burial. In the Manix Basins we have observed dunes greater than 1 m in height. There
is currently no theory for determining dune height based on flux measurements or
calculations.

Using Gillette et al.'s (1997) value for Fl q, and reasonable values for xIA, q(xIA)
should always be greater than F, indicating that sand mobilization is more important as
a wind erosion process than dust emission is terms of mass loss. However, dust emission
represents the permanent removal of material from the regional ecosystem due to its
potential for long-range transport. Nutrients, especially P, are often concentrated on
small particles in soils (Avnimelech & McHenry, 1984; Leys & McTainsh, 1994).
Assuming constant suspension flux, the removal of nutrient i from the bulk soil at time
t may be written as:

F;i (t) = C;I (t) F, 	 (8)

where C;(0 is the concentration of soil nutrient i on the emitted dust and has
units of mass of nutrient per mass dust. F:1 (0, therefore, is in units of mass of
nutrient i lost per unit area per unit time. The mass per unit area of soil in a layer of
depth, D, is:

= AND, (9)

and therefore, the reservoir of nutrients in this layer is C: (t) MD, where C (t) is the
concentration of nutrient i in the soil.

Conservation of mass gives:

AC'D (t + dt) — (t) = C (t)Fdt, (10)

where NI:m (t) is the mass of nutrient i at time t in a layer of soil of depth, D. Under the
approximation that NP is constant with time, we can divide equation (9) by Ain
yielding:

GD (t + dt) — Ct° (t),cts. C;i (t) m—D dt, (11)

where CT° (t) is the concentration of nutrient i at time tin a layer of soil of depth, D. The
ratio of Cf (t) to C' (t) is assumed to be a constant, k, that is analogous to a chemical
fractionation factor for nutrient i between dust and the bulk soil.

Rearranging equation (10) yields:

dC; (12)
dt	 p RD
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Therefore, the time for the concentration of nutrient i in a layer of soil of depth D to drop
by 1/c times its original value is given by tP:

pRD tD

k,F	 k,'

where ti) is the time it takes to completely excavate a layer of depth D with a mass flux
rate equal to F. For D = 0 . 05 m (a typical sampling depth), F = 4. 62 kg m 2 year (at
U., = 103 cm s') and with a bulk density of F25 Mg m e is approximately 14 years.
Reported values of nitrogen enrichment in Australian arid zone soils are in the order of
10 (Leys & McTainsh, 1994; Carter a al., 1999), although Laney a aL (1998) have
reported values as low as 1.1.

Talbot a aL (1986) have reported concentrations of water-soluble N and P in Saharan
dust of 2-58 mg g - and 123 pig g' Using the inferred threshold shear
velocity of 103 cm s -1 and equation (7), we calculate N and P losses of 1200 mg cm -2
year (120 kg N ha"' year -1 ) and 57g cm -2 year (5 .7 kg P ha' year'), respect-
ively. Typical concentration of N and P reported by Schlesinger a aL (1996) in
undisturbed Mojave Desert soils are approximately 2 pig N g' 	 0 .66 pig P g
respectively. Comparing these values with those of Talbot et aL (1986) implies that
kN and lep may be as high as 10 1 -103 and therefore that tP may be as small as a few years.

Available N and P concentrations at a site in the Jornada Basin measured by Okin a aL
(in press) indicate approximately a 5-fold net loss of available N and a 3-fold net loss of
plant-available P in the 8 years since the establishment of the site. Thus, the e-folding
times of N and P, tf;, and tR, in this surface soil undergoing active deflation and aerosol
emission are inferred to be approximately 5-10 years. Wind erosion, therefore, impacts
soil fertility in areas of both direct and indirect disturbance on short timescales. This has
dramatic implications for nutrient availability in disturbed areas, especially for seed
germination in surface soils where the degree of nutrient depletion will be greatest.

Conclusions

Anthropogenic desertification of arid shrublands

Extensive remote sensing, field, and quantitative assessment of arid land degradation in
the Manix Basin leads us to conclude that in arid shrublands direct anthropogenic
disturbance resulting in the destruction of soil crusts and vegetation cover can cause
indirect disturbance of adjacent areas by initiating the disintegration of islands of
fertility. Figure 4 illustrates a proposed model for the degradation of arid shrublands
based on these observations. The inferred sequence can be visualized as:

(1) Transport of sand from disturbances resulting in deflation of the disturbed
surface.

(2) Mobilization of dust and plant litter by wind, depleting the soils of nutrients in
areas of direct disturbance.

(3) Damage to and burial of plants by saltating sand in adjacent downwind areas.
(4) Reduction of vegetation cover downwind, leading to an expanding area in which

wind removes dust and litter material, depleting the soils of nutrients.

A feedback threshold may be reached when these mechanisms act to dramatically
reduce shrub cover in previously undisturbed areas. The accessibility of this threshold is
related to allogenic changes in regional climate and interannual variability. Reduced
precipitation or increased temperature may exacerbate landscape vulnerability and
cooler, wetter conditions may aid amelioration.

(13)
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Figure 4. Process model for shrubland degradation developed from observations at the Manix
Basin, California. Direct disturbance through vegetation, crust, or pavement destruction drives
aeolian transport which leads to indirect degradation in the form of reduced cover in adjacent
areas.

Nutrient relations and soil resources

Shrubs are the loci of nutrient accumulation and represent islands of fertility in shrub-
land ecosystems (Schlesinger et at, 1990). How then does wind erosion affect soil
resources in degraded shrublands?
. Nutrient removal from islands of fertility has three main mechanisms: (a) physical
removal of litter and organic matter by the wind; (2) wind suspension of dust particles
with a high concentrations of plant nutrients (Leys & McTainsh, 1994); and (3)
retarded accumulation of organic N due to increased surface and air temperatures (Post
et al., 1985). In areas of indirect disturbance, the mantle of winnowed dune sand may
lead to decreased fertility of the surface soil, which is vital for seedling establishment.
Areas of direct disturbance which are the sources for dune sand will also become less
fertile through preferential removal of fines by wind Removal of litter beneath shrubs
limits the future availability of organic N and C to plants (Lyles & Tatarko, 1986;
Schlesinger & Pilmanis, 1998).

Islands of fertility associated with shrubs are normally sites for recolonization by
seedlings (Schlesinger & Pilmanis, 1998). These young plants are more vulnerable to
sand abrasion and burial than their mature predecessors and their establishment may be
limited. In many areas adjacent to abandoned agricultural fields in the Manix Basin,
shrub sites are generally not recolonized and become areas of soil nutrient removal,
effectively dismantling the islands of fertility. Schlesinger & Pilmanis (1998) have
reviewed field experiments in which shrubs have been removed by cutting, herbicides, or
fire. These studies show variable rates of soil degradation, but in each case, 'a loss of the
local biogeochemical cycle associated with shrubs has allowed physical processes to
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disperse soil nutrients across the landscape'. Thus, the progressive reduction in fertility
acts in tandem with the mechanical action of sand to further decrease shrub cover which,
in turn, increases the susceptibility of the land of wind erosion. The permanent removal
of suspension-sized particles from the soil by wind erosion results in a change of the soil
texture, which may also reduce soil binding properties, resulting in increased wind
erodibility.

In a study aimed at determining the effect of wind erosion on nutrient availability,
Okin et all (in press) have measured available N and P at a disturbed site in the Jornada
LTER site in south-central New Mexico. Their results indicated that surface soils
upwind of the disturbance are richer in available N and P than those from downwind, if
the soils from the upwind transect are considered representative of the original condi-
tions throughout the study site. This indicates approximately a 5-fold net loss of
available N and a 3-fold net loss of plant-available P from the soils blown off of the
disturbed area. In addition, the site itself lost nearly 94% of its available N and nearly
79% of its plant-available P. Similar results have been reported by Leys & McTainsh
(1994) in Australia.

The nutrient cycle may be further disrupted when soil microbial communities are
buried or destroyed by blown sand, minimizing their ability to fix atmospheric nitrogen
and add it to the nutrient reservoir of the soil. The burial of cryptobiotic crusts also
reduces their ability to enhance infiltration of water leading to decreased near-surface
soil moisture (Belnap et aL, 1993; Belnap, 1995).

It has been suggested by Gibbens a al. (1983), Lyles & Tatarko (1986), Hennessy
et all (1986), and Leys & McTainsh (1994) that permanent removal of suspension-size
particles from the soil by wind erosion may reduce water-holding and cation-exchange
capacities. This may result in less water in the surface soil, marginalizing the water
balance of desert shrubs and increasing their susceptibility to drought and climate
change. On short hmescales, this may be particularly important for the establishment of
annual grasses. In wet years, these grasses form a carpet that reduces the susceptibility of
soils to wind erosion (Lancaster & Baas, 1998). In dry years, decreased near-surface soil
moisture makes the landscape more vulnerable to wind erosion. Dust storm frequency
has been correlated with reduced soil moisture, indicating that soil erosion and nutrient
removal are accelerated by decreased soil moisture (Brazel & Nickling, 1987).

Lessons for land managers

Several aspects of the arid shrubland degradation' observed at the Manix Basin can
provide lessons for land management in these environments. Wind erosion is the
principle mechanism of degradation in arid shrublands on basin floors. The principle
consequences of land degradation are therefore:

(1) sand blasting of vegetation and equipment;
(2) burial of vegetation and equipment;
(3) dust emissions leading to decreased nutrient availability, cation-exchange capa-

city, water-holding capacity, and atmospheric pollution.

For virgin lands, not already converted to human uses, we stress that if possible, arid
shrublands with sandy wind erodible soils should not be used for many activities. These
are extremely fragile lands, the degradation of which could easily upset marginal
economic gains from their cultivation or make recreation and habitation impossible.
Furthermore, disturbance of arid shrubland landscapes may disturb successional pro-
cesses, resulting in permanent landscape change. Where development is deemed neces-
sary, planning must precede plowing. The principle consideration must be the wind
erodibility of soils. In the United States, county-wide soil surveys typically provide
information on soil texture. Soils of sandy or loamy sand textures, even when covered by
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a thin layer of protective crust (deflationary crust, desert pavement, or cryptobiotic
crusts), are very vulnerable to wind erosion. Activities which break up soil crusts and
destroy vegetation are best avoided. High-risk activities include agriculture, grazing,
ORV recreation, and military training. Roads, when necessary, should be situated to
minimize the area of wind-erodible soils affected. The location of natural wind
breaks such as trees, hills, and mountains should also be used to determine the location
of planned developments.

For land already under cultivation or used for recreational purposes, we suggest
technological and logistical methods for minimizing the effects of wind erosion in
local vegetation, crops, and infrastructure. Equipment, sheds, and other buildings
should be situated upwind of fields so that they are not sandblasted or buried. Fields,
likewise, should not be situated such that one is close to and downwind of another, or
else sand eroded from one will be deposited on another. Talbot (1947) has observed that
uncultivated areas between fields in the extremely sandy western lowlands of the Cape
Province, South Africa, may stem wind erosion and keep redeposition of sand from
occurring in undesirable places. Other wind breaks, preferably indigenous plants which
do not need to be watered after establishment, will also help stem erosion. Attempts must
be made to keep vegetation on fields as much as possible. In light of this, nitrogen-fixing
cover crops may be planted which would minimize erosion and add nitrogen when tilled
back into the soil. Fallow periods, especially in the windiest time of the year should be
avoided, and cover crops planted instead. Fertilizers may need to be added every few
years, when significant nutrient loss is detected and when nitrogen-fixing cover crops are
not sufficient to renew the soil resources. When abandoned, fields should be planted
with a final, long-lived perennial indigenous cover that will help minimize wind erosion
for years to come, and will allow natural succession processes to take place.

Novel management techniques may provide the best opportunities for sustainable
management of arid shrublands. We suggest yearly monitoring of soil nitrogen and
phosphorous in order to identify times or places where dust emission has significantly
depleted the soil of nutrients. Where possible, use should be made of remote sensing and
precision farming technologies to ascertain soil condition and to respond appropriately.
Carter a al. (1999) have reported success in stemming erosion and improving soil
conditions by adding clays of sub-soil origin to sandy soils in Western Australia. These
and other techniques could be used to dramatically improve the sustainability of
agriculture in arid lands.

Agriculture in the Manix Basin is a good example of unregulated and unmanaged
human activities for short-term gain leading to long-term loss of value. As farming in the
basin has became less profitable, farmers, simply abandoned the land to natural degrada-
tion processes without implementing long-term remediation strategies. A principal lesson
from this area, therefore, is that policy mandates and financial incentives need to be put
in place which promote soil conservation initiatives during land-use and require restora-
tion of the landscape after cultivation stops. Efforts at remediation do not need to
focus on restoring the environment to its pristine condition, although this is preferable.
Instead, they can focus on halting or slowing soil erosion of planting long-lived, native, and
perennial shrubs that will partially protect the surface. Funds for post-agriculture remedi-
ation should be earmarked before cultivation begins, and must be considered a part of the
cost of business in vulnerable lands. In this way, remediation becomes the responsibility of
the short-term land-user and not someone else's long-term problem.

Regional drivers and effects

In addition to the increasing intensity of human disturbance, arid lands are affected
by changes in regional climate. How might climate change affect arid shrubland
degradation?

JARE 20000711



DEGRADATION OF SANDY ARID SHRUBLANDS 	 17

The 1980s and 1990s—the decades in which large areas of the Manix Basin were
abandoned from agriculture and in which the greatest land degradation has been
seen—were neither unusually windy nor dry. The annual average wind speed for the
period 1961 to 1990 was 5 . 5 m s -1 , identical to the period of 1980-1989 (National
Climate Data Center, 1993). Annual precipitation was only slightly higher between
1970 and 1990 than for the period 1941 to 1997 (Table 1). When the decadal-scale
regional climate in the Manix Basin shifts to a windier or drier period, the area
affected by nutrient loss and aeolian sand mobilization may be expected to increase
dramatically.

There has been much discussion about the relative importance of human vs. indirect
climate drivers of desertification. Both can have a dramatic impact on the landscape
(Schlesinger et al., 1990; Brown a al., 1997). Climate change may either increase or
decrease anthropogenic effects on a landscape. For example, during wetter than
average years, the presence of annual grass cover greater than about 15% halts wind
erosion, and increased soil moisture leads to higher threshold shear velocities (Brazel
& Niclding, 1987; Lancaster & Baas, 1998). In drier than average years, threshold shear
velocity may be lower due to decreased soil moisture, and annual cover is greatly
reduced leading to accelerated degradation. In the northern Mojave Desert, Schultz
& Ostler (1993) have reported a dramatic decrease in total plant cover after only 4 years
of drought. Clearly, resistance to climate-induced changes is dependent on the degree of
anthropogenic disturbance and vice versa. Thus, regional decadal-scale climate condi-
tions may be expected to dramatically influence the rate of arid shrubland degradation.

Extrapolation to other areas

The primary driving mechanism in the process model developed from observations in
the Pleistocene paleolake Manix is the aeolian mobilization of sand, dust, and litter
material as initiated by anthropogenic disturbance of the surface crust and vegetation
cover. Any process that destroys the surface crust in an arid or semi-arid shrubland and
increases the boundary layer velocity over a soil with saltation- and suspension-size
particles will result in the progressive devegetation of the downwind area. Thus, our
model can be extended to incorporate any arid or semi-arid shrubland with a source of
wind-erodable material.

Other land forms in the arid south-west

Any arid shrubland with a source of wind-erodable, fine-grained material at the surface
may be susceptible to anthropogenic degradation. Our study of the Manix Basin
indicates that arid shrublands on Pleistocene paleolake beds are especially susceptible to
anthropogenic degradation. Pleistocene lacustrine deposits are common in basin floors
throughout the arid south-western United States, where large, shallow pluvia 1 lakes
existed during the Last Glacial Maximum (Smith & Street-Perrott, 1983; Morrison,
1991a, b). Closed basins that were once Pleistocene lakes exist in many now-arid areas
throughout the globe. The degradation observed in the Manix Basin is simply an
example which can be applied to similar geological environments globally. They exhibit
qualities that make them amenable for many human uses, such as very low slopes, little
or no relief, subsurface water resources, and fine-grained sediments suitable for farming
or other activities. Thus, the areas of greatest potential usefulness are also susceptible to
serious degradation.

The armoured soils of desert bajadas—defined as broad, gently inclined alluvial
surfaces extending from the base of mountain ranges to inland basins—may also be
susceptible to a similar process of human-induced degradation. Although these soils are
typically too gravelly or steep to be used for agriculture, these landforms may be wind
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erodible when disturbed by human activities. When present, the soil armour has been
argued to develop through the 'born at the top' model of McFadden et at (1987),
wherein fine, wind-mobilized particles are trapped by surface cobbles that float atop the
accumulation of fine-grained material. Removal of the very stable desert pavement
therefore exposes a layer of extremely wind-erodable wind-derived material, sometimes
metres thick. Anthropogenic disturbance in these areas is likely to have profound
consequences. Certainly, 'born at the top' pavements downwind of areas of active dunes
will be at high risk of degradation should be cover of protective pebbles be disturbed.
Other soils of aeolian origin, including stabilized dunelands, will similarly be susceptible
to anthropogenic degradation of the type discussed here.

Cryptobiotic soil crusts—communities of cyanobacteria, lichens, and mosses—are
found throughout the world's deserts. These crusts bind fine soil particles by linked
cyanobacterial fibres which protect the soil from wind erosion. Belnap (1995), Williams
et aL (1995), and Marticorena et at (1997) have suggested that the presence of
cryptobiotic crusts dramatically decreases wind and water erosion. When disturbed,
cryptobiotic crusts lose most of their protective qualities allowing mobilization of the
underlying mineral soils. Shrubland areas with widespread cryptobiotic crusts are thus
also vulnerable to progressive degradation should human activities disturb these fragile
soil crusts.

Global implications

The problem of wind-induced land degradation is not limited to the south-western
United States. Greater use of mechanized agriculture in arid regions throughout the
world, as well as other land-use demands, is increasing the amount of arid and semi-arid
shrublands brought into cultivation or under human influence (see, for example, Luk,
1983; Kealah, 1989; Khalaf & Al-Ajmi, 1993; Zha & Gao, 1997; Kasusya, 1998;
Khresat et at, 1998; Koch & El Baz, 1998; Mitchell et aL, 1998). This trend, linked with
political/economic instability or the marginal and water-limited nature of arid land
agriculture, makes sustainable arid region agriculture especially challenging.

Nations with a large proportion of their territory situated in arid environments with
wind-erodible soils are particularly vulnerable to the consequences of land degradation.
Great care needs to be employed in the responsible stewardship of these lands to
promote sustainable agricultural, and economic and social development.

Summary

Aeolian mobilization of dust, sand, and litter triggered by anthropogenic disturbance
contributes to the destruction of islands of fertility by killing shrubs through burial and
abrasion. This interrupts nutrient-accumulation processes and allows the loss of soil
resources by abiotic transport processes. The resulting reduction of vegetation cover, in
turn, increases susceptibility to wind erosion.

Land degradation processes necessarily exist in the context of regional climate and
can either be bolstered or hindered by climatic conditions and changes, a fact that makes
the rate of degradation ultimately climate-related. The process model developed here
suggests various remediation techniques to halt shrubland degradation, but ultimately
indicates that development of landscapes susceptible to wind erosion should be avoided
where possible.

In the face of largely unsustainable socioeconomic factors, the vulnerability of arid
lands to degradation argues for the development of linked degradation process models
and monitoring strategies in order to minimize environmental damage and to promote
sustainable management of human activities in arid lands. The dramatic landscape
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changes that accompany arid shrubland degradation can be monitored using present
and future remote sensing techniques and technologies. When informed by process
models, such as the one presented here, remote monitoring tools may be used in the
future to identify areas at risk of runaway degradation before large areas are adversely
affected.

Globally, degradation of already-marginal arid lands represents a dramatic threat to
local populations, food resources, and regional stability. Presently, the United Nations
Convention to Combat Desertification is before the United States Senate for ratification.
This treaty provides for scientific and technical exchange to combat desertification. The
processes of arid land degradation must be understood, effective monitoring tech-
niques developed, and effective remediation and management techniques imple-
mented to avoid costly and prolonged environmental crises. The model presented here
represents a small step in attaining these goals.

The authors wish to thank Drs Lancaster, Gillette, Monger, and Meek for their useful comments
on the manuscript.
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There are two subspecies of Burrowing Owls in North America (Dechant et al. 2003, Joluisgard 1988).
The breeding range of Athene cunicularia hypugaea extends south from southern Canada into the
western half of the United States and down into Baja California, Mexico, and central Mexico. A.
cunicularia floridana occurs in Florida and adjacent islands. The winter range is similar to the breeding
range except that most owls from the northern areas of the Great Plains and Great Basin migrate south
(Haug etal. 1993).

MANAGEMENT STATUS:

California Species of Special Concern. Protected under the Migratory Bird Treaty Act and as a "bird of
prey" under the Raptor Recovery Act. Included in the National Audubon Society's first Blue List of bird
species undergoing non-cyclic population declines and extreme habitat loss. In Arizona it is a species of
special concern and is considered a BLM Sensitive Species.

DISTRIBUTION:

HISTORICAL BREEDING DISTRIBUTION:

Burrowing Owls were once a common, locally abundant species throughout much of California and
Arizona. By the 1940s', Burrowing Owls had become scarce in many portions of the desert southwest as
a result of shooting and elimination of ground squirrel burrows (Grinnell and Miller 1944). During the
last 10-15 years, Burrowing Owls have been extirpated from approximately 8% of their former range (J.
Barclay, pers. comm. in Klute et al. 2003) including Sonoma, Mann, Santa Cruz, and Napa counties.

CURRENT BREEDING DISTRIBUTION:

Burrowing Owls are widely distributed in proper habitat throughout the lowlands of the state, but rare
along the coast north of Mann County and extremely rare east of the Sierra Nevada crest (Small 1994).
Burrowing Owls are fairly common residents along the Lower Colorado River Valley (Rosenberg et al.
1991) and around the agricultural areas of the Imperial Valley. They are rare in the undisturbed desert
areas of the eastern and southeastern portion of California (Small 1994). Breeding in Central California
has been reduced to only three isolated populations: the Central Valley, southern San Francisco Bay
between Alameda and Redwood City, and near the Livermore area (DeSante et al. 1997).

ECOLOGY:

AVERAGE TERRITORY SIZE

Nesting territory size was 4.8-6.4 ha in Minnesota (n = 2) and 4-6 ha in North Dakota (n = 5-9 pairs)
(Grant 1965). Foraging areas are considerably larger than nesting areas. In s. Sackatchewan, mean
foraging territory size for males ranged from 14 to 481 ha (Haug 1985, Haug and Oliphant 1990). Home
range and foraging area may overlap between different pairs, with only the burrow being actively
defended (Coulombe 1971, Johnsgard 1988).

FOOD HABITS

FORAGING STRATEGY:

Burrowing Owls hunt by walking, running, hopping along the ground, flying from a perch, hovering,
particularly over tall vegetation, and fly-catching in mid air. Prey is caught with the feet then transferred
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to the beak for carrying and is presented to the female or chicks. Burrowing owls are known to cache
food in their burrows. They hunt throughout the 24-hour day, but are mainly crepuscular, hunting at
dusk and dawn. Burrowing Owls tend to hunt insects in daylight and small mammals at night. Their
keen binocular vision is very useful because they hunt mostly in the early evening and into the night
(Corman and Wise-Gervais 2005) When hunting from a position on a fencepost, they use a bobbing
motion which amplifies the effect of their binocular vision and provides depth perception.

DIET:

Burrowing Owls are opportunistic, primarily feeding on arthropods (grasshoppers, beetles, scorpions,
other ground insects), small rodents, amphibian, reptile species, birds (especially doves), and carrion
(Zarn 1974, Tyler 1983, Johnsgard 1988, Thompson and Anderson 1988, John and Romanow 1993).

BREEDING HABITAT:

Burrowing Owls nesting habitat consists of open areas with mammal burrows. Habitats include dry open
rolling hills, grasslands, fallow fields, sparsely vegetated desert scrub with gullies, washes, arroyos, and
edges of human disturbed lands (Small 1994, Klute et al. 2003). They inhabit golf courses, airports,
cemeteries, vacant lots, and road embankments, wherever there is sufficient friable soil for a nesting
burrow (Haug et al. 1993).

SITE FIDELITY

Individual Burrowing Owls have moderate to high site fidelity to general breeding areas, prairie dog
colonies, and even to particular nest burrows (Klute et al. 2003). Burrow and nest sites are reused at a
higher rate if the bird has reproduced successfully during the previous year. In non-migratory
populations, they use and maintain burrows year-round (Haug et al. 1993).

NEST SITE:

Favored nest burrow sites are those in relatively sandy sites (possibly for ease of modification and
drainage), areas with low vegetation around the burrows (to facilitate the owl's view and hunting
success), holes at the bottom of vertical cuts with a slight downward slope from the entrance, and
slightly elevated locations to avoid flooding. In addition to burrows, the owls also require perching
locations and frequently use fence posts or the top of mounds outside the burrow.

NEST CONCEALMENT

Before the start of egg laying, adults will often adorn their burrows with various types of ornaments
believed to help disguise the owls' scent such as animal dung, shredded paper, cigarettes butts, and
pieces of torn cloth.

NEST TYPE:

The nest burrow is a long underground burrow lined with grass and roots (Corman and Wise-Gervais
2005). Burrowing Owls typically use burrows created by other animals such as prairie dogs, kangaroo
rats, ground squirrels, especially the California ground squirrel (Collins 1979), kit foxes, and desert
tortoises.

BREEDING BIOLOGY:
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BREEDING TERRITORY SIZE AND DENSITY:

Nesting densities vary from eight pairs per 1.5 km 2 in optimal habitat to one pair per 58 km2 in poor
quality habitat (Johnsgard 1988).

DISPLAYS:

Grant (1965) observed a display flight characterized by rapid ascent of approximately 30 m, hovering
for 5-10 seconds, rapid descent of 15 m and repeat of this sequence. Thomsen (1971) observed circular
flights of approximately 40 m in diameter performed mainly by males. Other displays observed near the
nest burrow include mutual billing and preening of head and facial areas, presentation of food to female,
male singing Primary Song (Haug et al. 1993).

MATING SYSTEM:

Monogamous (Ehrlich et al. 1988). In non-migratory populations of California, both pair retention and
pair splitting observed (Thomsen 1971).

CLUTCH SIZE:

7-9 eggs (Ehrlich et al. 1988).

INCUBATION:

The female incubates the eggs and the male is responsible for providing her with food during this period.

INCUBATION PERIOD:

21 to 28 days (Ehrlich et al. 1988).

DEVELOPMENT AT HATCHING:

Altricial.

NESTLING PERIOD:

The owlets open their eyes and begin to show evasive behavior at 5 days (Baicich and Harrison 1997).
At approximately two weeks of age, chicks will huddle around the entrance of the burrow to await food
(Johnsgard 1988). Chicks are able to take short flights at 4 weeks of age, and can fly well by 6 weeks of
age. Fledging occurs at 44 days (Landry 1979).

PARENTAL CARE:

Male does all the hunting while young require brooding. Female begins hunting as young become less
dependent (Haug et al. 1993). Burrowing Owls often relocate chicks to "satellite" burrows to
presumably reduce the risk of predation (Desmond and Savidge 1998) and possibly to avoid nest
parasites (Dechant et al. 1999).

POST FLEDGING BIOLOGY OF OFFSPRING:
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Dispersing young use satellite burrows in the vicinity of their natal burrows for about two months after
hatching before departing the natal area (King and Belthoff 2001).

NUMBER OF BROODS:

Burrowing Owls typically raise one brood per year, but replacement clutches are often laid if the first
attempt is lost (Corman and Wise-Gervais 2005).

BROOD PARASITISM:

Never observed (Haug et al. 1993).

LANDSCAPE FACTORS

ELEVATION:

Burrowing Owl nests have been found from 200 feet below sea level at Death Valley up to 12,000 feet
at the Dana Plateau in Yosemite (CDFG 2000).

FRAGMENTATION:

In California, Burrowing Owls have shown incredible tolerance for human encroachment and
degradation of native habitats. The primary criterion for Burrowing Owl occurrence is a nest burrow
(Klute et al. 2003).

DISTURBANCE:

Although Burrowing Owls are relatively tolerant of lower levels of human activity, human-related
impacts such as shooting and burrow destruction adversely affect this species (Zam 1974, Haug et al.
1993). Artificially enhanced populations of native predators (e.g., gray foxes, coyotes) and introduced
predators (e.g., red foxes, cats, dogs) near Burrowing Owl colonies are also problematic (Zeiner et al.
1990). Burrowing Owls also get tangled in loose fences, abandoned wire, fishing line, rat traps, and
loose string/yam.

ADJACENT LAND USE:

Loss of Burrowing Owls on private lands within urban areas is expected under current land-use
regulations (Klute et al. 2003). Because of the large numbers of Burrowing Owls that reside within the
agricultural matrix of the Central and Imperial valleys, change in methods of farming practices,
particularly water conveyance, is likely to impact Burrowing Owl numbers (Rosenberg and Haley In
press).

PESTICIDE USE:

A significant negative impact on survival and reproductive success, believed to be due to direct toxicity,
was observed when Carbofuran, a carbamate insecticide, was sprayed over nest burrows (James and Fox
1987). Burrowing Owls have been incidentally poisoned and their burrows destroyed during eradication
programs aimed at rodent colonies (Zarn 1974, Remsen 1978, Collins 1979). Indirect mortality due to
contaminated prey may be significant, but this is unknown to date (Haug et al. 1993). Municipal
governments and agricultural representatives should be encouraged to reduce or restrict the use of
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pesticides and to use pesticides of low toxicity to nontarget species (Thomson 1988).

PREDATORS:

Documented predators at burrows include badgers, skunks, snakes, domestic cats and dogs, and weasels.
Burrowing Owls found as prey remains in Swainson's Hawk (Buteo swainsoni) and Ferruginous Hawk
(B. regalis) nests. Merlins (Falco columbarius), Prairie Falcons (F. mexicanus), Peregrine Falcons (F.
peregrinus), Great Homed Owls (Bubo virginianus), Red-tailed Hawks (B. jamaicensis), Cooper's
Hawks (Accipiter cooperii), and American Crows (Corvus brachrhynchos) have all been seen or
suspected as predators of adult and young Burrowing Owls (Wedgwood 1978, Konrad and Gilmer 1984,
Millsap and Bear 1988, Martell 1990).

DEMOGRAPHY AND POPULATION TRENDS:

DEMOGRAPHY:

A multi-site demographic study initiated in 1997 found survival rates ranging from 0.23 - 0.61
(Rosenberg et al., unpubl. data).

POPULATION TRENDS:

Data for Western Burrowing Owls in most of the U.S. are insufficient to estimate trends in abundance.
Limited data suggest that they are decreasing in some areas, but may be stable or increasing in others
(Klute et al. 2003). Surveys in California in 1986-91 found population decreases of 23-52% in the
number of breeding groups and 12-27% in the number of breeding pairs of owls (DeSante et al. 1997).

MANAGEMENT ISSUES:

Management measures proposed for Burrowing Owls include protecting burrowing mammal
populations to provide nesting habitat for burrowing owls (Green 1983), creating artificial burrows
where natural burrows are destroyed or limited (Grondahl and Dockter no date, Collins and Landry
1977, Trulio 1995, Clark 2001), providing artificial perches for hunting and predator observation where
perches are limited, and managing vegetation for foraging habitat through fire or grazing (Green 1983).
The CDFG . (1995) has prepared guidelines for appropriate mitigation to minimize impacts to Burrowing
Owls. Mitigation measures include avoiding impacts if feasible, avoiding disturbing owls during the
breeding season, protecting sufficient foraging habitat, passively relocating owls if necessary, and
enhancing existing habitat with artificial burrows if there are unavoidable impacts to occupied burrows.

1. Loose dogs and cats can directly affect Burrowing Owl habitat by digging out the nest or removing
chicks.
OPTION: Leash law for dogs and requiring all cats to be house bound or leashed in areas where
burrowing owls are present. Implementation of a removal program for all feral dogs and cats on public
lands.

2. Heavy recreational use of Burrowing Owl habitat, especially off-road vehicle use that compact soils,
can negatively affect habitat quality and potentially cause direct disturbance to burrowing birds.
OPTION: Implement land use standards, habitat stewardship, habitat enhancement programs with an
aggressive public education and population monitoring program.

3. Burrowing Owls will nest near trails and along canal banks created for agriculture. In these locations,
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burrows are susceptible to collapse from heavy farm equipment.
OPTION: Where possible provide stable artificial burrows.

4. Land uses that alter hydrology can have indirect negative effects on Burrowing Owl habitat.
OPTION: Coordinate voluntary stewardship agreements with landowners.

5. Upslope activities (e.g., road-building) impacting hydrology.
OPTION: Manage upslope activities so that hydrologic functions in Burrowing Owl habitat can be
maintained.

6. Historic loss or alteration of high quality habitat.
OPTIONS: Promote and implement habitat restoration projects.

7. The poisoning of ground squirrels and destructive weed control practices have caused a decline in
migratory bird populations.
OPTION: Carefully evaluate poison control methods and eliminate spraying during breeding bird
season.

MONITORING METHODS AND RESEARCH NEEDS.

Coordinated, range-wide research on population demographics needs to be conducted to determine
population declines (Holroyd and Wellicome 1997, Holroyd et al. 2001). The following are some
suggested research needs:

1. Work to clarify status.

2. Conduct a standardized statewide survey to monitor population trends

3. Evaluate reproductive success, site fidelity, and survivorship of selected populations.

4. Monitor population responses to restoration, prescribed fire, grazing, mowing and other management
actions.

5. Study the effects of human impacts such as OHV use and pesticides.
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DENSITY AND ABUNDANCE OF BURROWING OWLS IN THE
AGRICULTURAL MATRIX OF THE IMPERIAL VALLEY,
CALIFORNIA

DAVID F DESANTE, ERIC D. RUHLEN, AND DANIEL K. ROSENBERG

Abstract In concert with conversions of Sonoran desert habitat of the Imperial Valley. California,
to intensive agriculture, Burrowing Owl (Athene cunicularia) populations dramatically increased in
abundance. To quantify the abundance of breeding owls in the agriculture/ matrix of the imperial
Valley, we conducted surveys in randomly (N = 6) and non-randomly (N = 9) selected 25-km 2 blocks
during 1992 and 1993. Based on counts of pairs observed in random blocks, we estimated a density
of 2.1 -± 0.6 pairs/km2 in 1992 and 2.0 -± 0.4 pairstkin2 in 1993. Total variation (sampling and spatial)
was high; estimated densities ranged from 0-7.4 pairs/lcm 2 among all 15 blocks sampled. Based on
the randomly selected blocks, we estimated a total population size of 5600 (95% confidence interval:
3405-7795) owl pairs within the agricultural matrix of the Imperial Valley, indicating one of the
largest concentrations of the Burrowing Owl in its entire range. Because the owls nest almost entirely
along irrigation drains and canals, this population remains vulnerable to changes in methods of water
conveyance.
Key Words: agroecosystems; Athene cunieularia; Burrowing Owl; California; Imperial Valley; Son-
onui desert.

DENSIDAD Y ABUNDANC/A DEL TECOLOTE LLANERO EN LA MATRIZ AGRiCOLA DEL
VALLE IMPERIAL, CALIFORNIA

Resumen. De acuerdo con los cambios del habitat de desierto Sonorense del Valle Imperial en Cal-
ifornia, a agriculture intensive, la abundancia de las poblaciones del Tecolote Llanero (A)Jene cunt-
cularia) ban incremented° dramiticamente. Para cuantificar la abundancia de tecolotes reproductores
en la matriz agrIcola del Valle Imperial, Ilevamos a calm censos en bloques de 25-km 2 seleccionados
al azar (N = 6) y sistematicarnente (N = 9) durante 1992 y 1993. Con base en el come° de parejas
observadas en los bloques a/ Azar, estimamos una densidad de 2.1 ± 0.6 parejas/km 2 en 1992 y 2.0
-± 0.4 parejes/km2 en 1993. La variacion total (muestras y especial) fue alta; la densidad estimada
vari6 de 0-7.4 parejas/lcm 2 entre los 15 bloques muestreados. Con base en los bloques seleccionados
al ajar, estimamos un Mina& poblacional total de 5600(95% de interval° de confianza: 3405-7795)
parejas de tecolotes dentro de la matriz agdcola del Valle Imperial, indicando una de las mayores
concentraciones de Tecolotes Llaneros en todo su rango. Debi& a que casi todos los tecolotes anidan
a lo largo de los drenejes y canales de riego, este poblaci6n permanece vulnerable a los cambios en
los metodos de conduccion del ague.
Palabras claw: Agroecosistemas; Athene cunicularia; California; desierto Sonorense; Tecolote Lb-
nero; Valle Imperial.

The Western Burrowing Owl (Athene can/cu/a-
ria hypugaeo) was once widespread and fairly
common over western North America, but its
distribution and abundance has changed mark-
edly during the 20th century. Although many
populations have declined in abundance (James
and Espie 1997), some to the point of at least
temporary local extirpation (e.g., Johnson 1997),
others have increased since European occupa-
tion. Nowhere is this clearer than in the Imperial
Valley of southeastern California.

Historically, Burrowing Owls presumably oc-
curred within the Imperial Valley in low densi-
ties, similar to those in the undisturbed portions
of the Sonoran Desert in which the Imperial Val-
ley is embedded (Garrett and Dunn 1981). In
response to the intensification of agriculture in
the early 1900s (Clemings 1996), the Burrowing

Owl population within the Imperial Valley be-
came one of the largest and most dense popu-
lations of this species in California (e.g., Cou-
lombe 1971, Rosenberg and Haley this volume)
and probably throughout its range. Understand-
ing this species' ecology in apparently thriving
populations may lead to greater insights in man-
aging declining populations. As a first step in
addressing this, we conducted a large-scale sur-
vey of the agricultural habitats within the Im-
perial Valley in 1992 and 1993 to quantify den-
sity. Here we report the results of that survey,
compare densities of Burrowing Owls in the Im-
perial Valley to those elsewhere in California,
and discuss the potential importance of the Va-
lley's population in light of declines elsewhere
in California (DeSante et al. 1997, Johnson
1997, Trulio 1998). 	 -
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METHODS

This survey was conducted as part of a larger survey
of Burrowing Owls in all of California west of the
Great Basin and desert areas (DeSante et al. 1997; D.
DeSante et al., unpubl. data). For this study, we divid-
ed the Imperial Valley into 183 5 x 5 km blocks, of
which 112 blocks comprised a strata defined as the
agricultural matrix of the Imperial Valley. We random-
ly selected 6% (N = 7) of these 112 blocks and dis-
tributed copies of these seven blocks taken from I:
24,0(X) USC1S topographic maps to colleagues at the
Sony Bono Salton Sea National Wildlife refuge and
the Imperial Irrigation District for surveying. Because
of time and logistic constraints, only six of the seven
randomly selected blocks were surveys in at least one
year (Fig. I). In addition, we surveyed nine other 5 x
5 km blocks in the agricultural matrix strata of the
Imperial Valley. These blocks were selected opportu-
nistically. These blocks were distributed over much of
the agricultural areas of the Imperial Valley (Fig. I).

Surveys were carried out by local ornithologists and
by agency biologists following training provided to fa-
cilitate standardization of survey methods. Observers
surveyed each block between dawn and 10:00 and/or
between 16:00 and dusk between 15 May and 15 July,
during both 1992 and 1993. We computed density as
number of pairs counted/km 2 for each year and sam-
pling strategy (random or nonrandom). Observers
searched blocks for owls for an average of approxi-
mately 10 his/block. We estimated the number of
breeding pairs of Burrowing Owls (defined as in
DeSante et al. 1997) by multiplying the area of .the
sampled region by the estimated mean density. We as-
sumed that if an owl was present within the block it
would be detected. Because this assumption was un-
likely met, our estimated numbers are likely negatively
biased.

Habitat within the study area was characterized by
agricultural fields, framed by a system of concrete ir-
rigation delivery ditches, irrigation canals, and earthen
drains managed by the Imperial Irrigation District and
landowners. This characterization was made at the
scale of the 5 X 5 km sample blocks, as most of the
area sampled was comprised of this agricultural ma-
trix. All pairs observed were found along the system
of irrigation ditches, canals, and drains immediately
bordering the agricultural fields.

RESULTS
We estimated an average density of approxi-

mately two owl pairs/km2 during 1992 and 1993
within the randomly selected blocks (Table I).
Estimated densities were on average >25%
higher in the non-randomly selected blocks, al-
though low precision resulted in overlapping
95% confidence intervals (Table 1). Estimated
densities in both the random and non-random
blocks varied considerably, ranging from 0-7.4
pairs/km2. The variation between years was
small relative to the variation among blocks (Ta-
ble 1). However, sampling variation that resulted
from detection probabilities of <1.0 and which
were likely variable among blocks was partially

responsible for the observed variation (sensu
White 2000). Counts conducted in both years
within a block often differed by >80% (Fig. I).
The large variance contributed to imprecise es-
timates of density, and hence estimated popula-
tion size. Based on counts within the randomly
selected blocks during 1993, the year all six
blocks were sampled, we estimated a total Pop

-ulation size of 5600 pairs (95% confidence in-
terval: 3405-7795). The high densities in the
non-random blocks give further support to such
high densities and the large population size as
estimated from the small number of random
blocks.

DISCUSSION
Based on qualitative assessments, California

has one of the largest populations of both resi-
dent and wintering Burrowing Owls (James and
Ethier 1989, Sheffield 1997). Density estimates
from this survey and other surveys conducted in
a similar manner elsewhere in California (De-
Sante et al. 1997: D. DeSante et al., unpubl.
data), suggest that a majority (approximately
70%) of the California breeding population of
the Burrowing Owl (excluding the Great Basin.
Mojave, and Colorado deserts, and Colorado
River valley portions of California) nests within
the Imperial Valley. Although the small number
of randomly selected blocks sampled and the un-
known detection probability lessens the strength
of these results, particularly for the comparison
of relative abundance among regions, it is clear
that the density and abundance of Burrowing
Owls is exceptionally high within the Imperial
Valley.

The densities reported here are likely among
the highest throughout the Burrowing Owl's
range, especially when considering the large ar-
eal extent of the lowland area of the Imperial
Vallenapproximately 2810 km2). Similarly high
densities (3.3 pairsficm 2) were estimated within
the Imperial Valley by Coulombe (1971) within
an 8-lan2 area during the breeding seasons of
1965-1967. More recently, Rosenberg and Ha-
ley (this volume) estimated 8.3 pairs/kin' within
an approximately 12-km 2 study area These lo-
calized results provide additional evidence to
support the high densities estimated from this
study. The only other estitnate of such high den-
sities over a reasonably large area (35.9 lan2)
that we are aware of was Millsap and Bear's
(2000) estimate of 6.9 pairs/km2 for the subspe-
cies A. c. Jioridana in southern Florida. What is
extraordinary about our findings, however, is the
apparently large areal extent of high densities.
Given this large area, the estimated densities,
and that detection probability was <1.0 (i.e.. a
higher number existed than was counted), more



118 NO. 27

I III
,FII MIN

arlITE1110
Ellan. .•:1111111111111111111Pl•4imesunor

1111•111111111111111111
1111111111111111111111Elli
1111111111111111111111111M1

3625 ::flaflui
1111111111111111F111;

litini1111

STUDIES IN AVIAN BIOLOGY

-1192 survey
-1993 survey

"Mangle in user Mt rekiamly salad Oka
Crass hob* fill a not surveyed in UM of /883

No ISMSins loft nen-randomly nlattad Mock



ABUNDANCE OF BURROWING OWLS—DeSante a al.	 119

TABLE I. ESTIMATED BURROWING OWL DENSITIES (OWL PAIRS/ICM2 ) IN 25-14M2 BLOCKS SAMPLED WITHIN THE
AGRICULTURAL MATRIX OF THE IMPERIAL VALLEY CALIFORNIA, DURING MAY—JULY 1992 AND 1993

1992	 1993

Number	 Owl
Estimated density

Number	 Owl
Estimated density

Block type	 of blocks	 pairs	 Mean	 SE
	 Range	 of blocks	 pairs	 Mean	 SE	 Range

Random 4 206 2.1 0.6 0.3-3.0 6 296 2.0 0.4 0.3-2.8
Non-random 7 467 2.7 0.7 0.1-4.4 9 695 3.1 0.8 0.0-7.4
All 11 673 2.5 0.5 0.0-4.4 15 991 2.6 0.5 0.0-7.4

than 11,000 (95% confidence interval: 6810-
15,590) adult Burrowing Owls inhabited the ag-
ricultural ecosystems of the Imperial Valley dur-
ing the surveys.

Although such a large population of a species
considered to be declining in parts of its range
(James and F,spie 1997) could, at least theoreti-
cally, serve as an important source population
for future management strategies, its current val-
ue for persistence of declining populations else-
where in California may not be great. Potential
dispersal from the Imperial Valley population to
declining populations may be limited by unsuit-
able intervening habitat and by the dispersal
characteristics of the resident Imperial Valley
population itself, although juvenile dispersal re-
mains unknown (Rosenberg and Haley this vol-
ume). Given the wide distribution of Burrowing
Owls across their range in California, the value
of a large but localized potential source popu-
lation to regional persistence may not be great.
However; given the rapid development of much
of the grassland and desert regions of California,

the apparent extirpation of the species in the
Coachella Valley immediately north of the Im-
perial Valley, the reduction in numbers in other
parts of California (DeSante et al. 1997, Johnson
1997, Trulio 1998), and the lack of a statewide
conservation strategy, the importance of the Im-
perial Valley population may increase.
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FIGURE 1. Distribution of 5 x 5 km blocks in which Burrowing Owls were counted in 1992 and/or 1993 in
the Imperial Valley, CA. Shaded areas represent portions of the Imperial Valley above sea level and without a
major agricultural matrix. Non-shaded areas represent agricultural matrix of the Imperial Valley and include the
112 blocks from which a nuidom sample of seven blocks were selected. Numbers embedded in the blocks are
the number of Burrowing Owl pairs counted in 1992 (upper right) and 1993 (lower right). The cross-hatched
block was randomly selected but was not surveyed. The numbers outside of the blocks refer to the southwest
corner of the 5 x 5 km block referenced by the Universal Ihmsverse Mercator system of the block. The UTM
values shown are 10- 3 of the given value.
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THE ECOLOGY OF BURROWING OWLS IN THE
AGROECOSYSTEM OF THE IMPERIAL VALLEY, CALIFORNIA

DANIEL K ROSENBERG AND KATHER/N L. HALEY

Abstract. Burrowing Owls (Aikene cunicularia) are common in some agroecosystems, yet their ecol-
ogy in these environments is poorly known. To address this, we collected demographic and space-use
data on the Burrowing Owl in the Imperial Valley of southeastern California during the breeding
season, 1997-2000. Within our 11.7 km' study area, we estimated a very high density of Burrowing
Owls (8.3 pairs/km” which remained relatively constant during the study. Owls nested predominately
on the edges of constructed drains and canals that bordered agricultural fields. Clutch size ranged from
4-8 (mean = 6.7) eggs/clutch and varied little among years. Productivity avenged 2.5 young/nest
and varied considerably among individuals and years. Adult annual survival rates for males (0.65)
and females (0.62) were similar or higher than reported for other Burrowing Owl populations. We
observed high nest-site fidelity for adults, with 85% remaining within 400 m of the previous year's
nest. Females moved greater distances than males between breeding seasons; distances were greater
for owls whose nests failed. Few juveniles (20 of 124, 16%) were subsequently observed as adults.
This, together with a lack of a declining dispersal function, suggested juveniles frequently emigrated
from the study area. Based on estimates of nocturnal movements of males, we estimated low selection
for the type of crops in which they foraged. They foraged primarily (>80%) within 600 m of their
nest, but long-distance movements (2-3 km) often resulted in large estimates (113.7 ± 30.4 ha) of
the area traversed (minimum convex polygon method) and the area used (45.3 I- 18.2 ha; fixed kernel
method). Because of the high densities of owls, home ranges overlapped considerably. Our estimates
of demographic parameters and the space-use properties of Burrowing Owls contrast with those re-
ported from non-agricultural areas. Our results suggest agricultural areas can provide high quality
habitat if burrows are available, which in our study area was determined by the farmers tolerance of
burrows along the canals and drains bordering their property.

Key Words: agroecosystems; Athens cunicularia; Burrowing Owl; California; dispersal; Imperial
Valley; reproductive rates; survival rates.

LA ECOLOG1A DE TECOLOTES LLANEROS EN LOS AGROSISTEMAS DEL VALLE IMPE-
RIAL, CALIFORNIA

Resumen. Los Theototes Llaneros (Athens cunicularia) son comunes en algunos agroecosistemas, no
obstante su eco/ogfa en estos arnbientes es poco conocida. Con este propane, durante las temporadas
reproductivas de 1997-2000 as colect6 information sobre la demografie y el use especial del Tecotote
Llanero en el Valle Imperial del sureste de California. Dentro del area de estudio (11.7 lure) se estim6
una densidad muy alta de tecolotes (8.3 parejas/km2) la cual pemutrieci6 relativamente constante
durante el estudio. Los tecolotes anidaron predorninantemente en los bordes de los drenajes y canales
que rodean a las parcelas. El mina° promedio de las nidadas file de 4-8 huevos pot nide (media =
6.7) y vari6 poco entre &Ms. El prornedio en la productividad foe de 2.5 juveniles/nide y veri6
considerablemente entre individuos y altos. Las tasas anuales de supervivencia en machos adultos
(0.65) y hembras adultas (042) fueron similares o mds altas que las reportadas par ones poblaciones
de Tecolotr-s Llaneros. Se observe (ambito que los adultos muestran una alta fidelidad al sitio de
anidaciOn, con el 85% permaneciendo dentin de tins distancia de 400 m del nide utilized° el alto
anterior. Las hembras se movieron a mayores distancias que los machos entre temporadas reproduc-
tive; las distancias fueron mayonss pan aquellos =Motes cuyos nidos fracasaron. Pocos juveniles
(20 de 124. 16%) rue= observados posteriormente corno adultos. Este, junto con la ausencia de tea
funcien de dispersien disminuida, sugiri6 que los juveniles emigraron del Area de cstudio. Con base
en estimaciones de movimientos nocturnes de Ins tecolotes machos, Sc esti= que hubo poca seleccifm
por el tipo de cosecha en Is cual se alimentaron. Ellos forrajearon principalmente (>80%) dentro de
un distancia de 600 m de su nido, aunque los movimientos a mayores distancias (2-3 kin) a menudo
resuluuon en estimaciones mayores (113.7 ± 30.4 ha) del area etravesada (m6todo del polfgono
minim° convexo) y del area utilizada (45.3 -± 18.2 ha, meted° fijo kernel). Debido a la aka densidad
de tecolotes, las trees utilizadas se traslaparon considerablemente. Nuestras estimaciones de los pa-
nmetros demograficos y de las mopiedades del use del espacio de los lbcolotes Llaneros contras=
con equellas reportadas pan areas no apIcolas. Nuestros resultados sugieren qua las Areas agr(colas
pueden proporcionar an !Minter de alta calidad si . hay madrigueres disponibles, to cual en nuestra area
de estudio estuvo determined° pot Is tolenincia de los agricultores a la presencia de las madrigueras
a lo largo de los canales y drenajesque rodean a sus propiedades.

Palabras claws: Agmecosistemas; Athens csmicularia; California; dispersi6n; tasa reproductive; tase
de superviventia; Tecolote Llanero; Valle hnperial.
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The Burrowing Owl (Athene cunicularia) is a
burrow-nesting owl characteristic of grasslands
and deserts throughout western North America,
Florida, and Central and South America (Haug
et al. 1993). The Western Burrowing Owl (A. c.
hypugaea) was once widespread and fairly com-
mon over western North America. Population
declines led to listing of the Burrowing Owl as
endangered, threatened, or a species of concern
in Canada, Mexico, and in a number of U.S.
states (James and Espie 1997). Declines likely
reflect eradication or control of fossorial mam-
mals, intensive pesticide use, and conversion of
grasslands to agriculture and residential or com-
mercial development (Haug et al. 1993, Trylio
1997, Desmond et al. 2000, Gervais et al. 2000).

California has one of the largest populations
of both resident and wintering Burrowing Owls
(James and Ethier 1989). Particularly high num-
bers and densities occur in the Imperial Valley,
located in southeastern California (Coulombe
1971; DeSante et al. this volume). Historically,
Burrowing Owls were present within the Impe-
rial Valley in low densities similar to those in
undisturbed habitat of the surrounding Colorado
(Sonoran) desert (DeSante et al. this volume).
Intensification of agriculture in the 1900s (Cle-
mings 1996) enabled Burrowing Owl popula-
tions of the Valley to increase greatly. Increasing
development and changing patterns of water
conveyance in southern California (e.g., Cle-
mings 1996) may have major impacts on the dis-
tribution and abundance of Burrowing Owls in
the region.

Despite the large population of Burrowing
Owls in the Imperial Valley, there have been few
investigations of their ecology. Coulombe
(1971) and DeSante et al. (this volume) docu-
mented the concentration of Burrowing Owls
along the various watercourses. Although their
research provided a framework for understand-
ing these issues, a quantitative approach to the
demography and space-use ecology of this spe-
cies is needed to develop scientifically credible
management strategies.

To address this need, we initiated studies of
the owl's demography and space-use patterns
within the agroecosystem of the Imperial Valley.
In this paper, we examine (1) patterns of distri-
bution of Burrowing Owls; (2) rates of and fac-
tors affecting survival, reproduction, and be-
tween-year movement; and (3) patterns of space-
use of individuals. We explore factors that affect
individuals and how this may ultimately affect
the dynamics of the population.

STUDY AREA

The study area was at the southern rim of the Salton
Sea, 40 km north of El Centro. California (Fig. I). We

divided the study area into several subareas. We cap-
tured and marked Burrowing Owls only in the linen-
sive Study Area (ISA), which totaled 1175 ha (Fig. I).
The second subarea (Area B; Fig. 1) extended 0.8 km
beyond the ISA. Together, these two areas represented
the Demography Study Area (DSA). The third subarea
(Area C; Fig. I) extended 0.8 km (1999) or 1.6 km
(2000) beyond the DSA. Most (81%) of the ISA con-
sisted of privately owned agricultural fields. The re-
mainder encompassed a segment of the Sonny Bono
Salton Sea National Wildlife Refuge (hereafter, Ref-
uge; Fig. I). The Refuge maintained a set of 35 nest
boxes situated between roads and fields. Design of nest
boxes were similar to those described by 1Tulio (1995).

The study area was characterized by agricultural
fields framed by a system of concrete water-delivery
ditches and canals, and earthen drains. Drains were
deep (up to 8-9 m), dredged waterways maintained by
the Imperial Irrigation District. Within this agricultural
matrix Burrowing Owls nested almost entirely within
or along drains, ditches, and canals. Fields were inten-
sively managed for year-round production of vegeta-
bles and cattle feed. Primary crops were Sudan grass
(Sorghum bicolor), Bermuda grass (Cynodon decry-
Ion), alfalfa (Medicago saliva), onions (Album cepa),
and corn (Zea mays).

METHODS
DENSITY ESOMATION

To estimate the density of Burrowing Offitiisiee first
estimated the probability of detecting nesting inns of
Burrowing Owls within the ISA. We divided the study
area into approximately 20 800-m blocks, and sur-
veyed each alternating block outside of the Refuge (N
r- 7) from 14 to 30 April 1998. We surveyed all roads
and watercourses that bordered fields three times, two
by vehicle and one on foot. We conducted surveys at
vehicle speeds km/hr with two observers during
the morning (30 min before sunrise to 4 hrs after) and
evening (3 tin before sunset until sunset) when wind
speeds were <15 km/hr. We used both behavioral and
physical evidence of nesting to determine if a pair oc-
cupied a given burrow (e.g., Millsap and Bear 1997).
To estimate the probability of detecting nesting owls,
we applied the removal model of Zippin (1958), which
estimates population size as a function of the number
of new individuals, or nests as in this study, that are
encountered on each survey (Otis et al. 1978:28).

DIES

We estimated the diet composition of Burrowing
Owls from regurgitated pellets. We collected pellets
from randomly selected nests (2000) and from nest
boxes within the Refuge (1998 and 2000). All pellets
from a given nest and year were treated as a single
sample. We estimated the relative frequency of con-
sumption by recording the commence of each taxo-
nomic order. Because earlier observations indicated
that the frequency of rodents in the diet may strongly
Influence productivity (D. Rosenberg et al., unpubl.
data), we computed an index of rodent consumption.
Skeletal remains were counted to estimate the mini-
mum number of rodents consumed. The index was
computed for each sample as the ratio of the minimum
number of rodents consumed/number of pellets. We
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FIGURE I. Study area in the Imperial Valley of southeastern California Owls were banded within the Intensive
Study Area (ISA) and resighted with equal effort in both the ISA and Subarea B, collectively termed the
Demography Study Area. In addition, we attempted to resight owls in Subarea C. but with lower effort. All
areas with owl nests within the Refuge were included in the ISA.

estimated the relative degree of variation of the index
between years as the coefficient of variation (standard
deviation/mean X100).

CAPTURE AND REOBSERvATION
We attempted to capture and mark a large segment

of the population within the ISA. We captured Bur-
rowing Owls during May 1997 and April-July 1998-
2000. We captured adult owls using spring-net traps
baited with a caged mouse, and two-way burrow traps
(Bethel° and Arrowwood 1995). We captured young
with a one-way trap, modified from that described in
Benuelos (1997). We removed young from nest boxes
by hand. We marked young and adult Burrowing Owls
with an aluminum alpha-numeric co/or band (Acraft
Sign and Nameplate Co., Ltd.. Edmonton, Alberta, Ca-
nada) and a non-locking No. 4 U.S. Fish and Wildlife
Service band. We assigned sex based on presence/ab-
sence of brood patch, plumage coloration, and behav-
ioral observations (Haug et al. 1993).

Within the DSA (Fig. I) we attempted to identify
all marked individuals and locate their nests. Resight-
ing efforts involved two vehicular surveys, as de-
scribed above (see Densrrt Ernsomot4), supplement-
ed by sightings made incidental to the surveys. We
conducted a single vehicular survey for marked owls
in subarea C (Fig. I). Because of the lower effort and
presumably lower resigthing rates, we did not include

observations of marked owls from this outer area for
survival estimation but included these data for esti-
mation of movement patterns and emigration rates.

ParmucTonnr AND BREEDING PHENOLOGY
lb estimate productivity, we randomly selected 30

nests from privately-owned agricultural land within the
ISA (1999 and 2000) and all occupied nest boxes with-
in the Refuge not subject to experimental feeding from
a concurrent study (1998. N = 13; 1999. N = 6; 2000.
N = 7; Haley 2002) within the Refuge We used the
same criteria as described above (Detarrr Ernawnon)
to determine if a pair occupied a given burrow; only
occupied nests were included for productivity estima-
tion. Nests for which we could not estimate productiv-
ity due to limited visibility of nests or an inability to
determine whether or not the nest was successful were
excluded from analyses, resulting in sample sizes of
23-29 nests outside of the Refuge each year.

We defined productivity as the maximum number of
21-284-old young seen simultaneously at a nest dur-
ing a series of five 30-min watches, each separated by
at least 6 hr (Gorman et al. 2003). We ablaii young via
visual techniques described by Haug et al (1993) and
Priest (1997). Observations were made from a vehicle
at a distance of 80-200 in, using either binoculars or
20-60X spotting scopes during the morning or even-
ing as defined previously. We examined the influence
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of diet (rodent index), intraspecific competition, and
year on productivity from the randomly selected nests
in 1999 and 2000. We used the minimum nearest-
neighbor distance (log-transformed) and number of
nests within 600 m (radius of foraging concentration;
see RESULTS) as an index of intraspecific competi-
tion. We used a generalized linear model with a neg-
ative binomial response probability distribution and a
log-link function (SAS Institute 1993). We chose this
regression model because count data, such as the num-
ber of young, often conforms to a negative binomial
distribution, and because this model, when the data are
so distributed, provides a more powerful approach with
fewer assumptions than other methods (White and
Bennetts 1996).

We estimated Burrowing Owl reproductive biology
by examining nest boxes within the Refuge and the
Refuge headquarters, approximately 10 km east of the
ISA. In 1999 and 2000, we evaluated date of first lay-
ing, clutch completion, and hatching, and measured
clutch size and nest success. We monitored all nest
boxes with evidence of owl use weekly until eggs were
seen. During each visit, we used an infrared probe
(Sandpiper Technologies, Manteca, CA) to observe
nest contents. Once eggs were seen, we visited nests
at 3 to 4-d intervals to estimate clutch completion
dates. A clutch was defined as complete when the
number of eggs did not increase by more than one egg/
72 hr (Haley 2002). We estimated hatch success as the
percent of eggs that hatched/nest.

BETWEEN-YEAR MOVEMENTS

lb estimate movement patterns, we used data from
owls marked in 1998-1999 and resighted in 1999-
2000, We estimated movements of both juveniles and
adults. However, we evaluated movement functions
and factors associated with movements only for adults
because we likely underestimated movement rates for
juveniles (see RESULTS).

We did not attempt to differentiate between adults
undergoing breeding dispersal (sensu Greenwood
1980) and those moving x distance from their nest the
previous year. Rather, we simply modeled distances
moved between years under the notion that, based on
movement data alone, there is no exact distance that
can be considered fundamentally different than any
other. We compared two functions, a hazard rate and
a negative exponential. The hazard rate model has
properties similar to those of the exponential but al-
lows for a ''shoulder" (i.e.. a distance interval at which
the probability to move remains constant) near zero
distance. We explored the two functional forms be-
cause based on theory, a decreasing probability of
movement as distance increases should exist and there
were sampling and biological reasons (e.g., Olson and
Van Horne 1998) to expect a shoulder near zero dis-
tance. In such cases, the hazard-rate function is often
useful (e.g., Buckland et al 1993). The hazard-rate
function we used was of the form Pr(x) 1 - exp
(-Ix/a]-6) and the negative exponential function was
expressed as Pr(x) exp(-x/k) (Buckland et al.
1993). To describe the probability density function, we
re.scaled the function by c, where c was the value of
the integration of the function evaluated from rem to
the furthest distance an owl was observed to move

between years. We selected the most appropriate func-
tion with Akaike's Information Criterion, adjusted for
small-sample size (AlCc; Burnham and Anderson
1998) for adults with sexes and years pooled, and then
used AlCc to compare models fit as sex, year, or sex-
and year-specific.

The size and geometry of the area in which move-
ments can be detected may result in the appearance of
underlying movement functions that fit models such as
the exponential (Potter and Dooley 1993) or hazard-
rate. We evaluated this by recreating a set of move-
ments with a uniform probability for which distances
from zero to the maximum movement distance we ob-
served (3065 m) all had equal probabilities of occur-
ring. We assigned each owl located in 1998 and relo-
cated in 1999 with a new location for 1999 based on
a random direction of movement and a random dis-
tance that followed a uniform distribution. Only those
individuals that would have been within the DSA (and
thus detected) were considered relocated. We fit these
data to the same function that was selected for the
observed distribution of movements. We graphically
approximated the point at which the probability of
moving declined from the expected uniform pattern.
Similar dispersal patterns between the simulated and
the observed distances would suggest that observed
movement patterns were affected by the size and ge-
ometry of the study area.

We developed ten a priori models to explore factors
that may affect the distance adults moved between
years. We examined each model with multiple regres-
sion and used Alec as a basis for model selection. The
response variable was the log-transformed distance an
adult owl moved between years and explanatory fac-
tors included a combination of year, distance to the
nearest nest, and whether or not the owl's mate was
still present on the study area. The simplest model con-
sidered was a no-effects model in which only an in-
tercept tam (representing average distance moved)
was estimated. For those individuals for which we es-
timated productivity and movement, we included as a
parameter in the model whether or not their nest was
successful in the previous year. We compared nine a
priori models for this smaller data set. In both sets of
analyses, we used data only from individuals that were
seen in two successive years and for which both mem-
bers of the pair were initially banded.

SURVNAL

We used mark-recapture analysis to estimate appar-
ent (i.e., we assumed no emigration from study area
occurred) survival rates of Burrowing Owls first cap-
tured as adults. We excluded individuals first captured
as young because we determined sex of only 17 of 242
marked young, and these were unlikely representative
of the population. We fitted modified lolly-Seber-Cor-
stack models to the mark-recapture data using Pro-
gram MARK (White and Burnham 1999). We devel-
oped ten a priori models to estimate survival rates. We
used AIC.c weights (w) to compare the relative likeli-
hood of each model We used these weights to estimate
an average survival rate from all models considered.
Model averaging allows inference to be based on all
models considered, thus increasing the inferential va-
lidity over that of a single model approach (Burnham
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and Anderson 1998). We assessed goodness-of-fit for
the global model using 1000 bootstrap simulations to
evaluate the likelihood of the observed deviance
(White and Bumham 1999).

Apparent survival rates reflect both mortality and
emigration; however, we were interested in estimating
"true" (scnsu Franklin et al. 1996) survival rates. To
allow estimation of survival, we estimated emigration
rates of adult Burrowing Owls from observed move-
ments of individuals between 1998-1999. We then es-
timated survival as

= 3 +
where 5. 3, and E are the estimated probabilities of
annual survival, apparent survival, and emigration of
individuals from the DSA, respectively (Burnham et
al. 1996). To simplify estimation, we assumed owls
emigrated just before nesting and thus experienced no
mortality between emigration and the time of resight-
ing. Because the probability of emigration is a function
of the location of an individual from the boundary of
a study area (e.g., Barrowclough 1978). we random-
ized observed distances among owls and randomly se-
lected an angle of movement to estimate a new loca-
tion. We did this separately for males and females be-
cause of the differences in observed movement pat-
terns (see RESULTS). We estimated the probability of
emigration as:

=	 ns/n)/ R,

where n• was the number of adults with estimated lo-
cations outside of the study area, n was the number of
marked owls in year t that survived and were relocated
in year: + I, and R was the number of replications
of the random process of recreating movement pat-
terns. We used R = 1000 replications and used the
mean of E as our best estimate of emigration. This
method of estimating emigration assumes that the ob-
served distances reflect the true distribution of dis-
tances moved, such that individuals that moved outside
of the study area and were not detected had movement
patterns similar to those owls that were detected. This
assumption was supported by the rapidly declining dis-
persal function (see RESULTS), similar patterns of
movement for owls located in the center of the study
area as for those located throughout (D. Rosenberg,
unpubl. data), and a relatively uniform environment
within the study area (homogeneity assumption of
Zeng and Brown 1987).
SPACE USE

In May 1998, we radio-tracked six male owls to gain
quantitative insight into the owls' space-use patterns.
We used necklace-design radio transmitters (4.5 g)
with a 20-cm antennae (Holohil Systems, Ltd., Carp,
Ontario, Canada). We captured owls that nested within
a 0.4 X 0.8 km area along the edge of the mad and
fields within the Refuge. We attempted to track owls
each night from 2000 to 0400 Ira from 5 June-13 July.
The receiving antenna assembly consisted of two H-
configured antennae (Telonics, Mesa. AZ) separated by
a cross boom and connected to a null combiner, mount-
ed to a 2-m rotating tower with a fixed compass. The
tower was secured in the bed of a truck, making the

antennae height approximately 3 m above ground, fol-
lowing methods described in Gervais et al. (2003).

We established a grid system of stations at approx-
imately 400 m intervals to obtain biangulation data.
This allowed a formal search method to negate the
potential bias of observers returning to known sites of
occurrence, such as nests (Rosenberg and McKelvey
1999). We attempted to obtain locations of a given owl
every 15 min. Only locations computed from estimates
of the angle of the owl from two stations within 5 min
were included in analyses. We omitted all observations
that led to locations greater than 1 km from the telem-
etry stations because of their greater expected error
(Gervais et al. 2003).

We estimated home ranges to estimate the area used
(kernel methods) and the area traversed (minimum
convex polygon, MCP). We used a fixed kernel esti-
mator with least squares cross validation (LSCV) and
also an adaptive kernel to estimate area used (Worton
1989). To estimate home range size we used programs
10ERNELHR (fixed kernel; Seaman et al. 1998),
HomeRanger (adaptive kernel; Hovey 1999), and Te-
lem (MCP; K. McKelvey. pent. comm.).

We evaluated factors that potentially affected the
owls' likelihood of use. We evaluated distance of owl
locations to field edge, distance to nest, and within
each field the crop type, dominant crop height, and
percent bare ground. The data structure consisted of a
sample of cells (30-m2 pixels) in which the individual
was located by radio telemetry and a sample of ran-
domly selected cells (Design IH of Manly et al. 1993)-
Random cells were sampled from within a circle with
a radius equal to the maximum distance an individual
was located from its nest (Rosenberg and McKelvey
1999). The binary response variable was coded 1 if an
individual was located in a particular cell, 0 if random.
We used logistic regression to estimate selection as the
odds ratio of use (Hosmer and Lemeshow 1989:40),
Proc Logistic (SAS Institute 1994) to obtain parameter
estimates, and AlCc weights to evaluate the relative
likelihood of a given model as being the best among
those we considered (Burnham and Anderson 1998).

We developed seven a priori models to estimate
habitat selection. We evaluated distance to the nest as
either a log-function or a 3rd-order polynomial. We
categorized crops using two pooling regimes based on
density of vegetation: (1) crops with closed canopy
structure during the study period (bay, wheat (Tridcum
aestieum], Sudan pass. Bermuda grass, alfalfa, and
corn) or an open canopy structure (no crops, onions,
and cotton) and (2) simply whether or not standing
crops existed. Although cotton becomes dense near
maturity, it was relatively open during the study. For
each field, we estimated average crop height and per-
cent of bare ground during the mid-point of the space-
use study. We subjectively pooled crop types into sim-
ple classes that we expected would influence owl for-
aging behavior to accommodate the small number of
observations/owl and the large number of different
crop types. We expected a negative relationship of for-
aging with increasing density of vegetation, and based
on central place foraging behavior of the owls, a strong
decrease of use with distance from the nest. Although
we were interested in investigating the selection for
edge habitat, we were unable to do so because of the
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TABLE I. NEAREST NEIGHBOR DISTANCES (M) OF
BURROWING OWL NESTS WMIIN HIE IN ['RSV& STUDY
AREA. IMPERIAL VALLEY. CA. 1998-2000

Year N Range Mean en Median

1998 106 13-760 125.4 11.2 98.6
1999 93 8-818 /49.1 15.2 101.1
2000 94 7-806 165.9 15.9 121.5

confounding effect of distance from the nest given all
nests were located in edge habitat.

RESULTS
NEST DENSITY AND DISTRIBUTION

Based on the number of new nests found in
the three surveys (37, 8, 0 nests), we estimated
a 0.85/survey detection probability under the
Zippin model. This very high detection/survey
results in counting most of the Burrowing Owls
within the study area from two (98%) or three
(99.9%) surveys. Thus, our estimates of density
based on counts should have negligible bias.

Density of nesting pairs of Burrowing Owls
remained fairly constant during the three years
of the survey within the ISA. In each year, we
located approximately 100 nesting pairs (1998:
106: 1999: 93; 2000: 94). From these counts, we
estimated an average crude (entire area) density
of 8.3 pairs/km2 and an average linear occur-
rence of 2.9 pairs/km of nest (edge) habitat.
Nesting pairs of owls were exceptionally dense
along drains and canals, resulting in an average
nearest neighbor distance ranging from 125-166
m across years (Table 1). Nests, excluding those
in nest boxes, were located primarily along
drains (43%), delivery ditches (43%), and canals
(11%), with little variation among years.

DIET

Based on frequency of occurrence in pellet
samples, the diet was dominated by arthropods,
particularly Orthoptera (grasshoppers and crick-
ets), Coleoptera (beetles), and Dermaptera (ear-
wigs: Fig. 2). Small mammals (primarily house
mouse [Mus ortusculus], pocket mouse [Perog-
nathus app.], deer mouse [Peromyscus spp.], and
Bona's pocket gopher [Thomomys boucle]) were
the dominant vertebrate prey, though birds were
frequent in 2000. The average number of ro-
dents/pellet was similar in 1998 (0.10 ± 0.04;
CV = 148%) to 2000 (0.13 ± 0.03; CV =
115%).

BREEDING PHENOLDGY AND PRODUCT/TY

Burrowing Owls in the Refuge generally ini-
tiated breeding in April and May and extended
into late summer. Egg-laying began as early as
24 April in 1999 and prior to our first observe-

136	 Na, 9= Sof Con Rep Ainp Bird Rod

TAXA

FIGURE 2. Diet of Burrowing Owls based on the %
frequency of taxa within pellet samples, Imperial Val-
ley. CA, 1997-2000. Tan included Coleoptera (Col.
beetles), Orthoptera (Orth, grasshoppers and crickets).
Dermaptera (Derm, earwigs). Hemiptera (Hem, true
bugs), Araneae (Aran, spiders), Scorpionida (Scor,
scorpions), So/pugida (Soli, wind scorpions), Crusta-
ceans (Crus), Reptiles (Rep), Amphibians (Amp),
Birds (Bird), and Rodents (Rod). The sample size for
each year is the number of nests from which pellets
were collected.

tions on 7 April in 2000. Clutches were com-
pleted as early as 30 April (1999) and 9 April
(2000), but average dates were 14 May (se =
4.2 d, N = 6 nests) and 29 April (se = 3.5 d, N
= 17 nests), respectively. Pairs with early season
nest failures that relaid did so as late as mid-
July in 1999 and 2000. Clutch size was similar
between years (1999: 6.5 ± 02, N = 17; 2000:
6.9 ± 0.3, N = 19), ranging from 4-8 eggs/nest
attempt. Young hatched within 1-6 (3.3 ± 1.1,
N = 4) days of one another in 1999 and 3-7
(4.3 ± 0.6, N --- 9) days in 2000, resulting in
large -size variation among siblings (Haley •

2002). Based on this large variation of hatch
date within a clutch, females apparently began
incubation prior to clutch completion. Hatching
success in 1999 (70.5% 14.8, N = 6) was
similar to 2000 (84.4% ± 6.9. N = 8) in 2000.
Dates of newly hatched young ranged from 13
May-20 June in 1999 (mean 3 June ± 3.6 d, N
= 10) and 30 April-June 22 in 2000 (mean 16
May ± 3.4 d, N = 16).

Productivity varied dramatically among nests
and years within the ISA. Nest failure ranged
from 0 to 50% among years and location (lbble
2). Productivity, as estimated for all nesting at-
tempts and for only those that were successful,
was similar between nests on private (natural
nests) and Refuge (nest boxes) lands. Productiv-
ity avenged 2.5 2: 0.2 young/nest with a max-
imum of 7 young observed. We failed to find
explanatory factors related to productivity other



10

0

126	 STUDIES IN AVIAN BIOLOGY	 NO. 27

TABLE 2. COMPARISON OF BURROWING OWL PRODUCIIVITY, IMPERIAL VALLEY, 1098-2000

Location s Year

No. of Young/nest

% faded

No. of young/successful nest

N ;I ± SE Range N k -± SE Range

Private Lands 1999 23 1.8 = 0.3 0-4 26.1 17 2.5 ± 0.3 1-4
2000 29 3.0 ± 0.3 0-5 10.3 26 3.4 ± 0.3 1-5

Refuge Lands 1998 13 2.3 ± 0.6 0-7 30.8 9 3.3 ± 0.6 1-7
1999 6 1.0 = 0.5 0-3 50.0 3 2.0 ± 0.6 1-3
2000 7 3.9 ± 0.6 1-6 0 7 3.6 ±0.6 1-5

Neu, Productivity was defined as the mat mum number of young 14-21 d old observed during five 30-mm observations (Private) or as the number
observed within nest Imam (Refuge).
• Nests within private lands were selected randomly from all nests located within the ISA excluding the Refuge. Nests within the Refuge were from
all active nest boxes. excluding those randomly selected to receive experimental manipulation.

than year. In 2000, the only year that we had
estimates of both productivity and rodent con-
sumption for an adequate sample of nests, pro-
ductivity was unrelated to the rodent index (N
a 28 nests. B = -1.3 ± 1.0). Although there
was high variability in nearest-neighbor distanc-
es (7-596 m) and number of neighboring nests
(1-19), neither nearest-neighbor distance (N =
52, 13 = -0.04 ± 0.11) nor number of nests
within 600 m (N = 52, = 0.01 ± 0.03) were
related to productivity based on the regression
model with year and either the nearest-neighbor
distance or number of nests as explanatory fac-
tors. So although productivity varied by year, we
were unable to isolate factors associated with in-
dividual variation of productivity.

Bury/an-YEAR Movatarrs
Adult Burrowing Owls exhibited strong fidel-

ity to their nest sites and their mates. Of adult
Burrowing Owls of known sex observed in two
successive years (N = 91 [1998-1999] and 83
[1999-20001), over 85% nested within 400 m of
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FIGURE 3. Frequency histogram of between-year
movement distances of adult (N = 174) and juvenile
(N = 20) Burrowing Owls from the Intensive Study
Area, Imperial Valley. CA, 1998-2000. The percent of
individuals located in two consecutive years is shown
within 400-rn distance intervals, starting at .s400 m.

their previous year's nest (Fig. 3). Based on data
from nest boxes (known nest chamber), 48% (11
of 23) and 65% (11 of 17) of nests had at least
one member of the pair nesting in the same box
between 1998-1999 and 1999-2000, respective-
ly. The strong nest-site fidelity corresponded
well with mate fidelity: >80% of pairs for which
both members were banded and found in a suc-
cessive year remained with the same mate
(1998-1999: 19 of 22 pairs, 86.4%; 1999-2000:
16 of 20 pairs, 80%).

The hazard-rate function was clearly a more
appropriate model than the exponential (w =
1.0) and demonstrated a rapidly declining like-
lihood to move long-distances (Fig. 4). There
was strong evidence that the hazard-rate func-
tion was sex and year specific (w = 1.0) and fit
the data (P > 0.05 for each sex and year) . Males
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FIGURE 4. We described movement data by the haz-
ard-rate model, f(x) = / - exp ( - [xfo] -6). fit to dis-
tance data of adult female and male Burrowing Owls.
1998-2000. The y-axis is the probability of an indi-
vidual moving to a nest location x distance (m) from
their previous year's nest site. "Study Area Effects"
shows the estimated dispersal distance at which neg-
ative bias occurs given a uniform distribution of move-
ments with a maximum of 3 km.
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TABLE 3.	 COMPARISON OF MODELS OF FACTORS AFFECTING BETWEEN-YEAR MOVEMENT DISTANCES OF ADULT
BURROWING OWLS, IMPERIAL VALLEY. CA, 1998-2000

Models. AAICe	 y. r3 tiAlCsh

A. 1998-2000, without nest success data Males (N = 80) Females (N = 60)
Year, gone, neighbor, neighbor X year 0.03 6.2	 0.02 0.03 11.8 0.01
Year, gone, log(neighbor), log(neighbor) x year 0.03 11.7	 0.01 0.02 12.6 0.01
Year, gone, neighbor 0.03 8.0	 0.01 0.02 9.3 0.01
Year. gone 0.02 44	 0.06 0.01 6.1 0.03
Gone. neighbor 0.01 5.7	 0.03 0.01 6.1 0.03
Year. neighbor, neighbor )< year 0.03 8.0	 0.01 0.03 8.5 0.01
Gone 0.01 3.5	 0.09 0.01 3.0 0.12
Neighbor 0.01 3.5	 0.09 0.01 3.0 0.12
Year 0.02 2.1	 0.18 0.01 3.0 0.12
No effects (intercept only) 0.00 0.0	 0.52 0.00 0.0 0.56

B. 1999, with nest success data Males (N	 25) Females (N = 14)
Gone, neighbor, success 0.17 6.0	 0.02 0.50 6.5 0.01
Gone, lug(neighbor), success 0.16 6.6	 0.01 0.49 6.9 0.01
Gone. success 0.16 2.4	 0.12 0.48 0.7 0.22
Gone, neighbor 0.10 3.9	 0.05 0.11 8.2 0.01
Neighbor, success 0.07 4.9	 0.03 0.33 4.3 0.04
Gone 0.10 0.0	 0.38 0.10 3.3 0.06
Neighbor 0.01 2.6	 0.11 0.02 4.4 0.04
Success 0.07 1.1	 0.23 0.30 0.0 0.13
No effects (intercept only) 0.0 4.4	 0.04 0.0 0.2 0.29

• Factors in the models any include whether or not the mate was observed within study an ("gone"), distance to the newest neit.Menall nest
("neighbor-) or its logdranstermed value, the yeas before the movement !Mkt ("you"), and whether or not the nest was spectate, ("auccess").
b The difference in AlCe from the model with the lowal value (Burnham and Anderson 1998).

The relative likelihood of the model, based on Arc (lumhatn and Anderson 19911).

had a more rapidly declining function than fe-
males (Fig. 4) in both 1998-1999 (males: a =
14.9 ±- 7.2, b = 1.2 ± 0.1; females: a = 30.9
± 12.1, b = 1.5 ± 0.2) and 1999-2000 (males:
a = 6.6 ± 2.9, b = 1.1 ± 0.2; females: a =
36.5 ± 17.6, b = 1.3 -1- 0.2). We observed long
distance movements of >3 km for females (N
= 3) and never observed males moving >1.5
km. These results demonstrate the higher like-
lihood of males to remain near their previous
year's nest and the small, but higher likelihood
for females to move greater than several hun-
dred m. In contrast, the estimated dispersal fimc-
tions for the owls with simulated distances fol-
lowed the expected uniform probability until ap-
proximately 1.2 km, at which point the declining
slope resembled a negative exponential function
(Fig. 4). The very different distance at which the
simulated movements showed a declining prob-
ability of movement relative to the owl data pro-
vided strong evidence that the estimated move-
ment patterns were not negatively biased due to
study area constraints (Fig. 4), and thus allowed
us to evaluate biological factors responsible for
the observed patterns.

Individuals had a unique propensity for move-
ment: distance individuals moved between
1998-1999 was positively correlated (r - 0.67,
P < 0.001, N = 45) with distance moved be-
tween 1999-2000. However, we identified few

factors associated with how far individuals
moved. Based on data for which both members
of a pair were banded (N = 66 [1998-19991. N
= 68 11999-20001 pairs), we found little evi-
dence that year, whether or not the mate of the
owl was presumed dead (i.e. never seen again),
or distance to the nearest nest were associated
with distance moved (Table 3a). Based on a sub-
set of the data for which nest success was
known, there was some evidence that both nest
success and whether or not an owl's mate was
presumed dead were associated with distance
moved (Thble 3b). Distance moved by males and
females was associated weakly with nest success
and the presence of their mate the following year
(Table 3b). For both sexes, distance moved tend-
ed to be much greater for individuals whose
nests failed, though estimates lacked precision
(llible 4).
• As expected, dispersal distance of juvenile
owls was much greater than between-year move-
ment of adults (Fig. 3). There was no evidence
of a decline in the dispersal functions of juvenile
owls as distance increased from the natal nest.
That finding, in addition to only 20 of 124
(16.1%) juveniles that were banded and reob-
served in a following year, suggests that a large
proportion of the young emigrated from the
study area (sensu Turchin 1998). Some juveniles
did remain near their natal nest (Fig. 3). Of five
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young banded at nest boxes that were relocated
the following year, one nested in its natal nest
with a non-parent mate.

SURVIVAL
The large sample of marked owls and their

high recapture probabilities resulted in precise
estimates of survival. From 1997-1999, a total
of 239 adults were marked and released during
1997-1999; only 11 were marked during 1997.
During 1998-2000, we identified over 140
marked adults each year, with similar numbers
of males (N = 147) and females (N 148). The
global model, Model 14),•,, fit the data (P
= 0.08). The models with the highest likelihoods
were those that allowed recapture probabilities
to vary by sex and constrained survival rates to
be equivalent among years (Table 5). High es-
timated recapture probabilities for males (1.0
0) and females (0.91 -± 0.06) suggested most
marked owls were reobserved if present in the
study area. There was little evidence that appar-
ent survival rates varied appreciably among
years; 95% confidence intervals overlapped for
weighted annual estimates for both sexes. There
was weak evidence that males had higher ap-
parent survival rates than females. Based on es-
timates weighted from all models and using the
interval from 1998-1999 for comparative pur-
poses, apparent 'survival rates of males (0.64 S-
0.04) were marginally higher than those of fe-
males (0.58 :sr 0.05; 'Bible 5), but 95% confi-
dence intervals overlapped.

To allow estimation of actual survival rather
than apparent survival, we estimated the likeli-
hood for an adult to disperse from the DSA. We
estimated an emigration rate of 0.01 and 0.04
for males and females, respectively. Using these
estimates of emigration and the apparent surviv-
al rates. from the weighted average, we estimated
an annual survival probability of 0.65 and 0.62
for males and females, respectively. This sug-
gests that the difference in apparent survival
rates between males and females was partially
due to differential emigration, consistent with
the differences in the movement patterns be-
tween sexes.

SiimmUm
Owls used areas nearest their nest most inten-

sively, but included a relatively large area in
their home ranges. On average >80% of forag-
ing locations were within 600 m of their nest
(Fig. 5). The area traversed averaged 113.7 ±
30.4 ha (Table 6), with high (33.7 -± 3.4%) over-
lap among owls. Estimates of the mean area
used varied from 45.3 ± 18.2 ha (fixed kernel)
to 184.5 2 65.1 (adaptive kernel; Table 6). The
difference between estimates from the fixed and



TABLE 5.	 MODEL DESCRIPTION AND RESULTS OF SURVIVAL ANALYSES OF ADULT BURROWING OWLS, IMPERIAL VALLEY CA 1997-2000
0

Model Description niucet,
AlCe

weight,
(sr)

femalesd
(SE)

males°

4(s), E(s) Survival and recapture probability allowed to vary by sex 4 0.0 0.30 0.55 (0.04) 0.64 (0.04)
40. P(s)

tii(s + t). E(s)

Common survival but recapture probability allowed to vary
by sex

Survival allowed to vary among time similarly between
sexes; recapture probability allowed to vary by sex

3

6

0.2

0.9

0.27

0.20

0.61 (0.03)

0.57 (0.05)

0.6! (0.03)

0.61 (0.05)

0

to

xs
P(• Survival allowed to vary by sex but common recapture prob-

ability
3 1.9 0.12 0.53 (0.04) 0.65 (0.04) 0

440. P(s) Survival allowed to vary by time and recapture probability
by an

5 3.5 0.05 0.63 (0-04) 0.63 (0.04) 2
Me. PO Common survival and recapture probability among all in-

dividuals
2 4.7 0.03 0.60 (0.03) 0.60 (0.03) 0

P(s) Survival allowed to vary by sex and time: recapture probe- 8 6.5 0.01 0.57 (0.06) 0.66 (0.05) r-
Nifty allowed to vary.by sex

4(t), P(s X t) Survival allowed to vary by time; recapture probability al-
lowed to vary by sex and time

8 7.3 0.01 0.63 (0.04) 0.63 (0.04)

4<s X t), P(t) Survival allowed to vary by sex and time; recapture probe-
bility allowed to vary by time

8 10.1 0.002 0.56 (0.06) 0.67 (0.05)

(Ms x t),	 x t) Survival and recapture probability allowed to vary by sex
and time

10 10.2 0.002 0.58 (0.06) 0.66 (0,05)

• Nuts of mammy in the model.
Ir Diffenwee in smaDample rise corrected AIC (AlCc) from model with the lowest MU; smaller values indicsie • more desirable model.
4 Algae's weights, an estimate of the hireldsoad of the model within the set of models considemd (Burnham and Anderson 1998).

Estimate for year effect models is based on survival berstem 1998-1999.

z
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TABLE 6. ESTIMATED HOME RANGE SIZE FOR SIX RADIO-TAGGED MALE BURROWING OWLS NESTING WITHIN THE
SONNY BONO SALTON SEA NATIONAL WILDLIFE REFUGE. IMPERIAL VALLEY, CA, MAY-JULY 1998

Area estimate (hal

NO telemetry	 95% adaptive	 95% fixed
Owl	 locations	 1110% MCP*

	
kernel	 kernel

A	 71
17
55
77
29
52

Mean (SE)

158
68

247

63
66

113.7 (30.4)

191
187
491

73
85
80

184.5 (65.1)

13
8

122
65
53
11

45.3 (18.2)
*Minimum convex polygon.

adaptive kernel were often large because of the
different levels of smoothing in areas farthest
from the nest, where data were sparse. The
fixed-kernel estimates probably underestimated
the area used because of the high concentration
of locations near the nest, whereas the adaptive
kernel probably overestimated area because of
the few distant locations.

Habitat selection patterns varied among owls.
The strongest single effect was simply distance
from the nest (Table 7, Fig. 5). The models with
only distance had similar weights to models that
also included whether or not cover existed. Al-
though cover may have been a factor in foraging
habitat selection for some owls (Table 7), esti-
mates were imprecise (regression coefficient for
cover, 13, for log(distance) model: -0.31 ± 0.18;
for polynomial (distance) model: -035 ± 0.58).
Although small sample sizes made inferences
from finer-scale analyses weak, several crop
types were used more than others, relative to
availability. Selection, however, varied with dis-
tance from the nest (Fig. 6). At locations near
the nest, edge and fields without crops ("bare")
had the greatest use relative to availability,
whereas at distances >600 m selection was
greatest for hay fields (Fig. 6). The large varia-
tion among owls (Fig. 6) was probably due to
distance from the nest, maturity of the crop (i.e.,

•

accessibility), and management of a particular
field, as well as individual patterns of habitat
selection.

DISCUSSION

NEST DENSITY AND DISTRIBUT/ON

The Burrowing Owl population in the Impe-
rial Valley of California is perhaps the largest
continuous population throughout the species'
range and surely one of the most dense popu-
lations over such a large area (DeSante et al. this
volume). Coulombe (1971 :Table 2) estimated 3.3
pairs/lan2 within an 8-km' area of the Imperial
Valley during the breeding season of 1966-
1967. In southern Florida, Millsap and Bear
(2000) reported a density of 6.9 pairs/km 2 for
the Florida subspecies (A. c. floridatta). which
they estimated from a relatively large area (35.9
km2) relative to most other studies. Our estimate
of 8.3 pains/Ice is one of the highest reported.

Estimates of density are sensitive to the area
considered; small areas delineated by the exis-
tence of individuals may result in very high den-
sities. For example, Desmond et al. (1995) re-
ported azo pairs/kin' of owls in black-tailed
prairie dog (Cynomys ludovkianus) colonies
within areas of <35 ha. The spatial variability
of owl densities within our study site was due

TABLE 7. COMPARISON OF HABITAT SELECTION MODELS OF MALE BURROWING OWLS (N = 6), IMPERIAL VALLEY,
CA, Msv-ltay 1998

lag (thnumm)	 3S-order polynomial (Mama)
Model. Range (Of W• Itsom (w)c

Distance, crop type 0.06 0-0.20 0.07 0-0.24
Distance, crop cover 0.20 0-0.87 0_26 0-0.77
Distance 0.20 0-0.67 0.20 0-0.54
No effects (intercept only) 0.00 0 0.00

•Nam in the models may include distance from the nest as either • log effect or as a 301-arder polynomial, and two different schemes of pooling
different habitat typal: (I) vdiether or not the field contained crops with dense cover ("crop type") or (2) whether cello! the field bad cover by a

The mean of the relative bltehhccd of the modelx based on Arc (kra= and Anderson 1998).
The range of,, among owls.
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FIGURE 5. Frequency distribution of percent of lo-
cations (X ± se) of six male Burrowing Owls radio-
tracked in the Imperial Valley. CA (June-July 1998)
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in part to the scarcity of burrows in some areas.
High spatial variation in nest distribution is char-
acteristic of Burrowing Owl populations (Des-
mond et al. 1995, Trull° 1997, Millsap and Bear
2000), and results in high variation of nearest-
neighbor distances.

Burrowing Owls often live in close proximity
to conspecifics, but defend the immediate area
near their nest (Coulombe 1971; D. Rosenberg,
pers. obs.). We found pairs nesting as close as 7
m to each other, with an average nearest-neigh-
bor distance of 147 m. In a study area about
twice the size of ours, Millsap and Bear (2000)
reported mean nearest-neighbor distances of 176
m. There have been few studies investigating
whether a benefit is gained by their clustered
distribution, which often resembles a colonial
nesting pattern. Green and Anthony (1989)
found nest success was lower for owls that nest-
ed within 110 m of another pair, suggesting
competition for resources. Although we found
high variability in nest densities, we failed to
find evidence, based on number of young/fe-
male, that competition drives nest distribution.
Further investigation into the costs and benefits
of the clustered distribution of nests will provide
insight into the proximate and ultimate causes of
the spatial distribution of Burrowing Owl nests.

Din
The diet of Burrowing Owls in our study area,

dominated numerically by invertebrates, is prob-
ably typical of populations within intensive ag-
ricultural ecosystems. The very broad diet we
observed is characteristic of Burrowing Owls
(Haug et al. 1993). During the breeding season,
their diet likely represents opportunistic foraging
near the nest site, consistent with central place
foraging theory (e.g., Orians and Pearson 1979).
In many populations, there is a seasonal shift in

I 30

30

10

NMI Swami. Com CS FS Hav an Ctn. 11.4.11

Cropiliebttat

FIGURE 6. Comparison of the percent use among
foraging habitats by six male Burrowing Owls, impe-
rial Valley, CA, June-July 1998. The error bar repre-
sents the se among the owls. The percent use and
availability of each type differed based on locations
near (A) and far (B) from the nest. Estimates are based
on locations gathered from nocturnal telemetry (owl
use) or % composition of habitats within a circle with
a radius equal to the maximum distance an owl was
located from its nest (availability).

diet, with an increase in consumption of verte-
brates during the non-breeding season (reviewed
in Haug et al. 1993; Silva et al. 1995). This may
not be the case in the intensive agroecosystems
of the Imperial Valley, where York et al. (2002)
found dominance by Orthoptera in both the
breeding and non-breeding season. Given the es-
timate of 14 individual Orthoptera/stomach
(York et al. 2002) and assuming a pellet egestion
rate of 24 hr (Haug et al. 1993), an adult owl
consumes about 5000 Orthoptera/yr. Based on
an estimate of 13,000 adult owls in the Imperial
Valley (DeSante et al. this volume), Burrowing
Owls consume >65 million Orthoptera/yr. Al-
though the effect of Burrowing Owl predation
on mop pests remains unknown, the owls' high
density and heavy predation of pest species sug-
gest it may be important.

Analysis of pellet samples in our study area
and of stomach contents (York et al. 2002) sus-
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gested very low consumption of rodents in the
Imperial Valley relative to other populations in
California (D. Rosenberg et al., unpubl. data).
The rodent index was highly variable among
nests and was likely influenced by field-specific
crop management. For example, after a field
burn we observed greater numbers of rodent re-
mains around owl burrows (K. Haley, pers.
ohs.). The flood method of irrigation may limit
rodent populations. York et al. (2002) hypothe-
sized that Burrowing Owls select small rodents
over arthropods and that the low frequency of
rodents in their diet in the Imperial Valley was
due to low abundance and availability, consis-
tent with findings of strong selection for rodents
for a Chilean Burrowing Owl population (Silva
et al. 1995).

Birds were another primary vertebrate con-
sumed. They were much more frequent in the
diet of owls in the Imperial Valley than in other
areas of California (D. Rosenberg et al.. unpubl.
data). Prey included both small passerines, such
as Wilson's Warbler (Wilsonia pusilla), as well
as larger birds that were apparently scavenged,
such as American Avocet (Recurvirostra ante-
ricana). Birds may be an important component
of the diet, especially during the breeding season
when energetic demands are high.

BREEDING PHENOIDGY AND PRODUCTIVITY

The owls' nesting season is longer than else-
where in California (D. Rosenberg et al., unpubl.
data), with egg-laying extending into July, usu-
ally following nest failure. Indeed, a nest with
10-14 d old young was found during December
(J. Govan, pers. comm.), giving further support
to our hypothesis that year-round food avail-
ability may be greater in the Valley than else-
where in the subspecies' range. The only other
record of late-season breeding by Burrowing
Owls was in Florida in an area also with high
densities of owls (Mil!sap and Bear 1990). De-
spite the potential for an extended breeding sea-
son and frequent renesting following nest failure
(D. Catlin and D. Rosenberg, unpubl. data), we
did not observe double-brooding, which has
been infrequently observed elsewhere (Millsap
and Bear 1990, Gervais and Rosenberg 1999),

Clutch size within a species is believed to be
a response to variation in protein and energy
availability (Williams 1996, Nager et al 1997).
Burrowing Owls produce large clutches (up to
11 eggs; Haug et al. 1993), usually associated
with high rodent abundance (D. Rosenberg.
pers. obs.). In the Imperial Valley, we have nev-
er observed clutch size >8 during our study pe-
riod; of these, few individuals typically fledge.
Although an average of six eggs were laid per

clutch, an average of only 2.5 young survived
to 21-28 d old.

We failed to identify factors other than year
associated with individual variation in produc-
tivity. We explored only two components of
those often postulated to be associated with in-
dividual variation of productivity in birds: qual-
ity of diet and competition for food resources
(Newton 1998). We failed to find that our index
of rodent consumption or the presence of neigh-
boring owls were related to productivity. Al-
though it is likely that our finding of a year ef-
fect on productivity was related to food resourc-
es, our index, which estimated the abundance of
only one of the many prey resources, was not
indicative of individual variability in productiv-
ity. How well our estimate provided a reliable
index to rodent consumption at the individual
nest level is unknown. Unlike other sites in Cal-
ifornia (D. Rosenberg, unpubl. data), birds were
a common component of the diet, and indeed
may be more important than rodent consumption
for providing sufficient energy and nutrients for
a large brood. Other factors affecting individual
variation in productivity that may be operative
for Burrowing Owls include vulnerability to pre-
dation, parental condition, age of adults, and
previous reproductive history. These factors re-
main to be explored with our data and future
experimental studies.

That food supply limits clutch size and the
number of fledglings of many bird species has
been well demonstrated (Newton 1998:145). In-
deed, Haley (2002) found an increase in pro-
ductivity of food-supplemented Burrowing Owls
in the Imperial Valley. We hypothesize that
clutch size of Burrowing Owls in the Imperial
Valley is limited primarily by nutrient and en-
ergy availability. We further speculate that the
mechanism of reducing brood size occurs
through infanticide (Wellicome 2000) and in-
creased predation through exposure of young at
the burrow (Batelho 1996). both of which are
influenced by food supply. Determining the sep-
arate roles of nutrient and energy limitation in
clutch size (e.g., Nager et al. 1997) and factors
causing mortality of nestlings will require care-
ful observation and experimentation.

BETWEEN-YEAR Movnsterrrs
Burrowing Owls typically remained with their

mates in successive breeding seasons. Our find-
ing of greater than 80% mate retention is similar
to the high (92%) rate Milhap and Bear (1997)
reported in Florida However, high annual mor-
tality meant that only approximately 40% of the
pairs would have both members alive by the fol-
lowing breeding season. Following loss of ma-
tes, through divorce, emigration, or death, new
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pairs were formed; some owls moved consider-
able distances (e.g., >3 km) before new nest
pairs were formed.

Our findings on between-year movements are
in general agreement with prior studies through-
out the owl's North American range. Our results
are similar to the high nest-site fidelity of adults
reported for the Florida subspecies by Millsap
and Bear (1997) and for a migratory population
nesting in Canada (WeIncome et al. 1997). Lutz
and Plumpton (1999) reported lower rates for a
migratory population in Colorado. Adult be-
tween- or within-year movement distances of
over 40 km have been detected for both resident
(J. Rosier et al., unpubl. data) and migratory
(Wellicome et al. 1997) populations. The size of
our study area, however, was too small to detect
movements >4 lun using only mark-recapture
methods.

Adult Burrowing Owls, particularly females,
will nest in locations distant from their previous
year's nest, consistent with avian dispersal pat-
terns (Greenwood 1980). We found such move-
ments often followed nest failure, similar to re-
sults from Colorado (Lutz and Plumpton 1997)
and grasslands in California (J. Rosier et al., un-
publ. data). Millsap and Bear (1997) found that
longer-distance movements were associated with
loss of a mate. We found evidence for this as
well, but ow data provided stronger support for
nest failure as the predominant factor associated
with movements.

Natal dispersal patterns are poorly understood
and distance distributions are typically underes-
timated for most bird species (Barrowclough
1978, Koenig et al. 2000). Natal dispersal pat-
terns in Burrowing Owls are no exception. From
the non-declining dispersal function (sensu Tar-
chin 1998). it was clear that our study area was
too small to properly estimate this important pa-
rameter. Natal dispersal distance of up to 300 km
was reported by Wellicome et al. (1997) from a
migratory population. Millsap and Bear (1997)
reported a median natal dispersal distance of be-
tween 0.4-1.1 km; ow median distance was
similar (1.5 km), and we suspect it was severely
underestimated. Careful attention to the prob-
lems of estimating dispersal, particularly natal
dispersal (e.g., Koenig et al. 2000), will be re-
quired to provide a better understanding of the
population ecology of this species.

Surevrva
It was interesting, but not surprising, that adult

survival rates were similar between males and fe-
males. We suspect that causes of mortality differ
between sexes, though annual mortality is similar.
Costs of reproduction are likely higher for fe-
males, particularly if nutrients required for repro-

duction are limiting. Predation within the burrow
by fossorial mammals and snakes may be an im-
portant mortality factor. If so, this should affect
adult females mow than males because only fe-
males incubate eggs and brood young (Haug et
al. 1993). Alternatively, the male's high visibility
and the greater amount of time spent foraging
during the breeding season may make males
more vulnerable to other predators and vehicles.
Few accounts of cause-specific mortality exist.
Clayton and Schmutz (1997) quantified cause-
specific mortality for two Canadian populations;
vehicle collisions were the predominate mortality
factor for adults in fragmented environments,
whereas predation by raptors and mammals pre-
dominated in the larger grassland ecosystems.
Millsap (2002), in an urban environment in Flor-
ida, found vehicle collisions responsible for 70%
of banded owls found dead. A deeper understand-
ing of cause-specific mortality is needed to more
fully understand factors affecting Burrowing Owl
populations.	 -

Our estimate of survival rates of Burrowing
Owls is one of the few not based on return rates,
which typically underestimate survival. Lutz and
Plumpton (1997) reported adult survival rates
that varied between 0.17 to 0.71 among years
within a migratory population in Colorado. In
Canada, Clayton and Schmutz (1997) estimated
adult survival rates based on known fate data
(radio telemetry) and generally found low rates,
although they varied from 0.38-1.0 for a 4-mo
period. In a study design similar to ours, Millsap
and Bear (1997) found annual survival rates of
females generally lower (0.52-0.69) than males
(0.62-0.81), and in areas of moderate housing
development they tended to be similar to our
estimates (Millsap 2002).

Based on the natural history of Burrowing
Owls, it is likely that population dynamics are
more gensitive to juvenile than adult survival
(e.g., Emlen and Pikitch 1989). Indeed, that few
adults but many juveniles moved long distances
and that mortality rates of adults are high, sug-
gest that ex-situ recruitment of young into the
breeding population is an essential feature of the
dynamics of the relatively stable population we
studied. Martin et al. (2000) reported similar
findings for White-tailed Ptarmigan (Lagopus
leucuna) and suggested that recruitment from
external populations may be an important and
common feature of avian population dynamics.
In the Imperial Valley, the Burrowing Owl pop-
ulation is probably structured as a continuous
population rather than as a set of distinct "ex-
ternal" populations. Indeed, genetic data suggest
high mixing of individuals throughout central
and southern California (Korfanta 2001).

Because of the high emigration rate of juve-
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niles from our study area, as evidenced by the
non-declining movement function we observed
(Fig. 3), estimates of juvenile survivorship
would have been severely underestimated from
our data. Precise and unbiased estimates of ju-
venile survivorship will be important in order to
model the dynamics of this population, as well
as to explore how sensitive the dynamics of the
population are to juvenile survivorship.

SPACE USE

Burrowing Owls tend to remain near their ncst
site during nocturnal foraging. Similar to our re-
sults, >80% of the nocturnal telemetry locations
were within 600 m of the nest during the breed-
ing season in the agricultural matrix of the Cen-
tral Valley, California, and Saskatchewan, Ca-
nada (Haug and Oliphant 1990, Gervais et al.
2003). Haug and Oliphant (1990) reported male
Burrowing Owls selected grass-forb areas and
avoided agricultural fields during nocturnal for-
aging. However, their estimates of selection did
not take into account distance from the nest. Be-
cause nest sites were all located within grass-
forb areas (Haug and Oliphant 1990), distance
alone may explain the apparent patterns of hab-
itat selection they reported. Our results and those
of Gesvais et al. (2003) demonstrate that agri-
cultural fields are often used by Burrowing
Owls. Indeed, the high owl densities in the Im-
perial Valley, predominated by crops, suggest
agricultural fields can provide quality foraging
habitat. The structure of vegetation within an ag-
ricultural field is dynamic and changes through-
out the growing season likely affect owl selec-
tion. Some crops, such as alfalfa, are grown
without cultivation for several years, sometimes
as long as six years (A. Kahn, pers. comm.). In
such cases, rodent populations may increase
with a parallel increase in selection by foraging
Burrowing Owls.

Home range size of adult Burrowing Owls is
highly variable. Estimates (MCP method)
ranged from 14-480 ha (k 240 ha) in a ma-
trix of grazed pastures and cereal crops in Ca-
nada (Haug and Oliphant 1990) and averaged
189 ha in the Central Valley of California (Ger-
vais et al. 2003). We found similarly high vari-
ation, regardless of the estimator used. Variation
in home range size is likely due to availability
of prey, reproductive success (i.e., energy de-
mand), and characteristics of the landscape that
affect the distribution of resources (Newton
1979, Kenward 1982, Haug and Oliphant 1990,
Carey et al. 1992). Management practices that
affect prey availability, such as field burning and
harvest, were also likely responsible for the in-
dividual variation we observed in patterns of
space use. Sampling variation may be responsi-

ble for much of the observed differences in es-
timated home range size; this deserves further
attention for estimation of home ranges in gen-
eral (White and Garrot 1990).

MANAGEMENT CONCERNS

In the Imperial Valley, the availability of bur-
rows is largely dependent on the management
practices of . private landowners and the Imperial
Irrigation District Most of the burrows in our
study site likely resulted from water seepage,
muskrats (Ondatra zibethicus; Coulombe 1971),
and gophers. When gophers reach the concrete
lining, they often burrow to the surface (A. Ka-
lin, pert comm.), creating an initial tunnel the
owls can enlarge. We also found nests within
burrows initially created by the round-tailed
ground squirrel (CiteIlus ternicaudus), as did
Coulombe (1971). Within the agroecosystems of
the Imperial Valley, the abundance of these spe-
cies and their ability to provide burrows that the
owls can modify as nests are determined largely
by local fanning practices and methods of water
conveyance.

The single largest management concern for
the Burrowing Owl population in the agroe-
cosystems of the Imperial Valley is how the ir-
rigation system is managed. Dredging of drains
and grading of roads has the potential to destroy
nests (Coulombe 1971; this study). Indeed, sev-
eral adults and their nests were buried during
road grading operations (D. Catlin and D. Ro-
senberg, unpubl. data). Flooding from overflow
of delivery ditches also cause nest destruction
and death of young (K. Haley, pers. obs.). A
potential problem is the growth of tall vegetation
along drains, which prevents owls from nesting;
however, current management practices gener-
ally reduce or eliminate vegetation along drains.
Collaboration among the Imperial Irrigation Dis-
trict, state and federal agencies, and landowners,
such as local farmers, will be instrumental in
developing strategies to allow maintenance of
the irrigation system while minimizing destruc-
tion to nests. Burrowing Owls and their nests are
protected under both state and federal laws but
such protection in intensively managed ecosys-
tems is difficult. Research on developing feasi-
ble methods to reduce the likelihood of destroy-
ing nests or entrapping adult owls will be essen-
tial in developing conservation strategies.

Mother issue that may affect Burrowing Owl
populations in the Imperial Valley is the pres-
ence of contaminant residues from current and
former agricultural practices. Previous findings
suggest low levels of contamination by organo-
chlorines; p,p'DDE, the only organochlorine de-
tected in eggs, was relatively low in the Imperial
Valley (Gervais et al. 2000). Species that con-
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sume a large proportion of their diet from aquat-
ic environments have been reported with high
levels of p,p tDDE and selenium within the Im-
perial Valley (Setmire et al. 1990, 1993). The
predominance of terrestrial-based prey resources
in the diet, particularly Orthoptera, may be re-
sponsible for the relatively low levels of both
p,p'DDE and selenium reported by Gervais et
al. (2000). The results of Gervais et al. (2000)
were based on a small sample from within the
Refuge and from only a single year; however,
Gervais and Catlin (in press) found similar lev-
els of p,p'DDE within and adjacent -to the Ref-
uge in 2002. Although we did not evaluate con-
taminate residues, the relatively high rates of
adult survival and the proportion of nesting at-
tempts that produced young do not currently in-
dicate a problem. However, effects could occur
if current patterns of pesticide use change or if
natural stressors interact with pesticide exposure
(Gervais and Anthony 2003).

The large numbers of Burrowing Owls in the
agricultural matrix of the Imperial Valley remain
vulnerable to changes in land use (e.g., urbani-
zation) and water distribution. Although the con-
centration of Burrowing Owls within the Impe-
rial Valley is clearly due to farming practices,
presumably a large but sparse population existed
prior to agricultural development. The few areas
of native habitat that remain in the Imperial Val-
ley may be important for the persistence of Bur-
rowing Owls in the Imperial Valley if changes
in agricultural practices prevent nesting along
the irrigation system. Successful conservation
strategies for Burrowing Owls in the Imperial

Valley will require both a thoughtful consider-
ation of how future changes in agricultural prac-
tices may affect populations and an evaluation
of the role of native habitat for population per-
sistence.
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INTRODUCTION

The California Burrowing Owl Consortium developed the following Survey Protocol and
Mitigation Guidelines to meet the need for uniform standards when surveying burrowing owl
(Speotyto cunicitlaria) populations and evaluating impacts from development projects. The
California Burrowing Owl Consortium is a group of biologists in the San Francisco Bay area
who are interested in burrowing owl conservation. The following survey protocol and mitigation
guidelines were prepared by the Consortium's Mitigation Committee. These procedures offer
a decision-making process aimed at preserving burrowing owls in place with adequate habitat.

California's burrowing owl population is clearly in peril and if declines continue unchecked the
species may qualify for listing. Because of the intense pressure for development of open, flat
grasslands in California, resource managers frequently face conflicts between owls and
development projects. Owls can be affected by disturbance and habitat loss, even though there
may be no direct impacts to the birds themselves or their burrows. There is often inadequate
information about the presence of owls on a project site until ground disturbance is imminent.
When this occurs there is usually insufficient time to evaluate impacts to owls and their habitat.
The absence of standardized field survey methods impairs adequate and consistent impact
assessment during regulatory review processes, which in turn reduces the possibility of effective
mitigation.

These guidelines are intended to provide a decision-making process that should be implemented
wherever there is potential for an action or project to adversely affect burrowing owls or the
resources that support them. The process begins with a four-step survey protocol to document
the presence of burrowing owl habitat, and evaluate burrowing owl use of the project site and
a surrounding buffer zone. When surveys confirm occupied habitat, the mitigation measures are
followed to minimize impacts to burrowing owls, their burrows and foraging habitat on the site.
These guidelines emphasize maintaining burrowing owls and their resources in place rather than
minimizing impacts through displacement of owls to an alternate site.

Each project and situation is different and these procedures may not be applicable in some
circumstances. Finally, these are not strict rules or requirements that must be applied in all
situations. They are guidelines to consider when evaluating burrowing owls and their habitat,
and they suggest options for burrowing owl conservation when land use decisions are made.

Section 1 describes the four phase Burrowing Owl Survey Protocol. Section 2 contains the
Mitigation Guidelines. Section 3 contains a discussion of various laws and regulations that
protect burrowing owls and a list of references cited in the text.

We have submitted these documents to the California Department of Fish and Game (CDFG)
for review and comment. These are untested procedures and we ask for your comments on
improving their usefulness.



SECTION 1 BURROWING OWL SURVEY PROTOCOL

PHASE!: HABITAT ASSESSMENT

The first step in the survey process is to assess the presence of burrowing owl habitat on the
project site including a 150-meter (approx. 500 ft.) buffer zone around the project boundary
(Thomsen 1971, Martin 1973).

Burrowing Owl Habitat Description
Burrowing owl habitat can be found in annual and perennial grasslands, deserts, and scrublands
characterized by low-growing vegetation (Zarn 1974). Suitable owl habitat may also include
trees and shrubs if the canopy covers less than 30 percent of the ground surface. Burrows are
the essential component of burrowing owl habitat: both natural and artificial burrows provide
protection, shelter, and nests for burrowing owls (Henny and Blus 1981). Burrowing owls
typically use burrows made by fossorial mammals, such as ground squirrels or badgers, but also
may use man-made structures, such as cement culverts; cement, asphalt, or wood debris piles;
or openings beneath cement or asphalt pavement.

Occupied Burrowing Owl Habitat
Burrowing owls may use a site for breeding, wintering, foraging, and/or migration stopovers.
Occupancy of suitable burrowing owl habitat can be verified at a site by an observation of at
least one burrowing owl, or, alternatively, its molted feathers, cast pellets, prey remains,
eggshell fragments, or excrement at or near a burrow entrance. Burrowing owls exhibit high
site fidelity, reusing burrows year after year (Rich 1984, Feeney 1992). A site should be
assumed occupied if at least one burrowing owl has been observed occupying a burrow there
within the last three years (Rich 1984).

The Phase II burrow survey is required if burrowing owl habitat occurs on the site. If
burrowing owl habitat is not present on the project site and buffer zone, the Phase H burrow
survey is not necessary. A written report of the habitat assessment should be prepared (Phase
IV), stating the reason(s) why the area is not burrowing owl habitat.

PHASE II: BURROW SURVEY

1. A survey for-burrows and owls should be conducted by walking through suitable
habitat over the entire project site and in areas within 150 meters (approx 500 ft.) of
the project impact zone. This 150-meter buffer zone is included to account for
adjacent burrows and foraging habitat outside the project area and impacts from
factors such as noise and vibration due to heavy equipment which could impact
resources outside the project area.
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2. Pedestrian survey transects should be spaced to allow 100 percent visual coverage of
the ground surface. The distance between transect center lines should be no more
than 30 meters (approx. 100 ft.), and should be reduced to account for differences
in terrain, vegetation density, and ground surface visibility. To efficiently survey
projects larger than 100 acres, it is recommended that two or more surveyors conduct
concurrent surveys. Surveyors should maintain a minimum distance of 50 meters
(approx. 160 ft.) from any owls or occupied burrows. It is important to minimize
disturbance near occupied burrows during all seasons.

3. If burrows or burrowing owls are recorded on the site, a map should be prepared of
the burrow concentration areas. A breeding season survey and census (Phase III) of
burrowing owls is the next step required.

4. Prepare a report (Phase IV) of the burrow survey stating whether or not burrows are
present.

5. A preconstruction survey may be required by project-specific mitigations no more
than 30 days prior to ground disturbing activity.

PHASE III: BURROWING OWL SURVEYS, CENSUS AND MAPPING

If the project site contains burrows that could be used by burrowing owls, then survey efforts
should be directed towards determining owl presence on the site. Surveys in the breeding season
are required to describe if, when, and how the site is used by burrowing owls. If no owls are
observed using the site during the breeding season, a winter survey is required.

Survey Methodology
A complete burrowing owl survey consists of four site visits. During the initial site visit
examine burrows for owl sign and map the locations of occupied burrows. Subsequent
observations should be conducted from as many fixed points as necessary to provide visual
coverage of the site using spotting scopes or binoculars. It is important to minimize disturbance
near occupied burrows during all seasons. Site visits must be repeated on four separate days.
Conduct these visits from two hours before sunset to one hour after or from one hour before to
two hours after sunrise. Surveys should be conducted during weather that is conducive to
observing owls outside their burrows. Avoid surveys during heavy rain, high winds (> 20
mph), or dense fog.

Nesting Season Survey. The burrowing owl nesting season begins as early as February I and
continues through August 31 (Thomsen 1971, Zam 1974). The timing of nesting activities may
vary with latitude and climatic conditions. If possible, the nesting season survey should be
conducted during the peak of the breeding season, between April 15 and July 15. Count and
map all burrowing owl sightings, occupied burrows, and burrows with owl sign. Record
numbers of pairs and juveniles, and behavior such as courtship and copulation. Map the
approximate territory boundaries and foraging areas if known.
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Survey for Winter Residents (non-breeding owls). Winter surveys should be conducted
between December 1 and January 31, during the period when wintering owls are most likely to
be present. Count and map all owl sightings, occupied burrows, and burrows with owl sign.

Surveys Outside the Winter and Nesting Seasons. Positive results, (i.e., owl sightings)- outside
of the above survey periods would be adequate to determine presence of owls on site. However,
results of these surveys may be inadequate for mitigation planning because the numbers of owls
and their pattern of distribution may change during winter and nesting seasons. Negative results
during surveys outside the above periods are not conclusive proof that owls do not use the site.

Preconstruction Survey. A preconstruction survey may be required by project-specific
mitigations and should be conducted no more than 30 days prior to ground disturbing activity.

PHASE IV: RESOURCE SUMMARY, WRITTEN REPORT

A report should be prepared for CDFG that gives the results of each Phase of the survey
protocol, as outlined below.

Phase I: Habitat Assessment

1. Date and time of visit(s) including weather and visibility conditions; methods of
survey.

2. Site description including the following information: location, size, topography,
vegetation communities, and animals observed during visit(s).

3. An assessment of habitat suitability for burrowing owls and explanation.

4. A map of the site.

Phase II: Burrow Survey

1. Date and time of visits including weather and visibility conditions; survey methods
including transect spacing.

2. A more detailed site description should be made during this phase of the survey
protocol including a partial plant list of primary vegetation, location of nearest
freshwater (on or within one mile of site), animals observed during transects.

3. Results of survey transects including a map showing the location of concentrations
of burrow(s) (natural or artificial) and owl(s), if present.
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Phase III: Burrowing Owl Surveys, Census and Mapping

1. Date and time of visits including weather and visibility conditions; survey methods
including transect spacing.

2. Report and map the location of all burrowing owls and owl sign. Burrows occupied
by owl(s) should be mapped indicating the number of owls at each burrow. Tracks,
feathers, pellets, or other items (prey remains, animal scat) at burrows should also
be reported.

3. Behavior of owls during the surveys should be carefully recorded (from a distance)
and reported. Describe and map areas used by owls during the surveys. Although

not required, all behavior is valuable to document including feeding, resting,
courtship, alarm, territorial, parental, or juvenile behavior.

4. Both winter and nesting season surveys should be summarized. If possible include
information regarding productivity of pairs, seasonal pattern of use, and include a
map of the colony showing territorial boundaries and home ranges.

5. The historical presence of burrowing owls on site should be documented, as well as
the source of such information (local bird club, Audubon society, other biologists,
etc.).
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SECTION 2 BURROWING OWL MITIGATION GUIDELINES

The objective of these mitigation guidelines is to minimize impacts to burrowing owls and the
resources that support viable owl populations. These guidelines are intended to provide a
decision-making process that should be implemented wherever there is potential for an action
or project to adversely affect burrowing owls or their resources. The process begins with a
four-step survey protocol (see Burrowing Owl Survey Protocol) to document the presence of
burrowing owl habitat, and evaluate burrowing owl use of the project site and a surrounding
buffer zone. When surveys confirm occupied habitat, the mitigation measures described below
are followed to minimize impacts to burrowing owls, their burrows and foraging habitat on the
site. These guidelines emphasize maintaining burrowing owls and their resources in place rather
than minimizing impacts through displacement of owls to an alternate site.

Mitigation actions should be carried out prior to the burrowing owl breeding season, generally
from February 1 through August 31 (Thomsen 1971, Zan 1974). The timing of nesting activity
may vary with latitude and climatic conditions. Project sites and buffer zones with suitable
habitat should be resurveyed to ensure no burrowing owls have occupied them in the interim
period between the initial surveys and ground disturbing activity. Repeat surveys should be
conducted not more than 30 days prior to initial ground disturbing activity.

DEFINITION OF IMPACTS

1. Disturbance or harassment within 50 meters (approx. 160 ft.) of occupied burrows.

2. Destruction of burrows and burrow entrances. Burrows include structures such as
culverts, concrete slabs and debris piles that provide shelter to burrowing owls.

3. Degradation of foraging habitat adjacent to occupied burrows.

GENERAL CONSIDERATIONS

1. Occupied burrows should not be disturbed during the nesting season, from February
1 through August 31, unless the Department of Fish and Game verifies that the birds
have not begun egg-laying and incubation or that the juveniles from those burrows
are foraging independently and capable of independent survival at an earlier date.

2. A minimum of 6.5 acres of foraging habitat, calculated on a 100-m (approx. 300 ft.)
foraging radius around the natal burrow, should be maintained per pair (or unpaired
resident single bird) contiguous with burrows occupied within the last three years
(Rich 1984, Feeney 1992). Ideally, foraging habitat should be retained in a long-term
conservation easement.
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3. When destruction of occupied burrows is unavoidable, burrows should be enhanced
(enlarged or cleared of debris) or created (by installing artificial burrows) in a ratio
of 1:1 in adjacent suitable habitat that is contiguous with the foraging habitat of the
affected owls.

4. If owls must be moved away from the disturbance area, passive relocation (see
below) is preferable to trapping. A time period of at least one week is recommended
to allow the owls to move and acclimate to alternate burrows.

5. The mitigation committee recommends monitoring the success of mitigation programs
as required in Assembly Bill 3180. A monitoring plan should include mitigation
success criteria and an annual report should be submitted to the California
Department of Fish and Game.

AVOIDANCE

Avoid Occupied Burrows
No disturbance should occur within 50 m (approx. 160 ft.) of occupied burrows during the non-
breeding Season of September 1 through January 31 or within 75 m (approx. 250 ft.) during the
breeding Season of February 1 through August 31. Avoidance also requires that a minimum of
6.5 acres of foraging habitat be preserved contiguous with occupied burrow sites for each pair
of breeding burrowing owls (with or without dependent young) or single unpaired resident bird
(Figure 2).

MITIGATION FOR UNAVOIDABLE IMPACTS

On-site Mitigation
On-site passive relocation should be implemented if the above avoidance requirements cannot
be met. Passive relocation is defined as encouraging owls to move from occupied burrows to
alternate natural or artificial burrows that are beyond 50 m from the impact zone and that are
within or contiguous to a minimum of 6.5 acres of foraging habitat for each pair of relocated
owls (Figure 3). Relocation of owls should only be implemented during the non-breeding
season. On-site habitat should be preserved in a conservation easement and managed to promote
burrowing owl use of the site.

Owls should be excluded from burrows in the immediate impact zone and within a 50 m
(approx. 160 ft.) buffer zone by installing one-way doors in burrow entrances: One-way doors
should be left in place 48 hours to insure owls have left the burrow before excavation. One
alternate natural or artificial burrow should be provided for each burrow that will be excavated
in the project impact zone. The project area should be monitored daily for one week to confirm
owl use of alternate burrows before excavating burrows in the immediate impact zone.
Whenever possible, burrows should be excavated using hand tools and refilled to prevent
reoccupation. Sections of flexible plastic pipe or burlap bags should be inserted into the tunnels
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Figure 2. Burrowing owl mitigation guidelines.
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Figure 3. Burrowing owl mitigation guidelines.
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during excavation to maintain an escape route for any animals inside the burrow.

Off-site Mitigation
If the project will reduce suitable habitat on-site below the threshold level of 6.5 acres per
relocated pair or single bird, the habitat should be replaced off-site. Off-site habitat must be
suitable burrowing owl habitat, as defined in the Burrowing Owl Survey Protocol, and the site
approved by CDFG. Land should be purchased and/or placed in a conservation easement in
perpetuity and managed to maintain suitable habitat. Off-site mitigation should use one of the
following ratios:

I. Replacement of occupied habitat with occupied habitat: 1.5 times 6.5 (9.75) acres per
pair or single bird.

2. Replacement of occupied habitat with habitat contiguous to currently occupied habitat:
2 times 6.5 (13.0) acres per pair or single bird.

3. Replacement of occupied habitat with suitable unoccupied habitat: 3 times 6.5 (19.5)
acres per pair or single bird.
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SECTION 3 LEGAL STATUS

The burrowing owl is a migratory bird species protected by international treaty under the
Migratory Bird Treaty Act (MBTA) of 1918 (16 U.S.C. 703-711). The MBTA makes it
unlawful to take, possess, buy, sell, purchase, or barter, any migratory bird listed in 50 C.F.R.
Part 10, including feathers or other parts, nests, eggs, or products, except as allowed by
implementing regulations (50 C.F.R. 21). Sections 3503, 3503.5, and 3800 of the California
Department of Fish and Game Code prohibit the take, possession, or destruction of birds, their
nests or eggs. Implementation of the take provisions requires that project-related disturbance
at active nesting territories be reduced or eliminated during critical phases of the nesting cycle
(March 1 - August 15, annually). Disturbance that causes nest abandonment and/or loss of
reproductive effort (e g, killing or abandonment of eggs or young) or the loss of habitat upon
which the birds depend is considered "taking" and is potentially punishable by fines and/or
imprisonment. Such taking would also violate federal law protecting migratory birds (e.g.,
MBTA).

The burrowing owl is a Species of Special Concern to California because of declines of suitable
habitat and both localized and statewide population declines. Guidelines for the Implementation
of the California Environmental Quality Act (CEQA) provide that a species be considered as
endangered or "rare" regardless of appearance on a formal list for the purposes of the CEQA
(Guidelines, Section 15380, subsections b and d). The CEQA requires a mandatory findings of
significance if impacts to threatened or endangered species are likely to occur (Sections
21001(c), 21083. Guidelines 15380, 15064, 15065). Avoidance or mitigation must be presented
to reduce impacts to less than significant levels.

CEQA AND SUBDIVISION MAP ACT

CEQA Guidelines Section 15065 directs that a mandatory fmding of significance is required for
projects that have the potential to substantially degrade or reduce the habitat of, or restrict the
range of a threatened or endangered species. CEQA requires agencies to implement feasible
mitigation measures or feasible alternatives identified in EIR's for projects which will otherwise
cause significant adverse impacts (Sections 21002, 21081, 21083; Guidelines, sections 15002,
subd. (a)(3), 15021, subd. (a)(2), 15091, subd. (a).).

To be legally adequate, mitigation measures must be capable of "avoiding the impact altogether
by not taking a certain action or parts of an action"; "minimizing impacts by limiting the degree
or magnitude of the action and its implementation"; "rectifying the impact by repairing,
rehabilitating or restoring the impacted environment"; "or reducing or eliminating the impact
over time by preservation and maintenance operations during the life of the action."
(Guidelines, Section 15.370).

Section 66474 (e) of the Subdivision Map Act states "a legislative body of a city or county shall
deny approval of a tentative map or parcel map for which a tentative map was not required, if
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it makes any of the following fmdings:... (e) that the design of the subdivision or the proposed
improvements are likely to cause substantial environmental damage or substantially and
avoidably injure fish and wildlife or their habitat". In recent court cases, the court upheld that
Section 66474(e) provides for environmental impact review separate from and independent of
the requirements of CEQA (Topanga Assn. for a Scenic Community v. County of Los Angeles,
263 Cal. Rptr. 214 (1989).). The finding in Section 66174 is in addition to the requirements
for the preparation of an HR or Negative Declaration.
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Biologist, Environmental Services Division, telephone (916) 654-9980.

copy ocrsisor
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STAFF REPORT ON BURROWING OWL MITIGATION

Introduction

The Legislature and the Fish and Game Commission have developed the policies, standards and
regulatory mandates to protect native species of fish and wildlife. In order to determine how the
Department of Fish and Game (Department) could judge the adequacy of mitigation measures
designed to offset impacts to burrowing owls (Speotyto cunicularia; A.O.U. 1991) staff (VVMD,
ESD, and Regions) has prepared this report. To ensure compliance with legislative and
commission policy, mitigation requirements which are consistent with this report should be
incorporated into: (1) Department comments to Lead Agencies and project sponsors pursuant to
the California Environmental Quality Act (CEQA); and (2) other authorizations the Department
gives to project proponents for projects impacting burrowing owls.

This report is designed to provide the Department (including regional offices and divisions),
CEQA Lead Agencies and project proponents the context in which the Environmental Services
Division (ESD) will review proposed project specific mitigation measures. This report also
includes preapproved mitigation measures which have been judged to be consistent with policies,
standards and legal mandates of the Legislature,. the Fish and Game Commission and the
Department's public trust responsibilities. Implementation of mitigation measures consistent with
this report are intended to help achieve the conservation of burrowing owls and should
compliment multi-species habitat conservation planning efforts currently underway. The
Burrowing Owl Survey Protocol and Mitigation Guidelines developed by The California
Burrowing Owl Consortium (CBOC 1993) were taken into consideration in the preparation of this
staff report as were comments from other interested parties.

A range-wide conservation strategy for this species is needed. Any range-wide conservation
strategy should establish criteria for avoiding the need to list the species pursuant to either the
California or federal Endangered Species Acts through preservation of existing habitat, population
expansion into former habitat, recruitment of young into the population, and other specific efforts.

California's burrowing ow/ population is clearly declining and, if declines continue, the species
may qualify for listing. Because of the intense pressure for urban development within suitable
burrowing owl nesting and foraging habitat (open, flat and gently rolling grasslands and
grass/shrub lands) in California, conflicts between owls and development projects often occur.
Owl survival can be adversely affected by disturbance and foraging habitat loss even when
impacts to individual birds and nests/burrows are avoided. Adequate information about the
presence of owls is often unavailable prior to project approval. Following project approval there
is no legal mechanism through which to seek mitigation other than avoidance of occupied
burrows or nests. The absence of standardized survey methods often impedes consistent impact
assessment.



Burrowing Owl Habitat Description

Burrowing owl habitat can be found in annual and perennial grasslands, deserts, and arid
scrublands characterized by low-growing vegetation (Zarn 1974). Suitable owl habitat may also
include frees and shrubs if the canopy covers less than 30 percent of the ground surface. Burrows
are the essential component of burrowing owl habitat. Both natural and artificial burrows provide
protection, shelter, and nests for burrowing owls (Henny and Blus 1981). Burrowing owls
typically use burrows made by fossorial mammals, such as ground squirrels or badgers, but also
may use man-made structures such as cement culverts; cement, asphalt, or wood debris piles; or
openings beneath cement or asphalt pavement.

Occupied Burrowing Owl Habitat

Burrowing owls may use a site for breeding, wintering, foraging, and/or migration stopovers.
Occupancy of suitable burrowing owl habitat can be verified at a site by detecting a burrowing
owl, its molted feathers, cast pellets, prey remains, eggshell fragments, or excrement at or near
a burrow entrance. Burrowing owls exhibit high site fidelity, reusing burrows year after year
(Rich 1984, Feeney 1992). A site should be assumed occupied if at least one burrowing owl has
been observed occupying a burrow there within the last three years (Rich 1984).

CEQA Project Review

The measures included in this report are intended to provide a decision-making process that
should be implemented whenever-there is potential for-an action or project to adversely affect
burrowing owls. For projects subject to the California Environmental Quality Act (CEQA), the
process begins by conducting surveys to determine if burrowing owls are foraging or nesting on
or adjacent to the project site. If surveys confirm that the site is occupied habitat, mitigation
measures to minimize impacts to burrowing owls, their burrows and foraging habitat should be
incorporated into the CEQA document as enforceable conditions. The measures in this document
are intended to conserve the species by protecting and maintaining viable' populations of the
species throughout their range in California. This may often result in protecting and managing
habitat for the species at sites away from rapidly urbanizing/developing areas. Projects and
situations vary and mitigation measures should be adapted to fit specific circumstances.

Projects not subject to CEQA review may have to be handled separately since the legal authority
the Department has with respect to burrowing owls in this type of situation is often limited. The
burrowing owl is protected from "take" (Section 3503.5 of the Fish and Game Code) but
unoccupied habitat is likely to be lost for activities not subject to CEQA.
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Legal Status

The burrowing owl is a migratory species protected by international treaty under the Migratory
Bird Treaty Act (MBTA) of 1918 (16 U.S.C. 703-711). The MBTA makes it unlawful to take,
possess, buy, sell, purchase, or barter any migratory bird listed in 50 C.F.R. Part 10, including
feathers or other parts, nests, eggs, or products, except as allowed by implementing regulations
(50 C.F.R. 21). Sections 3505, 3503.5, and 3800 of the California Department of Fish and Game
Code prohibit the take, possession, or destruction of birds, their nests or eggs. To avoid violation
of the take provisions of these laws generally requires that project-related disturbance at active
nesting territories be reduced or eliminated during the nesting cycle (February 1 to August 31).
Disturbance that causes nest abandonment and/or loss of reproductive effort (e.g., killing or
abandonment of eggs or young) may be considered "take" and is potentially punishable by fines
and/or imprisonment.

The burrowing owl is a Species of Special Concern to California because of declines of suitable
habitat and both localized and statewide population declines. Guidelines for the Implementation
of the California Environmental Quality Act (CEQA) provide that a species be considered as
endangered or "rare" regardless of appearance on a formal list for the purposes of the CEQA
(Guidelines, Section 15380, subsections b and d). The CEQA requires a mandatory findings of
significance if impacts to threatened or endangered species are likely to occur (Sections 21001(c),
2103; Guidelines 15380, 15064, 15065). To be legally adequate, mitigation measures must be
capable of "avoiding the impact altogether by not taking a certain action or parts of an action";
"minimizing impacts by limiting the degree or magnitude of the action and its implementation";
"rectifying the impact by repairing, rehabilitating or restoring the impacted environment"; "or
reducing or eliminating the impact over time by preservation and maintenance operations during
the life of the action" (Guidelines, Section 15370). Avoidance or mitigation to reduce impacts
to less than significant levels must be included in a project or the CEQA lead agency must make
and justify findings of overriding considerations.

Impact Assessment

Habitat Assessment

The project site and a 150 meter (approximately 500 ft.) buffer (where possible and appropriate
based on habitat) should be surveyed to assess the presence of burrowing owls and their habitat
(Thomsen 1971, Martin 1973). If occupied habitat is detected on or adjacent to the site, measures
to avoid, minimize, or mitigate the project's impacts to the species should be incorporated into
the project, including burrow preconstruction surveys to ensure avoidance of direct take. It is
also recommended that preconstruction surveys be conducted if the species was not detected but
is likely to occur on the project site.

C OF GIESO
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Burrowing Owl and Burrow Surveys

Burrowing owl and burrow surveys should be conducted during both the wintering and nesting
seasons, unless the species is detected on the first survey. If possible, the winter survey should
be conducted between December 1 and January 31 (when wintering owls are most likely to be
present) and the nesting season survey should be conducted between April 15 and July 15 (the
peak of the breeding season). Surveys conducted from two hours before sunset to one hour after,
or from one hour before to two hours after sunrise, are also preferable.

Surveys should be conducted by walking suitable habitat on the entire project site and (where
possible) in areas within 150 meters (approx. 500 ft.) of the project impact zone. The 150-meter
buffer zone is surveyed to identify burrows and owls outside of the project area which may be
impacted by factors -such as noise and vibration (heavy equipment, etc.) during project
construction. Pedestrian survey transects should be spaced to allow 100 percent visual coverage
of the ground surface. The distance between transect center lines should be no more than 30
meters (approx. 100 ft.) and should be reduced to account for differences in terrain, vegetation
density, and ground surface visibility. To effectively survey large projects (100 acres or larger),
two or more surveyors should be used to walk adjacent transects. To avoid impacts to owls from
surveyors, owls and/or occupied burrows should be avoided by a minimum of 50 meters (approx.
160 ft.) wherever practical. Disturbance to occupied burrows should be avoided during all
seasons.

Definition of Impacts

The following should be considered impacts to the species:

Disturbance within 50 meters (approx. 160 ft.) Which may result in
harassment of owls at occupied burrows;

▪ Destruction of •natural and artificial burrows (culverts, 	 concrete

slabs and debris piles that provide shelter to burrowing owls); and

• Destruction and/or degradation of foraging habitat adjacent (within
100 m) of an occupied burrow(s).

Written Report

A report for the project should be prepared for the Department and copies should be submitted
to the Regional contact and to the Wildlife Management Division Bird and Mammal Conservation
Program. The report should include the following information:

CDFGIESO
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• Date and time of visit(s) including name of the qualified biologist conducting
surveys, weather and visibility conditions, and survey methodology;

Description of the site including location, size, topography, vegetation
communities, and animals observed during visit(s);

• Assessment of habitat suitability for burrowing owls;

Map and photographs of the site;

• Results of transect surveys including a map showing the location of all burrow(s)
(natural or artificial) and owl(s), including the numbers at each burrow if present
and tracks, feathers, pellets, or other items (prey remains, animal scat);

• Behavior of owls during the surveys;

▪ Summary of both winter and nesting season surveys including any productivity
information and a map showing territorial boundaries and home ranges; and

▪ Any historical information (Natural Diversity Database, Department regional files?
Breeding Bird Survey data, American Birds records, Audubon Society, local bird
club, other biologists, etc.) regarding the presence of burrowing owls on the site.

Mitigation

The objective of these measures is to avoid and minimize impacts to burrowing owls at a project
site and preserve habitat that will support viable owls populations. If burrowing owls are
detected using the project area, mitigation measures to minimize and offset the potential impacts
should be included as enforceable measures during the CEQA process.

Mitigation actions should be carried out from September 1 to January 31 which is prior to the
nesting season (Thomsen 1971, Zam 1974). Since the timing of nesting activity may vary with
latitude and climatic conditions, this time frame should be adjusted accordingly. Preconstruction
surveys of suitable habitat at the project site(s) and buffer zone(s) should be conducted within the
30 days prior to construction to ensure no additional, burrowing owls have established territories
since the initial surveys. If ground disturbing activities are delayed or suspended for more than
30 days after the preconstruction survey, the site should be resurveyed.

Although the mitigation measures may be included as enforceable project conditions in theCEQA
process, it may also be desirable to formalize them in a Memorandum of Understanding (MOU)
between the Department and the project sponsor. An MOU is needed when lands (fee title or
conservation easement) are being transferred to the Department.
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Specific Mitigation Measures

Occupied burrows should not be disturbed during the nesting season (February 1 through
August 3 1) unless a qualified biologist approved by the Department verifies through non-
invasive methods that either: (1) the birds have not begun egg-laying and incubation; or
(2) that juveniles from the occupied burrows are foraging independently and are capable
of independent survival.

2. To offset the loss of foraging and burrow habitat on the project site, a minimum of 6.5
acres of foraging habitat (calculated on a 100 m {approx. 300 ft.} foraging radius around
the burrow) per pair or unpaired resident bird, should be acquired and permanently
protected. The protected lands should be adjacent to occupied burrowing owl habitat and
at a location acceptable to the Department. Protection of additional habitat acreage per

pair or unpaired resident bird may be applicable in some instances. The CBOC has also
developed mitigation guidelines (CBOC 1993) that can be incorporated by CEQA lead
agencies and which are consistent with this staff report.

3. When destruction of occupied burrows is unavoidable, existing unsuitable burrows should
be enhanced (enlarged or cleared of debris) or new burrows created (by installing artificial
burrows) at a ratio of 2:1 on the protected lands site. One example of an artificial burrow
design is provided in Attachment A.

4. If owls must be moved away from the disturbance area, passive relocation techniques (as
described below) should be used rather than trapping. At least one or more weeks will
be necessary to accomplish this and allow the owls to acclimate to alternate burrows.

5. The project sponsor should provide funding for long-term management and monitoring
of the protected lands. The monitoring plan should include success criteria, remedial
measures, and an annual report to the Department.

Impact Avoidance

If avoidance is the preferred method of dealing with potential project impacts, then no disturbance
should occur within 50 meters (approx. 160 ft.) of occupied burrows during the nonbreeding
season of September 1 through January 31 or within 75 meters (approx. 250 ft.) during the
breeding season of February 1 through August 31. Avoidance also requires that a minimum of
6.5 acres of foraging habitat be permanently preserved contiguous with occupied burrow sites for
each pair of breeding burrowing owls (with or without dependent young) or single unpaired
resident bird. The configuration of the protected habitat should be approved by the Department.

CDFC1ESD
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Passive Relocation - With One-Way Doors

Owls should be excluded from burrows in the immediate impact zone and within a 50 meter
(approx. 160 ft.) buffer zone by installing one-way doors in burrow entrances. One-way doors
(e.g., modified dryer vents) should be left in place 48 hours to insure owls have left the burrow
before excavation. Two natural or artificial burrows should be provided for each burrow in the
project area that will be rendered biologically unsuitable. The project area should be monitored
daily for one week to confirm owl use of burrows before excavating burrows in the immediate
impact zone. Whenever possible, burrows should be excavated using hand tools and refilled to
prevent reoccupation. Sections of flexible plastic pipe should be inserted into the tunnels during
excavation to maintain an escape route for any animals inside the burrow.

Passive Relocation - Without One-Way Doors

Two natural or artificial burrows should be provided for each burrow in the project area that will
be rendered biologically unsuitable. The project area should be monitored daily until the owls
have relocated to the new burrows. The formerly occupied burrows may then. be  excavated.
Whenever possible, burrows should be excavated using hand tools and refilled to prevent
reoccupation. Sections of flexible plastic pipe should be inserted into burrows during excavation
to maintain an escape route for any animals inside the burrow.

Projects Not Subject to CEQA

The Department is often contacted regarding the presence of burrowing owls on construction
sites, parking lots and other areas for which there is no CEQA action or for which the CEQA
process has been completed. In these situations, the Department should seek to reach agreement
with the project sponsor to implement the specific mitigation measures described above. If they
are unwilling to do so, passive relocation without the aid of one-way doors is their only option
based upon Fish and Game Code 3503.5.

CDEGIESD
September 25. 7995

7



Literature Cited

American Ornithologists Union (AOU). 1991. Thirty-eighth supplement to the AOU checklist
of	 North American birds. Auk 108:750-754.

Feeney, L. 1992. Site fidelity in burrowing owls. Unpublished paper presented to Raptor
Research	 Annual Meeting, November 1992. Seattle, Washington.

Haug, E. A. and L. W. Oliphant. 1990, Movements, activity patterns and habitat use of
burrowing	 owls in Saskatchewan. J. Wildlife Management 54:27-35.

Henny, C. J. and L. J. Blus. 1981. Artificial burrows provide new insight into burrowing owl
nesting	 biology. Raptor Research 15:82-85.

Martin, D. J. 1973. Selected aspects of burrowing owl ecology and behavior. Condor 75:446-
456.

Rich, T. 1984. Monitoring burrowing owl populations: Implications of burrow re-use. Wildlife
Society Bulletin 12:178-180.

The California Burrowing Owl Consortium (CBOC). 1993. Burrowing owl survey protocol and
mitigation guidelines. Tech. Rep. Burrowing Owl Consortium, Alviso, California.

Thomsen, L. 1971. Behavior and ecology of burrowing owls on the Oakland Municipal Airport.
Condor 73:177-192.

Zam, M. 1974. Burrowing owl. U. S. Department of Interior, Bureau of Land Management.
Technical Note T-N 250. Denver, Colorado. 25 pp.

CDFGIESD
September 25, 1595 8



1_,,--,

U T _L _

:1-	 In 
MD

For	 front
0

Urilinnimoom m o

ing bega. Average clutch size at the
start of incubation was 5.6 eggs. Most
eggs tended to hatch synchronously in
all successful nests.

Although the initial cost of construct-
ing this burrow design may be slightly
higher than a burrow consisting entirely
of wood, the plastic pipe burrow offers
the following advantages: (1) it lasts sev-
eral field seasons without rotting or col-
lapsing; (2) it may prevent or retard
predation; (3) construction time is min-

imal; (4) it is easy to transport, especially
over long distances; and (5) the flexible
tunnel simplifies installation. The use of
this artificial nest burrow design was
highly successful and may prove to be
a great resource technique for future
management of this species.

For additional information on construct-
ing this artificial nest burrow, contact
Bruce Olenick, Department of Biology,
Idaho State University, Pocatello, ID
83209.

fig. 1 Artificial nest burrow design for burrowing owls Entire unit (including nest chamber) is buried 12° —
16" below ground for maintaining thermal stability of the nest chamber. A= nest chamber, B = plastic

pipe. C =perch.

Eyas 10(1):38 Spring 1987

Reproductive Success of Burrowing Owls Using Artificial Nest Burrows in Southeastern
Idaho

by Bruce Olenick

Artificial nest burrows were implanted
in southeastern Idaho f'or burrowing
owls in the spring of 1986. These arti-
ficial burrows consisted of a 12" x 12"
x 8" wood nesting chamber with re-
movable top and a 6 foot corrugated and
perforated plastic drainage pipe 6 inches
in diameter (Fig. 1). Earlier investigators
claimed that artificial burrows must pro-
vide a natural dirt floor to allow bur-
rowing owls to modify the nesting tunnel
and chamber. Contrary to this, the ar-
tificial burrow introduced here does not
allow owls to modify the entrance or
tunnel. The inability to change the phys-
ical dimensions of the burrow tunnel
does not seem to reflect the owls' breed-
ing success or deter them from using this
burrow design.

In 1936, 22 artificial burrows were
inhabited. Thirteen nesting attempts
yielded an average dutch size of 8.3 eggs
per breeding pair. Eight nests success-
fully hatched at least 1 nestling. In these
nests, 67 of 75 eggs hatched (59.3%) and
an estimated 61 nestlings (91.0%)
fledged. An analysis of the egg laying
and incubation periods showed that in-
cubation commenced well after egg lay-
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Summary

• The U.S. Fish and Wildlife Service has removed the bald eagle
(Haliaeetus leucocephalus) from the list of threatened and endangered
species under the Federal Endangered Species Act in all areas except the
range of the Sonoran Desert bald eagle population, which remains
protected as a threatened species. The Bald and Golden Eagle Protection
Act (Eagle Act) remains as the primary law protecting bald eagles in other
parts of its range and the golden eagle (Aquila chrysaetos).

• The Eagle Act authorizes the Secretary to permit take of eagles
"necessary for the protection of ... other interests in any particular locality."
In addition, there may be instances where take of eagle nests is
necessary to protect public safety and welfare.

• In this assessment we consider three alternatives for regulations
establishing new take permits under the Eagle Act, and authorizing take of
eagle nests where necessary to protect public safety and welfare.

• The assessment looks at potential impacts that could result from the
implementation of the proposed regulation or alternatives to the proposed
regulation within the context of other take already authorized or otherwise
occurring.

• This assessment also summarizes the biological foundation for defining
take thresholds for bald eagles and golden eagles. Under the preferred
alternative, the Service will define thresholds for take by adapting a
published model used in other recent raptor regulations. The thresholds
will guide annual take limits on a regional basis to ensure that we are
consistent with the goal of stable or increasing breeding populations.

• The majority of authorized take will be non-lethal and will simply allow
activities to disturb eagles in a way that will result in a loss or reduction of
one year's productivity by a nesting pair.

• On-the-ground information and conditions will guide the actual amount of
take authorized, which may be less than modeled, as long as the total
does not exceed the modeled thresholds.

• Except for safety emergencies, the rule will give priority in permitting to
Native American use for rites and ceremonies that require eagles be taken
from the wild if requests for permits will likely approach the annual
threshold. The next permit priorities will be for activities necessary to
ensure public health and safety, renewal of programmatic nest-take



permits, and Non-emergency activities necessary to ensure public health
and safety, and (for inactive golden eagle nests only) resource
development or recovery operations (§ 22.25).

• The Service's preferred alternative, number 3, will: (1) authorize
disturbance take of eagles; (2) authorize removal of eagle nests where
necessary to protect public health and safety; and (3) provide for permits
for take resulting in mortality in some limited circumstances. It will
authorize take permits for both bald eagles and golden eagles.

• Alternative 3 is also the environmentally-preferred alternative. It is
expected to have the least adverse impact on the human environment,
with negligible effects on the natural and physical environment and the
least adverse impact along with the most beneficial impacts to the
socioeconomic environment.

• The criteria for issuance of permits would initially limit their issuance to
only 5% of the Maximum Sustainable Yield for bald eagles, which is
consistent with the recommendations in published literature for take of
raptors where population monitoring may be limited or there are concerns
about the vital rates for a species

• The best available data we have for golden eagles indicate modest
declines in the four BCRs that constitute 80 percent of its range in the
lower 48 states. Estimates of population size in Alaska are coarse, based
upon even fewer data sources than in the lower 48 states, and juvenile
survival may be far lower, so management would therefore need to be
conservative. In addition, McIntyre et al. (2008) suggested that
conservation strategies for migratory golden eagles require a continental
approach. Therefore, until we have additional data to show that
populations can withstand additional take, of those authorized under the
new rule, we will only consider issuance of permits for safety emergencies
and programmatic and other permits that will result in a net reduction in
take or a net take of zero for golden eagles. We will continue to issue
historically-authorized take permits under existing permit types at the level
of take carried out under those permits (average over 2000-2007).
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Chapter 1: Purpose and Need for the Action

1.1 Introduction
This Final Environmental Assessment (FEA) has been prepared to analyze

the U.S. Fish and Wildlife Service's (Service) proposal to create a permit or
permits under the Bald and Golden Eagle Protection Act (16 U.S.C. 668 et seq.)
(Eagle Act) allowing the take of bald eagles and golden eagles and their nests
when necessary to protect interests in particular localities. This FEA is an
analysis of potential impacts that could result from the implementation of the
proposed regulation or alternatives to the proposed regulation within the context
of other take already authorized or otherwise occurring. It is to assist us in
ensuring compliance with the National Environmental Policy Act of 1969 (42
U.S.C. 4321 et seq.) (NEPA), and in making a determination as to whether any
"significant" impacts could result from the analyzed actions. "Significance" under
NEPA is defined by regulation at 40 CFR 1508.27, and requires short-term and
long-term consideration of both the context of a proposal and its intensity, and
whether the impacts are beneficial or adverse. An EA provides evidence for
determining whether to prepare an Environmental Impact Statement (EIS) or a
statement of "Finding of No Significant Impact" (FONSI). If the decision maker
determines that this project has "significant" impacts following the analysis in the
EA, then an EIS would be prepared for the project. If not, a FONSI would be
signed for the EA approving the alternative selected and a Set of Findings may
be prepared.

As with any NEPA process, if all components have undergone equal analysis,
the final proposal may include all or some components of a single alternative.
Or, it may include a combination of components from more than one alternative.

1.1.1 Background
In 2007, the Service removed the bald eagle from the list of threatened and

endangered species under the Endangered Species Act (16 U.S.C. 1531 et seq.)
(ESA) (72 FR 37345, July 9, 2007). However, on March 6, 2008, the federal
district court for the District of Arizona enjoined removal from ESA protection of
the population of "Desert bald eagles" of "the Sonoran Desert region of the
American southwest" pending resolution of a 90-day petition to list a distinct
population segment of bald eagles in that region. Ctr. for Biological Diversity v.
Kempthome, 2008 U.S. Dist LEXIS 17517 at 42 (D. Ariz. 2008). Therefore, the
bald eagle remains protected under both the Eagle Act and the ESA in the
Sonoran Desert region as a threatened species pending the outcome of that
case. The Bald and Golden Eagle Protection Act remains as the primary law
protecting bald eagles outside the range of the Sonoran Desert population in the
U.S. and golden eagles throughout their U.S. range. The Eagle Act would also
become the primary law protecting bald eagles within the range of the Sonoran
Desert population should the Service delist that population in the future. The
1



Eagle Act prohibits take of bald eagles and golden eagles and provides a
statutory definition of "take," which includes activities that "disturb" eagles. Bald
eagles and golden eagles are also protected under the Migratory Bird Treaty Act
(MBTA) (16 U.S.C. 703-712).

To provide a consistent framework in which to implement the Eagle Act after
bald eagle delisting, on June 5, 2007, the Service clarified its regulations
implementing the Bald and Golden Eagle Protection Act. (72 FR 31131). The
modifications to implementing regulations for the Eagle Act established a
regulatory definition of "disturb," a term specifically prohibited as "take" by the
Eagle Act. As per the regulatory definition, disturb means

to agitate or bother a bald or golden eagle to a degree that causes, or is
likely to cause, based on the best scientific information available, injury to
an eagle; a decrease in its productivity, by substantially interfering with
normal breeding, feeding, or sheltering behavior; or nest abandonment, by
substantially interfering with normal breeding, feeding, or sheltering
behavior.

As stated, the regulatory definition of "disturb" also applies to golden eagles.
Also on June 5, 2007, the Service issued a Notice of Availability of the

National Bald Eagle Management Guidelines (Guidelines). (72 FR 31156).
These guidelines provide a roadmap for landowners and project proponents
seeking to avoid violating the Eagle Act while conducting activities near eagles.
For example, the guidelines recommend buffers around nests to screen nesting
bald eagles from noise and visual distractions caused by human activities. We
intend the clarifications and the guidelines give landowners, and others, guidance
in ensuring that actions they undertake are consistent with the Bald and Golden
Eagle Protection Act.

When Congress enacted the Eagle Act in 1940, it intended the Act to be the
primary law protecting eagles from extinction, and as such it provided a broad
prohibition in its definition of "take" by defining it to include "pursue, shoot, shoot
at, wound, kill, capture, trap, collect, molest or disturb." (Pub. L. No. 76-567, §4,
54 Stat. 250, 251 (1940)). Congress later added "poison" to the definition. (Pub.
L. No. 92-535, §4, 86 Stat. 1064, 1065 (1972)).

However, the Eagle Act also delegates to the Secretary the ability to permit
take of eagles for several reasons, including when "necessary for the protection
of "other interests in any particular locality" after determining the take is
"compatible with the preservation of the bald eagle or golden eagle." In addition,
there may be instances where take of eagle nests is necessary to eliminate a
hazard to human or eagle safety. Most populations of the bald eagle have
recovered sufficiently to be removed from the ESA list, while supporting take
during recovery. Therefore, we can logically assume populations can continue to
sustain limited take.

2



1.2 Current Proposal
The Service proposed new regulations to amend the current regulations at 50

CFR 22.26 and 22.27 as follows: to (1) establish an eagle take permit under the
Eagle Act; (2) authorize take of eagle nests where necessary to protect public
health and safety, (3) authorize take resulting in mortality (TRM) 1 under limited
circumstances; and (4) establish new programmatic permits under the Eagle Act
for disturbance, airfield eagle hazards, nest removal from power lines, and TRM
(72 FR 31142, June 5, 2007). The take permit provisions will primarily authorize
disturbance. However, the regulations analyzed in this document will also
provide for authorization of other types of take of eagles under limited
circumstances.

For example, take might be authorized, in the areas meeting prescribed
standards, for a utility that does all of the following:

• establishes a mortality baseline through estimates or a sampling
scheme;

• employs the best available techniques and mutually-approved
standard practices for minimizing eagle mortalities;

• undertakes a system-wide risk analysis and retrofits a significant
portion of hazardous locations within a reasonable time frame;

• implements an effective monitoring program and reports eagle
mortality to the Service,

• uses only avian-safe practices on all new infrastructure in areas
determined to be high-risk for eagles; and

• demonstrates it has eliminated eagle mortality except that which is
unavoidable.

To prevent collisions, utilities might also need to ensure transmission lines,
distribution lines and towers located in known eagle concentration areas,
foraging areas, or nesting areas, have visual markers on the wires. Because
even best practices cannot ensure that eagles will not be killed by electrocution
or collision with power lines, the regulation could authorize this type of
unavoidable take by a utility that has met all the requirementh above. This is an
example only. The specific requirements listed above may not be applicable
should the Service issue such a permit in the future, but the standards to be met
will be comparable.

1.3 Purpose and Need for Action
The purpose of this regulatory proposal is to: (1) provide authorization for take

of bald eagles and golden eagles "necessary for the protection of "other interests
in any particular locality" as provided for in the Eagle Act, while ensuring it is
compatible with the preservation of the eagles, as mandated by the Eagle Act;

TRM in this document refers to non-purposeful take that would result in mortality, despite all
efforts to avoid it. We distinguish this from intentional lethal take permitted under 50 CFR 22.22
for Native American religious purposes.
3



(2) develop a management system that will simplify complex, long-term-eagle-
management issues by allowing programmatic approaches; (3) provide a
consistent approach to permitting between Service Regional offices; and (4)
make take authorization available for removal of eagle nests where necessary to
protect public health and safety and to protect eagles.

For purposes of this action, "compatible with the preservation of the bald
eagle and the golden eagle" means consistent with the goal of stable or
increasing breeding populations. Although take thresholds are based on regional
populations, the regulation requires the Service to consider additional factors,
such as cultural significance, that may warrant protection of smaller and/or
isolated populations within a region. In the DEA and notice re-opening of the
comment period on the rule (73 FR 47574, August 14, 2008), to elucidate the
statutory standard of "preservation of the bald eagle or the golden eagle," we
proposed the following terminology: "maintaining increasing or stable
populations." We continue to support the essential meaning of that standard, but
recognized that it could be misapplied to constrain any authorization of take
because any take of a bald or golden eagle by some degree results in a
population decrease, even if short-term and inconsequential for the long-term
preservation of the species. Thus, if interpreted so narrowly, the word
"maintaining" would render us unable to authorize any take. Therefore, we are
revising our interpretation of "preservation of the eagle" to read "consistent with
the goal of stable or increasing breeding populations." The phrase "consistent
with the goal" will allow take that is compatible with long term stability or growth
of eagle populations. Adding the word "breeding" clarifies the significance of the
number of breeding pairs for maintaining or growing populations, versus floaters
(non-breeding adults).

Under the Eagle Act as it has been applied to golden eagles, the Service
relies on enforcement discretion and voluntary cooperation between the Service
and other agencies and private entities to regulate take of eagles in the absence
of an available permit for non-purposeful take. The resulting case-by-case
enforcement and reliance on voluntary measures to eliminate and reduce take
during otherwise-legal activities has made it difficult for the Service to ensure that
such take is compatible with the preservation of eagles. The Service needs to
provide a uniform legal framework for allowing take of eagles during the conduct
of otherwise-legal and permitted activities. Creation of a permit or permits that all
Service Regions can consistently administer will fulfill that need and improve the
protection of eagles. The permit or permits created must be both feasible to
implement and enforceable, and provide for the conservation of both species.

1.4 Authorities•
The principal Federal authority for the actions analyzed in this FEA is the

Eagle Act (16 U.S.C. 668-668d). The Service is the Federal agency with primary
statutory authority for the management of bald eagles and golden eagles in the

4



United States. Regulations implementing the Eagle Act are in Subparts C & D of
Part 22 of Title 50 of the Code of Federal Regulations.

Compliance with Federal Statutes, Regulations, and Orders Relevant
to the Alternatives Considered

The proposal is in compliance with the following federal statues, regulations,
Executive Orders, and Department of the Interior Departmental Policy:

Bald and Golden Eagle Protection Act (16 U.S.C. 668 et seq.) (Eagle Act)
The Eagle Act provides that the Secretary of the Interior may authorize

certain, otherwise-prohibited activities through promulgation of regulations. The
Secretary is authorized to prescribe regulations permitting the "taking,
possession, and transportation of [bald or golden eagles] . . . for the scientific or
exhibition purposes of public museums, scientific societies, and zoological parks,
or for the religious purposes of Indian tribes, or. . . for the protection of wildlife or
of agricultural or other interests in any particular locality," provided such permits
are "compatible with the preservation of the bald eagle or the golden eagle" (16
U.S.C. 668a). In accordance with this authority, the Secretary has previously
promulgated Eagle Act permit regulations for scientific and exhibition purposes
(50 CFR 22.21), for Indian religious purposes (50 CFR 22.22), to take
depredating eagles (50 CFR 22.23), to possess golden eagles for falconry (50
CFR 22.24), and for the take of golden eagle nests that interfere with resource
development or recovery operations (50 CFR 22.25). This rulemaking
establishes permit regulations to authorize non-purposeful eagle take "for the
protection of. . . other interests in any particular locality."

The analysis in this FEA evaluates whether the proposed permits and their
implementation, including limits on annual take, are compatible with the
preservation of the bald eagle and the golden eagle.

National Environmental Policy Act of 1969, as amended (NEPA) (42 U.S.C.
4321 et seq.)

Agencies must complete environmental documents pursuant to NEPA before
implementing Federal actions. NEPA requires careful evaluation of the need for
action, and that Federal actions are considered alongside all reasonable
altematives, including the "No Action Alternative." NEPA also requires the
action agency to consider the potential impacts on the human environment of
each alternative. The decision maker(s) must consider the alternatives and
impacts prior to implementation, and must inform the public of these
deliberations.

The Service has prepared this FEA in compliance with NEPA; the President's
Council for Environmental Quality (CEQ) Regulations, (40 CFR 1500-1508); and
the NEPA-compliance requirements in the Department of the Interior's
Departmental Manual (DM) and the Fish and Wildlife Service's Manual (FW) (516
DM 8, 550 FW 1-3, 505 FW 1-5).
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Pursuant to NEPA and CEQ regulations, this FEA documents the analysis of
a proposed Federal action, and all reasonable alternatives, including the "No
Action" alternative. The FEA evaluates impacts anticipated from all alternatives;
informs decision-makers and the public; and serves as a decision-aiding
mechanism to ensure that NEPA and CEQ regulations have been incorporated
into Federal agency planning and decision-making. The Service prepared this
FEA using an interdisciplinary approach to address all aspects of the natural and
social sciences relevant to the potential impacts of the project. The FEA
analyzes the direct, indirect, and cumulative effects of the proposed action.

Endangered Species Act of 1973, as amended (ESA) (16 U.S.C. 1531 et
seq.)

It is Federal policy under the ESA that all Federal agencies shall seek to
conserve endangered and threatened species and shall utilize their authorities in
furtherance of the purposes of the ESA (§ 2(c)). Action agencies must
implement section 7 consultations with the Service to ensure that "any action
authorized, funded, or carried out by such an agency ... is not likely to jeopardize
the continued existence of any endangered or threatened species or result in the
destruction or adverse modification of habitat of such species. Each agency
shall use the best scientific and commercial data available" (§ 7(a)(2)). In
addition to the Sonoran Desert population of bald eagles, there may be other
listed species present when permitted take of eagles will occur. When deemed
necessary, each Regional Permit Office may help coordinate intra-Service
section 7 consultations at the permit stage.

Migratory Bird Treaty Act, as amended (MBTA) (16 U.S.C. 703 et seq.)
The MBTA provides the Service with the regulatory authority to protect

species of birds that migrate outside the United States. Individuals of species
that do not migrate outside of the United States are also protected with the
exception of several introduced, non-native species, induding mute swans
(Cygnus olw), house sparrows (Passer domesticus), European starlings (Stumus
vulgaris), Eurasian collared-doves (Streptopelia decaocto), and rock pigeons
(Columba livia). For eagle take, a separate authorization under the MBTA is not
required. Many impacts authorized under the ESA that will require Eagle Act
authorization will not "take" eagles under the MBTA because that statute does
not contain a prohibition against disturbance (without injury) of the birds it
protects. Therefore, activities that disturb an eagle will not require MBTA
authorization unless the activity also results in injury or some other impact
prohibited by the MBTA. Even where MBTA take will occur, a separate MBTA
authorization in addition to the Eagle Act authorization is not required because 50
CFR 22.11(a) exempts those who hold Eagle Act permits from the requirement to
obtain an MBTA permit.



National Historic Preservation Act of 1966, as amended (NHPA) (16 U.S.0
470 et seq.)

Section 106 of the NHPA requires Federal agencies to take into account the
effects of their undertakings on historic properties. Federal agencies accomplish
this by following the Section 106 regulations, "Protection of Historic Properties"
(36 CFR Part 800). The Section 106 regulations set forth a process by which
agencies: 1) evaluate the effects of any Federal undertaking on historic
properties (properties included in, or eligible for inclusion in, the National Register
of Historic Places (National Register)); 2) consult with State Historic Preservation
Officers (SHPO), Tribal Historic Preservation Officers (THP0s), and other
appropriate consulting parties regarding the identification and evaluation of
historic properties, assessment of effects on historic properties, and the
resolution of adverse effects; and 3) consult with appropriate American Indian
Tribes (Tribes) and Native Hawaiian Organizations (NHOs) to determine whether
they have concerns about historic properties of religious and cultural significance
in areas of these Federal undertakings.

Some Tribes and tribal members may consider eagle nests sacred sites
provided for in the American Indian Religious Freedom Act (42 U.S.C. 1996)
(some are frequently referred to as Traditional Cultural Properties (TCPs)), and
as potential historic properties of religious and cultural importance under the
NHPA. Such sites are not limited to currently-recognized Indian lands, and they
occur across the entire aboriginal settlement area. In addition, some tribes may
consider all eagles and eagle nests as TCPs or sacred sites, and potential
historic properties of religious and cultural significance which must be considered
under Section 106 of NHPA. Properties of religious and cultural importance may
be areas where eagles nest and have nested within living memory, their
presence becoming a contributing element for determining eligibility under NHPA
(King 2006, Tanji 2008)). Thus, a landform or landscape known for eagle
habitation—a ridgeline, canyon, lakeshore, river valley, mesa, mountain, etc.—
may be considered by Tribes as suitable for designation as a property of religious
or cultural importance. A search of the database of historic properties listed on
the National Register yielded eleven sites that may be associated with eagle
habitat and that are likely to be considered properties of religious and cultural
significance by Indian Tribes (Appendix A). We consider this list to be far from
comprehensive, and include it primarily to illustrate the minimal information
readily available. For other sites considered to have religious and cultural
significance, the rigorous evaluation process for listing on the National Register
has not been completed, or Tribes may not have initiated the process. According
to the Section 106 regulations, a property is considered an historic property if it is
listed on, or eligible for (emphasis added) listing on, the National Register.
Thus, a lack of formal listing does not lessen the need to consider a property;
instead, it emphasizes the need for close coordination with appropriate parties at
the project planning stage.

Because an eagle or eagle nest may constitute or be considered a
contributing feature or element of a property of religious or cultural importance or
7



sacred site (see discussion in Section 3.8, Societal Issues), issuance of the
proposed permits for eagles could constitute an undertaking requiring
compliance with Section 106 of the NHPA, and may also require government-to-
government consultation with Tribes. Each Regional Permit Office will
coordinate with the Service Regional Historic Preservation Officer to ensure
necessary NHPA consultations take place with the appropriate parties. The FVVS
will comply with Section 106 on a case-by-case basis for permits that have the
potential to affect historic properties. If it is determined to be more efficient for all
parties, the Service may also consult with appropriate stakeholders to develop
state or regional Programmatic Agreements that will govern and resolve the
compliance with NHPA for the issuance of permits to take in specific states or
regions.

American Indian Religious Freedom Act (AIRFA) (42 U.S.C. 1996)
AIRFA sets forth Federal policy to protect and preserve the inherent right of

American Indians to express and exercise their traditional religions, including but
not limited to, access to sites, use and possession of sacred objects, and the
freedom to worship through ceremonials and traditional rites. Given the special
trust relationship between the federal government and federally-recognized
Indian Tribes, the accommodation of tribal religious practices is in furtherance of
the duty of the federal government to promote tribal self-determination. Al RFA
will be construed in conjunction with the Service's trust responsibility to federally-
recognized Tribes. The Service, in proposing this regulation, has incorporated
these principles into the proposal. To address the possibility that demand
exceeds our scientifically-based take thresholds, the regulation contains permit-
issuance criteria to ensure that requests by Native Americans to take eagles from
the wild, where the take is necessary to meet the religious purposes of the Tribe,
will be given first priority over all other take except, as necessary, to alleviate
safety emergencies.

Religious Freedom Restoration Act of 1993 (RFRA) (42 U.S.C. 2000bb et
seq.)
RFRA is aimed at preventing laws that substantially burden a person's free
exercise of his or her religion. Regardless of the TCP designation under the
NHPA, individual eagle nests and eagle areas may be regarded as "Sacred
Sites" (AIRFA, EO 13007, and RFRA). The age or longevity of a sacred location
has no bearing on its sacred quality, and questions of age or longevity might not
be relevant to the community or religious practitioners who ascribe sacredness to
a place. In keeping with our commitments under RFRA and AIRFA, the Service
will place the highest priority upon Native American religious use for rites and
ceremonies that require eagles be taken from the wild when allocating permits,
except, as necessary, to alleviate safety emergencies, and we will conduct all
necessary consultations (see discussion of Executive Order 13175 below).

Executive Order 13007, Indian Sacred Sites (61 FR 26771, May 29, 1996)
8



In managing Federal lands, each executive branch agency with statutory or
administrative responsibility for the management of Federal lands shall, to the
extent practicable, permitted by law, and not clearly inconsistent with essential
agency function, (1) accommodate access to and ceremonial use of Indian
sacred sites by Indian religious practitioners and (2) avoid adversely affecting the
physical integrity of such sacred sites. When deemed necessary, each Regional
Permit Office will coordinate with the Regional Historic Preservation Officer and
Regional Native American Liaison (NAL) to ensure implementation of the
proposal is in compliance with this Order.

Executive Order 13175, Consultation and Coordination with Tribal
Governments (65 FR 67249, Nov. 9, 2000)

This Executive Order emphasizes the need for regular and meaningful
consultation and collaboration with tribal officials in the development of Federal
policies that have tribal implications, the responsibility to strengthen the United
States government-to-government relationships with Indian tribes, and the
responsibility to reduce the imposition of unfunded mandates upon Indian tribes.
Each Service Regional Director, in coordination with the Service Regional NAL,
conducts government-to-government consultation with the tribes in their Region,
and will do so on permits under this proposal. In order to ensure consistent,
appropriate consultation, the implementation guidance for this proposal, which
will also be available for public comment, will contain guidelines on government-
to-government consultation. To facilitate coordination of our multiple
responsibilities, our Tribal consultations will advise the Tribes that we are
providing them notice under all applicable federal mandates, and we will list
them: AIRFA, RFRA, the Eagle Act, E.O. 13007 (if applicable), E.O. 13175, and
NHPA. We will also indicate that our notice and invitation to consult is being
provided in an effort to carry out our trust responsibility to Tribes, with regard to
the unique traditional religious and cultural significance of eagles to Native
American communities, and in furtherance of the reserved rights of Native
communities with respect to eagles.

Executive Order 13186, Responsibilities of Federal Agencies to Protect
Migratory Birds (66 FR 3853, Jan. 17, 2001)

This Executive Order specifies the need to avoid or minimize adverse impacts
on migratory bird resources when conducting agency actions, as well as the
need to restore and enhance the habitat of migratory birds. The proposal,
through its standards for incorporation of avoidance and minimization measures,
is consistent with the goals of this Executive Order. The local Ecological
Services and Regional Offices will review any mitigation proposals to ensure they
do not adversely affect populations of other migratory bird species.

Department of Interior Departmental Manual 522 DM 1 Adaptive
Management Implementation Policy
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This policy from the Department of the Interior states that Bureaus should
incorporate the operational components identified in the report, Adaptive
Management: The U.S. Department of the Interior Technical Guide. These
components are: the AM definition; the conditions under which AM should be
considered; and the process for implementing and evaluating AM effectiveness.
The proposal will be consistent with the Order.

Tribal and State Statutes
As of the writing of this document, 17 states consider the bald eagle

endangered, and another considers it threatened under State statutes (See
Appendix B). The Nez Perce, Mille Lacs Band of the Ojibwe, and Navajo Nation
consider the bald eagle endangered. Three States consider the golden eagle
endangered, and a single State protects it as a threatened species. The Navajo
Nation and the Mille Lacs Band of the Ojibwe list the golden eagle as
endangered. Nothing in the proposed regulation will prohibit individual Tribes or
States from considering either eagle species as threatened or endangered
according to their statutes. Nor will the proposed regulation prohibit Tribes or
States from developing more stringent protection for either species.

Take of eagles may not be allowed without having obtained necessary tribal
and State permits and/or certificates or registration. It is beyond the scope of this
document to provide specific information regarding each Tribe's or State's permit
requirements. However, it is the responsibility of each applicant to contact the
respective tribal and State wildlife agency to determine permitting requirements.
The Service will determine, upon application, whether there is a valid justification
for the permit. In addition, the permit will include this proviso: "The authorization
granted by permits issued under this section is not valid unless you are in
compliance with all other Federal, tribal, State, and local laws and regulations
that are required to conduct the permitted activity." Permittees found to be out of
compliance with such other laws and regulations are subject to revocation of their
permits under the Eagle Act.

Each Service Region will coordinate and consult with their respective Tribes
and States on a case-by-case basis.

1.5 Scope of Analysis
The FEA considers alternatives for permits to take bald eagles and golden

eagles "for the protection of ... other interests in any particular locality" and
where necessary to protect public health and safety. The document also
provides evidence and analysis sufficient to determine whether an EIS is
required.

This assessment evaluates the effects of various alternatives for permits to
take eagles under the Eagle Act. Different permits have potentially different
effects on bald eagles and golden eagles, and on societal aspects of the human
environment. The potentially-affected human environment includes bald eagle
and golden eagle populations, safety, the economy, cultural values, and Native
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American religious and cultural practices. Since neither eagle addressed in this
document occurs naturally in the State of Hawaii, Hawaii has been eliminated
from the scope of analysis. In general, the analysis is either national or Service
Regional in scale.

1.5.1 Scoping and Public Participation
The proposed permit regulation was made available to the public for a 90-day

comment period (72 FR 31141, June 5, 2007), and we relied upon those
comments as scoping under NEPA. The Service received approximately 21,500
comments. About 21,400 of the comments were essentially identical, but we
summarized their substantive input. Thirty-four individual respondents provided
additional substantive input that will be helpful in crafting final regulations, and
have helped during the development of the FEA. The 34 individual respondents
consisted of: one Federal agency, three Tribes, six State natural resources
agencies, three Flyway Committees comprised of representative from State
departments of natural resources, one State department of transportation, five
environmental organizations, four industry associations, three law
firms/consultants on behalf of developers, two power companies, one federal
reclamation project, one airport, three rail transportation companies (commenting
together), and three private citizens. In addition, we received 58 comment letters
on the proposed revisions to the rule and the DEA as noted in our August 14,
2008, notice re-opening of the comment period on the rule and announcing the
availability of the DEA. The respondents consisted of: three Federal Agencies,
three Tribes, two Confederations of Tribes, one Tribal Department of Natural
Resources, three Flyways, 13 State agencies, three Tribal members, one airport,
three electric utilities, 10 individuals (non-tribal), five industry associations, nine
environmental organizations, one conglomeration of railroad companies, and one
transportation association. We have incorporated and responded to the majority
of comments addressing our proposal in the preamble to the amended proposed
regulation the Service will publish. In addition, the Affected Environment
(Chapter 3) and Environmental Consequences (Chapter 4) portions of the FEA
reflect a number of the comments, and Appendix K includes a summary of the
substantive comments provided on the DEA, with our responses.

1.5.2 Related NEPA Documents
The Service has finalized two other NEPA documents analyzing the impacts

from proposed regulations to take raptors. The Service published the Final
Environmental Assessment for Take of Nestling American Peregrine Falcons in
the Contiguous United States and Alaska for Use in Falconry in March 2004
(http://www.fws.00v/southwest/es/arizona/Documents/SoeciesDocs/AmericanPer
earineFalcon/Final EA Perearine.odf). We finalized the Environmental
Assessment for Take of Raptors from the Wild under the Falconry Regulations
and the Raptor Propagation Regulations in June 2007
(http://www.fws.gov/miaratorvbirds/issues/falconnfiFinal%2ORequlations%20EA.
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gcM1 . For permitting disturbance under the Eagle Act, the Service will use the
same modeling approach for determining take used in those NEPA documents.

1.5.3 Issues Discussed in Detail
The Service has used comments on the proposed regulation to help us

develop this document. Some of the major topics on which comments focused,
and which the FEA discusses, include the following:

• How populations will be delineated for management purposes.
• How the Service will be able to detect the threshold population

declines.
• Whether the issuance criteria "where take cannot practicably be

avoided" is appropriate.
• Whether "other interests in a particular locality" should be applied as a

"catch-all" category.
• How permits will be prioritized if limited in quantity.
• The kinds of mitigation that will be required or effective.
• State coordination and relationship to State guidelines.

In addition, the FEA identifies resources that may either be affected by or may
affect the alternatives. These include: (1) presently-occurring eagle mortality
factors; (2) human safety concerns; and (3) cumulative effects to eagle habitat
from human-generated and other environmental factors.

1.6 Decisions to be Made
• Whether to authorize take permits for both bald eagles and golden eagles.
• Whether to implement take permits for both bald eagles and golden

eagles.
• Whether to authorize and implement take permits for removal of both bald

and golden eagle nests when necessary to protect public health and
safety.

• Whether to set thresholds for take employing a theoretical ecological
model consistent with that used in other recent raptor regulations.

• Whether to authorize "disturbance" take only, or to authorize TRM under
specific circumstances and if so, under what circumstances.

• Whether the Service should authorize a permit for only one "disturbance"
at a time, or authorize provisions for a programmatic approach.

• Whether, as our final preferred alternative, to adopt all of one proposal or
components of more than one alternative.

• Whether, under NEPA, a Finding of No Significant Impact can be reached.
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COMMON TO ALL ALTERNATIVES
Eagles Protected Under Bald and Golden Eagle Protection Act

Disturb Definition
National Bald Eagle Management Guidelines

I

ALTERNATIVE 1: NO ACTION — Provisions to
Extend Eagle Act Take Authorization to Take

Authorized under ESA sections 7 and 10

COMMON TO ALL ACTION ALTERNATIVES
j	 Alternative1, plus: Permit Thresholds, by Species, Based on

Population Estimates
Take Level Managed by Population and Bird Conservation Regions

Take Permits Issued by Service Region

ALTERNATIVE 2: Dishabance Take
Nest Take for the Public Health and Safety (such

as airports)
Programmatic Disturbance Permit

ALTERNATIVE 3: Alternathre 2, PIUS
Other Forms of Take, Including Lethal

Programmatic Permit to Reduce Ongoing Lethal
Take

Figure 1 Outline of Alternatives
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CHAPTER 2: ALTERNATIVES
2.1 Introduction

This chapter considers three alternatives that provide a reasonable range of
options for a regulation permitting take of bald eagles and golden eagles that will
occur while carrying out otherwise-legal activities. The alternatives provide
different approaches to questions regarding the proposed take permit, such as
the following:

• Whether the Service should allow a permit system with allocation based
on prioritization.

• Whether the Service should only allow "disturbance" take.
• Whether the Service should allow TRM under certain circumstances, and

if so, under what circumstances.
• If the Service will permit only for one "disturbance" at a time.
• Whether the Service will establish provisions for a programmatic

approach.
The FEA presents the biological foundations for setting permit thresholds for

bald eagles and golden eagles, and outlines a proposal for permit management
according to populations, Bird Conservation Regions (BCRs), and Service
Regions. The document also discusses whether and how to establish
programmatic approaches to permitting, summarizes key aspects of the
alternatives, and states the Service's preferred alternative.

The FEA has presented the alternatives in an order from the simplest to the
most complex (Figure 1). In some cases, the alternatives are additive. For
example, Alternative 3 includes all of the components common to all alternatives,
Alternative 2, plus additional proposals, including TRM.

2.1.1 Comparison of Approaches to Take under the ESA and the
Eagle Act

Although both the ESA and the Eagle Act prohibit take, there are some
subtle, but distinct differences in how each Act defines and regulates take. One
key distinction is that the ESA includes the term "harm" in its definition of take,
which the Service has defined to include habitat modification and degradation,
while the Eagle Act does not. Additional points to bear in mind throughout the
discussions in this FEA are included in Table 1.
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Table 1. Comparison of Approaches to Take under ESA and Eagle Act

Endangered Species Act
Regulations, and Policies

Bald and Golden Eagle Protection Act
Regulations, and Policies

Definition of "take"
"Take" under the ESA means to "harass,
harm, pursue, hunt, shoot, wound, kill, trap,
capture, or collect, or to attempt to engage
in any such conduct" Harass is further
defined by the USFWS to include an
intentional or negligent act or omission
which creates the likelihood of injury to
wildlife by annoying it to such an extent as
to significantly disrupt normal behavioral
patterns which include, but are not limited
to, breeding, feeding, or sheltering. Harm is
further defined by the USFWS to include an
act which actually kills or injures wildlife.
Such act may include significant habitat
modification or degradation where it actually
kills or injures wildlife by significantly
impairing essential behavioral pattems,
including breeding, feeding, or sheltering
(50 CFR 17.3). 

"Take" includes to pursue, shoot, shoot at,
poison, wound, kill, capture, trap, collect,
molest, or disturb (50 CFR 22.3). "Disturb" is
defined as "to agitate or bother a bald or
golden eagle to a degree that causes, or is
likely to cause, based on the best scientific
information available, 1) injury to an eagle, 2)
a decrease in its productivity, by substantially
interfering with normal breeding, feeding, or
sheltering behavior, or 3) nest abandonment,
by substantially interfering with normal
breeding, feeding, or sheltering behavior.

Actions that would significantly disrupt
normal behavior patterns are not limited to
breeding, feeding, or sheltering
behavioral patterns. 

Limited to "substantially interfering with
breeding, feeding, or sheltering behavior."

May include significant habitat modification
or degradation; therefore, there are
provisions for habitat conservation
measures.

The definition itself includes only nest
abandonment, but the rule also talks about
important eagle use areas such as communal
roosts and concentration areas. Does not
provide for habitat conservation measures,
but habitat manipulation that would result in
disturbance may be indirectly regulated. 

Not specifically tied to decrease in
productivity by individuals.

Specific to decrease in productivity of
individual birds.
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(Comparison of Approaches, continued)

Endangered Species Act
Regulations, and Policies

Bald and Golden Eagle Protection Act
Regulations, and Policies

Reference for evaluation
Not likely to jeopardize the continued
existence of listed species or adversely
modify designated critical habitats in
the case of Federal agency actions.

Population-based. Goal of stable or increasing
breeding populations. (Note: no designated critical
habitat).

Thresholds
Not routinely set or quantified at a
population level.

Set and quantified at a population level.

Cumulative Effects
Evaluation of cumulative effects under
section 7 consultation does not include
information on other future federal
actions; they are assumed to be
covered during consultations on the
other actions (past activities addressed
in baseline and cumulative).

Would include information regarding all past,
present, and future actions, regardless of entity.
However, for purposes of the FEA, past activities
that continue to indirectly take eagles are
addressed in the baseline.

Evaluation process
Mandatory section 7 consultation on
federal actions, sometimes requiring
biological evaluation and biological
opinion. Section 10 HCPs for non-
federal actions, requiring plan and
NEPA.

Optional discussions with Regional Permits Offices
and/or Field Offices, and submittal of avoidance,
minimization, and sometimes compensatory
measures.

Authorities
Both are federal statutes, with ultimately federal responsibilities.

Streamlining
'Streamlining' and 'batching' of section
7 consultations are encouraged and
there is guidance available, as well as
a recognized process.

Although not specific to the Eagle Act or its
regulations, 'streamlining the permitting process' is
mentioned in the Migratory Bird Strategic Plan.
We will develop specific guidance in the
implementation guidance for this rule.
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2.2 Management Common to All Alternatives
The Service will continue the current management and permitting of bald

eagles and golden eagles under the Eagle Act, including the finalized definition of
disturb, and the National Bald Eagle Management Guidelines (USFWS 2007a),
recognizing that the Guidelines are voluntary rather than regulatory. Each
Service Regional Director, in coordination with the Service Regional NAL,
conducts government-to-government consultation with the tribes in their Region,
and will, where appropriate, do so on a case-by-case basis when issuing
individual permits under this proposal.

2.3 Alternative 1- No Action: Permit Existing and Future Take
Authorized Under ESA:

As part of the rulemaking in which the Service initially proposed eagle take
permit regulations (72 FR 31141, June 5, 2007), the Service proposed to extend
Eagle Act authorizations to persons previously granted authorization to take bald
eagles under the Endangered Species Act. The Service has finalized those
provisions in a separate final rulemaking, published on May 20, 2008 (see 73 FR
29075). The new regulations include the following:

• A new section at 50 CFR 22.28 (Eagle Take) providing for expedited
permits for take of bald eagles exempted through section 7 incidental take
statements; and

• New provisions at 50 CFR 22.11 extending Eagle Act take to HCPs
that cover ESA section 10 incidental take of bald eagles and golden
eagles.

The regulations extend Eagle Act authorization to persons authorized to take
eagles under the ESA, provided the take occurs in compliance with the terms of
the ESA authorization. Specifically, the regulations include revisions to 50 CFR
22.11 to provide Eagle Act authorization to persons with ESA section 10 permits
that cover the bald eagle or golden eagle 2 for take of eagles that occurs
according to the terms and conditions of the ESA permit, as long as the permittee
fully complies with the terms and conditions of the ESA permit. The new
provision at 50 CFR 22.11 also applies to take covered under future ESA section
10 permits, if, at some future time, either eagle species should become listed
under the ESA. The regulations also establish an expedited process to issue
Eagle Act permits for take that is in compliance with previously-granted ESA
section 7 incidental take statements.

Alternative 1 includes the existing "incidental" take authorizations as well as
the current management of bald eagles and golden eagles under the Eagle Act,

2 Although an HCP is keyed to the section 10 permit provisions of the ESA, which only apply to
listed species, HCPs may address both listed and unlisted species, such as the golden eagle. In
the event that an unlisted species addressed in the approved conservation plan subsequently is
listed under the ESA, no further mitigation requirements would be imposed if the conservation
plan addresses the conservation of the species and its habitat as if the species were listed.
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including the finalized definition of disturb, and the National Bald Eagle
Management Guidelines ( "Management Common to All Alternatives"). Required
by NEPA, the "No Action" alternative, along with the conditions in the Affected
Environment, serve in this document as the reference for comparing the action
alternatives. The "No Action" alternative would not provide non-purposeful take
outside that previously authorized under the ESA, and such take would continue
to be illegal.

2.4 Management Common to Both Action Alternatives:
Thresholds for Permits, Management by Population Regions for
Bald Eagles, by Bird Conservation Regions for Golden Eagles

Management of eagles under all the action alternatives will include the
"Management Common to All Alternatives," the authorizations currently in place
as described in Alternative 1—the "no action" alternative—plus the conditions
outlined in this section. This section discusses how the Service will revise its
eagle permitting regulations by establishing permit thresholds, and how the
Service will establish a management framework. It discusses the biological and
geographical foundations for permit thresholds and permit management.

As a result of compelling comments and recommendations from the public on
the Draft EA, additional sensitivity analyses we conducted (see Appendix C), and
new information suggesting the population growth rate averaged over the span of
record of the WEST survey for golden eagles may be negative, the Service will
initially place a cap on permitted take at 5% estimated annual productivity for
bald eagles (following the approach recommended in Mil!sap and Allen 2006)
and permitted new take at 0% estimated annual productivity for golden eagles.
If, in the future, data and modeling suggest golden eagle populations can support
take, we would begin to authorize take at no greater than 1% of annual
productivity, unless information available at that time demonstrates that higher
levels of take can be supported (again, following Mil!sap and Allen 2006 for
species with high uncertainty). However, at this time, we will only consider
issuance of "safety emergency take" and the Programmatic Take permits for
golden eagles, the latter because it offers the most immediate potential for
reducing ongoing take and improving populations.

The Service's approach is consistent with the recommendations made by
Millsap and Allen (2006) that advised that falconry harvest rates for juvenile
raptors in the United States not exceed one-half of the estimated MSY up to a
maximum of 5%, (depending on species-specific estimates of capacity to sustain
harvest) and harvest rates of 1% for species without adequate demographic
data. These new permits represent a somewhat different approach to eagle
management and have significant policy implications and uncertainties. Those
uncertainties and stochasticity (natural variability in vital rates affecting
population trends) for both species support a more conservative approach than
we proposed in our DEA, which proposed capping threshold at 1/2 maximum
sustainable yield (MSY). The MSY is the greatest harvest rate over an indefinite
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period that does not produce a decline in the number of breeding adults in the
population. The original proposed cap did not adequately take into account
known variability in vital rates, nor was it consistent with the recommendations in
Millsap and Allen (2006).

In recent sensitivity analyses the Service conducted (incorporating stochastic
events and documented normal variability in vital rates), our models showed, at
4% take there would be no potential for growth for a golden eagle population that
may be declining, and there would be negative effects to the floater portion of the
bald eagle population (using population trend data from Florida) at 1/2 MSY and
even some minor effects at 5% take. Both the original application of the model
and the sensitivity analyses for golden eagles calculated and used a positive
growth rate for golden eagles. Incorporation of the new data from Good et al.
(2009, pers. Comm.) into calculations for population demographics, yielded a
declining growth rate for golden eagles. Floaters, for which monitoring is rarely
conducted, serve to buffer populations from decline in times when productivity
does not offset mortality, and also serve to provide a buffer for unforeseen effects
to populations. Importantly, the models did not factor in the cumulative effects
that were discussed in the DEA. Furthermore, the lack of annual monitoring to
ensure we are not having a negative affect on populations, particularly when the
thresholds we are proposing would be in effect for five years, compels us to
adopt the more conservative approach. Some commenters, including eagle
experts in various parts of the U.S. believe the DEA's population numbers and
survival rates for bald eagles may have been too high for some areas of the
country.

Furthermore, the caps recommended in Mil!sap and Allen were in the context
of falconry, where removal of birds from the population has no associated
impacts to habitat, whereas many permits issued under both these new
regulations will have long-term or permanent habitat-related impacts that may
lead to lost breeding opportunities or reduced suitable nest locations that would
negatively affect the population. Therefore, we believe that caps should be no
less conservative than those recommended for falconry take.

The approach taken also incorporates the cultural significance of both species
(Section 3.8, Cultural and Religious). Cultural significance is not limited to Native
American religious purposes, but encompasses a broad cultural regard for both
species. Although collected by some Native American tribes for ceremonial
purposes, the overall cultural value placed on bald eagles and golden eagles is,
generally quite distinct from the value of harvesting them. This fact warrants a
different, significantly more conservative approach than for managing game bird
populations, where allowable take approaches MSY.

Definitions and Interpretations Used in This Document and Proposal

On June 5, 2007, the Service clarified its regulations implementing the Bald
and Golden Eagle Protection Act and established a regulatory definition of
"disturb," a term specifically prohibited as "take" by the Eagle Act. The final
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definition defines "disturb" as "to agitate or bother a bald or golden eagle to a
degree that causes, or is likely to cause, based on the best scientific information
available, 1) injury to an eagle, 2) a decrease in its productivity, by substantially
interfering with normal breeding, feeding, or sheltering behavior, or 3) nest
abandonment, by substantially interfering with normal breeding, feeding, or
sheltering behavior." It is this form of take to which we refer in much of the FEA.

For the purposes of this action, in the associated "disturb" permit regulations,
the Service will define "mitigation" as per the Service Mitigation Policy (46 FR
7644, Jan. 23, 1981), and the President's Council on Environmental Quality (40
CFR 1508.20 (a—e)), to sequentially include the following:

• Avoiding the impact altogether by not taking a certain action or parts of
an action;

• Minimizing impacts by limiting the degree or magnitude of the action
and its implementation;

• Rectifying the impact by repairing, rehabilitating, or restoring the
affected environment;

• Reducing or eliminating the impact over time by preservation and
maintenance operation during the lifetime of the action;

• Compensating for the impact by replacing or providing substitute
resources or environments.

The Service will adopt both new and modified definitions under 50 CFR 22.3.
The Service will remove the definition of "golden eagle nest"; amend the
regulatory definition of "take" as applied to bald eagle and golden eagle nests;
clarify existing law by adding the term "destroy"; and add new definitions for
"eagle nest' and for "important eagle use area."

The definition of "eagle nest" is "a readily identifiable structure built,
maintained, or used by bald eagles or golden eagles for breeding purposes."

The definition of "important eagle-use area" is "an eagle nest, foraging area,
or communal roost site that eagles rely on for breeding, sheltering, or feeding,
and the landscape features surrounding such nest, foraging area, or roost site
that are essential for the continued viability of the site for breeding, feeding, or
sheltering eagles." Not all foraging areas and communal roost sites are
important enough such that interfering with eagles at the site will cause
disturbance (resulting in injury or nest abandonment.) Whether eagles rely on a
particular foraging area or communal roost site to that degree will depend on a
variety of circumstances, most obviously, the availability of alternate sites for
feeding or sheltering.

•We interpret the standard of "compatible with the preservation of the eagle"
as consistent with the goal of stable or increasing breeding populations.
Although take thresholds are based on regional populations, the regulation
requires the Service to consider additional factors, such as cultural significance,
that may warrant protection of smaller and/or isolated populations within a region.
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The Service has developed or included the following definitions in response to
requests and recommendations for clarification of terms as used in the proposed
rule and/or FEA.

Eagle Terms (FEA only):
Adult— an individual eagle capable of breeding.
Breeder— an adult eagle that defends a breeding territory.
Cohort— for purposes of the models used in the FEA, eagles of the same

species born in the same year.
Fledgling — a juvenile eagle that has taken the first flight from the nest but is

not yet independent.
Floater— an adult or subadult eagle without a breeding territory.
Juvenile — an individual eagle less than one year old.
Lambda (A) — the annual rate of change in population size. The population is

increasing if lambda is greater than (>) 1, is constant if lambda = 1, and is
decreasing if lambda is less than (<) 1.

Natal dispersal distance — extent of movement between the place of birth and
place of first breeding.

Nestling — an individual eagle between the time of hatching and the time it
takes the first flight from the nest.

Productivity— the mean number of individuals fledged per occupied nest
annually.

Subadult — an individual eagle greater than one year old, but typically not
able to breed.

Vital rates— factors such as productivity, survival of juveniles, and annual
survival of adults that influence population change.

Use Area Terms (To be defined by regulation except where noted):
Communal most site — an area where eagles repeatedly in the course of a

season gather and shelter overnight, and sometimes during the day in the event
of inclement weather.

Foraging area — an area where eagles regularly feed during one or more
seasons.

Inactive nest — a bald eagle or golden eagle nest that is not currently being
used by eagles as determined by the continuing absence of any adult, egg, or
dependent young at the nest for at least 10 consecutive days immediately prior
to, and including, at present. An inactive nest may become active again and
remains protected under the Eagle Act.

Territory— a defended area that contains, or historically contained, one or
more nests within the home range of a mated pair of eagles.

Permit and Permit Evaluation Terms (To be defined by regulation except
where noted):
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Advanced Conservation Practices— scientifically-supportable measures that
are approved by the Service and represent the best-available techniques to
reduce eagle disturbance and ongoing mortalities to a level where remaining take
is unavoidable.

Cumulative effects—the incremental environmental impact or effect of the
proposed action, together with impacts of past, present, and reasonably
foreseeable future actions. Cumulative environmental effects may be individually
minor, but collectively significant over time.

Indirect effects — effects for which a proposed action is a cause, and which
may occur later in time and/or be physically manifested beyond the initial impacts
of the action, but are still reasonably likely to occur.

Necessary to ensure public health and safety— required to maintain society's
well-being in matters of health and safety

Practicable — capable of being done after taking into consideration, relative to
the magnitude of the impacts to eagles, (1) the cost of a remedy compared to
proponent resources; (2) existing technology; and (3) logistics in light of overall
project purposes. For programmatic permits, the comparable standard is
"maximum degree technically achievable," defined as "the standard at which any
take that occurs is unavoidable despite implementation of Advanced
Conservation Practices.

Programmatic permit — a permit that authorizes programmatic take. A
programmatic permit can cover other take in addition to programmatic take.

Programmatic take — take that (1) is recurring, but not caused solely by
indirect effects (2) occurs over the long-term and/or in a location or locations that
cannot be specifically identified.

Safety emergency— a situation that necessitates immediate action to
alleviate a threat of bodily harm to humans or eagles

Techniques (FEA only)— within the context of Advanced Conservation
Practices, indludes both the technology used and the way in which the
installation is designed, built, maintained, operated and decommissioned.

A question submitted on the original proposed regulation asked whether
"other interests in a particular locality" should be applied as a "catch-all" category.
Our interpretation of this phrase is that it is inclusive, in order to allow flexibility.
As a practical example, "other interests in a particular locality" may apply to
interstate transmission and transportation corridors as well as small communities
and individuals. It may also apply to holders of economic, recreational, or other
social interests in a particular locality who do not necessarily reside at that
locality. For example, holders of mineral leases, rights-of-way, or vacation
homes may not reside in the same State as the particular locality, but they have
interests there. In addition, it is often the case that American Indian tribes and
individual tribal members have an interest in a particular locality because of its
aboriginal cultural, spiritual, religious or traditional values, but the locality is
outside currently-recognized Indian lands.
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2.4.1 Steps When Determining Potential for Take
By employing the Guidelines, State-specific guidance, and other appropriate

avoidance and minimization measures, landowners and project proponents
should be able to avoid eagle disturbance under the Eagle Act most of the time.
In most parts of the country, the Service anticipates issuing relatively few permits
for take associated with activities by proponents that have used the Guidelines
because the majority of such activities will not take eagles. We routinely
encourage project proponents to work with the Service during the early planning
phases of their projects. If, after coordination with the Service it is determined
that avoiding disturbance is not practicable, acquisition of a permit may be
needed to comply with the Eagle Act. In general, we anticipate that the first point
of contact for many inquiries regarding whether or not a permit is advisable will
be the Service Ecological Services Offices, Division of Habitat and Resource
Conservation, Branch of Conservation Planning Assistance. However,
applicants who have already incorporated avoidance and minimization measures
into their project planning, and believe take is still likely, may wish to first contact
the Regional Permit Office. No matter which office is first contacted, they will
coordinate closely with each other.

Disturbance may also result from human activity that occurs after the initial
activities. In general, however, the Service will not issue permits for routine
activities where take is not likely to occur. New uses or uses that are greater in
scope or intensity than pre-existing conditions (such as increased hiking, driving,
or residential development) may raise the likelihood of eagle disturbance, and as
such, could require authorization for take under these proposed regulations.
When evaluating the take that may result from an activity for which a permit is
sought (such as residential development), the Service will consider the effects of
the preliminary activity (construction) as well as the effects of the foreseeable
ongoing future uses (such as activities associated with human habitation).

The Service will not limit its consideration of the impacts and threshold
distances to the footprint of the initial activity if it is reasonably foreseeable that
the activity will lead to adverse, secondary prohibited impacts to bald eagles and
golden eagles. We consider the direct, indirect, and cumulative effects of each
activity. For example, when evaluating the effects of expanding a campground,
in addition to considering the distance of the expansion from important eagle-use
areas, the Service will consider the effects of increased pedestrian and motor
traffic to and from the expanded campground. In many cases, the potential for
take could be greater as a result of the activities that follow the initial project. For
example, the installation of a boat ramp 152 meters (500 feet) from an important
bald-eagle foraging area may not disturb eagles during the construction phase,
but the ensuing high levels of boat traffic through the area during peak feeding
times may cause disturbance. Trail construction 122 meters (400 feet) from a
nest is generally unlikely to take bald eagles, but may disturb golden eagles,
which have shown such responses as reduced feeding of juveniles in the
presence of observers camped 122 meters (400 feet) from a nest (Steidl et al.
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1993). Moreover, if the trail will be open to off-road vehicle use during the
nesting season, the Service will need to consider the impacts of the vehicular
activity as part of the impacts of the trail construction. The Service will evaluate
permit applications for whether they had evaluated both direct and indirect
impacts of the proposal, and addressed impacts through mitigation measures.

2.4.2 Modify Existing Certification of Compliance Language
All of the Service's migratory bird and eagle-related permits contain the

standard condition that the Federal authorization is not valid unless the activity
complies with all other applicable laws, including State and local laws. Permits
issued under this regulation will include that condition and clarify that the activity
must also be in accordance with "tribal" laws (if applicable). The application will
therefore ask the applicant to state whether he or she has obtained the State,
local, or tribal authorizations necessary to conduct the activity. This permit
condition does not override or supersede the right of States or tribes to withhold
authorization for take of eagles.

2.4.3 Eagle Management Units and Permit Administration Regions
The Service used available data for each species of eagle to identify

appropriate regional population scales for management purposes, with the goal
of ensuring the Service's permit program does not cause declines in eagle
populations at a regional or national scale.

Bald Eagle
For bald eagles, we obtained locations of all known contemporary nest sites

from State fish and wildlife agencies. We also obtained U.S. Geological Service
Bird Banding Laboratory band recovery data for all bald eagles banded as
nestlings and recovered at five or more years of age at times of the year when
they could have been breeding (during the nest building and incubation stages of
the breeding cycle of the individual's natal population). We used natal
populations (eagles within the median natal dispersal range of each other) in our
evaluation in order to look at distribution across the landscape. Being able to see
where natal populations appear sparser, rather than concentrated, allows us to
determine natural boundaries between regional eagle populations and thus
reduces the risk that we will issue take permits in any one regional management
area in a manner that is disproportionate to the population in the area. We will
consider the natal dispersal distance of bald eagles when evaluating effects to
local area populations.

Based on analysis of band recovery data for a subsample of states (AK, AZ,
FL, MN, VA; 50 cases), we estimated the median natal dispersal distance for
bald eagles to be 43 miles. We built a GIS database that incorporated all State
nest locations, and then placed a 43 mile-radius buffer around each nest,
effectively "linking" nests that were within the median natal dispersal distance of
one another. We regarded aggregates of linked nests as components of the
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same regional population for management purposes. Gaps (or areas of sparse
nest distribution) in the buffered nest database were used to delineate
boundaries between regional management populations. The bald eagle
management areas derived using this method indude most bald eagle nests in
the United States, although a few highly-isolated nesting sites in Arizona,
southern California, central Utah, southeastern Colorado, northeastern New
Mexico, western Oklahoma, and eastern Texas were not clearly affiliated with
any of the larger management areas. For purposes of this EA, we considered
Alaska's bald eagles as one population, but Service Region 7 may manage by
smaller management regions. Although most nests have been located in
southeastern Alaska, extensive surveys have also been conducted on Kodiak
Island, the Kenai Peninsula, Alaska Peninsula, Prince William Sound and several
mainland rivers. (USFWS 2008). However, vast areas of interior Alaska and the
Aleutians remain unsurveyed.

The Service acknowledges that this process was somewhat subjective, and
that the regional management populations delineated are not, in most cases,
genetically or even demographically isolated. However, we believe the approach
does serve to identify biologically-based, regional populations at a scale
meaningful for eagle conservation. The Service's goal in managing bald eagles
at this scale is to ensure permitted take does not negatively affect the species'
status in any regional management population.

The Service will manage bald eagles roughly by eagle populations within
Service Regions (see Figure 3 for lower 48 states), referenced to the continental
population. Currently, the Sonoran Desert population is still protected under the
ESA, but if this population is eventually delisted, we will use the demographic
parameters of the Sonoran Desert population in determining take under the
Eagle Act in order to more closely monitor that population (Table C.3 in Appendix
C). Permits will be administered by Service Regions in coordination with each
other, especially where a management area lies in more than one Service
Region. For example, the Southwest Region will closely coordinate with the
Southeast Region regarding permitting of bald eagles in Texas and Oklahoma
(see Figure 3). This management and administrative approach will be evaluated
regularly, at least once every five years.
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• Nest vamin 5o miles of mg town

Nest tilthIn 25 miles of meclum town selection

e Nests within 10 miles of a small town

O Nest within 1 mile a/ roaas not near towns

O Nests within 5 miles at TAPS, but not neer roads or towns

▪ Remote nests

--- Major RIVCIS

Figure 2 Locations of bald eagle nests catalogued in Alaska: Data collected from
organized surveys, reports from biologists doing other work and incidental observations
from biologists and the public (TAPS in the legend is the Trans-Alaska Pipeline System).
Areas on the map that do not have nests reported may be because there are no nests,
but more likely because no one has looked in that area for nests.

Golden Eagle
For golden eagles, available data on distribution are not as spatially precise.

However, to estimate natal dispersal distances for golden eagles, an analysis of
appropriate band recovery data provided by the U.S. Bird Banding Laboratory
(BBL) comparable to that done for bald eagles. Our analysis of this data set
showed that 90% of mature golden eagles reencountered during the breeding
season were within 140 miles of their natal site. We will consider the natal
dispersal distance of golden eagles when evaluating effects to local area
populations.

The Service has funded transect-based aerial surveys of golden eagles in the
interior west periodically since 2003 (Good et al. 2008). The goal of this survey
is to provide statistically-rigorous estimates of population size and juvenile to
non-juvenile age-ratios in Bird Conservation Regions (BCRs) 9, 10, 16, and 17.
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In addition, the Partners in Flight landbird conservation planning process
generated population size estimates for golden eagles in other U.S. BCRs,
though these estimates are not as statistically rigorous, nor have the estimates
been replicated. Because the BCR-scale population estimates are the only
range-wide estimates available for the golden eagle, we used a BCR-scale
management approach for this species. In other words, we will manage take of
golden eagles according to thresholds set at the BCR level. Because Service
Regions are not administered according to BCR boundaries, we will administer
permits by Service Regional Permit offices. In those instances when a BCR
occurs in more than one Service Region (such as Great Basin BCR 9 in Service
Regions 1, 6, and 8, see Figure 4), Service Regions will coordinate closely
regarding permit issuance to ensure that the threshold for that BCR is not
exceeded. Because there are no breeding populations in the eastern United
States that can sustain take (Section 3.4.2), the Service will not authorize take for
golden eagles east of approximately 100° west longitude (Figure 4) except for
take of nests for safety emergency situations. In addition, for most States west of
1000 west longitude, there is little reliable recent data for breeding golden eagles.
For example, Breeding Bird Surveys in Kansas and Oklahoma, which intersect
the proposed management region by only a small proportion, do not report
sightings of golden eagles, although it occurs in both states. It is important to
note that failure to detect does not necessarily mean absence, because both
States individually note small numbers of breeding pairs (NatureServe 2008). In
addition, many states have not had the resources to conduct monitoring of
golden eagle populations, in some cases for up to 20 or more years. The
Service will therefore base thresholds upon existing data and modeling until
better data become available.
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2.4.4 Permit Thresholds
The Service will base maximum levels of permitted take of bald eagles and

golden eagles under both 50 CFR 22.26 and 22.27 on populations (see
Appendices C and D for complete discussions of assumptions and methods).
We will base take thresholds on regional populations for each species and
estimates of their vital rates (see Mil!sap and Allen 2006), where there is
information to substantiate different vital rates. Current, ongoing take from
natural and unauthorized human causes contribute to the survival ratios used in
the population models. The proposed thresholds will reflect acceptable take
above that from natural and unauthorized take. Estimated take caused by
currently-permitted activities under the Eagle Act, with the exception of certain
ongoing take for Indian religious purposes, will, cumulative with the proposed
permit, be subject to the proposed thresholds.

The thresholds proposed in this FEA will determine maximum annual take
until new information warrants modification of the thresholds. The Service will
base the limits on take upon:

• Models that use available data on population parameters such as
juvenile, subadult, and adult survival.

• The number of nests and their occupancy as the information becomes
available.

• Cumulative effects of other permitted take of eagles.
However, because the proposed thresholds are estimates and based in part

upon models, they do not take into account such things as cumulative effects and
site-specific conditions, factors which will become available during the permit-
evaluation stage. The on-the-ground information and conditions will guide the
actual amount of take that is authorized, as long as the total does not exceed the •
modeled thresholds. In fact, the actual take authorized may be less than the
predicted threshold. The Service Regions, in coordination with adjacent
Regions, will make the final decisions regarding the actual amount of take
allowed each year.

Biological Foundation for Take Thresholds
The Service originally proposed managing take of eagles using the outer

negative range of the regional Population Trend criteria established by Partners
in Flight (PIF) 3 to define a stable population (Panjabi etal. 2005)

3 In the PIF species assessment, each species is assigned global scores for six factors,
assessing largely independent aspects of vulnerability at the range-wide scale: Population Size
(PS), Breeding Distribution (BD), Non-breeding Distribution (ND), Threats to Breeding (TB),
Threats to Non-breeding (TN), and Population Trend (PT). Each of the scores reflects the degree
of a species' vulnerability (i.e., risk of significant population decline or rangewide extinction) as a
result of that factor, ranging from "1" for a low vulnerability to "5" for high vulnerability. Simplified
scores for population trend on a continental scale (PT-c) evaluate trends in terms of % change
over 30 years, or equivalent % annual change. A score of 1 means a a50% increase over 30
years with an equivalent % annual change of 1.36% (Large population increase). A score of 2
means a 15-49% increase, or <15% equivalent annual change (Possible or moderate population
increase or population stable). A score of 3 means a Highly variable or Unknown change over 30
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(http://www.rmbo.orq/pubs/downloads/Handbook2005.pdf) . That would have
allowed an annual decline of up to 0.54%. There are several reasons why the
Service has decided not to use that approach. First, managing to allow for an
annual decline, no matter how small, will have a long-term, negative impact on
eagle populations. Second, as noted in some comments on the proposal, the
current monitoring proposal for the bald eagle and the limited monitoring for the
golden eagle do not have the precision or accuracy to detect declines of that
magnitude. Third, for golden eagles in particular, the Service requires key
demographic, biological, and ecological information, particularly juvenile mortality
rates and proportions of non-breeding adults to breeding adults. The original
management scenario risked accepting declining populations as the norm, which
is not compatible with the preservation of eagles. Finally, the Service wants to
use consistent standards for management approaches for all raptors while taking
into consideration species-specific natural history differences.

For the preceding reasons, the Service will use the same model for
calculating take for eagles that we used in the recently-finalized falconry
regulations. This FEA incorporates by reference the methodology presented in a
peer-reviewed article (Millsap and Allen 2006, Appendix E) regarding the effects
of falconry on wild populations of raptors in the United States, with the following
exceptions: unlike the falconry regulations, the term "take" in the proposal does
not always mean removal from the wild; and we are using juvenile survival rates
of 0.79 instead of 0.84 for golden eagles. Mil!sap and Allen (2006) noted that the
dynamics of most raptor populations make monitoring the short-term impact of
take on them nearly impossible. However, it provided recommended strategies
designed to account for uncertainties within the plan to manage take. Mil!sap
and Allen (2006) also included an explanation of the deterministic model used to
estimate how take likely affects raptor populations. Setting conservative take
allocations (as discussed further in Section 2.4, Management Common to Both
Action Alternatives and in Appendix C) will allow us to buffer the effects of the
uncertainty inherent in using a deterministic model for populations with vital rates
that may vary widely from one year to the next, particularly for the golden eagle.
Increasing take rates further toward MSY will require us to implement robust
population monitoring, a costly effort that will be extremely difficult logistically and
financially.

The modeling will set the level of take the Service could permit that is
compatible with the preservation of the eagle. The thresholds applied by the
Service Regions will consider the cumulative effects of all permitted take,
including other forms of lethal take permitted under regulation, against the
backdrop of other causes of mortality and nest loss. The backdrop reflects the
factors contributing to mortality and survival rates, and includes both natural

years, and an equivalent % annual change is not available (Uncertain population trend). A score
of 4 means a 15-49% decrease over 30 years with a <-0.54 to -2.28% equivalent annual change
(Possible or moderate population decrease). Finally, a score of 5 means a a50% decrease over
30 years and an annual equivalent change of 5-2.28% (Large population decrease). Under the
PIF species assessment process, the PT-c score for bald eagles is 1, and the PT-c score is 3 for
golden eagles.
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mortality and human-caused mortality, purposeful and non-purposeful.
Examples of illegal purposeful take, which are investigated by the Service's Law
Enforcement (LE) program in coordination with State, tribal and international
wildlife agencies, include deliberate persecution of eagles and killing of eagles for
purposes of commercial gain from wildlife trafficking.

There are inherent limits to the ability of monitoring to detect precise
fluctuations in bald eagle and golden eagle numbers. Take is not always
discovered or may occur later, so there may be uncertainty as to whether
individual actions being permitted will in fact result in a "take" of eagles. To
reduce and compensate for uncertainties, we intend to use multiple sources of
the best available data, including but not limited to data from post-delisting
monitoring by States, the Breeding Bird Survey, golden eagle data from the
previously mentioned west-wide surveys (WEST data), and fall and winter
migration counts and any other reliable data that may become available, to
assess the status of eagle populations, adjust the model based upon updated
parameter information, and adjust permitting criteria on a five-year basis as
appropriate. As noted in the introductory paragraph to this section, thresholds
proposed in this FEA will determine annual take until new information warrants a
modification of thresholds. If data confirm populations at either national or
regional scales are declining, depending on the source and severity of the
decline, the Service will either establish lower take permit thresholds where
appropriate or suspend permitting until data confirm the populations can support
take. Conversely, if a population at one or the other scale is increasing, the
Service may set take thresholds at a higher level. If we have inadequate data to
run our modeling and no other means of assessing the status of the population
where the take will occur, we may not be able to determine that the take is
compatible with the preservation of the species, and if we determine that take is
not compatible, we will not authorize it.

The Service will assess, at least every five years, overall population trends
along with annual report data from permittees and other information to assess
how likely future activities are to result in the loss of one or more eagles, a
decrease in productivity of bald or golden eagles, and/or the permanent loss of a
nest site, communal roost site, or important foraging area. The Service will also
assess how such outcomes will likely affect population trends, taking into
consideration the cumulative effects of other activities that take eagles and eagle
mortalities due to other factors. In addition, the assessment will incorporate
estimates of illegal purposeful take of eagles from persecution or trafficking as
well as unauthorized non-purposeful take, both of which LE will continue to
investigate. This periodic assessment will provide additional information for: (1)
establishing permit thresholds; (2) determining the efficacy and applicability of
mitigation; (3) confirming or modifying permit information and issuance criteria;
(4) confirming or modifying the recommendations provided in the Guidelines.

The impact to the population from permits (the cumulative take under all
permits used/allocated) will include the following: (a) disturbance associated with
a temporary loss of productivity; (b) disturbance resulting in a permanent loss of
a nest or abandonment of a territory (in some cases leading to a decrease in the
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breeding population); (c) Native American religious take which has been for
either nestlings or, when take occurs in the fall, fledglings, juveniles, or adults;
and (d) other permitted take (see Appendix C for a more extensive discussion
relative to methods for setting thresholds). Recommended thresholds for take
that results in a temporary loss of productivity will incorporate the total permitted
disturbance of eagles at communal night roosts and important foraging areas.
The Service will recommend greater take be deducted from the annual allocation
when there is a permanent loss of a foraging area or roost for which there is no
comparable alternate use area within an average home range distance of the
applicable season. On the other hand, in the case of take occurring at nests, if
there were other suitable nest locations or alternate nests used by the breeding
pair, or they subsequently emigrated but were replaced by another pair, the
Service will recommend take be allocated based upon a loss of productivity
rather than loss of a nest. We will determine the amount of take incurred per
location on a case-by-case basis by Service Region.

Accounting for Take
Because we will evaluate the effect of take on the basis of survival of

juveniles rather than nest productivity, we will be able to set take in terms of
individual eagles (see Appendix C for detailed discussion, including take
calculations for bald eagle populations other than "standard").

For the standard bald eagle population:
• take affecting one individual = subtraction of one individual from the

threshold;
• take resulting from disturbance at one nest on only one occasion =

subtraction of 1.3 individuals from the threshold; and
• one nest take resulting in the permanent abandonment of a territory =

subtraction of 1.3 individuals from the threshold the first year and a
reduction of eight individuals from the annual individual permit limit until
data show the number of breeding pairs has returned to the original
estimated, or until it can be demonstrated that the predicted loss has not
occurred.

For the standard golden eagle population:
• take affecting one individual = subtraction of one individual from the

threshold;
• take resulting from disturbance at one nest on only one occasion =

subtraction of 0.78 individuals from the threshold; and
• one nest take resulting in the abandonment of a territory = subtraction of

0.78 individuals from the threshold the first year, and a reduction of four
individuals from the annual individual permit limit until data show the
number of breeding pairs has returned to the original estimated, or until it
can be demonstrated that the predicted loss has not occurred.

Destruction or loss of the use of a nest location, with no opportunity for
replacement, may result in the loss of a territory, and a permanent decrease in
the breeding population. The Service would not issue permits, except for safety
emergency, if a permanent, unmitigable loss of a golden eagle territory is likely.
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2.4.4 Mitigation
As noted in Section 2.2, Management Common to All, the Service will define

"mitigation" to sequentially include: avoidance, minimization, rectification,
reduction over time, and compensation for negative impacts to bald eagles and
golden eagles. Prior to the submission of a permit application, potential
applicants should consult with Ecological Services Field Offices to determine
whether or not the proposed activity is consistent with eagle management
guidelines. The Service will evaluate permit applications to determine whether,
during the process of developing an activity, use of the eagle management
documents and other methods for avoiding and minimizing the potential for take
will be employed. Any requests for permits will need to cite these measures in
their supporting documentation.

For most individual take permits resulting in short-term disturbance, the
Service will not require compensatory mitigation. The population-based
permitting the Service will propose is based on the level of take that a population
can withstand. Therefore, compensatory mitigation for individual permits is not
necessary for the preservation of eagles. However, the Service will advocate
compensatory mitigation in the cases of nest removal, disturbance or TRM that
will likely incur take over several seasons, result in permanent abandonment of
more than a single breeding territory, have large-scale impacts, occur at multiple
locations, or otherwise contribute to cumulative negative effects.

2.4.5 Relationship between Data Gathered and Setting Annual
Thresholds

In its technical guide to adaptive management (AM) (Williams et al. 2007),
page 4, the Department of the Interior adopted as the operational definition of
adaptive management the definition by the National Research Council:

Adaptive management (is a decision process that) promotes flexible
decision making that can be adjusted in the face of uncertainties as
outcomes from management actions and other events become better
understood. Careful monitoring of these outcomes both advances
scientific understanding and helps adjust policies or operations as part of
an iterative learning process. Adaptive management also recognizes the
importance of natural variability in contributing to ecological resilience and
productivity. It is not a 'trial and en-or' process, but rather emphasizes
learning while doing. Adaptive management does not represent an end in
itself but rather a means to more effective decisions and enhanced
benefits. Its true measure is in how well it helps meet environmental,
social, and economic goals, increases scientific knowledge, and reduces
tensions among stakeholders.

AM is a structured approach to decision making that emphasizes
accountability of decision outcomes, and is useful when there is uncertainty
regarding the most appropriate strategy for managing natural resources. As set
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forth in 522 DM 1, consideration of AM is warranted when: (1) there are
consequential decisions to be made; (2) there is an opportunity to apply learning;
(3) the objectives of management are clear; (4) the value of reducing uncertainty
is high; (5) uncertainty can be expressed as a set of competing, testable models;
and (6) an experimental design and monitoring system can be put in place with a
reasonable expectation of reducing uncertainty. Rather than simply monitoring
the status of the resource of interest, a key component of AM is also monitoring
the impacts of the management strategies. Although statutory requirements
constrain the ability of the Service to propose an active (experimental) AM
strategy, we believe the proposal is in keeping with a passive AM strategy. In a
passive AM strategy, uncertainty is recognized, but the focus is on the
achievement of management objectives. Monitoring is focused on the resource
status and other factors that are useful for improved understanding through time
(Williams et al. 2007).

The proposed eagle-take regulations are based on a number of assumptions
and contain areas of uncertainty. Increasing our understanding of how
disturbance actually affects eagles, and how loss of individuals and nests affects
populations, will improve our ability to effectively conserve eagles with minimal
impacts to eagles and socio-economic resources. The Service proposes to
reduce uncertainty in the management of eagle take by requiring permittees to
report back to us on the use of nests, roosts, or foraging areas by eagles for up
to three years after the activity is completed (see draft forms in Appendix F).
Permittees for most disturbance permits will only be asked to provide minimal
information to allow the Service to assess whether or not the activity likely
caused disturbance. However, this information will contribute to an AM process
that will enable us to evaluate and revise thresholds for permits and to adjust the
Guidelines:

The Service will also use results of the final bald eagle post-delisting
monitoring program to help re-evaluate the size and status of regional
populations at least once every five years for a total of 20 years. These data will
increase the accuracy of our estimates of regional population size and nest
locations, and will also allow us to recalibrate thresholds for take of nests and
individuals based on actual population trends. The bald eagle post-delisting
monitoring program will focus on nest-site occupancy. However, monitoring at
nests is not sufficient to detect some types of population decline (Millsap and
Allen 2006). The Service will use other eagle population data, as available, such
as counts and age-ratio information from standardized migration count sites, to
look for indications of population changes not detectable through any existing
nest surveys.

For golden eagles, the Service will initially use data from available surveys
such as that by WestemEcoSystems Technology, Inc. and information from the
BBS. The Service also will use additional data, as available, such as counts and
age-ratio information from standardized migration count sites, and the long-term
monitoring data from the Snake River Birds of Prey National Conservation Area.

For both species, we will evaluate persistent changes in migration counts or
age ratios, at least once every five years, to determine if eagle-take regulations
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might be a contributing factor, and if changes are warranted. The Service will
adjust the permitting thresholds and allocations by using the best data available
at the time of each decision. We will use the updated data to apply the
population model for estimating the number of permits to allocate.

2.5 Alternative 2- Eagle Take Permits, Structured Allocation
Authorized, Nest Take for Public Health and Safety, and
Programmatic Disturbance

Alternative 2 discusses regulatory proposals that will authorize the following:
disturbance-related take of eagles; removal of eagle nests for reasons of "public
health and safety"; and programmatic disturbance under a permit designed to
avoid or minimize the ongoing and future risk of disturbance to eagles

2.5.1 Disturbance Take
The Service will add a new section at 50 CFR 22.26 (Eagle Take) to authorize

disturbance take of bald eagles and golden eagles for the protection of other
interests in any particular locality, where such permits are compatible with the
preservation of the bald eagle and golden eagle, and the take cannot practicably
be avoided.

These permits will be limited to disturbance, as opposed to take that results in
mortality. They will require an initial determination that the permits will be
compatible with the preservation of the bald eagle and golden eagle; that the
take will be associated with, and not the purpose of, an otherwise lawful activity;
and that it will occur even after impacts are minimized to the extent practicable by
use of avoidance and minimization measures.

Short-term Disturbance
The Service will distinguish between levels of effects to the population in two

separate evaluations of disturbance. A short-term disturbance reduces
productivity in a given year, and there is a decrease in recruitment into the
following year equivalent to the average number fledged per occupied territory.
This assumes eagles in the territory become productive again after the activity
ceases, which may not be as likely for golden eagles. If it appears likely that
eagles in the territory will not become productive again after the activity ceases,
the Service may classify the effect as a long-term disturbance as described
below.

Permanent Abandonment of Territory, Important Communal Roost
Site, or Important Foraging Area

Long-term disturbance may result in the permanent abandonment of a
territory, important traditional communal roost site, or important foraging area. In
terms of population effects, this permanent effect is the equivalent of annually
authorizing disturbance at one location in perpetuity. For this reason, long-term
disturbance will have larger impacts on the eagle population, and will result in a
greater take being subtracted from the annual thresholds (Appendix C). Permit
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information requirements and issuance criteria will be applied in the same
manner as those for short-term disturbance, and will apply if the Service's
Migratory Birds Office, local Ecological Services Office or the Regional Permit
Office determines that a disturbance will be associated with the permanent
abandonment or loss of a nest. However, the Service would also likely require
compensatory mitigation in such cases. Destruction or loss of the use of nest
location, with no opportunity for replacement, may result in the loss of a territory
and a permanent decrease in the breeding population. The Service would not
issue permits, except for safety emergency, if a permanent (unmitigable) loss of
a golden eagle territory is likely.

2.5.2 Permitted Take of Nests for the Public Health and Safety
The Service will add a new section at 50 CFR 22.27 (Eagle Nest Take) to

authorize removal of bald eagle and golden eagle nests where "necessary to
ensure public health and safety." This will include nests that pose an imminent
hazard to human safety or to the welfare of eagles. The proposal will authorize
removal and/or relocation of both active and inactive eagle nests in what we
expect to be the rare case where genuine safety concerns necessitate the take.
This permit will also be available to remove or relocate inactive nests in situations
where the take is necessary to ensure public health and safety, but the presence
of the nest does not create an immediate safety emergency. Nest take permits
may be issued for projects that will provide a net benefit to eagles (including
projects where the net benefit is the result of compensatory mitigation
measures). We may also issue permits to take eagle nests built on human-
engineered structures where the nest interferes with the intended use of the
structure. This permit is limited specifically to eagle nests and will not authorize
intentional, lethal take of eagles.

Except for applications associated with safety emergencies, prior to
authorizing nest removal, we will review the availability of potential alternative
suitable habitat (nest substrate, foraging areas, etc.) and the distance to those
areas, in order to reasonably assess the likelihood of total loss of the territory.
When known, we will consider such factors as the number of nests in a particular
breeding pair's nesting territory and the last known date the pair used the nest
under consideration for take, in order to assess the relative value of the nest to
the pair. Further, to assess whether the loss of a particular nest may have
negative local population impacts, we will also consider the surrounding
territories and the nests within those territories to evaluate the ability of the area
to support a displaced pair. For example, if all the suitable nest locations are
fully-occupied, impacts leading to abandonment of a territory (either through
destruction of the nest substrate or through not being re-occupied by either the
original nesting pair or a new pair from the floater population) may have a
significant negative impact to the area population. Available prey base or intra-
species competition may be additional relevant factors. For overall permit
management, we will consider local area population effects within the species-
specific natal dispersal distances (43 miles for bald eagles, 140 miles for golden
eagles). However, we believe it will be too burdensome to ask the proponent to
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provide data on that large a scale. We have found, in implementing the resource
recovery permit for take of inactive golden eagle nests (50 CFR 22.25), that data
within a 10-mile radius of the nest provides us with adequate information to
evaluate many of the factors noted above.

The Service anticipates that permits authorizing take of nests for the public
health and safety will be relatively few and will be subject to the thresholds and
allocation process proposed in the Management Common to Both Action
Alternatives. Take of inactive nests that pose a hazard to human safety or to the
welfare of the eagles without emergency removal may not always need to be
included in the calculations for permit thresholds if the eagles will likely be lost
anyway due to the conditions prompting the safety emergency, or if the Service
determines the removal of the nest would not result in an unmitigable loss of a
breeding territory. Because of the time constraints associated with take that will
be for emergency situations, these will not be immediately subject to the
allocation prioritization and all bona fide applications will be authorized.
However, we will conduct an after-the-fad evaluation of emergency-take
authorizations. If data indicate there may be population effects from use of
emergency take, the Service will reconsider whether the allocation for the safety
take should be deducted from the permit thresholds. An example will be if there
were no other suitable nest locations or alternate nests for the breeding pair, and
they subsequently emigrated without being replaced by another pair. If the
Service determines it is necessary, we will estimate potential take from this
source, based on historical numbers for the applicable Service Region to that
date and the formula used in 2.4.3 Permit Thresholds, Accounting for Take, and
deduct the number from the available permits at the beginning of the year.

Current regulations at 50 CFR 22.25 allow the removal by permit of golden
eagle nests if the nest interferes with resource development or recovery
operations.

2.5.3 Allocation of Individual Permits
Although unlikely to occur in most parts of the range of either eagle species,

the Service anticipates that in a handful of regions there could be more requests
for permits than the number of permits available. However, we will reserve some
permits in order to authorize safety and emergency permits. In some cases, e.g.,
sampling under a scientific collecting permit to ascertain disease, pathogen, or
contaminant issues, activities intended to protect eagles may result in a short-
term disturbance. If there is a compelling need for this sampling, specific to the
conservation of eagles, this kind of take will be considered emergency take for
prioritization purposes. In keeping with our commitments under RFRA and
AIRFA, the Service's Regional Directors will each be responsible for developing
and implementing a structured-allocation process in each Region if there is
evidence that demand for take will exceed take thresholds for either species of
eagle. This process will ensure that authorized take of birds necessary to meet
the religious need of a Native American Tribe will not be denied due to other take
being authorized for another purpose. Each Regional structured-allocation
process will also need to ensure that permits are available in case of public
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safety emergencies. The next permit priorities, in order are, renewal of
programmatic nest-take permits, and Non-emergency activities necessary to
ensure public health and safety. The next permit priority (for golden eagle nests
only) is for resource development or recovery operations (§ 22.25). Service
Regions will be responsible for any necessary NEPA compliance regarding
additional decisions for implementation procedures. If the Service receives more
applications for permits than it can provide under the relevant regional threshold,
applicants will need to reapply at a later date.

2.5.4 Permit for Programmatic Disturbance
Under this alternative, the Service will develop a programmatic disturbance

permit at 50 CFR 22.26 that will be available to entities (industries, agencies, or
authorities) at the private, federal, tribal, and State level undertaking activities
that may result in a cumulative loss of bald eagles and golden eagles, eagle
nests, foraging areas, and roost sites with potential for local population-level
effects. "Programmatic" has several meanings in the proposal. Primarily, we use
the term to mean dealing with take from the same source in a consistent manner.
The sources may be practices or facilities common to one or more industries or
agencies, e.g., road construction conducted by Federal, State, tribal, and local
transportation departments, or power lines and infrastructure installed by power
companies of all sizes, or other entities such as natural gas development
companies. It can also refer to resource "programs" carried out by agencies at
all levels, e.g., minerals, fire, and realty programs that conduct activities that may
result in non-purposeful take of eagles. The entities conducting those "programs"
may want to work with the Service to develop specific measures and standard
practices to avoid and minimize take of eagles, with the goal of designing a
permit for those "programs." In addition, "programmatic" may refer to a permit
that comprehensively addresses long-term or widespread take.

The Service will work with the entities to develop scientifically-supportable
standard practices and criteria for choosing the best-available techniques in
projects and plans. Project design criteria will include requirements for
applicants to reduce take and provisions to notify the Service when take occurs.
These standard practices and plan specifications will then become permit
conditions, in addition to monitoring and reporting requirements more
comprehensive than those for permits allowing take of individual eagles. The
Service will require that any mitigation or standard practices be designed to avoid
or minimize the ongoing, future risk of disturbance to eagles. We expect most
industry-wide or agency-wide standard practices for programmatic permits will be
developed with the respective entities at the Service Washington Office level, in
coordination with Service Regions, and, as requested, State and tribal
jurisdictional agencies. They will serve as permit type templates that can then be
adopted for use by individual practitioners or companies engaged in the covered
industry or program. The permits will be issued by the Regions.

In cases where current industry practices are resulting in programmatic
disturbance of eagles leading to the abandonment of important eagle-use areas
and when the Service has limited permits based upon population models,
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compensatory mitigation may be a suitable standard practice, as long as the
mitigation will provide long-term protection from disturbance for nest sites,
foraging areas, or roost sites within the area defined by the programmatic permit.
In addition, under certain situations (e.g., multiple transportation corridors within
eagle-use areas) it may be advisable to develop geographically-based
programmatic permits involving more than one industry or agency.

Several of the comments the Service received on the proposed regulation
suggested that the approval process should give "substantial weight to findings of
consistency with a State management plan where such plans are consistent with
the Eagle Act's goal of preservation of the eagle." One commenter specifically
cited the Maryland Chesapeake Bay Critical Area Program (MCBCAP). The
Service considered this a potential example suitable for a programmatic
disturbance permit. However, we found that the MCBCAP emphasizes habitat
conservation measures (which are provided for under the ESA), but is limited in
preventing disturbance of eagles (which is the focus of the Eagle Act).

This permit could also be available to entities actively engaged in habitat
enhancement that will provide long-term benefits for eagles but will entail short-
term negative impacts. An example of such an activity is the shrub-steppe
enhancement and renewal initiatives in the Great Basin ecosystem.

Depending upon site-specific conditions and the determination of the local
Ecological Services Office and/or the Service Regional Permit Office, permitted
take in programmatic permits that will lead to reductions in ongoing disturbance
may not need to be subtracted from the calculated take thresholds because this
EA considers such disturbance take to be part of the baseline environmental
conditions. Programmatic permits for future activities will be subject to take
thresholds and the annual allocation process. However, if we determine that
entities proposing future activities have, through advanced conservation
practices on existing infrastructure or activities, ensured that there will be no net
loss to the breeding population from the combined existing action and new
proposal, they would not be subject to take thresholds and the annual allocation
process.

2.5.5 Combination Permits
Where appropriate, the Service will issue a single permit that combines

authorizations provided under the various regulations. For example, an airport
that meets the obligations of its Wildlife Hazard Management Plan, or
comparable document, and adopts measures developed in cooperation with the
Service to minimize the potential take of eagles, could be issued a programmatic
permit under these proposed regulations (50 CFR 22.26). Based upon
comments received on the proposal, the Service will extend the time period of
such a permit to authorize take that occurs as the result of unavoidable collisions
between eagles and planes. It will be valid for up to five years. A stipulation of
the permit will likely be the requirement to haze eagles in the vicinity of airports,
which could constitute disturbance (for example preventing eagles from re-
nesting at a hazardous location). Because this hazing is intentional and the
effects on the eagles purposeful, it does not meet the issuance criteria for the §
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22.26 permit, which requires the taking to be associated with, but not the purpose
of, the activity. Therefore, we will issue permits to intentionally remove nests or
haze under the authority of § 22.23 (Depredating permits), which will be
amended to clarify their application to the protection of health and safety as well
as to depredating eagles. The regulations at § 22.23 limited permit tenure to 90
days because the need for programmatic authorization was not contemplated at
the time that regulation was developed. In order to have the ability to extend this
type of authorization to "Advanced Conservation" programmatic permittees, we
will amend the regulations at § 22.23 to allow all depredation permits to be valid
for up to five years.

2.6 Alternative 3- Alternative 2 Plus Take Resulting in Mortality
(TRM) Individual and Programmatic Option (Preferred Alternative
and Environmentally-Preferred Alternative)

Alternative 3 will encompass all of Alternative 2 and it will add permits for
TRM of bald eagles and golden eagles where the take is associated with, but not
the purpose of, the activity. The primary purposes of Alternative 3 are to reduce
the ongoing occurrences of unauthorized and unregulated mortality contributing
to eagle losses (currently affecting survival ratios in the population modeling) and
to ensure that any authorized, programmatic TRM also include measures to
reduce long-term risk of take.

Alternative 3 will also authorize programmatic permits for airfields that could
include TRM. Programmatic permits for new and expanded activities are subject
to take thresholds and the annual allocation process if it is determined that the
predicted take, even where reduced to the point where it is unavoidable, will
result in a cumulative loss to the eagle population. When there are no Service-
approved measures to minimize take, we will issue no permits.

We will develop metrics for determining whether take is unavoidable and for
determining industry- or agency-wide standard practices for programmatic
permits with the respective entities at the Service Washington Office level, in
coordination with Service Regions. The permits will be issued by the Regions,
and will include permit conditions to ensure all recoverable eagle carcasses,
parts, and feathers are sent to the National Eagle Repository.

We intend, through a structured coordination process with States and tribes
(Section 2.6.4., Measures to Minimize Uncertainty), to develop monitoring and
research adequate to both resolve current uncertainties in the data and to
provide enhanced ability to detect the effects of the permit program. If, after
implementation for a time period commensurate with the normal population
cycles of the eagle, data then indicate take thresholds can be increased in
certain regions, we will increase thresholds accordingly to allow more annual
take. One factor that should allow us to increase take thresholds in some
regions for both species, is implementation of advanced conservation measures
through programmatic permits to reduce ongoing take that is currently
unauthorized. (Section 2.5.4, Permit for Programmatic Disturbance, and Section
2.6.2., Permit for Programmatic Reduction and Minimization of TRM).
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2.6.1 Permit for TRM on an Individual Basis
For standard, individual permits, the same issuance criteria will apply for

disturbance and TRM. The Service anticipates these permits will be few, but
historically, there has been a need to permit some unavoidable TRM of bald
eagles. The sources of mortality could be related to such things as
transportation, forest management, electric utilities, and home construction. In
addition, if a safety-related nest take occurs while the nest is active, there may be
a need for an additional permit to take eggs or juveniles if it is determined they
cannot be successfully relocated. However, this will be a one-time individual
permit and will not apply if the mortality is ongoing for the same location, entity,
or system. Therefore, whenever possible, the Service will encourage
development and use of programmatic permits.

2.6.1.1 Allocation of Individual Permits for TRM
Individual permits for TRM will be subject to the same allocation process as

for individual disturbance permits. The consequence of TRM of individual eagles
and the consequence of nest disturbance are the same - the loss of individuals
from the population. In the case of TRM, the loss is of individual eagles and the
consequences are easily calculated. As long as the rate of population growth (A)
is greater than 1, the loss of any individual eagle has the same demographic
consequence to the population; even if the loss is of a breeding adult, surplus
floating adults should be available as replacements. In the case of nest
disturbance, the loss is the contribution to the annual cohort of juveniles from the
affected nest. On average, that loss will equal the average productivity of
breeding pairs in the impacted population since that is the number of young that
will have been produced in the absence of the authorized disturbing activity.

2.6.2 Permit for Programmatic Reduction and Minimization of TRM
Under this alternative, the Service will also develop a "Performance-Based"

programmatic permit designed to reduce ongoing TRM of bald eagles and golden
eagles associated with industries such as electric distribution via power lines,
transportation, and wind-power development. The list of examples is not meant
to be exhaustive because other industries agencies, or authorities at the federal,
tribal, and State level may also be contributing to ongoing eagle mortality. The
Service Washington Office will work with the entities to develop scientifically-
supportable standard practices and protection plans which, when implemented,
will reduce the occurrence of mortality to that which the Service determines
meets the "unavoidable" criterion. These standard practices and plans will then
become permit conditions, in addition to monitoring and reporting requirements
more stringent than those for permits for take of individual eagles. The take
authorized through programmatic permits will require quantified estimates of
mortality, and the estimate will be specified in the permit authorization. Any
mitigation or standard practices must be designed to be consistent with the goal
of stable or increasing breeding populations. The Service will use the monitoring
and reporting to determine effectiveness of the mitigation or standard practices.
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Currently, the only industry example (of which the Service is aware) of
standard practices that could, with reasonable modifications, be developed into
conditions for a "Performance-Based" permit is that developed by the power-line
industry and the Avian Powerline Interaction Committee (of which the Service is
a member). As noted in Section 1.1.2 of the Introduction, suitable components of
a permit for the power-line industry will include (but will not be limited to):
establishment of a mortality baseline through estimates or a sampling scheme;
employment of the best-available techniques and mutually-approved standard
practices for minimizing eagle mortalities; undertaking a system-wide risk
analysis and retrofitting a significant portion of hazardous locations within a
reasonable time frame; implementation of an effective monitoring program;
reporting eagle mortality to the Service; use of only eagle-friendly practices on all
new infrastructure (60" spacing, raptor-safe poles and equipment) in areas
identified as high-risk for eagle mortality; and a demonstration that the permittee
has eliminated all avoidable eagle mortality in those high-risk areas. To prevent
collisions, utilities will also need to ensure transmission lines, distribution lines,
and towers that are located in known eagle concentration areas, foraging areas,
or nesting areas, have visual markers on the wires.

Other industries or agencies interested in developing standards suitable as
permit conditions, and which ensure any mortality meets the "unavoidable"
criterion, will be encouraged to work with the Service to develop them. Once
those permit types are developed, they can serve as permit type templates that
can then be adopted for use by individual practitioners or companies engaged in
the covered industry or program. Practitioners of the relevant industries could
work to qualify for the programmatic permit. The key components for any permit
in this category will need to meet the same high level of standards set for the
power-line industry as described above.

The coverage for programmatic take will be limited to those portions or
programs of an industry, company, or geographic area that have fully
implemented the advanced conservation practices and can demonstrate
acceptable reduced mortality. Prior to completion of the risk analyses, the
determination of acceptable reduced mortality will be based upon the percent
reduction in mortality, supported by documentation of the implementation of
standard practices or use of best available technologies. Similar to the
programmatic-disturbance take permit, it may be advisable in some cases to
develop geographically-based programmatic permits involving more than a single
industry or agency.

The Service will encourage industry and non-governmental entities to work
with us to conduct scientifically-sound risk analyses to predict with acceptable
accuracy the per-unit probability of eagle mortality from specific industry
practices and technologies under varying conditions and situations. We will use
the per-unit mortality predictions, among other factors, to help set permit
thresholds for programmatic TRM. Monitoring and reporting of actual take will be
required as a part of the adaptive management process.

This permit will not be required for activities to proceed, nor, in the case of the
electric-power-line-utility industry, will it replace the current voluntary process for
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instituting an Avian Protection Plan, which will still remain an option, but cannot
legally absolve the utility from liability. It will be a performance-based permit for
those industry operators, or portions of their programs, which demonstrate their
actions have reduced ongoing mortality or have contributed to population stability
or improvements.

This permit will initially be for reduction of ongoing take that is currently
unauthorized, and which is reflected in the survival ratios of population models.
Therefore, TRM permitted in programmatic permits that will lead to reductions in
mortality will not be subtracted from the calculated take thresholds. If the
reductions in mortality (or other factors) contribute to population increases over a
period of five years or greater, then we will re-evaluate the permit thresholds to
determine whether modifications are warranted. Programmatic permits for new
and expanded activities may be subject to take thresholds and the annual
allocation process if it is determined that the predicted take of new activities or
combined predicted take of an expansion plus existing take, even where reduced
to the point where it is unavoidable, will result in a net loss to the eagle
population. .

2.6.3 Avoidance and Minimization for TRM Permits
As with all other permits under this proposal, the Service will evaluate permit

applications to determine whether, during the process of developing an activity,
use of the eagle-management documents and other methods for avoiding and
minimizing the potential for take will be employed. Any requests for permits will
need to cite these measures in their supporting documentation.

Proper siting and placement of infrastructure known to be lethal or injurious to
eagles are essential to avoid take. In addition to measures to avoid disturbance
take as noted in the eagle-management documents, siting to avoid lethal take
needs to take into greater consideration such life-history components as
dispersal, migration, winter-concentration behavior, and foraging behavior during
breeding and non-breeding seasons. When evaluating requests for TRM permits
(especially if programmatic in scope), the Service will first assess whether the
proposal includes avoidance of migration corridors, winter-concentration areas,
and home ranges during breeding and non-breeding seasons. Failure to site
lethal infrastructure outside these areas will reduce the options available to
qualify for a permit under this proposal.

2.6.4 Measures to Minimize Uncertainty
Our original DEA identified, and commenters provided, substantive information
demonstrating there could be significant negative impacts to local area eagle
populations without more specific provisions to minimize uncertainty and specific
measures for coordination between the Service and jurisdictional wildlife
agencies regarding permit issuance and program management. As a response
to comments received on the DEA and proposed rule, and to minimize
uncertainty regarding eagle demographics and populations and the effects of the
proposed rule, the Service will develop and implement two improvements in
coordination and consultation: 1) a structured coordination process with State
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and tribal wildlife jurisdictional entities, and 2) improved implementation of
Service Trust responsibilities to tribes. We will develop and refine these
measures during the drafting of implementation guidance for this proposal. The
implementation guidance will also undergo public review and comment. In
addition we agree with comments we received that additional resources, e.g.,
monitoring that would support management of eagles at regional or local scales,
would improve and further reduce the uncertainty in the eagle permit program.
We have provided a list of the goals for which we will work, as resources allow.

2.6.4.1 Structured-Coordination Process with State and Tribal Wildlife
Jurisdictional Entities

The implementation guidance for this proposal will contain guidelines for the
Division of Migratory Bird Management on how to better implement coordination
between the Service and State and tribal wildlife jurisdictional agencies. This
implementation guidance will be designed to achieve the following: consistent
and effective coordination; minimization of the effects our permit actions will have
on local area populations; development of additional goals necessary for
effective implementation; provide a forum to share monitoring reports and data,
to help develop standard practices for programmatic permits; and to
cooperatively develop the required components for more localized thresholds
and management, We will use the coordination structure developed by the
guidance to identify specific regions, e.g., the Chesapeake Bay, that are critical
to the maintenance and continued recovery of continental bald eagle populations
and to the long-term sustainability of golden eagle populations, and also to
develop localized conservation measures for programmatic permits. We will also
use enhanced coordination to identify areas that are critical foraging, roosting,
and concentration areas. We intend to actively seek the assistance of States
and tribes as we develop the guidance, and we will not limit our outreach to
minimal compliance with NEPA.

While there are a number of ways to implement enhanced coordination,
including operating through the existing flyway structures, there may be a need to
create structures at different scales, national, Service Region, and/or State or
tribal. The specific structures will be developed during the implementation
guidance stage, and by the Service Regions, as appropriate. However, there are
elements necessary for effective coordination that will be common to all agreed-
upon structures. These elements include, but may not be limited to, the
following:

• Formal agreements;
• Clear delineation of roles, responsibilities, and authorities;
• Coordination facets — Coordination between entities, applying guidance

criteria, implementation teams that meet regularly;
• Action level points-of-contact;
• Liaisons;
• Issue resolution teams;
• Strategic Facets — Program Manager Team (monitoring implementation of

streamlining and needed improvements, assessing and monitoring
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programs and workload, determining need for additional criteria,
consistency, training, and developing strategic recommendations);

• Dispute resolution process;
• Implementation plan; and
• Criteria for evaluation of efficiencies.

In some areas, processes for streamlining permits may be feasible if requested.
We will only consider such requests if those States or tribes have eagle-
management plans or statutes protecting eagles that have legally-enforceable
provisions prohibiting take at least as protective as those in the Eagle Act
(including prohibitions on disturbance), and contain comparable liability
provisions.

2.6.4.2 Improved Implementation of Service Trust Responsibilities to
Tribes

In order to better ensure consistent, appropriate consultation, and improve
our compliance with NHPA, AIRFA, and RFRA, the implementation guidance for
this proposal will contain guidelines for the Division of Migratory Bird
Management on how to better implement government-to-government
consultation on a permit-by-permit basis and on the program as a whole. We
intend to actively seek the assistance of tribes as we develop the guidance and
not limit our outreach to the requirements of NEPA. The measures in the
implementation guidance will provide direction on incorporating the results of
government-to-government consultation into permit conditions, as necessary. In
addition, the implementation guidance will also recommend that each Region
work with their respective tribal governments or representative organizations to
develop a practicable and mutually-agreeable framework for regular coordination
meetings relative to the eagle permit program.

2.6.4.3 Identified Goals for Improved Ability to Manage Eagle Populations
and Permit Program

The comments received on the DEA, in addition to uncertainties pointed out
by the Service, have lead us to identify a number of needs that, when met, will
reduce the uncertainty and improve the Service's ability to manage bald eagles
and golden eagles, as well as the permit program. They will also support the
improved coordination procedures and structures committed to in section 2.6.4.1,
as well as efforts to develop more localized management. Drawing, in part, from
recommendations for golden eagle conservation in Kochert and Steenhof (2002)
and Whitfield et al. (2008), and the results of analysis in this document, we have
identified the following non-comprehensive, but critical needs and goals as
program goals towards which we will work:

• A national golden eagle-specific conservation and management plan to
include, but not be limited to:

o Identifying and assessing the influence of constraints, e.g., nest site
availability, electrocution, agricultural and urban encroachment,
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persecution, unintentional disturbance through recreation, energy
development (including wind), lead poisoning or other
contaminants, invasive species, climate change, drought, impacts
to prey base, or other factors;

o Establishing criteria for setting favorable conservation status
targets. Criteria could include such things as: whether the natural
range of the species is neither being reduced nor is likely to be
reduced for the foreseeable future, and whether there is, and will
probably continue to be, a sufficiently large habitat to maintain
populations on a long-term basis;

o Identifying and developing management measures to achieve
favorable conservation status;

o Developing tests for determining achievement of favorable
conservation status targets; and

o Developing standardized protocols for surveys and monitoring to
ensure the ability to compare and combine results.

• A satellite telemetry study to better determine age-specific mortality, and
answer questions about dispersal, migration, and winter concentration
areas.

o Eagles radio marked to provide population data could also be used
to simultaneously gather information about their association with
environmental factors. Those data would help fill in at least two
information gaps: 1) eagle use of the environment beyond the nest
site and of the landscape in general; and 2) their current use of the
environment as compared to historical data.

• Improved survey and monitoring for both species.
• A habitat-predictive model for golden eagles that could identify not only

suitable habitat structure (e.g. slope, aspect, geologic strata that would
provide shelves, or large nest trees in some areas) but also identify areas
that are prone to invasives, altered fire frequency and intensity regimes,
and subject to increasing pressures from urban and energy (including
wind) development. .

• Population goals for each species.

2.7 Alternatives Considered but Eliminated from Detailed Study
When the Service first proposed the eagle permit regulation, we considered

permitting take of bald eagles and golden eagles based upon (1) the populations
in Alaska and (2) the total populations in the lower 48 states for both species.
The Service is interpreting the "preservation of the eagle" to mean maintaining
bald eagle and golden eagle populations with no discernible population declines,
nationally or regionally. Therefore, an alternative that would allocate permits
solely at the larger scale probably would not be compatible with the preservation
of eagles and would be difficult to implement. In addition, the Service believes
that management of either species of eagle solely at the scale of the lower 48
states would not be feasible to implement because our Permit Program is largely
administered from the Service Regional Offices. It will also limit the ability of the
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Service to effectively coordinate with local entities such as tribes and States. For
all the preceding reasons, the Service eliminated this as an alternative.

One comment letter recommended an alternative that would propose take for
bald eagles but not for golden eagles. The Service believes that the measures
and analyses specific to the golden eagle in Alternative 1, the "No Action"
alternative are consistent with the approach proposed by the commenter, and
that the recommended alternative would not change the management of either
species. The measures also ensure that thresholds are compatible with the
preservation of the eagle, and allow us to suspend take of either species if
populations would not support take. In addition, we believe the programmatic
permits proposed are needed to improve conditions for golden eagle populations,
and that failure to take those steps would not be compatible with the preservation
of the golden eagle. Furthermore, we do not believe that including the proposed
approach as a fourth alternative would provide any additional substantive
information that would change the information informing our decision. Thus, we
have not added it.
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CHAPTER 3: AFFECTED ENVIRONMENT
3.1 Introduction

The affected environment includes the environmental components
(resources) that will be affected by the alternatives. It is important to note these
resources may also affect the alternatives if the Service were to implement them.
For example, large-scale changes in habitat supporting eagles may have
population impacts that may require adjustment to the level of take compatible
with the preservation of eagles. Although the chapter title includes the term
"affected," this chapter does not present effects. Instead, the environment
described is the reference point for the comparisons of impacts in Chapter 4,
Environmental Consequences. The implementing regulations for NEPA (40
C.F.R. 1502.15) state that agencies shall avoid useless bulk in statements and
shall concentrate effort and attention on the important issues. The proposed
permit or permits will be national in scale; therefore the Service has identified
those factors with the greatest importance at that scale, and has also
concentrated on those issues identified in comments on the proposed rule.

3.2 General Information Regarding Raptor Population Biology
The Service considers the availability of nest sites and food as the limiting

factors for raptor populations (Wi!cove et al. 1986, Watson and Langslow 1989).
Raptors compensate for the loss of foraging and nesting habitat by abandoning
established territories and/or attempting to utilize less productive or already-
occupied territories (Nelson 1979, Newton 1979). Without human intervention,
population regulation in many raptor species comes through competition for
breeding space assisted by the presence of surplus adults, which breed only
when an existing breeding territory becomes vacant. In habitat where nest sites
are widely available, breeding density fluctuates generally in synchrony with
availability of preferred prey (Newton 1979, Smith and Murphy 1979, Ridpath and
Booker 1986, Bates and Moretti 1994). The presence of alternate prey species
may allow continued breeding success during periods when the availability of
preferred prey species is low (Johnstone 1980, Thompson et al. 1982). In other
areas, breeding-density levels may be influenced by the number of available nest
sites rather than by available food supply (Edwards 1969, Boeker and Ray 1971).
Consequently, in relatively undisturbed raptor habitat, breeding density is
naturally limited primarily by food supply or nest sites, whichever is most limited
(Newton 1979, 1991).

Local area adult and subadult eagle populations may be comprised of:
pairs occupying a breeding territory; individuals that have secured a breeding
territory but not a mate; and individuals that are unable to secure a breeding
territory, or "floaters" (non-breeders). Although competition for nest sites and
food between established breeders and floaters may reduce nest success,
healthy populations over the long term typically depend upon the presence of
many floaters. An emphasis solely on occupied territories may delay the
detection of population declines (Kenward et al. 2000), but some researchers
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suggest that tracking the proportion of immature breeders drawn from the floater
population can be used as an early-warning sign of population decline (Ferrer et
al. 2003). More recent modeling efforts cited by commenters (Katzner et al.
2006) suggest that this is not so much an early warning sign, as a sign of a
population in extremely dire straits, and t hat adult turnover may be a more
reliable indicator of short-term changes in eagle demography. Ensuring the
availability of suitable settlement areas for dispersing floaters can increase the
effectiveness of conservation efforts (Penteriani et al. 2005). For additional
information regarding population dynamics and how we assessed them in this
proposal, see Appendix C.

3.3 Bald Eagle

3.3.1 General Conditions
Bald eagles are an endemic North American species that historically occurred

throughout the contiguous United States and Alaska. It historically ranged and
nested throughout North America except extreme northern Alaska and Canada
and central and southern Mexico. The largest North American breeding
populations are in Alaska and Canada, but there are also significant bald eagle
populations in Florida, the Pacific Northwest, the Greater Yellowstone area, the
Great Lakes states, Maine, and the Chesapeake Bay region. Bald eagle
distribution varies seasonally. Bald eagles that nest in southern latitudes
frequently move northward in late spring and early summer, often summering as
far north as Canada. However, in Arizona bald eagles typically stay in their
breeding areas year round. Most eagles that breed at northern latitudes migrate
southward during winter or to coastal areas where waters remain unfrozen.
Migrants frequently concentrate in large numbers at open water sites where food
is abundant and they often roost together communally. Wintering bald eagles
occur throughout the United States but are most abundant in the West and
Midwest (USFWS 1983) along major river systems and large bodies of water in
the mid-western states, Chesapeake Bay region, Pacific Northwestern states,
and states of the intermountain west, including Wyoming, Utah, Colorado, New
Mexico, and Arizona. On their winter range, bald eagles may roost singly or in
small groups but larger communal roosts are important and may predominate in
many areas (Platt 1976). Bald eagles have been observed to fly over 24
kilometers (15 miles) from their feeding areas to roosting sites (Swisher 1964).
In some cases, concentration areas are used year-round: in summer by southern
eagles and in winter by northern eagles.

Breeding bald eagles occupy territories, many of which have been used
continuously for many years. One breeding territory in Ohio was occupied
continuously for nearly a century (Herrick 1924). Bald eagles generally nest near
coastlines, rivers, large lakes, reservoirs, and streams proximate to an adequate
food supply. They often nest in mature or old-growth trees, snags (dead trees),
sometimes on cliffs or rock promontories, and rarely nest on the ground. They
also nest with increasing frequency on human-made structures such as power
poles and communication towers. Several alternate nests are built by a single
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pair in a breeding territory, and in any given year, a new nest may be built or an
old nest may be reoccupied (Greater Yellowstone Bald Eagle Working Group
(GYBEWG) 1996). The start of the breeding season ranges from October in
Florida, to late April or early May in the northern United States.

3.3.2 Population
The first declines in bald eagle populations in the past 250 years occurred

due to habitat loss as early European immigrants settled on shorelines in the
Chesapeake Bay and elsewhere on the East Coast. More significant declines
began in the late 19th Century due to hunting for feathers, trophies, and bounty.
In addition, eagles were killed by ingesting poisons used to bait and kill livestock
predators. In 1940, Congress enacted the Bald Eagle Protection Act (amended
in 1962 to protect golden eagles, and now called the Bald and Golden Eagle
Protection Act). In the late 1940s, organochlorine pesticide compounds such as
DDT (dichloro-diphenyl-trichloroethane) began to be used in large quantities.
DDT metabolites accumulated in the fatty tissues of breeding bald eagles,
resulting in production of eggs with abnormally thin eggshells, which cracked or
failed to fully develop, causing a severe decline in bald eagle numbers. By 1963,
a survey conducted by the National Audubon Society estimated the number of
breeding bald eagles in the lower 48 states to be 417 breeding pairs.

Since DDT use in the United States was banned in 1972 and the bald eagle
gained the protection of the ESA,4 bald eagle numbers have rebounded. 5 In
1999, the Service proposed to remove the bald eagle from the list of threatened
and endangered species, prompting some states to stop conducting annual
surveys for bald eagles. The most recent national census in 2000 counted 6,471
breeding pairs in the lower 48 states. On February 16, 2006, the Service re-
opened the comment period on its 1999 proposal to delist the bald eagle (71 FR
8238, Feb. 16, 2006), conservatively estimating at least 7,066 breeding pairs in
the contiguous United States. As of February 2007, the Service estimates that
number to exceed 9,700 (72 FR 37346, July 9, 2007). In July of 2007, the
Service removed the bald eagle from the ESA list of threatened and endangered
species. However, the bald eagle currently remains protected as a threatened
species throughout the range of the Sonoran Desert population because the
federal district court for the District of Arizona enjoined the removal of ESA
protection for that population in Ctr. for Biological Diversity v. Kempthome, 2008
U.S. Dist. LEXIS 17517 at 42 (D. Ariz. 2008).

3.3.3 Disturbance
Numerous studies have sought to measure the sensitivity of bald eagles to a

variety of human activities (Mathieson 1968, Stahlmaster and Newman 1979,

4 The bald eagle was first protected south of 40° north latitude by the Endangered Species
Preservation Act in 1967, then listed as endangered in 43 contiguous states and threatened in the
other five under the ESA in 1978, then reclassified to threatened in the lower 48 states in 1995.

5 Alaskan bald eagles were largely unaffected by DDT and were never protected under the ESA.
Today, there are perhaps 50,000 to 70,000 bald eagles in Alaska.
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Skagen 1980, Gerard et al. 1984, Fraser et al. 1985, Russell and Lewis 1993,
Brown and Stevens 1997, Buehler 2000, Grubb et al. 2002), and have shown
that bald eagle pairs may react to human activities very differently. Some pairs
nest successfully just dozens of yards from human activity, while others abandon
nest sites in response to activities much farther away. This variability may be
related to a number of factors, including visibility, duration, noise levels, extent of
the area affected by the activity, prior experiences with humans, and tolerance of
the individual nesting pairs.

Human activities that cause prolonged absences of breeding adult bald
eagles from their nests can jeopardize eggs or nestlings. Depending on weather
conditions, this may cause the eggs to either overheat or cool down too much,
and then fail to hatch. Unattended eggs and nestlings are subject to predation.
Irregular feeding due to human disruption can harm nestlings and adults. Adults
startled while incubating or brooding nestlings may damage eggs or injure their
nestlings as they abruptly leave the nest. Older nestlings may be startled by loud
or intrusive human activities and prematurely jump from the nest before they are
able to fly.

Human activities near or within foraging areas and communal roost sites may
prevent eagles from feeding or taking shelter, especially if no other adequate
feeding or roosting sites are available. Human disturbances may constitute a
threat to wintering bald eagle populations by causing displacement to areas of
lower human activity (Stalmaster 1976, Stalmaster and Newman 1978, Brown
and Stevens 1997). Human disturbances may also interfere with foraging
behavior of eagles (Mathiesen 1968, Stalmaster 1976).

Additional information regarding the response of bald eagles to disturbance
can be found in the final rule removing the bald eagle in the lower 48 states from
the list of endangered and threatened wildlife (72 FR 37346, July 7, 2007).

3.4 Golden Eagle

3.4.1 General Conditions
Worldwide, the golden eagle is widely distributed, with five or six subspecies

found throughout the northern hemisphere in Europe, Asia, and northern Africa
and occasionally in the southern hemisphere (Kochert et al. 2002). In North
America, golden eagles occur mainly west of the 100 th Meridian and in western
Canada, nesting and wintering from Alaska south to central Mexico. Historically,
the breeding range of the golden eagle included most of North America (Bent
1937). Today, the golden eagle is primarily a winter resident in the eastern
United States (Kochert et al. 2002), but in 1997 a nesting pair was documented
in Michigan (Wheeler 2003).

In North America, northern breeding golden eagles migrate longer distances
to wintering areas than do southern eagles, sometimes up to thousands of
kilometers. Golden eagles south of 55° north latitude migrate smaller distances
or not at all. More research is needed to establish migration routes or areas, but
they appear to be concentrated along the Rocky Mountains and Appalachians
(Kochert et al. 2002). In some western states golden eagles are year-round
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residents on breeding territories. Golden eagles will occasionally roost
communally during severe weather or when prey is abundant (Kochert et al.
2002; Craig and Craig 1984). Edwards (1969) observed in Utah that immature
golden eagles often associate with one another during winter and they also may
roost with bald eagles during winter.

Golden eagles usually occupy open areas (canyon land, open desert,
grassland, and shrub habitat) where their preferred prey can be found. However,
in southwestern Idaho, eagles selected shrub habitats and avoided grasslands in
addition to disturbed areas and agriculture (Marzluff et al. 1997). Golden eagles
feed primarily on small mammals, most commonly rabbits (Sylvilagus spp.),
hares (Lepus spp.), ground squirrels (Spermophilus spp.), marmots (Marmota
spp.), and prairie dogs (Cynomys spp.). They also eat carrion, birds, and
reptiles, and less often fish and larger mammals. Mil!sap and Vana (1984)
reported on the importance of waterfowl to wintering golden eagles in the eastern
United States.

Nest sites are most often on cliffs or bluffs, less often in trees, and
occasionally on the ground. Pairs establish and defend breeding territories that
may contain multiple nests built and/or maintained by the pair, which are often re-
used or attended in subsequent nesting seasons. Individual eagle nests left
unused for a number of years may be reoccupied. In a review of the available
literature and reports regarding nest use by raptors, Megown et al. (2007)
reported an interval of over 22 years during which golden eagles did not occupy
a nest.

3.4.2 Population
The golden eagle is a Bird of Conservation Concern in the Great Basin,

Northern Rockies, Southern Rockies/Colorado Plateau, and Badlands and
Prairies Bird Conservation Regions (numbers 9, 10, 16, and 17, USFWS 2002).
The golden eagle is also ranked by NatureServe (2007) as critically imperiled in
Georgia, Tennessee, and Vermont; breeding golden eagles as critically imperiled
in Kansas and Maine; and the non-breeding population as critically imperiled in
Indiana, Louisiana, Maine, Maryland, and Virginia (see Appendix B). Braun et al.
(1975) estimated a North American population of perhaps 100,000 individuals in
the early 1970s. United States Breeding Bird surveys show no trend for this
species (P=0.39, Sauer et al. 2005). However, a report on a 2006 survey (Good
et al. 2007a) showed decreasing populations in two Bird Conservation Regions
(BCRs). A draft report of 2007 surveys in the same areas (BCRs 9, 10, 16, and
17, hereinafter WEST areas) found decreasing golden eagle populations in two
BCRs, one of which was the same as the previous report (Good and others,
2008). The current PIF-based United States and Canada population estimate is
80,000, with a "fair accuracy rating and a "very high" precision rating. Kirk and
Hyslop (1998) suggested that golden eagle populations may be declining in
some areas of Canada. Golden eagle productivity in Alaska may be lower than
that for golden eagles in lower latitudes (Young et al. 1995; McIntyre and Adams,
1999). Good et al. (2004) estimated that there were just over 27,000 golden
eagles in the 4 BCRs in which the species is of conservation concern. These
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same BCRs encompass much of the western U.S. population and most of the
North American population of this species. A preliminary report on the 2008
surveys in the WEST areas showed population declines in all four BCRs covered
in the survey, an area which is believed to contain approximately 80% of the
golden eagle population in the lower 48 states (Good et al., personal
communication, January 14, 2009). Breeding bird surveys and migration counts
are inconclusive but suggest lowered reproduction rates in the western United
States, possibly due to habitat alteration and loss, with concomitant declines in
prey (Kochert et al. 2002). Kochert and Steenhof (2002) noted that the status of
nesting golden eagles in the western U.S. is less clear than that of golden eagles
in Alaska and Canada, where information suggests that nesting populations are
stable. In addition, McIntyre et al. (2006), provided evidence that estimates of
annual productivity were not good predictors of first-year survival in migratory
juvenile golden eagles. They further suggested more research is needed to
determine whether productivity is an accurate predictor of survival in both non-
migratory and migratory populations of golden eagles.

In addition to gaps in knowledge regarding post-fledgling mortality, there is a
need to gather more information regarding dispersal patterns of juvenile golden
eagles (Edwards et al. 1988) as well as adult female survivorship, a key
population indicator. They remarked that an apparent male bias in fledgling sex
ratios was less skewed than expected because, as Newton (1979) noted, female
golden eagles usually suffer greater post-fledging mortality than males. They
also suggested that, among golden eagles from the Snake River Birds of Prey
area in Idaho, subadult males may either have lower survivorship relative to
females or have greater dispersal tendencies. Greater knowledge regarding sex
ratios of survivorship and dispersal tendencies can yield information relevant to
adult sex ratios, important for evaluating monitoring results. In addition, skewed
sex ratios in wild bird populations may have implications for conservation (Donald
2007).

Good et al. (2007b) noted that determining if the golden eagle population in
the Western United States is increasing, decreasing, or stable is more important
than knowing how many golden eagles are present. Harmata (2002) suggested
that conservation and management of golden eagles may be better served if, in
addition to productivity, efforts were focused on determining the number of
breeding pairs and turnover of breeding eagles over multiple years. In a
personal communication (September 25, 2007), Carol McIntyre, wildlife biologist
and eagle specialist from Denali National Park and Preserve, reported a general
concern among raptor biologists over the proposal to issue take for golden
eagles, given the lack of data on population size, productivity, and survival. In
addition, McIntyre et al. (2008) suggested that conservation strategies for
migratory golden eagles require a continental approach.

3.4.3 Disturbance
Golden eagles appear to be sensitive to human activity, and may be much

more sensitive to disturbance than bald eagles (Dr. M. W. Collopy, personal
communication, May 15, 2007). They commonly avoid urban and agricultural
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areas, but this is likely due at least in part to low availability of preferred prey
species in those locations. Steidl et al. (1993) found when observers were
camped 400 m from nests of golden eagles, adults spent less time near their
nests, fed their juveniles less frequently, and fed themselves and their juveniles
up to 67% less food than when observers were camped 800 m from nests. In
studies of golden eagle populations in the southwest (New Mexico and Texas)
and the Front Range of the Rocky Mountains (New Mexico, Colorado and
Wyoming), Boeker and Ray (1971) reported that human disturbance accounted
for at least 85% of all known nest losses. Breeding adults are sometimes flushed
from the nest by recreational climbers and researchers, sometimes resulting in
the loss of the eggs or juveniles due to nest abandonment, exposure of juveniles
or eggs to the elements, collapse of the nest, eggs being knocked from the nest
by startled adults, or juveniles fledging prematurely. However, golden eagles
rarely flushed from the nest during close approaches by fixed-wing aircraft and
helicopters during various surveys in Montana, Idaho, and Alaska (Kochert et al.
2002).

3.5 Biological and Physical Environment

3.5.1 General Habitat Factors
As described above, bald eagles typically occupy coastal areas and

shorelines of rivers and lakes, while golden eagles favor the open, more arid
habitat of the western states. However, in reality, both species use a variety of
habitats and geographical areas. The breeding and wintering habitats of bald
eagles and golden eagles together comprise a large portion of the United States.
A detailed description of the biological and physical components of this large
area is beyond the scope of this FEA. However, the Service can outline some
factors in eagle habitat that may be related to population effects.

The Birds of North America accounts for both species make specific
recommendations for research relating to eagle environments that is important
for adequate and informed management. Buehler (2000) noted that research is
needed to define tolerable limits of human development that will not compromise
bald eagle population viability. In addition, information on the effects of habitat
alteration on golden eagle populations is deficient for both breeding and wintering
grounds (Kochert et al. 2002).

3.5.1.1 Climate Change
In a review of research evaluating the effects of recent climate change,

McCarty (2001) noted that, while scientists have documented the response of
species to interannual or geographic variations in climate, they lack sufficient
information to understand or predict the responses to the kinds of long-term
trends in climatic conditions that have occurred in recent decades. However,
changes in the timing of avian breeding and migration and a northward
expansion of the geographic range in North American birds have already been
documented (McCarty 2001; Peterson 2003; LaSorte and Thompson 2007).
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In the western U.S., there is evidence (Ziska et al. 2005) that increasing
atmospheric CO 2 concentrations associated with climate change may have
contributed to cheatgrass productivity and fuel load with subsequent effects on
fire frequency and intensity, a factor in golden eagle habitat that is discussed
further in Section 3.5.3, Golden Eagle Habitat Factors, page 44. In addition,
elevated CO2 concentrations may contribute to increased expansion of the exotic
invasive hydrilla (Hydrilla verticillata) (U.S. EPA 2008) that, with an associated
epiphytic cyanobacteria species, has been implicated as a link to avian vacuolar
myelinopathy (AVM) (Wilde et al. 2005). First reported in 1994, AVM has caused
the death of at least 100 bald eagles (Thomas et al. 1998).

3.5.2 Bald Eagle Habitat Factors
Habitat loss and encroachment from development has been a factor for bald

eagles. For example, some of the states with high numbers of bald eagles have
also experienced high rates of increased housing unit development from 2000 to
2004 (United States Census Bureau, 2007). Of the twenty states ranked highest
in housing unit development, the following States with high concentrations of bald
eagles: Florida, Georgia, North Carolina, Virginia, Michigan, Washington,
Minnesota, Wisconsin, and South Carolina ranked, respectively, number 1, 4, 5,
7, 10, 14, 16, 17, and 19. In addition, 49 of the top 100 fastest growing counties
from April of 2000 until July of 2006 (United States Census Bureau, 2007) have
bald eagle breeding locations identified within them (Appendix G and Figure 5).
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Figure 5 Expected human population growth in 10 fast-growing states with
substantial bald eagle populations.
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However, many of the fastest-growing counties still have relatively low human
population densities and low counts of bald eagles. Bald eagle numbers in those
areas are still increasing, so, while there may be impacts to individuals in local
areas, the Service doesn't believe there have been adverse impacts to overall
bald eagle populations so far.

Increased oil and gas (conventional and coal bed methane) development, and
the increase of inter and intra-state pipelines in the Intermountain West is
occurring in areas with bald eagle nest and winter roost sites, particularly along
riparian corridors. The National Bald Eagle Management Guidelines ((USFWS
2007a))(p. 9), make specific note that in open areas where there are little or no
forested or topographical buffers, such as in many western states, the distance
alone must serve as the buffer, and that buffer distances may need to be larger
than those in the Guidelines. In the commonly narrow riparian corridors in the
Intermountain West, cottonwoods are predominantly used by bald eagles as nest
and roost trees. Therefore, the decline of cottonwoods in the arid West (Miller
etal. 1995; Lite and Stromberg 2005; Birken and Cooper 2006) has rendered the
remaining cottonwoods more valuable as bald eagle habitat. The degree to which
these activities result in impacts to habitat, either temporarily or permanently, can
vary by reclamation potential in location of project, method of extraction, or
success of reclamation. Quantification of these impacts is beyond the scope of
this environmental analysis.

3.5.3 Golden Eagle Habitat Factors
Habitat loss and encroachment from urbanization and conversion of habitat to

agricultural uses has negatively impacted golden eagles (Kochert et al. 2002).
Golden eagle breeding territories were less successful in areas lacking a mosaic
of native vegetation (Thompson et al. 1982) since the habitat was unable to
support abundant jackrabbit populations, their preferred prey. Good et al.
(2007b) noted that factors that could cause population declines such as habitat
loss are increasing. In some areas, especially in southern California (Scott 1985)
and the Colorado Front Range (Boeker 1974), urbanization and human-
population growth have made areas historically used by eagles unsuitable for
breeding. Widespread agricultural development in portions of the golden eagle
range has contributed to reduction of jackrabbit populations and has been a
factor in rendering areas less suitable for nesting and wintering eagles (Beecham
and Kochert 1975; United States Dept. of the Interior 1979; Craig et al. 1986).

Another factor affecting golden eagle habitat has been the increasing number,
frequency, and intensity of fires. In the Intermountain West, fires have caused
large-scale losses of shrubs and jackrabbit habitat in areas used by golden
eagles. Greater than 98,000 acres of shrub lands were consumed by wildfires
between 1981 and 1987 in the Snake River Birds of Prey National Conservation
Area, and adversely affected nesting populations. Nesting success at burned
territories in Snake River Canyon declined after major fires. Kochert et al (1999)
documented that burned territories abandoned by the original nesting pair were
taken over by neighboring pairs increasing the size of their territories. This
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resulted in a decreased number of nesting pairs in the initial area. Between 2001
and 2006, fire burned approximately 566,800 acres within the range of the
golden eagle in the lower 48 States (USFWS 2007b).

The fires affecting golden eagle populations in the Snake River Birds of Prey
National Conservation Area were associated with the presence of cheatgrass
(Bromus tectorum) (Kochert et al. 1999). There is evidence that the widespread
abundance of cheatgrass, red brome (Bromus rubens), and other non-native
annual grasses has led to the establishment of a frequent annual grass/fire cycle
in areas that had relatively low fire frequency prior to their invasion (Link et al.
2006, Brooks et al. 2004; VVhisenant 1990). The interval of natural fires in
sagebrush shrub habitat has been shortened via invasions of annual non-native
grasses (Crawford et al. 2004).

Empirically-derived declines in populations of prairie dogs, a prey species for
golden eagles (Kochert et al. 2002), have been suggested as a habitat-related
factor affecting golden eagle populations. Most of the remaining prairie dogs in
the southern grasslands are associated with playas (seasonally wet depressions
or dry lake beds), which, although not plowed, are small and dispersed. While
apparent declines in white-tailed and black-tailed prairie dogs may not currently
be sufficient to result in listing of either species under the ESA, alterations in
availability of prey species can still affect golden eagles (Dr. C. Boal, personal
communication, 24 August 2007).

Both the 90-Day Finding on a Petition To List the White-Tailed Prairie Dog as
Threatened or Endangered (69 FR 64889, Nov. 9, 2004) and the Finding for the
Resubmitted Petition To List the Black-Tailed Prairie Dog as Threatened (69 FR
51217, Aug. 18, 2004) cited research suggesting that annual fluctuations in the
respective prairie dog populations may have dramatically increased over
historical patterns. In the Moreno Valley, New Mexico, Cully (1991) documented
a steady decline leading to an apparent disappearance of golden eagles during a
period from 1985 to 1987 that correlated with the declines of Gunnison prairie
dogs resulting from plague. Boal et al. (2008) suggested that persistent prairie
dog control may be one of several factors contributing to data that suggests that
nesting Golden Eagles in the Texas Panhandle may have declined by 40%-71%
since 1983.

Energy development also affects golden eagle habitat. Numerous types of
energy development occur in golden eagle nesting and wintering habitat.
Surface coal mines have impacted nesting sites in Wyoming (Phillips and Beske
1982), and subsidence from underground coal mines impact nests associated
with cliffs in Utah. Efforts to construct replacement, artificial nest locations have
met with some success in Wyoming's coal mine region (Postovit et al. 1982).
However, the geomorphology in Utah's primary coal mine region has not been as
conducive to the same techniques. There, nests are located on high, steep, cliff
faces, and activities under a Part 22.25 permit to remove nests or temporarily
exclude birds from nesting in a hazardous situation are often extremely
hazardous to human safety.

Dramatically-increased oil and gas (conventional and coal bed methane)
development in Colorado, Montana, Utah, and Wyoming is occurring in areas
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centered within the golden eagle range in the lower 48 states. For example,
drilling applications in Utah have increased by approximately 250% over the last
five years compared to the previous five-year period (Utah BLM 2007). The
degree to which these activities result in impacts to habitat, either temporarily or
permanently, can vary by location of project, method of extraction, or success of
reclamation, and quantification is beyond the scope of this environmental
analysis. However, the introduction of new or improved roads into previously,
poorly-accessible golden eagle habitat is a common factor in most oil and gas
development. Even if roads and well pads are eventually reclaimed, the life of
some field developments can extend for decades. In addition, reclamation times
for vegetation (supporting prey and providing line-of-sight screening for nests) in
semi-arid to arid areas where many golden eagles occur can be lengthy. For
example, a cumulative effects analysis for one field development proposal in
Utah noted that reclamation times ranged from 50 to 250 years. The analysis
also predicted a net decline of 10-15 nesting pairs of golden eagles within the
impact analysis area over the life of the project.

In addition, the Western United States, perhaps because of its combination of
wide expanses of inexpensive real estate and high winds has been the focus of
extensive wind energy development s In 2007, installations of new wind turbine
facilities increased the national wind-energy-generation capacity by 45%, and
three of the top five States in terms of capacity were in the Western United
States. One of those States, Colorado, recently experienced an increase from
approximately 316 Megawatts (MW) to 1066 MW, an over 200% increase
(AVVEA 2007). In the 17 states west of 100 0 west longitude, including Alaska,
wind power capacity has increased from 1952 MW in 1999 to 12425 MW at the
end of 2007, an increase of over 600% (Figure 6) (Department of Energy 2008).

3.6 Eagle Mortality Associated with Human Activities
Raptors in general are killed by starvation, disease, predation, electrocution,

shooting, trapping, poisoning, and vehicle/aircraft collisions (Newton 1979).
Analyses of records of raptors brought in to veterinary hospitals frequently cite
trauma as the leading source of morbidity and mortality, with a majority of cases
directly related to human activity (Deem et al. 1998, Harris and Sleeman 2007,
Richards et al. 2005, and Wendell et al. 2002). Some of the trauma is from
persecution. Between 1993 and 2003, trauma was the most common reason
(70%) for bald eagle admission to the Wildlife Center of Virginia, and 15% of the
trauma was due to gunshot (Harris and Sleeman 2007). Six percent of the
golden eagle admissions to the Colorado State University Veterinary Teaching
Hospital during 1995 to 1998 were from gunshot. Another source of eagle
mortality is illegal killing for purposes of commercial gain from wildlife trafficking.
Annual reports from1999 through 2007 of the Service's LE program have
examples in all years but one of enforcement actions against individual trafficking
in eagles and eagle parts of both species. In a 2002 cooperative federal/State

6 The Department of the Interior has chartered a committee, which will advise the Secretary on
effective measures to avoid or minimize impacts to wildlife and their habitats related to land-
based wind energy facilities.
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investigation of the illegal killing and commercialization of eagles for the Native
American pow wow trade, Service agents and Iowa conservation officers
confiscated leg hold traps, a freshly killed eagle, and parts of at least 22 golden
eagles and three bald eagles. A 1999 investigation resulted in seizure of eagle
parts representing over 90 birds. A recent Service investigation documented the
illegal killing and trade of bald and golden eagles and other protected birds, and
well as their feathers and parts. One portion of the investigation revealed the
illegal trafficking of over 300 eagles annually of which 60 percent were golden
eagles and 40 percent were bald eagles. Illegal trafficking is a persistent source
of eagle mortality and the Service is regularly engaged in detecting and
apprehending individuals involved in these unlawful activities. While there is a
legitimate use for eagle feathers in Native American religious practice and
ceremonies, illegal trade undermines the effort to conserve eagles and will
continue to be a high priority for the Service's law enforcement program.

Offsetting the adverse effects of human activity is considered the greatest
conservation challenge in managing golden eagle populations (Kochert and
Steenhof 2002). Estimates of mortality and causes of mortality vary with the
methods of gathering data, and depend largely upon reporting to appropriate
authorities. In this FEA, the Service is limiting the discussion of eagle mortality
factors to those human-associated activities for which we expect eagle permits
may be requested. Natural eagle mortality factors will not be discussed here, nor
will we provide lengthy information on mortality from such unauthorized human-
associated factors as vehicle collisions and lead poisoning, for which a permit
could not practically be designed. Currently, under the Eagle Act, the Service
relies on enforcement discretion and voluntary cooperation between the Service
and other agencies and private entities to regulate take of eagles in the absence
of an available permit for non-purposeful take.
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3.6.1 Power Lines
Improperly-constructed power lines, especially distribution lines, are one

cause of direct mortality for both eagle species and can result in electrocution of
birds attempting to utilize these structures for perching and nesting (Harness and
Wilson 2001). Of 4,300 human-caused eagle mortalities investigated by the
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Department of the Interior from the early 1960s to 1995, electrocution was
reported as the second greatest cause of mortality in golden eagles and the third
greatest cause for bald eagles (LaRoe et al. 1995). A separate review focused
only on raptor mortality due to power lines asserted that electrocution is the
fourth leading cause of human-caused death for bald eagles, following accidental
trauma, poisoning, and shooting (Lehman 2001).

In 2000 and 2001, eagle mortality due to electrocution from, and collision
with, small distribution power lines associated with oil and gas wells was
documented within a small area in central Montana. Data were collected from
4,090 power poles in the preceding area. Of 273 raptor carcasses collected in
2000 and 2001, the cause of death of 23 raptors, 21 identified as golden eagles
and one as a bald eagle, was attributed to mid-span collisions with power lines.
In another study, electrocution was the identified cause of death of 280 raptors,
219 of which were identified as golden eagles, four as bald eagles, and 11 were
either golden or bald eagles (Schomburg 2003).

3.6.2 Wind Turbines
Commercial wind turbine facilities and their impacts to birds are a recently-

identified phenomenon. The problem in the U.S. surfaced in the late 1980s and
early 1990s at the Altamont Pass Wind Resource Area (APVVRA), a facility then
containing some 6,500 turbines on 189 km 2 (73 mi2) just east of San Francisco
Bay, California (Davis 1995). Orloff and Flannery (1992) estimated that several
hundred raptors were killed each year at Altamont due to turbine collisions, guy
wire strikes, and electrocutions. Smallwood and The!ander (2005) estimated 28-
34 golden eagle deaths per year at APWRA between March 1998 and
September 2001.

3.6.3 Lead Poisoning
Lead shot and bullet fragments in the carcasses and viscera of game and

other animals can pose a hazard to raptors. Diurnal raptors are one of the main
avian groups affected by lead toxicosis (Miller et al. 2002), and lead poisoning
accounts for an estimated 10-15% of the recorded post-fledging mortality in bald
eagles and golden eagles in Canada and the United States (Scheuhammer and
Norris 1996). Craig et al. (1998) noted that twelve of 16 (75%) eagles found in
Idaho during a 9-yr period had lead exposure, and suggested that lead poisoning
in golden eagles may be a greater problem than previously believed. Bald
eagles and golden eagles admitted to The Raptor Research Center at the
University of Minnesota had a 17.5% incidence of lead poisoning before the 1991
federal ban on lead shot for hunting waterfowl and a 26.8% incidence of lead
poisoning after the ban (Kramer and Redig 1997).

3.6.4 Collision with Aircraft
Another source of mortality that results in fewer reported losses of individual

eagles, but poses a greater risk to humans, is collisions with aircraft, as reported
to the Federal Aviation Administration (FAA) (Figure 7 and Appendix I). Because
commercial airfields in particular are generally built on flat areas, often in or
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adjacent to natural wetlands, this habitat can provide shelter, nesting areas, and
feeding areas for bald eagles that may not be present in surrounding
metropolitan areas.

On the other hand, many of the United States Air Force's military training
ranges, within which they are authorized to fly at low altitudes, are located in
golden eagle habitat in the western United States. This combination of factors
may contribute to the greater number of golden eagle collisions for military
aircraft (28 collisions for military aircraft versus four collisions for civilian aircraft).

Figure 7 Bald eagle aircraft strikes reported by the FAA (January 1990-May 2007).
(For 2 of the strikes, the State in which it occurred was not reported )

There are a number of differences between commercial and military flying
and associated airfields, including the proximity of fields to nesting habitat,
location of activities relative to different species, and flight patterns (level and
speed). Perhaps related to these differences, more commercial aircraft/eagle
collisions seem to occur in the immediate vicinity of the airfield during take-off
and landing operations. Although both species are involved in collisions with
military aircraft, the relatively greater number of golden-eagle-related collisions
may be related to training activities in the western U.S., during which pilots fly at
low altitudes in more open areas.

3.7 Currently-Authorized Take of Eagles
This section of the document discusses the current take authorizations for

both species under the Eagle Act as well as existing take authorizations for the
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bald eagle under the Endangered Species Act (See Appendix C for detailed
tables). Some permitted actions may authorize activities, for example, banding,
that do not result in removal of an individual from the population or a loss of
productivity and will not result in population effects. Others may result in loss of
productivity for one year, and others may permanently remove eagles from the
population. We are treating the estimated annual average level of all historical
take from existing permits as baseline conditions for analysis and for future
permitting. Because we need, at least initially, to limit take permits for golden
eagles to historically-authorized take levels, we will use the prioritization issuance
criteria from this rule to guide permit decisions with regard to allocating all golden
eagle take permits.

3.7.1 Take Authorized under the Bald and Golden Eagle Protection
Act

The Service already issues eagle permits under the Bald and Golden Eagle
Protection Act through the implementing regulations at 50 CFR part 22. Permits
enable the public to engage in legitimate eagle-related activities that will
otherwise be prohibited by law. Permits are issued for scientific, educational,
and Indian religious purposes, depredation, and falconry (golden eagles). We
are treating the estimated annual average level of all historical take from existing
Eagle Act permits as baseline conditions.

§22.21 Scientific and Collecting and Eagle Exhibition
The Service may, under the provisions of this section, issue a permit

authorizing the taking, possession, transportation within the United States, or
transportation into or out of the United States of lawfully-possessed bald eagles
or golden eagles, or their parts, nests, or eggs for the scientific or exhibition
purposes of public museums, public scientific societies, or public zoological
parks. The Service will not issue a permit under this section that authorizes the
transportation into or out of the United States of any live bald or golden eagles, or
any live eggs of these birds.

The Service has not authorized any take from the wild for eagle exhibition.
Scientific collecting permits that authorize take from the wild for bald eagles have
only been authorized in Alaska, where they are numerous and have not been
listed under the ESA. In addition, some scientific research was authorized under
ESA Recovery permits. Within the last six years, 20 bald eagle eggs have been
held under this permit, and 23 bald eagles have been sampled and released
(Appendix J).

Similar to bald eagles, scientific collecting and exhibition permits for golden
eagles are primarily issued within Service Region 6, where the greatest portion of
breeding golden eagles occurs in the lower 48 states. Within the last six years,
seven golden eagles have been trapped and released under the scientific
collecting permit, and three have been relocated (Appendix J).

An estimated average annual take of 3 golden eagles (Table 2) and an
estimated average annual take of 7 bald eagles (Table 3) under this section will
be treated as baseline conditions.
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§22.22 Eagle Parts for Native American Religious Purpose/Certification
of Enrollment in a Federally Recognized Tribe

The Service may, under the provisions of this section, only issue a permit to
members of Indian entities recognized and eligible to receive services from the
United States Bureau of Indian Affairs (25 U.S.C. 479a-1), who are engaged in
religious activities, and satisfy all the issuance criteria of this section. The
permits discussed in this FEA are those for religious ceremony needs that
require take of eagles from the wild, as opposed to permits under this same
section for eagle carcasses, feathers, or parts acquired by another means such
as gifting from one tribal member to another or obtaining from the National Eagle
Repository. To date, the requests for take of eagles under this permit have been
from tribal members wishing to take golden eagles from sites located on lands
within Service Region 2 (Southwest Region) and approximately 23 golden eagles
per year have been taken over the last six years (Table 2). All of the permits
authorized have been limited to golden eagles.

The Hopi, to whom golden eagles are sacred and essential for religious
practices, have been collecting eagles for centuries. The Hopi gathering
practices have been authorized under annually-issued Eagle Act permits since
1986, and have been determined to be modest in scope and impacts. Because
take has been occurring for some time, it is reflected in our baseline data.
Therefore, the average annual take of golden eagles authorized to the Hopi
nation under the Eagle Act over the last six years (23) will be considered part of
the reference conditions for this document, and the Service will not count that
take towards any threshold calculations for the Eagle Act permits being
considered in this FEA. In addition, within Region 2, the historical baseline for
take of golden eagles by other tribes includes approximately one golden eagle
per year.

There are some limitations to take of wild eagles for religious ceremony. For
example it is limited to tribes that can demonstrate a traditional religious need to
take only live, wild eagles for which the Repository does not provide an adequate
substitute. Notably, there is nothing in the regulation requiring tribal members to
limit take requests to specific locales or Service Regions. If there are no permits
available for take in the Service Region of residence for a tribal member's
religious practices, if their own practices do not limit take to a specific location,
and they have access to an eagle at a location in another Service Region, they
may apply for a permit from the other location via the Permit Office in the Service
Region in which they reside.

Federally-recognized tribal members may also apply for take of bald eagles
for religious ceremonies, subject to the same criteria with regard to the tribe's
traditional religious need to take eagles from the wild versus acquiring them from
another source. To date, the Service has not received any applications for take
of bald eagles that met the criteria.

§22.23 Take of Depredating Eagles
Under this provision, the Service may also issue permits to intentionally take

eagles after the Service has determined that the take permit is necessary for the
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protection of wildlife, agricultural, or other interests in a particular locality. Such
take can either be lethal (limited to certain methods) or non-lethal (such as
hazing). Criteria evaluated include: (1) The direct or indirect effect that issuing
such permit will likely have upon the wild population of bald or golden eagles; (2)
Whether there is evidence to show that bald or golden eagles have in fact
become seriously injurious to wildlife or to agriculture or other interests in the
particular locality to be covered by the permit, and the injury complained of is
substantial; and (3) Whether the only way to abate the damage caused by the
bald or golden eagle is to take some or all of the offending birds. The Service
has also used this permit to authorize safety-related hazing activities intended to
reduce the risk of eagle-aircraft collisions at airfields. Over the past six years, an
average of twenty-five golden eagles per year (Table 2) and fourteen bald eagles
per year (Table 3) have been permitted to be taken under this section, and that
level of take will be treated as baseline conditions.

§22.24 Eagle Falconry
Under the provisions of this section, the Service may authorize the

possession and transportation of golden eagles for falconry purposes. Only
golden eagles from a specified depredation area may be trapped for falconry
purposes. Over the past six years, an average of six golden eagles per year
from Service Region 6 (Table 2) has been permitted for falconry purposes, and
that level of take will be treated as baseline.

§22.25 Take of Golden Eagle Nests for Resource Development and
Recovery

Under the provisions of this section, the Service may issue a permit
authorizing any person to take inactive golden eagle nests during a resource-
development or recovery operation, but only if the taking is compatible with the
preservation of the area nesting population of golden eagles. For the purposes
of the permit in existence under this section, the area nesting population has
been defined as the number of pairs of golden eagles known to have a resting
attempt during the preceding twelve months within a ten-mile radius of a golden
eagle nest. The FEA includes more extensive information on this permit because
under the current proposal the Service will apply comparable standards to
permits for actions that would result in permanent loss or abandonment of a nest
or territory, and for programmatic disturbance permits. An estimated average
annual take of 6 inactive golden eagle nests has been authorized under this
section (Table 2), and that level of take will be treated as baseline conditions.

The Service requires applicants to provide the additional information
including, but not limited to the following:

• For each golden eagle nest proposed to be taken, the applicant must
calculate the area nesting population of golden eagles and identify on an
appropriately-scaled map or plat the exact location of each golden eagle nest
used to calculate the area nesting population unless the Service has sufficient
data to independently calculate the area nesting population. The map or plat
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• A description of each activity to be performed during the resource
development or recovery operation which involves the taking of a golden
eagle nest.

• A statement with any supporting documents from ornithologists experienced
with golden eagles or other qualified persons who have made on site
inspections and can verify the applicant's calculation of the area nesting
population.

• A statement indicating any proposed mitigation measures that are compatible
with the resource development or recovery operation to encourage golden
eagles to reoccupy the resource development or recovery site. Mitigation
measures may include reclaiming disturbed land to enhance golden eagle
nesting and foraging habitat, relocating in suitable habitat any inactive golden
eagle nest taken, or establishing one or more nest sites. If the establishment
of one or more nest sites is proposed, a description of the materials and
methods to be used and the exact location of each artificial nest site must be
included.

Additional issuance criteria that the permitting office must consider when
determining whether to issue this permit include the following:

• Whether the applicant can reasonably conduct the resource development or
recovery operation in a manner that avoids taking any golden eagle nest.

• The total number of golden eagle nests proposed to be taken.
• The size of the area nesting population of golden eagles.
• Whether suitable golden eagle nesting and foraging habitat unaffected by the

resource development or recovery operation is available to the area nesting
population of golden eagles to accommodate any golden eagles displaced by
the resource development or recovery operation.

• Whether feasible mitigation measures compatible with the resource
development or recovery operation are available to encourage golden eagles
to reoccupy the resource development or recovery site. Mitigation measures
may include reclaiming disturbed land to enhance golden eagle nesting and
foraging habitat, relocating in suitable habitat any golden eagle nest taken, or
establishing one or more nest sites.

• Whether the area nesting population is widely dispersed or locally
concentrated.

3.7.2 Take Authorized Under the Endangered Species Act
Any take currently authorized under the ESA will be considered part of the

reference conditions for this document, under the No Action Alternative, and the
Service will not subject ESA-authorized take in any threshold calculations for the
Eagle Act permits being considered in this FEA. This is consistent with our
treatment of historical levels of average annual take authorized under the Eagle
Act as baseline. Populations of the bald eagle have recovered sufficiently to be

67



removed from the ESA list, while supporting take during recovery. Therefore, it is
logical to assume populations can continue to sustain some. Tables 2 and 3
summarize the reported take authorized under the preceding permits for an
approximately six-year period.

Table 2. Estimated Average Annual Actions or Take Reported for the Golden
Eagle (2002-2007)

Service Region

Number of
Golden
Eagle

Technical
Assistance
Requests

22.21
(Scientific

and
Exhibition)

Permits

22.22
(Religious

Take)
Permits

22.23
(Depredation)

Permits

Taken
for

Falconry
Under
22.23

22.25
(Nest

Take for
Resource
Recovery)

Permits

1 1 0 0 5 0 1`

2 12 1 24 0 0 3d

3 0 0 0 0 0 0

4 1 0 0 0 0 0

5 0 0 0 0 0 0

6 338 2 0 8 6 3

7 0 0 0 12 0 0

8 13 0 0 0 0 0

Annual Average (Total from
all Regions)

3 24 25 6 6

a Since 2003, all 22.22 permits have been issued by Region 9, but take has occurred in
Region 2.
b Only one nest reported destroyed, all others blocked or relocated.

One nest authorized over six years.
d Where the permit did not specify a limit, reported take is provided.
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Table 3. Estimated Average Annual Take Reported for the Bald Eagle (2002-2007)

Service
Region

Endangered Species Act Authorizations (Reference for this FEA) Eagle Act Authorizations

Actions
Where
Take

Reported'

Total
Individuals
Reported

Estimated
Average

Individuals
Reported
Each Year

Total Nests
or Roosts
Reported

Total
Territories
Reported

22.21 Permits
(Scientific

and
Exhibition)
Reported,'

22.23 Permit
(Depredation/

Hazing)
Reported"

1 49 530 18 15 33 0 2

2 10 36 7 0 0 0 0

30 6 4 1 0 0 0 8

40 34 0 0 4 0 0 0

5 0 0 118 2 0 0 0

6 n/a d 112 22 6 4 2
7e 0 0 0 0 0 3 2

8 24 859 17 1 0 0 0

Estimated Average Annual National Total 27 39 7 14

a Under Biological Opinions and Habitat Conservation Plans.
h Permits authorized included take of eggs, trap and release of birds, and killing of birds.
C Information from Oregon did not differentiate among birds, nests, or territories, but total
authorized take is estimated at an additional 40 birds, nests, or territories combined from
2001 through 2007.
d Notwithstanding their large populations of bald eagles, Service Regions 3 and 4 were
by and large able to emphasize early coordination in order to avoid take.

Information from Region 6 regarding the total number of actions authorizing take could
not be extrapolated for comparison.
e The bald eagle was not ESA-listed in Alaska. Only Technical Assistance was provided,
but estimated at 400 actions per year.
f Six adults, 12 juveniles authorized
g One programmatic Biological Opinion out of Ventura authorized one bald eagle per
year over the life of the project, 25 years to date. That same opinion anticipated that any
bald eagles on the installation could be taken by harassment over the life of the project
by military maneuvers.
h Take authorized and reported hazing was primarily for airports and landfills.
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3.8 Societal Issues

Cultural and Religious
The way in which cultural interaction takes place depends on the uniquely

human capacity for using complex symbolic representation in the expression of
meaning (Lamendella 1980). Ritual behavior, a human universal, is the
quintessential form of symbolic expression through (largely nonverbal) action,
and is often used for strengthening the social structures of society. Symbolism is
the smallest unit of ritual which still retains the specific properties of ritual
behavior. Symbols are, therefore, a special kind of way of conveying meaning.
(Bloch 1980). Because ritual is never directed at the solution of trivial problems,
but rather at those problems potentially productive of the greatest uncertainty
(Laughlin and Stephens 1980), ritual, and the symbols employed, can be
essential to the well-being of humans and the culture(s) in which they interact by
providing a sense of meaning and purpose to their lives. .

The eagle has been a symbol of power and mystery throughout history, from
the Sumerians (5000 BP) and Hittites (3500 BP) (Brentjes 2000) to the two-
headed eagle of the Hapsburgs (Vermeir 2007). In the United States (U.S.), a
Congress comprised of members with European ancestry chose the bald eagle
to be depicted on the official seal of the United States, selecting it over the
originally-proposed golden eagle because the golden eagle was also found in
Europe (Lawrence, 1990), and more famously, selecting the bald eagle over the
wild turkey. As the nation's symbol, the bald eagle represents U.S. citizens'
sense of autonomy, courage, and power. Today, bald eagle imagery is
ubiquitous in U.S. culture, attesting to the widespread symbolic importance the
bald eagle holds in U.S. society.

In recent decades, the bald eagle has come to symbolize the U.S.'s growing
environmental awareness of society's impact on the environment. The
fluctuation of its population reflects the ecological footprint of people on this
continent: being abundant prior to colonialism, declining during the expansion of
the frontier and late 19th century industrialism; then nearly becoming extinct due
to expansive use of chemical pesticides during the booming post World War II
years; only to recover as the nation's growing ecological awareness led to
increased regulation of pesticides and the passage of environmental laws such
as the National Environmental Policy Act and the ESA. Because of this history,
for many people, the bald eagle symbolizes the ecological consciousness of the
U.S. and the health of our environment.

Evidence of the symbolic role of birds and their use in ritual can be found in
analyzing burial practices, which included bird bone pendants as early as 8,000
years Before Present (BP)(Mannermaa 2008). The bones of a golden eagle
wing tip were placed in a 12,000 year old burial of a shaman in Israel (Grossman
et al. 2008). White-tailed sea eagles were included in late Neolithic (-4,000 BP)
burial practices on the island of Orkney in Scotland (Jones 1998). Parts of the
golden eagle, which was considered a spirit helper, were depicted in shamanic
dress by some Siberian tribes (Siikala 2002). In North American pre-history, the
symbolic importance of eagles is evident. The Fort Ancient people, a mound-
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building culture in Ohio, included the beak of an immature golden eagle in the
grave goods of the burial site (-1500AD) of a male, perhaps signifying status
(Brady-Rawlins 2007). Parmelee (1958) cites the presence of wing bones for
golden eagles and bald eagles in excavations of mounds in Illinois as an
indication the eagles may have been killed for their plumage and used in
ceremonial functions. Other research in Iowa revealed an assemblage of more
than 260 broken and splintered lower legs of raptors, including eagles, which
may have been evidence of trade in ceremonial birds (Fishel 1997). The use of
eagles in Tribal ceremonies in Central California was ascertained by
archaeological excavations revealing their bones as burial objects in three
cultural horizons (Heizer and Hewes 1940). One notable find was an eagle skull
with an abalone ornament over one eye.

Bald eagles and golden eagles remain sacred to many American Indian
Tribes and tribal members, and are central to the religious practices of some
tribal cultures in North America and other localities throughout the species'
range. Some American Indian religious ceremonies call for the harvest of eagles
from the wild. As discussed in Section 3.6 (Currently Authorized Take), permits
are available for this purpose in certain circumstances. In addition, it is often the
case that American Indian Tribes and individual tribal members have an interest
in a particular eagle nest locality because of its aboriginal cultural, spiritual,
religious, or traditional values, but the locality is outside currently-recognized
Indian lands. American Indian interests are unique and unlike any other interests
based on the status of Tribes as governmental sovereigns and the distinctive
relationship between the United States and each Tribe.

While the cultural significance of both species of eagles is broad-based and
not limited to ethnic origin, there is a separate Federal trust responsibility to
Tribes, which among many other things, safeguards indigenous religious
practices, cultural practices, places, sites, and objects. The NHPA, for example,
emphasizes mandates of preservation for "areas of traditional religious and
cultural importance to an Indian Tribe." If Congress had intended that all areas of
religious and cultural importance for all Americans warranted the same levels of
protection, it would never have been necessary to spell out this special provision
for Native Americans in the NHPA. It would also have not been necessary for
Congress, the President, the Secretary of Interior, and the Service to pass any of
the additional legislation, or issue Executive Orders, and special policies that are
reserved for Native Americans (AIRFA, E.O. 13007, 1992 amendments to NHPA,
36 CFR 800 citations on Tribes as automatic consulting parties to all federal
undertakings, Service Native American Policy, Secretarial Order 3206, and the
original Eagle Act provisions for religious take).

Largely because of the aforementioned cultural values, some eagle-use areas
may be eligible as potential historic properties of religious and cultural
importance under the NHPA. There may also be resources of similar importance
in the vicinity for which review and consultation under Section 106 of NHPA are
required.
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Safety
The greatest human-caused risks to eagle safety appear to be electrocution

by electrical distribution lines and collisions with various anthropogenic
structures. While they pose some risk to individual eagles, aircraft collisions with
eagles can represent a high human safety risk at airfields. Military aircraft
engaging in training activities represent a collision risk to humans and golden
eagles. Human safety can also be affected by proximity of failing nest trees or
platforms to human residences or other facilities. In addition, while not a case of
direct risk from an eagle or nest, the ability to conduct such actions as repair of
natural gas pipelines in a timely fashion, regardless of season, can be critical to
ensuring the ultimate safety of large numbers of humans. The degree to which
safety of eagles or humans will be affected will depend in part on the permits
available and the application of the permit process.

Socioeconomic
The potentially-affected socioeconomic environment includes the economy,

cultural values and norms, recreation, and aesthetic values. The degree to which
businesses and industry in the vicinity of bald eagle and golden eagle habitat will
be affected is difficult to quantify. Industries most likely to be affected include
residential developers, energy transmission companies, timber managers,
resource development and recovery operations, utilities, transportation, shipping
companies, commercial fishing operations, and businesses that depend on
tourism and recreation. The economic value of private land where eagles occur
may also be affected.

Numerous facets of the American lifestyle could be affected beyond
straightforward economics. Among the many societal "norms" that could be
affected are: transportation, urban planning, energy development and
consumption, recreation, location of schools and hospitals, and waste
management. The magnitude of the lifestyle impacts resulting from the proposed
permits depends in part on the rate at which the new permits are approved. If
project proponents do not incorporate eagle avoidance and minimization
measures into early project planning, they will increase the likelihood their
actions will be delayed by the need to revise plans.
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3.9 Summary
Although both are protected under the Eagle Act, bald eagles and golden

eagles are two distinct species that are not necessarily subject to the same
habitat requirements or pressures. Information available for the bald eagle,
including the Sonoran Desert population, points to an expanding population. On
the other hand, while the information available for the golden eagle is uncertain, it
appears populations may be declining in portions of the range. In addition, the
Service does not have comparable resources for management of each species.
A comparative summary of the resources and pressures for golden eagle versus
the bald eagle populations is presented in Table 4.

Table 4. Bald Eagle v. Golden Eagle (GOEA), comparison of parameters.

Parameter Bald Eagle Golden
Eagle

Source of GOEA
data

North American
Population Size 300,000 80,000 PIF

Population Trend Increasing in
most areas

Stable or
Decreasing

Expert opinion and
local data

Threat Trend Mostly
Decreasing Increasing Energy development

Falconry Demand Low High Service Permits
Database

Religious Demand Low High Service Permits
Database

Mineral resource Nest
Take Under BGEPA No' Low Service Permits

Database
Depredation and
Persecution Issues Low High Regional data

Dedicated monitoring Yes Limited WEST data
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Table 5 Alternatives Com arison Matrix
Management of Bald Eagles and Golden Eagles Common to All Alternatives: Bald and Golden Eagle Protection Act (the Eagle
Act), including the finalized definition of disturb under the Eagle Act. Would use existing eagle management documents as
guidance.

Management Common to All Action Alternatives: Would Establish Thresholds for Permits,
Management by Population Regions for Bald Eagle, Bird Conservation Regions for Golden

Eagle
Alternative 1: No Action -

Provisions to Extend Eagle
Act Take Authorization to

Take
Authorized under ESA

sections land 10

Alternative 2— Disturbance Take
Nest Take for the Public Health and

Safety (such as airports)
Programmatic Disturbance Permit

Alternative 3— Alternative 2, Plus
Other Forms of Take, Including Programmatic
Permit to Reduce Ongoing Take Resulting in

Mortality (TRM)

Measures covering both species

Provisions for future take of
eagles limited to Habitat
Conservation Plans with eagles

Authorizes disturbance take Authorizes disturbance take

Provisions for future take of
eagles limited to Habitat
Conservation Plans with eagles,
which may authorize mortality

Does not authorize take resulting in
mortality, even in emergency.circumstances

Authorizes take resulting in mortality in
emergency circumstances or where take cannot
practicably be avoided. Would also authorize a
"Performance-Based" programmatic permit
designed to reduce ongoing TRM

No issuance criteria
Includes issuance criteria to ensure
certain prioritized needs are met by
authorizing take according to an
established order

Includes issuance criteria to ensure certain
prioritized needs are met by authorizing take
according to an established order

No provisions for population-
based take thresholds

Includes provisions for population-
based take thresholds

Includes provisions for population-based take
thresholds
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Alternative 1 Alternative 2 Alternative 3
"Grandfathers" existing eagle
take authorizations into Eagle
Act permits

"Grandfathers" existing eagle take
authorizations into Eagle Act permits

"Grandfathers" existing eagle take authorizations
into Eagle Act permits

Provisions for future take of
eagles limited to Habitat
Conservation Plans with eagles

Authorizes, on a case-by-case basis,
unless populations affected, permits for
disturbance at roost and congregation
sites.

Authorizes, on a case-by-case basis, unless
populations affected, permits for disturbance at
roost and congregation sites.

Does not include provisions for
enhanced coordination.

Same as Alternative 1 Includes provisions for enhanced coordination
between the Service and State and Tribal wildlife
jurisdictional entities to minimize the potential for
adverse impacts to local areas populations.

Golden eagle-specific
Only addresses take of either
species if previously authorized
under ESA

Authorizes new take only in the
Western U.S., including Alaska

Authorizes new take only in the Western U.S.,
including Alaska

Causes of mortality to bald eagles and golden eagles associated with human activities
Does not have specific
measures to reduce ongoing
take

Has limited measures to reduce
ongoing take

Establishes permits designed to reduce ongoing
take on a programmatic basis

Existing Eagle Act Permit Types
Does not make changes to
process for current take
authorization

Does not make changes to process for
current take authorization

Does not make changes to process for current
take authorization
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For most individual disturbance permits,
no additional compensatory mitigation
required, except for disturbance
associated with the permanent loss of a
breeding territory or important traditional
communal roost site

For most individual disturbance permits, no
additional compensatory mitigation required,
except for disturbance associated with the
permanent loss of a breeding territory or
important traditional communal roost site

Compensatory mitigation may be
included in HCPs, but not
specifically required 

Compensatory mitigation required
programmatic disturbance permit

Compensatory mitigation required
programmatic permit for TRM

Will meet the Service's
requirements for government-to-
government consultation, but no
enhanced coordination and
consultation measures to mitigate
impacts from the proposal. 

Will meet the Service's requirements for
government-to-government
consultation, but no enhanced
coordination and consultation measures
to mitigate impacts from the proposal

Includes enhanced coordination and
consultation measures to mitigate impacts to
eagle populations and ensure improved and
consistent compliance with requirements for
government-to-government consultation.

Alternative 1 Alternative 2 Alternative 3

Does not change availability of
numbers of existing permit types.

Would authorize permitting limits on
existing permit types

Would authorize permitting limits on number of
existing permit types

Mitigation

Religious and Cultural
Does not change language relative
to compliance with Tribal statutes

Would notify applicant of need to
comply with Tribal statutes

Would notify applicant of need to comply with
Tribal statutes
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Alternative 1 Alternative 2 Alternative 3

Does not change current
authorization practices regarding
Native American Religious take

Would prioritize Native American
Religious take

Would prioritize Native American Religious
take

No enhanced consultation
measures, but will consult on a
permit-by-permit basis, as
necessary.

No enhanced consultation measures,
but will consult on a permit-by-permit
basis, as necessary.

Includes consultation measures to ensure
improved and consistent compliance with
requirements for government-to-govemment
consultation. Consultation will take place on a
permit-by-permit basis, as necessary, and on
the eagle program as a whole.

Safety & Security

No specific measures to prevent
hazards

Take of nests would be authorized for
reasons of public health and safety and
safety related to eagles

Take of nests would be authorized for reasons
of public health and safety and safety related to
eagles

No measures to prioritize safety
and security activities

Would prioritize take necessary to
protect public health and safety

Would prioritize take necessary to protect
public health and safety

Socioeconomic Factors

No specific measures related to
socio-economic factors, may result
in significant socio-economic
impacts to some sectors

Allocation prioritization, after Native
American Religious take, will be for
activities necessary to ensure public
health and safety, and (for golden
eagle nests only) resource
development or recovery operations

Allocation prioritization, after Native American
Religious take, will be for activities necessary
to ensure public health and safety, and (for
golden eagle nests only) resource
development or recovery operations
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Alternative 1 Alternative 2 Alternative 3

Provisions for Eagle Act permits for
future Habitat Conservation Plans
with measures for eagles. This
minimizes economic and legal
burden on HCP holders.

Same as "No Action" Same as "No Action"

No enhanced coordination
measures No enhanced coordination measures

Includes provisions for enhanced coordination
between the Service and State and Tribal
wildlife jurisdictional. This enhanced
coordination will lead to better data regarding
demographics and populations, and may
therefore facilitate increased thresholds for
allowable disturbance, as warranted.
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CHAPTER 4: ENVIRONMENTAL CONSEQUENCES OF
THE ALTERNATIVES
4.1 Introduction

In this chapter the FEA applies the elements described in Chapter 2 to the
reference or existing conditions to produce projected environmental
consequences of the alternatives. In each discussion the potential environmental
consequences first, followed by the projected results for each resource and for
each alternative. As with development of the alternatives, we have integrated
issues and concerns raised in comment letters on the proposed regulation and
internal agency scoping into the analysis.

4.1.2 Analysis of Direct and Indirect Impacts
In determining the significance of direct, indirect, and cumulative impacts of

the alternatives, the Service evaluated whether each alternative or its
components: 1) will be compatible with the preservation of eagles (maintaining
increasing or stable regional populations, and not to exclude preservation of
locally-important smaller populations within a region) on a national or regional
scale; 2) will substantially burden a Tribe's free exercise of its religion; 3) may
increase the probability of circumstances placing human or eagle safety or health
at risk; or 4) will result in impacts deleterious to a broad regional area or sector of
the national economy.

Portions of the alternatives may be additive to preceding alternatives. Our
analysis of direct and indirect impacts emphasizes those subsequent
components that are new or altered. The Service assumes that some
components that are the same between alternatives will have similar impacts,
and will identify them without redundant analysis. The FEA will analyze potential
cumulative effects in a separate section.

4.2 Management Common to All Alternatives
This portion of the proposal does not contain any management prescriptions,

but does provide definitions intended to make implementation of the proposal
more consistent and more readily understood. Because permits issued for take
of eagles under the Eagle Act may not have been evaluated cumulatively relative
to population, and because there are uncertainties regarding population levels
and demographics for golden eagles that we discuss in this FEA, there may be
localized negative impacts to golden eagles from this management scenario.
However, there will be no significant direct impacts on a national scale from any
provisions in this portion of the proposal without subsequent authorization of
take.
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4.3 Alternative 1- No Action: Permit Existing and Future Take
Authorized Under the ESA

The potential impacts from creating a permit for previously-authorized take
and future take authorized under the ESA are not easy to measure. However,
the Service expects the number of past and future take authorizations under
HCPs to be minimal. In addition, measures that will be provided for under the
ESA may include extensive habitat measures designed to avoid or minimize the
ongoing, future risk of disturbance to eagles.

4.3.1 Bald Eagle
The potential impacts to bald eagles from this alternative are difficult to

quantify. However, because the conservation measures required under the ESA
are adequate to ensure compatibility with the preservation of the eagle, and since
the take authorized to date under ESA has had no significant impact on the
population, the Service expects conditions to remain the same. The extension of
ESA take authorization to take under the Eagle Act provides members of the
public with continuing authorization to proceed under the conditions of a pre-
existing authorization. However, without provisions to effectively permit
additional legal take except as associated with a future HCP, there may be
greater risk of unauthorized take. In addition, without provisions for take for
safety reasons, this alternative may impact a few individual bald eagles or have
minor impacts to local area populations.

4.3.2 Golden Eagle
There will be minor changes through increased take relative to golden eagle

management under this alternative by extending Eagle Act take authorization to
HCPs that include golden eagles covered as a nonlisted species. Provisions to
effectively permit take under HCPs comparable to those for bald eagles may
reduce the risk of unauthorized take. However, without provisions for take of
nests for reasons related to the safety of eagles, and without a permit type
designed to reduce ongoing mortality, this alternative would impact individual
golden eagles or have impacts to local area populations. In addition, because
there are uncertainties regarding potentially declining population levels and
regarding demographics for golden eagles, there may be significant negative
impacts at all scales to golden eagles from the "No Action" alternative.

4.3.3 Biological and Physical Environment
There will be some direct impacts to eagle habitat from this alternative, but

there may be beneficial impacts from HCP measures intended to improve habitat
conditions. The Service expects few adverse, indirect impacts, primarily in cases
where habitat requirements are poorly applied, or where HCPs fail to adequately
address effects to other species.

80



4.3.4 Eagle Mortality Associated with Human Activities
This alternative is expected to have few direct impacts on the current level of

eagle mortality associated with human activities. Indirectly, the lack of incentives
to reduce mortality through a permit process will tend to result in increasing
mortality for both species and would have negative impacts to both species.
Given the apparent downward population trend for golden eagles, the long-term
effects of mortality associated with human activities from Alternative 1 may be
significant.

4.3.5 Currently-Authorized Take
Under the "No Action" alternative, there will be no changes and no impacts to

any of the currently-authorized take. Because eagle populations have sustained
existing levels of take, the Service expects conditions to remain the same (see
discussions of the existing permits in Chapter 3, Affected Environment, Section
3.7, pages 57-60 for comparison to reference conditions).

4.3.6 Societal

Religious and Cultural
Because there will be no change from the current state of management, the

Service anticipates no change in direct impacts to religious and cultural
resources. However, without a permit type designed to reduce ongoing mortality,
and if golden eagle populations continue to decline, there may be negative
impacts to take of golden eagles for tribal religious practices. Because we will
conduct consultation, as necessary, on a case-by-case basis, there is minimal
potential for adverse affects to cultural or religious resources from inadequate
consultation under Section 106 of NHPA or government-to-government
consultation on actions related to eagles.

Safety
Alternative 1 will have no specific provisions for take of nests in the case of

hazard or health risk to eagles or humans. It will not make provisions for a
comprehensive approach to managing eagles at airfields, which will result in
unnecessary delays that pose safety risks to humans and eagles. Nor will it
provide for the removal or relocation of nests away from hazardous sites.
Therefore, this alternative will pose significant risks to human and eagle safety at
such locations.

Socioeconomic
Project proponents with existing ESA take authorizations, who will receive

permits for their actions under the Eagle Act, and future developers of HCPs that
include bald eagles or golden eagles as covered, non-listed species will likely be
able to proceed without confusion and economic uncertainty. With a permit that
clearly sets out conditions for operating within the law, those project proponents
and lenders will be able to take actions that might be viewed as disturbing
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eagles. While there may be small delays as the permit process is learned, there
will likely be no cancellation of residential and commercial development projects,
timber operations, natural resource extraction, and other activities that occur in
habitat used by eagles, for take previously authorized. However, the lack of
additional types of take permits for future activities, except as associated with a
future HCP, will mean that projects must be re-located, re-scheduled, or dropped.
The socioeconomic impacts from not providing for future take of bald eagles will
result in impacts deleterious to a broad regional area or sectors of the national
economy. Conversely, for golden eagles, the Service has relied on enforcement
discretion and voluntary measures to this point to regulate and limit take, which
has resulted in unauthorized take that is not prosecuted. Under the "No Action"
alternative, the current status will continue. As in the past, many activities that
incidentally take golden eagles will not be stopped, altered, or rescheduled
because there will be no available permit system for non-purposeful take.
Project proponents that decide to go ahead anyway without a permit may not see
much effect if they are not prosecuted; but other proponents that fear prosecution
may incur economic effects. Therefore, there are competing socioeconomic
impacts from not providing for future take of golden eagles, and they may be
deleterious to some sectors of the national economy.

4.3.7 Summary
Neither species will receive the protection offered by a permit that will allow

take of a nest to protect the eagles from a hazard. Nor will there be measures to
reduce ongoing TRM. There is also a potential for adverse affects to local area
populations. In addition, without further guidance, this alternative may not
adequately meet all our statutory requirements for consultations related to
cultural resources. Therefore, this alternative is not compatible with the
preservation of the eagle and will not fulfill the purpose and need for the
proposal.

4.4 Management Common to Both Action Alternatives
This section discusses the impacts from the proposal to revise some

regulations by establishing permit thresholds and to establish a management
framework. The Service anticipates requests for take authorizations for
numerous types of activities including the following: housing and commercial
development; development proposed by governments at all levels (local, State,
tribal and federal); energy exploration and development; transportation and
energy corridors; timber harvest; and recreation (see Appendix J for Regional
perspective). The Service also anticipates increases in take requests for the
following reasons:

• A single section 7 exemption sometimes provided authorization to a
large number of grantees or permittees; individual authorizations will
be required under the Eagle Act.

• Bald eagle and human populations are increasing in most areas.
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• The Eagle Act applies to Alaskan eagles, where ESA permits were not
applicable, since Alaskan bald eagles were never listed under the
ESA.

• Permits will be available for golden eagle take (previously only a few
HCPs have covered golden eagles).

• Knowledge regarding the proposed permit will raise awareness that
past practices might have resulted in take of golden eagles about
which project proponents or agencies were unaware, and for which
they will now seek permits.

4.4.1 Bald Eagle and Golden Eagle
The potential impacts to bald eagles and golden eagles of creating a permit

for authorized take are difficult to quantify. However, since bald eagle
populations flourished despite the take authorized under the ESA, and because
the Service is setting permit thresholds for both species based upon half the take
the populations are able to support (as predicted by models), we expect no
significant adverse impacts on bald eagles or golden eagles. In addition,
because the Service intends to regularly reassess the take relative to
populations, the Service will be able to modify thresholds before take approaches
levels that are not "compatible with the preservation of eagles." Without a
provision allowing the take of nests to protect human or eagle safety,
Management Common to Both Action Alternatives will result in some adverse
effects to individual eagles. In addition, without provisions for managing
programmatic disturbance, there will be some instances of piecemeal, iterative
loss of important eagle-use areas. The proposed management, without
additional measures, may result in localized, temporary loss in productivity that
may be significant to a local population, but this is not expected to be significant
to regional or national populations.

The Service does not expect bald eagle or golden eagle population declines
at the national level as the result of the authorizations granted under
Management Common to Both Action Alternatives. Instead, the Service
anticipates the improved management will increase protection of eagle
populations making declines less likely. However, it is possible that local area
populations may be adversely affected by take authorized in a fashion
disproportionate to population. It is also possible that external factors could arise
that negatively affect eagle populations. In addition, take occurring at winter
roost sites or important foraging areas may have the potential to take greater
numbers of birds than we anticipate. Whatever the cause, if data suggest
population declines are approaching a level where additional take will be
incompatible with the preservation of the eagle (emphasis added) (as
interpreted above), the Service will refrain from issuing permits until we can re-
evaluate the premises upon which our estimation of take is based, and until such
time that the take will be compatible with the preservation of the bald eagle and
golden eagle.
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4.4.2 Biological and Physical Environment
There will be no direct impacts to the biological and physical environment

from the creation of a permit for authorized take of eagles. If we create this
permit, issuance of take authorization will indirectly result in impacts to eagle
habitat from loss, fragmentation, and reduced habitat suitability. On the other
hand, especially for golden eagles, creation of this permit system may reduce
impacts in many situations. Ongoing or new activities that were implemented in
the past without compliance with the Eagle Act because no permit was available
for non-purposeful take (e.g., wind power farms and oil or gas well pads) will be
more likely to obtain a permit and apply the required mitigation and avoidance
techniques. Because our permit thresholds are based upon Service Region and
BCR population segments, the Service believes the impacts to habitat will be
widely dispersed and not incompatible with the protection of the biological and
physical environment.

4.4.3 Eagle mortality associated with human activities
The Management Common to Both Action Alternatives is expected to have

few direct impacts on the current level of eagle mortality associated with human
activities. However, without incentives to reduce mortality through a
programmatic permit process for ongoing TRM, current rates and levels of
mortality will tend to increase. Negative impacts to local populations both
species may be significant

4.4.4 Currently-Authorized Take

4.4.4.1 Take Authorized Under the Bald and Golden Eagle Protection Act
Permits are issued for scientific, educational, and Indian religious purposes,

depredation, and falconry (golden eagles) (Tables 6 and 7). The provisions
under Management Common to Both Action Alternatives will not eliminate any of
the existing permits. However, in some instances, existing permits may
authorize activities that will take eagles under the Eagle Act. If so, then those
permits will be subject to the cumulative thresholds for the permits under this
proposal.

The historical levels of previously-authorized take are incorporated into the
baseline conditions affecting eagle populations. Thresholds for permits involving
take that affects productivity will be based upon levels above baseline that the
breeding populations can support. Future take above the baseline levels
authorized under existing permit types will be subject to annual thresholds under
both action alternatives. Therefore, the impacts analyses on "Currently-
Authorized Take" will largely consider the potential impact of the proposal on
future above baseline level of existing permit types. However, if data indicate a
continued decline in golden eagle populations that requires active remedial
measures, then the Service may reduce the level of take currently considered
baseline.
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§22.21 Scientific Collecting and Eagle Exhibition
As noted previously (Section 3.7.1, p. 45), the Service has not authorized any

take from the wild for eagle exhibition. Scientific-collecting permits that authorize
take from the wild for bald eagles have only been authorized in Alaska, where
they are numerous and have not been listed under the ESA. Within the last six
years, 20 bald eagle eggs have been held under this permit, and 23 bald eagles
have been sampled and released (Table 6). Within the last six years, seven
golden eagles have been trapped and released under this permit, and three have
been relocated (Table 7).

Because of the limited use of this type of permit, while it may temporarily
impact individual eagles, it has generally not affected productivity. However, if
the Service determines the permitted activity will affect eagle productivity, the
permit will be subject to the annual permit thresholds. In some instances,
permits for scientific collecting and eagle exhibition may not be available. For
example, in those areas in Service Region 2 where the bald eagle is not listed
and requests for permits exceed the number compatible with the preservation of
eagles (see Tables 6 and 7), then no permits for scientific collecting would be
issued.

§22.22 Eagle Parts for Native American Religious
Purposes/Certification of Enrollment in a Federally-Recognized Tribe

The currently-authorized average annual take of golden eagles under this
permit has been confined to Service Region 2, the Southwest Region, and birds
taken have averaged approximately 24 per year over the last six years, although
the permits have authorized take of up to 40 birds to the Hopi Nation and an
average of one golden eagle per year to other tribes. The take by the Hopi
Nation, which has occurred over centuries without adverse affect to golden eagle
populations, is considered part of the baseline, and will not be subject to or
factored into the allocation. In addition, the permits authorized have been limited
to golden eagles (Table 7). Because the historical levels of previously-authorized
take are incorporated into the baseline conditions affecting eagle populations, the
implementation of permit thresholds under Management Common to Both Action
Alternatives will not affect the level of take that has actually occurred, as
averaged over the past six years. Therefore the Service does not believe
conditions under Management Common to Both Action Alternatives will
substantially burden a Tribe's free exercise of its religion. However, if data
indicate a continued decline in golden eagle populations that requires active
remedial measures, then the Service may reduce the level of take currently
considered baseline.

§22.23 Take of Depredating Eagles
Over a six-year period, the national average annual total for this permit type

was 14 for bald eagles (Table 6) and 25 for golden eagles (Table 7). However,
many of the permits were for hazing or trap and removal activities (Table 1.2 and
Table 1.6) and were generally applied to limited locales. While the permitted
activity may temporarily impact individual eagles, it does not result in population
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impacts at the regional or national scale. Under Management Common to All
Alternatives, future take above the baseline levels authorized under this existing
permit type will be subject to annual thresholds. Where requests for permits may
exceed the number compatible with the preservation of eagles, permits above
baseline for depredating eagles may not be available. And, if data indicate a
continued decline in golden eagle populations that requires active remedial
measures, then the Service may reduce the level of take currently considered
baseline.

§22.24 Eagle Falconry
Only golden eagles from a specified depredation area may be trapped for

falconry purposes. There is currently only one such specified depredation area,
in Service Region 6, where the Service has permitted an average annual falconry
take of four eagles from 2002 to 2007 (Table 7). Because of the limited use of
this type of permit, while it may impact individual eagles, it does not result in
national population-level impacts. Under Management Common to All
Alternatives, this permit will be subject to the proposed thresholds. In some
instances, where requests for permits may exceed the number compatible with
the preservation of eagles, permits for eagle falconry may not be available.

§22.25 Take of Golden Eagle Nests for Resource Development and
Recovery

This permit for take of inactive golden eagle nests is rarely issued during a
resource development or recovery operation (Table 7). In addition, it must be
determined that the taking is compatible with the preservation of the area's
nesting population of golden eagles. However, there may be instances when
take of an inactive nest may lead to the abandonment of a territory. In such
cases, under Management Common to All Alternatives, this will be subject to the
proposed thresholds. The Service expects that, with increasing development of
energy-related projects, there will be instances where requests for permits may
exceed the number compatible with the preservation of eagles; therefore permits
for take of golden eagle nests for resource development and recovery may not
be available.

4.4.4.2 Take Authorized Under the Endangered Species Act
There will be no changes to take authorized under the Endangered Species

Act from any of the action alternatives; therefore, the Service will eliminate it from
further detailed analysis.

4.4.5 Societal

Religious and Cultural
The degree to which religious and cultural resources may be affected under

Management Common to Both Action Alternatives will depend to some degree
on the number of permits available for religious take under the proposed rule and
the locations in which any permits are authorized. Because we will conduct
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consultation, as necessary, on a case-by-case basis, there is minimal potential
for adverse affects to cultural or religious resources from inadequate consultation
under Section 106 of NHPA or government-to-government consultation on
actions related to eagles.

Under this alternative, the creation of this new permit does not affect the
continuation of existing permits for Native American Religious Use. However, by
establishing thresholds for permits that populations can sustain, it may result in
the occasional unavailability of permits, especially towards the end of the year,
and in areas where there are numerous requests for the new take permit.
However, the Service will mitigate that impact by implementing a structured-
allocation process in each Service Region if there is evidence that demand for
take will exceed take thresholds for either species of eagle, to ensure that take of
birds necessary to meet the religious need of a Native American Tribe will not be
denied due to other take being authorized for another purpose.

Safety
The provisions under Management Common to Both Action Alternatives will

have no specific provisions for take of nests in the case of hazard or health risk
to eagles or humans. It will not make provisions for a programmatic approach to
managing eagles at airfields, which will result in risks to humans and eagles. Nor
will it provide for the removal or relocation of nests away from hazardous sites.
Therefore, without additional, measures, this management scenario may pose
local, but significant risks to human and eagle safety.

Socioeconomic
Energy production and distribution, manufacturing, transportation, real estate

development, recreation, and other human activities can continue with more
predictability because a permit will be available to disturb eagles, and the
conditions for the permit will be set out in a binding rule that provides a
discernible threshold that the public can comply with. However, because the
Service will limit take, especially for golden eagles, in some areas of the country,
the uncertainties regarding permit availability and permit limits may lead to
postponement or delays in planning for some projects.

In all Service Regions, except Arizona and New Mexico, we will substantially
increase the proposed permit allocations for bald eagles over the combined
average annual totals for past ESA authorizations and Eagle Act permit
authorizations (Table 6). However, the proposed permit allocations available for
golden eagles (except in Region 6) will limit development if project proponents
are unable or unwilling to include avoidance and minimization measures in
project designs (Table 7). The Service anticipates minimal impacts to
socioeconomic resources from the proposed thresholds for bald eagles. Initially,
until data indicates the population can support take, projects seeking individual
permits for take of golden eagles above baseline would not receive them, and
would experience locally adverse impacts. However, permits for programmatic
disturbance, or programmatic permits to reduce take resulting in mortality would
be available, if the standard practices adopted as permit conditions will result in a
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net reduction in take or a net take of zero, and no net loss to the breeding
population. Therefore, while there would be locally adverse impacts, the
provisions would not result in impacts deleterious to a broad regional area or
sector of the national economy

4.4.6 Summary
The Management Common to Both Action Alternatives meets most of the

purposes of the action. It is consistent with the text of the Eagle Act, feasible to
implement, predictable for compliance purposes, and enforceable. In addition,
while there will be some localized, socioeconomic impacts, there are provisions
to ensure this alternative will not result in impacts deleterious to a broad regional
area or sector of the national economy. However, neither species will receive the
protection offered by a permit that will allow take of a nest to protect the eagles
from a hazard. Nor will there be measures to reduce ongoing TRM. There is a
potential for significant adverse affects to local area eagle populations as well as
socioeconomic resources. Therefore, without additional measures, this
management scenario is not compatible with the preservation of the eagle and
will not, in itself, fulfill the purpose and need for the proposal.
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Table 6. Previously Authorized and Estimated Annual Take and Annual Technical Assistance provided for Bald Eagles, and
Proposed Annual Maximum Cumulative Take Allowable°.

Region

Technical
Assistance

Actions°
(2006-
2007)

Past ESA-authorized
Take/Reference (2002-2007)

Reported Bald Eagle Actions Under the
Eagle Act (January 2002-July 2007)

Proposed Service
Regional` Maximum

Cumulative Take
Allowable /
Predicted

Population"

Estimated
Average Annual

Individuals
Authorized

Total Nestsor Roosts
Authorized

22.21 Permit
(Scientific &

Exhibition) Avg.
Annual Reported

22.23 Permit
(Depredation/Hazing)

Avg. Annual
Reported

R1 30 18 15 0 2 58 / 7,104
R2 126 7 0 0 0 5 / 797
R3 147 1' 0 e 0 8 224 / 27,617
R4 85 0' 00 0 0 106 / 13,111
R5 174 118 2 0 0 104 / 14,020
R6 52 22 6 4 2 44 / 5,385
R7 400 0 0 3 2 555 / 86,550
R8 4 17 1 0 0 7 / 888
Total 1018 148 24 7 14 1,103 / 155,473

a Although the majonty of permits issued will authorize disturbance, the maximum cumulative take allowable includes all types of take under
the new permit and other existing permits. This includes take of individual eagles; disturbance at nests, communal roosts, and important
foraging areas; and nest removal. The Sonoran Desert eagles will be managed under the ESA.
b Technical assistance reported for Region 7 is under the Eagle Act because the bald eagle was not listed in Alaska.

Regional presentation for comparison purposes only. Eagles will be managed by BCRs, but permits authorized by Region. See Table 0.3.
in Appendix C for detailed allocation by BCR.
°The predicted population estimates are based on the modeling effort explained in the text, Section 2.4.3.
e Notwithstanding the large populations of bald eagles in Service Regions 3 and 4, differences in the take authorized relative to other Service
Regions can be partly explained by potential permittees being able to comply with the eagle guidelines so that take was avoided.
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Table 7. Reported Golden Eagle Actions under the Eagle Act (January 2002-July 2007) and Proposed Annual Maximum
Cumulative Take Allowablea.

Region

Estimated
Annual
Technical
Assistance
Requests for
Golden
Eagle

22.21 Permit
(Scientific &
Exhibition)
Avg. Annual
Reported

22.22
Permit
(Religious

)Take") Avg 'Annual
Reported

22.23 Permit
(Depredation/Hazing)
Avg. Annual Reported

22.23 Avg.
Annual
Reported
Transfer
for
Falconry

22.25 Total
Permit (Nest

Take for
Resource
Recovery)

Authorized`

Proposed
Service

Regional°
Maximum

Cumulative
Take

Allowable /
Predicted

Population
R1 1 0 0 5 0 1 (in 5 years) 3 / 1896
R2 12 1 24 0 0 3/year 5/2,453
R3 0 0 0 0 0 0 0
R4 1 0 0 0 0 0 0
R5 0 0 0 0 0 0 0
R6 338 2 0 8 4 3/year 38 / 20,430
R7 0 0 0 12 0 0 4 / 2400
R8 13 0 0 0 0 0 10 / 5,414

Average Annual Totals
Estimated
National
Totals 365 3 24 25 4 16 60 / 32, 593

a Although the majority of permits issued will authorize disturbance, the maximum cumulative take allowable includes all types o take under the
new permit and other existing permits. This includes take of individual eagles; disturbance at nests, communal roosts, and important foraging
areas; and nest removal.
b Since 2003, all 22.22 Permits have been authorized by Service Region 9, but take has occurred in Service Region 2.

Only 1 nest reported destroyed, all others either relocated or access blocked.
d Regional presentation for comparison purposes only. Eagles will be managed by BCRs, but permits authorized by Region. For example, the
take for BCR 16, from which the Hopi permit is allocated, will be 27 individuals (see Table C.4, in Appendix C for detailed allocation by BCR).
°Where permit has no limit specified, reported take used in estimation.
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4.5 Alternative 2- Eagle Take Permits, Structured Allocation
Authorized, Nest Take for Public Health and Safety, and
Programmatic Disturbance

In Alternative 2, the Service described provisions for authorizing: disturbance
take of eagles; nest take to protect public health and safety and eagles; and a
proposed programmatic disturbance authorization. In Chapter 4, the FEA
specifically analyzes those provisions in Alternative 2 that are additive to
Management Common to Both Action Alternatives.

4.5.1 Bald Eagle and Golden Eagle
The potential impacts to both species of eagles from Alternative 2 will be

similar to those under the Management Common to Both Action Alternatives.
However, the provision in Alternative 2 allowing the take of nests to protect
ihuman or eagle safety will result in some benefits to individual eagles. In
addition, the provisions for programmatic disturbance will reduce the risk of a
piecemeal, iterative loss of important eagle-use areas. Furthermore, setting
thresholds and establishing an allocation process based upon modeling and
population information, and regular review of golden eagle populations will
indirectly improve conditions for the species. These procedures will allow the
Service to respond more quickly to declines and develop conservation measures,
including the ability to adjust permit levels.

Because the Service will review take thresholds on a regular basis (at least
once every five years) relative to bald eagle and golden eagle population and
demographic parameters, the Service will be able to modify or adjust permitting
accordingly. In addition, the Service used conservative assumptions (estimating
take by survival rather than productivity) and application (initially placing a cap on
permitted take at 5% estimated annual productivity for bald eagles and 0%
estimated annual productivity for golden eagles ) of the model used to estimate
take thresholds to account for inherent uncertainties and limitations of surveys
and monitoring efforts.

The Service does not expect population declines to result from the
authorizations granted under Alternative 2. However, it is also possible external
factors could arise that negatively affect eagle populations, and there is an
increased possibility that local area populations may be adversely affected by
take authorized that has disproportionate effects on a specific population.
Whatever the cause, if data suggest population declines are approaching a level
where additional take will be incompatible with the preservation of the eagle (as
interpreted above), the Service will refrain from issuing permits until such time
that the take will be compatible with the preservation of the bald eagle and
golden eagle.

4.5.2 Biological and Physical Environment
There will be some short-term, direct impacts to the biological and physical

environment from this alternative through the provisions for the programmatic
disturbance permit. However, the permits will incorporate measures for long-
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term mitigation or standard practices designed to avoid or minimize the ongoing
and future risk of disturbance to eagles. If the Service creates this permit,
issuance of take authorization may indirectly result in impacts to habitat from
loss, fragmentation, and reduction of suitability for eagles and other wildlife. On
the other hand, development may continue without a permit system, as it has to
this point, without mitigation measures and standard practices in place and only
the voluntary management guidelines and Service enforcement discretion
available to limit or discourage take. Therefore, a permit program requiring
mitigation measures and standard practices may also result in benefits to the
biological and physical environment. Because we will base our permit thresholds
upon Service Region and BCR population segments, the Service believes the
impacts to habitat will be widely dispersed and will not be significant at the scale
of permitting.

4.5.3 Eagle Mortality Associated with Human Activities
This alternative is expected to have few direct impacts on the current level of

eagle mortality associated with human activities, except for the benefits from the
few permits authorized for take of nests that pose a hazard to eagles. Indirectly,
without incentives to reduce mortality through a programmatic permit process to
reduce ongoing TRM, current rates and levels of mortality will tend to increase.
Negative impacts to local populations both species may be significant.

4.5.4 Currently-Authorized Take of Eagles

4.5.4.1 Take Authorized Under the Bald and Golden Eagle Protection Act

§22.21 Scientific Collecting and Eagle Exhibition, §22.23 Take of
Depredating Eagles, and §22.25 Take of Golden Eagle Nests for
Resource Development and Recovery

The impacts to these permits under Alternative 2 are greater than to those
under Management Common to All Alternatives. On the occasion when the
Service determines the permitted activity will take eagles with an effect on the
population, the permit will be subject to the annual permit thresholds. Because
the prioritization hierarchy set forth in Alternative 2 does not prioritize this permit,
there will be years when requests permits for scientific collecting that would affect
productivity cannot be met.

§22.22 Eagle Parts for Native American Religious
Purposes/Certification of Enrollment in a Federally-Recognized Tribe

The impacts to these permits under Alternative 2 are expected to be less than
those under Management Common to All Alternatives or alternative 1. Under
this alternative, permits for Native American Religious Purposes will receive the
highest allocation priority; therefore, we expect there will be fewer cases where a
request for a permit could not be met than under the previous alternatives.
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4.5.5 Societal

Religious and Cultural
The degree to which religious and cultural resources may be affected will

depend largely on the availability of permits under the proposed rule. However,
implementation of the rule could indirectly affect religious and cultural resources
if holders of take permits do not consider them in their planning. There may be
some adverse effects to cultural or religious resources such as sacred places
from inadequate consultation under Section 106 of NHPA or government-to-
government consultation on actions related to eagles.

Safety
The provisions under Alternative 2 will have specific provisions for take of

nests in the case of hazard or health risk to eagles or humans. We expect that
the provisions for a programmatic approach to managing eagles at airfields will
reduce permit delays, thus lowering risks to humans and eagles. The provisions
for the removal or relocation of nests away from hazardous sites will also be
beneficial for humans and eagles. The benefits from this alternative will be
localized and for individual eagles. In addition, the Service estimates the
numbers of permits authorized under this proposal will be concentrated in areas
with larger eagle populations and will not exceed approximately 30 for bald
eagles and one for golden eagles nationally. Therefore, we do not expect that
these programmatic permits will have significant population impacts at the
regional or national scale.

Socioeconomic
Energy production and distribution, manufacturing, transportation, real estate

development, recreation, and other human activities could continue with more
predictability because a permit will be available to disturb eagles in the course of
conducting such activities. In addition, the provision for programmatic
disturbance take under this alternative would potentially minimize economic
impacts by allowing more actions to take place without reaching the take
thresholds. On the other hand, there is no provision for programmatic permits to
reduce TRM, and simplify long-term management issues for industries that
currently contribute to TRM.

4.5.6 Summary
Alternative 2 meets most of the purposes of the action. It is consistent with

the text of the Eagle Act, feasible to implement, predictable for compliance
purposes, and enforceable. It will ensure that prioritized interests are met by
authorizing take according to an established order. However, neither species will
benefit from measures to reduce ongoing TRM. In addition, the lack of
programmatic TRM does not meet the purpose of simplifying long-term
management issues and could result in unacceptable socioeconomic impacts to
local interests. For example, railway corridors that have reduced bald eagle
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mortality to the extent possible, and for which incidental take may have been
available under ESA, will be unable to acquire a take authorization under the
Eagle Act. There is also a potential for adverse affects to local area populations.
Therefore, without additional measures, this management scenario is not
compatible with the preservation of the eagle and will not, in itself, fulfill the
purpose and need for the proposal.

4.6 Alternative 3-Alternative 2 Plus Take Resulting in Mortality
(TRM) Individual and Programmatic Option (Preferred Alternative
and Environmentally-Preferred Alternative):

The only differences between Alternative 3 and Alternative 2 are the
provisions for non-purposeful TRM. The primary purpose for Alternative 3 is to
ensure that any authorized programmatic TRM also include measures to reduce
long-term risk of take. This alternative will also authorize programmatic permits
that could include TRM. We will subject authorized individual permits for TRM to
the same allocation process used for individual disturbance permits.

4.6.1 Bald Eagle and Golden Eagle
Because the Service is setting thresholds for take based upon the predicted

ability of the populations to support that level of take, the impacts of individually-
permitted TRM should have a negligible impact on populations. The Service
expects the impacts of a Programmatic Permit to Reduce or Minimize TRM Take,
as proposed, will result in reductions to ongoing take of bald eagles and golden
eagles, and may have population benefits at a local or regional scale. Such
reductions will be compatible with the preservation of eagles (maintaining
increasing or stable bald eagle and golden eagle populations) on a national or
regional scale.

Because the Service will review take thresholds on a regular basis (at least
once every five years) relative to bald eagle and golden eagle population and
demographic parameters, the Service will be able to modify or adjust permitting
accordingly. In addition, the Service used conservative assumptions (estimating
take by survival rather than productivity) and application (initially placing a cap on
permitted take at 5% estimated annual productivity for bald eagles and 0%
estimated annual productivity for golden eagles ) of the model used to estimate
take thresholds to account for inherent uncertainties and limitations of surveys
and monitoring efforts.

The Service does not expect population declines as the result of the
authorizations granted under Alternative 3. However, it is also possible external
factors could arise that negatively affect bald eagle populations. Whatever the
cause, if data suggest population declines are approaching a level where
additional take will be incompatible with the preservation of the eagle (as
interpreted above), the Service will re-evaluate the conditions of existing permits
and will refrain from issuing additional programmatic permits until such time that
the take will be compatible with the preservation of the bald eagle and golden
eagle.
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4.6.2 Biological and Physical Environment
There will be no significant, direct impacts to the biological and physical

environment from this alternative. If the permit is created, issuance of take
authorization will indirectly result in impacts to habitat from loss, fragmentation,
and reduced suitability for eagles and other wildlife due to implementation of
projects or portions of projects that may not have proceeded without the permit
because they are located in areas that are currently considered too high-risk for
eagle mortality. On the other hand, a permit system with advanced conservation
practices for programmatic reductions in TRM may provide indirect benefits to
other wildlife and habitat if compensatory mitigation measures include habitat
improvements. Because we will base our permit thresholds on Service Region
and BCR population segments, the Service believes the impacts to habitat will be
widely dispersed and will not be significant at the scale of permitting. In addition,
if the permit is widely applied, it will provide indirect benefits to other wildlife by
reducing mortality incurred from the same industries currently taking eagles,
because conservation measures are likely to benefit other wildlife.

4.6.3 Eagle Mortality Associated with Human Activities
Alternative 3, via the option for programmatic permits to manage TRM, is the

only alternative that will provide a mechanism to reduce eagle mortality, as
opposed to disturbance, associated with human activities. While the initial
benefits to populations will not be significant on a national or regional basis, they
may provide substantial benefits to local area populations. If such permits
become widespread, there could be a substantial positive effect on regional and
even national populations. Current, ongoing take that is factored into the
baseline would be reduced as well as future take. Implementation of permits for
new infrastructure would have a goal of no net loss to the population, so we
expect they would not lead to increased levels of take overall. At a minimum,
wide-scale adoption and implementation of measures under the programmatic
lethal permit may buffer the direct and indirect impacts of increased
development.

4.6.4 Currently-Authorized Take of Eagles
The Service anticipates no changes to currently-authorized take of bald

eagles and golden eagles under the Eagle Act, beyond those already addressed
in Alternative 2. However, if the adoption and implementation of the
"Performance-Based" Programmatic TRM permit is effective at a broad scale,
there may be increases in regional populations. If increases in populations are
documented and confirmed, an increase of available take permits may be
warranted.

4.6.5 Societal

Religious and Cultural
The Service anticipates impacts to religious and cultural resources from this

alternative to be similar to those under Alternative 2. If the adoption and
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implementation of the "Performance-Based" Programmatic TRM permit is
effective, there may be increases in Service Regional populations, thus indirectly
benefitting religious and cultural resources. However, implementation of the rule
could indirectly affect religious and cultural resources if holders of take permits
do not consider the affects of their actions on religious and cultural resources
The commitments in this alternative to improved consultation will minimize the
potential for adverse effects.

Safety
The impacts to safety under Alternative 3 will be similar to those under

Alternative 2.

Socioeconomic
In addition to the same socioeconomic impacts as Alternative 2, Alternative 3

will provide a mechanism by which industries and agencies could implement
practices to reduce ongoing eagle mortality, thus demonstrating their
commitment to improving conditions for eagles. This will create additional costs,
but those costs will be balanced by regulatory certainty that comes with knowing
they are not subject to enforcement proceedings, and may not be significant.
Therefore, the Service expects no impacts deleterious to any sectors of the
national economy from this alternative. In addition, TRM may be necessary to
protect public health and safety.

4.6.6 Measures to Minimize Uncertainty
The measures added to minimize uncertainty will tend to reduce the impacts to
cultural resources by providing local information regarding the cultural
significance to tribes and local communities of specific eagle nests and nest
areas that would not be available to us otherwise. That kind of site-specific
information will also ensure that we do not authorize take that has
disproportionate effects on a specific population. In addition, implementation of
goals to improve eagle management will tend to reduce impacts to local area
populations by providing the service with better data and specific management
goals for each species.

4.6.6.1 Structured-Coordination Process with State and Tribal Wildlife
Jurisdictional Entities and Improved Implementation of Service Trust
Responsibilities to Tribes
The structured-coordination measures in Alternative 3 will minimize the effects of
our permit actions on local area populations, increase the ability for effective
implementation, improve the ability to share monitoring reports and data, help
develop standard practices for programmatic permits, and improve the ability to
develop the required components for more localized thresholds and
management. The measures for comprehensive standard operating procedures
on government-to-government consultation, not only on each permit as
necessary, but also regularly on the eagle program as w hole, will better ensure
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consistent, appropriate consultation, and improve our compliance with NHPA,
AIRFA, and RFRA.

4.6.6.2 Goals for Improved Ability to Manage Eagle Populations and the
Permit Program
As we acquire funding and incrementally meet the goals in 26.5 Identified Goals
for Improved Ability to Manage Eagle Populations and Permit Program, which we
set forth in this alternative to mitigate uncertainty, we expect improvements in the
ability of the program to respond more quickly to effects on bald and golden
eagle populations from the program and environmental and human-related
factors.

4.6.8 Summary
This alternative meets the purposes of the action in all respects. It is

consistent with Congress's intent to protect bald eagles and golden eagles,
consistent with the text of the Eagle Act, feasible to implement, predictable for
compliance purposes, and enforceable. In addition, except for safety-related
permits, it will ensure that authorized take of birds necessary to meet the
religious need of a Native American Tribe will not be denied due to other take
being authorized for another purpose, thereby supporting our trust
responsibilities to tribes. Measures for take for public health and safety and the
programmatic TRM provisions will decrease the probability of circumstances
placing human or eagle safety or health at risk. Most importantly, the provisions
in this alternative for programmatic permits to reduce TRM also provide an
important mechanism to reduce lethal take for both species of eagles, and to
improve conditions for golden eagle populations. Without measures for
programmatic reduction in TRM as contained in Alternative 3, our actions may
not be compatible with the preservation of the golden eagle.

Setting national and Service Regional thresholds based upon the
sustainability of such take of bald eagle and golden eagle populations, through
provisions for programmatic approaches and through measures to reduce
ongoing TRM of both species, will: (1) be compatible with the preservation of
eagles; (2) develop a management system that will simplify complex, long-term
eagle management issues by allowing programmatic approaches; (3) provide a
consistent approach to permitting between our Service Regional offices; and (4)
make take authorization available to meet socioeconomic needs.

4.7 Cumulative Effects
Cumulative effects are the impacts on the environment that result from the

incremental impact of the action when added to other past, present, and
reasonably-foreseeable future actions regardless of what agency (Federal or
non-federal) or person undertakes such other actions (40 CFR 1508.7). We
have focused the cumulative-effects evaluation primarily on the potential for
impacts that will require modification of permit thresholds or conditions. Those
impacts could either be to eagle populations or societal resources.
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4.7.1 Bald Eagle and Golden Eagle
When considering the impacts of the permit, past activities, current pressures,

other foreseeable activities such as development, and effects of climate change,
the Service expects that bald eagle populations will continue to grow and expand
overall, although there may be some localized adverse cumulative effects. The
Service expects there may be localized adverse cumulative effects on golden
eagles from the proposed permit, considering past, present, and reasonably-
foreseeable future activities, in particular, energy development, including wind,
invasive weeds, and the effects of climate change. The negative cumulative
effects to both species from Alternative 1, which will not create a new permit, will
be greater than the proposed alternative because it does not contain provisions
for reducing ongoing take. In addition, because, under "Management Common
to Both Action Alternatives", we are setting thresholds for take based upon the
predicted ability of the populations to support that level of take, because
cumulative impacts are considered and addressed on a case-by-case basis
during the permit process, and because the Service will adjust permit thresholds
to incorporate changes in existing conditions, most of the cumulative effects to
eagle populations from this proposal added to other actions will be addressed
through the permitting system. In addition, Alternative 3, which provides for
programmatic efforts to reduce and minimize take resulting in mortality, may
have cumulatively-less-negative population effects than Alternative 2.

4.7.2 Biological and Physical Environment

Bald Eagle Habitat
The United States Census Bureau (2005) interim population projections for

numerical change in population between 2000 and 2030 estimate that Florida,
California and Texas will account for 46% of the United States population growth
(Appendix G). Habitat loss for bald eagles is likely to occur in the foreseeable
future through incremental land clearing for development. For example, it is
projected that between 1978 and 2020, the developed area of the Chesapeake
Bay watershed will increase by 74% in Maryland and 80% in Virginia (Gray et al.
1998). North Carolina is projected to gain 4.2 million people. Most of the States
that currently have the larger bald eagle populations are projected to have
human population increases above 2000 levels ranging from nearly 30% to as
high as 79.5% in Florida. In addition, as one commenter pointed out, there may
be considerable expansion of human development into areas not now considered
major growth areas. They noted that, in Montana, the fastest growing counties
are where the eagles are. The cumulative effects from all alternatives, including
the proposal, and human population growth may lead to localized losses and
fragmentation of bald eagle habitat. However, we will be developing and
implementing a structured coordination process to minimize the potential for
negative local effects. Therefore, the Service does not anticipate significant
negative cumulative impacts from this proposal nationally on bald eagle habitat in
the foreseeable future. The Service also believes measures in Alternative 3 to
improve coordination at the regional and local level as well as development of a
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national golden eagle conservation and management plan will minimize the
potential for negative effects to regional and local populations.

Oil and gas development within the Intermountain West is expected to
continue for the foreseeable future, particularly in Montana, Wyoming, Colorado,
New Mexico, and Utah, where bald eagles typically occur along narrow river
corridors and reservoirs (Figure 8) (USGS 2007a). In addition, there are
undiscovered, technically-recoverable oil and gas resources in other areas
supporting bald eagles (Figure 8). For example, the undiscovered, technically-
recoverable resources of Michigan Basin include a mean of 990 million barrels of
oil and a mean of 311.5 billion cubic meters (11 trillion cubic feet) of natural gas
(USGS 2005). In the foreseeable future, the cumulative effects to bald eagles
from the proposal and energy development may lead to negative effects to bald
eagles in areas such as the Intermountain West. However, these impacts will be
localized, and the Service does not anticipate significant negative impacts from
the proposal and energy development on a national scale. Re-evaluation and
potential adjustments of the permit thresholds and conditions, as well as
comprehensive evaluation of cumulative effects at the permit issuance stage will
minimize the cumulative effects of energy development on bald eagle habitat.

Figure 8 Total Mean United States Oil Resources

Climate Change
Global climate change could raise sea level, perhaps by as much as one meter
(Titus 1990) by the end of this century by expanding ocean water, melting
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mountain glaciers, and causing ice sheets to melt or slide into the oceans (Senior
et al. 2002). Such a rise would inundate coastal lowlands, and impact bald eagle
nest locations associated with them.

At our request, Dr. J. Weiss at the Department of Geosciences,
Environmental Studies Laboratory at the University of Arizona conducted GIS
analysis for FEA of predicted sea-level rise relative to coarsely identified bald
eagle nest areas'. According to Weiss's analysis, using USGS Digital Elevation
Models (DEMs) with a 30-meter resolution, a one-meter sea-level rise will impact
approximately seven percent of currently-identified bald eagle nest areas (Figure
9). At the time of the analysis, the Service had no data available for nests in
Alaska, so they are not shown. However, because most of the surveyed nests in
Alaska are in coastal areas, there will be impacts to those nests as well.

Figure 9 Bald Eagle Nest Areas Susceptible to a One-meter Sea Level Rise

7 Details regarding this analysis can be found at:
htto://www.geo.arizona.edu/dgesl/research/other/climate change and sea level/sea level rise/
sea level rise technical.htm.
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Because the sea-level rise is expected to take place gradually, over a span of
years, bald eagles will have time to relocate. Further, in the years ensuing
between now and the full extent of a one-meter sea-level rise, the Service
expects bald eagle populations to continue to increase. However, because
impacts will be occurring to human property in the same areas, the Service may
see an increase in the requests and need for permits related to human and eagle
safety in these areas.

Cumulatively, if permits thresholds are not adapted to changing conditions,
the impacts of permits may exacerbate the climate-change impacts upon the bald
eagle's habitat, and may have some localized, negative impacts to bald eagle
populations and socio-economic factors. Alternative 1, which will not create a
new permit, may therefore reduce developmental pressures on habitat, and may
have fewer impacts than either Alternative 2 or 3. On the other hand, without
permits setting standards and conditions, and a program setting population-
based thresholds, negative cumulative effects from Alternative 1 may be
significant. Re-evaluation and potential adjustments of the permit thresholds and
permit conditions will minimize the cumulative effects of the permit and climate
change in coastal areas.

Golden Eagle Habitat
Good et al. (2007b) state that if human activities, including development,

continue to increase in the West, the Service can expect an increase in
pressures on golden eagle populations. The sagebrush-shrub habitat, identified
as one of the most altered and at-risk habitats in the West (Knick et al. 2003), is
also the focus of widespread restoration initiatives. We expect that efforts
throughout the western United States to combat cheatgrass invasions and
restore sagebrush-shrub habitats will have short-term negative impacts on the
availability of habitat supporting golden eagle prey species. The permits
proposed, if issued for restoration projects, may contribute to short-term negative
cumulative effects on golden eagle habitat. However, if the restoration projects
include habitat provisions addressing the needs of golden eagles, indirect, long-
term cumulative benefits should accrue from issuance of the permits.

We also expect continued energy development within the golden eagle's
range to a substantial degree for the foreseeable future. For example, the
combined total mean, undiscovered, technically-recoverable natural gas
resources of the Powder River Basin, SW Wyoming Basin, Uintah Piceance
Basin, and San Juan Basin amount to approximately 4.9 trillion cubic meters
(173 trillion cubic feet) of gas (Figure 10) (USGS 2007b). In areas where the
natural gas reservoirs are limited to few formations, the life of the development
will be shorter than that in oil fields, particularly those in complex basins with
multiple formations. In addition, reclamation and restoration of fields in arid
areas may be prolonged.

We expect the trend towards greater wind-energy development to continue.
Although wind development is currently unregulated, and the Service does not
have authority to stop development for lack of a Service-issued permit, some
developers may be reluctant to proceed without one for fear of violating the Eagle
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Act. If permits are developed that adequately address eagle mortality from wind
turbines, there may be even greater increases in siting of wind development in
areas where eagles occur. In that case, issuance of permits for wind
development will indirectly lead to increasing loss and fragmentation of golden
eagle habitat. In areas where restoration projects and energy development
coincide, issuance of permits under the proposal may cumulatively lead to local
degradation of golden eagle habitat. The impacts of the no action alternative,
Alternative 1, (assuming that projects will continue to go forward anyway) will
significantly outweigh the impacts of the action alternatives, which require
minimization and mitigation.

However, these impacts will be localized, although there may be some
regional impacts. The Service does not anticipate significant negative impacts to
golden eagle habitat from the proposal and energy development on a national
scale, although there will be significant impacts to habitat on a regional scale,
and to individual golden eagles from direct mortality. Re-evaluation and potential
adjustments of the permit thresholds and conditions, as well as comprehensive
evaluation of cumulative effects at the permit-issuance stage will minimize the
cumulative effects of the permit and factors affecting habitat.

Total Me= Undiscovered Gas Resource
(Uailman/al Tetimicalty Itacantable Result as)

Figure 10 Total Mean Undiscovered Gas Resources

Climate Change
It is difficult to predict the cumulative effects of the permit and global climate

change. Climate-change effects will locally lead to increased or lower average
annual or seasonal temperatures, or increased or lowered precipitation.
Predicting impacts to eagles from the permit and the local effects of climate
change is subject to changes or fluctuations in such variables as land use,
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vegetation, predation dynamics, parasites, prey abundance or cycles of prey
abundance, and changes in human behavior that leads to increased disturbance
(Mustin eta;. 2007). For example, effects from climate change in the Great
Basin are predicted to exacerbate to some degree the existing golden eagle
habitat impacts from altered fire regimes and invasive annual grasses (Wagner
1998). Climate change-related increases in nitrogen deposition and atmospheric
CO2 concentration favor groups of species that share certain physiological or life-
history traits that are common among invasive species, allowing them to benefit
from global change (Dukes and Mooney 1999). Raptors in general may be able,
through behavioral adaptations such as dispersal to areas with better conditions,
to mitigate some of the predicted impacts from climate change (Wichmann et al.
2005). However, particularly in areas with expanding human development or
habitat degradation, we expect to see increasingly-limited areas with better
conditions to which eagles may disperse.

Cumulatively, the Service does not anticipate significant impacts from the
proposal when coupled with climate change impacts. However, if permit
thresholds were not modified to reflect the altered habitat, the proposal may
exacerbate the impacts from climate change and other activities affecting golden
eagles and their habitat. The proposal may have some localized cumulative
effects that will require adjustments to permit conditions or thresholds.

4.7.3 Eagle Mortality Associated with Human Activities
The Service does not anticipate significant negative cumulative effects from

the permit proposal to eagle mortality associated with human activities, although
achievement of mortality-reduction goals in the programmatic lethal permit could
mitigate some of the cumulative effects. In addition, (Alternative 3, which
provides for programmatic efforts to reduce and minimize take resulting in
mortality, may have cumulatively-less-negative population effects than
Alternative 2. Activities currently leading to eagle mortalities will likely increase in
scale and there may be additional sources of mortality the FEA has not
considered or anticipated. If bald eagle populations continue to increase, the
numbers of deaths, but not necessarily the proportion of the population affected,
will increase regardless of changes in risks or availability of permits. If current
estimates regarding the potential decline of golden eagle population trends are
accurate and continue, an increase in the number of deaths will result in an
increase in the proportion of the population affected. For both species, if factors
leading to habitat alteration remain the same, the numbers of deaths will be
expected to rise. If the Service does not modify permit thresholds to reflect the
altered mortality, there may be some additional, localized effects on eagles.
Notwithstanding predictions, because the Service will review take thresholds on a
regular basis relative to eagle population and demographic parameters, we will
be able to modify or adjust permitting. In addition, wide-scale adoption and
implementation of measures under the programmatic lethal take permit will tend
to buffer the direct and indirect lethal impacts of increased development.
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4.7.4 Currently-Authorized Take of Eagles
Cumulatively, the Service does not expect changes or appreciable impacts to

the continuation or magnitude of currently-authorized take of eagles from this
permit proposal. Nor do we expect the cumulative effect on eagles from the
permit proposal and currently-authorized take to alter in the foreseeable future.
Notwithstanding predictions, because the Service will review take thresholds on a
regular basis relative to eagle populations and demographic parameters, we will
be able to modify or adjust permitting. Alternative 1, which will not create a new
permit, will have cumulatively fewer impacts on other forms of currently-
authorized take of eagles than Alternative 2. Alternative 3, which provides for
programmatic efforts to reduce and minimize take resulting in mortality, may
minimize the cumulative effects to currently-authorized permits by resulting in
increased populations and higher take thresholds.

4.7.5 Societal

Religious and Cultural
In some regions of the country, particularly in the Southwest, cumulative

effects from the proposed permit to eagles and habitat from all types of
development and climate change may result in local population declines.
Because the Service will review take thresholds on a regular basis relative to
eagle population and demographic parameters, the Service will modify or adjust
permitting accordingly. This will have some negative impacts on local religious
and cultural resources. However, we do not expect significant cumulative effects
to religious and cultural resources from the proposal.

Safety
Cumulatively, the Service does not anticipate appreciable changes or impacts

to human or eagle safety from the proposal. There may be some localized
impacts to safety if eagle populations increase to the point of becoming over-
abundant, or in areas experiencing habitat changes from energy development,
invasive species, or dirhate change effects, or TRM from energy development.
Because the Service will review take thresholds on a regular basis relative to
eagle population and demographic parameters, the Service will be able to modify
or adjust permitting to ameliorate most impacts.

Socioeconomic
The Service does not expect significant cumulative effects to socioeconomic

resources in the foreseeable future. If the bald eagle populations continue to
grow in the same Service Regions as the greatest human population growth,
there will also likely be an increase in the permit thresholds. That will minimize
the potential impacts to development. If bald eagle populations decline while
human populations increase, there may also be a decline in available permits,
leading to a localized impact on economic development In some local areas,
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because of annual permit thresholds and impacts to population from other
factors, there may be limitations to the rate of development.

Permit thresholds may have some negative impacts on energy development if
it takes place near areas subject to other development pressures.

However, this will be localized and likely not significant on a regional or
national scale. Because the Service will review take thresholds on a regular
basis relative to eagle population and demographic parameters, the Service will
be able to modify or adjust permitting accordingly. Therefore, the Service
expects no impacts deleterious to a broad regional sector of the national
economy.

4.7.6 Summary
There are few differences between alternatives relative to the cumulative

effects from factors presented in this FEA. Alternative 3, with provisions for
permitting TRM once mortality-reducing performance standards are met, may
serve to buffer some negative impacts to eagle populations. Overall, the
cumulative effects to eagle populations from other resources will tend to
overshadow the impacts of the proposed permits and render them more difficult
to detect. Because the Service will review take thresholds on a regular basis (at
least once every five years) relative to eagle population and demographic
parameters, the Service will be able to modify or adjust permitting accordingly. In
addition, the Service will adopt conservative assumptions (estimating take by
survival rather than productivity) and application (setting a limit consistent with
Mil!sap and Allen (2006)) of the model used to estimate take thresholds to
account for inherent uncertainties and limitations of surveys and monitoring
efforts. The periodic review and conservative approach to thresholds will
mitigate the cumulative effects to eagle populations from the proposal and other
reasonably-foreseeable activities conducted by other entities.

4.8 Trans-boundary Effects of the Alternatives
The Service foresees no impacts of Alternative 1 on bald eagles or golden

eagles in Canada or in Mexico. Alternatives 2 and 3 may have some impacts to
individual eagles of either species from Canada or Mexico by permitting
disturbance of birds at winter roosts or other concentration areas during
migration. However, because the majority of the permits are for disturbance and
for take during the breeding season, there will be no significant population
impacts. The preferred alternative (proposed action), because of measures
designed to reduce ongoing mortality, is expected to protect the current
populations of both species in the United States and is likely to provide a greater
level of protection for bald eagles or golden eagles breeding in Canada or Mexico
but migrating or wintering in the United States.
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Preparers

The assessment was prepared by Diana M. Whittington and George T. Allen,
Ph. D., both from the Division of Migratory Bird Management, in Service Region
9. Preparers from Service Region 2 were Brian A. Mil!sap, Ecological Services,
and David Siegel, Cultural Resources Manager.

Ms. Whittington has a number of years experience in land use and energy-
related wildlife management issues, with an emphasis on raptor conservation.

Dr. Allen has approximately 20 years experience in wildlife research and
management, with an emphasis on raptors. He is a Certified Wildlife Biologist.

Mr. Mil!sap has 29 years of experience in wildlife research and management,
with an emphasis on raptor conservation.

Mr. Siegel has had 40 years experience in cultural resources management
with D.0.1., and state and private museums in the western US.
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Agencies, Organizations, and Persons Consulted for Pur oses of this EA

Name
Purpose and/or

Authorities for
Consultation or

Coordination

Summary

U.S. Fish & Wildlife
Service (USFWS)

Information on Infra-
Service Consultation,
under Section 7 of the
Endangered Species
Act (16 USC 1531)

We have determined, through Infra-
Service coordination, that
consultation pursuant to section 7(a)
(2) of the Endangered Species Act is
not required for these regulations.
The regulations do not directly or
indirectly authorize any activities that
would result in adverse effects to
listed species, so they will not affect
any listed species or critical habitat.
We will conduct section 7
consultations on the issuance of any
future permits where the authorized
activities may affect listed species or
critical habitat.

Advisory Council on
Historic Preservation
John Eddins, PhD.,
Historic Preservation
Specialist

Consultation for
undertakings, as
required by the
National Historic
Preservation Act
(NHPA) (16 USC 470)

Advised that as long as the EA and
the actual regulations indicate that
FVVS will do Section 106 process on
a case by case basis as appropriate,
ACHP will not suggest that FWS
needs to do Section 106 for the
development of the regulations.

Navajo Natural
Heritage Program
David Mikesic,
Zoologist

Consult with as an
agency or individual
with expertise on
impacts on eagles.

Coordination regarding conservation
measures for and status of bald
eagles and golden eagles as
maintained by the Navajo Nation.

USGS, Forest and
Rangeland Ecosystem
Science Center,
Snake River Field
Station, and
Boise State University
- Raptor Research
Center Mark Fuller

Consult with as an
agency or individual
with expertise on
eagles.

Coordination regarding conservation
recommendations for and status of
golden eagles: Topics discussed
included survey and monitoring tools,
management applications,
demographic information, habitat
modeling, and impact analysis of
annual grass invasion and fire regime
effects upon golden eagle prey base.

USGS, Forest and
Rangeland Ecosystem
Science Center
Michael N. Kochert,
Research Wildlife
Biologist

Consult with as an
agency or individual
with expertise on
golden eagles.

Coordination regarding conservation
recommendations for and status of
golden eagles. Topics discussed
included survey and monitoring tools,
long term management issues, and
impact analysis of annual grass
invasion and fire regime effects upon
golden eagle prey base.
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Name
Purpose and/or
Authorities for
Consultation or

Coordination

Summary

NPS, Denali National
Park and Preserve,
Carol McIntyre,
Wildlife Biologist

Consult with as an
agency or individual
with expertise on
golden eagles.

Coordination regarding conservation
recommendations for and status of
golden eagles, with emphasis on
demographics and migration biology.

FS, Rocky Mountain
Research Station
Teryl Grubb, Wildlife
Research Scientist

Consult with as an
agency or individual
with expertise on
eagles.

Coordination regarding conservation
recommendations for and status of
bald eagles and golden eagles, with
emphasis on disturbance research
and eagle biology. 
Coordination regarding conservation
recommendations for and status of
bald eagles and golden eagles, with
emphasis on disturbance research
and eagle biology.

University of Nevada,
Reno
Michael W. Collopy
Executive Director
Academy for the
Environment

Consult with as an
agency or individual
with expertise on
eagles.

Texas Tech University
Clint Boal, Research
Associate Professor

Consult with as an
agency or individual
with expertise on
eagles.

Coordination regarding conservation
recommendations for and status of
golden eagles in the Texas
panhandle. Topics discussed
included long term management
issues, impact analysis of annual
grass invasion and fire regime effects
upon  golden eagle prey base. 
Coordination regarding conservation
recommendations for and status of
bald eagles and golden eagles in
Nevada, in particular impact analysis
of annual grass invasion and fire
regime effects upon golden eagle
prey base.

Nevada Division of
Wildlife
Larry Neel, Non-game
Biologist

Consult with as an
agency or individual
with expertise on
eagles.

Maine Department of
inland Fisheries
Charles Todd, Wildlife
Biologist

Consult with as an
agency or individual
with expertise on
eagles.

Coordination regarding conservation
recommendations for and status of
bald eagles and golden eagles in
Maine

Oregon Department of
Fish and Wildlife
Charles Bruce,
Threatened and
Endangered Species
Coordinator

Consult with as an
agency or individual
with expertise on
eagles.

Coordination regarding conservation
recommendations for and status of
bald eagles and golden eagles in
Oregon.

Idaho Department of
Fish and Game
Bruce Haak

Consult with as an
agency or individual
with expertise on
eagles.

Coordination regarding conservation
recommendations for and status of
golden eagles in Idaho
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Name
Purpose and/or
Authorities for
Consultation or

Coordination

Summary

Utah Division of
Wildlife Resources
Jimmie R. Parrish,
Avian Program
Coordinator,

Consult with as an
agency or individual
with expertise on
eagles.

Coordination regarding conservation
recommendations for and status of
golden eagles in Utah

Texas Parks and
Wildlife, Danny
Swepston and Dave
Holderman

Consult with as an
agency or individual
with expertise on
golden eagles.

Coordination regarding conservation
recommendations for and status of
golden eagles in Texas, including
ecological conditions affecting
populations.

USDA APHIS, Wildlife
Hazard Office, Tom
Seamans and Richard
Dolbeer

Consult with as an
agency or individual
with expertise on
impacts related to
eagles.

Coordination regarding airport safety
risks presented by bald eagles and
golden eagles and management tools

U.S. Air Force Bird Air
Strike Hazard (BASH)
Team
Eugene LeBoeuf,
Chief

Consult with as an
agency or individual
with expertise on
impacts related to
eagles

Coordination regarding flight safety
risks presented by bald eagles and
golden eagles

U.S. Air Force, Air
Combat Command
Alton Chavis,
Deputy Chief,
Environmental
Division

Consult with as an
agency or individual
with expertise on
impacts related to
eagles

Coordination regarding general
applicability of programmatic permit
concept to flight operations
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APPENDIX A

Native American Traditional Cultural Properties

State County Resource Name
Arizona La Paz Eagletail Petroglyph Site
Georgia Putnam Rock Eagle Site
Montana Lewis and Clark Eagle's Site
Nebraska Holt Eagle Creek Archeological Site
Oregon Curry Eagle Rock

Wisconsin Grant Eagle Valley Mound District
Wisconsin Richland Clipped Wing Eagle Mound
Wisconsin Richland Eagle Township Mound Group
Wisconsin Richland Hunting Eagle Mound

a Data are from a database search on search term >eagle= on 18 September 2007, from
http://www.nps.00v/history/NR/research/index.htm.

b Data further refined by conducting a site-by-site, screen for potential association with
sites with cultural significance associated with eagles. Information accessed on 10
October 2007, from www.nationalregisterofhistoricalblaces.com .

We consider this list to be far from comprehensive, and include it primarily to
illustrate the minimal information currently available. A lack of formal listing does
not lessen the need to consider a property; instead, it emphasizes the need for
close coordination with appropriate parties at the project planning stage
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Appendix B

Tribal Status

State Status and NatureServe Conservation Status

We recognize that the information regarding Tribal protection
status is not exhaustive.

NatureServe Subnational
Conservation Status Ranks
Si - Critically imperiled in the State
S2 - Imperiled in the State
S3 - Vulnerable in the State

S4 - Apparently secure
Breeding Status Qualifiers
B- Status of Breeding Population
N- Status of Nonbreeding
Population
M - Status of Migratory Population

Status Terms:
Other Protected- includes statutes specifically prohibiting take of migratory
birds, eagles, and/or raptors
SOC - Species of Concern
SSC - Species of Special Concern
U -Unable to find government-specific measures
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Table B.1. Tribal Status for Bald Eagles and Golden Eagles, Known as of the Date of This FEA
Tribal Status'

Tribal Entity Bald Eagle Golden Eagle

Eastern Band of Cherokee Other protected Other protected
Jamestown Tribe S'Klallam Other protected Other protected
Mille Lacs Band of the Ojibwe Endangered Endangered
Navajo Nation Endangered Endangered
Nez Perce Endangered U
Oneida Nation of New York Other protected Other protected
Sault Ste Marie Tribe of the Chippewa Other protected Other protected
White Earth Band of the Chippewa Other protected Other protected

a . Information obtained online by a search of resources provided by he Tribal Court Clearing House, a project of the Tribal Law and
Policy Institute.(htto://www.tribal-institute.oro/lists/codes.htm) and the National Tribal Justice Resource Center
(http://www.tribalresourcecenter.oro/tribalcourts/codes/defaultaso)  Data last accessed on October 10, 2007.
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Table B.2. State Status and NatureServe Conservation Status Rank for Bald Ea gles and Golden Eagles
State Status/NatureServe Conservation Status Rank

State
Bald Eagle Golden Eagle

Status
NatureSenre
Subnational
Conservation
Status Rank

Stat us
NatureServe
Subnational
Conservation
Status Rank

Alabama Other Protected S3B Other Protected SNA
Alaska No Special Status S4B, S4N No Special Status 54
Arizona Other Protected S253B, S4N Other Protected S4
Arkansas Other Protected S2B, S4N Other Protected S3N
California Endangered S2 SSC Protected S3
Colorado Threatened Si B, S3N Other Protected S3S4B, S4N
Connecticut Endangered SIB, S3N U SNA
Delaware Endangered S2B, S3N U SNA
District of Columbia No Special SXB, S2N U U
Florida Other Protected S3 U SNA
Georgia Endangered S2 Other Protected Si
Idaho Endangered S3B, 54N No Special Status 54B, S4N
Illinois Threatened S2B, S3N Other Protected SNA
Indiana Endangered S2 Other Protected S1N
Iowa Endangered S3B, S3N No Special Status SNA
Kansas Threatened Si B, 54N Other Protected S1B
Kentucky Endangered 528, 52S3N Other Protected SXB, S2N
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State Status/NatureServe Conservation Status Rank

State

Bald Eagle Golden Eagle

Status
NatureServe
Subnational
Conservation
Status Rank

Status
NatureServe
Subnational
Conservation
Status Rank

Louisiana Endangered S3B, S2N No Special Status S1N
Maine Threatened S4B,S4N Endangered S1B,S1N
Maryland Threatened S2S3B, S3N No Special Status S1N
Massachusetts Endangered S1 Other Protected S1N
Michigan Other Protected sa Other Protected SNRN
Minnesota Threatened S3B, S3N No Special Status SNA
Mississippi Endangered SIB, S2N Other Protected S1N
Missouri Endangered 53 Other Protected SNRN
Montana Other Protected S3 No Special Status S4
Nebraska Threatened Si Other Protected S3
Nevada Threatened SIB, S2N Other Protected 54
New Hampshire Endangered Si Endangered SHB
New Jersey Endangered Si B, S2N No Special Status S4N
New Mexico Threatened SIB, S4N Fully Protected 53B, S4N
New York Threatened S2S3B, S2N E (extirpated) SHB, S1N
North Carolina Threatened 53B, S3N Other Protected SXB
North Dakota Other Protected Si Other Protected S3
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State Status/NatureServe Conservation Status Rank

State
Bald Eagle Golden Eagle

Status
NatureServe
Subnational
Conservation
Status Rank

Stat us
NatureServe
Subnational
Conservation
Status Rank

Ohio Threatened S2 Other Protected SNA
Oklahoma Threatened SNR	 . SSC Protected S2
Oregon Threatened S4B, S4N U S4
Pennsylvania Endangered S2B U SNA
Rhode Island No Special Status SIB, S1N No Special Status U
South Carolina Endangered S2 U U
South Dakota Threatened S1 B, S2N U S354B, S3N
Tennessee Other Protected S3 Threatened Si
Texas Threatened S3B, S3N Other Protected S36
Utah Other Protected Si B, S3N Other Protected S4
Vermont Endangered S1 B, S2N U S1S2N
Virginia Threatened S2S38, S3N Other Protected SHB, S1N
Washington Threatened S4B, S4N SOC candidate S3
West Virginia Other Protected S2B, S3N Other Protected S3N
Wisconsin Other Protected S4B, S2N Other Protected S2N
Wyoming Other Protected S3B, S5N Other Protected S3B, S3N
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APPENDIX C

Methods for Determining Eagle Take Thresholds

Introduction
In general, the study of demographics looks at life events such as births,

deaths, immigration, and emigration, factors that affect the size and composition
of a population. The timing of these events in life history may be critical; a
population with high juvenile mortality will have a very different structure from a
population with high adult mortality, a factor that would be removing breeding
members of a population at a higher rate. The models applied in developing the
permit thresholds rely on published estimates and have been used to develop
estimates regarding overall survivorship and productivity of individuals within a
population.

The FEA offers here a demonstration of how such data can be applied, in
order to help explain how the Service arrived at the permit thresholds. At its
most basic, data from a group or groups of individuals all born in the same time
period (cohort) can be used to estimate such things as age- or stage-specific
mortality rates, survivorship, and basic reproductive rates. Those rates can be
compared from cohort to cohort to provide an idea of annual variation within one
population and variation between different populations. For example, a juvenile
survival rate of 0.47 means, of 100 first-year birds, 47 survived until the end of
the first year. If juvenile survival is 0.84, 84 of 100 survived. There are survival
ratios for each succeeding cohort, typically calculated by using juvenile, subadult,
and adult stages; in eagles, adult stage is generally assumed to be reached at
the fifth year. To illustrate, we present an idealized comparison of 2 first-year
cohorts from 2 eagle populations. With only the difference in juvenile survival,
and subadult and adult survival of 0.89, we would have notable differences in the
total of individuals remaining in this cohort of 100 young at the end of the fifth
year (Tables Cl.. and C.2.).

Table C.1. Cohort/Population 1
.47 Juvenile Survival Rate

Year (survival
Rate)

Starting
number

100
1	 (.47) 47
2 (.89) 41
3(.89) 36
4(.89) 32
5(89) 28

Table C.2. Cohort/Population 2
.84 Juvenile Survival Rate

Year (survival
Rate)

Starting
number

100
1 (.84) 84
2(89) 74
3 (.89) 65
4(89) 57
5 (.89) 50
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The following more detailed discussion relies heavily on published papers by
Hunt (1998) and Mil!sap and Allen (2006). Terms used are defined as follows:
productivity is the number of young fledged on average per nesting attempt per
nest site; survival rates are the proportion of individuals surviving each year;
equilibrium is the stable age structure that eventually results from a given set of
productivity and survival rate values in an eagle population; nest site includes the
nesting structures and surrounding foraging areas required by a pair of eagles for
successful breeding.

Our overall management objective for bald and golden eagle populations is to
ensure authorized actions do not result in declines in breeding populations of
either species. Determining appropriate levels of take directly is not practical
because important population parameters like productivity and survival fluctuate
from year-to-year, and direct counts of nests and young (the typical method for
estimating eagle population size and health) do not account for non-breeding
eagles, which can make up as much as 30% of healthy eagle populations. For
this reason, we used a demographic population model to estimate the likely
impact of permitted take at different levels on eagle populations over the long-
term (defined here as 100 years). In their simplest form, population models use
point estimates, usually mean values, for productivity and survival rates for
different age classes in an algebraic formula to estimate population size at
different points in time. The calculations are relatively straightforward, with
population size in year 2 being equal to population size in year 1 minus deaths
plus the number of breeding pairs times annual productivity. Such models are
termed deterministic models. Complex models, known as stochastic models,
incorporate measures of annual variation for the population parameters, and can
allow fairly precise estimates of take potential within defined confidence intervals.

In the case of eagles, we lack adequate data on population parameters and
annual variation for rigorous stochastic modeling. Instead, we adopted a more
conservative approach using a deterministic model to estimate the maximum
number of individuals that could be taken annually under a given set of
productivity and survival rate values without reducing the number of breeders in
the population in the future. The critical point where take is maximized without
compromising breeding population size is termed the Maximum Sustainable
Yield (MSY) for the population. Because deterministic models are based on
average conditions, they overestimate take potential in years with low
reproduction or high mortality (and they underestimate take potential in years of
high productivity or high survival). Additionally, our estimates of population
parameters may be biased or imprecise. To compensate for this uncertainty, we
followed the recommendation in Mil!sap and Allen (2006) and set take limits at no
more than % MSY, or 5% (1% in cases where demographic data are lacking or
questionable) of annual production, whichever is lower, to ensure that under all
circumstances take does not approach the point where the number of breeders is
reduced. This is a conservative approach that almost certainly underestimates
the harvest potential of the population, and with better demographic information
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and systematic population monitoring higher harvest rates might be supportable.
We determined MSY by running the model to population equilibrium for 100

. years with incremental 1% increases in first-year mortality until we reached the
point where the pool of floaters was exhausted and any further increases in
mortality resulted in some nest sites being unoccupied. We determined total
reduction in the number of young added to the population at this take level, and
then found % MSY by determining the midpoint between the original total annual
production estimate and that at NISY. Take thresholds at the 5% and 1% harvest
rates were determined directly by multiplying the estimated number of nesting
pairs by mean productivity, and then multiplying the product by 0.05 or 0.01
(Figure C.1).

In healthy eagle populations the factor with the greatest impact on population
size is the number of suitable breeding sites that exist on the landscape. For
some species, the availability of suitable nesting places like cliffs sets this upper
limit, while for others, territorial behavior establishes the upper maximum.
Regardless, the net effect is to establish an upper limit on the number of pairs
that can breed in a given landscape. In healthy populations there are more
adults in the population than can breed, and these excess adults are called
floaters. Floaters fill vacancies at nest sites as they occur, and as such, serve to
buffer populations from decline in times when productivity does not offset
mortality. We incorporated this concept into our models by setting an upper limit
on the number of pairs that can breed equal to the number of currently known
occupied nest sites in a population. This is conservative for populations that are
growing, but may overestimate harvest potential in populations where nest sites
are being lost.

To check our assumption that the take thresholds established would not
produce declines in the number of breeders even with expected annual variation
in vital rates, we incorporated stochastic effects into our final model of take
thresholds for both species. We simulated natural variation in demographic
parameter rates by randomly selecting 100 values from a normal random
distribution with . mean equal to the parameter mean and standard deviation (SD)
equal to a plausible SD for each parameter, and then running the model for 100
years using the 100 randomly generated values. For productivity, we used a SD
of 0.81 for both species. This value was the observed SD in a demographic
study of bald eagles in Florida (Millsap et al. 2004), and exceeded the SD for
productivity from a long-term study of golden eagles in Idaho (0.35; Steenhof et
al. 1997), and was therefore likely conservative in the context of this analysis.
There are no studies for either species that have been ongoing long enough to
generate reasonable estimates of SD for annual survival. However, in the case
of the closely related Spanish imperial eagle (A. heliaca), the SD of annual
survival was 0.02 (Ferrer and Caldron 1990). We used a SD of 0.2 (10 times that
observed for the Spanish imperial eagle) for juvenile survival and 0.1 for subadult
and adult survival, under the assumptions that: (1) these likely overestimated the
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real SD and were therefore conservative in the context of the analysis, and (2)
that the SD for juvenile survival would be greater than for subadults or adults.

Types of Take and Their Impacts: We contemplated three basic types of
take that might be authorized by the Service. The first is take of individual
eagles, either directly (e.g., falconry take of depredating eagles or take of
individual for their feathers for Native American cultural or religious use) or
indirectly (e.g., powerline electrocutions or collisions with wind turbines). The
second is the temporary loss of productivity by causing disturbance of breeding
pairs leading to abandonment of nests, or by rending nest sites temporarily
unusable (e.g., as might occur through disturbance associated with timber
harvest near a nest). The third form of take is the permanent loss of a nest
territory, such as might occur with a dam project that inundated a nest site and
the surrounding foraging area. In all cases, we assessed the impact of take on
eagle populations by determining how the action related to our objective of not
allowing cumulative annual take to exceed 1/2 MSY, 5%, or 1% of annual
production. Since these harvest metrics are in units of individual eagles, we
related each form of take to the number of individuals that would be removed
from the population by the permitted action. This is straightforward for take
permits for individual eagles, where the number of individuals permitted to be
taken can be directly subtracted from the take limit. For pairs disturbed to the
point that a nesting attempt is abandoned or otherwise lost, we considered the
impact to be the loss of average productivity for each site affected. Thus, for a
bald eagle population with average productivity of 1.3 young fledged per active
nest site, a permit authorizing disturbance of a breeding pair for one year would
have the effect of removing 1.3 individuals from the subsequent year's
population. For both of these forms of take, the effects are limited to the year in
which the action occurs. Thus, take limits go back to their original levels each
year.

In the case of the permanent loss of a nest territory, the effect is more
complex. Because permanent loss of a nest site permanently reduces the
number of potential breeding pairs, take of nests is inherently incompatible with
our management objective of not causing declines in the breeding population.
Despite this, in some cases, for example cases involving human health and
safety, we anticipate needing to issue such permits. The effect of this kind of
take will not be limited to the year that take initially occurs, but to all future years
as well because the equilibrium population size will be permanently reduced,
unless new nest territories are created that offset the loss. We determined the
recurring impact of permanent loss of nest territories by running the model with
incremental 1-nest site decreases in the number of suitable nesting sites, and
then compared the total population size at each new population equilibrium with
the original total population size at equilibrium. The permanent loss of a nest
territory resulted in constant and predictable decreases in equilibrium population
size ranging from 4 to 11 individuals, depending on average productivity (Figure.
C.2). While this impact cannot be completely offset by modifying take levels, its
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effect in reducing the overall reproductive capacity of the population can be partly
addressed by permanently reducing the take limit for the population by the
difference in equilibrium population size caused by the action. Thus, in a bald
eagle population consisting of 1,370 breeding pairs where % MSY is 338, the
permanent loss of a nest territory reduces equilibrium population size by 8,
leading to a new annual take limit of 330 individuals in future years. This take
limit remains in effect unless and until population surveys show that new nest
sites have become available that offset the losses.

Figure C.1. Results from a series of deterministic model runs for a hypothetical bald
eagle population under increasing levels of take. Population structure at each level of
take on the X axis is the equilibrium population structure reached after 100 years at that
level of take. The red dashed line indicates the point of Maximum Sustainable Yield
(MSY), the green dashed line is 'A MSY, and the solid green line is a harvest rate of 5%,
the proposed annual take permitting threshold for this example. Demographic values for
the model are from Millsap et al. (2004): productivity = 1.3 young per nest site, juvenile
survival = 0.77, subadult survival = 0.88, adult survival = 0.83, and number of nest sites
= 1,371.
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Figure C.2. Results from a series of deterministic model runs for a hypothetical bald
eagle population under increasing levels of permanent nest territory take. Population
structure at each level of take on the X axis is the equilibrium population structure
reached after 100 years at that level of take. Note that there is no level of take that does
not lead to a decrease in the number of breeders, hence this type of take is inherently
incompatible with our stated management goal. Demographic values for the model are
from Millsap et al. (2004): productivity = 1.3 young per nest site, juvenile survival = 0.77,
subadult survival = 0.88, adult survival = 0.83, and number of nest sites = 1,371.

Determining Bald Eagle Take Thresholds •

Derivation of Bald Eagle Regional Management Populations: We present
here a brief description of the steps we took to delineate potential bald eagle
regional management populations for the Eagle Act post-delisting permitting
purposes. Our goal was to identify regional management populations for which
take permitting thresholds would be calculated to ensure permitted take does not
disproportionately negatively affect any regional management population.

1. We obtained from a variety of sources but mainly State fish and wildlife
agencies, latitude and longitude coordinates of all known recently occupied bald
eagle nest sites in the lower 48 states (-15,0000 point records). This data set
was used by the Service and the USGS in development of the plot-based post-
delisting monitoring approach. It will also be a reference point for permitting
purposes.
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2. We then obtained all bald eagle band recovery records since 1937, and
screened that dataset for records that were of eagles banded as nestlings that
were recovered > 5 yr later during months that corresponded to egg-laying or
early nestling periods for the natal "population" for the individual. We extracted
from this subset of records data for the states of FL, VA, MN, AK, and AZ (n =
50), and computed the median "natal" dispersal distance (assuming that birds
that met the criteria were likely breeding or in locations awaiting opportunities to
breed). We then buffered the nest point data with the median natal dispersal
distance ( 43 miles), and connected buffers around points where they
overlapped.

3. We drew lines connecting gaps in the interconnected buffers to delineate
potential management populations, under the presumption that, while certainly
not genetically or demographically isolated, dispersal of individuals was likely
greater within than between the populations given the relative distribution of nest
sites (Figure C.3).

4. As a check on the hand-drawn lines, we computed fixed-kernel contours
for the nationwide pooled nest point data. The contours largely supported the
"eyeballed" management populations we had identified, though some
management populations (such as southwest) have too few nest points to even
be included in the 95% contour (Figure C.4).

Figure C.3. Preliminary bald eagle population management boundaries (red lines)
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Figure C.4. Bald eagle population density and preliminary management
boundaries (red lines)

5. Because the management 'regions' resulting from the preceding steps
would have posed heightened administrative difficulties (one 'region' would have
overlapped three separate Service Regions), we developed a proposal
combining aspects of both biological and administrative boundaries (Figure C.5).
One notable benefit to using Service Regional boundaries when possible is that
they also correspond to State boundaries, further simplifying the coordination
needs.

135



Figure C.5. Bald eagle population density analysis within proposed
administration boundaries (within-Service Region population boundaries
identified in red)

The red discontinuous lines in Figure C.4 shows the areas within Service
Regions that we propose to treat as separate management populations. Figure
C.6 reintroduces the general nest point location data as additional confirmation
that the approach taken is supportable.
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Figure C.6. Proposed general bald eagle management boundaries, relative to
populations and population density analysis. States in each Service region are
colored similarly and red lines denote bald eagle management population
boundaries within Service regions.

Estimates of Population Size: For bald eagles, the state fish and wildlife
agencies had provided the Service with locations of known nest sites, and
separately, a count of occupied nest sites at the time of delisting (8,563; 72 FR
37345, July 9, 2007). These two data sets did not agree, because the dataset of
mapped nests included both occupied and, in some cases, unoccupied sites.
We felt it was reasonable to presume the state nest data proportionally reflect the
distribution of eagles by regional management population. Accordingly, for the
coterminous states, we estimated the number of occupied nest sites by
multiplying the minimum number of occupied nest sites at the time of delisting by
the proportion of nests in the State database in each region (Table C.3.). The
Service conservatively assumed 15,000 occupied nest sites in Alaska based on
partial surveys there (P. Schempf, U.S. Fish and Wildlife Service, personal
communication). We adjusted these values to accommodate new or corrected
information provided to us by state and tribal wildlife management agencies
during the comment period on the draft EA.

For bald eagles, the Service used demographic values reported by Millsap
et al. (2004) from Florida in the models for most regional management
populations (annual adult survival = 83%, annual subadult survival = 88%,
annual juvenile survival = 77%, number of juveniles fledged per occupied nest
per year = 1.3), but we used more specific data when it was available (see
citations in footnotes to Table C.3). Modeling provided us with an estimate of the
number of bald eagles within each regional management population (Table C.3.).
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Take of Individual Eagles: Population size estimates in Table C.3 provide a
direct means of establishing annual thresholds for take of individual eagles while
maintaining increasing or stable populations, assuming a direct relationship
between the loss of individuals and overall population size. This approach
assumes that all eagles are equal as long as population growth rates are
positive, because under this condition there is a surplus of adult eagles in the
population relative to the number of suitable breeding areas. We tested this
assumption by running models with incremental decreases in adult (rather than
juvenile) survival, and at the harvest rates contemplated we saw no difference in
the effects on populations. To provide for uncertainty, and to allow for
randomness not accounted for in the model, the Service followed the
recommendation in Millsap and Allen (2006) and established recommended
thresholds for take of bald eagles at levels of 5% of annual production, except
that% MSY was more conservative in the case of the Southwestern
management population, so 1/2 MSY was used in that case. The total estimated
take allocated to each Service Region in Table C.3. is the total for all types of
take, of individuals, disturbance of breeding pairs, disturbance of communal
roosts and important foraging areas, as well as the permanent loss of nesting
territories. Under the proposed management scenarios for each regional
management population, the lower 90% confidence limit for lambda in the
stochastic model exceeded 1.0 (Table C.5).

Permanent Loss of Nest Territories Resulting in Permanent Abandonment
of Territories: As noted earlier, permanent loss of nest territories, resulting in
permanent abandonment has more profound long-term effects on eagle
populations than the loss of individual eagles. The Service employed the same
model described above to set thresholds on the number of eagle territories that
could be permanently taken each year while maintaining increasing or stable
populations, again assuming conservatively that populations are at equilibrium.
The Service initiated modeling with the current population size estimates in Table
C.3., and then recalculated population size estimates with iterative decreases in
the number of available nest sites to determine what level of territory loss would
decrease in overall population size at population equilibrium. For bald eagles at
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current population levels, model results indicated the permanent loss of a nest
site or abandonment of a territory leading to loss of a nesting pair was
demographically equivalent to the loss of 5 to 11 individuals, depending on vital
rates. As noted earlier, because loss of a territory confers a recurring decrease
in population potential, the authorization to take a territory permanently reduces
subsequent year's take thresholds by 5 to 11, depending on the management
population, unless subsequent surveys show the regional bald eagle nesting
population is growing.

Cumulative Effects: Recommended thresholds for take of individual bald
eagles and nests are not independent of one another. To ensure overall levels of
take do not exceed the recommended thresholds, the Service would consider the
permitted likely permanent loss of a nest territory or abandonment of a territory
resulting in the loss of a nesting pair to be the effective equivalent of the
permitted take of 5 to 11 individual bald eagles from the regional management
population, depending on the population. For most management populations, we
used demographic data from Florida (Millsap et al. 2004), an din these cases
take affecting 1 individual = 1 individual from the threshold; take resulting from
disturbance at 1 nest for only 1 time = 1.3 individuals from the threshold, 1 nest
take resulting in the permanent abandonment of a territory = 1.3 individuals from
the threshold the first year, and a reduction in 8 individuals from the annual
threshold each year thereafter until data show the number of breeding pairs has
returned to the original estimated, or until it can be demonstrated that the
predicted loss has not occurred.

Determining Golden Eagle Take Thresholds
Under the same basic management objective as for bald eagles (i.e.,

permitting take at a level that would be consistent with the goal of stable or
increasing breeding populations), and using the same modeling framework (i.e.,
that described in Millsap and Allen 2006 as developed by Grainger Hunt), annual
take thresholds for.golden eagles in the western United States (excluding Alaska)
are as indicated in Table C.4.

The approach used here is somewhat different than that taken for bald
eagles. For golden eagles, the best available demographic data are from Hunt et
al. (2002) and Kochert et al. (2002), and these data sets were used by Mil!sap
and Allen (2006) to estimate sustainable falconry harvest. However, the Service
also has recent golden eagle population size and juvenile: non-juvenile age ratio
information from BCRs 9, 10, 16, and 17 from Good et al. (2008), covering a
greater area extent than the data from Hunt et al. (2002). The Good et al. (2008)
report suggested the average golden eagle population size for the sampled
BCRs in 2003, 2006, and 2007 was 24,602, 18.6% of which were juveniles (< 1
year old). The Good et al. (2008) report suggests golden eagle reproduction was
very high in 2003. In favorable years most if not all golden eagle pairs attempt to
breed (Kochert et al. 2002). We assumed this was the case in the surveyed
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BCRs in 2003, and that productivity in that year was equal to the median
reported in Kochert et al. (2002) (0.87 young fledged per breeding pair). Based
on the number of juveniles estimated to be present in 2003 and assuming
average productivity of 0.87 per pair, we estimated these BCRs support 5,800
breeding pairs. Assuming 5,800 breeding pairs, we iteratively decreased
productivity values in the population model until we reached a juvenile population
size that approximated the average number of juveniles estimated in the Good et
al. (2008) survey for 2003, 2006, and 2007 (4,577). Using this productivity value
in the model (0.79 young per breeding pair) yielded an estimated a total
population size slightly higher than 24,602, so we iteratively decreased the
juvenile survival rate to 0.61, at which point the total population size from the
model was approximately equal to the average in Good et al. (2008). Our
rationale for varying productivity and juvenile survival to balance the equation is
that these vital rates are the most variable in studied golden eagle populations
(Kochert et al. 2002)

This approach could be extended to include golden eagles from Alaska, and
for other BCRs outside the study area covered by Good et al. (2004). However,
estimates of population size in Alaska are coarse, and juvenile survival may be
far lower, so management would therefore require a conservative approach. Just
as the Service used the demographic parameter estimates derived from Good et
al. (2008) because they covered a greater geographic extent than other
information, the Service also, for the same reason, used the golden eagle
population data from the Partners in Flight Landbird Populations Estimates
Database, based upon the estimates in Rich et al. (2005), using BBS data. The
Service recognizes the limitations of the data, and discusses them in Millsap and
Allen (2006) (Appendix E), and we recognize that the data accuracy and
precision vary widely. However, the population estimate of 24,602 derived for
BCRs 9, 10, 16, and 17 using data from Good et al. (2008), is comparable to the
population estimate of 26,265 for the same BCRs from Rich et al. (2005). In
addition, there are estimates, varying in reliability, for every BCR covered in this
proposal with breeding populations of golden eagles. But because there is little
evidence BCRs correspond to real breaks in golden eagle distribution, and
because the estimates may not exactly reflect population data from individual
States, the Service will modify our approach to establishing take thresholds and
allocations as better information becomes available. At this point the Service
believes the proposed approach would provide the kind of regional safeguards
against regional "overharvest" that would be similar to what the Service has
proposed for bald eagles.

In a subsequent step, stochastic (sensitivity) analysis indicated the lower 90%
confidence interval for lambda under this management scenario is greater than
1.0 (Table C.5). After we conducted the sensitivity analysis, we received data
from the 2008 golden eagle surveys (Good et al., personal communication,
January 14, 2009). Combining the 2008 data with that from 2003, 2006, and
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2007 (Table C.6), yielded averages which, when incorporated into the model,
indicated a negative population growth rate.

Because of the uncertainty in golden eagle demographic parameter estimates
and population size estimates, the results of additional sensitivity analyses we
conducted (Table C.5), and new information received after the sensitivity analysis
suggesting the population growth rate averaged over the span of record of the
WEST survey for golden eagles may be negative, the Service will initially place a
cap on permitted take (following the approach recommended in Mil!sap and Allen
2006) at 0% estimated annual productivity for golden eagles. If, in the future,
data and modeling suggest golden eagle populations can support take, we would
begin to authorize take at no greater than 1% of annual productivity, unless
information available at that time demonstrates that higher levels of take can be
supported ( again, following Millsap and Allen 2006 for species with high
uncertainty ). However, at this time, of those permits authorized under the new
rule, we will only consider issuance of "safety emergency take" and the
Programmatic Take permits for golden eagles , the latter because it offers the
most immediate potential for reducing ongoing take and improving populations.

The total estimated take allocated to each Service Region in Table C.4. is the
total for all types of take, of individuals, disturbance at nests, communal roosts,
and important foraging areas, as well as take of nests.

Cumulative Effects: Recommended thresholds for take of individual golden
eagles and nests are not independent of one another. To ensure overall levels of
take do not exceed the recommended thresholds, at the point the Service
determines the populations can support take, the Service would consider the
permitted likely permanent loss of a nest territory resulting in the loss of a nesting
pair to be the effective equivalent of the permitted take of 4.26 individual golden
eagles from the regional management population. For golden eagles: take
affecting 1 individual = 1 individual from the threshold; take resulting from
disturbance at 1 nest for only 1 time = .79 individuals from the threshold, 1 nest
take resulting in the permanent abandonment of a territory = .79 individuals from
the threshold the first year, and a reduction of 4.26 individuals from the annual
individual permit limit each year thereafter until data show the number of
breeding pairs has returned to the original estimated, or until it can be
demonstrated that the predicted loss has not occurred.

Determining Take Allocation for Life History Traits pertaining to Both
Eagles
Thresholds for Take of Communal Roosts and Important Foraging Areas:
The degree to which eagles might be disturbed (as defined at 50 CFR 22.3) by
the loss of a communal night roost or foraging area would probably require case-
by-case evaluation. Where eagles are known to be heavily dependent on a
particular roost or foraging site, abandonment of the site due to human activities
constitutes a disturbance. In cases where disturbance is deemed likely to occur,
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the most probable expression of that disturbance would be loss of the individual
eagles. Recommended thresholds for take which results in a temporary loss of
productivity would incorporate the total permitted disturbance of eagles at
communal night roosts and important foraging areas. Determination of the
amount of take incurred per location would be determined on a case-by-case
basis by the Service Regions.
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Table C.3 Maximum Cumulative Take Allowable for Bald Eagles

REGION/MANAGEMENT UNIT TERRITOMMNDI
MUAL RATIO'

HARVEST
THRESHOLD (%

	

NUMBER MAPPED % TOTAL MAPPED PREDICTED NUMBER PREDICTED TOTAL 	 ANNUAL
NESTS	 NESTS	 NESTING PAIRS'	 POPULATION SIZE' 	 PRODUCTION

AND/OR % NESTS
DISTURBED(

ANNUAL
ANNUAL

INDIVIDUAL TAKE NESTING PAIR
17 1,,	 STURBANCE

THRESHOLD"
THRESHOLD'

MAXIMUM
CUMULATIVE

TERRITORY TAKE
THRESHOLD"

MEAN NUMBER
RIDGED PER
	 ESTIMATED ANNUAL

OCCUPIED NEST
	 PRODUCTION

Region I 2,321.00 14.68% 1,019.31 7104.51 5.00% 1.160.11 53.01 50.97 3.33
Northern Rocky Mountains 163.00 1.06% 90.97 727.80 5.00% 1.30 118.27 5.91 4.55 8.00 0.74
Pacific' 2,153.00 13.62% 928.34 6376.72 5.00% 1.30 / 041 34 52.08 46.42 800 7.59

Region 2 187.00 1.18% 124.35 796.56 133.77 4.98 1.93 8.00 0.64
Lower Mississippi 136.00 0.86% 73.65 589.17 5.00% 1.30 95.74 4.79 1.63 8.00 0.60
Southwest' 51.00 0.32% 50.71 207.39 0.50% 0.75 38.03 0.19 0.23 4.00 0.05

Region 3 6,375.00 40.31% 3,452.17 27617.34 4,447.82 224.39 172.61 23.05
Great Lakes 6,375.00 40.31% 3,452.17 27617.34 5.00% 1.30 4,457.62 224.39 172.61 3.00 26.05

Region 3 3,003.00 13.99% 1,626.17 13110.78 2,120.44 106 02 31.31 13.16
Lower Mississippi 690.00 4.36% 373.65 2989.17 5.00% 1.30 415.74 24.29 18.68 8.00 3.04
Mid Atlantic" 79.00 0.50% 42.78 443.63 5.00% 1.45 62.03 3.10 2.14 10.37 0.30
Southeast 2,234.00 14.13% 1,20875 9677.98 5.00% 1.30 1.572.67 73.63 60.49 8.00 9,83

Region 5 2,479.00 15.63% 1,512.27 1402013 2,087.10 104.36 75.61 11.37
Mid Atl3ntic' 1,365.00 8.63% 909.02 9193.70 5.00% 1.30 1,302.79 65.14 45.45 9.00 6.47
New England 1,114.00 7.04% 603.25 4327.23 5.00% 1.30 7114.31 39.22 30.16 8.00 4.90

RegiOR 5 1,243.00 7.36% 673.10 5384.84 5.00% 875.04 43.75 33.66 5.47
Northern Rooky Mountains 873.00 5.52% 472.74 3781.95 5.00% 1.30 614.57 30.73 23.64 8.00 3.84
Rocky Mountains and Plains 370.00 2.34% 200.38 1802.89 5,00% 1.30 260.47 13.02 10.02 8.00 1.63

RePOS 7 15,0170.00 15 000.00 88350.00 5.00% 11,100.00 555.00 750.00 96.19
Regiall e 206.00 1.30% 111.01 3113 09 5.00% 1.30 144.31 7.22 555 8.00 0.90

833 .09Pacific 205.011 1.30% 111.01 5.00% 1.30 144.31 7.22 5.55 8.00 0.90
TOTAL (less AM 15.813.00 8,563.00 68923.10 11,003.59 543.72 421.63 67.93
TOTAL 30 813.00 23 563 00 155473 10 22,103.59 1,103.72 1,171.63 164.11

Applies % distribution of mapped nests for lower 48 to total number of occupied nests, assuming, proportional relationship exists between mapped and occupied nests at the region/management units/state leve l. Alaska mapped number is already a large underestimate of occupied
nests, so it is used as the predicted number as well.
'predicted population size calculated using demographic model described in Milisap and Allen (20061. Unless otherwise specified, demographic data used come from Millsap et al. 120041 from a satellite-tagged eagle study in Florida: Adult survival = 0.83, subadult survival -> 0.88, juvenile
survival = 0.77, and number of young fledged per occupied territory = 1.3.
'Harvest threshold = 112 maximum sustainable yield WWI, calculated as in Millsap and Allen (7006).
l'1/2 estimated MSY.
'The maximum number of nesting pairs that can be disturbed or caused to fail annually and not exceed the individual take threshold.
`Given model predictions and estimated productivity, the estimated population size reduction at equilibrium resulting from the permanent loss of a nest territory.

"-NH is the maximum number of territories that can be lost without exceeding individual eagle take thresholds of the initial population. However, because loss of a territory confers a permanent decrease in population size and growth potential, this loss is not sustainable and should be
managed such that the annual rate of permitting does not result in overall population decline > 0.5% per year, and cumulatively across years does not exceed the value in this column. For example in a management population where the predicted population size = 10,000 and with a
territory:individual ratio oft, the maximum number of individuals that could be permanently lost annually is SO (10,000 .0.05(, thus the maximum number of territories that could be permitted to be permanently taken in 1 year is 6(50/3 = 6.25, rounded down to 6). Note that if such a
permit were issued, the individual take threshold for that management population would be reduced in each subsequent year by 4816'8) since the loss of a nest site is the equivalent of an annually recurring permit to take 8 individuals.
'Productivity for the Oregon portion of this Region/Management Unit 00.97, based on comments provided in response to draft EA.
'Predicted population size calculated using the following demographic data provided by G. Beatty, USEWS: Adult survival = 0.88, subadult survival (average survival of age classes 2 -4 years) c078, juvenile survival 00.73, number of young fledged per occupied territory = 0.75 (0.995
nestlings per territory 5 0.75 survival rate through fledging). Estimated number of nesting territories is based on comments provided in response to draft EA.
"predicted population sae calculated using the following demographic data provided by E. Davis, WM: Survival rates as in footnotes, but number of young fledged per occupied territory = IAD
'Predicted population sire calculated using the following demographic data provided by P. Schempf, USEWS: Adutt survival = 0.88, subadult survival = 0.95, juvenile survival = 0.71, number of young fledged per occupied territory ir 0.74.143



Table C. 4 Maximum Cumulative Take Above Baseline Allowable for Golden Eagles

HARVEST
THRESHOLD (% ANNUAL MAXIMUM

PREDICTED ANNUAL MEAN NUMBER ESUMATED ANNUAL NESTING PAIR TERRITORY:I CUMULATIVE
ESTIMATED TOTAL NUMBER OF PRODUCTION OR % FLEDGED PER ANNUAL INDIVIDUAL TAKE DISTURBANCE NDMUAL TERRITORY TAKE

REGION/MANAGEMENT UNIT/STATE POPULATION SIZE NESTING PAIRS!' NESTS DISTURBED)° OCCUPIED NEST PRODUCTION THRESHOLD° THRESHOLD' RATIO° THRESHOLD"
Alaska5 2400.00 588.24 0.00% 0.61 358.82 0.00 0.00 4.08 0.00
California portion of Northern Pacific Rainforest (BCR St 108.00 26.47 0.00% 0.61 16.15 0.00 0.00 4.08 0.00
Prairie Potholes (OCR 11)A 1,680.00 411.76 0.00% 0.61 251.18 0.00 0.00 4.08 000
Sierra Nevada (BCR 15) A 84.00 20.59 0.00% 0.61 12.56 0,00 0.00 4,08 0.00
Shortgrass Prairie (SCR 181A 1,080,00 264.71 0.00% 0.61 161..47 0.00 0.00 4.08 0.00
Coastal California (BCR 32). 960,00 235.29 0.00% 0,61 143,53 0.00 0.00 4.08 0.00
Sonoran and Mojave Deserts (OCR 33)A 600.00 147.06 0.00% 0.61 89.71 0.00 0.00 0.08 0.00
Sierra Madre Occidental (RCA 34) A 360.00 88.24 0.00% 0.61 53.82 0.00 0.00 4.08 0.00
Chihualwan Desert (OCR 35) 5 720.00 176,47 000% 0.61 107.65 0.00 0,00 4.08 0.00
Great Basin (BCR 9)° 6,85900 1,681.13 0.00% 0.61 1,025.49 0.00 0.00 4.08 0.00
Northern amass (OCR 10)8 6,172.00 1,512.75 0.00% 0.61 922.77 0.00 0,00 4.08 0.00
Southern Rockies and Colorado Plateau (OCR 16)" 3,770.00 924.02 0.00% 0.61 563.65 0.00 0-00 4.08 0.00
Badlands and Prairies (OCR 17)' 7,800.00 1,911.76 0.00% 0.61 1,166.18 0.00 0.00 4.08 0.00
TOTAL 32 593 OR 7,911.43 4,872.97 0.00 0.00

population estimates derived from B85 counts taken in late spring (pre-fledging), following the approach used by Partners in Flight (Rich et al, 2004). These end-of-year estimates were converted to beginning of year estimates to conform with
population estimates under footnote 8 by adding back in estimated annual mortality for all age-classes,

., "Population estimates derived from aerial transect surveys conducted by Goode et al. (2007) in late summer (post-fledging).

'Number of nesting pairs and harvest thresholds predicted from estimated total population size using demographic model described in Mil/sap and Allen 120061 Demographic modeling started using parameter estimates reported in Millsap and
Allen 120061. We then adjusted the parameter estimates to balance with the average of population size and adult/non-adult age ratios from golden Eagle surveys in SCRs 9, 10, 6,and 17 in 2003, 2006, and 2007 as reported in Goode et. al (2008).
The final model used the following parameter estimates: adult survival 0.91, subadult survival Y 0.79, juvenile survival = 0.61, and number of young fledged per breeding pair = 0 79.

D 1% of annual production.

rThe maximum number of nesting pairs that can be disturbed or caused to fail annually and not exceed the individual take threshold.
`Given model predictions and estimated productivity, the estimated population size reduction at equilibrium resulting from the permanent loss of a nest territory.
gThis is the maximum number of territories that can be lost without exceeding individual eagle take thresholds of the initial population. However, because loss of a territory confers a permanent decrease in population size and growth potential,

this loss is not sustainable and should be managed such that the annual rate of permitting does not result in overall population decline >0.5% per year, and cumulatively across years does not exceed the value in this column. For example in a
management population where the predicted population size = 10,000 and with a territoryindividual ratio of 8, the maximum number of individuals that could be permanently lost annually is 50 (10,000°0.05), thus the maximum number of
territories that could be permitted to be permanently taken in 1 year is 6 (50/8 = 6.25, rounded down to 6). Note that if such a permit were issued, the individual take threshold for that management population would be reduced in each
subsequent year by 48 (PEI) since the loss of a nest site is the equivalent of an annually recurring permit to take 8 individuals.
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Table C.5. Results of stochastic analysis of proposed take thresholds, modeled as worse-case scenarios with all
harvest of adults. Analysis was conducted prior to acquisition of data from 2008 golden eagle surveys (Good et al.,
personal communication January 14 2009L

Population

Productivity
Juvenile
Survival

Subadult
Survival

Adult
Survival Lambda

Mean SD Mean SD Mean SD Mean SD Mean
Lower 90%
CL

Upper 90%
CL

Bald Eagle - Millsap et
al. (2004) vital rate? 1.3 0.81 0.77 0.2 0.88 0.1 0.82 0.1 1.069 1.0677 1.0706
Bald Eagle -
R2/SouthwestB 0.75 0.81 0.73 0.2 0.88 0.1 0.82 0.1 1.004 1.0040 1.0041
Bald Eagle - R1/Pacific
(Oregon)A 0.97 0.81 0.77 0.2 0.88 0.1 0.82 0.1 1.036 1.0355 1.0367
Bald Eagle - R5/Mid-
Atlantic (New York)A 1.28 0.81 0.77 0.2 0.88 0.1 0.82 0.1 1.066 1.0648 1.0675
Bald Eagle - R5/Mid-
AtlanticA 1.43 0.81 0.77 0.2 0.88 0.1 0.82 0.1 1.073 1.0717 1.0749
Bald Eagle - R7A 0.74 0.81 0.71 0.2 0.95 0.1 0.87 0.1 1.051 1.0500 1.0513
Golden Eaglec 0.79 0.81 0.61 0.2 0.79 0.1 0.909 0.1 1.011 1.0107 1.0113

indicated harvest rate = 5% of annual production.
Bindicated harvest rate = 1/2 MSY.

cindicated harvest rate = 1% of annual production. Analysis conducted prior to acquisition of data from 2008 golden eagle
surveys. Subsequent analysis indicated harvest rate should initially be set at 0%.
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Table CS Golden Eagle Population Estimates From WEST Surveys by BCR
With 90% Confidence Intervals (Cl)

2003 2006 2007 2008
Total Juveniles Total Juveniles Total Juveniles Total Juveniles

BCR 9 10939(7522-15754) 1190 (544-2605) 4209 (2889-7346) 783 (350-1498) 5765 (3860-8983) 497 (187-955) 5046 (2618-8904) 632 (4-1547)
BCR 10 4831 (2262-8580) 1286(628-2634) 6335 (4064-10877) 1584 (791-3101) 7654 (4476-12284) 1168 (184-2360) 7475 (4180-11958) 965 (416-1705)
BCR 16 4998(3199-7275) 498(204-1216) 3309 (2419-5522) 517 (121-1142) 3187 (1972-5047) 0* 2022 (903-3670) 289 (2-771)—
BCR 17 6624(4611-9207) 2072 (1296-3312) 9030 (6354-14082) 1306 (617-2555) 8128 (5575-11987) 774(315-1367) 5783 (3332-9360) 248 (2-724)**

No juveniles seen on BCR 16 survey so estimate of juveniles for BCR could no be calculated
— lower limit estimated via Bootstrap was 0, so lower limit set to It juveniles observed during the survey

4 BCRs Combined

Year Estimate Lower 90% Cl Upper 90% Cl 
353692003 27392 21556

2006 22883 18491 34245
2007 24734 19084 34516
2008 20326 12704 32500

146



147



APPENDIX D
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considerations and management recommendations. Wildlife
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Abstract
We used recent population data and a deterministic matrix model that accounted for important aspects of raptor population
biology to evaluate the likely impact of falconry harvest (including take of different age classes) on wild raptor populations in the
United States. The harvest rate at maximum sustainable yield (MSY) ranged from 0.03 to 0.41 for the species examined. At least for
peregrine falcons (Falco peregrinus), harvest rate at MSY was greatest for nestlings and lowest for adults. The quality of
demographic data for the species influenced MSY. For most species the state of current knowledge probably underestimates the
capacity for allowed harvest because estimates of vital rates, particularly survival, are biased low, because emigration is not
distinguished from survival. This is offset somewhat by biases that might overestimate sustainability inherent in MSY-base
analyses and deterministic models. Taking these factors into consideration and recognizing the impracticality of monitoring raptor
populations to determine actual effects of harvest, we recommend that falconry harvest rates for juvenile raptors in the United
States not exceed one-half of the estimated MSY up to a maximum of 5%, depending on species-specific estimates of capacity to
sustain harvest Under this guideline, harvest rates of up to 5% of annual production are supported for northern goshawks (Accipter
gentilis), Harris's hawks (Parabuteo unicinctus), peregrine falcons, and golden eagles (Aquila chtysaetos); lower harvest rates are
recommended for other species until better estimates of vital rates confirm greater harvest potential. (VVILDLIFE SOCIETY
BULLETIN 34(5)1392-1400; 2006)

Key words
demographics, falconry, harvest, maximum sustainable yield, modeling, raptors, United States.

Falconry has been practiced in the United States since at
least the 1920s. Prior to inclusion of Falconiformes and
Strigiformes under the Migratory Bird Treaty Act (META)
with amendment of the treaty with Mexico in 1972, falconry
was not federally regulated, and no comprehensive records
are available on the number of falconers or number of
raptors removed from the wild annually. Regulations
promulgated by the United States Fish and Wildlife Service
(USFWS) in 1976 (50 CFR Part 21) formally legalized
falconry under MBTA and necessitated that the USFWS
assess the likely impacts of falconry harvest on wild raptor
populations. Those regulations required falconers to be
permitted and to report the harvest and subsequent
disposition of raptors acquired for use in the sport. The
requirements resulted in data useful in assessing the likely
impacts of falconry on wild raptor populations, and the
USFWS used those data to conduct its first environmental
assessment of falconry in 1988 (United States Department
of the Interior 1988). The 1988 environmental assessment
concluded that the impact of falconry on wild raptor
populations in the United States was inconsequential.

Since 1988 2 important things have changed. First, the
American peregrine falcon (Falco peregrinus anatum) was
removed from the federal list of endangered and threatened
wildlife in 1999. The subspecies had been protected from

E-mail: Brian_A_Millsap@fws.gov
2 Present address: New Mexico State Administrator, United
States Fish and Wildlife Service, Albuquerque, NM 87102,
USA

falconry harvest since federal regulation of the sport began
because of its listed status. Subsequent to delisting, a
conservative and carefully controlled harvest was allowed in
the western United States (USFVVS 2004). This action
prompted a legal challenge to the USFVVS's assertion that
falconry harvest of American peregrine falcons will have
minimal impacts on the wild population and the allegation
that the USFWS's failure to adequately monitor peregrine
populations to determine the impact of harvest violates the
MBTA (Audubon Society of Portland et al. vs. United
States Fish and Wildlife Service 2004). Second, the federal
government has adopted more stringent standards for
information for making science-based decisions. The
standard requires clearer articulation and more scientific
peer review of the information used in such determinations
(Office of Management and Budget 2004).

Several aspects of raptor population biology are particu-
larly germane to an assessment of impacts of falconry
harvest. In addition to the overall limiting effect of prey
availability, nesting densities of healthy wild raptor popu-
lations usually are further constrained by the availability of
suitable nesting sites, spatial restrictions imposed by
territoriality, or both (Newton 1979, Hunt 1998). The net
effect is that an upper limit exists on the number of adult
individuals that can breed in a given landscape. This, in
turn, may result in a large number of nonbreeding adults
awaiting opportunities to occupy vacancies at breeding
territories (Newton 1988, Hunt 1998). These "floating"
adults are not accounted for by conventional counts of
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territorial pairs or nestlings (Newton 1988), yet they can
profoundly affect populations by buffering the effects of
population declines, by contributing to decreases in
reproductive success of breeders directly through interfer-
ence competition and direct mortality (Tordoff and Redig
1997), and, perhaps indirectly, through competition for food
resources (Newton 1988). Further, as a consequence of
intense competition for nesting territories, age at first
breeding is increased in healthy raptor populations,
presumably because younger adults face competition with
established or experienced older birds for vacancies at
breeding sites.

This paper describes the likely impact of falconry harvest
on wild raptor populations in the United States. We use the
USFVVS's most recent data on numbers of raptors taken
from the wild and employ deterministic models to assess
estimated effects on populations. We also illustrate how the
dynamics of most raptor populations make monitoring the
short-term impact of falconry harvest on populations in the
wild nearly impossible and certainly impractical, and we
make recommendations on how this should be accounted
for in harvest strategies.

Methods
Definitions
We use the term juvenile to refer to an individual <1 year
old, subadult to refer to a raptor >1 year of age but typically
not old enough to breed, and floater to refer to an adult that
has not settled into a breeding slot at an established nesting
site. Falconry harvest typically focuses on juvenile raptors,
either nestlings (eyases) or fledged young <1 year old
(passagers). "Harvest" and "take in this paper refer to the
capture and removal from the wild of raptors for use in
falconry. Harvest rate is the difference between the annual
survival rate of the harvested age class without harvest and
with harvest; in the case of eyas and passage age classes, this
equals the proportion of the annual cohort of young
harvested by falconers. The maximum sustainable yield
(MSY) is the greatest harvest rate (in 0.01-unit increments)
that does not produce a decline in the number of breeding
adults in the modeled populations; we refer to harvest levels
below this rate as sustainable. Moffat's equilibrium is the
stable age structure at equilibrium population size for a
given set of demographic parameter values (Hunt 1998).
When we report population size at Moffaes equilibrium, we
include all age classes, unless otherwise noted. Demographic
parameters of interest are productivity, defined as mean
number of young fledged per occupied nest site annually (p)
as recommended by Steenhof (1987), and the juvenile (0;),
subadult (Os), and adult (00 annual survival rates (propor-
tions alive at fledging time each year).

Falconry Harvest
Falconers who take raptors from the wild generally are
required to do so either by removing eyases from nests or by
trapping passage birds during their first year of life. Because
of difficulties distinguishing age dasses, current regulations
do not restrict harvest of American kestrels (Falco sparverius)

and great horned owls (Bubo virginianus) to first-year
individuals. In addition, golden eagles (Aquila chrysaetos)
older than one year may be taken, but all harvest of golden
eagles is restricted to depredating individuals under special
circumstances by provisions in the Bald and Golden Eagle
Protection Act (16 U.S.C. 668-668d). Each falconer must
report to the USFVVS and the respective state fish and
wildlife agency all acquisitions and dispositions of raptors
taken or otherwise acquired under his or her falconry permit
(50 CFR 21). United States Fish and Wildlife Service
regional migratory bird permit offices input all data on
raptors taken from the wild into the USFVVS's permit-
tracking database. We used data for 2003 and 2004 from
this database to assess the number of raptors removed from
the wild by species for the purposes of our analyses. Some
wild take may go unreported each year, but we believe such
actions are infrequent enough to be considered inconse-
quential in the context of this analysis

We used the harvest statistics reported above and modified
population size estimates for continental North America
from the Partners in Flight North American Landbird
Conservation Plan (Rich et al. 2004) to estimate the
proportion of the year-1 cohort removed from the wild by
falconers in 2003 and 2004. These estimates are for Canada
and the United States, which is the appropriate geographic
scale for this assessment because migrant raptors from
Canada are undoubtedly included in the United States
harvest of passage raptors. We eliminated the ad hoc
visibility correction factor employed by Rich et al. (2004)
that doubled population estimates derived from breeding
bird survey (BBS) counts under the general assumption that
50% of individuals were not detected because they were
incubating or brooding on nests. This assumption likely is
not valid for raptors because most species have large young
that do not require brooding by the time BBS routes are run
in May and June, and delayed maturation and nest-site
limitations result in large numbers of subadult and floaters
in most populations (Newton 1979). We agree that the
probability of detection for raptors is certainly <1 0 on BBS
routes but, in the absence of an empirically derived visibility
correction factor, we chose to use the more conservative
unadjusted estimates of population size. For the peregrine
falcon, opportunities for falconry harvest currently are
restricted to a portion of the species' North American
range. Accordingly, we used population estimates for the
peregrine falcon for the portion of the species' geographic
range that is subject to harvest from USFWS (2004).

Demographic Effects of Harvest
We modeled the effects of falconry harvest at different rates
on hypothetical closed raptor populations using the best
demographic data from contemporary periods (1971-2002)
available for each species. We gave preference to findings
from long-term mark—recapture or radiotracicing studies
where emigration probabilities were estimated because such
studies yield less biased estimates of juvenile and adult
survival rates than simple band recovery or mark—recapture
analyses (Kenward et al. 2000). For species lacking intensive
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Species Data source Geographic locale

Annual
juvenile
survival

Annual
subadult
survival°

Annual
adult

survival

Eurasian
sparrowhawk Newton 1986 Southem Scotland 0.45 0.61

Northern goshawk Kenward et al. 1999 Baltic Islands, Sweden 0.58 0.65 0.81
Harris's hawk Bednarz 1995 Composite USA 0.70 0.64 0.82
Red-tailed hawk Preston and Beane 1993 Composite USA 0.46 0.80 0.80
American kestrel Smallwood and Bird 2002 Compostte USA 0.31 0.55
Peregrine falcon Craig et al. 2004 Colorado, USA 0.54 0.67 0.80
Prairie falcon Steenhof 1998 Composite USA 0.25 0.75
Golden eagle Survival rates from

Hunt (2002), productivity
from Kochert et al. 2002

Calrfomia, USA for
survival; composite
USA for productivity

0.84 0.90 0.91

Age at first
No. young breeding

per	 (yr of age
occupied of limiting Max.
nest site	 sex)	 age°

1 13
2 17
2 17
2 17
1 11
2 17
1 14
5 25

2.30
1.45
2.10
1.40
3.30
1.66
2.78
0.80

Table I. Species, data sources, and demographic input to models used to assess effects of falconry harvest on wild raptor populations in the United
States. All original data used are from contemporary time periods (1971-2002); specific dates' ot individual studies can be found by consulting the
referenced papers.

a For species indicated as breeding at 1 year of age, there is no subadult age class in the models. For others, the subadult age class includes
years after year 1 (juvenile) and the age at first breeding Most species indicated as first breeding at age 2 do occasionally breed at age 1,
particularly females (Newton 1979), but we used the values reported here in our models as we felt they were appropriately conservative.

b Maximum age as calculated In models. We assumed no breeding senescence, so maximum breeding age equals maximum age.

long-term demographic studies that accounted for emigra-
tion rates, we used the midpoints of ranges for estimates of
demographic parameters reported in applicable Birds of
North America accounts.

We selected the following species for analysis because they
are harvested regularly by United States falconers or they are
biologically similar to harvested United States species: 1)
Eurasian sparrowhawk (Aceipiter nisus), biologically similar
to the Cooper's hawk (A. cooped() and sharp-shinned hawk
(A. striatus), using data from a marked population in
Southern Scotland from 1971 to 1984 (Newton 1986); 2) a
radiotagged and banded population of northern goshawks
(A. gentilis) from the Baltic island of Gotland, Sweden,
using demographic data from 1980 to 1987 (Kenward et al.
1999); 3) Harris's hawk (Parabuteo unicinetus) using
summarized demographic data from Bednarz (1995); 4)
red-tailed hawk (Buteo jamaicensis) using summarized
demographic data in Preston and Beane (1993); 5)
American kestrel using summarized demographic data in
Smallwood and Bird (2002); 6) peregrine falcon using
demographic data from a color-marked population in
Colorado, USA, collected from 1973 to 2001 (Craig et al.
2004); 7) prairie falcon (F. mexicanus) using summarized
demographic data in Steenhof (1998); and 8) golden eagle
using age-specific survival-rate estimates from a long-term
radiotracking study in California by Hunt (2002) and
composite productivity values from Kochert et al. (2002;
Table 1). It is important to note that there are differences
among species in how occupied nest sites were defined. In
the case of the Eurasian sparrowhawk, occupied nests were
defined as nests in which >1 egg was laid (Newton 1986).
For other species, occupied nest sites were sites with a
territorial pair in attendance, but the likelihood of detecting
pairs whose nests fail early in the nesting cycle varies among
species (Steenhof 1987). These differences affect strict
comparability of productivity estimates among species, but

we believe the bias does not compromise our overall
conclusions.

To estimate how falconry harvest likely affects raptor
populations, we used a deterministic, Excel-based matrix
model (Hunt 2003) that limited the number of adults that
could breed annually to 2,000 (i.e., we assumed 1,000
suitable breeding sites for each hypothetical population).
The algebraic formulas used to compute equilibrium stage
structure are given in Hunt (1998). Models were run for 100
years using point estimates of mean values for p, O , Os (for
species with delayed maturation), and 0, from the peer-
reviewed literature for the 8 species of raptors. We used the
model output to estimate population size and structure at
Moffat's equilibrium. We fixed parameters of the Model
that, in reality, likely would shift to buffer declines (e.g., a
decrease in age at first breeding, an increase in mean
productivity as nest sites of lesser quality became unoccupied
and interference competition relaxed; Newton and Mearns
1988, Ferrer and Donazar 1996). However, we also made no
effort to account for demographic or environmental
stochasticity, nor did we account for potential lowered
reproductive success of first-time breeders (Newton 1979),
both factors that could affect population structure and
growth rates. We recognize that not incorporating these
features of raptor populations in our models oversimplifies
what likely occurs in nature, but we believe the model
outputs adequately illustrate the probable impacts of harvest
on wild raptor populations.

In our initial model runs, we incorporated harvest effects
by decreasing first-year survival rates in 0.01-unit incre-
ments, which would be the case if all harvest was of passage
raptors. For comparison purposes, we also simulated an
eyas-only and adult-only harvest of peregrine falcons by
decreasing productivity values, and by increasing adult
mortality values, respectively, by 0.01-unit increments.
Response variables of interest at Moffat's equilibrium after
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Table 2. Number of raptors removed from the wild by licensed falconers in the United States in 2003 and 2004 according to United States Fish and
Wildlife Service records. Population size estimates are from Rich et al. (2004), which are based on population size estimates derived from Breeding
Bird Surveys from the 1990s. Percent harvest estimates use the mean number harvested.

Species
North American
population sizes

Estimated
% juveniles? No. juveniles?

No. harvested
% juveniles
harvested

Recommended
max. harvest rate2003 2004 Mean

Sharp-shinned hawk 291,500 0.50 145,750 15 15 15 0.0103 1.0%
Coopers hawk 276,450 0.50 138,225 67 72 69.5 0.0503 1.0%
Northern goshawk 120,050 0.30 36,015 52 46 49 0.1361 5.0%
Harris's hawk 19,500 0.25 4,875 50 32 41 0.8410 5.0%
Ferruginous hawk 11,500 0.30 3,450 7 6 6.5 0.1884 1.0%
Red-shouldered hawk 410,850 0.30 123,255 3 3 3 0.0024 1.0%
Red-tailed hawk 979,000 0.30 293,700 527 645 586 0.1995 4.5%
American kestrel 2,175,000 0.60 1,305,000 100 101 100.5 0.0077 1.5%
Merlin 325,000 0.60 195,000 48 52 50 0.0256 1.0%
Gyrfalcon 27,500 0.30 8,250 8 19 13.5 0.1636 1.0%
Peregrine falcon 9,870c 0.30 2,961 1 18 18 0.6079 5.0%
Prairie falcon 17,280 0.50 8,640 31 42 36.5 0.4225 1.0%
Eastern screech-owl 369,600 0.60 221,760 1 0 0.5 0.0002 1.0%
Westem screech-owl 270,100 0.60 162,060 o 3 1.5 0.0009 1.0%
Great horned owl 1,139,500 0.30 391,850 6 7 6.5 0.0020 1.0%
Snowy owl 72,500 0.30 21,750 1 1 1 0.0046 1.0%
Total 917 1,062 998

a Unless otherwise noted, taken from Rich et al. (2004) but modified as described in the Methods. Units are total number of individuals.
b The percentage of juveniles was estimated from observed population structure in species-specific population models at equilibrium (see Fig.
and Table 1). Estimates for sharp-shinned hawks and Cooper's hawks are from the model for the Eurasian sparrowhawk; estimates for the red-

shouldered hawk, ferruginous hawk, great horned owl, and snowy owl are from the model for the red-tailed hawk; estimates for the merlin and
screech-owls are from the model for the American kestrel; and estimates for the gyrfalcon are from the model for the peregrine falcon.

Harvest of peregrine falcons is limited to states west of the 100th meridian, and that is the population included here. This population size
estimate is from United States Fish and Wildlife Service (2004), based on direct counts from states. Harvest of wild peregrine falcons for
falconry was authorized only in Alaska in 2003 but was expanded to include other western states in 2004.

100 years of harvest at the specified rates included resultant
numbers of breeders (Nb), juveniles (A9, subadults (NO, and
floating adults (NO; the annual rate of population change (A)
if all breeding-age adults were able to breed and produce
young at the rate of the population mean; and the floater-to-
breeder ratio (C), which is the ratio of nonbreeding adults to
breeders In general, A is a useful way of gauging the impacts
of harvest in a nonsaturated population where growth is
possible, and C is the more useful metric when the
population is at equilibrium and all breeding sites are
occupied (Hunt 1998). We also developed MSY curves with
harvest rate as the variable of interest for golden eagles,
peregrine falcons, and American kestrels. These 3 species
represent the range of harvest potential based on available
data.

To estimate actual harvest rates, we divided the number of
individuals of each species harvested by the estiniated size of
the juvenile population of each species. We used the average
of the number of individuals of each species harvested in
2003 and 2004 as the numerator. We estimated the
denominator by multiplying the overall population estimate
for each species by an estimate of the proportion of the
population that was <1 year old (and, therefore, subject to
harvest). We based our estimate of the proportional size of
the <1-year-old age class on the species-specific population
structure from our models at the 0% harvest rate at Moffat's
equilibrium. For species for which we lacked data to develop
specific models, we used the model output for the species
with the most similar life-history characteristics. Estimates
for sharp-shinned hawks and Cooper's hawks are from the

model for the Eurasian sparrowhawk; estimates for the red-
shouldered hawk (Buteo lineatus), ferruginous hawk (B.
regalis), great horned owl, and snowy owl (Bubo scandiacus)
are from the model for the red-tailed hawk; the estimate for
the merlin (F. columbarius), Eastern screech-owl (Megascops
asio), and Western screech-owl (Al. kennicottii) are from the
model for the American kestrel, and estimates for the
gyrfalcon are from the model for the peregrine falcon.

Results
Actual Falconry Harvest in 2003 and 2004
Falconers harvested 917 and 1,062 raptors of 15 species
from the wild in the United States in 2003 and 2004,
respectively (Table 2). Although the most frequently
harvested species was the red-tailed hawk, the estimated
harvest rate was greater for the Harris's hawk, peregrine
falcon, and prairie falcon. For all species, the estimated
harvest rate was below 1.0% of the juvenile cohort.

Modeled Impacts of Harvest on Populations
Passage harvest models for all 8 example raptor species at
Moffat's equilibrium showed that numerical effects of
harvest primarily are restricted to the subadult and floating
adult components of populations (Fig. 1). When higher
harvest rates compromise the equilibrium, floaters are absent
because all adults are able to acquire breeding sites. At the
highest levels of harvest, equilibrium population size of all
age classes are predicted to be substantially below that at
MSY, and the degree of reduction is related to the degree to
which harvest rate exceeds MSY. The harvest rate at MSY
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Figure I. Estimated population structure of 8 raptor species at various passage harvest rates (percentage of juvenile cohorts taken by falconers)
based on demographic data from contemporary time periods (1971-2002; see references in Table 1 for spectric study periods). See Methods section
in text for definitions. The component of the population that can be accounted for through nest-site monitoring is cross-hatched. For all species
effects of harvest on populations below the harvest rate at maximum sustainable yield (MSY) are primarily in population segments that are not
associated with nest sites. Above the MSY harvest rate, nest-site occupancy and production are maintained at lower equilibrium levels than would
otherwise be supportable.

differs considerably depending on the age classes included in
the harvest and, as expected, is greatest for a harvest of
eyases and lowest for a harvest of adults (Table 3; Fig. 2).
The MSY passage harvest rate varies among species in
accordance with variation in vital rates (Fig. 3) and this
variation also is apparent in changes in A for unsaturated
populations of those species (Fig. 4).

Discussion
Our results suggest that the sustainability of falconry harvest
varies among raptor species in accordance with variation in
vital rates. Model predictions indicate a comparatively low
relative harvest potential for several species (Eurasian
sparrowhawlc, red-tailed hawk, American kestrel, prairie
falcon). We suspect this is largely due to the underestima-
tion of vital rates for these species because survival rates for
them were derived from banding or marking studies that did
not include unbiased correction for emigration, and to a
lesser degree for the effects of differential mortality among
age classes, which can affect reporting rates (Newton 1979,
Kenward et al. 2000). In contrast, vital rate estimates for

goshawks, golden eagles, and to a lesser degree, peregrine
falcons, were based on radiotracking or marking studies that
allowed for estiniation and correction for these biases. As
Kenward et al. (2000) showed, banding and marking
typically greatly underestimate survival in raptors relative
to findings for the same populations from radiotagging
studies. Our findings highlight the need for better
information on vital rates of these raptors.

Our model output confirms, at least for the peregrine
falcon, that the impacts of harvest are proportional to the
age of the cohort harvested, with nestling harvest having the
least impact. This is consistent with findings of many
previous studies that show raptor populations are most
sensitive to changes in adult mortality rates (Newton 1979).
Changes in raptor populations in response to sustainable
harvest are largely restricted to the subadult and floating
adult components of the populations, neither of which is
amenable to population monitoring by traditional methods
of counting breeding adults and young at nest sites.
Overharvest initially would produce a decrease in the
number of floating adults, which likely would increase the
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Table 3. Summary of model output for 8 species of raptors using demographic data in Table 1. All original demographic data are from contemporary
time periods (1971-2002); specific dates of individual studies can be found by consulting the references in Table 1. The floater/breeder ratio (Q is
descnpfive of saturated populations at Moffat's equilibrium, whereas the annual rate of population change (A) is applicable for populations that are
below carrying capacity and still capable of growth. The harvest rate at maximum sustainable yield (MSY) assumes populations are at Moffat's
equilibdum and likely are not representative of maximum sustainable harvest rates for all populations of the species.

Species Age of harvest Initial Initial A Harvest rate at MSY

Eurasian sparrowhawk Passage 0.26 1.07 0.06
Northern goshawk Passage 0.39 1.05 0.16
Harris's hawk Passage 0.45 1.45 0.41
Red-tailed hawk Passage 0.25 1.03 0.09
American kestrel Passage 0.14 1.04 0.03
Peregrine falcon Eyas 0.46 1.06 0.31
Peregrine falcon Passage 0.46 1.06 0.16
Prairie falcon Passage 0.37 1.07 0.06
Golden eagle Passage 1.35 1.07 0.31

number of younger breeders at nests (Newton 1979, Ferrer
et al. 2003) and could eventually cause a decrease in nest-site
occupancy. Monitoring trends in the age of breeders at nests
could provide an early indication of decline (Ferrer et at
2003), but such a pattern also would also be expected in an
unsaturated population that was increasing (Newton and
Mearns 1988, Tordoff and Redig 1997).

Our models oversimplify what would be expected to occur
in nature, and ideally our predictions should be tested
experimentally with wild populations. We encourage study
in this area but recognize that the logistics of such work will
be daunting given the difficulty measuring population
responses among nonbreeders. Previous attempts to estimate
sustainable harvest rates for raptor populations have
examined empirical data on rates of recovery of depleted
populations, sustainability of populations under persecution,
or, in one case, population responses to experimental harvest
(Conway et al. 1995, Kenward 1997). The conclusions of
these analyses generally mirror what we found: that many

0.2	 0.3
	

0.4
Harvest rate

Figure 2. Change in floater/breeder ratio (0 with increasing harvest rate
in a hypothetical peregrine falcon population at Moffat's equilibrium,
using demographic data in Table 1. Under these demographic
parameter values, the harvest rate at maximum sustainable yield is 3
times greater for an eyas-only harvest compared to a harvest of adults.

raptor populations can sustain eyas or passage harvest rates
of 10-20% and sometimes higher. This increases our
confidence in the results presented here. That said, we also
believe a degree of caution is warranted in applying these
results. The MSY approaches to harvest management
frequently overestimate sustainability, and monitoring
capabilities often are not adequate to determine ivhen
harvest rates need to be reduced or modified (Ludwig et al.
1993). Moreover, deterministic models can produce overly
optimistic projections of sustainability by masking the
consequences of stochastic events that can temporarily
depress production or elevate mortality (Beissinger and
Westphal 1998).

In our models we used demographic values that, while
realistic for the species, are not likely representative of all
populations of those species at all times. Though this
justifies caution in applying our findings to local popula-
tions, we believe that our overall findings are representative
for raptor populations in healthy condition. In declining
populations, harvest would amplify declines commensurate
with harvest rate. However, to determine the ultimate
effects of falconry harvest on a declining raptor population,
it would be important to know the cause of the decline. For
example, we doubt that raptor populations declining due to
locally deteriorating habitat conditions or declines in food
availability would be appreciably impacted over the long
term by falconry harvest if the proportion harvested
remained constant through the range of changes in
population size. This is because, once the population
reached carrying capacity under the new conditions,
demographic values would be expected to stabilize at
healthy levels. On the other hand, population declines in
species experiencing excessive mortality or reproductive
failure would be exacerbated by harvest at any level and,
unless the underlying cause of the decline was remedied or
the harvest stopped, extirpation or extinction would occur
more rapidly than would otherwise be the case.

Our analyses, which assume that raptor harvest constitutes
an irrevocable additive mortality effect on populations, are
conservative for 2 reasons. First, not all raptors harvested by
falconers are permanently removed from the wild. Mullenix
and Millsap (1998) reported that about 40% of falconer-

Age class
Eyas

• Passage
• Adult
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Figure 3. Harvest equilibrium curves for 3 species of raptors
representing the range of harvest potential observed. Modeled harvest
is of passage individuals, and models use the demographic data for
each species from Table 1.

harvested red-tailed hawks and American kestrels are either
purposefully or accidentally returned to the wild each year.
Survival rates and fitness of these birds are unknown, but
some almost certainly survive and return successfully to the
wild population. For example, in Great Britain, the northern
goshaWk was reestablished as a breeding species from
escaped falconry stock (Kenward 1974, Kenward et al.
1981). Second, Conway et al. (1995) found that nestling
prairie falcons left in nests from which siblings were
harvested had higher survival and breeding-recruitment
rates than nestlings from unharvested nests. This suggests
that in the case of eyas harvest there may be a compensatory
effect of harvest on survival of remaining nestlings.

Management Implications
Our results suggest that harvest strategies employed by
agencies seeking to regulate the take of raptors by falconers
should manage take based on each species' ability to sustain
harvest, recognizing that for some species the state of
current knowledge probably underestimates that capacity.
Further, we believe that harvest rates should be conservative
given the potential for MSY-based analyses to overestimate
sustainability and the impracticality of measuring the actual
effects of harvest on wild raptor populations Finally,
limiting take to eyas and passage raptors, as is currently
the case for most species, is an effective strategy for limiting
effects of harvest on populations.

As a practical guide, we recommend that in the United
States, harvest of juvenile raptors be limited to one-half of
the estimated MSY up to a maximum of 5%, depending on
species-specific estimates of capacity to sustain harvest. We
suggest that the available information on vital rates are
sufficient to justify harvest rates of up to 5% for northern
goshawks, Harris's hawks, peregrine falcons, and golden
eagles; species with estimated MSYs greater than twice this
value. We advocate harvest rates of one-half MSY for other
North American species we assessed and harvest rates of 1%
for species without adequate demographic data to estimate

0.0

1 0.2 0.3 0.4 0.5 0.6 0.7
Harvest rate

Figure 4. Change in population growth rate (X) with changing passage
harvest rate for 8 species of raptors at harvest levels below maximum
sustainable yield, using demographic parameter values from Table I.

MSY until better estimates of vital rates confirm greater
harvest potential (Table 2). We believe that harvest rates
below these levels are unlikely to produce discernible effects
on raptor numbers or the sustainability of otherwise healthy
populations and probably are inconsequential in declining
populations if those declines are caused by a reduction in the
amount of suitable habitat or prey availability.

One obvious difficulty in this approach is the lack of
reliable annual information on abundance for raptor species
from which to calculate harvest rates. The BBS-based
abundance estimates we used here likely are conservative for
most species, particularly with the modification we em-
ployed that eliminated the visibility correction factor used by
Rich et al. (2004). Given this, and considering that most
raptor populations tend to be fairly stable from year to year
(Newton 1979), annual estimates of abundance may not be
necessary for management of falconry take. Rather, we
suggest the approximate annual harvest rate estimates
derived from known annual harvest divided by the estimated
number of juveniles in Table 1 should suffice to identify
species for which harvest might be approaching the
thresholds identified here. Under this approach, we suggest
that juvenile population-size estimates for species with
declining BBS trends be recalculated every 3 years and that
those for other species be revised every 6 years. While BBS-
based population estimates will never be ideal for raptors,
they could be improved if future recalculations included
some measure of annual variation so that confidence
intervals could be constructed for the estimates.

The approach outlined above seems particularly appropri-
ate when one considers that estimated harvest rates in 2003
and 2004 for all raptor species in the United States were well
below the recommended thresholds. The primary harvest
regulation mechanism in effect in these years was a 2-bird-
per-falconer limit on the number of raptors that could be
removed from the wild each year, in conjunction with an
overall maximum possession limit of 3 birds. Thus, even
with some 4,250 licensed falconers in the United States
(USFWS files) and a potential harvest of up to 8,500
raptors, harvest rates were extremely conservative under this

0.
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regulatory framework; only 11.7% of the recommended
allowable take occurred.

Although we include golden eagles in our analysis, harvest
of golden eagles is regulated differently than other falconry
species. The Bald and Golden Eagle Protection Act (16
U.S.C. 668-668d) provides added restrictions specific to the
take of golden eagles: only falconers with >7 years of overall
falconry experience and eagle-handling experience may take
golden eagles from the wild and only in certified
depredation areas. Therefore, take of golden eagles for
falconry is far more limited than is other falconry harvest.

Our assessment indicates take of wild raptors for falconry
is very unlikely to have a significant adverse impact on wild
raptor populations in the United States. Because of the
limited participation in falconry and because nearly half of
all raptors used in the sport are produced through captive
breeding and not taken from the wild (Peyton et al. 1995),
we believe impacts are unlikely to increase. Nevertheless, our

Literature Cited
Bednarz, J. 1995. Harris' hawk (Parabuteo unicinctus). Account 146 in

A. Poole and F. Gill, editors. The birds of North America, The
Academy of Natural Sciences, Philadelphia, Pennsylvania, and The
American Ornithologists' Union, Washington, D.C., USA.

Beissinger, S. R., and M. I. Westphal, 1998. On the use of demographic
models of population viability in endangered species management.
Journal of Wildlife Management 62:821-841.

Conway, C. J., S. H. Anderson, D. E. Runde, and D. Abbate. 1995.
Effects of experimental nestling harvest on prairie falcons. Journal of
Wildlife Management 59:311-316.

Craig, G. R., G. C. White, and J. H. Enderson. 2004. Survival,
recruitment, and rate of population change of the peregrine falcon
population in Colorado. Journal of Wildlife Management 68:1032-
1038.

Ferrer, M., and J. A. Donazar. 1996. Density-dependent fecundity by
habitat heterogeneity in an increasing population of Spanish imperial
eagles. Ecology 77:69-74.

Ferrer, M., V. Penteriani, J. Balbontin, and M. Pandolfi, 2003. The
proportion of immature breeders as a reliable early warning signal of
population decline: evidence from the Spanish imperial eagle in
Donana. Biological Conservation 114:463-466,

Hunt, W. G. 1998. Raptor floaters at Moffat's equilibrium. Oikos 82:
191-197.

Hunt, W. G. 2002. Golden eagles in a perilous landscape: predicting
the effects of mitigation for energy-related mortality. California Energy
Commission Report P500-02-043F, Sacramento, USA.

Hunt, W. G. 2003. Moffat models for raptor populations. The Peregrine
Fund, Boise, Idaho, USA. <www.perergrinefund.org >. Accessed
2005 Feb 20.

Kenward, R. E. 1974. Mortality and fate of trained birds of prey. Journal
of Wildlife Management 38:751-756.

Kenward, R. E. 1997. Abstract: inferring sustainable yields for raptor
populations. Journal of Raptor Research 31:295-296.

Kenward, R. E., V. MarcstrOm, and M. Karlbom, 1999. Demographic
estimates from radiotagging: models of age-specific survival and
breeding in the goshawk. Journal of Animal Ecology 68:1020-1033.

Kenward, R. E., M. Marquiss, and I. Newton. 1981. What happens to
goshawks trained for falconry? Journal of Wildlife Management 45:
802-806.

Kenward, R. E., S. S. Walls, K. H. Hodder, M. Pahkala, S. N. Freeman,
and V. R. Simpson. 2000. The prevalence of non-breeders in raptor
populations: evidence from rings, radio-tags and transect surveys.
Oikos 91:271-279.

Kochert, M. N., K. Steenhof, C. L. McIntyre, and E. H. Craig. 2002.
Golden eagle (Aquila chrysaetos). Account 684 Th A. Poole and F. Gill,
editors. The birds of North America. The Academy of Natural

recommendations provide a relatively easy and cost-effective
way to track the potential national impact on an annual basis
using harvest reports already being provided by falconers.
Only if the potential for impacts increase, either through
substantial growth in the number of licensed falconers or an
increase in harvest rates for a particular species, would
additional safeguards be necessary.

Acknowledgments
We are indebted to G. Hunt for help in all phases of this
analysis, but particularly for sharing software for modeling
raptor population structure at Moffat's equilibrium. The
manuscript benefited greatly from reviews and constructive
criticism by W. Burnham, J. Enderson, G. Hunt, R.
Kenward, M. Mullenix, K. Wilkins, and an anonymous
reviewer.

Sciences, Philadelphia, Pennsylvania, and The American Ornitholo-
gists' Union, Washington, D.C., USA.

Ludwig, D., R. Hilbom, and C. Walters. 1993. Uncertainty, resource
exploitation, and conservation: lessons from history. Science 260:17-
36

Mullenix, M., and B. A. Millsap. 1998. Should apprentice falconers be
allowed to fly American kestrels? What the data say. American
Falconry September:24-27.

Newton, I. 1970 Population ecology of raptors. Buteo, Vermillion,
South Dakota, USA.

Newton, I. 1986. The sparrowhawk. T. and A. D. Poyser, Calton, United
Kingdom.

Newton, I. 1988. Peregrine population regulation: an overview Pages
761-770 in T. J. Case, J. H. Enderson, C. G. Thelander, and C. M.
White, editors. Peregrine falcon populations-their management and
recovery. The Peregrine Fund, Boise, Idaho, USA.

Newton, I., and R. Meams, 1988. Population ecology of peregrines in
Scotland. Pages 651-666 in T. J. Case, J. H. Enderson, C. G.
Thelander, and C. M. White, editors. Peregrine falcon populations-
their management and recovery. The Peregrine Fund, Boise, Idaho,
USA.

Office of Management and Budget. 2004. Final information quality
bulletin for peer review. U.S. Office of Management and Budget,
Washington, D.C., USA.

Peyton, R. B., J. Vorro, L. arse, R. Tobin, and R. Eberhardt, 1995. A
profile of falconers in the United States: falconry practices, attitudes,
and conservation behaviors. Transactions of the North American
Wildlife and Natural Resources Conference 60:181-192. (Special
session 3).

Preston, C. R., and R. D. Beane, 1993. Red-tailed hawk (Buteo
jamaicensis). Account 52 in A. Poole and F. Gill, editors. The birds of
North America, The Academy of Natural Sciences, Philadelphia,
Pennsylvania, and The American Ornithologists' Union, Washington,
D.C., USA.

Rich, T. D., C. J. Beardmore, H. Berlanga, P. J. Blancher, M. S. W.
Bradstreet, G. S. Butcher, D. W. Demarest, E. H. Dunn, W. C.
Hunter, E. E. Inigo-Elias, J. A. Kennedy, A. M. Martell, A. 0. Panjabi,
D. N. Pashley, K. V. Rosenberg, C. M. Rustay, J. Steven Wendt, and
T. C. Will. 2004. Partners in Flight North American landbird
conservation plan. Cornell Lab of Ornithology, Ithaca, New York,
USA.

Smallwood, J. A., and D. M. Bird. 2002. American kestrel (Falco
sparyeaus). Account 602 in A. Poole and F. Gill, editors. The birds of
North America, The Academy of Natural Sciences, Philadelphia,
Pennsylvania, and The American Ornithologists' Union, Washington,
D.C., USA

Millsap and Allen • Effects of Falconry Harvest on Raptors 	 156	 1399



Steenhof, K. 1987. Assessing raptor reproductive success and
productiUty. Pages 157-170 in B. A. Giron Pendleton, B. A. Millsap,
K. W. Cline, and D. M. Bird, editors. Raptor Management Techniques
Manual. National Wildlife Federation Scientific and Technical Series
Number 10, Washington, D.C., USA.

Steenhof, K. 1998. Prairie falcon (Falco meidcanus). Account 346 in A.
Poole and F. Gill, editors. The birds of North America. The Academy
of Natural Sciences, Philadelphia, Pennsylvania, and The American
Ornithologists' Union, Washington, D.C., USA.

Tordoff, H. B., and P. T. Redig. 1997. Midwest peregrine falcon
demography, 1982-1995. Journal of Raptor Research 31:339-346.

United States Department of the Interior. 1988. Final environmental
assessment: falconry and raptor propagation regulations. U.S.
Department of the Interior, Fish and Wildlife Service, Washington,
D.C., USA.

United States Fish and Wildlife Service. 2004. Final revised environ-
mental assessment, management plan, and implementation guid-
ance: falconry take of nestling American peregrine falcons in the
contiguous United States and Alaska. U.S. Fish and Wildlife Service,
Division of Migratory Bird Management, Adington, Virginia, USA.

Brian A. Miasma (left) is currently New Mexico State Administrator for
the United States Fish and Wildlife Service, but at the time this paper
was written he was Chief of the United States Fish and Wildlife
Service's Division of Migratory Bird Management in Arlington, Virginia,
a position he held since 2002. He holds a B.S. in wildlife biology from
Colorado State University and an M.S. in evolutionary and systematics
biology from George Mason University. Prior to working for the Fish
and Wildlife Service, he served as Chief of the Bureau of Wildlife
Diversity Conservation for the Florida Fish and Wildlife Conservation
Commission, as a raptor biologist for the National Wildlife Federation,
and as a wildlife biologist for the Bureau of Land Management in
Arizona and VYyoming. He is a past president of the Raptor Research
Foundation, North American Falconers Association, and Florida
Chapter of the Wildlife Society. George T. Allen (right) is the Chief
of the Branch of Policy, Permits, and Regulations in the Division of
Migratory Bird Management. He completed a B.S. at the Pennsylvania

State University, an M.S. in Environmental Science at Washington
State University, and a Ph.D. in zoology at North Dakota State
University. He has worked for the Washington Department of Wildlife
and for the Fish and Wildlife Service. He spent about 10 years
assessing environmental contaminants for the Service before moving
to Migratory Bird Management, where he's been for about 9 years. He
served as President of the Kansas Chapter of the Wildlife Society and
Newsletter Editor for the Central Mountain and Plains Section.

Associate Editor: Euler.

1400
	 157	 Wildlife Society Bulletin • 34(5)



APPENDIX E

Draft Reporting Forms

158



U.S. FISH & WILDLIFE SERVICE - MIGRATORY BIRD PERMIT OFFICE
EAGLE TAKE (§ 22.26) - ANNUAL REPORT	 .

PERMITTEE:	 PERMIT NUMBER:

''''.Jacct'

ADDRESS: REPORT FOR CALENDAR
REPORT DUE DATE{ ; t

YEAR*:
''	 ; 1 	 I

City	 State	 Zip Code

9 Check here if reporting a change of name, address, or contact inform
PHONE:(	 )	 - :
Email:

INSTRUCTIONS: Type or print the information requested below for each Important Eagle-Use Area (IEUA) identified on youipinnit during the year covered by this
report and return the completed report to the above address by the due date. Filing an accurate annual report is a condition of your Permit : Failure to file a timely report can
result in permit suspension. Please note that the absence of eagles from an IEUA you are monitoring will litho way affect the continued validity of your permit Accurate
reporting will play an essential role in future eagle management. Use a separate supplemeitainbeet for eticKWUA identified on year permit.
MAKE SURE YOU SIGN S DATE THE CERTIFICATION STATEMENT BELOW BEFORE TOM SYBPAIT YOUR REPORT. (50 CFR parts 13, 21, & 22)

IMPORTANT USE AREA :
..

Identify nest, communal roost, or foraging area. If more than one of one type of IEUA is identified on Our permit, designate which nest (or roost or foraging area) data
applies to.	 '	 - 

DATE TIME
NUMBER OF EAGLES OBSERVED	

_PF:pfeeerdchineg " DESCRIPTION OF HUMAN ACTIVITY
OBSERVED AT TIME EAGLES WERE OBSERVED

EAGLES OBSERVED BEHAVIOR	 N —sitting on or (n g., surveying; excavation pile driving; interior work, etc.)
 If activity is completed, enter "Completed"

OF DAY (If in large numbers, please
estimate)

- attending nest
.IF— in flight 	 , 

CERTIFICATION: I cert . & that the information in this report is true and correct to the best of my knowledge. I understand that any false statement herein may subiect me
to the criminal penalties of 18 U.S.C. 100 .

_	 Date:Signature:
OMB No 1018-xxxx Expires x/xx/xxxx	 Form 3-202-15
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SUPPLEMENTAL SHEET

EAGLE TAKE ANNUAL REPORT

PERMITTEE:

REPORT YEAR	 SUPPLEMENTAL PAGE #:

PERMIT NUMBER:

IMPORTANT USE AREA
area Use a separate supplemental sheet for each IUAIdentify nest communal roost or foraging

DATE
TIME

NUMBER OF EAGLES pH genchicl.
' F — OBSERVED	

feeding
•

DESCRIPTION OF HUMAN ACTIVITY
EAGLES OBSERVED AT TIME EAGLES WERE OBSERVED

OBSERVED OF DAY (If in large numbers, please
estimate)

N — sitting on or
BEHAVIOR . (e.g., surveyineeicavation; pile driving; interior work, etc.)

If activity is coniPleted, enter "Completed"attending nestA :'	 1 :	 ..4	 .	 — in flightIF

FWS FORM 3-202-15
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U.S. FISH & WILDLIFE SERVICE - MIGRATORY BIRD PERMIT
EAGLE NEST TAICE (§ 22.27) - REPORT

PERMITTEE:	 PERMIT NUMBER:

OFFICE.
,: n 	 ,	 1.

.	 i ,	 H.
•

r
ADDRESS:	 REPORT FOR CALENDAR YEAR*:

*Programmatic take only
.	 :

City	 State	 Zip Code	 PHONE:(
9 Check here if reporting a change of name, address, or contact information 	 Email:

Instructions: Complete all sections. MAKE SURE YOU SIGN & DATE THE CERTIFICATION STATEMENT BELOW 13E101* YOU SUBMIT YOUR REPORT.
'

I. 0 Bald Eagle Nest Take	 171 Golden Eagle Nest Take

2. Did (does) the permit authorize take of a specific nest or nests?

. Yes.	 • No, the permit authorizes programmatic nest take.

3. Provide the following information for each authorized nest take. If more than one nest was taken;

A. Date the authorized nest take occurred: 	 /	 /

please complete a supplemental page for each nest.
,	 1	 ,

B. Location of the nest that was taken:

C. Disposition of the nest: 	 Destroyed	 - Relocated within territorj, -	 Relocated outside territory 	 Donated to a permitted recipient

removal was

Destroyed, substitute nest provided in territory ,	'	 Destroyed, substitute nest provided outside territory

Yes	 No	 No, but nest
,

D. If nest was relocated or a substitute nest provided, are adult eagles tending the new nest?,	 ,
conducted outside eagle breeding season 	 , Do not know

rehabilitator, State agency, or USFWS):E. If nest was active, disposition of chicks and eggs (e .g., name and contact information of permitted

4. Describe the mitigation measures you have conducted to offset the nest take. If your permit does not require mitigation, you may leave this blank.,

CERTIFICATION: I certify that the information' in this report is true and correct to the best of my knowled ge. I understand that any false statement herein may subiect me
to the criminal penalties of 18 U.S.C. 1001.

Date:Signature: -
OMB No. 1018-xxxx Expires x/xxhiyocx	 Form 3-202-16
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3. Provide the following information for each authorized nest take.

A. Date the authorized nest take occurred:

B. Location of the nest that was taken:

C. Disposition of the nest:	 Destroyed	 Relocated within territory	 Relocated Outside 'territory
	 Destroyed, substitute nest provided in territory 	 Destroyed, substitute nest'provided outside territory

Donated to a permitted recipient

D. If nest was relocated or a substitute nest provided, are adult eagles tending the new nest? ' 	 'Yes
outside the eagles breeding season 	 Do not know.

No 	 No, but nest removal occurred

E. If nest was active, disposition of chicks and eggs (e.g., name and contact information of permitted zehabilitator, State agency, or USFWS):

4. Describe the mitigation measures you have conductedlo offset the nest take. If your permit does not require mitigation, you may leave this blank.

FWS FORM 3-202-16

REPORT DATE

PERMITTEE: PERMIT NUMBER: SUPPLEMENTAL PAGE #:

EAGLE NEST TAKE REPORT
	

SUPPLEMENTAL SHEET
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APPENDIX F
Projected Change in Total Population for States

Having Large Bald Eagle Populations, 2000 to 2030

State Numerical Change Percent Change
Wisconsin 787,089 14.7
Minnesota 1,386,651 28.2
Delaware 229,058 29.2
Maryland 1,725,765 32.6
Virginia 2,746,504 38.8

North Carolina 4,178,426 51.9
South Carolina 1,136,557 28.3

Georgia 3,831,385 46.8
Florida 12,703,391 79.5

Washington 2,730,680 46.3
Oregon 1,412,519 41.3

California 12,573,213 37.1
Alaska 240,742 38.4

Data from United States Census Bureau, Population Division, Interim State
Population Projections, 2005. Internet release date: 21 April 2005.
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Appendix G

Counties among the 100 Fastest Growing that

Also have Bald Eagle Breeding Sites

Rank Geographic Area Rank Geographic Area
1 Flagler County, FL 48 Stafford County, VA
2 Sumter County, FL 49 Canyon County, ID
5 Loudoun County, VA 55 Bryan County, GA
6 Henry County, GA 57 Carver County, MN
7 Pinal County, AZ 59 Montgomery County, TX

11 Osceola County, FL 61 Lake County, FL
12 Douglas County, CO 63 Collier County, FL
14 Lincoln County, SD 64 Horry County, SC
15 Cherokee County, GA 65 Baldwin County, AL
17 Delaware County, OH 66 James City County, VA
19 Madison County, ID 69 Clay County, FL
20 Scott County, MN 71 Union County, GA
22 Lee County, FL 72 Beaufort County, SC
23 St. Johns County, FL 75 Archuleta County, CO
26 Walton County, FL 76 King George County, VA
27 St. Lucie County, FL 77 Wakulla County, FL
30 Culpeper County, VA 79 Indian River County, FL
32 Weld County, CO 80 Suffolk City, VA
34 Wright County, MN 82 Grand County, CO
36 Sherburne County, MN 85 Isanti County, MN
41 Brunswick County, NC 87 New Kent County, VA
42 St. Croix County, WI 89 Lee County, GA
44 Deschutes County, OR 90 Currituck County, NC
45 Prince William County, VA 96 Williamson County, TN
46 Dallas County, IA

From Housing Unit Estimates for the 100 Fastest Growing Counties With 5,000 or More
Housing Units in 2006, United States Census Bureau, August 2007.
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Appendix H

Eagle/Aircraft Collisions

Table H.1. Bald Eagle/Aircraft Collision Information

USAF Bird Air Strike Hazard Data
1985-2006a

FAA Wildlife Strikes
Jan 1990-May 2007b

State Strikes State Strikes
Alaska 1 Alaska 42
Idaho 1 California 1
Michigan 1 District of Columbia 2
Nebraska 1 Florida 20
North Carolina 1 Idaho 2
Oklahoma 1 Illinois 1
Texas 2 Louisiana 2
Unknown 1 Maine 1
Washington 2 Michigan 1

Minnesota 2
Mississippi 1
North Carolina 1
Nebraska 1
New Jersey 1
New York 1
Unknown 2
Virginia 3
Washington 3

Totals 11 87

a Data acquired via e-mail from the United States Air Force Bird Airstrike Hazard Team
on 8 August 2007.

b Source: FM National Wildlife Strike Database (Level IIIA) - Version 8.8. Downloaded
Oct 1, 2007.
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Table H.2.Golden Eagle/Aircraft Collision Information

USAF Bird Air Strike Hazard Data
1985-2006a

FAA Wildlife Strikes
Jan 1990-May 2007b

State Strikes State Strikes
Arizona 3 California 2

Arkansas 1 Montana 1
California 2 Unknown 1
Colorado 1
Kansas 1

Louisiana 1
Maryland 1

Mississippi 2
Nebraska 1
Nevada 1

New Mexico 2
North Carolina 1

Oklahoma 1
Oregon 1
Texas 2

Unknown 7
Totals 28 4

a Data acquired via e-mai from the United States Air Force Bird Airstrike
Hazard (B.A.S.H.) Team on 8 August 2007. Table reflects only those confirmed by

experts at the Smithsonion Institute as eagles. There are an additional 203 strikes falling
under the general categories of "hawks, eagles, kites" and "hawks, eagles, vultures,
falcons" for which the species was not determined

b Source: FAA National Wildlife Strike Database (Level IIIA) - Version 8.8. Data accessed
1 October 2007.
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Appendix I
Existing Eagle Permits

Bald Eagle
Table 1.1. Scientific Collecting

Year State

Actions Authorized Actions Reported

.Birds Trap and
Release Relocate Eggs Nests Age Eggs Action Birds Action

2002 AK 0 0 0 5 0 0

2002 AK 0 0 0 15 0 2 Held

2002 AK 0 0 0 15 0 1 Held

2002 AK 0 0 0 15 0 0

2002 AK 0 0 0 30 0 7 Held

2002 AK 0 0 0 15 0 0

2002 AK 0 0 0 15 0 10 Held

2004 AK 20 0 0 20 0

Eggs,
Runt

Chicks

2006 0 100 0 0 0 0 23
Sampled,
Released

No permits were given to trap and retain ba d eagles.
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Bald Eagle

Table 1.2. Depredation

Year
Service
Region State Relocate Haze Birds Action

2002 1 OR 0 4 0
2004 6 UT 0 10 10 Hazed
2005 3 WI 0 1 50 Hazed
2005 6 NE 0 20 0
2006 1 OR 0 12 6 Hazed
2006 1 WA 0 1 3 Hazed
2006 3 MO 0 1 0
2006 6 CO 4 2 Hazed
2006 6 NE 20 0
2007 1 OR 0 12 5 Hazed
2007 6 NE 0 20 0
2007 3 MN 5 1 0
2007 3 WI 0 1 0

No permits were given to take, trap and retain, or take eggs or nests.
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Golden Eagle
Table 1.3. Scientific Collectin

Year State
Trap and
Release Relocate Haze/Harass Birds

2002 WY 30 0 0 7
2002 WY 40 over 3 years 0 0 7

2003 WY, CO 0
15 over 3

years 0 0
2006 UT 0 0 30 Nests 0
2007 NM 0 3 0 3
2007 UT 0 0 10 Nests 0
2007 WY 0 0 10 Nests 0
2007 CO 0 0 10 Nests 0
No permits were given for take of eggs or nests.

Table 1.4. Resource Recovery Nest Take

Year State Authorized Action Number Action
2002 WY 1 Relocate man-made nest 0 -
2002 WY 1 Take 0 -
2002 WY 2 Take/Transport - mine 0 -
2002 WY 1 Relocate - mine 0 -
2003 CO 1 Remove from tower 1 Relocated
2003 NM 1 Remove from tower 1 Relocated
2003 WY 1 Take -mine reclamation 0 -
2004 WY 2 Relocate - mine 2 Relocated
2005 CA 1 Take 1 Destroyed

2005 NM 1
Remove/relocate/block

access - cliffs near turbines 2 Relocated
2005 MT 1 Take-mine 0 -

2006 SD 2
Remove/relocate -
transmission line 2 Relocated

2006 WY 1 Relocate 0 -
2006 WY 2 Relocate 1 Relocated
2007a NM 3 Relocate

2007 NM 1
Remove/block access - cliffs

near turbines
a Reports for 2007 not yet received.
No permls were given to kill or to trap and retain, or to relocate.
No take of eggs was authorized
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Table 1.5. Indian Religious Take

Year State Authorized Reported Take Age
2002 AZ 40 14 Nestling
2003 AZ 40 12 Nestling
2004 AZ 40 26 Nestling
2005 AZ 40 25 Nestling
2006 AZ 40 22 Nestling
2006 NM 2 2 Immature
2007 AZ 40 36 Nestling
2007 NM 1 1 -
2007 NM 2 2 Mature

No permits were given for take of eggs or nests.
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Table 1.6. Depredation Permits

Year State
Trap/
Retain Relocate Eggs Haze Birds Action Eggs Action Nests Action

20020R 0 0 0 1 0 0 0
2002 SD 0 1 0 1 7 Relocated 0 0

2002 WY 0 1 0 1

Trapped
and

Released 0 0
2003 SD 0 1 0 1 0 0 0
2003 UT 0 10 0 10 0 0 0

2003 VVY 0 1 0 1 6

Transferred
for

Falconry 0 0
2003 WY 1 Banded n
2004 CA 0 15 0 4 Relocated 0 0
2004 UT 0 16 0 16 9 Relocated 0 0
2004 UT 5 Hazed 0

2004 WY 8 0 0 4

Transferred
for

Falconry 0 0
2005 CA 0 10 2 4 Relocated 2 Destroyed 2 Destroyed
2005 CA 0 0 0 2 2 Hazed 0 0
2005 CA 0 20 0 4 Relocated 0 0
2005 SD 0 1 0 1 0 0 o
20051)1 0 15 0 15 0 0 0

2005 WY 8 0 0 4

Transferred
for

Falconry 0 0
2006 CA 0 10 0 3 Relocated 0 0
2006 CA 0 0 0 2 2 Hazed 0 0
2006 SD 0 1 0 1 0 0 0

2006 WY 10 0 0 5

Transferred
for

Falconry 0 0
2007 CA 0 -1 0 3 Relocated 0 0
2007 WY 10 0 0 0 0
2007 UT 0 15 0 15 0 0

No take of live eagles or nests was authorized.
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Appendix J
Activities for Which Service Regions Anticipate Requests for

Permits Developed Under This Proposal

Table J.1. General Development Activities

Region
Private

(Housing) Commercial
Government
Sponsored Transportation

1 X X X X

2 X X X X

3 X X X X

4 X X X X

5 X X X X

6 X X• X X

7 X X X X

8 X X X X

Table J.2. Eneruv Exploration and Development Activities

Region

Fluid
Minerals
(oil, gas,

geothermal)

Coal and
Other

Energy
Mining

Geophysical
Exploration

Pipelines and
Transmission

Corridors
Power
Plants

Hydro-
electric

1 X X X X

2 X X X X X

3 X X X X X X

4 X X X X X

5 X X X X X

6 X X X X X X

7 X X X x

8 x x x x
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Table J.3. Types of Activities Potentially Resulting in Disturbance

Region
Non-energy

Mining

Agricultural
and

Habitat-
related

Activities' Recreation

Aircraft
and

Airfields
Military
Training

Timber
Harvest

1 X X X X

2 X X X X

3 X X X X X X

4 X X X X X X

5 X X X X X X

6 X X X X X X

7 X X X X X

8 X X X X
a For disturbance associated with carrying out activities. This category also covers

activities such as habitat restoration and Clean Water Act Section 404 permitting.

Table J.4 Types of Activities Potentially Resulting in Mortality

Region
Power
Lines

Communication
Towers

Wind
Development Transportation

Timber
Harvest

1 X X X X

2 X X X

3 X X X X

4 X X X

5 X X X X X

6 X X X X X

7 X X X X

8 X X X X
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Appendix K

Comments on Draft EA with Service Responses

We include here a summary of comments provided on the DEA, with our
responses. Comments specific to the proposed rule are addressed in the Final
Rule, and comments limited to specific edits are addressed by making the
recommended edits, as needed.
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Comment Response

The EA definition of short-term disturbance should be
modified to include disruptions in the current year. As
proposed, it indicates the decrease in recruitment would
occur the following year.

We have revised the sentence to read: "A short-term
disturbance reduces productivity in a given year and there
is a decrease in recruitment into the following year
equivalent to the average number fledged per occupied
territory." We acknowledge there may be additional affects
from disturbance such as reduced fitness of fledglings
leading to reduced juvenile survival. However, we do not
have data sufficient to quantify that value, and are
attempting to avoid an overly-complicated and cumbersome
permitting system.

The statement "TRM of individual eagles and the
consequence of nest disturbance are the same" is wrong.
The EA needs to reflect the fact that loss of a juvenile or
nesting attempt is comparatively insignificant to loss of an
adult or adult breeder."

The different impacts to the population between the losses
of juvenile or nesting attempt and the loss of an adult would
be true at low population levels. However, as long as there
is a floater population, which is an assumption of the
models, the ages of birds taken do not significantly affect
the composition of the population. If we are able to
increase our knowledge of key demographic parameters,
such as the age distribution of the population and age-
specific mortality, we will modify the parameters used in the
models as indicated by the data.
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Comment Response

The EA downplays the impacts from the growing human
population currently and in the future, implying that
cumulative effects (at least for bald eagles) will likely be
localized because population growth will be localized, but in
all likelihood, human population will dramatically grow in
many areas not now considered major growth areas. In MT,
the fastest growing counties are where the eagles are.
Such impacts should be given more attention in the EA

This issue is addressed in the Final EA (FEA). Additional
potential impacts to eagle populations have led us to more
conservative limits on disturbance permits and take than
were proposed in the Draft EA. In addition, the FEA
includes provisions for enhanced coordination with State
and Tribal wildlife agencies (to be developed with the
implementation guidance for the rule) that will provide local
expertise to assist the Service in responding more
appropriately to area-specific needs.

The EA needs to more fully address the impacts of lead
poisoning which is a serious issue. The Service should
consider requiring programmatic permits for ammunition
manufacturers or for states that still allow lead shot to be
used for upland game hunting.

While we recognize the seriousness of the issue of lead
poisoning, we do not believe it is necessary to expand the
discussion. In addition, the intent of the assessment is not
to provide an encyclopedic discussion of individual mortality
factors. For extant impacts, they are already inherent in the
population information and included in the assessment of
the affected environment. Additional potential impacts are
addressed in the Final EA, and have led us to more
conservative limits on disturbance permits and take than
were proposed in the Draft EA. However, should
ammunition manufacturers, States, or tribes wish to
develop a programmatic permit to address the impacts of
lead poisoning, we would work with them to do so.
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Comment Response

The revised definition of "compatible with the preservation
of' (increasing or stable populations) is not justified by the
BGEPA and is too restrictive,

We are proposing a new permit program, and we must
comply with Congressional intent — which is at least a
population sufficient to preserve each species. In the DEA
and notice re-opening of the comment period on the rule
(73 FR 47574, August 14, 2008), to elucidate the statutory
standard of "preservation of the bald eagle or the golden
eagle," we proposed the following terminology: "maintaining
increasing or stable populations." We continue to support
the essential meaning of that standard, but recognized that
it could be misapplied to constrain any authorization of take
because any take of a bald or golden eagle by some
degree results in a population decrease, even if short-term
and inconsequential for the long-term preservation of the
species. Thus, if interpreted so narrowly, the word
"maintaining" would render us unable to authorize any take.
Therefore, we are revising our interpretation of
"preservation of the eagle" to read "consistent with the goal
of stable or increasing breeding populations." The phrase
"consistent with the goal" will allow take that is compatible
with long-term stability or growth of eagle populations.
Adding the word "breeding" clarifies the significance of the
number of breeding pairs for maintaining or growing
populations, versus floaters (non-breeding adults).
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Comment Response
The preservation standard of "increasing or stable
populations" is not protective enough. The standard should
be to conserve as many eagles as possible while allowing
for some minimal take when absolutely necessary. The
standard should be 1) significantly less than half the
maximum safe values, and 2) lowered even more due to
uncertainty associated with local or regional population
size.

We disagree that the standard is not protective enough.
However, as suggested, we have established more
conservative limits on take than were proposed in the Draft
EA, because we believe, by using the new thresholds, we
will be more able to ensure the standard is met.

Neither option posited by the commenter is intended. Using
measurability as the sole basis for a discernible decline, by
which we would base management decisions, would ignore
the normal population cycles inherent in life histories of
wildlife species. On the other hand, a decline that would
affect the preservation of the species would be much more
substantial. Such a decline would be extremely unlikely
under the provisions of the preferred alternative in the Final
EA. We intend, through the implementation guidance for
these permits, and through implementation of a structured
coordination process, to develop more specific criteria for
determining when a decline is related to normal population
cycles, or is one for which remedial action such as permit
threshold adjustment is necessary.

What is meant by "no discernible" population decline; is it
any decline that is measurable or only one that would
adversely affect the eagle's preservation as a species?

Concern that the public will be required to demonstrate that
populations are increasing.

This concern is unfounded. We will base our permitting on
the best available population information, but the public will
not be expected to provide those data.
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Comment Response

Who will be doing the necessary monitoring and data
gathering, including ascertaining whether take was
temporary, permanent, or didn't happen, in order to adjust
thresholds appropriately? It seems doubtful that anyone has
the funding or resources to conduct such monitoring. Even
if accurate data could be gathered every five years, it may
not be sufficient to ensure take thresholds are not
exceeded.

At the national scale, the post-dehsting monitoring will
provide some of the population data for the bald eagle, and
the WEST, Inc. monitoring will provide population
demographic information and data for the golden eagle in
the four BCRs in which the survey occurs. However, we
are prepared to seek out and use data from other sources if
available. We have included minimal requirements for
reporting on the part of the permittee that would help us
ascertain the affects of the activity. We intend, through the
implementation guidance for these permits, and through
implementation of a structured coordination process, to
identify additional needs and resources for management of
the thresholds.

Without better data, the conservative modeling done by
Mil!sap (2006) should be adopted.

We agree that the modeling done by Millsap and Allen
should be used, in part because of the lack of better data.
In addition, our preferred alternative in the Final EA is more
conservative than what Millsap and Allen (2006)
recommended for falconry take of golden eagles, because
new information regarding the status of golden eagle
populations indicates that juvenile survival rates for golden
eagles may be substantially lower than those used in the
2006 publication. However, it is consistent with the
recommendations in Mil!sap and Allen (2006) for species
with high uncertainty.
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Comment

The DEA states that the thresholds it includes will remain
until new information warrants modification, but does not
explain what kind of new information will suffice, and
whether the Service will review the thresholds annually.

Response
In general, this means new population information that
meets the requirements of the Information Quality Act of
2000. We will reconsider the threshold for any segment of
the population of either species when we believe that new
data warrant it. Additional specifics will be included in the
implementation guidance and during implementation of the
enhanced coordination forums proposed in the Final EA.

There are not enough data to support permit issuance,
particularly for golden eagles. At the very least, the Good et
al 2008 study (survey contracted by the Service to provide
statistically-rigorous estimates of golden eagle population
size and juvenile to non-juvenile age-ratios in Bird
Conservation Regions) needs to be made public.
Estimates of vital rates will have dramatic impacts, but data
for accurately assessing vital rates are not currently
available for many regional populations
Also, the high variability of reproductive success needs to
be taken into account.

The very conservative limits on permit issuance allowed
under the preferred alternative in the Final EA account for
the variability in estimates of vital rates as confirmed in
sensitivity analyses conducted by the Service which
incorporated known variability. The Good et al. 2008 study
will be available in final version at the beginning of 2009.
We conducted additional sensitivity analyses of the data
(Appendix C) in order to incorporate more of the known
variability of vital rates into our models. We have used the
results of those analyses to revise our recommended
thresholds.

For golden eagles, state-to-state satellite telemetry data
would yield the information that is critically needed for
golden eagles. The Service should establish a National
Eagle Monitoring Fund and seek Congressional support.

We agree with the first part of this statement. Studies to
better evaluate travel, distribution, and vital rates for golden
eagles would allow us to manage golden eagles with less
uncertainty. However, the very conservative limits on permit
issuance allowed under the preferred alternative in the Final
EA account for the variability in estimates of vital rates.
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Comment Response

We recommend that an Alternative 4 be developed that
addresses a permitting system for bald eagles only.

We believe that Alternative 1 and the provisions in
"Management Common to All Action Alternatives" address
all the factors that would be included in an Alternative 4 as
proposed in the comment. They ensure that thresholds are
compatible with the preservation of the eagle, and allow us
to suspend take of either species if populations would not
support take. In addition, we believe the programmatic
permits proposed are needed to improve conditions for
golden eagle populations, and that failure to take those
steps would not be compatible with the preservation of the
golden eagle.

"Absence of data" should not be used to deny take 	 .authorization for infrastructure projects that promote public
safety and welfare; rather the "best available science"
should be used.

Even though the Eagle Act doesn't specifically require it,
the best available data was used in the FEA. However, the
Eagle Act requires the Secretary of the Interior to determine
that take will be compatible with the preservation of eagles
before he or she may authorize the take. To permit take.without sufficient data to show that it is indeed "compatible
with the preservation of the eagle" would violate the
statutory mandate. If an entity has sufficient knowledge to
recognize that it may need a permit for disturbance or take,
then it should have sufficient knowledge to allow us to
assess its request for a permit.
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Comment Response

Since no funding mechanism has been identified, the
program will rely on State resources for surveys and
monitoring and provision of data, but States do not have the
resources either (and have other management priorities).
The EA should acknowledge the need for federal funding or
explicitly state that it will fund monitoring through State
Wildlife Grants.

We do not believe that the program will rely completely on
State resources for surveys and monitoring. Post-delisting
monitoring will use updated information provided by the
States in partnership with the Service The WEST, Inc.
surveys, upon which we will initially rely for data on golden
eagles, are funded by the Service The Final EA includes a
section outlining the kinds of needs the Service has
identified in order to adequately manage the permit
program and eagle populations. Additional support for
surveys and monitoring are noted as priorities, because we
would like to improve the amount, accuracy and precision of
the data we have and use.

Bald eagle roost monitoring and golden eagle roost and
nest monitoring have been inadequate in OR, casting doubt
on the models used in the DEA. Baseline monitoring of
roosts for both species and nesting golden eagles is
needed, certainly before take of goldens is permitted.
However, there is no indication that monitoring in the future
will provide the necessary data. Therefore, Alternative 1
should be implemented.

Numbers of eagles in roosts are not, to our knowledge,
used in determining population numbers. Therefore,
monitoring of roosts has limited bearing on permit issuance,
unless a permit that would affect a roost is requested.
However, identification of important roost areas and
intermittent monitoring may be an efficient method for
determining their relative value for protective purposes.
The permits allowing take of golden eagles under the
preferred alternative in the FEA will be very limited, which
reflects our concerns about available population
information.
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Comment Response
The development of protocols lies more appropriately with
the implementation guidance, the structured coordination
teams, and the national golden eagle conservation and
management plan as discussed in the FEA. The EA is
intended to assess potential impacts due to allowing
issuance of permits. Further, recognizing the limitations on
data that we will always face, the preferred alternative in the
Final EA establishes extremely conservative levels of
allowed take.

The final EA should establish an adequate monitoring
protocol for both species to collect sufficient biological data.
Reliable, range-wide, and current data will be necessary.

The PDM cannot be relied on for purposes of permitting,
since it can detect only very coarse-scale population
changes. And has no bearing to AK (or Texas).

We question whether the Service will be able to deny
permits based on insufficient data in the face of political
pressure.

While we agree that the PDM can detect changes at a very
coarse scale, it can provide important information on
national trends. We will reconsider the threshold for any
segment of the population of either species when we
believe that new data warrant it. We intend, through the
implementation guidance for these permits, and through
implementation of a structured coordination process, to
identify additional monitoring needs and for management of
the thresholds. In addition, if finer-scale, long-term
monitoring efforts meet the needs of our permitting
program, the Service would rely upon them 
Our constraint in issuing permits under the Eagle Act is that
we cannot authorize take without determining if it is
compatible with the preservation of the eagles. Permit
issuance will be based on criteria in the preferred
alternative in the Final EA, which have been developed
using that constraint as our mandate.
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Comment Response
Any reliance on permit thresholds should: (1) be
scientifically supported, including peer-review, (2) include
objective criteria to take into account natural population
fluctuations, and (3) be consistent with federal data quality
guidelines. 
The model to be adopted should be developed in
collaboration with industry and NGOs and it should be peer-
reviewed.

Permit thresholds are based on a model that was peer-
reviewed as part of the publication process. The Final EA
establishes extremely conservative levels of allowed take,
based on consideration of fluctuations in vital rates, and
using the best available data.
The model was peer-reviewed as part of the publication
process. As more information becomes available, we may
adopt different models, as developed and agreed to within
the context of the structured coordination framework.
The study to which the commenter appears to be
commenting (Millsap et al. 2004, Comparative fecundity
and survival of bald eagles fledged from suburban and rural
natal areas in Florida.), was published in the Journal of
Wildlife Management .The model was peer-reviewed as
part of the publication process (also, see previous comment
response). The Millsap et al. (2004) study is the only
contemporary study that provides highly reliable estimates
of actual annual bald eagle survival because satellite
transmitters were used to determine survival on a relatively
large sample of individuals. The survival values used in the
demographic model is the most conservative interpretation
of the survival data from the Mil!sap et al. (2004) study, and
probably underestimates actual juvenile survival by as
much as 4%. The Millsap et al. (2004) estimates were not
the only estimates used in the analyses. Where similarly
unbiased data were available, the Service used it. For
example, for the Region 2 Southwest and Alaskan regional
management populations, we employed regionally derived
survival estimates from contemporary radio and satellite
telemetry studies (as cited in footnotes to table C.3). 

The study that was the foundation of the deterministic
model for a hypothetical bald eagle population was based
on too small a sample size and lacks peer review or any
input from other scientists (e.g., Petra Wood, Tom Murphy)
who have conducted these types of studies.

184



Comment Response
The model cannot be expected to "detect declines in the
population," though the model does address the effects of
take. Determining appropriate levels of take directly is not
practical because important population parameters like
productivity and survival fluctuate from year-to-year, and
direct counts of nests and young (the typical method for
estimating eagle population size and health) do not account
for non-breeding eagles, which can make up as much as
30% of healthy eagle populations. For this reason, we used
a demographic population model to estimate the likely
impact of permitted take at different levels on eagle
populations over the long-term. However, the model does
incorporate assumptions and known vital rates for all age
classes, and the vital rates used were from studies based
upon wild populations. In addition, it is important to note
that use of the models forms only one portion of the
permitting approach. All decisions on individual permits will
be based upon site-specific information, including the area
population and habitat. In addition, we will be developing
and implementing a structured coordination process with
State and tribal wildlife jurisdictional entities to enhance our
ability to include information on such factors as quality and
availability as well as prey.

The falconry model used in the DEA does not address the
loss of adults from the population. The models used in the
DEA will not detect declines in the breeding population.
Since take authorizations for these permit regulations are
not limited to juveniles and can result in nest failure, and
take authorizations will often include effects on the quality
and availability of habitat and prey; wild bald and golden
eagle populations do not meet these hypothetical
population assumptions. Furthermore, the models have not
been validated by data from wild populations.

The Mil!sap model may not be suitable for bald eagles,
since it primarily looks at raptor species with shorter life-
spans and higher reproductive rates. 

The model can be used for species with different ages at
first breeding and survival. It is equally applicable to
different raptor species if these factors are considered.

More detailed information should be included in the EA
describing the analysis behind the model used – and
perhaps some outreach to the states.

The Draft and the Final EA include the Wildlife Society
paper, in which the authors describe the model in Appendix
D—a relatively simple life-table analysis.
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Comment Response

Take thresholds should not be based on models; the result
is overly restrictive, jeopardizing health and safety due to
limitations imposed on maintenance of critical infrastructure.
Take in the Southwestern Region will be lower than was
permitted under the ESA. The Service should abandon the
models and base permit issuance on the best available
science, and local environmental conditions and local eagle
biology, as is done under the ESA.

The EA is based on a faulty assumption that each permit
will result in a loss of productivity. The presumption should
be that each activity will not be likely to result in a loss of
productivity.

The models used are based upon the best available
science regarding population dynamics and the best
available data for the populations considered. Indeed,
models are a component of "best available science," along
with such things as a good experimental design, a
standardized method for gathering data, rigorous statistical
analysis, and peer review. However, we readily
acknowledge there is always room for improvement, both in
the models used, the way they are applied, as well as the
amount and quality of the data collected and the methods
used. We believe the commitments in the Final EA, which
include working towards more localized management when
feasible, will provide us with the best opportunity to make
those improvements in coordination with States and Tribes.
As stated above, the models form only one part of our
permitting program, but the models can easily be re-run
with regionally derived credible survival rate estimates if
those data are shared with the Service. All decisions on
individual permits will be based upon site-specific
information, including the area population and habitat. 
Our assumption that each permit will result in a loss of
productivity is related to the fact we did not want to issue
permits unless take was likely to occur. It frames the
underlying need for a permit. If the activity is not likely to
"disturb" or otherwise take an eagle, then a permit should
not be needed. The Service must ensure that the
population of either species will not decline as a result of
issuance of disturb or take permits. Therefore, we have
been conservative in all considerations that affect issuance
of permits under the preferred alternative in the Final EA. 
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Comment Response

The EA should make the assumption that each take is a
long-term take until evidence shows otherwise,

Some of the take permits are to be issued both for the year
in which they are requested, and some will be multi-year
permits. Given the demonstrated adaptability and resilience
of bald eagles (for which most disturb permits will be
issued), the approach we are proposing is warranted. The
model we used incorporates and demonstrates that any
take has a long-term effect, which is reflected by the
conservative allowance of take permits for the two species.

What period of time will be used to decide whether the take
was temporary or permanent, so that thresholds are
adjusted accordingly?

We believe that we will have to assess this on a site-by-site
basis, considering how many nests are in a territory, where
they are, and who monitors the site.

The EA should commit the Service to reducing or halting
permit issuance if any population declines are detected at a
regional level,

If data confirm populations at either national or regional
scales are declining, depending on the source and severity
of the decline, the Service will either establish lower take
permit thresholds where appropriate or suspend permitting
until data confirm the populations can support take.

Take under the ESA, emergency nest take, and
programmatic TRM take should be included in the
thresholds because take is take.

We disagree with stating that all the take examples
mentioned by the commenter should be unequivocally
included in the thresholds. However, we have already
stated in the DEA that if we determine that take from
emergency nest or programmatic TRM take affects
productivity, or if individual permits are likely to have such
effects, they will be subject to the thresholds. "Carryover'
take under ESA provisions is very limited, and it will actually
occur only rarely. For any incidental take exempted under
ESA section 7 that is authorized after the date this rule is
finalized and that also constitutes take under the Eagle Act,
the only permit that is available to provide Eagle Act take
authorization is the § 22.26 permit being finalized herein.
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Comment Response

Some TX bald eagles should be grouped with the AZ
population rather than eagles to the east, and are greater
than 43 miles from the eastern populations. Many of these
are relatively isolated; will they be protected?

This population will be protected to the same extent that
most other bald eagle populations are protected. A limited
population would, by default, mean that few disturb or take
permits for that population are issued. Although data
available to us distinguish the Sonoran Desert population
from other bald eagle populations, our FEA notes that we
will include some of the TX bald eagles within the same
general management area as those in AZ.

Local populations may not be adequately protected without
a process that involves more State input. While a regional
approach makes sense it will be critical that the Service
protect eagles in more localized areas with lower population
densities by coordinating closely with States.
CBD: The proposal has inadequate provisions to protect
local populations. The Service should examine and
delineate other specific populations that require separate
analysis.

We expect that each Service Regional office will cooperate
with affected States to ensure support of local populations.
In addition, the FEA includes provisions that would address
cumulative effects, cultural resources, review, and for
enhanced coordination with State and Tribal wildlife
agencies (to be developed with the implementation
guidance for the rule). Provisions for protection of local
populations will be developed within the context of the
enhanced coordination forums. Furthermore, States and
tribes can enact more protective regulations, and the
permits under the federal regulation will not be valid if they
are in violation of other laws.

Where local and detailed data sets exist (e.g., Sonoran
Desert BE pop.), the Service should use those instead of
oversimplified models.

The EA does use these data when they are available, in
order for the models to more closely approximate local
conditions. In addition, if finer-scale, long-term monitoring
efforts meet the needs of our permitting program, the
Service would rely upon them.
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Comment Response
There should be allowances for localized land-use actions
that can deal with disturbance take through appropriate
mitigation supported by a locally agreed-upon interagency
planning effort. This would allow specific solutions to
localized land-use issues and would prevent all but very
minor or temporary declines in local populations.

While we are unsure we have interpreted the question
accurately, we believe the provisions of the programmatic
permits and the enhanced coordination forums would meet
the concerns expressed in the comment.

At this time, we lack the specific information that would
allow us to distinguish between which birds taken are from
local and distant populations, so will assume they are
resident until and unless information is supplied to
demonstrate otherwise. The Final EA also outlines
program goals that would include research to more
accurately assess the impacts to the population of origin by
take of migrant birds.

The EA needs to address how take will be assessed when
it affects both local and distant populations (e.g., wind
turbines and migrating eagles). [No suggestion is made as
to how to do that.]

Take of wintering eagles should not be subtracted from
regional take thresholds.

For bald eagles, the regions should be those used in the
PDMP, based on eagle population centers and their status,
rather than arbitrary USFWS Regional boundaries Also,
the levels of potential take given on pages 103-104 do not
relate to the defined population centers (CFC).

Until much better data on eagle (particularly golden eagle)
movements and survival are available, we see no logical
alternative to this process (Also, see previous response). 
We disagree. All other migratory bird permits are issued by
Region. We considered other population boundaries, but
basing permitting on those boundaries would make the
process confusing for permit applicants and more difficult
for our Regional migratory bird permits offices.
Furthermore, the PDMP doesn't cover all of the U.S.
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Comment Response
With the exception of the Sonoran Desert bald eagle
population, neither species is listed under the ESA. In the
FEA, we have reduced the take thresholds, and, while
greater than under the ESA for bald eagles, they are
considerably lower than in the DEA. Based upon new
information from an ongoing survey, we are also proposing
to maintain historical levels of permits for golden eagles and
not issue permits under this proposal except for emergency
situations, and where the permit will benefit the species.
Issuance of permits that will still allow a stable or increasing
breeding population is warranted.

More explanation is needed as to why take thresholds are
much higher than current take levels.

The FEA and the rule have revised the definition of
compatible with the preservation of the bald eagle or the
golden eagle" to mean consistent with the goal of stable or
increasing breeding populations. The current monitoring
for the golden eagle does not have the precision or
accuracy to detect whether the permitted take is resulting in
discernible declines, nor is there currently a thorough
evaluation of the magnitude and significance of the ongoing
take from un-regulated sources We designed the TRM
programmatic permit expressly to reduce that kind of take,
but do not have the resources to conduct monitoring that
could discern the relative effect of different sources of take.

Because golden eagle populations are currently declining in
some areas, the EA should revise its statement that permit
issuance will be predicated on increasing or stable
populations, and should state instead that it will be based
on the permitted take not resulting in discernible declines.
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Comment Response

The Sonoran Desert population should be evaluated as
separate from those in OK and TX. It should be assessed
along with southern CA, while OK and TX should be part of
the southeast region. Also, the statement on page 56 that
the Sonoran Desert population is not expanding is
inaccurate,

The Sonoran Desert population is evaluated separately
from other populations. In the U.S., the population is
entirely in Arizona. Bald eagles in riparian areas of the
Sonoran Desert of central Arizona are being considered as
a possibly Distinct Population Segment under the
Endangered Species Act. We have revised our statement
on page 56 to reflect that the Sonoran Desert population is
expanding.

The EA needs to be more specific that the Service will not
issue any permits to take bald eagles in Arizona.

Under the preferred alternative, we would not issue
individual permits for take from the Sonoran Desert
population. The Draft and Final EA make it clear that this
population is not large enough to allow such take,
regardless of its status under the ESA. However,
development of programmatic disturbance permits for
ongoing activities that would have measures providing long-
term benefits to the eagle population will be feasible. In
addition, Ecological Services may issue permits if the bald
eagle remains listed in Arizona
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Comment Response
While we cannot predict with absolute certainty those areas
where take requests may exceed thresholds, we expect it
will be in those areas where the take thresholds under the
proposal are only incrementally above historical take levels
from existing permit types. We have identified additional
allocation priorities in the FEA. However, because every
Region has different management needs and approaches,
more specific processes, if needed, will be developed at the
Regional level. In addition, it is important to remember that
the permits in this FEA and rule are not to be sought in lieu
of incorporating appropriate avoidance and minimization
measures into project planning. They are to be sought, for
individual permits, after all practicable (capable of being
done after taking into consideration, relative to the
magnitude of the impacts to eagles, (1) the cost of a
remedy comparative with proponent resources; (2) existing
technology; and (3) logistics in light of overall project
purposes) avoidance and minimization measures are
incorporated, and take is still likely.

The Service needs to identify those areas where take
requests may exceed thresholds and identify the process it
will use to handle the situation (particularly in light of the
inconsistencies between management at the scale of
population centers and BCRs with Service Regional
boundaries). The allocation process should be laid out in
the final EA or rule.

We believe the prioritization provisions in the regulation for
projects to promote and maintain public health and safety
will largely meet the concerns expressed by the
commenter. In addition, if the number of applicants for
permits reaches a level the Region considers high enough
to make a formal allocation process necessary, each
Service Region may do so.

The Service should develop a national allocation process
that includes prioritization of significant infrastructure and
public works projects, such as highways.

The process by which Service Regions allocate permits
must be developed through consultations with stakeholders.

Each Service Region will work with stakeholders on permit
allocation if the Region deems it necessary.
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Comment Response

The DEA statement "tracking the proportion of immature
breeders drawn from the floating population can be used as
an early warning sign of population decline" is erroneous for
3 reasons: 1) not enough tracking of immature breeders,
and 2) floater population can go down in very healthy
populations because of rapid population expansion, and (3)
the population may already be in dramatic decline when
immature breeders are detected. Adult turnover is a more
reliable indicator.

We have revised the wording the DEA on this point.
However, the underlying statement is correct. Changes in
the floater to breeder ratio, if they can be assessed, are a
good early indicator of changes in the population. We agree
that changes in adult turnover also would be excellent
indicators of population stability. They are, however, also
difficult to assess on a large scale. In addition, the language
in question was in the discussion of the biology of raptors in
Chapter 3, the "Affected Environment", and was not in the
section of the document that outlined the proposed actions
and how we intend to manage the program Chapter 2,
"Alternatives".

The data relied upon in the DEA are questionable (e.g.,
Audubon knows of five nests taken in Region 4 during the
period in which the DEA, Table 2 (pg. 55) says there were
none.)

We agree with the comment. However, the data in question
apply to take of bald eagle nests authorized under the ESA,
for which we do not have detailed information. We have
revised the table accordingly.

It is unclear how mortality will be factored into the take
thresholds and under what circumstances TRM will be
triggered (pg. 25).

For the models in the EA, we assumed worst case in every
circumstance. Issuance of a nest site "disturb" permit, for
example, would result in a complete loss of production from
that nest for the year. Thus, the permits all account for
mortality or loss of production. To specifically respond to
the question of a "trigger' for TRM, it would occur when we
determine that mortality is likely to occur, even with
implementation of all achievable avoidance and
minimization measures.
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Comment

The permanent loss of a nest site in FL could have larger
impacts than is indicated in Table C.3 because of limited
unoccupied nesting habitat. Also, the EA doesn't factor in
the quality of the territory. FL is doing a study (available
after September 26) comparing core nesting territories with
other nesting areas (productivity, re-activation, persistence,
etc.), and the study should be considered for the EA.

The take thresholds may make it difficult or impossible in
some high-activity areas for resource developers to get
permits. The rule should provide that a certain portion of the
available take permits be allocated for resource
development projects, or exceptions should be made in
some cases to make permits available above and beyond
the take thresholds.

The number of OR bald eagles estimated in Table C.3 is
too high; recent surveys indicate no more than 500 nesting
pairs in OR. Also, the fledging rate has averaged 0.97 from
1971- 2006 (0.99 in 2006), whereas the DEA uses 1.3. The
result is too high a take threshold for bald eagles in Oregon.

Response
We agree that loss of a territory could affect a population.
However, for most permits, we do not expect a nest to be
lost.. We also believe the provisions of the programmatic
permits and the enhanced coordination forums would meet
the concerns expressed in the comment by developing
protocols for adjusting thresholds based on the quality of
the territory. Given the time constraints of the FEA, the
results of the State-contracted study offered, when provided
to us, will be incorporated into the workings and
considerations of the enhanced coordination process. 
The Final Rule has included, for golden eagles, a third
priority for take of inactive nests for resource recovery
activity areas. Therefore, resource development his
prioritized to the degree that is necessary for public health
and safety, i.e., to provide a public benefit. Furthermore,
the provisions for the two programmatic permits would allow
activities to proceed, if the standard practices adopted as
permit conditions will result in a net reduction in take or a
net take of zero, and no net loss to the breeding population.
Because, in each Service Region, our objective is for stable
or increasing breeding populations, we will not issue more
permits than we believe a population can sustain.
The assessment was based on the number of nests
reported to the Service by the State of Oregon. The
assessment is not intended to evaluate take at the State
level. However, we have adjusted the vital rate values for
the regional population to reflect the information provided.
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Comment Response
Most golden eagles that nest in the east migrate through a
narrow bottleneck. There could be significant take including
TRM of golden eagles due to siting of wind turbines along
the major migration corridor. We need to be careful not to
grant programmatic permits for wind development that
could result in cumulative loss.

We will not issue programmatic permits for wind-power
developments unless the applicants can demonstrate that
there will be no net loss for the species.

New York's mapped bald eagle nests represent fewer
territories than is presented in the DEA because as many
as six nests may belong to a single territory. This makes the
take thresholds too high; a smaller fraction should be used
as the multiplier. How was the DEA number arrived at?

For nesting pairs, the permit issuance will be for activities
around nests, not around territories. Should a proposed
activity affect more than one nest, or result in abandonment
of a territory, permitting for the activity will need to be
carefully considered. If a permit for disturbance resulting in
territory abandonment is issued, the allocation for that take
would be higher, and may be incurred for several
subsequent years, until there is data showing the local area
breeding population is at the same level as it was at the
time the permit was issued.

The juvenile survival rate for bald eagles of 0.77 used in the
DEA is too high. (Various studies are cited.) Instead of
using Florida's rate, why not use Mil!sap's model and use
the midpoints of ranges reported in the Birds of North
America accounts for annual juvenile survival?

The Mil!sap and Allen (2006) paper attempted to assess
take for species for which there was little published
information. However, we believe that, especially for bald
eagles, the survival values used in the model are
representative — especially given the expansion of the
population in the U.S.
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Comment Response

Productivity in NY has never been as high as the 1.45
figure used in the DEA for the mid-Atlantic states.
Historically, it's been much lower, and even in the past
decade averaged only 1.28.

In the DEA we used data provided by our Ecological
Services offices. The difference in productivity cited for New
York makes little difference in the result of the modeling, but
we have factored it into the final application of the model.
In addition, we believe the provisions of the programmatic
permits and the enhanced coordination forums would meet
the concerns underlying the comment. In addition, a State
or tribe can be more restrictive and allow no or less take on
lands under its jurisdiction.
The "predicted population size" is the result of assessing
the outcome of the population model after many years of
issuance of permits. As specified in the footnotes in Table
C.3., predicted population size was calculated using
demographic model described in Millsap and Allen (2006).
Unless otherwise specified, demographic data used come
from Millsap et al. (2004) from a satellite-tagged eagle
study in Florida: Adult survival = 0.83, subadult survival =
0.88, juvenile survival = 0.77, and number of young fledged
per occupied territory = 1.3.

The DEA does not explain how the "predicted population
size" used on Table C.3 was calculated.

The potential elimination of one quarter of the annual
production (1/2 MSY), while defensible with the adopted
values, appears indefensible logically. The Millsap paper
uses a cap of 5%; why was that abandoned?

We are no longer using % MSY as our permit threshold.
The preferred alternative in the Final EA (applying an initial
5% cap on take of annual productivity for bald eagles and
an initial 0% cap for take of golden eagles above the
historical baseline) is more conservative than Millsap and
Allen (2006) proposed for falconry take. 
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Comment Response
Because, at this time, there is uncertainty regarding many
factors, we cannot accurately distinguish between degrees
or levels of uncertainty in different locations. However, the
preferred alternative in the Final EA recognizes and
provides mitigation measures (structured coordination and
a national golden eagle conservation and management
plan) to help us better address the uncertainty in
information at multiple scales. It also sets lower disturb and
take permit thresholds than were proposed in the Draft EA.

Lower permit thresholds should be established in areas with
higher levels of uncertainty.

We agree that the index may be very helpful in assessing
population trends. However, it is not applicable in making
decisions about eagle permit issuance because it does not
provide information with the resolution or precision required
for permit issuance decisions.

The Service should use the Raptor Population Index as part
of its monitoring efforts.

We understand the concern, but disagree with the
conclusion. The action will not make unlawful take legal.
Through the modeling effort, we recognize that
unauthorized take occurs, and therefore limit additional
mortality. However, the permits for TRM will be earned, not
witlessly distributed. We believe that implementation of
these permits will indirectly improve the ability of the
Service Law Enforcement to enforce the Eagle Act by
establishing known and achievable performance standards
for avoidance and minimization of take. Ongoing take will
remain unlawful and subject to prosecution unless a permit
is obtained authorizing that take.

The proposal will not ensure long-term preservation of
eagles due to lack of meaningful monitoring, enforcement,
and penalty provisions. Instead of improving enforcement
the Service proposes to address ongoing, unlawful take by
making it lawful, and then relying on the good faith of the
permittee to comply.
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Comment

Alternative 3 of the DEA is the one that results in the most
take; therefore it is not the environmentally-preferred
alternative.

Response
The preferred alternative is the best choice for meeting the
Service's obligations to both protect eagles and work with
landowners and government agencies. It also provides the
most comprehensive tools for reducing unregulated take.
Therefore, we believe it is the environmentally preferred
alternative.

The EA should provide 1. Detailed requirements of
alternate habitat and mitigation; 2. Determination of
immediate threat of active nest on an airport; 3. Need for
case-by-case determinations as opposed to programmatic
nest permits; and 4. Active nest removal permit issuance for
airports if the Regional take threshold has already been
exceeded.

The details requested by the commenter lie more
appropriately within the implementation guidance, for which
we will request input, review, and comment. Regarding the
last item, although more specifics will be developed, if the
nest removal is determined to be an emergency, safety-
related take without which eagles would also be harmed,
the take may not need to come off the allocation threshold.
The criticism is incorrect. The WEST survey actually
employs two approaches to account for detectability bias.
First, the survey uses standard line-transect sampling
methods to correct for both availability and perception
biases in eagle detectability. Second, because there are
some situations in which line-transect sampling methods
are flawed, the WEST survey also employs a double-
counting, or mark-recapture, sampling element This
sampling method provides a measure of the proportion of
eagles missed in the survey by having two independent
observers conduct counts on one side of the aircraft
simultaneously. The two detectability estimation
procedures are merged in the final WEST analysis by
employing a mark-recapture distance analysis approach.
The result is a highly robust estimate of population size
(and confidence limits) that accounts for detectability bias in
the survey.

The WEST survey yields flawed estimates of golden eagle
population size because eagle detectability is not measured
and corrected for in the final product.
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Comment Response

The Service has inappropriately used trend data in our
population model to calculate golden eagle take thresholds.

The comment is inaccurate. The Service uses data from
the WEST survey in its golden eagle demographic models.
While it is true that an objective of that survey is, over a
number of years, to estimate golden eagle population
trends, the survey is designed to yield annual population
size estimates and confidence limits for golden eagles for
each sampled BCR. It is these population size estimates
and associated age ratios that are incorporated into the
Service's demographic models, not the trend data. Further,
the Service uses the demographic model-generated
estimate of lambda as our gauge of the trend, and thus
ability to support take, of golden eagle populations, not the
observed trend from the WEST survey.
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SECTIONFIVE	 Environmental Information

Sonoran creosote bush scrub (Holland Code 33100) is a low-growing desert habitat dominated
by creosote bush (Larrea tridentata), bursage (Ambrosia dumosa), brittlebrush (Encelia
farinosa), and several species of cactus. Creosote bush is a drought-tolerant deciduous shrub
frequently found on desert bajadas, alluvial fans, and on well-drained desert soils. This
vegetation type is common throughout Southern California desert areas and is the basic creosote
scrub of the Colorado Desert (Holland 1986). Other plant species observed within this habitat
on-site include tamarisk (Tamarix sp.), ocotillo (Fouquieria splendens), silver cholla (Opuntia
echinocarpa), and mesquite (Prosopis sp.). Shrub density ranged from moderate to low density
(shrub spacing from several feet to tens of feet). Substrates on which this vegetation type was
observed on-site include desert pavement, coarse sand, and sandy wash. Sparse stands of
tamarisk and mesquite mixed with creosote scrub are primarily concentrated within several dry
washes that transect the property. No other distinct vegetation communities occur along the
off-site transmission line or waterline. A complete list of plant species observed on-site can be
found in Appendix Y, Biological Resources Technical Report.

Wildlife Resources
The Project Site supports a diversity of common desert wildlife. Reptiles observed included
common side-blotched lizard (Uta stansburiana), Colorado Desert sidewinder (Crotalus
cerastes), zebra-tailed lizard (Callisaurus draconoides), desert iguana (Dipsosaurus dorsalis),
Great Basin whiptail (Cnemidophorus tigris tigris), and desert horned lizard

Bird species detected during surveys included common raven (Corvus corax), California horned
lark (Eremophila alpestris actia; California Species of Special Concern [SSC]), black-tailed
gnatcatcher (Polioptila melanura), and three raptor species: turkey vulture (Cathartes aura),
American kestrel (Falco sparverius), and red-tailed hawk (Buteojamaicenis). Burrowing owls
were detected along the transmission line route and potential burrows were also detected on the
Project Site.

Mammals observed or indirectly detected from scat, tracks, or burrows included black-tailed
jackrabbit (Lepus californicus), kit fox (Vulpes macrotis arsipus), coyote (Canis latrans), and
California ground squirrel (Spermophilus beecheyi); rodent tracks and burrows were commonly
observed throughout the site. A complete list of wildlife species observed on-site can be found
in Appendix Y, Biological Resources Technical Report.

Sensitive Habitats and Special-Status Species
Sensitive habitats are those that support sensitive plant or animal species, or unique vegetation
communities considered rare within the region. No sensitive habitats are present within the
Project study area. A search of the CNDDB revealed several previously documented special-
status species occurring within the Project vicinity. Figure 5.6-4, Special-Status Species
Locations, illustrates the results of the CNDDB search within a 10-mile radius of the Project
boundary.
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Abstract.—Attention to long-term declines in populations of Neotropical migratory birds
has generated increased interest in how to monitor and manage them. Measurement of
nesting success provides information on trends in recruitment, and measurement of vegetation
associated with nests may identify habitat influences on breeding productivity. Examination
of nests also allows collection of life history data (e.g., clutch size, numbers of broods,
numbers of nesting attempts, nesting success), which provide important insight into vul-
nerability of species to decimation or perturbations. Comparisons of nesting success and
habitat use across the geographic range of a species can determine local habitat effects on
population recruitment and historical constraints on habitat use and species distributions.
In this paper, standardized methods and cues are described that aid in locating and monitoring
nests to allow comparisons across studies in space and time.

METODOS PARA LOCALIZAR NIDOS Y MONITOREAR EL EXIT° DE ESTOS

Sinopsis.—El decrecimiento progresivo de las poblaciones de a yes que migran al neotrOpico
ha generado gran interes en cOmo monitorear y manejar a estos. El medir el exito de
anidamiento provee informaciem en relaciem a las tendencias en el reclutamiento poblacional
y las medidas de la vegetaciem asociada a nidos puede ser importante en identificar aspectos
de esta que influyan en la productividad. El examen de nidos tambien permite recopilar
datos sobre ciclos de vida (ej. tamafio de la camada, ninnero de camadas por afio, niimero
de intentos de anidamiento, y exito de anidamiento) el cual provee informaciem importate
en 'referencia a la vulnerabilidad de la especie a perturbaciones. Li comparaciem del exit°
de anidamiento de una especie en diferentes habitats a lo largo de extensiones geograficas
puede determinar el efecto de habitats locales en el reclutamiento poblacional y restricciones
histericas en el uso de habitat y la distribucien de la especie. En este trabajo, se describen
metodos estandarizados y pistas que pueden ayudar a localizar y monitorear nidos de tal
manera que se puedan hacer comparaciones entre estudios y lapsos de espacio y/o tiempo.

Habitat features that influence breeding productivity of birds are poorly
known (Martin 1992). Measurement of nesting success and associated
vegetation allows identification of such habitat features and also provides
greater insight into evolution of habitat requirements and species coex-
istence than traditional metrics such as presence or abundance (Martin
1986, 1988a, 1992). Data on nest sites and mortality also improve un-
derstanding of ecological and evolutionary influences on life history traits

' Current address: Montana Cooperative Wildlife Research Unit, Department of Biological Sci-
ences, University of Montana, Missoula, Montana 59812 LISA.
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(Lack 1968; Martin 1988b, 1993a, b; Martin and Li 1992), which can
give insight into the abundance and vulnerability of species to population
decimation (Martin 1993a, Pimm et al. 1988). Knowledge of life history
traits taken together with data on breeding productivity can also provide
information on demographic trends and warn of population problems
before declines in density actually occur (Martin 1992, 1993a; Pienkowski
1991; Temple and Wiens 1989). Many life history traits, however, are
unknown or poorly known for many species in North America; breeding
biology studies are poorly represented among species and geographic
locations (Martin 1992, 1993a; Ricklefs 1969). The paucity of studies
exists in part from a misconception that nests are too difficult to find.
Yet, cues and techniques for finding nests can be learned, as we describe
here, thereby providing the vital information needed to curb long-term
population declines of many species (see Robbins et al. 1989).

Nest record programs, where volunteers turn in records of nest attempts,
have been in existence for years in both the United Kingdom (Bailie 1990)
and United States (Bart 1977). These programs obtain data for broad
geographic regions from volunteers who often locate nests incidental to
other activities. Sample sizes for many geographic regions and habitat
types are minimal and consistency in monitoring nests once they are found
is poor. Thus, these programs suffer from several potential biases and
require careful interpretation (Bailie 1990). In contrast, studies that focus
on nest monitoring on long-term plots can provide data on breeding
productivity for entire collections of species to allow comparisons within
and among species in space and time (e.g., Martin 1992, 1993a; Martin
and Li 1992; Sherry and Holmes 1992). Moreover, broad-scale deteri-
oration of environmental conditions from habitat degradation or global
warming can be detected if such studies are distributed across local mi-
croclimatic gradients and broad geographic regions (Martin 1992, Temple
and Wiens 1989). Additionally, if vegetation is measured, habitat features
that influence nesting success can be compared across the geographic
ranges of species to provide insight into habitat requirements and distri-
bution of species (see James et al. 1984, Knopf et al. 1990). Effective
comparisons among species and locations, however, depend on standard-
ization of sampling protocols.

In this paper we describe aids and standardized techniques for locating
and monitoring success of nests. These methods are provided to stan-
dardize data collection to allow comparisons across investigators and in
the hope of increasing both sample sizes and numbers of studies of breeding
biology.

NEST LOCATION

Nest finding is labor intensive (DeSante and Geupel 1987), but most
observers can improve their ability to locate nests in a matter of days with
training and practice. The behavioral observations and clues described
below work effectively for a variety of species. Our experience includes
only a small subset of species and habitats available in North America,
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however, and is largely restricted to wooded (scrub and forest) habitats.
Other methods may be more effective in other habitats. For example,
cable-dragging (Higgins et al. 1969) and rope-dragging (Labisky 1957)
may be more effective methods for many grassland species. The patience
and alertness of observers and their familiarity with the habitat and
behavior of species are the most important influences on effectively locating
nests.

We have successfully used these techniques to train individuals who
even lack experience at bird identification. For example, a crew of four
assistants initiated a study in Arkansas in 1991 where nesting behaviors
of species were unstudied; this crew was provided only the general nest-
finding guidelines given below. The crew included one experienced nest-
finder, one person experienced at identifying birds and two people without
experience at either. These workers found over 300 nests of open-nesting
birds (Table I). A crew of seven assistants that included two experienced
nest-finders found more than 800 open-cup and cavity nests on Arizona
sites in the same year (Table I). In general, about 20 nests are needed
for an adequate estimate of nesting success (Hensler and Nichols 1981),
and such sample sizes were obtained for most species (Table 1). Moreover,
species with small sample sizes can be compiled across years.

We recommend that two study plots be established for each person
searching for nests and he or she should work on these two plots for the
entire nesting season. Nest-searching should be alternated between plots
between days. This schedule allows consistent monitoring and allows the
person to become familiar with the plot and identify "hot spots." In
general, eight plots, each 40 ha in size, should be established in forest
habitat to find adequate numbers of nests for most species coexisting in
any given forest, but smaller plots can be established if studying habitats
with higher densities. This design fits in the national Breeding Biology
Research and monitoring Database (BBIRD) administered by Martin.

Nest finding should begin early, as soon as territories are established.
Non-migratory species generally are more variable than migrants and
may initiate breeding considerably earlier in some years (e.g., Geupel
and DeSante 1990). Visits prior to nesting are recommended to ensure
early nests are not missed in 'unusual' years. Once general chronology of
nest initiation is known (after the first year), a general description of this
chronology helps assistants to know species on which to focus early in
the season.

Nest location during nest construction. —Nests located during construc-
tion provide the best estimates of nest success. Permanent residents and
many ground-nesting species often begin the earliest. Only the female
constructs the nest and incubates for most small terrestrial bird species
in North America (Kendeigh 1952, Silver et al. 1985). Exceptions include
woodpeckers (Picidae), vireos (Vireonidae), and wrens (Troglodytidae).
Thus, the most effective way of finding nests is by locating and following
females, although males may provide some cues (see later), and some
nests in the shrub layer can be found by random search. Ground nests
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TABLE 1. List of species and numbers of nests found in a single field season in Arkansas
and Arizona using teams of four and seven field assistants, respectively.

Arkansas
Yellow-billed Cuckoo
Acadian Flycatcher
Wood Thrush
Red-eyed Vireo
Black-and-white Warbler
Ovenbird
Worm-eating Warbler
Hooded Warbler
Indigo Bunting

Arizona
Acorn Woodpecker
Red-naped Sapsucker
Williamson's Sapsucker
Hairy Woodpecker
Downy Woodpecker
Northern Flicker
Cordilleran Flycatcher
Mountain Chickadee
Pygmy Nuthatch
Red-breasted Nuthatch
White-breasted Nuthatch
Brown Creeper
House Wren
Hermit Thrush
American Robin
Ruby-crowned Kinglet
Warbling Vireo
Orange-crowned Warbler
Virginia's Warbler
Yellow-rumped Warbler
MacGillivray's Warbler
Red-faced Warbler
Western Tanager
Black-headed Grosbeak
Green-tailed Towhee
Dark-eyed Junco

Coccyzus americanus
Empidonax virescens
Hylocichla mustelina
Vireo olivaceus
Mniotilta varia
Seiurus aurocapillus
Helmitheros vermivorus
Witsonia citrina
Passerina cyanea

Melanerpes Jormicivorus
Sphyrapicus varius
Sphyrapicus thy roideus
Den drocopus villosus
Den drocopos pubescens
Colaptes auratus
Empidonax difficilis
Parus gambeli
Sitta pygmaea
Sitta canadensis
Lila carolinensis
Certhia Jamiharis
Troglodytes aedon
Catharus guitatus
Turdus migratorius
Regulus calendula
Vireo gums
Vermivora celata
Vermivora virgin iae
Dendroica coronata
Opororn is tolmiei
Cardellina rubrzfrons
Piranga ludoviciana
Pheucticus melanocephalus
Pipit() chlorurus
Junco hyemalis

13
51
40

51
19
14
16
67
30

8
30
32
10

8
26
36
45
24
26
14
22
83
74

24

14

58
71
34
45

9
21
39

7
24

46

in forests are usually the most difficult to find and ground-nesting species
are poorly studied (Martin 1992, 1993a). Yet, this group is thought to
be particularly area-sensitive and good indicators of habitat disturbance
(Martin 1993a, Whitcomb et al. 1981). Thus, special efforts should be
made at locating and monitoring ground-nesting species.

Females tend to be extremely furtive during nest building. Mated
females may be recognized by copulation events during latter stages of
building or by observing that they move about the territory unharassed
by the male. Any non-mated bird, especially an intruding male, is nor-
mally attacked immediately. Any female observed should be checked with
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binoculars, especially after long flights across the territory, to determine
whether nesting material is being carried. Nest material may not be
obvious. For example, species such as Yellow-rumped Warblers (Den-
droica coronata) and Wrentits (Chamaea fasciata) collect spider webbing,
which is only observable as a small white spot after careful examination
of the bill (Martin and Geupel, pers. obs.). Similarly, many birds carry
fine materials for lining nests, and these materials are not obvious upon
casual inspection.

Sitting near sources of nesting material (i.e., failed nests, thistles) or
open areas with a good view of the territory can help detection of nest-
building females. Different paths across plots should be used on each visit
to increase the probability of randomly encountering females near un-
discovered nests. Follow a bird carrying nesting material from a distance
to avoid disturbance. Do not interrupt a long flight. If the bird disappears,
begin to scan for potential nest sites. Be patient and wait for another visit,
being careful not to interfere with her behavior. If the female disappeared
near the nest, she will spend time in the area. Remain aware, however,
that she may also move out of the back side of the patch to a different
patch that contains the nest.

Some birds tolerate nearby observers and behave normally, but most
are very wary of observers. If the observer is too close to the nest, the
bird often will sit on a perch and eventually drop the nesting material if
the observer does not move away. The observer should move quickly and
quietly in the opposite direction from which the bird came. Obtain a new
hiding position at least 15 m away and watch the female take nesting
material several times and leave without it. Stay alert to the possibility
that the female may enter one patch and then surreptitiously move among
patches only to return the same way to give the appearance of nesting in
the first patch. Some species such as MacGillivray's Warblers (Oporornis
tolmiei), Hooded Warblers (Wilsonia citrina) and Sage Sparrows (Am-
phispiza belli) will walk on the ground for several meters to approach the
nest secretly. Species that nest off the ground can often be detected as
they move through a thick patch of vegetation by watching the vegetation
move. Verify the nest status and location a few hours later, being careful
to make sure the female is not present. Later visitation is recommended
because usually the female has become aware of observers during their
nest-finding activities.

Nest location during egg-laying.—The most difficult stage for finding
nests is during egg-laying because the female may visit the nest only when
she lays an egg and most songbirds lay one egg per day. In cold climates,
the female will sometimes sit on the nest during egg-laying when weather
is particularly harsh. Also, nest visitation becomes more frequent with
increases in numbers of eggs laid (Kendeigh 1952, Zerba and Morton
1983). One means of finding nests during egg-laying is by carefully
observing female and male behavior. When either parent gets near the
nest, it will look at the nest. If an egg-laying female detects a predator
in the area, such as an observer following her, she will sometimes check
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the nest by looking down at it repeatedly. A good cue is a female staying
in an area without actively feeding.

Finally, copulatory behavior can be used to detect nests during both
nest-building and egg-laying. Copulation often occurs in the same tree
above a nest, on the same branch, or in the next tree. Carefully examine
the area immediately adjacent to any copulatory activity observed.

Nest location during incubation.—When females suddenly "vanish" and
males increase the frequency of singing, females have probably initiated
incubation. An increase in female foraging speed also indicates the onset
of incubation. Females forage at slower speeds prior to incubation (during
pre-construction, nest construction, and egg-laying) than during incu-
bation and nestling stages. Females that are moving obviously fast (e.g.,
rapid hops, quick short flights, rapid wing flicks) should be carefully
followed because they will return to the nest soon; on average, female
passerines stay off the nest for 6-10 min and on for 20-30 min at a time
across species (e.g., Nice 1937, Southern 1958, Zerba and Morton 1983).

Detection of incubating females can be accomplished in two ways. First,
females can be encountered by constantly moving through the study plot,
but constant alertness is imperative. Sometimes, sitting down in a spot
for 20-30 min is useful because incubating females will leave the nest in
that period. Second, females can be detected by call notes. Females of
many taxa (e.g., Silviidae, Parulinae, Emberizinae) chip or call when
they are off the nest. The female begins chipping just prior to leaving
the nest or as soon as she is off it. Some taxa such as emberizid finches
and icterines give a unique nest departure call when leaving the nest
(McDonald and Greenberg 1991). If a vocalizing female is detected and
then lost during the course of following her, immediately return to the
point of original detection because it is often near the nest and the female
can often be relocated before getting back on the nest.

Males can also be of some help. First, males often will respond to
females when they leave the nest and either quietly guard the nest (e.g.,
Gray Catbird, Dumetella carolmenszs; Slack 1976), or the female. Detec-
tion of a quiet male may indicate presence of a foraging female or a nest
somewhere near him. Second, males will feed incubating females for a
great array of species, particularly cavity-nesting birds, but for many
open-nesting birds as well (Lyon and Montgomerie 1987, Silver et al.
1985, Martin and Geupel, unpubl. data). Any birds (male or female)
observed should be checked for material in their bills because they po-
tentially could be building nests, feeding females or feeding young. Finally,
males of some species (e.g., Chestnut-sided Warbler, Dendroica pensyl-
vanica) use favorite singing perches that are in direct view of the nest
(Martin, pers. obs.). The nest can be located by following his line of sight.

Females are fairly tolerant of people following while they forage. The
female is more cautious as she returns to the nest. A relatively long flight
after foraging is probably a return to the nest and is often along the same
route. Quickly running in her direction for about 25 m may often allow
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resighting because the disturbance will keep her from returning to the
nest. If she is near the nest, but cautious about approaching, she will
display nervous displacement behavior. This "nest dance" involves bounc-
ing back and forth between a few trees or substrates, and in some cases
also includes very rapid foraging. Eventually, she will start to move down
toward the nest and then suddenly fly back up. This behavior will be
repeated several times in the course of a few minutes. If the observer is
too close to the nest, the bird will continue to bounce back and forth
between substrates and will sometimes fly off for a short time, only to
return within a few minutes. The observer should back off and watch
her with binoculars and she will then return to the nest. If the work is
being conducted in cold conditions, do not keep her off the nest for more
than 15 min because the eggs can chill to lethal levels. If the female has
been followed for more than 30 min and has not disappeared or exhibited
displacement behavior, then she probably does not have a nest. Of course
this "30-min rule" does not apply to species where both sexes incubate.

If a female disappears into a tree or shrub, memorize the area where
the female disappeared and choose potential nesting sites before ap-
proaching. Moving quietly, begin tapping potential nest shrubs in this
area with a stick. Listen for the flush of the female off the nest. Watch
for the female or the "nest dance." Note that spotting the female will
confirm that the nest is nearby. If the nest is not found and the female
is not observed leaving, then there is no confirmation that a nest is in the
area. Because the nest is in a fixed location, the site can be revisited for
careful searches in the future.

In many species, nest site preference seems to be an evolutionarily
conservative trait (Martin 1988a, 1992, 1993c). Many birds prefer to
nest in or under certain plant species or patch types that differ among
bird species (Geupel 1993, Martin 1993c, Martin and Roper 1988).
Familiarity with nest substrate and patch preferences can help in finding
nests. Describe and visit nest locations from previous years to aid new
observers in finding nests.

Nest location during the nestling stage.—Finding nests during the nest-
ling period is easiest because both males and females commonly bring
food to the nestlings and remove fecal sacs. Males are normally the easiest
to follow because they are generally less cautious than females in ap-
proaching nests. Nests can usually be found from a greater distance using
binoculars because of the constant activity of the parents.

Knowledge of the nesting cycle allows an observer to anticipate when
to start looking for a new nest. Most species will renest following a nesting
failure, although the number of nesting attempts or renesting intensity
varies within and among species (Geupel and Desante 1990, Martin and
Li 1992). Reconstruction begins almost always at a new site within 10
d and the new nest is likely to be farther away from the previous nest
the earlier in the nesting cycle that failure occurred (citations in Martin
1992). Multi-brooded species may begin another nest in as little as 8 d
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after fledging a prior nest. Sometimes the female will begin nesting while
the male is still tending the fledglings of the previous brood (Burley 1980,
Smith and Roff 1980).

Nest finding can be a difficult and frustrating task; patience is the most
important asset. An observer should set a goal of trying to find at least
one nest every day. More than one nest will be found on many days, but
if at least one nest can be found each day the numbers of nests obtained
over the season will accumulate and frustration will be minimized.

NEST MONITORING

Each nest found should be checked every 3-4 d to determine if it is
still active (with eggs or young) or has failed. Except just after egg-laying
and near hatching and fledging events, it is not necessary to check the
nest contents. Instead, check the nest from a distance; if an adult is on
the nest, do not flush it. Careful and highly conscientious attention to
checking nests is critical for data quality because the number of days that
nests are observed with eggs or young is used to calculate daily mortality
rates, the most effective measure of nest success (Hensler and Nichols
1981; Mayfield 1961, 1975). Moreover, nesting outcome is difficult to
determine with increasing length of time between nest checks and variation
at this stage can bias estimates of nest success. The fledging date should
be identified as the date of the last visit on which nestlings were observed
in the nest. Do not extrapolate past the last date that young were observed
except when the average nesting cycle duration is used to determine the
fledging date from the known initiation date. Otherwise, an upward bias
on Mayfield estimates occurs. Prior to the field season, a sheet of infor-
mation that summarizes the general clutch size, length of the incubation
period, and length of the nestling period for every species that occurs on
the study sites should be prepared. This information aids anticipation of
hatching and fledging events.

Flagging or other visible markers can increase risk of predation (Picozzi
1975) and, hence, should be used with caution. When possible, memorize
the area and write a description of how to find the nest using compass
bearings and distance estimates (paces) from obvious landmarks or flag-
ging placed greater than 10 m from the nest. Another solution is to grid
permanently all study plots with numbered stakes at 25 or 50 m intervals
depending on the density of the vegetation; 25 m intervals are usually
best (see Ralph et al. 1993 for information on establishing permanently
marked plots). Nest location can be described from these permanent
markers.

Nest cards are used to record data about the nest site and nest activity.
The Cornell Laboratory of Ornithology (159 Sapsucker Woods Rd.,
Ithaca, New York 14850) maintains a national nest card database and,
thus, their card or some similar variant should be used. All observations
of nests should be recorded on the nest card, including visits when no
activity was noted. Noting lack of adult activity is particularly critical for
canopy or cavity-nests where nest contents cannot be checked. All this
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information is needed for calculating nesting success (see also Bart and
Robson 1982). Recorded information should include date, time, presence
of adults and activity of adults (e.g., incubating, feeding young, flushed
from nest). Also, any time the nest is approached close enough to see the
contents, they should be noted on the nest cards (number of eggs, or
number and age of nestlings). Age of the nestlings helps determination
of nest fate in some cases by providing information on length of time that
nests were active. Also, data should be summarized by success at each
nesting stage (egg-laying, incubation and nestling) and, thus, accurate
records of these stages are needed. When possible, data should include
date of first egg, clutch completion date, hatching date, day of banding
(if banded) and fledging date. Careful and detailed observations should
be recorded if a nest predation event is observed in action. If the nest
appears inactive based on observations from a distance, it should be
approached to verify mortality. In the case of canopy nests, mirrors at-
tached to telescoping poles (we use window-washing poles) can be used
to check nest contents of nests up to 10 m off ground. If the nest appears
depredated (eggs or young removed) then check the nest structure and
immediate area around and under the nest for evidence of predation. Look
for holes in the bottom of the nest cup. Any evidence (e.g., shell fragments,
hole in nest, nest torn up) should be fastidiously noted on the card. When
the young fledge, they commonly perch on the side of the nest thereby
flattening the nest and they leave fecal droppings in the nest or on the
edge or ground and such should be noted as possible evidence of successful
fledging. When a nest is thought to have fledged, however, observers
should try to verify by watching for fledglings or parents feeding fledglings
or by hearing parents giving alarm or distress calls or young begging.
This activity usually occurs near the nest site because fledglings often do
not move very far in the first couple of days. Some species such as Rufous-
sided Towhees (Pipit° erythrophthalmus), however, may move as far as
100 m in less than a few hours. Care must be exercised in classifying
nest fate because some species or individuals may carry food up to 24 h
or longer after predation of their nest. This behavior may be exacerbated
by unrelated fledgings from neighboring territories. Descriptive confirm-
atory evidence of fledging should be noted on the nest cards.

PRECAUTIONS FOR MINIMIZING HUMAN-INDUCED MORTALITY

Locating and monitoring nests have the potential to reduce nest success
(Gotmark 1992) but with proper precautions such biases can be eliminated
or minimized (Martin and Roper 1988, Nichols et al. 1984, Willis 1973).
Some investigators use camouflage netting over their heads or attached
to camouflaged hats to reduce disturbance to birds. Initial location of the
nest normally creates the most distress to adult birds and disturbance to
the nest site because subsequent visits are brief. Some evidence suggests
that predation rates are higher on the first or early visits than subsequent
visits (Bart 1977, Nolan 1978, but see Bart and Robson 1982), perhaps
caused by the disturbance during locating the nest. Therefore the following
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guidelines are suggested when attempting to locate nests. (1) Distress
calls by adults should be minimized and never allowed to continue for
over 5 min. (2) Do not approach a nest when any potential nest predator,
particularly a visually-oriented predator (e.g., corvid) is present. (3) Min-
imize disturbance to the area around the nest. (4) Do not get close to
nests during nest building; birds will abandon if disturbed prior to egg-
laying, particularly during the early part of a season.

To lower the probability of predation or brood parasitism during checks,
we recommend the following precautions. (1) Check the nest from as
great a distance as possible. Use binoculars to see the female or contents
of the nest or get on logs and look from above into the nest when possible
to minimize proximity and disturbance near the nest. (2) Disturb the
birds and area as little as possible. Move to nests in different paths on
subsequent visits and use a path that is quick, quiet and that minimizes
disturbance to the vegetation; paths in the vegetation from broken stems
or smashed grass/forbs can cue possible predators. Never leave a dead
end trail to the nest. Do not return on the same path but continue walking
in a different direction away from the nest. If avian predators are common,
check other bushes without nests. Always assume a predator is watching.
(3) Be quick and accurate during nest checks and nestling banding. If
the nest must be approached, minimize the amount of time spent near
the nest examining the contents because the more time spent at nest the
more scent that is left for olfactory predators. (4) Minimize the number
of observers visiting the nest (no photographers). (5) Use a pen or stick
to check nests to prevent human scent from being left on or near a nest.

VEGETATION MEASUREMENT
As soon as a nesting attempt terminates (successful or unsuccessful),

complete the nest card and then measure the vegetation associated with
the nest. Be careful at the beginning of the season (May to early June),
as an empty nest may not have had eggs laid yet; some species or indi-
viduals will delay as long as 8 d between completing nests and laying
eggs. Do not bother nests at this stage, unless it is certain a nesting attempt
was made and failed.

Vegetation should be measured for the nest substrate and surrounding
patch. Vegetation in the patch surrounding the nest can provide infor-
mation on microhabitat choices. Species that choose the same plant species
as a nest substrate may choose different microhabitat types (Martin 1993c,
unpubl. data). Moreover, vegetation in the habitat patch surrounding a
nest may exert a strong influence on probability of mortality. For example,
numbers of potential nest sites (stems of the same size and plant species
as used for the nest) in the patch surrounding the nest may affect predation
risk (Martin 1988c, 1992, 1993c; Martin and Roper 1988). Hence, de-
termination of habitat patch preferences is important for developing land
management guidelines and testing habitat selection theories. Compari-
sons of nest patch characteristics to unused patches or to patches used
across the range of species may provide important insight into habitat
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preferences (e.g., see James et al. 1984; Knopf et al. 1990; Martin 1988c,
1992, 1993c; Martin and Roper 1988). Standardized vegetation sampling
methods should be used to allow comparisons among locations and in-
vestigators. Details of the vegetation sampling protocols used by the na-
tional BBIRD program are available from Martin upon request.

In conclusion, nest-monitoring plots can provide valuable data on the
habitat influences on nesting productivity and possible causes underlying
population trends. Constant-effort mist-netting schemes can provide an
index of annual productivity (Bailie et al. 1986, DeSante and Geupel
1987) and also some information on adult and juvenile survivorship. These
methods, however, do not necessarily provide information on the types of
habitat conditions that facilitate increased nesting productivity. Nest-
monitoring is more labor-intensive but provides direct information on
both productivity and habitat conditions that facilitate maintenance of
viable populations, thereby providing direct land management informa-
tion. Moreover, nest-monitoring is the only way to ascertain the rate and
consequences of cowbird parasitism. Finally, nest-monitoring provides
badly needed data on life history traits of species, which allows identi-
fication of bottlenecks in the demography of species and, also, when taken
together with nesting success may provide important insight into vulner-
ability of populations to disturbance (see Martin 1993a).
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Birds are a priceless part of America's heritage.

They are beautiful, they are economically

important—and they reflect the health of our

environment. This State of the Birds report

reveals troubling declines of bird populations

during the past 40 years—a warning signal of

the failing health of our ecosystems. At the

same time, we see heartening evidence that

strategic land management and conservation

action can reverse declines of birds. This report

calls attention to the collective efforts needed

to protect nature's resources for the benefit of

people and wildlife.



Foreword
Birds Are Important Indicators
of Our Nation's Environmental Health

•The United States is blessed with diverse landscapes, a wealth of
natural resources, and spectacular wildlife, including more than 800
bird species. Birds are a national treasure and a heritage we share
with people around the world, as billions of migratory birds follow
the seasons across oceans and continents. Our passion for nature is
evident: Wildlife watching generates $122 billion in economic output
annually, and one in every four American adults is a bird watcher.

In the past 200 years, however, the U.S. human population has
skyrocketed from about 8 million to 300 million. As we have
harvested energy and food, grown industries, and built cities, we
have often failed to consider the consequences to nature. During our
history, we have lost a part of our natural heritage—and degraded
and depleted the resources upon which our quality of life depends.
We have lost more than half of our nation's original wetlands, 98%
of our tallgrass prairie, and virtually all virgin forests east of the
Rockies. Since the birth of our nation, four American bird species
have gone extinct, including the Passenger Pigeon, once the world's
most abundant bird. At least 10 more species are possibly extinct.

Birds are bellwethers of our natural and cultural health as a nation—
they are indicators of the integrity of the environments that provide
us with clean air and water, fertile soils, abundant wildlife, and the
natural resources on which our economic development depends. In
the past 40 years, major public, private, and government initiatives
have made strides for conservation. Has it been enough? How are
birds faring?

In an unprecedented partnership, government wildlife agencies
and conservation groups have come together to produce this first
comprehensive analysis of the state of our nation's birds. The results
are sobering: bird populations in many habitats are declining—a

warning signal of the failing health of our ecosystems. Where we
have been negligent too long, such as in Hawaii, we are on the verge
of losing entire suites of unique and beautiful birds and native plant
communities.

At the same time, we see heartening evidence that birds can respond
quickly and positively to conservation action. Many waterfowl
species have undergone significant increases in the past 40 years, a
testament to coordinated conservation efforts in wetlands. Through
focused conservation efforts, we have brought magnificent Peregrine
Falcons and Bald Eagles back from the brink of extinction.

We ask you to join us in continuing to reverse the damage to our
nation's habitats and protect our remaining natural landscapes—the
foundation upon which our precious resources, our wildlife, and
the lives of our children depend. Cooperative conservation efforts
among the government, conservation organizations, and ordinary
citizens—private landowners, hunters, and bird watchers—really are
making a difference.

It is imperative that we redouble our efforts now, before habitat loss
and degradation become even more widespread, intractable, and
expensive to solve. Together, we can ensure that future generations
will look back at this first State of the Birds report with disbelief that
their common birds could ever have been so troubled.

North American Bird Conservation
Initiative, U.S. Committee

American Bird Conservancy

Association of
Fish and Wildlife Agencies

Cornell Lab of Ornithology

Klamath Bird Observatory

National Audubon Society

The Nature Conservancy

U.S. Fish and Wildlife Service

U.S. Geological Survey

Bar-tailed Godivit nest, Alaska.
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ihe results reflect the influence of human activities and global change on
our nation's birds. Every U.S. habitat harbors birds in need of conserva-
tion. Hawaiian birds and ocean birds appear most at risk, with populations
in danger of collapse if immediate conservation measures are not imple-
mented. Bird populations in grassland and aridland habitats show the most
rapid declines over the past 40 years. Birds that depend on forests are also
declining.

In contrast, wetland species, wintering coastal birds, and hunted waterfowl
show increasing populations during the past 40 years, reflecting a strong
focus during this period on wetlands conservation and management.

Species of Conservation Concern

The iwi is a bird unique to the Hawaiian Islands. More bird species are
vulnerable to extinction in Hawaii than anywhere else in the United States.

OVERVIEW
The State of Our Nation's Birds
The United States is home to a tremendous diversity of native birds, with
more than 800 species inhabiting terrestrial, coastal, and ocean habitats,
including Hawaii. Among these species, 67 are federally listed as endan-
gered or threatened. An additional 184 are species of conservation concern
because of their small distribution, high threats, or declining populations.

Successful conservation requires information about the population status
of every species to ensure the survival of endangered birds and to manage
common species so they never become threatened. This report presents a
new synthesis of major bird-monitoring databases, including data from
thousands of citizen scientists and professional biologists. We used data
from three continentwide monitoring programs to create bird population
indicators for major U.S. habitats, reflecting the health of these habitats and
the environmental services they provide. These habitat indicators are based
on the population changes of obligate species—those that are restricted to a
single habitat and are most sensitive to environmontal changes. We supple-
mented this information with data from many other surveys that focus
on species that are rare, endangered, or difficult to monitor, such as ocean
birds. (See pages 33-34 for methods.)

Hawaiian Birds in Crisis
More than one-third of all U.S. listed bird species occur in Hawaii and 71
bird species have gone extinct since humans colonized the islands in about
300 AD. At least 10 more birds have not been seen in as long as 40 years and
may be extinct. Proven conservation measures are urgently needed to avert
this global tragedy, including increasing investment in protecting remaining
forests, eliminating exotic predators, and captive breeding.

Declining Seabirds Signal Stressed Oceans
At least 39% of the U.S. birds restricted to ocean habitats are declining.
These birds face threats from pollution, over-fishing, and warming sea tem-
peratures caused by climate change, as well as threats at island and coastal
nesting sites. Declining seabirds may be our most visible indication of an
ocean ecosystem under stress.
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High Concern for Coastal Shorebirds
Although some coastal birds are increasing, shorebirds that rely on coastal
habitats for breeding and refueling on migration are besieged by human
disturbance and dwindling food supplies. Sea level rise caused by acceler-
ating climate change will inundate shoreline habitats. Hall of all coastally
migrating shorebirds have declined; for example, Red Knots have declined
by an alarming 82%. Because of their relatively small and highly threatened
global populations, shorebirds are of high conservation concern.

Wetland Birds Show Amazing Resilience
The upward trend for wetland birds in the U.S. is a testament to the amaz-
ing resilience of bird populations where the health of their habitat is sus-
tained or restored. The overwhelming success of waterfowl management,
coordinated continentally among Canada, the United States, and Mexico,
can serve as a model for conservation in other habitats.

Bird Population Indicators

Bird population
indicators based on
trends for obligate
species in four major
habitats.

Grasslands and Aridlands:
Degraded, Neglected
Dramatic declines in grassland and aridland birds signal alarming neglect and
degradation of these habitats. Incentives for wildlife-compatible agricultural
practices in grasslands and increased protection of fragile desert, sagebrush,
and chaparral ecosystems are urgently needed to reverse these declines.

Black Oystercatchers inhabit coastal areas
where habitat loss is a threat. Coastal

reserves help ensure that oystercatchers
and humans can coexist.

Forest Birds Face an Uncertain Future
Although forest birds have fared better overall than birds in other habi-
tats, many species have suffered steep declines and remain threatened by
unplanned and sprawling urban development, unsustainable logging,
increased severity of wildfires, and a barrage of exotic forest pests and
diseases.

Conservation Successes for Endangered
and Common Birds
The will of our nation to prevent extinction and reverse environmental
degradation is exemplified by the remarkable recovery of the Bald Eagle,
Peregrine Falcon, and other bird populations after the banning of DDT and
other harmful pesticides. Targeted conservation programs for listed species
remain necessary, and proactive measures involving voluntary partnerships
between local, state, tribal, and federal government, nongovernmental or-
ganizations, and private citizens are needed to maintain the integrity of U.S.
habitats and to keep our common birds common.

Over the last two decades, unprecedented private-public partnerships,
called Joint Ventures, have been highly effective at leveraging scarce funds
to conserve millions of acres of wetlands and other wildlife habitat. Also,
bird conservation initiatives such as Partners in Flight, the U.S. Shorebird
Conservation Plan, and the North American Waterbird Conservation Plan
have raised awareness and inspired conservation action at continental and
regional scales. The North American Bird Conservation Initiative (www.
nabci-us.org ) provides opportunities for coordinating these vital activities.

IMP



101111J1.3111-3
Unique Birds of the Arid lands
Face Loss and Degradation of
Habitat
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Golden-checked Warbler

Consider This:
Aridlands harbor more than 80 nesting
bird species, including many unique
and beautiful birds found only in
deserts, sagebrush, or chaparral.

More than 75% of birds that nest only
in aridlands are declining and 39%
of all aridland birds are species of
conservation concern.

Habitat loss from urban development,
habitat degradation from overgrazing
and invasive plants, and a changing
climate are causing significant
problems for many aridland birds.

A regional system of protected areas
is critically needed to accommodate
increasing development while
meeting the habitat requirements for
keeping bird populations stable.

The State of Aridland Birds
Of 83 ariclland-breeding bird species, 39% are spe-
cies of conservation concern, including 10 feder-
ally listed as endangered or threatened. These
species are especially vulnerable because of their
small ranges or restricted habitat requirements, or
both.

Sixty percent of all aridland species and 76%
of aridland obligate species have declined. The
aridland birds indicator, based on 17 of 30 obli-
gate species with sufficient data, shows a steady
decline over the past 40 years, to nearly 30%
below the baseline value. An additional 13 species,
including nine species of conservation concern,
are not adequately monitored.

Aridland Birds Indicator

Aridlands in the U.S. include the Sonoran Desert (shown here),
Chihualman, Mojave, and Great Basin deserts, and major shrub-
scrub ecoregions (coastal California chaparral, Edwards Plateau,
Colorado Plateau). Aridlands are characterized by low annual
precipitation with variability from one year to the next.

Birds in Trouble
Federally listed as
endangered: California
Condor, (Northern)
Aplomado Falcon, (San
Clemente) Loggerhead
Shrike, (Least) Bell's
Vireo, Black-capped
Vireo, Golden-cheeked
Warbler. Threatened:
(Western) Snowy
Plover, (Coastal) California Gnatcatcher, (lnyo)
California Towhee, (San Clemente) Sage Sparrow.

• Endangered Golden-cheeked Warblers depend
on ash-juniper woodlands that are being cleared
for agriculture or suburban development in the
Texas hill country.

• Species such as Elf Owl, Bend ire's and LeConte's
thrashers, and Gilded Flicker are of conservation
concern because of their small range, known
threats, or declining populations.

• Resident game birds that depend on aridlands,
including Greater and Gunnison's sage-grouse
and Scaled Quail, have suffered significant
declines and arc threatened by continued deg-
radation of their fragile habitats. About 45% of
potential sagebrush habitat has been converted
to other habitat types, including agriculture and
urban areas.
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Major Threats
Development and Energy
Unplanned and sprawling urban development
is by far the greatest threat to aridlands. Some of
our nation's fastest growing cities are in aridlands
(e.g., Los Angeles, Phoenix, Las Vegas, San Diego).

Coastal sage and chaparral of southern Califor-
nia represent a global biodiversity hotspot with
numerous threatened or endangered plants and
animals. About 40% of the area is now urban or
suburban, supporting nearly half of California's
human population.

Energy development and exploration have major
impacts on aridland birds. Poorly planned energy
infrastructure degrades and fragments habitat and
provides conditions favorable for invasive plant
species.

Agriculture and Invasive Species
Invasive nonnative plants are a serious threat
to virtually all aridlands. In the Great Basin and
other areas, more than 17% of remaining sage-
brush is dominated by introduced grasses such
as cheatgrass. Invasive grasses fuel wildfires that
devastate sagebrush and desert plant communi-
ties, eliminating native plants that evolved in the
absence of fire.

Unsustainable livestock ranching practices have
degraded habitat and damaged soils, fostering
areas dominated by nonnative plants.

Climate Change
The impact of climate change in aridlands is diffi-
cult to predict, but warmer conditions and chang-
es in precipitation may dramatically affect the

production of seeds needed by birds. Improved
monitoring of bird populations may provide the
first indications of changes to habitats.

Solutions
• Proactive conservation measures, such as ensur-

ing sustainable agriculture and environmentally
sustainable energy development, are needed to
reverse declines of native aridland birds.

• Linking the protected lands system with "smart
growth" in communities will provide oppor-
tunities for people to enjoy birds, as well as for
birds to move and adapt to increasing pressure
from development.

• Immediate, innovative efforts are needed to
encourage the coexistence of agriculture and na-
tive birds, including wildlife-compatible grazing
practices, maintenance of native habitat patches,
and planting native seed mixes in disturbed
areas.

• Continual efforts must be made to prevent
invasive plants from spreading in areas most
affected by wildfire.

Beyond Our Borders
More than 50% of aridland birds are permanent
residents of the U.S. borderlands. Effective con-
servation requires close collaboration with the
Mexican government and private conservation
organizations. Most migratory species winter in
Mexico and Central America, including the endan-
gered Golden-cheeked Warbler. New and existing
international partnerships must be supported to
ensure the survival of aridlami birds.

Reasons for Hope
Endangered Cali-
fornia Condors and
Aplomado Falcons
have been reintro-
duced to areas where
they had been extir-
pated in the United
States. Public lands
have provided impor-
tant habitats for these

species. Today, 174 condors are flying free, and
the number grows each year.

Vast areas of public land managed by the Bureau
of Land Management and Department of De-
fense offer opportunities to protect and manage
habitats for aridland birds.

I I XRI.W..: `, II VAIN /:Ct I:RH	 \

Unplanned urban growth is by far the greatest threat to aridland birds.
A regional system of protected areas can enhance quality of life for

people and enable birds to survive.
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GRASSLANDS
Aliiw ' ca rs Heartland is
Home to Our Nation's Fastest
Declining Birds

— Grassland Obligates (24)

-40

60

Western Meadowlark

Consider This:
V6 Grassland birds are a vital part of

North American landscapes. Forty-
eight species nest in U.S. grasslands,
including ducks, grouse, hawks, and
songbirds.

Grassland birds are among the fastest
and most consistently declining
birds in North America; 48% are of
conservation concern and 55% are
showing significant declines.

Only about 2% of the tallgrass prairie
that existed in the early 1800s still
remains. Although birds may settle
in pastures and haylands, frequent
haying, burning, and overgrazing can
create "ecological traps" where birds
try to nest but fail to raise their young.

Farmland conservation programs
provide the best hope for birds and
other wildlife. Agricultural practices
can become more compatible with
birds, and land can be managed
inexpensively for birds with funding
from conservation programs.
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The State of Grassland Birds
Of 46 grassland-breeding birds, 48% are spe-
cies of conservation concern, including 4 with
populations that are federally endangered. Eight
of twelve sparrow species are listed as of con-
servation concern. Of the 42 grassland species
with sufficient monitoring data, 23 are declining
significantly.

.[he grassland birds indicator, based on data for
24 of 25 obligate species, dropped by nearly 40%
from the baseline value, with a slight recovery
evident in the last five years.

Grassland Bird Indicator

1968	 1973	 1978	 1983	 1988	 1993	 1998	 2003	 2007
Year

Native grasslands once stretched across the United States from
Canada to Mexico, and east from the Rocky Mountains as far as
Ohio. More than 95% of the tallgrass prairie has been converted
to agriculture and other uses. Short- and mixed-grass prairies
continue to be converted to agriculture.

Birds in Trouble
Federally listed as
endangered: (Northern)
Aplomado Falcon,
(Attwater's) Greater
Prairie-Chicken,
(Masked) Northern
Bobwhite, (Florida)
Grasshopper Sparrow.

• Some of the Ameri-
can landscape's most
iconic birds are showing steep declines. Eastern
and Western meadowlarks, Bobolinks, Short-
eared Owls, and Northern Bobwhites have
declined by 38-77% since 1968.

• Six species that breed in the Great Plains of the
United States and Canada and that winter in
Mexico's Chihuahuan grasslands are show-
ing steep declines of 68-91%: Mountain Plover,
Sprague's Pipit, Lark Bunting, Baird's Sparrow,
Chestnut-collared Longspur, and McCown's
Longspur.

• Lesser and Greater prairie-chicken, Sharp-tailed
Grouse, Northern Bobwhite, and Northern
Pintail—all popular game birds—have declined
from historic levels because of loss and frag-
mentation of grasslands. Lesser Prairie-Chicken
is a candidate for listing under the Endangered
Species Act.



Major Threats
Agriculture
Grassland birds have declined because of the
intensification of agriculture, including larger
fields with fewer grassy edges, native weeds, and
insects, as well as the spread of row crops into
drier regions.

Pastures cannot support many birds if overgrazed,
burned too frequently, or burned at the beginning
of the nesting season or the end of the grass-grow-
ing season.

Grasslands in public lands and parks are often
mowed too frequently and kept too short to
provide bird habitat. Open areas are frequently al-
lowed to revert to forest instead of being managed
as grassland.

Energy and Climate Change
High commodity prices and demand for biofuels
contribute to reduced acreage for farm conser-
vation programs, which may reverse the recent
improvement in grassland bird populations.

Wind turbines, if improperly sited, can fragment
grasslands and disrupt nesting activity of game
birds such as Lesser Prairie-Chickens.

Global warming is expected to increase drought
conditions in grassland regions, leading to lower
productivity and reduced food supply for birds.

Solutions
• Farm conservation programs remain our best

tool for restoring and maintaining grasslands for

birds, especially in areas of row-crop agriculture
and across the short-grass prairie.

• Haying, grazing, mowing, and burning can be
conducted in ways that are compatible with
birds, usually at very small cost to the producer.
These costs can be compensated by conservation
programs that provide other benefits as well,
such as erosion control.

• Wetland conservation programs should con-
tinue to include adjacent grasslands because
such areas are valuable for both grassland and
wetland birds.

• Many national, state, and local parks could be
managed to benefit grassland birds, and new
acquisitions from willing landowners should be
explored. Management should include a balance
of disturbance to eliminate woody vegetation
while allowing a healthy tall grassland.

Beyond Our Borders

More than half of grassland obligate species
depend on Canadian prairie habitats, as well as
those in the central United States. Chihuahuan
Desert grasslands in Mexico host a wide variety
of U.S.-breeding birds in winter, but more than a
million acres have been converted to agriculture in
the past five years. Ranchlands are often over-
grazed, causing desertification.

Migrants such as Bobolink, Upland and Buff-
breasted sandpipers, American Golden-Plover,
and Swainson's Hawk fly to South America where
grasslands are being converted to agricultural
production.

4!1 Reasons for
i Hope

After recent, alarm-
ing declines in some
grassland specialists,
such as Hens low's
Sparrow, increases
have resulted from
the Conservation

Reserve Program and other programs that have
restored wildlife habitat. Healthy populations of
these birds will require maintaining or increas-
ing acreages and conservation practices.

Birds that use wet grass and grass adjacent to
wetlands are doing better than average, per-
haps because these species have been the focus
the Conservation Reserve Program, Wetlands
Reserve Program, conservation easements, and
other initiatives.

Henslow's Sparrow

k.	
4111

Farm conservation programs provide millions of acres of protected grasslands
that are essential for the birds in a landscape where little native prairie remains.

nnn
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Cooperative partnerships have implemented
landscape-level management benefiting both

game and non-game bird species.

Northern Bobwhites have declined
by 75% during the past 40 years.

Recent Farm Bill initiatives
include goals fir recovery of

bobwhite populations.

Spotlight on Resident Game Birds
Managing Land for Game Birds Helps All Birds

10

Upland game bird hunting in the United States
generated nearly $2 billion and provided
recreation for nearly 3 million licensed hunters
in 2006. Because management for the 19 native
resident game bird species falls under the
jurisdiction of state wildlife agencies, regional
partnerships such as the Northern Bobwhite
Conservation Initiative and North American
Grouse Partnership formed so states can work
together on rangewide management efforts.
These efforts target landscape-level habitat
changes that benefit both game and non-game
species. In addition, volunteer organizations assist
management efforts for resident game birds,
including the National Wild Turkey Federation,
Quail Unlimited, Pheasants Forever, and the
Ruffed Grouse Society.

The State of
Resident Game Birds
Of 19 native resident game bird species, 47% are
species of conservation concern and 2 are federally
endangered. Based on the best data from a variety
of sources, Greater Sage-Grouse, Gunnison's Sage-
Grouse, Greater Prairie-Chicken, Lesser Prairie-
Chicken, Sooty Grouse, and Northern Bobwhite
are thought to have declined by more than 50% in
the last 40 years, and Scaled Quail have declined by
33%. For these species, further research is required
to understand fully the limiting factors. Introduced
Chukar, Ring-necked Pheasant, and Gray Partridge

show stable overall populations; however their
numbers are augmented by captive-breeding and
release programs because of demand for recreation-
al hunting.

Birds in Trouble
Federally listed as endangered: (Attwater's)
Greater Prairie-Chicken, (Masked) Northern Bob-
white.

Northern Bobwhite has declined by 75% over the
past 40 years because of alteration of grassland-
shrub communities in pine, agricultural and graz-
ing lands where the limiting factor is nesting and
brood-rearing habitat.

Both Greater and Lesser prairie-chickens are
highly social species that are sensitive to loss and
fragmentation of native grasslands. Encroachment
by osage orange, western red cedar, and invasive
grasses also reduces habitat quality.

Despite state and federal measures to avoid, mini-
mize, and mitigate known threats, Greater Sage-
Grouse continues to be threatened by the spread
of invasive grass species, degradation and loss
of sagebrush habitat from livestock grazing, the
development of renewable energy, and the spread
of West Nile virus.

Heavy livestock grazing and subsequent inva-
sions of nonnative plants have eliminated under-
story flowering plants and grasses from habitat
used by Montezuma Quail in southern Arizona
and northern Mexico.

Reasons for Hope
Farm Bill programs that result in the retirement
of millions of acres of intensely cropped lands
offer the greatest hope for the long-term man-
agement of many resident game birds. Greater
Prairie-Chicken populations have benefited from
the creation of core grasslands in several states,
and population goals for recovery of Northern
Bobwhite have been written into recent Farm Bill
initiatives.

By the early 1900s, most Wild Turkey populations
had been wiped out in North America. As late
as the Great Depression, fewer than 30,000 Wild
Turkeys remained in the entire United States. Re-
introduction programs, active management, and
regulated hunting have allowed the Wild Turkey
population to expand to more than 7 million birds
by 2008.
Sustainable forest management provides forest
habitat diversity for Ruffed Grouse, which inhabit
young forest.

GERRIT VYN



American Robins can thrive
in many habitats, including

urban yards and parks.

GREGG LEE

VOIR 11111W

Spotlight
on Urban Birds
Habitat for Birds and People
Although bird communities in urban eiviron-
ments are often dominated by a few exotic and
ubiquitous species such as Rock Pigeons and
House Sparrows, a surprising number of native
birds have adapted to life around humans.

American Robins can thrive in many habitats,
including lawns with abundant earthworms. Cali-
fornia Quail and Abert's Towhees find suburban
plantings a suitable substitute for native aridland
habitats. Gulls, vultures, and crows seek abun-
dant food at garbage dumps and along roadsides.
Hummingbirds, chickadees, sparrows, finches,
woodpeckers, and other birds take advantage of
bird feeders. Even hawks and owls find increas-
ingly safe nesting sites and abundant prey in our
towns and cities.

The urban/suburban indicator, based on data for
114 native bird species, shows a steady, strong
increase during the past 40 years, driven primar-
ily by a small number of highly successful species
such as Wild Turkey, Double-crested Cormorant,
vultures, gulls, doves, House Finch, and Great-
tailed Grackle. This indicator may represent a
sensitive "first alert" to environmental changes
from urban and suburban development.

Creating greenspace for birds in cities
can help adaptable urban birds as well

as migrants stopping over during
their long journeys.

In general, urban-adapted species from eastern
forests, especially permanent residents, have
shown stable or increasing populations, whereas
migratory birds, such as Common Nighthawk,
Chimney Swift, and Wood Thrush, show the same
declining trends as many eastern forest obligates.
This suggests that birds living in urban habitats
year-round benefit from higher overwinter sur-
vival. In the West, a majority of common urban/
suburban species are declining, especially birds
native to southwestern aridlands and Pacific Coast
forests.

The wide variety of native birds that thrive
in urban areas underscores the importance of
these artificial habitats to the survival of many
bird populations. Creating greenspace in urban
environments, landscaping with native plants in
backyards and parks, adopting architecture and
lighting systems that reduce collisions, and keep-
ing pets indoors will provide the greatest benefit
to breeding birds and migrants seeking safe places
to rest and find food during their spectacular
journeys.

Urban Birds Indicator
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Exotic Bird Species
The most common birds in nearly every urban
environment are exotic species introduced from
other parts of the world. Exotic species also occur
in most natural habitats in North America and many
have significant negative effects on native birds,
other wildlife, and humans. European Starlings can
damage seed and fruit crops and compete with na-
tive birds for nest cavities. Mute Swans, introduced
from Eurasia in the 19th century, have displaced
ducks and geese from wetlands and have over-
grazed aquatic vegetation. Other exotic birds have
positive economic impacts, such as Ring-necked
Pheasant, a popular species with hunters.

Of the 17 exotic species considered in this report,
some have been established for more than a century
and now occur across the continent. These birds,
including Rock Pigeon, European Starling, and
House Sparrow, show stable or declining trends over
the past 40 years. In contrast, populations of some
recently introduced species are growing, including
Eurasian Collared-Doves, whose abundance and
distribution have increased exponentially since they
colonized Florida from the Bahamas in the 1970s.

The impacts of exotic species on the well-being of
humans and our native flora and fauna are not well
studied. Exotic birds merit
closer monitoring, and
careful vigilance will
be needed to protect
against negative
impacts to our native birds.

introduced to the Bahamas the
I970s, Eurasian Collared-Doves
have spread to Florida and across the
United States.

— Urban Birds WO



Healthy Forests Are Key to
the Future of Birds and Our
Natural Resources

— Eastern (25)

— Western (38)

— Boreal (31)

Elegant Trogon

Sustainable forestry, landowner incentives for forest
preservation, and urban greenspace initiatives can

protect natural resources and help ensure the
long-term viability of many forest birds.

:As many as five billion birds
fly south f,o,n the boreal .forest
each fall, according lo the Boreal
Songbird Initiative. Many of
these birds spend the winter in
the United States.

SCARLET TANACER so GERRIT

Consider This:
North America has a tremendous
di n/ersity of forests harboring more
than 300 breeding bird species.

r#, Some forest birds are doing
well, giving hope for continued
conservation efforts, but roughly
one-third of all forest-breeding
species have declined.

VO, Forests are threatened by unplanned
and sprawling urban development,
unsustainable logging, intense
wildfires following decades of fire
suppression, overbrowsing by
deer, and tree pests and diseases
exacerbated by a changing climate

Opportunities abound for forest bird
management, including a balance of
economically viable but sustainable
forestry and grazing practices; the
U.S. manages 193 million acres of
National Forests.

The State of Forest Birds
Of 310 forest-breeding birds nationwide, 22%
are species of conservation concern, including
11 federally listed as endangered or threatened.
Roughly one-third of all forest-breeding species
have declined. The overall indicator for obligate
forest birds, based on 96 species with adequate
data, declined by roughly 10% through 1980, then
recovered slightly in recent years (see graph, page
5). Bird population trends in forests differed across
four geographic regions (see pages 14-15).

The eastern forests indicator, based on data for 25
obligate species, declined steadily over the past 40
years, dropping by nearly 25% since 1968.

In western forests, the indicator based on 38
obligate species shows a slightly declining trend;
however, monitoring data were unavailable for
40% of western forest obligates, including 10 spe-
cies of conservation concern. Many western forest
birds, such as Montezuma Quail, Elegant Trogon,
White-headed Woodpecker, and Hermit Warbler,
are at risk because of their small geographic range
or small and threatened populations.

The indicator for boreal forests, based on 31 of 37
obligate species with adequate data, has fluctu-
ated greatly with a generally declining trend over
the first 25 years, and then a general increase more

recently. Many boreal
birds are not well moni-
tored over large parts
of their range, however,
reducing our confidence
in this indicator.

Similarly, in subtropical
forests of South Texas
and Florida, monitoring
data were insufficient to
create a bird population indicator. Many species
in these regions are known to be expanding their
range northward, perhaps in response to warming
temperatures.

Forest Birds Indicator
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Red-shouldered Hawk

Forest-breeding
raptors, such as
Cooper's Hawk, Red-
shouldered Hawk,
and Merlin, as well
as tree-nesting Bald
Eagle and Osprey,
have responded
positively to protec-
tion from shooting,

banning of harmful pesticides, and abundant
prey in urban areas.
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Major Threats
Development and Disturbance
Rapid urban growth threatens forests in all
regions. Development increased from 15 million
to 60 million acres during 1945-2002 and is still
increasing exponentially.

The loss of economic incentives for private for-
estry has led to the sale and subdivision of forest
industry lands and a rapid rise in second-home
and other ex-urban development, causing forest
loss and fragmentation.

Decades of unnatural fire suppression have
created fuel for more intense fires, dramatically
increasing the acreage burned in recent years (e.g.,
9.8 million acres burned in 2006). Historically,
natural fires burned large areas of some forest
types annually, but were less intense. These fires
were essential for the health of forests and their
wildlife.

Resource Use
The U.S. harvests 21.2 billion cubic feet of timber
from forests annually. Harvest increased by 40%
during 1950-1980, but has declined since 1985.
More than half of all timber comes from south-
eastern forestlands, 87% of which are privately
owned. Only a small portion of timber originates
from federal lands, but important forest types
such old-growth forests in the Pacific Northwest
and Alaska remain available for logging.

Invasive Species
Nearly every important tree species is afflicted by
an exotic insect pest or disease, which will likely
be exacerbated by a changing climate. Mountain
pine beetle has killed vast areas of western pine
forests and the hemlock woolly adelgid threatens

eastern hemlock with extinction within 50 years.

Unnaturally high populations of white-tailed deer
have destroyed the shrubby understory of many
eastern forests, contributing to declines in forest-
nesting birds.

Solutions
• The U.S. manages 193 million acres in 155

National Forests, 80% of which are in western
states. By 2008, 13% of forestlands in the west-
ern U.S, 6% in the East, and 26% in Alaska had
been set aside in forest reserves. Conservation
of roadless areas and additional reserves and
improved management, such as sustainable
forestry and grazing practices, would ensure the
long-term viability of many forest birds.

• Sustainable forestry practices improve the
long-term health of forests. Economically viable
practices on private lands and incentives for pri-
vate landowners can provide a mosaic of forest
ages and structure to benefit diverse birds and
prevent development.

• Smart growth and urban greenspace initiatives
are critical for stemming the tide of suburban
sprawl and preserving the integrity and connec-
tivity of forest ecosystems. Incentive programs
that enable landowners to keep their land as
forest need to be expanded.

Beyond Our Borders
Half of all forest bird species migrate from breed-
ing habitats in the U.S. and Canada to winter in
the Caribbean, Mexico, and Central and South
America. Collaborative initiatives involving inter-
national partnerships are essential for successful
conservation of these species and their habitats.

The Cerulean Warbler is one of more than 40 species of colorful
wood-warblers that breed in U.S. forests. They migrate thousands

of miles annually to winter in the Neotropics. Many long-
distance migrants are threatened by loss and degradation of

forests across the hemisphere.

Reasons for Hope

CERULEAN WARBLER BY GREG LAVATY
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Lewis's Woodpecker

Reasons for Hope
Vast areas of western forests on public lands are
protected from permanent conversion to other
land uses. Improved forest management, such
as restoring natural fire regimes and fencing
riparian areas to prevent overgrazing, can benefit
many forest birds.

Spotted Owl

Reasons for Hope
Wild Turkeys were close to extinction in the early
1900s but have increased tremendously (8.9%
per year since 1968) in response to reintroduction
programs, management, and forest regeneration.

Many characteristic eastern forest birds, includ-
ing woodpeckers, chickadees, hawks, and owls,
have adapted to urban and suburban plantings
and parks, buffering them from the effects of
habitat loss and fragmentation.

An eastern deciduous forest turns ablaze
with color in fall. Eastern forests include
northern hardwood and other mixed forests
of the Northeast and upper Midwest,
oak-hickory and other deciduous forests of
the Appalachians, coastal plain, and river
valleys, and southeastern longleaf and
slash pine forests.

Redwood and Douglas-fir forests of the Pacific
Coast are some of the tallest forests in the
world. Western forests also include conifer,
pine-oak, and pinyon-juniper forests of the
mountains, riparian ribbons of deciduous forest
along major rivers, and oak woodlands.

Eastern Forest 	 Western Forest
Birds in Trouble
Federally listed as endangered: Wood Stork,
Ivory-billed Woodpecker, Red-cockaded Wood-
pecker, Bachman's Warbler, Kirtland's Warbler.
Threatened: Florida Scrub-Jay.

The eastern U.S. has lost two forest species to
extinction: Passenger Pigeon and Carolina Para-
keet. Hope is dimming for Bachman's Warbler

Golden-winged Warblerand Ivory-billed Woodpecker.

Many eastern forest birds are suffering consistent and troubling declines:

• Red-cockaded Woodpecker, Brown-headed Nuthatch, and Bachman's
Sparrow, year-round residents of mature southern pine forests, especially
the highly threatened longleaf pine ecosystem.

• Neotropical migrants that require large blocks of intact forests, such as
Kentucky Warbler, Wood Thrush, and Eastern Wood-Pewee. The Ceru-
lean Warbler is threatened by mountaintop-removal coal mining along
Appalachian ridges and clearing of riverine forests.

• Species dependent on disturbed or early successional forest or natural
disturbance (including pine barrens) including the Golden-winged War-
bler, Whip-poor-will, Prairie Warbler, Eastern Towhee, and Field Spar-
row, and popular game species such as Northern Bobwhite and American
Woodcock.

Birds in Trouble
Federally listed as threatened: Marbled Murre-
let, (Northern) Spotted Owl, (Mexican) Spotted
Owl, (Southwestern) Willow Flycatcher.

Several groups of birds are declining:

• Specialized permanent residents, such as
Pinyon Jay (threatened by massive die-off of
pinyon pines), Oak Titmouse (threatened by
loss of California oak woodlands), and Yellow-
billed Magpie (threatened by loss of oaks and by West Nile virus).

• Temperate migrants dependent on mature pine forests, including Lewis's
Woodpecker, Plumbeous Vireo, Grace's Warbler, and Cassin's Finch.

• Neotropical migrants such as Black Swift, Western Wood-Pewee, and
Black-throated Gray Warbler. The steeply declining Black Swift is vulner-
able to increasing drought conditions because it nests behind waterfalls.

• Many Pacific forest birds, including Marbled Murrelet, Spotted Owl,
Olive-sided Flycatcher, Varied Thrush, Band-tailed Pigeon, Rufous Hum-
mingbird, and Chestnut-backed Chickadee. Murrelets and Spotted Owls
require structurally diverse old-growth forests.

14



Rusty Blackbird Aitamira Oriole

Reasons for Hope
Boreal wetland birds such as Common Gold-
eneye, Bufflehead, and Bonaparte's Gull have
increased. Management efforts for Trumpeter
Swans throughout their historic range have been
highly successful.

Green lay

The boreal forest stretches south from the arctic
tundra across an area larger than the Amazon

rainforest, a blanket of spruces, birch, peat bogs, and
other wetlands. Occurring mostly within Canada,
the North American boreal forest extends into the

United States in Alaska, in states bordering the
Great Lakes, and in northern New England.

A forest of live oaks in Tree Tops Park,
Florida. Subtropical forests in the
United States occur only in south

Texas (Tamaulipan thorn forest) and in
peninsular Florida (bald cypress and

hardwood hammocks).

7c)
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Boreal Forest 	 Subtropical Forest
Birds in Trouble
Federally listed as endangered: Whooping
Crane.

• Lesser Scaup and White-winged Scoter nest
in boreal forests and winter in coastal regions;
both have declined by more than 50% in 40
years.

• The U.S. Shorebird Conservation Plan identi-
fies four boreal-nesting species that are of high
conservation concern: Whimbrel, Hudsonian Godwit, Solitary Sandpiper,
and Short-billed Dowitcher. Lesser Yellowlegs and Least Sandpiper also
are experiencing long-term declines.

• Harris's Sparrow and Rusty Blackbird are temperate migrants that winter
entirely within the U.S.; causes of their steep declines have yet to be de-
termined (Rusty Blackbirds have declined by 75% in 40 years).

• Birds that periodically come south in winter, such as Bohemian Waxwing,
Pine Siskin, White-winged Crossbill, and Evening Grosbeak, have experi-
enced long-term declines.

• Many Neotropical migrants show consistent declines, including boreal
specialists such as Blackpoll Warbler, Cape May Warbler, and Connecticut
Warbler.

In 2007 and 2008, Ontario and Quebec promised
to protect more than 120 million acres of Canada's boreal forest—one of the
largest conservation actions in North American history if implemented.

Birds in Trouble
Federally listed as endangered: Wood Stork.
Threatened: (Audubon's) Crested Caracara.

• Smooth-billed Ani in Florida and Groove-
billed Ani in Texas have declined dramatically
for unknown reasons.

• Other less-common species of the Rio Grande
Valley, such as Altamira and Audubon's
orioles, also have declined, possibly due to
Bronzed and Brown-headed cowbirds that lay eggs in the  orioles' nests.

Reasons for Hope 4.2

Couch's Kingbird, Long-billed
Thrasher, and Olive Sparrow	 cr)

are among many species that
are moving northward in Texas,
perhaps in response to warming
temperatures.

Acquisition and restoration ef-
forts by the U.S. Fish and Wildlife
Service, the state of Texas, The
Nature Conservancy, and Nation-
al Audubon Society have created
a string of protected areas along
the Lower Rio Grande that are
vital to many subtropical forest
specialists. The newly formed Rio
Grande Joint Venture is a public-
private partnership striving to protect and restore additional remnant
forests in south Texas and northeastern Mexico.

Nearly all of south Florida's remaining subtropical forests are protected
within Everglades National Park and the Big Cypress National Reserve.

Vast areas of virgin boreal forest still remain, pre-

Trumpeter Swan	 senting opportunities for large-scale conservation.
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ARCTIC & ALPINE
Key Nesting Areas Are
Threatened by Global Warming
and Energy Development

Consider This:
Millions of birds travel from around
the globe to the arctic each year.
Eighty-five bird species rely on
the arctic's long summer days and
abundant insect prey to raise their
young.

Because the arctic is vast and remote,
data are lacking for many species.
Some birds, such as geese and gulls,
seem to be faring well, but many
shorebirds and landbirds are showing
worrisome declines.

Disturbance to tundra from energy
exploration and changes caused by
global warming are affecting the
birds' food base and transforming
arctic habitats. Arctic-breeding birds
also face numerous threats during
extensive spring and fall migrations.

Reducing emissions is critical to
slow global climate change, which is
already affecting the arctic. Energy
development and transportation plans
should incorporate the conservation
needs of birds.

The State of Arctic
and Alpine Birds
Of the 85 species that breed in arctic and alpine
regions, 38% are of conservation concern, includ-
ing 3 federally listed as endangered or threatened.
The arctic and alpine indicator, based on 27 obli-
gate species, has increased steadily over the past
40 years. Dramatic increases in four arctic-nesting
geese contribute to this overall trend. Because of
the remoteness of these regions, however, the indi-
cator represents only 46% of obligate arctic and al-
pine species. A group of 10 landbird species shows
a declining trend over the same period, with
steepest declines evident in alpine-nesting rosy-
finches. Some sea ducks and many shorebirds
are also declining; two-thirds of all arctic-nesting
shorebirds are species of conservation concern.

Arctic and Alpine Bird Indicator
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— Arctic Obligates (27)

— Arctic Landbirds (10)
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Alaska's arctic coastal plain tundra includes some of

the world's most productive wetlands for migratory
shorebirds and waterfowl. The arctic region also
includes drier northern uplands and treeless alpine
areas on mountaintops.

Birds in Trouble
Federally listed as
endangered: Eskimo
Curlew. Threatened:
Spectacled Eider,
Steller's Eider.

• In arctic Canada, the
Ivory Gull has de-
clined dramatically in
the last decade. This
enigmatic and beauti-
ful species depends on arctic sea ice for feeding,
and is especially vulnerable to global warming.

• Arctic-breeding ducks that winter in marine
waters have declined. The nonbreeding dis-
tribution of threatened Spectacled Eider was
unknown until recent satellite imagery revealed
important concentrations in arctic waters off
Alaska.

• At least 38% of arctic-nesting shorebirds are de-
creasing and population trends are unknown for
25%. A monitoring program to assess shorebird
populations is critically needed.
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Reason for Hope

Buff-breas ted  Sandpiper

Oil and gas leasing
has been deferred
for 10 years around
Alaska's Teshekpuk
Lake, which supports
high densities of
breeding shorebirds
and large numbers of
molting geese.

Major Threats
Climate Change
Warming temperatures are more extreme at the
poles than in other places on earth. Thawing per-
mafrost in the southern arctic is lowering the wa-
ter table and drying out coastal tundra supporting
the highest densities of breeding shorebirds and
waterfowl.

Warming temperatures may cause a mismatch
between the timing of nesting and availability of
food. Melting sea ice cover will affect seabirds,
such as Ivory Gull, by causing shifts in their
marine food resources. Changes to vegetation and
snowpack could affect lemmings, important prey
for Snowy Owls and other birds.

Energy
Oil exploration and production threaten major
areas of great importance to arctic-breeding birds.
Arctic warming will make it easier to develop off-
shore energy facilities and to transport products,
increasing the risk of fuel spills that kill or harm
birds.

Development and Disturbance

Predators that thrive near human development,
such as arctic foxes and gulls, prey on the eggs
and young of ground-nesting birds. Predators
introduced to islands can devastate bird
populations.

Solutions
• Reducing emissions is the only direct way to

slow effects of global climate change. Better
monitoring is needed to understand the effects
of climate change on arctic wildlife.

• Energy and commercial development plans
should avoid key breeding and staging areas,

minimize effects on breeding birds from oil
spills and other hazards, and include adequate
disaster responses.

• A system of protected areas in productive re-
gions of the arctic is needed to ensure that birds
have areas to use as conditions change in the
arctic.

• Management actions continue to be needed to
control the overpopulation of geese that nega-
tively affect the habitat for other species such as
shorebirds.

• As arctic birds respond to a changing climate,
increased monitoring efforts will be required in
areas that are difficult to access, to determine
population redistribution and impacts, and to
develop conservation strategies.

Beyond Our Borders
Most arctic and alpine breeding birds have large
populations in Canada, and some also inhabit
arctic Europe and Asia. Birds that breed in the
arctic may winter in habitats from South America
to southern Canada, so protection of international
wintering and migratory areas is essential. Of 51
shorebird species that breed in northern North
America, substantial populations of 40 species
(78%) winter in Latin America, Asia, Australia,
Polynesia, and Europe.

The future of arctic habitats and birds
depends on our ability to curb global
climate change and to explore energy

resources with minimal impact to wildlife.



WETLANDS
Wetlands Restoration:

1 A Model for Bird Conservation

Consider This:
Nearly one-quarter of all U.S. birds
rely on freshwater wetlands, including
more than 50 shorebird species, 17
long-legged waders, and 44 species
of ducks, geese, and swans.

a Wetland bird populations are well
below historic levels but management
and conservation measures have
contributed to increases of many
wetland birds, including hunted
waterfowl.

Degradation and destruction of
wetlands reduce clean water and
other benefits to society and eliminate
critical areas needed by wetland birds.

a Bird-related conservation programs
have contributed significantly to the
restoration of wetlands. For example,
"Duck Stamps" and the North
American Wetlands Conservation Act
have generated billions of dollars and
protected nearly 30 million acres.

1983	 1988	 1993	 1998	 2003	 2007
Year
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Wood Stork

More than half of our natimi's
original wetlands have been
drained or converted to other
uses. Many wetlands are
within other habitats, such as
grasslands, boreal forest, and
arctic tundra.

Although many wetland birds show troubling declines,
conservation programs have protected millions of acres

and contributed to thriving populations of herons, egrets,
hunted waterfowl, and other birds.

The State of Wetland Birds
Of 163 bird species that breed in freshwater wet-
lands, 24% are species of conservation concern,
including 10 federally listed as endangered or
threatened. Half of the remaining high-concern
species are shorebirds that breed in the arctic,
boreal forest, or grasslands. The wetland birds
indicator, based on data for 139 species, shows a
steady increase beginning in the late 1970s, coin-
ciding with major policy shifts from draining to
protecting wetlands. Dramatic increases in many
wetland generalist species, as well as arctic-nest-
ing geese and cavity-nesting ducks, contribute to
this overall trend.

Wetland Birds Indicator

Birds in Trouble
Federally listed as en-
dangered: Wood Stork,
(Everglades) Snail
Kite, (Yuma) Clapper
Rail, Whooping Crane,
(Mississippi) Sandhill
Crane, Piping Plover,
Least Tern. Threat-
ened: Spectacled Eider,
Steller's Eider, Bald
Eagle (Sonoran Desert population only).

• Green Heron and Spotted Sandpiper are among
the few wetland generalists that show long-
term declines. Other declining wetland species
include prairie-nesting Franklin's Gull and Black
Tern, southeastern marsh specialists such as
King Rail, boreal-nesting White-winged Scoters,
Lesser Yellowlegs, and Rusty Blackbirds, and
many arctic-nesting shorebirds.

• See pages 9, 15, and 16 for more information on
wetland birds in grasslands, boreal forests, and
arctic habitats.
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Bald Eagle

.	 ..„„., .

Major Threats
Agriculture
Excessive chemicals, nutrients, and sediments
from unsustainable agriculture can disrupt the
function of wetlands, dramatically reducing clean
water and other environmental benefits, and
eliminating critical areas needed by wetland birds.

Disturbance
Impacts of floods and drought on wetland birds
are exacerbated by degradation from stream
channelization, construction of levees, dikes, and
dams, depositing of fill, and unsustainable for-
estry practices.

Energy and Climate Change
Rising corn prices and conversion of wetlands and
adjacent grasslands for biofuel production threat-
ens the nesting habitat of several duck species and
other birds in the Prairie Pothole region.

Global climate change will degrade wetlands, af-
fecting birds and other wildlife. Warming temper-
atures and more storms, droughts, and floods will
cause unpredictable changes in hydrology, plant
communities, and prey abundance.

Solutions
• Widespread public education efforts and

government regulations helped reverse the
loss of wetlands starting in the 1970s. Continu-
ing education about the value of wetlands and
management techniques are vital for successful
landowner incentive programs.

• Creative policies based on incentives and regu-
lation, such as the Wetlands Reserve Program

and enforcement of regulations, have enabled
private landowners to maintain agriculture and
timber production while managing wetlands.

• Increasingly, hunting leases, bird watching,
and ecotourism are providing landowners with
economic opportunities that are enhanced by
management of quality wetlands.

• Land purchases can be the most secure form of
wetlands conservation. With more than 96 mil-
lions acres on 548 refuges, the National Wildlife
Refuge System is our nation's only public land
base dedicated solely to the conservation and
protection of wildlife, with a high priority for
migratory birds. This network can be increased
in key areas.

• Small wetlands need special attention because
of their vulnerability to conversion during
droughts and their noteworthy value to wet-
lands birds.

Beyond Our Borders
The U.S. shares many wetland breeding bird popu-
lations with Canada. In addition, many water-
birds from arctic, boreal, and grassland regions of
the United States migrate to Latin American and
Caribbean countries for the winter. Continental
programs such as the North American Waterfowl
Management Plan provide a solid foundation to
expand vital international cooperation.

Reasons for Hope
Our national bird,
the Bald Eagle,
recovered from
near extinction in
the lower 48 states
after protection from
shooting, restora-
tion of wetlands,
and banning of DDT
and other harmful

pesticides. Most Bald Eagle populations were
removed from listing under the Federal Endan-
gered Species Act in 2007, after three decades of
conservation work to restore the species.

Wetlands management and restoration also
have contributed to thriving populations of
many wetland generalists, including American
White Pelican, Double-crested and Neotropic
cormorants, herons, egrets, ospre y, SandhiII
Crane, Black-necked Stilt, gulls, and kingfish-
ers.

A majority of colonial-nesting wading birds,
such as egrets, herons, and White Ibis, continue
to recover from populations devastated by the
plume trade and market hunting in the early
20th century. Once nearly confined to rookeries
in south Florida, many of these species have
expanded west into Louisiana and Texas, and
north along the Atlantic Coast.

OSPREY BY JAMES LWALVAIS
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Spotlight on Waterfowl
Conservation Partnerships Produce Results!
The rich tradition of waterfowl hunting in North
America has ensured a sustainable population of
waterfowl across the continent. Federal Migratory
Bird Hunting and Conservation Stamps ("Duck
Stamps"), purchased primarily by hunters, have
provided more than $700 million for wetlands
conservation. The North American Wetlands Con-
servation Act (NAWCA), enacted in 1989, set the
stage for creative partnership funding to protect
vital wetlands. In an unparalleled conservation
partnership among Canada, the United States, and
Mexico, NAWCA partners have raised more than
$3 billion dollars and have conserved nearly 25
million acres of wetlands and associated upland
habitats.

Waterfowl habitat conservation in North America
serves as an example for other conservation
challenges and offers hope that through synergy,

planning, collaboration, and persistence, we can
conserve and restore wetland habitats for the ben-
efit of both wildlife and future generations.

The State of Our Nation's
Waterfowl
Among 44 species of ducks, geese, and swans,
2 are listed as federally threatened and 2 are
of conservation concern (Emperor Goose and
Trumpeter Swan). The waterfowl indicator, based
on 39 hunted species, has increased steadily over
the past 40 years, reflecting the success of man-
agement efforts. Many ducks, such as Mallard,
Gadwall, Wood Duck, and Redhead, show stable
or increasing populations, and most arctic-nesting
geese, as well as Trumpeter Swans, have increased
dramatically. Reintroduced populations of resi-
dent Canada Geese in the lower 48 states have
been so successful that the geese have become a
problem in many urban areas. However, a few
duck populations, notably Lesser Scaup, Northern
Pintail, and several sea ducks, continue to show
troubling declines.

Waterfowl Indicator
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Successful waterfowl conservation in
North America is a model for wide-
spread habitat protection that has

reversed declines of many bird species.

Birds in Trouble
Federally listed as threatened: Spectacled Eider,
Steller's Eider.

Significant declines of Northern Pintail and Lesser
Sca up represent continued challenges for water-
fowl management. Pintail numbers dropped to 2.6
million in 2008, 36% below the long-term average.

Although not as well monitored as other species,
several "sea ducks" such as King Eider, White-
winged Scoter, and Long-tailed Duck appear to be
declining—perhaps reflecting increasing threats in
their coastal wintering habitats.

Reasons for Hope
In 2008, the U.S. Fish and Wildlife Service estimat-
ed that there were 37.3 million breeding ducks, an
increase of 11% above historical averages through
2007. Redheads reached a record high and esti-
mates for the Green-winged Teal were the second
highest on record. Changes in precipitation, land
use, and management practices encouraged by
the North American Waterfowl Management Plan
have contributed to recent waterfowl recoveries.

Ross's Goose was estimated at only 2,000 to 3,000
individuals in 1931, prior to stringent hunting
regulation. After regulation, the population recov-
ered to 188,000 breeding birds in 1988, and growth
continues. Most other arctic-nesting geese have
increased dramatically as well.

vVood Ducks have responded well to nest-box
programs throughout their range; populations
increased by more than 200% in the past 40 years.



Spotlight on
Marsh Birds
Secretive Marsh Birds Require
Closer Monitoring

Thirty-three wetland bird species, including
ducks, grebes, bitterns, and rails, depend on
emergent vegetation in freshwater marshes for
breeding. Many widespread marsh-nesting birds
have shown stable or increasing populations over
the past 40 years, but marsh specialists in the
Midwest and Southeast have suffered declines.

The State of Marshland Birds
Of the 33 obligate marsh species, 21% are species
of conservation concern, including the federally
endangered Snail Kite and freshwater races of
Clapper Rail. Other birds of high concern include
Yellow Rail, Black Rail, and King Rail. For 31 spe-
cies with adequate data, the marsh bird indicator
shows a steady decline until about 1990, followed
by wide fluctuations over the last two decades,
perhaps reflecting precipitation patterns. Because
many marsh birds are notoriously difficult to
detect, the indicator may not accurately reflect the
status of these populations.

Birds in Trouble
Federally listed as endangered: Snail Kite.

Marsh-nesting birds of Midwest prairies, such
as Horned, Eared, and Clark's Grebe, Cinnamon
Teal, Franklin's Gull, Clapper Rail, and Black Tern
have shown population declines that are probably
linked to loss and degradation of wetlands.

Several southeastern marsh specialists, notably
King Rail and Purple Gallinule, also have experi-
enced steep declines. Migratory populations of
King Rail are listed as endangered or threatened
by most states within its northern range.

Reasons for Hope
Widespread marsh species, such as Pied-billed
Grebe, Least Bittern, Virginia Rail, and Common
Moorhen can take advantage of small or ephem-
eral wetlands and have maintained stable range-
wide populations over the past 40 years.

Everglades National Park protects the largest
freshwater wetland in the United States; recent
efforts to restore the greater Everglades ecosystem
represent one of the largest conservation initia-
tives in U.S. history. Although populations of
many wading birds remain well below historic es-
timates in the Everglades, several species, such as
White Ibis, have benefited from the conservation
effort there. The endangered Florida population of
Snail Kite (the "Everglades Kite") has responded
well to conservation efforts, reaching a population
of 685 individuals in 2008.

Marshes respond quickly to management and res-
toration efforts, and small but productive marshes
can support very large numbers of birds. Wetland
restoration projects, such as Wakodahatchee in
Florida and Sweetwater Wetlands in Arizona, are
a mecca for waterbirds, as well as for bird watch-
ers and wildlife photographers.

Marsh Birds Indicator
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Marshes respond
quickly to

management
and restoration

efforts, and even
small marshes

can support large
numbers of birds.
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COASTS
Where Land Meets Sea,
Coastal Protection Offers

4wAsaim Hope for Birds
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Consider This:
Although coastal areas occupy less
than 10% of our nation's land area,
they support a large proportion of our
living resources, including more than
170 bird species.

4 Generalist birds, such as gulls,
have been extremely successful in
developed areas, but specialized
species, such as migrating shorebirds,
have declined.

Coastal habitats continue to suffer
from unplanned and unsustainable
housing development, pollution, and
warming oceans caused by climate
change.

t4 The USFVVS National Wildlife Refuge
System manages extensive public
lands in coastal zones. At least
161 coastal refuges may be at risk
because of ongoing and predicted sea
level rises.

The State of Coastal Birds
Of 173 bird species that use coastal habitats at
any time of year, 53 are species of conservation
concern and 14 are federally listed as endangered
or threatened. Fourteen of twenty-seven shore-
bird species that primarily use coastal habitats have
declined.

Based on 50 species that winter exclusively in
coastal habitats, the indicator shows a steady
increase over the past 40 years, to roughly 20%
above the 1968 baseline. Large increases in Com-
mon Eider, Northern Gannet, Laughing, Heer-
mann's, and Western gulls, contribute to this
overall trend. Sea ducks, such as King Eider and
White-winged Scoter, as well as wintering shore-
birds such as Wandering Tattler and Purple and
Rock sandpipers, have shown steep declines.

Wintering Coastal Bird Indicator

Coastal ecosystems include
coastlines, nearshore islands,
nears/tore waters, estuaries, and
tidally-influenced sections of
rivers and creeks—productive
habitats for abundant wildlife.

Birds in Trouble
Federally listed as
endangered: Brown
Pelican, Wood Stork,
(California) Clapper Rail,
(Light-footed) Clapper
Rail, Whooping Crane,
(California) Least Tern,
Roseate Tern, (Cape
Sable) Seaside Sparrow.
Threatened: Spectacled
Eider, Steller's Eider, Piping Plover, Snowy Plover,
Marbled Murrelet.

• Plovers, terns, and other beach-nesting birds
are vulnerable to people and pets who inadver-
tently destroy or disturb nests. Wilson's Plovers
have declined by 78% in 40 years. With a U.S.
population of about 6,000, they are vulnerable to
development and catastrophic hurricanes.

• Small populations of coastal marsh birds, such
as rails and sparrows, are vulnerable to habitat
loss and degradation from pollution and chang-
ing water levels that affect feeding areas and
plant cover. Seaside and Saltmarsh Sharp-tailed
sparrows are found only in coastal saltmarshes
of eastern North America.

• Common Murres are still one of the most nu-
merous seabirds in the Northern Hemisphere,
but local populations can be severely reduced
by climate change, disturbance, fishing, intro-
duced nest predators, and oil spills. They have
declined by 76% over the past 40 years.

• East Coast populations of Red Knots have de-
clined by an alarming 82%. Semipalmated Sand-
piper, Sanderling, and Dunlin have also shown
dramatic declines.
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Major Threats
Development
Nearly half of the U.S. population lives and works
in coastal areas, with resident populations expect-
ed to increase by 25 million people by 2015. More
than 180 million people visit the shore for recre-
ation every year. These recreational uses often
conflict with the needs of birds and other wildlife.

Conversion of marsh to open water from dredg-
ing, water control, boat traffic, and a changing
climate have caused 93% of the coastal habitat loss
that occurred from 1998 to 2004.

Resource Use
Red Knots and other shorebirds depend on horse-
shoe crab eggs for food. Overharvesting of horse-
shoe crabs during the past decade has reduced the
density of crab eggs along the eastern seashore
by up to 99%, which is believed to be a principal
cause of steep declines of many shorebird species.

Diving birds such as loons, grebes, gannets, ducks,
and shearwaters die from entanglement in fishing
gill nets. Overfishing of forage fish (e.g., menha-
den along the Atlantic Coast) and bycatch of fish
(e.g., in small-mesh shrimp trawls) may deplete
food needed by fish-eating birds.

Pollution and Climate Change
From 1998 to 2002, sediments in about half of es-
tuaries in the U.S. had one or more contaminants
exceeding benchmarks for "possible or probable
adverse effects" on aquatic life. Excess nutrients
from agricultural runoff deplete oxygen in coastal
waters, forcing fish, shrimp, crabs, and the birds
that feed on them to move from the area or die.

Oil spills, as well as chronic pollution from bilge
pumping, outboard engines, and mishandling
of petroleum products, kill untold numbers of
coastal birds and can be linked to declining or
depressed local populations of birds such as Com-
mon Murres and Marbled Murrelets.

Global climate change causes sea level rise,
increased storm surge events, changes in marsh
distribution, and changes in the food resources
for some birds. In the Southeast, rising sea levels
in the next century are expected to flood 30% of
habitat in National Wildlife Refuges.

Additionally, birds nesting on beaches and near-
shore islands suffer from some of the same threats
as island birds, including predation and habitat
damage from invasive species (see page 26).

Solutions
• Federal or state incentives can encourage coastal

management benefiting people and wildlife.
Neighboring communities can cooperate to re-
strict sprawling development and create green-
ways and natural areas.

• Incentives can be developed to create seaside
preserves such as the Cape Cod National Sea-
shore, with private or public ownership and
local, state, or federal management.

• Nest sites can be protected from unintentional
disturbance by fencing and other measures.

• Sustainable fishing will prevent overharvest
of important food sources for birds, including
horseshoe crabs.

Beyond Our Borders
Many of our nation's coastal birds spend part
of the year in Canada, Mexico, and Central and
South America. The international Western Hemi-
sphere Shorebird Reserve Network is vital to the
conservation of these long-distance travelers.

Half of all coastally migrating
shorebirds have declined, indicating
stress in coastal habitats besieged
by development, disturbance, and

dwindling food supplies.

Reasons for Hope
Since 1990, under
the Federal Coastal
Grants Program,
about $183 million
in grants have been
awarded to acquire,
protect or restore
more than 250,000
acres of coastal wet-
lands.

The U.S. Department of Interior Ocean and
Coastal Activities Implementation Plan provides
better integration of coastal habitat management
programs across agencies with ocean, coastal,
and Great Lakes stewardship.
Fish-eating birds, such as Brown Pelican and
Northern Gannet, rebounded after the pesticide
DDT was banned in the U.S.
Whooping Cranes wintering in and around the
Aransas National Wildlife Refuge in Texas have
increased from 15 birds in 1941 to 266 in 2008,
the result of successful endangered species con-
servation and management.



Consider This:
10, At least 81 bird species inhabit our

nation's marine waters, spending their
lives at sea and returning to islands
and coasts to nest.

o At least 39% of bird species in U.S.
marine waters are believed to be
declining, but data are lacking for
many species. Improved monitoring is
imperative for conservation.

Ocean birds travel through waters
of many nations and are increasingly
threatened by fishing bycatch,
pollution, problems on breeding
grounds, and food supplies altered by
rising ocean temperatures.

The health of our oceans and wildlife
will improve with policies that address
sustainable fishing, changes in food
supply, and pollution.

Decline	 Stable Increase Unknown

Apparent

1111 Biologically significant

Black-capp,,, 1 t ,

y appear homogeneous
bu	 posed of distinct
habita	 ..eated by massive
circulating currents. Human
activity has affected the health
.of our oceans even far from land.

ear y -a of ocean birds in the U.S. are of conservation
concern, indicating deteriorating ocean conditions.

Management policies and sustainable fishing regulations are
essential to ensure the health of our oceans.

OCEANS
Far at Sea: Birds Face Hazards
from Fishing, Pollution, and
Altered Food Supplies

The State of Ocean Birds
0( 81 ocean bird species, almost half are of
conservation concern, including 4 that are feder-
ally listed as endangered or threatened. Based on
available data, 39% of ocean bird species are de-
clining, 37% stable, and 12% increasing. Too little
data exist to determine the population trends for
12% of ocean birds. There were insufficient data
to generate an indicator similar to those presented
for other habitats in this report, so trend categories
were based on a variety of data sets and expert
opinion.

Trends for Ocean Bird Species
40'
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Birds in Trouble
Federally listed as en-
dangered: Short-tailed
Albatross, Hawaiian
Petrel. Threatened:
(Newell's) Townsend's
Shearwater, Marbled
Murrelet.

• Mortality from
incidental capture in
commercial fisheries
(bycatch) is the most significant source of mor-
tality for Black-footed and Laysan albatrosses,
both species of high conservation concern.

• The Black-capped Petrel nests locally in the
Caribbean and forages off the eastern U.S. sea-
board, but little is known about the population
size or threats to this rare species.

• The Ashy Storm-Petrel faces threats at its nest-
ing colonies in southern California and Baja
California. In marine foraging areas, it is vulner-
able to contaminants, petroleum products, and
plastics encountered while foraging.
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Laysan Albatross

Major Threats
Resource Use
Overfishing by humans reduces and alters the
food supply for many seabirds.

Longline fisheries worldwide unintentionally
injure and drown as many as 60 bird species, espe-
cially surface-feeding seabirds such as albatrosses.

Pollution
Pesticides, herbicides, heavy metals, and oil harm
ocean birds. Major oil spills kill thousands of
birds, but small spills and chronic releases from
boats and ports also cause significant harm.

Many seabirds consume floating plastic and may
feed it to their chicks. Ninety percent of Laysan
Albatrosses surveyed on the Hawaiian Islands
had plastic debris in their stomachs.

Climate Change
Sea-surface temperatures have risen up to 4
degrees Fahrenheit in the North Sea and are
expected to continue increasing across the world's
oceans, affecting important food sources for ocean
birds.

Breeding failures of some seabirds in northern
latitudes have been attributed in part to increased
pests and diseases that survive in warmer winters.

Kittlitz's Murrelet population declines probably
result from cyclical changes in the oceanic envi-
ronment and glacial melting, affecting their ability
to find food.

In addition to the threats noted above, ocean birds
face challenges on their nesting grounds including
development, disturbance, invasive species, and
sea level rise. (See pages 22 and 26.)

Solutions
• Fisheries laws provide the platform to ensure a

sustainable ocean environment and can include
provisions to reduce bycatch, orient marine fish-
ery policy toward ecosystem management, and
separate conservation and allocation decisions.

• International efforts, such as the Agreement on
the Conservation of Albatrosses and Petrels, can
set a standard for cooperative management of
seabirds.

• Coordinated, regionwide programs are needed
to collect, assess, and distribute data to better
assess the status of seabird populations.

• Increased monitoring of ocean birds and their
food base are essential to measure change in
ocean health and help develop more effective
conservation actions.

Reasons for Hope
Regulations and
voluntary measures
to minimize bycatch
have been estab-
lished for U.S. fisher-
ies in Alaska and
Hawaii, resulting in
significant decreases
in ocean bird mor-
tality, especially for

Black-footed, Laysan, and Short-tailed alba-
tross.

The recent protection of 335,561 square miles in
four Marine National Monuments will greatly
improve the health of our oceans, benefiting
people as well as birds and other ocean life.

The Black-footed Albatross, a species of

conservation concern, wanders the North
Pacific for most of the year and returns to

remote islands to breed.

131 ACK-100TIV ALBATROSS

MEM



MIFF

'zIkiapola'att

Spotlight on the Birds of the Hawaiian Islands after becoming confused by bright lights. Downed
shearwaters often die of exhaustion, are hit by
cars, or are killed by predators.

More bird species are vulnerable to extinction in
Hawaii than anywhere else in the United States.
Before the arrival of humans, the Hawaiian
Islands supported 113 bird species unique in the
world, including flightless geese, ibis, rails, and 59
species of Hawaiian honeycreepers.

Since humans arrived, 71 bird species have be-
come extinct and 31 more are federally listed as
threatened or endangered. Of these, 10 have not
been seen in as long as 40 years and may be ex-
tinct. Humans have introduced many bird species
from other parts of the world: 43% of 157 species
are not native. Among landbirds, 69% are intro-
duced species.

Birds in Trouble
Federally listed as en-
dangered: Short-tailed
Albatross, Hawaiian
Petrel,	 Hawaiian
Duck (Koloa), Laysan
Duck, Hawaiian Hawk
('lo), Hawaiian Moorhen
('Alae 'Ula), Hawaiian
Coot ('Alae Ke'okeso),
Hawaiian Stilt (Aeso),
Hawaiian Crow ('Alala), O sahu Elepaio, Nihoa
Millerbird, K5ma'o, Oloma so, Puaiohi, Kaua si 'OA
Laysan Finch, Nihoa Finch,	 Palila, Maui Par-
rotbill, Kaua si	 Nukupusu, sAkiapolasau,
Hawai'i Creeper, (Tabu 'Alauahio, Kakawahie,
Hawai si 'Akepa, Maui sAkepa, sAkohekohe,
Po souli. Threatened: Newell's Shearwater.

Nearly all native Hawaiian forest birds are declin-
ing, their populations devastated by nonnative
disease-carrying mosquitoes, predators, feral cat-
tle and pigs, and loss of habitat. The Palila, found
only on the Big Island, has declined from 6,600
birds in 2003 to 2,200 in 2008. The 'Akikiki and
'Akeke se of Kauai have also declined dramatically
since 1970 and are proposed for listing under the
Endangered Species Act.

Exotic plants and diseases can wreak havoc on na-
tive habitats. Golden crownbeard is overwhelming
the breeding habitat of Black-footed and Laysan
albatrosses in the Northwestern Hawaiian Islands.
sOhia rust threatens one of the most important food
plants of endangered Hawaiian honeycreepers.

Seabirds that nest on islands, including the
endangered Hawaiian Petrel, face severe threats
from feral cats and other introduced species, and
habitat damage by feral ungulates.

Since 1979, approximately 30,000 Newell's Shear-
waters, a threatened species, have collided with
utility lines and structures or have been grounded

Reasons for Hope
Endangered Lavsan
Ducks, numbering 600
on Laysan Island, have
been translocated to
Midway Atoll, where
the population now
exceeds 200 after just a
few years.

Population growth
of forest birds such

as Hawai s i Creeper and Akiapola'au has been
dramatic in the Hakalau Forest National Wildlife
Refuge, where the U.S. Fish and Wildlife Service
is fencing to exclude feral mammals, aggressively
managing invasive plants, and replanting
endangered plants. Application of these successful
methods is urgently needed elsewhere.

Rats were eradicated from Midway Atoll in 1997,
resulting in an increase of Bonin Petrels from an
estimated 5,000 pairs in 1979 to more than 100,000
pairs in 2008, and recolonization by li-istram's
Storm-Petrels and Bulwer's Petrels.

Hawaiian Stilt

The 7,500-acre I lanawi Natural Area Reserve supports some of
Hawaii's most important concentrations of native birds, including

Akohekohe and A lani Parrot bill. I hrwaii's islands were once forested
with native trees such as koa, manele, and sandalwood. Since

Joanna colonization, approximately half of these forests have been lost.
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Island Birds: Vulnerable and
Often Overlooked
Most island birds evolved on remote archipela-
goes, so they are extremely vulnerable to inva-
sive plants, wildlife introduced by humans, the
onslaught of new predators, habitat degradation,
and disease. In the last five centuries, 87% percent
of bird extinctions worldwide have taken place on
islands.

Most of Hawaii's conservation crises result from
the introduction of nonnative plants and animals,
but climate change is a growing concern. The
leading threats to Hawaiian birds include habi-
tat degradation from trampling and grazing by
introduced ungulates; nonnative predators (e.g.,
feral cats, mongooses, rats); nonnative plants and
diseases; and bird diseases spread by introduced
mosquitoes.

Most native birds are now largely restricted to
forests above the mosquito line at about 5,000 feet,
a haven that is expected to shrink as increasing
global temperatures enable mosquitoes to survive
at higher altitudes. In addition, rising sea level is
projected to inundate important breeding sites for
many species, especially for seabirds on the low-
lying Northwestern Hawaiian Islands.

More Online
Visit www.stateofthebirds.org for information
on birds of Puerto Rico, the U.S. Virgin Islands,
Guam, Northern Marianas, American Samoa,
remote Pacific Islands, and Navassa Island.

The endangered 'Akohekohe lives in the native forests of Maui.
In its very restricted range, Akohekohe are vulnerable to habitat

degradation by introduced plants and by the grazing of introduced
cattle, pigs, and goats. Fencing to control feral mammals will help to

stabilize or reverse population declines.

Saving Hawaii's Birds
• Restoration and protection of mid-elevation

forest is essential for the recovery of endan-
gered species such as s Akiapoth sau, Hawari
and Maui sAkepas, and Hawari Creeper.

• A highest priority action with the greatest po-
tential benefits for native birds is the fencing
of habitats to exclude feral ungulates. This im-
proves habitat quality and reduces numbers of
disease-carrying mosquitoes (trampled areas
and downed tree ferns collect water where
mosquitoes breed).

• Protecting all groups of native Hawaiian birds
by federal law should be explored and imple-
mented, such as for Hawaiian honeycreepers,
which are not protected under the Migratory
Bird Treaty Act.

• Targeted trapping and use of rodenticides to
reduce numbers of nonnative predators such
as rats, cats, and mongoose will improve nest-
ing success and survivorship of birds.

• Focused efforts are urgently needed to re-

duce the spread of invasive, exotic plants in
areas important to threatened birds. Golden
crownbeard needs to be eradicated from the
Northwestern Hawaiian Islands, especially
on Midway Atoll where the plant threatens
to overwhelm nesting areas for the world's
largest colonies of Laysan and Black-footed
albatrosses.

• Some bird species require captive breeding to
ensure the continued existence and recovery
of wild populations. Release of captive-bred
Palila and translocation of wild birds has
resulted in the establishment of a small breed-
ing population in a second location on the Big
Island.

• Nesting albatrosses on Midway Atoll can en-
counter lead-based paint peeling from World
War II era buildings. On Midway Atoll, as
many as 10,000 Laysan Albatross chicks die
from lead poisoning each year. Cost-effective
measures of reducing this threat should be
further explored.

Hawaii's native birds and habitats are
under siege from invasive species and
disease. Immediate action is needed to

prevent birds from going extinct
within our lifetimes.
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Year of Estimated Population at Current
Taxon Status Listing Habitat(s)	 Listing/Historic Numbers Trend Since Listing Population

'Hawaiian Goose (WO') 1973 Islands	 Low of 30 Gradual increase 1,700

Hawaiian Duck 1973 Islands	 <500 in 1949 Gradual increase 2,400

Laysan Duck 1973 Islands	 Low of 7; -500 at listing Significant recent increase 650

Steller's Eider 1997 Arctic, Coasts	 Unknown Likely remained stable (staging) 75,000

Spectacled Eider 1993 Arctic, Coasts	 3,400; hard to survey Likely increase 7,000

Greater Prairie-Chicken (Attwater's) 1973 Grasslands	 1 million in early 20th Century Decreasing 72

Northern Bobwhite (Masked) 1973 Grasslands	 Extirpated late 1800s Never fully established 10

Short-tailed Albatross 1973 Ocean	 Believed extinct before 1950 Significant Increase 2,400

Hawaiian Petrel 1973 Ocean, Islands	 Unknown Decreasing 15,000

Newell's Shearwater 1975 Ocean, Islands	 Unknown Decreasing At least 36,000

Brown Pelican (Gulf Coast, California) 1973 Coasts	 Less than 1,000 in CA, almost
extirpated along Gulf Coast

Steady increase 46,000

Wood Stork 1984 Wetlands, Coasts	 -5,000 at listing Steady increase 22,000

California Condor 1973 Aridlands	 22 in 1987 Gradual increase 330

Snail Kite (Everglades) 1973 Marsh	 65 Increase with fluctuations 685

Bald Eagle (Sonoran Desert) 1973 Wetlands, Coasts 	 21 in 1975 Steady increase 100

Hawaiian Hawk	 lo) 1973 Islands	 -2,000 Stable 2,000

Crested Caracara (Florida) 1987 Subtropical Forest 	 100 Initial increase; since stable 1,000

Aplomado Falcon (Northern) 1986 Grasslands, Aridlands	 Extirpated in the 1950s Slow increase 100

Clapper Rail (California) 1973 Coasts	 Unknown Likely remained stable 1,350

Clapper Rail (Yuma( 1973 Marsh	 750 Likely remained stable 1,000

Clapper Rail (Light-footed) 1973 Coasts	 406 in 1980 Apparent steady increase 800

Common Moorhen (Hawaiian) 1973 Islands	 57 in the 1960s Gradual increase <1,000

!Hawaiian Coot 1973 Islands	 -1,000 Gradual increase 3,000

Sandhill Crane (Mississippi) 1973 Wetlands	 40 Slight increase 100

Whooping Crane 1973 Wetlands, Coasts	 16 in 1941 Gradual increase 540

Snowy Plover (Western, Pacific Coast) 1993 Coasts	 Unknown Gradual increase 2,300

Piping Plover (Atlantic, Great Plains) 1985 Coasts, Wetlands	 Unknown Gradual increase 7,000

Piping Plover (Great Lakes) 1985 Coasts	 Unknown Increase with fluctuations 110

Black-necked Stilt (Hawaiian) 1973 Islands	 -1000 Gradual increase 1,500

Eskimo Curlew 1973 Arctic	 Historically abundant Likely extinct Unknown

Least Terri (Interior) 1985 Wetlands	 5,000 but surveys incomplete Probably stable 18,000

Least Tern (California) 1973 Coasts	 1,200 Steady increase 13,000

Roseate Tern (Florida) 1987 Coasts	 Unknown Decreasing 350

Roseate Tern (Northeast) 1987 Coasts	 -6,000 Fluctuating 6,000

Marbled Murrelet 1992 Coasts, Forests	 Unknown Decreasing 25,000

Spotted Owl (Northern) 1990 Western Forest	 Unknown Decreasing 8,500

Spotted Owl (Mexican) 1993 Western Forest	 Unknown
4.

Unknown (in U.S.) 1,500

Endangered Species
The Long Road to Recovery
In 1973, the United States Congress passed the
Endangered Species Act to protect and recover
imperiled species and the ecosystems upon
which they depend. The Act has succeeded
more often than it has failed, and some success-
es have been spectacular, such as the increase
of the Aleutian Canada Goose from fewer than
1,000 birds to more than 60,000, and the remark-
able comebacks of the Bald Eagle and Peregrine
Falcon."

However, the possibility of extinction is still a
cold reality for many birds: 13 species may no
longer exist in the wild (10 species from Hawaii,
plus Bachman's Warbler, Ivory-billed Wood-
pecker, and Eskimo Curlew). Several species
face unprecedented conflict with humans for
land at peak economic value (for example, in
peninsular Florida, mid-continental prairies,
coastal California, Texas hill country, and the
Pacific Northwest).

Of the 74 bird species, subspecies, and popu-
lations listed in the United States, 30 have in-
creased since listing, 16 have remained stable,
15 have decreased, and 13 are possibly extinct.
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Taxon	 Status
Year of
Listing Habitat(s)

Estimated Population at
Listing/Historic Numbers Trend Since Listin

Current
Po u

Red-cockaded Woodpecker 1973 Eastern Forest 10,000 Steady increase 20,000

Ivory-billed Woodpecker 1973 Eastern Forest Unknown Unknown Near or at zero

Willow Flycatcher (Southwestern) 1995 Eastern Forest 700; surveys incomplete Apparent increase 2,000

Kaua'i 1973 Islands -10 Likely extinct late 1980s 0

Loggerhead Shrike (San Clemente) 1977 Aridlands 50 Gradual increase 230

Bell's Vireo (Least) 1986 Aridlands 600 Steady increase 6,00C

Black-capped Vireo 1987 Aridlands Unknown Some increases noted 12,000

Florida Scrub-Jay 1987 Eastern Forest 11,000 Decreasing 6,500

Hawaiian Crow ('Alala) 1973 Islands 96, including captive flock Extinct in the wild (all captive) 60

Elepaio (Oahu) 2000 Islands Unknown Decreasing 2,000

California Gnatcatcher (Coastal) 1993 Aridlands Unknown Decreasing; habitat loss (in U. S.) 5,000

Millerbird 1973 Islands -400 Fluctuating (in 1996) 155

Karna'o 1973 Islands 350 Likely extinct early 1990s 0

Oloma‘o 1973 Islands Ten or fewer Likely extinct 1980s 0

Puaiohi 1973 Islands Unknown Gradual small increase 350

Bachman's Warbler 1973 Eastern Forest Probably extinct before listing Likely extinct Unknown

Golden-cheeked Warbler 1990 Aridlands Unknown Likely decreasing 21,000

Kirtland's Warbler 1973 Eastern Forest 167 Steady increase 3,000

California Towhee (Inyo) 1987 Aridlands 100 Steady increase 750

Sage Sparrow (San Clemente) 1977 Aridlands Unknown Likely stable 300

Grasshopper Sparrow (Florida) 1986 Grasslands 600 Stable or slight decrease 400

Seaside Sparrow (Cape Sable) 1973 Coasts 6,000+ Decreasing 3,200

Laysan Finch 1973 Islands -11,000 Fluctuating -11,000

Nihoa Finch 1973 Islands -3,000 Unknown, likely fluctuating 2.800

'D 1973 Islands Unknown Likely extinct c. late 1980s 0

Palila 1973 Islands Unknown Decreasing 2,200

Maui Parrotbi)l 1973 Islands 500 Stable 500

Greater 'Alualoa (Kaua‘i) 1973 Islands Probably extinct before listing Likely extinct c. 1960s 0

Nukupu'u 1973 Islands Unknown Likely extinct c. 1995 0

'AkiapM'au 1973 Islands -1,200 Likely stable 1,200

Hawaii Creeper 1975 Islands -12,000 Decline 6,300

0'ahu 'Alauahio 1973 Islands Unknown Likely extinct c. 1990 0

Kakawahie 1973 Islands Probably extinct before listing Likely extinct 0

'Akepa (Maui) 1973 Islands 10 in 1980 Likely extinct 1980s or 1990s 0

'Mena (Hawai•i) 1973 Islands -14,000 Stable 14,000

'Akohekohe 1973 Islands -3,800 Stable 3,750

Po'ouli 1975 Islands -20 Likely extinct in 2004 0

In the continental United States, populations
of more species that were listed early-on have
increased than those listed more recently, ac-
cording to the American Bird Conservancy.
This indicates that long-term conservation ef-
forts can pay great dividends.

An Urgent Need for Protection
Some species languish on the candidate list ow-
ing to lack of resources for listing. The highest
priority candidates must be quickly protected
so that urgently needed conservation actions
can he mounted. Funding for endangered Ha-
waiian birds must be increased: only 4.1% of
all state and federal funding for federally listed
bird species is spent on Hawaiian birds, which
represent 44% of all listed species.
The most cost-effective solution of all is to stop
bird species from declining before they require
Endangered Species Act protection. Coopera-
tive conservation measures involving govern-
ment and tribal agencies, nongovernmental
organizations, and private landowners are es-
sential to keep common birds common and to
recover failing bird populations while there is
still time.

For more on endangered species, including
birds listed in the U.S. island territories, visit
www.stateofthebirds.org .

Key:

E—Endangered, T—Threatened

Population estimates include captive and
wild populations where known. Estimates
are approximate except for species with very
small populations.

* Fully delisted: Aleutian race of the Canada
Goose, and American and arctic races of the
Peregrine Falcon. Partial delisting: Bald Eagle,
Brown Pelican.
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CHALLENGES
Successful bird conservation requires giving birds a long-term
chance to survive and reproduce. Humans have created numerous
threats to birds in addition to the natural challenges that birds
constantly face from starvation, predation, and severe weather.

Based on decades of research, conservationists have identified the
most important threats to birds, including the greatest threat of all—
habitat loss. Addressing these conservation challenges can ensure a
safe future for birds and improve the quality of life for people too.
Here, we summarize the major challenges affecting bird populations.

Residential and Commercial Development
The accelerated pace of urban, suburban, and commercial development in
the United States threatens the integrity of every major habitat from con-
tinued draining of wetlands and destruction of coastal marshes, to loss and
fragmentation of forests, aridlands, and grasslands because of suburban
sprawl. Unlike timber production and livestock grazing, urbanization and
sprawl cause permanent loss of natural habitats. Increased development in
rural areas, such as second-home development, has equal or greater eco-
logical consequences than growth of urban centers.
Steep declines in many bird populations are a direct result of unplanned
and sprawling urbanization. Birds that are particularly hard hit include
farmland species such as meadowlarks and Bobolink; eastern birds de-
pendent on shrubby habitats, such as American Woodcock and Brown
Thrasher; and birds of western deserts and chaparral, such as Bendire's and
California thrashers. Fragmentation of forests by development can increase
risk of predation for forest-interior birds, such as Wood Thrush, Kentucky
Warbler, and Cerulean Warbler, and can contribute to nest failures from
increasing numbers of cowbirds, which lay their eggs in these birds' nests.
Coastal development causes loss of beach dunes and threatens fragile salt
marshes, harming birds such as Black Rail and Seaside Sparrow, as well as
migratory shorebirds and other water birds dependent on tidal mudflats
and estuaries.
As many as one billion birds each year may die from collisions with man-
made obstacles, including windows, transmission towers, power lines, and
wind turbines. Tall, lighted buildings and other structures along coastlines
kill millions of migrating birds each year. Conservationists are explor-
ing and implementing innovative ways to reduce this grim toll, but much
remains to be done.

Agriculture
The way that we use land to grow our food has significant impacts on birds.
Because of conversion of grasslands to agriculture, grasslands are the most
endangered ecosystem in North America. The Conservation Reserve Pro-
gram and other initiatives pay farmers to keep areas with erodible soils and
sensitive habitats out of production. Farmer participation in this success-
ful program varies. In 2008, for example, farmer involvement was affected
by high commodity prices for corn and other grain caused by the growing
demand for food and biofuels. In the future, millions of program acres will
expire or will not be renewed, putting vital grassland habitat in jeopardy.

Suburban sprawl and other causes of habitat
loss are the biggest threats to birds.
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The number and scope of severe threats to birds is

daunting, but implementing solutions immediately and
widely will pay off in benefits to society, the economy,

and the health of our environment.

Energy Production and Mining
Energy development has significant negative effects on birds in North
America including habitat loss, reduction in habitat quality, direct mortality,
and disruption. Construction, operation, and associated infrastructure of
energy development such as oil and gas fields, wind farms, and geothermal
fields reduce and fragment habitat. Oil and gas development in the West
is affecting birds such as Greater Sage-Grouse by fragmenting large blocks
of habitat. Energy field development alters natural environments in ways
that favor invasive plants and animals. Gulls that prey on other birds are
subsidized by garbage dumps at drilling facilities in Alaska. Surface water
created as a result of coalbed methane extraction allows mosquitoes that
transmit diseases such as West Nile virus to breed. Roads used for construc-
tion often become paths for invasive plants such as cheatgrass to spread.

Deaths of birds and nesting failures are associated with spills during trans-
portation of petroleum products and oil field practices such as discharging
oily waste into uncovered pits. Collisions with wind turbines, offshore oil
rigs, and powerlines cause significant mortality. Construction and opera-
tions of energy fields can displace birds and disrupt nesting. Prairie-chick-
ens and sage-grouse avoid nesting near tall structures. Studies show that
they usually abandon breeding areas near drilling rigs or wind turbines.

Mining can cause extensive habitat disturbance, degradation, and loss. For
example, coal mining that blasts mountaintops to reveal coal seams below
has removed large areas of eastern forests and buried nearby streamside
habitats under tons of debris. This contributes to the decline of birds that
breed in interior forests, such as Cerulean Warblers.

Natural Resource Use
The intentional killing of birds has been a significant factor in the past,

including egrets killed for plumes,
shorebirds for food, and raptors
for sport. Hunting is no longer a
cause of bird population declines in
the United States, thanks to strong
regulations and harvest manage-
ment. However, numerous other
practices related to resource use are
still a deadly factor for birds.

Most U.S. forest ecosystems have
been affected by logging, road

Unsustainable logging in the boreal _forest destroys
habitat needed by wildlife.

construction, monocultural tree plantations, and fire suppression. These
have caused fragmentation; a lack of mature trees, snags, and natural early
successional forests; degradation of streamside habitats; and overgrowth of
brush and small trees because of fire exclusion, all of which can have nega-
tive consequences for wildlife. For example, more than 85% of old-growth
forest in the Pacific Northwest has been eliminated, leading to the listing of
the Northern Spotted Owl and Marbled Murrelet as threatened under the
Endangered Species Act.

In arid regions of the West, excessive grazing has degraded grasslands
and denuded streamside areas where most bird species forage and breed.
Overfishing in oceans has led to the starvation and nesting failures of birds.
Overharvesting of horseshoe crabs has been attributed to rapid declines of
Red Knots, which must gorge on horseshoe crab eggs in Delaware Bay to
finish their annual migration to the arctic. Many fishing practices such as
long-lining, gill nets, and trawling can hook or entangle seabirds or disrupt
their food supply.

Invasive and Problem Species
Invasive species are those that spread uncontrollably after being introduced
to an area where they are not native. Invasive plants and animals are major
threats to native bird species in numerous ways.

Nonnative predators have the greatest single impact by killing adult birds
as well as eggs and young. Domestic and feral cats kill hundreds of millions
of birds each year. Island nesting birds, particularly seabirds, are very vul-
nerable since they mostly nest on the ground or in burrows and are easily
captured by rats, foxes, cats, dogs, and mongooses.

Invasive plants also impact birds by rendering the habitat unsuitable.
Because of the aggressive shrub saltcedar, areas along southwestern water-
ways have become extremely poor habitat for Willow Flycatcher, Yellow-
billed Cuckoo, and other species. Saltcedar has also crowded out beaches
needed by nesting Snowy Plovers. Cheatgrass has modified millions of
acres of sagebrush habitat, lowering its value for species of concern such as
Greater Sage-Grouse, Sage Thrasher, and Sage Sparrow.



Climate Change
The U.S. has warmed by an aver-
age of 1 degree Fahrenheit during
the last century, primarily because
of greenhouse gas emissions. Our
nation is also 5-10% wetter on aver-
age now than historically, though
most of this can be attributed to
severe weather events, which can
damage habitats without alleviating
drought. Most estimates suggest
that without action, the U.S. will
warm by another 5-9 degrees over

the next century and the sea level will rise by more than 1.5 feet.
Climate change already has influenced the abundance, distribution, and
timing of migration and breeding for many bird species. A recent study by
the National Audubon Society showed that more than half of the birds com-
monly found on the Christmas Bird Count are wintering farther north now
than 40 years ago. American Robins are now arriving approximately 14
days earlier than they did in 1981 on their breeding grounds in the Colora-
do Rocky Mountains. Tree Swallows have advanced their breeding date by
up to nine days earlier from 1959 to 1994. Red-winged Blackbirds, Eastern
Bluebirds, and eastern populations of Song Sparrows now lay their eggs
earlier because spring temperatures are warmer. A great concern is that the
earlier arrival of migrating birds may be out of sync with food availability.
In addition to these effects on migration and breeding, birds are at grave
risk from habitat changes caused by climate change, especially in arctic tun-
dra, alpine meadows, sea ice and glaciers, coastal wetlands, marine atolls,
and ocean ecosystems. Many specialized birds live in these habitats, includ-
ing Ivory Gulls that scavenge polar bear kills on floating sea ice, rosy-finch-
es that depend on high altitude meadows, rails and saltmarsh sparrows that
depend on brackish coastal areas, and Kittlitz's Murrelets that appear to
depend on glaciers. These species may face severe conservation challenges
in the coming decades. Sea level rise will inundate islands, jeopardizing
nesting birds. The potential spread of mosquito-borne avian malaria to
highland refugia for Hawaiian honeycreepers is also a serious concern.
Climate change can affect the survival and reproduction of many bird spe-
cies. Changes in prey distribution and abundance, reduced productivity,
shrinking habitats, and competition and stresses from increasing popula-
tions will present a great challenge to birds on land and at sea.

Birds are at grave risk from habitat changes caused
by climate change, including inundated nesting
areas and altered food supplies.

Introduced diseases are a major threat to some bird species. Avian malaria
has contributed significantly to the decline and extinction of many Hawai-
ian birds, including the Kaua -0'0. Birds on the mainland are also vulner-
able to introduced diseases such as West Nile virus, which has been found
in more than 200 bird species in the US, and which has caused significant
mortality of American Crows and related species.
Many bird species have been introduced to the U.S. from other parts of the
world and some have established self-sustaining populations. European
Starlings and House Sparrows compete aggressively with native birds for
nesting sites and frequently displace birds such as woodpeckers, swallows,
and bluebirds.

Pollution
Pesticides, toxic chemicals, and heavy metals such as lead and mercury
cause significant bird mortality and reduce breeding success. These effects
are sometimes hard to detect, but can produce dramatic population declines
over time. DDT caused the thinning and breakage of eggshells, nearly wip-
ing out several bird species in the US., including Peregrine Falcons, Brown
Pelicans, and Bald Eagles.
The U.S. applies approximately five billion pounds of pesticides annually. A
pesticide poisoning database documents more than 2,500 incidents, in-
cluding 113 pesticides implicated in the deaths of more than 400,000 birds.
Carbofuran has been responsible for more than 20% of all incidents, and
the deaths of more than 40,000 birds. Many of the pesticides highly toxic
to birds have been eliminated from use in the U.S., but continue to be used
legally in Latin America where migratory birds are exposed to them during
the winter.
Lead, mercury, and selenium also harm birds. Ingested lead fragments
and shot in game carcasses may have toxic effects on eagles, vultures, and
other scavengers. Mercury deposition in forests and on surface waters from
burning coal becomes concentrated in foods eaten by fish-eating birds and
forest songbirds. High selenium concentrations in wetlands impair the
hatching of eggs and reproduction of waterfowl and shorebirds. Industrial
chemicals such as dioxins and PCBs, once linked to many poisonings, have
been regulated and largely cleaned up, but new chemicals such as PBDE
fire-retardants are emerging as contaminants that accumulate in plants and
wildlife, with unknown effects on birds and humans.
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Numbers refer to bird conservation regions created by the North
American Bird Conservation Initiative. See www.stateofthebirds.org .

OUR APPROACH
The State of the Birds: Focus on Habitats
To develop this first State of the Birds report for the United States, our team of experts drew upon a variety of sources
to determine the conservation status and population trends of more than 800 bird species that occur regularly within
the continental U.S., Hawaii, and U.S. oceans.
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Healthy bird populations depend on maintenance
of both the quality and quantity of habitats. These
same habitats provide resources that are essential
for human survival and quality of life. Trends in
bird populations can give us initial insight into
the health of these habitats, and thus provide an
indication of environmental susta inability.

We began by assigning each bird species to one
of seven primary habitats: oceans, coasts, wet-
lands, arctic, forests, grasslands, or aridlands.
Hawaiian landbirds were treated separately. We
defined habitats following the 2008 Heinz Foun-
dation report, The State of the Nation's Ecosystems. A
complete list of the birds in each habitat, as well as
habitat trends from the Heinz report can be found
at www.stateofthebirds.org .

Birds that are restricted to a single habitat for
breeding were defined as habitat obligates, rep-
resenting an important group of species that are
most characteristic of a habitat and that should be
most sensitive to environmental problems. Birds
found in three or more habitats were considered
generalists. We recognized birds that use urban and
suburban landscapes as occupying a secondary
habitat.

Bird Population Indicators:
A Measure of Environmental
Health
To assess the health of habitats, we created bird
population indicators based on the best available
monitoring data for groups of species in each hab-
itat. The concept of wild bird indicators has been
applied widely throughout the world in other
State of the Birds reports and has been accepted
as an important measure of environmental health.
Each indicator represents the change in abun-
dance for a group of bird species combined into a
single indicator line. We chose 1968 as a base year
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for these indicators, reflecting the 40-year span of reliable bird-monitoring
data for many species, as well as a period of environmental consciousness
and habitat protection in the U.S.

Species of Conservation Concern
Because reliable long-term trend data were not available to create bird
population indicators for all U.S. habitats, we also used the proportion of
species of conservation concern in each habitat as a separate indicator of
health or threats to that habitat. Our last line of defense against extinction
is the Federal Endangered Species Act of 1973, which lists 67 bird species as
either endangered or threatened (see page 28).

We also recognize an additional 184 species of conservation concern, based
on the U.S. Fish and Wildlife Service's 2008 Birds of Conservation Concern,
and the 2007 WatchList, produced by the American Bird Conservancy and
the National Audubon Society from information compiled by bird conser-
vation partnerships. These species show elevated levels of risk based on
small range or population size, high threats, or declining trends. Proactive
conservation efforts aimed at keeping these species from becoming feder-
ally listed constitute the primary focus of Partners in Flight, the U.S. Shore-
bird Conservation Plan, Waterbird Conservation for the Americas, and the
North American Bird Conservation Initiative.

The State of Our Bird Monitoring Data
In this first U.S. State of the Birds report, we relied on long-term trend data
from three primary bird population surveys. The North American Breeding
Bird Survey (BBS), administered by the U.S. Geological Survey and Cana-
dian Wildlife Service, and conducted at more than 4,000 sites by volunteer
observers, provided data for 365 breeding species since 1968. For 120 spe-
cies that breed outside the area of reliable BBS coverage, but winter primar-
ily within the U.S., we used trends from the National Audubon Society's
Christmas Bird Count. Finally, trends for 13 waterfowl species were pro-
vided by the U.S. Fish and Wildlife Service and Canadian Wildlife Service
from the Waterfowl Breeding Population and Habitat Survey, conducted by
trained pilots and wildlife biologists across the northern U.S. and Canada.

Analysis for this State of the Birds report represents the first integration of
long-term results across these three important surveys, using new statisti-
cal techniques developed by scientists at the USGS and National Audubon
Society. Our analysis also highlights the lack of reliable long-term data for
many poorly monitored bird groups, most notably arctic-nesting shore-
birds, colonial seabirds, and oceanic species. New monitoring efforts for
these species and habitats are essential for future State of the Birds reports.

Suggested Citation for this Report:

North American Bird Conservation Initiative, U.S. Committee, 2009. The State of the Birds, United States
of America, 2009. U.S. Department of Interior: Washington, DC. 36 pages.
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The birds we see in our backyards, fields, forests, deserts, and oceans have much

to tell us about the health of the environment. Each year, thousands of citizen-

science participants contribute data from across the United States, making it

possible to identify birds in trouble. By understanding the message from birds

and taking action, we can help them thrive and safeguard our own future.
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FINDING NEW NESTS

Plots should be searched for new nests every 2 days. This
protocol will not describe the basic techniques used for
finding nests; Martin and Geupel (1993) provides
information on these techniques. When a new nest is
found, the first priority is to insure that the nest can be
found again. Ideally, a nest's location can be described
using a distance and compass bearing from one of the
stakes used to mark the study plot, coupled with some
obvious local landmarks (e.g. distinctively shaped live tree
or snag, fallen log). Do not use flagging to mark nests
unless absolutely necessary! Always place flagging as far
from the nest as possible (20 m or more if possible). In
dense vegetation, 20 m may be too far to be useful for
relocating the nest. Use your own judgment in placing
flagging, but remember, predators can learn to associate
flagging with nests. We suggest you have assistants label
any flagging used to mark nests with year, species, and
bearing and distance to nest. Flagging should be removed
at the end of each field season. Record location information
on a nest card immediately after finding a nest.

There will be occasions on which you are reasonably certain that there is a nest in the
vicinity, but you have not been able to find the nest on that day. On these occasions, we have
found it useful to fill out preliminary and unofficial information on a nest card: a description
of the probable area of a nest. Additionally, search effort on your unsuccessful attempt to
find the nest should also be recorded (see next section).

Once you have completed recording all of the information required in this section of the
protocol, treat the new nest as you would any other nest, and follow the instructions for
routine monitoring of nests found under MONITORING NESTS.

Filling Out The Nest Card

After you have ascertained how to describe the location of a new nest, the next step is to
record on a nest card this description and initial information regarding the nest. We have
assistants keep 2 sets of nest record cards for all of the nests that they monitor: field cards,
which are updated while nest searching and monitoring, and a duplicate set of cards that
remains at the field camp and is updated daily. The cards that we use in Arizona are
color-coded in order to avoid confusing the two sets. Only assign a nest identification
number and fill out the duplicate nest cards for nests that you are absolutely certain are
active!

In the description of methods that follows, we have coded the individual data items to
indicate their purpose. UNDERLINED VARIABLES IN LARGE BOLD LETTERS are
included in the BBIRD database. The variable codes in parentheses after each variable are
the exact names that should be used in data files contributed to the national database.
Underlined Variables in italics and mixed case are needed to determine nest fate and/or
provide useful information. Italicized variables are not reported directly to the central data
repository but some are needed to calculate BBIRD reporting variables. In the figure below
we show a sample nest card:
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FIGURE: BASIC NEST DATA -- FRONT OF NEST CARD

The first information to record is that which is required to re-locate a nest, as well as identify
the species of bird and the person who found the nest. This information should be recorded
while you are in the vicinity of the nest:

YEAR (YR)
2 digit number for year (e.g. 94).

SPECIES (SPECIES)
bird species. We use 4-letter codes from the Fish & Wildlife Service Bird Banding
Lab for reporting data to national database, but have field assistants use the entire
species name on the nest cards to eliminate confusion and errors. Note that
recognizable forms within a species have their own codes (e.g., Myrtle and Audubon's
Warbers). Codes can be obtained as a dBase file as part of the DOS banding data entry
program used by the Fish & Wildlife Service, available on the World Wide Web for
downloading

OBSERVER (OBS)
person or persons that found the nest (first 2 initials followed by last name e.g.,
TEMartin).

NEST ID# (NST_ID)
unique, individual nest ID number or code. This can be assigned in the field or after
the field season (in AZ we use the last 2 digits of the year, the observer's 3 initials, and
a sequential number that represents the order in which that observer found that nest in
that year, e.g. 96TEM28 is the 28th nest that TEM found in 1996). Please choose a
system for NEST ID# that will uniquely identify one specific nest in a given study
area! Only assign a NEST ID# for nests that you are absolutely certain exist.

NEST ATTEMPT# (ATTEMPT)
the number of nests attempted in a season by an individual pair, up to and including
the current attempt. If you do not know which attempt in a season this nest is for a
pair, leave ATTEMPT blank. A new card should be filled out for each nest attempt.

PLOT (PLOT)
unique plot identification code (Number or letter codes are fine. Keep them short).

STATION (STN)
STATION is an identifier used to indicate location within a plot. Nests found outside
of plot boundaries should be monitored and assistants should record OFFPLOT for the
station for these nests to indicate that they were outside plot boundaries.
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DIRECTION: STATION TO NEST (DIRSTN_D)
direction from station to nest in degrees.

DISTANCE: STATION TO NEST (DSTSTN_M)
distance from station to nest in meters.

Location description
give a complete description. Include bearing and distance from STN to nest or other
landmark; sketching a detailed map works well for refinding nests, especially when
nests occur in high densities or a nest is far from a station marker. Someone else
should be able to find the nest from your description. Example: From STN #1, go
50m, 233° up slope to 27cm DBH snag in center of group of 3. Nest under bark on
east side, 7m up.

Estimated nest height
useful for relocating the nest if height is not measured on finding.

The next step in keeping records is to describe the process that led you to find the nest.
BBIRD is compiling this information in order to gain an idea of whether parental behavior
or nest concealment affect the success of nests. I.e. if it took you a long time to locate a nest,
it might indicate that such a nest would also be difficult for a predator to locate. We will
compare success and vegetative characteristics of nests found by techniques that should be
relatively unaffected by nest concealment (parents behavior leads us to the nest) and those
extremely likely to be affected by nest concealment (chance observation of a nest). We will
also use measures of Parental Elusiveness gathered at each nest visit in the same manner. We
are also recording additional measures of search effort in Arizona (search time, systematic
search radius, # of parent visits, and # of previous attempts to find the nest). These variables
are not required but may turn out to be useful measures of nest concealment. Here is the
information that you should record each time you have attempted to search for a nest:

CUES USED TO FIND NESTS (FMETH1 -- FMETH5)
These "finding methods" are recorded each time a nest is searched for, even if the
attempt was unsuccessful, and several visits were required to finally locate the nest.
The information should be recorded in a format similar to this figure:

FIGURE: SEARCH METHOD INFORMATION ON NEST CARD

Individual nests are frequently located using more than one technique. All of the
methods used to find the nest should be recorded in sequence of use (see example,
above). Recording of finding methods (FMETH1 up to FMETH5 if needed) is
required. Search time, Search radius, # of parent visits, and # previous attempts to
find nest are optional. The following are the possible methods used find nests, and
their codes:

Name Code Description

Parent
behavior PB

saw a parent bird and followed it to the nest or area around the
nest. If the parent gets you within approximately 50 cm of the nest
then parental behavior is considered the only cue used (but see
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systematic search notes). If you must systemically search an area
around the nest larger than a 50 cm radius circle, then systematic
searching is considered the second step in nest location.

Parent flushed
from nest F

you flush a bird off its nest while walking past. This differs from
luck because behavior of the bird is important to location of the
nest.

Systematic
search SS

nests found during a systematic search of possible nest sites. This
may occur without previous observations of other cues, or after
parental behavior or non-behavioral cues suggest a nest is present
nearby. Example 1: some types of nests are most easily located by
regularly checking certain habitat features (e.g., regularly
checking small firs for Hermit Thrush nests or regularly checking
snags you pass for fresh cavities). Example 2: Even after
observation of a parental cue that narrows down the nest location,
it is often necessary to systematically search the area to find the
nest (e.g., you observe a Red-faced Warbler going down to a
small area on the ground then flying away. After several
observations of the adult you narrow the nest location to an area 1
meter in radius. You then systematically search the area for the
nest). If parent behavior gets you within approximately 50 cm of
the nest then the nest is considered to have been located by purely
behavioral cues. However, use your own judgement when
deciding whether systematic searching was part of the nest
location process. The 50 cm cut-off is intended as a guideline and
may be too large an area in some cases, and too small in others.
For example, considerable searching may be necessary to find the
exact position of a nest located in a thick shrub, even after
localizing with 50 cm.

Non-behavioral
cue NBC

a non-behavioral cue suggests a nest is nearby. The nest is then
located by systematic searching or waiting for parents. Example:
you notice fresh wood chips on the ground near a group of trees.
You then locate the nest by searching nearby snags. Another
example of a non-behavioral cue would be bird droppings on the
ground or leaves under a nest. NOTE: if you were systematically
searching under trees for wood chips then SS would be the first
method recorded, followed by NBC, then SS or PB depending on
the cues you used.

Luck L came across a nest by chance without actively searching for it or
seeing parental cues.

Previous year PY found nest based on knowledge of nest location from previous
year.

Young behavior YB
young's behavior led observer to nest. For example, noisy or
begging young often can lead you to find nests of cavity nesting
birds.

Time (STIME1 -- STIME5)
record the time in minutes spent searching for the nest within each cue type (when
applicable). If using parental cues, only record time
parents are present, not the time spent waiting for
them to return to the nest. Don't record a search time
if you use systematic searching as the first step in
nest location, but do record time spent systematically
searching if PB, NBC, or F were the first step in nest
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location.
# Parent visits (NPARVIS1 -- NPARVIS5)

for parent behavioral cues only - record the number
of parent visits to the nest during an attempt to locate
the nest using parental behavior. Record a separate
value for each PB search method line you fill out.

Search radius (SRAD1_M -- SRAD5_M)
record a search radius in meters for systematic
searches initiated by some other cue (PB, F, NBC).
For searches initiated by PB or F record a search
radius if it is necessary to systematically search an
area larger than a 50 cm radius circle around the
nest.

# of Previous attempts to find the nest (NTRIES)
number of previous days you have spent time trying
to find this nest.

Copyright © 1997, University of Montana
Last modified: Tuesday, 25-March-97 10:32:14 MST

BBIRD Field Protocols - Montana Cooperative Wildlife Resear... http://www.umt.edu/bbird/protocol/newnest.htm
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Emdroomental Information

Table 5.6-1
Sensitive Species Potentially Occurring in the Vicinity of the Solar Two Project

Species Sensitivity Status Potential to
Occur Habitat On-Site Status

Reptiles
Coleonyx
switaki
barefoot banded
gecko

Federal — None
State — Threatened
BLM — None

Low Inhabits rocky,
boulder-strewn
desert foothills,
where it spends
most of its life deep
in rock crevices and
subterranean
chambers.

No suitable habitat occurs on-
site. Species has been
documented in the adjacent
Coyote Wells and Painted
Gorge quads.

Phrynosoma
mcallii
flat-tailed
horned lizard

Federal — None
State — SSC
BLM — Sensitive

High — On-site
Present on-site
and along
T-line

Inhabits sparsely
vegetated desert
scrub areas with
fine, wind-blown
(aeolian) sand
deposits and shifting
sand substrate,

Suitable habitat and food
source occurs on-site. Species
has been observed on-site and
along the transmission line
during 2007 focused surveys.
None detected during 2008
focused surveys.

Birds
Athene
cunicularia
burrowing owl

Federal — None
State — SSC
BLM — Sensitive

High — On-site
Present along
T-line and off-
site near the
eastern Project
boundary

Found in open
grasslands and
agricultural areas
with suitable
fossorial mammal
burrows for nesting.

Several suitable burrows were
detected on-site. Owls were
observed along the
transmission line and off-site
near the eastern Project
boundary during 2007 surveys.
One owl was detected off-site
near the eastern Project
boundary during 2008 surveys.

Eremophila
alpestris
California
homed lark

Federal —None
State — SSC
BLM — None

High — 0n-site
Present
throughout the
site

Generally occurs in
open scrub
grasslands and
agricultural fields.

Species observed in several
locations throughout the
Project Site during 2007 and
2008 surveys. Frequently
'observed in and around
irrigated fields east of the
Project Site.

Falco
mexicanus
prairie falcon

Federal — None
State — SSC
BLM —None

Moderate Generally occurs in
barren mountains,
dry plains, and
prairies.

No suitable nesting habitat
occurs on-site; species
documented in the adjacent
Painted Gorge quad. Potential
foraging habitat present on-
site.

Toxostoma
lecontei
Le Conte's
thrasher

Federal — None
State — SSC
BLM — None

High — On-site
Present on-site

Desert flats with
sparse bushes;
preferred nest sites
are in large shrubs
along washes.

This species was observed on-
site during 2007 surveys. Also
documented in adjacent
Coyote Wells and Painted
Gorge quads.

5.6-4
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Department of Fish and Game 
Biogeographic Data Branch 

Vegetation Classification and Mapping Program 
List of California Vegetation Alliances 

December 28, 2009 
 
 

Introduction 
 
This document provides the Vegetation Classification and Mapping Program’s currently 
accepted list of vegetation Alliances. It is based on the classification put forth in the second 
edition of “A Manual of California Vegetation” (Sawyer et al. 2009), which is the California 
expression of the National Vegetation Classification (Grossman et al. 1998). This classification 
is hierarchical in nature: Alliances are the generic vegetation unit and Associations the specific 
unit. We are working to publish a list of accepted Associations in the near future. 
 
Semi-natural Stands and Special Stands 
 
In addition to Alliances, this list includes Semi-natural Stands and Special Stands. Semi-natural 
Stands are strongly dominated by non-native plants that have become naturalized in the state; 
no Alliances are defined by non-natives.  Special Stands are specific patches of vegetation in 
the landscape that are unique from other patches, which may appear structurally distinctive as 
well as rare. These are usually defined by the presence of locally-dominant but globally or 
regionally rare plant taxa, including plants on the California Native Plant Society’s Inventory of 
Rare and Endangered Plants of California or the Department’s Special Plants List. The rare 
species typically defines the type (e.g., Callitropsis abramsiana), and stands usually establish in 
less redundancy (e.g., less than 10 stands) across the landscape than other vegetation types. 
Certain rare plants establish with a unique set of species within certain climatic and edaphic 
conditions, and they typically co-dominate with a rare assemblage of species.  In the case of 
certain more widespread taxa, the stands in California may be so isolated from other stands in 
the species range that we don’t know whether they represent an alliance, association or an 
outlier stand. Provisional Alliances and Provisional Semi-natural Stands are types for which 
we have fewer than 10 stands sampled, but which we expect will prove to be more widespread. 
 
Rarity Ranking 
 
One of the primary purposes of the classification is to assist in the location and determinations 
of significance and rarity of vegetation types for tracking purposes in the California Natural 
Diversity Database (CNDDB). Thus, ranking of types by their rarity and threat is an important 
facet of the classification. In previous documents, asterisks (*) denoted special vegetation types 
that were either known or believed to have been of high priority for inventory in the CNDDB. 
Currently, this list refines the asterisks to actual “Global” or “State” rankings analogous to those 
provided with species reported in the CNDDB. These are ranked 1 through 5 using 
NatureServe’s standard heritage program methodology 
(http://www.natureserve.org/explorer/ranking.htm#interpret). If an alliance is marked with a G1 
through a G3 code, this means that all of the associations within it will also be considered of 
high inventory priority. If marked as G4 or G5, these alliances are generally considered common 
enough to not be of concern. However, it does not mean that certain associations contained 
within them are not rare, particularly within the state. For some, we simply do not have enough 
information on rarity; these are marked with a “?”. The forthcoming full association and alliance 
level ranking list will clarify these relationships. 
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Lead and trustee agencies may request that impacts to rare communities be addressed in 
environmental documents. For example, impacts to wetland community types should be 
addressed under the state’s no-net-loss of wetlands policy, or local agencies may have policies 
requiring avoidance of rare community types. 
 
Note about the Holland Classification System 
 
The natural communities that are currently included in CNDDB using the older Holland 
classification system (Holland 1986) are still valid, including their existing names and rankings.  
We have not revisited, reviewed, or modified them since the new classification for vegetation 
has been adopted. The long-range plan of the Vegetation Program is to revisit and reclassify the 
natural community occurrences in the CNDDB over time, with the ultimate goal of replacing the 
old CNDDB classification system with the new system. 
 
Your Data Appreciated 
 
Vegetation classification is an active field in California and new types will continue to be defined 
and their relationships refined for some time. Currently, we define 352 Alliances, 82 Provisional 
Alliances, 28 Semi-natural Stands, and 16 Special Stands. We relish information on all 
vegetation types, whether it is a new record or re-assessment of existing information. Please 
contact us at VegCAMP at (916) 324-6857, and we can help you determine the most useful way 
to collect information on vegetation types. 
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Scientific Name Common Name Global & State Rank 
Woodland and Forest Alliances and 
Stands 

  

Abies amabilis Alliance Pacific silver fir forest G5 S1 
Abies bracteata Alliance Santa Lucia fir groves G3 S3 
Abies concolor Alliance White fir forest G5 S4 
Abies concolor–Pinus lambertiana Alliance White fir–sugar pine forest G4 S4 
Abies concolor–Pseudotsuga menziesii 
Alliance 

White fir–Douglas fir forest G5 S4 

Abies grandis Alliance Grand fir forest G4 S2 
Abies lasiocarpa Alliance Subalpine fir forest G5 S2 
Abies magnifica Alliance Red fir forest G5 S4 
Abies magnifica–Abies concolor Alliance Red fir–white fir forest G5 S4 
Acer macrophyllum Alliance Bigleaf maple forest G4 S3 
Acer negundo Alliance Box-elder forest G5 S2 
Aesculus californica Alliance California buckeye groves G3 S3 
Alnus rhombifolia Alliance White alder groves G4 S4 
Alnus rubra Alliance Red alder forest G5 S4 
Arbutus menziesii Alliance Madrone forest G4 S3 
Bursera microphylla Special Stands Elephant tree stands G4 S1 
Callitropsis abramsiana Special Stands Santa Cruz cypress groves G1 S1 
Callitropsis bakeri Alliance Baker cypress stands G2 S2 
Callitropsis forbesii Alliance Tecate cypress stands G2 S2 
Callitropsis goveniana Special Stands Monterey pygmy cypress stands G1 S1 
Callitropsis macnabiana Alliance McNab cypress woodland G3 S3 
Callitropsis macrocarpa Special Stands Monterey cypress stands G1 S1 
Callitropsis nevadensis Alliance Piute cypress woodland G2 S2 
Callitropsis nootkatensis Alliance Alaska yellow-cedar stands G4 S1 
Callitropsis pigmaea Alliance Mendocino pygmy cypress woodland G2 S2 
Callitropsis sargentii Alliance Sargent cypress woodland G3 S3 
Callitropsis stephensonii Special Stands Cuyamaca cypress stands G1 S1 
Calocedrus decurrens Alliance Incense cedar forest G4 S3 
Chamaecyparis lawsoniana Alliance Port Orford cedar forest G3 S3 
Chilopsis linearis Alliance Desert willow woodland G4 S3 
Eucalyptus (globulus, camaldulensis) Semi-
Natural Stands 

Eucalyptus groves Unranked 

Fraxinus latifolia Alliance Oregon ash groves G4 S3 
Juglans californica Alliance California walnut groves G3 S3 
Juglans hindsii and hybrids Special and 
Semi-Natural Stands 

Hinds’s walnut and related stands G1 S1 

Juniperus californica Alliance California juniper woodland G4 S4 
Juniperus grandis Alliance Mountain juniper woodland G4 S4 
Juniperus occidentalis Alliance Western juniper woodland G5 S4 
Juniperus osteosperma Alliance Utah juniper woodland G5 S3 
Lithocarpus densiflorus Alliance Tanoak forest G4 S3 
Lyonothamnus floribundus Special Stands Catalina ironwood groves G2 S2 
Parkinsonia florida–Olneya tesota Alliance Blue palo verde–Ironwood woodland G4 S3 
Picea breweriana Alliance Brewer spruce forest G3 S2 
Picea engelmannii Alliance Engelmann spruce forest G5 S2 
Picea sitchensis Alliance Sitka spruce forest G5 S2 
Pinus albicaulis Alliance Whitebark pine forest G5 S4 
Pinus attenuata Alliance Knobcone pine forest G4 S4 
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Pinus balfouriana Alliance Foxtail pine woodland G3 S3 
Pinus contorta ssp. contorta Alliance Beach pine forest G5 S3 
Pinus contorta ssp. murrayana Alliance Lodgepole pine forest G4 S4 
Pinus coulteri Alliance Coulter pine woodland G4 S4 (some 

associations rare) 
Pinus edulis Special Stands Two-needle pinyon stands G4 S2? 
Pinus flexilis Alliance Limber pine woodland G5 S3 
Pinus jeffreyi Alliance Jeffrey pine forest G4 S4 
Pinus lambertiana Alliance Sugar white pine forest G4 S3 
Pinus longaeva Alliance Bristlecone pine woodland G4 S2 
Pinus monophylla Alliance Singleleaf pinyon woodlands G5 S4 
Pinus monticola Alliance Western white pine forest G5 S4 
Pinus muricata Alliance Bishop pine forest G3 S3 
Pinus ponderosa Alliance Ponderosa pine forest G5 S4 
Pinus ponderosa–Calocedrus decurrens 
Alliance 

Mixed conifer forest G4 S4 

Pinus ponderosa–Pseudotsuga menziesii 
Alliance 

Ponderosa pine–Douglas fir forest G4 S4 

Pinus quadrifolia Alliance Parry pinyon woodland G3 S2 
Pinus radiata Alliance Monterey pine forest G1 S1 
Pinus sabiniana Alliance Ghost pine woodland G4 S4 
Pinus torreyana Special Stands Torrey pine stands G1 S1 
Pinus washoensis Alliance Washoe pine woodland G2 S2 
Platanus racemosa Alliance California sycamore woodlands G3 S3 (some 

associations G1 S1 
or G2 S2) 

Populus fremontii Alliance Fremont cottonwood forest G4 S3 
Populus tremuloides Alliance Aspen groves G5 S3 
Populus trichocarpa Alliance Black cottonwood forest G5 S3 
Prosopis glandulosa Alliance Mesquite bosque, mesquite thicket G5 S3 
Prosopis pubescens Alliance Screwbean mesquite bosques G3 S2 
Pseudotsuga macrocarpa Alliance Bigcone Douglas fir forest G3 S3 
Pseudotsuga menziesii Alliance Douglas fir forest G5 S4 
Pseudotsuga menziesii–Calocedrus 
decurrens Alliance 

Douglas fir–Incense cedar forest G3 S3 

Pseudotsuga menziesii–Lithocarpus 
densiflorus Alliance 

Douglas fir–tanoak forest G4 S4 

Psorothamnus spinosus Alliance Smoke tree woodland G4 S3 
Quercus agrifolia Alliance Coast live oak woodland G5 S4 (some 

associations rare G3 
S3) 

Quercus chrysolepis tree Alliance Canyon live oak forest G5 S5 
Quercus douglasii Alliance Blue oak woodland G4 S4 
Quercus engelmannii Alliance Engelmann oak woodland G3 S3 (some 

associations are G2 
S2) 

Quercus garryana tree Alliance Oregon white oak woodland G4 S3 
Quercus kelloggii Alliance California black oak forest G4 S4 
Quercus lobata Alliance Valley oak woodland G3 S3 (some 

associations G2 S2) 
Quercus parvula var. shrevei Provisional 
Alliance 

Shreve oak forests G2 S2 
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Scientific Name Common Name Global & State Rank 
Quercus (agrifolia, douglasii, garryana, 
kelloggii, lobata, wislizeni) Alliance 

Mixed oak forest G4 S4 

Quercus tomentella Special Stands Island oak groves G3 S3 
Quercus wislizeni tree Alliance Interior live oak woodland G4 S4 
Salix gooddingii Alliance Black willow thickets G4 S3 
Salix laevigata Alliance Red willow thickets G3 S3 
Salix lucida Alliance Shining willow groves G4 S3 
Schinus (molle, terebinthifolius)–Myoporum 
laetum Semi-Natural Stands 

Pepper tree or Myoporum groves Unranked 

Sequoia sempervirens Alliance Redwood forest G3 S3 
Sequoiadendron giganteum Alliance Giant sequoia forest G3 S3 
Tsuga heterophylla Alliance Western hemlock forest G5 S2 
Tsuga mertensiana Alliance Mountain hemlock forest G5 S4 
Umbellularia californica Alliance California bay forest G4 S3 
Washingtonia filifera Alliance California fan palm oasis G3 S3 
Yucca brevifolia Alliance Joshua tree woodland G4 S3 
   
Shrubland Alliances and Stands   
Acacia greggii Alliance Catclaw acacia thorn scrub G5 S4 
Acer glabrum Provisional Alliance Rocky Mountain maple thickets G5 S3? 
Adenostoma fasciculatum Alliance Chamise chaparral G5 S5 (some 

associations rare) 
Adenostoma fasciculatum–Salvia apiana 
Alliance 

Chamise–white sage chaparral G3 S3 

Adenostoma fasciculatum–Salvia mellifera 
Alliance 

Chamise–black sage chaparral G5 S5 

Adenostoma fasciculatum–Xylococcus 
bicolor Alliance 

Chamise–mission manzanita chaparral G4 S3 

Adenostoma sparsifolium Alliance Redshank chaparral G4 S4 
Agave deserti Alliance Desert agave scrub G3 S3 
Allenrolfea occidentalis Alliance Iodine bush scrub G4 S3 
Alnus incana Alliance Mountain alder thicket G4 S3 
Alnus viridis Provisional Alliance Sitka alder thickets G5 S3? 
Ambrosia dumosa Alliance White bursage scrub G5 S4 
Ambrosia salsola Alliance Cheesebush scrub G5 S4 
Arctostaphylos bakeri Special Stands Stands of Baker manzanita G1 S1 
Arctostaphylos canescens Provisional 
Alliance 

Hoary manzanita chaparral G3? S3? 

Arctostaphylos (crustacea, tomentosa) 
Alliance 

Brittle leaf–Woolly leaf manzanita 
chaparral 

G2 S2 

Arctostaphylos glandulosa Alliance Eastwood manzanita chaparral G4 S4 (some 
associations G2 S2) 

Arctostaphylos glauca Alliance Bigberry manzanita chaparral G4 S4 (some 
associations are 
rarer) 

Arctostaphylos hookeri Provisional Alliance Hooker’s manzanita chaparral G2 S2 
Arctostaphylos hooveri Alliance Hoover’s manzanita chaparral G2 S2 
Arctostaphylos manzanita Provisional 
Alliance 

Spiny menodora scrub G3? S3? 

Arctostaphylos montana Alliance Mount Tamalpais manzanita chaparral G2 S2 
Arctostaphylos montereyensis Provisional 
Alliance 

Monterey manzanita chaparral G1 S1 

Arctostaphylos morroensis Alliance Morro manzanita chaparral G1 S1 
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Arctostaphylos myrtifolia Alliance Ione manzanita chaparral G1 S1 
Arctostaphylos (nummularia, sensitiva) 
Alliance 

Glossy leaf manzanita chaparral G2 S2 

Arctostaphylos pajaroensis Alliance Pajaro manzanita chaparral G1 S1 
Arctostaphylos patula Alliance Green leaf manzanita chaparral G5 S4 
Arctostaphylos pringlei ssp. drupacea 
Alliance 

Pink-bract manzanita chaparral G3 S3 

Arctostaphylos pumila Provisional Alliance Sandmat manzanita chaparral G1 S1 
Arctostaphylos (purissima, rudis) Special 
Stands 

Burton Mesa chaparral G1 S1 

Arctostaphylos silvicola Provisional Alliance Silverleaf manzanita chaparral G1 S1 
Arctostaphylos stanfordiana Provisional 
Alliance 

Stanford manzanita chaparral G3 S3? 

Arctostaphylos viscida Alliance White leaf manzanita chaparral G4 S4 (some 
associations are rare 
G2 S2.2) 

Artemisia arbuscula ssp. arbuscula Alliance Little sagebrush scrub G5 S4 
Artemisia arbuscula ssp. longicaulis 
Provisional Alliance 

Lahontan sagebrush scrub G5 S4? 

Artemisia californica Alliance California sagebrush scrub G5 S5 
Artemisia californica–Eriogonum 
fasciculatum Alliance 

California sagebrush–California 
buckwheat scrub 

G4 S4 

Artemisia californica–Salvia mellifera 
Alliance 

California sagebrush–black sage scrub G4 S4 

Artemisia cana Alliance Silver sagebrush scrub G5 S3 
Artemisia nova Alliance Black sagebrush scrub G4 S3 
Artemisia rothrockii Alliance Rothrock’s sagebrush G3 S3 
Artemisia tridentata Alliance Big sagebrush G5 S5 
Artemisia tridentata ssp. vaseyana Alliance Mountain big sagebrush G5 S5 
Atriplex canescens Alliance Fourwing saltbush scrub G5 S4 (some 

associations S2 in 
the C. Coast Ranges)

Atriplex confertifolia Alliance Shadscale scrub G5 S4 
Atriplex hymenelytra Alliance Desert holly scrub G5 S4 
Atriplex lentiformis Alliance Quailbush scrub G4 S4 
Atriplex polycarpa Alliance Allscale scrub G5 S4 (some 

associations S2 S1 in 
the Central Valley) 

Atriplex spinifera Alliance Spinescale scrub G3 S3 
Baccharis emoryi Provisional Alliance Emory’s baccharis thickets G3 S2? 
Baccharis pilularis Alliance Coyote brush scrub G5 S5 
Baccharis salicifolia Alliance Mulefat thickets G5 S4 
Baccharis sergiloides Alliance Broom baccharis thickets G4 S3 
Betula glandulosa Provisional Alliance Resin birch thickets G5 S2? 
Betula occidentalis Alliance Water birch thicket G4 S2 
Broom (Cytisus scoparius and Others) Semi-
Natural Stands 

Broom patches Unranked 

Cassiope mertensiana Provisional Alliance White mountain heather heath G5 S3? 
Castela emoryi Special Stands Crucifixion thorn stands G2 S1 
Ceanothus cordulatus Alliance Mountain white thorn chaparral G4 S4 
Ceanothus crassifolius Alliance Hoary leaf ceanothus chaparral G4 S4 
Ceanothus cuneatus Alliance Wedge leaf ceanothus chaparral, Buck 

brush chaparral 
G4 S4 
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Ceanothus greggii Alliance Cup leaf ceanothus chaparral G4 S3 
Ceanothus integerrimus Alliance Deer brush chaparral G4 S4 
Ceanothus leucodermis Alliance Chaparral white thorn chaparral G4 S4 
Ceanothus megacarpus Alliance Big pod ceanothus chaparral G4 S4 
Ceanothus oliganthus Alliance Hairy leaf ceanothus chaparral G3 S3 
Ceanothus papillosus Alliance Wart leaf ceanothus chaparral G3 S3 
Ceanothus spinosus Alliance Greenbark ceanothus chaparral G4 S4 
Ceanothus thyrsiflorus Alliance Blue blossom chaparral G4 S4 
Ceanothus velutinus Alliance Tobacco brush or snow bush chaparral G5 S4 
Ceanothus verrucosus Provisional Alliance Wart-stemmed ceanothus chaparral G2 S2 
Cephalanthus occidentalis Alliance Button willow thickets G5 S2 
Cercocarpus intricatus Alliance Small leaf mountain mahogany scrub G4 S3? 
Cercocarpus ledifolius Alliance Curl leaf mountain mahogany scrub G5 S4 
Cercocarpus montanus Alliance Birch leaf mountain mahogany 

chaparral 
G5 S4 

Chrysolepis chrysophylla Alliance Golden chinquapin thickets G2 S2 
Chrysolepis sempervirens Alliance Bush chinquapin chaparral G4 S3 
Coleogyne ramosissima Alliance Black brush scrub G5 S4 
Coreopsis gigantea Alliance Giant coreopsis scrub G3 S3? 
Cornus sericea Alliance Red osier thickets G4 S3? 
Corylus cornuta var. californica Alliance Hazelnut scrub G3 S2? 
Cylindropuntia bigelovii Alliance Teddy bear cholla patches G4 S3 
Dasiphora fruticosa Alliance Shrubby cinquefoil scrub G5 S3? 
Deinandra clementina–Eriogonum 
giganteum Provisional Alliance 

Island buckwheat–Island tar plant scrub G3? S3? 

Dendromecon rigida Alliance Bush poppy scrub G4 S4 
Diplacus aurantiacus Alliance Bush monkeyflower scrub G3 S3? 
Encelia californica Alliance California brittle bush scrub G4 S3 
Encelia farinosa Alliance Brittle bush scrub G5 S4 
Encelia virginensis Alliance Virgin River brittle brush scrub G4 S3 
Ephedra californica Alliance California joint fir scrub G3 S3 
Ephedra funerea Provisional Alliance Death Valley joint fir scrub G3? S2? 
Ephedra nevadensis Alliance Nevada joint fir scrub G4 S4 
Ephedra viridis Alliance Mormon tea scrub G4 S4 
Ericameria linearifolia Provisional Alliance Narrowleaf goldenbush scrub G3 S3? 
Ericameria nauseosa Alliance Rubber rabbitbrush scrub G5 S5 
Ericameria palmeri Provisional Alliance Palmer’s goldenbush scrub G3 S3? 
Ericameria paniculata Alliance Black-stem rabbitbrush scrub G4 S3 
Ericameria parryi Alliance Parry’s rabbitbrush scrub G4 S3 
Ericameria teretifolia Alliance Needleleaf rabbitbrush scrub G4 S4 
Eriodictyon californicum Alliance California yerba santa scrub G4 S4 
Eriodictyon crassifolium Provisional Alliance Thick leaf yerba santa scrub G3 S3 
Eriogonum cinereum Alliance Ashy buckwheat scrub G3 S3 
Eriogonum fasciculatum Alliance California buckwheat scrub G5 S5 
Eriogonum fasciculatum–Salvia apiana 
Alliance 

California buckwheat–white sage scrub G4 S4 

Eriogonum heermannii Provisional Alliance Heermann’s buckwheat patches G2 S2? 
Eriogonum wrightii Alliance Wright’s buckwheat patches G3 S3 
Forestiera pubescens Alliance Desert olive patches G3 S2 
Frangula californica Alliance California coffee berry scrub G4 S4 (some 

associations rare) 
Garrya elliptica Provisional Alliance Coastal silk tassel scrub G3? S3? 
Grayia spinosa Alliance Spiny hop sage scrub G5 S3 
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Gutierrezia californica Provisional Alliance California match weed patches G3? S3? 
Gutierrezia sarothrae Provisional Alliance Broom snake weed scrub G3 S3 
Hazardia squarrosa Alliance Sawtooth golden bush scrub G3 S3 
Heteromeles arbutifolia Alliance Toyon chaparral G5 S3 
Holodiscus discolor Alliance Ocean spray brush G4 S3 
Hyptis emoryi Alliance Desert lavender scrub G4 S3 
Isocoma menziesii Alliance Menzies’s golden bush scrub G4? S4? 
Justicia californica Provisional Alliance Chuparosa patches G2 S2? 
Kalmia microphylla Provisional Alliance Alpine laurel heath G4 S3? 
Keckiella antirrhinoides Alliance Bush penstemon scrub G3 S3 
Koeberlinia spinosa Special Stands Crown-of-thorns stands G2 S1 
Krascheninnikovia lanata Alliance Winterfat scrubland G4 S2 
Larrea tridentata Alliance Creosote bush scrub G5 S5 
Larrea tridentata–Ambrosia dumosa Alliance Creosote bush–white burr sage scrub G5 S5 (associations 

with Pleuraphis ridiga 
and those with a 
diverse shrub layer 
are G1 S1) 

Larrea tridentata–Encelia farinosa Alliance Creosote bush–brittle bush scrub G5 S4 
Lepidospartum squamatum Alliance Scale broom scrub G3 S3 (some 

associations G1 
S1.1) 

Lithocarpus densiflorus var. echinoides 
Alliance 

Shrub tanoak chaparral G3 S3 

Lotus scoparius Alliance Deer weed scrub G5 S5 
Lupinus albifrons Alliance Silver bush lupine scrub G4 S4 
Lupinus arboreus Alliance and Semi-Natural 
Stands 

Yellow bush lupine scrub G4 S4 (within native 
range) 

Lupinus chamissonis–Ericameria ericoides 
Alliance 

Silver dune lupine–mock heather scrub G3 S3 (some 
associations G2 S2) 

Lycium andersonii Alliance Anderson’s boxthorn scrub G4 S3 
Lycium californicum Provisional Alliance California desert-thorn G2? S2? 
Malacothamnus fasciculatus Alliance Bush mallow scrub G4 S4 
Malosma laurina Alliance Laurel sumac scrub G4 S4 
Menodora spinescens Alliance Spiny menodora scrub G4 S3 
Morella californica Alliance Wax myrtle scrub G3 S3 
Nolina (bigelovii, parryi) Alliance Nolina scrub G3 S2 
Opuntia littoralis Alliance Coast prickly pear scrub G4 S3 
Parkinsonia microphylla Provisional Alliance Foothill palo verde desert scrub G4 S1 
Phyllodoce breweri Alliance Mountain heather mats G4 S4? 
Phyllodoce empetriformis Provisional 
Alliance 

Mountain heather mats G5 S2? 

Pluchea sericea Alliance Arrow weed thickets G3 S3 
Prunus emarginata Provisional Alliance Bitter cherry thickets G4 S4 
Prunus fasciculata Alliance Desert almond scrub G4 S3 
Prunus fremontii Alliance Desert apricot scrub G4 S3 
Prunus ilicifolia Alliance Holly leaf cherry chaparral G3 S3 (some 

associations G2 S2) 
Prunus virginiana Provisional Alliance Choke cherry thickets G4 S2? 
Purshia stansburiana Alliance Stansbury cliff rose scrub G3 S3 
Purshia tridentata Alliance Bitter brush scrub G4 S3 
Quercus berberidifolia Alliance Scrub oak chaparral G4 S4 
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Quercus berberidifolia–Adenostoma 
fasciculatum Alliance 

Scrub oak–chamise chaparral G4 S4 

Quercus chrysolepis shrub Alliance Canyon live oak chaparral G3 S3 
Quercus cornelius-mulleri Alliance Muller oak chaparral G4 S4 
Quercus durata Alliance Leather oak chaparral G4 S4 (some 

associations G2 S2, 
G3 S3) 

Quercus garryana shrub Alliance Brewer oak scrub G4 S4 
Quercus john-tuckeri Alliance Tucker oak chaparral G4 S4 
Quercus pacifica Alliance Island scrub oak chaparral G3 S3 
Quercus palmeri Alliance Palmer oak chaparral G3 S2? 
Quercus sadleriana Alliance Sadler oak or deer oak brush fields G3 S3 
Quercus turbinella Alliance Sonoran live oak scrub G4 S1 
Quercus vacciniifolia Alliance Huckleberry oak chaparral G4 S4 
Quercus wislizeni shrub Alliance Interior live oak chaparral G4 S4 
Rhododendron neoglandulosum Alliance Western Labrador-tea thickets G4 S2? 
Rhododendron occidentale Provisional 
Alliance 

Western azalea patches G3 S2? 

Rhus integrifolia Alliance Lemonade berry scrub G3 S3 
Rhus ovata Alliance Sugarbush chaparral G4 S4 (some 

associations locally 
rare) 

Rhus trilobata Provisional Alliance Basket bush thickets G4 S3? 
Ribes quercetorum Provisional Alliance Oak gooseberry thickets G2 S2? 
Rosa californica Alliance California rose briar patches G3 S3 
Rosa woodsii Provisional Alliance Interior rose thickets G5 S3 
Rubus armeniacus Semi-Natural Stands Himalayan black berry brambles Unranked 
Rubus (parviflorus, spectabilis, ursinus) 
Alliance 

Coastal brambles G4 S3 

Salazaria mexicana Alliance Bladder sage scrub G4 S4 
Salix bebbiana Alliance Bebb’s willow thickets G4 S2? 
Salix breweri Alliance Brewer willow thickets G2 S2 
Salix eastwoodiae Alliance Sierran willow thickets G3 S3 
Salix exigua Alliance Sandbar willow thickets G5 S4 
Salix geyeriana Alliance Geyer willow thickets G4 S2? 
Salix hookeriana Alliance Coastal dune willow thickets G4 S3 
Salix jepsonii Alliance Jepson willow thickets G3 S3 
Salix lasiolepis Alliance Arroyo willow thickets G4 S4 
Salix lemmonii Alliance Lemmon’s willow thickets G4 S3 
Salix lutea Alliance Yellow willow thickets G4 S3? 
Salix nivalis Provisional Alliance Snow willow mats G4 S1? 
Salix orestera Alliance Sierra gray willow thickets G4 S4 
Salix petrophila Alliance Alpine willow turf G5 S3 
Salix planifolia Provisional Alliance Tea-leaved willow thickets G4 S2? 
Salix sitchensis Provisional Alliance Sitka willow thickets G4 S3? 
Salvia apiana Alliance White sage scrub G4 S3 
Salvia dorrii Alliance Desert purple sage scrub G3 S2 
Salvia leucophylla Alliance Purple sage scrub G4 S4 
Salvia mellifera Alliance Black sage scrub G4 S4 (some 

associations G3 S3) 
Sarcobatus vermiculatus Alliance Greasewood scrub G5 S4 
Suaeda moquinii Alliance Bush seepweed scrub G5 S3 
Simmondsia chinensis Provisional Alliance Jojoba scrub G4 S3? 
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Sambucus nigra Alliance Blue elderberry stands G3 S3 
Tamarix spp. Semi-Natural Stands Tamarisk thickets Unranked 
Tetracoccus hallii Provisional Alliance Hall’s shrubby-spurge patches G2 S1 
Tidestromia oblongifolia Provisional Alliance Arizona honey sweet sparse scrub G3 S3 
Toxicodendron diversilobum Alliance Poison oak scrub G4 S4 
Vaccinium cespitosum Alliance Dwarf bilberry meadows and mats G4? S3? 
Vaccinium uliginosum Alliance Bog blue berry wet meadows G4 S3 
Venegasia carpesioides Alliance Canyon sunflower scrub G3 S3 
Viguiera parishii Alliance Parish’s goldeneye scrub G4 S4 (some 

associations may be 
rare) 

Viguiera reticulata Alliance Net-veined goldeneye scrub G3 S3? 
Yucca schidigera Alliance Mojave yucca scrub G4 S4 (some 

associations G2 
S2.2) 

Ziziphus obtusifolia Special Stands Graythorn patches G2 S2? 
   
Herbaceous Alliances and Stands   
Abronia latifolia–Ambrosia chamissonis 
Alliance 

Dune mat G3 S3 

Achnatherum hymenoides Alliance Indian rice grass grassland G4 S1 
Achnatherum speciosum Alliance Desert needlegrass grassland G4 S2 
Aegilops triuncialis Provisional Semi-Natural 
Stands 

Barbed goatgrass patches Unranked 

Agropyron cristatum Semi-Natural Stands Crested wheatgrass rangelands Unranked 
Agrostis (gigantea, stolonifera)–Festuca 
arundinacea Semi-Natural Stands 

Bent grass–tall fescue meadows Unranked 

Alopecurus geniculatus Provisional Alliance Water foxtail meadows G3? S3? 
Ambrosia psilostachya Provisional Alliance Western ragweed meadows G4 S4? 
Ammophila arenaria Semi-Natural Stands European beach grass swards Unranked 
Amsinckia (menziesii, tessellata) Alliance Fiddleneck fields G4 S4 
Anemopsis californica Alliance Yerba mansa meadows G3 S2? 
Argentina egedii Alliance Pacific silverweed marshes G4 S2 
Aristida purpurea Provisional Alliance Purple three-awn meadows G4 S3? 
Artemisia dracunculus Alliance Wild tarragon patches G4 S4 
Arthrocnemum subterminale Alliance Parish’s glasswort patches G4 S2 
Arundo donax Semi-Natural Stands Giant reed breaks Unranked 
Atriplex prostrata–Cotula coronopifolia Semi-
Natural Stands 

Fields of fat hen and brass buttons Unranked 

Avena (barbata, fatua) Semi-Natural Stands Wild oats grasslands Unranked 
Azolla (filiculoides, mexicana) Provisional 
Alliance 

Mosquito fern mats G4 S4 

Bistorta bistortoides–Mimulus primuloides 
Alliance 

Western bistort–primrose monkey 
flower meadows 

G4 S4 

Bolboschoenus maritimus Alliance Salt marsh bulrush marshes G4 S3 
Brassica nigra and Other Mustards Semi-
Natural Stands 

Upland mustards Unranked 

Bromus (diandrus, hordeaceus)–
Brachypodium distachyon Semi-Natural 
Stands 

Annual brome grasslands Unranked 

Bromus rubens–Schismus (arabicus, 
barbatus) Semi-Natural Stands 

Red brome or Mediterranean grass 
grasslands 

Unranked 

Bromus tectorum Semi-Natural Stands Cheatgrass grassland Unranked 
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Cakile (edentula, maritima) Provisional 
Semi-Natural Stands 

Sea rocket sands Unranked 

Calamagrostis canadensis Alliance Bluejoint reed grass meadows G5 S3 
Calamagrostis muiriana Alliance Shorthair reed grass meadows G4 S4 
Calamagrostis nutkaensis Alliance Pacific reed grass meadows G4 S2 
Calamagrostis purpurascens Alliance Fell-fields with purple reed grass G4? S4? 
Camassia quamash Alliance Small camas meadows G4? S3? 
Carex (aquatilis, lenticularis) Alliance Water sedge and Lakeshore sedge 

meadows 
G5 S3 

Carex barbarae Alliance White-root beds G2? S2? 
Carex breweri Alliance Brewer sedge mats G4 S3 
Carex congdonii Provisional Alliance Congdon’s sedge talus G2 S2 
Carex densa Provisional Alliance Dense sedge marshes G2? S2? 
Carex douglasii Provisional Alliance Douglas’ sedge meadows G4? S2? 
Carex filifolia Alliance Shorthair sedge turf G4 S4 
Carex helleri Alliance Heller’s sedge fell-fields G4 S2 
Carex heteroneura Provisional Alliance Different-nerve sedge patches G3? S3? 
Carex integra Provisional Alliance Small-fruited sedge meadows G4? S2? 
Carex jonesii Alliance Jones’s sedge turf G4 S3 
Carex lasiocarpa Provisional Alliance Slender sedge meadows G5? S3? 
Carex limosa Alliance Shore sedge fens G4? S2? 
Carex luzulina Provisional Alliance Woodland sedge fens G3 S2? 
Carex microptera Provisional Alliance Small-winged sedge meadows G4 S2? 
Carex nebrascensis Alliance Nebraska sedge meadows G5 S4 
Carex nigricans Provisional Alliance Showy sedge sod G4 S3? 
Carex nudata Alliance Torrent sedge patches G3 S3 
Carex obnupta Alliance Slough sedge swards G4 S3 
Carex pansa Provisional Alliance Sand dune sedge swaths G4? S3? 
Carex scopulorum Alliance Sierra alpine sedge turf G4 S3 
Carex serratodens Provisional Alliance Twotooth sedge seeps G3 S3? 
Carex simulata Alliance Short-beaked sedge meadows G4 S3 
Carex spectabilis Alliance Showy sedge sod G4 S3 
Carex straminiformis Provisional Alliance Mount Shasta sedge meadows G3? S3? 
Carex subnigricans Alliance Dark alpine sedge turf G4 S3 
Carex (utriculata, vesicaria) Alliance Beaked sedge and blister sedge 

meadows 
G5 S4 

Carpobrotus edulis or Other Ice Plants Semi-
Natural Stands 

Ice plant mats Unranked 

Centaurea (solstitialis, melitensis) Semi-
Natural Stands 

Yellow star-thistle fields Unranked 

Centaurea (virgata) Provisional Semi-Natural 
Stands 

Knapweed and purple-flowered star-
thistle fields 

Unranked 

Centromadia (pungens) Alliance Tar plant fields G2? S2? 
Cirsium fontinale Alliance Fountain thistle seeps G1 S1 
Cistanthe (umbellata)–Gayophytum 
(diffusum) Alliance 

Pussypaws–groundsmoke openings G4 S4 

Conium maculatum–Foeniculum vulgare 
Semi-Natural Stands 

Poison hemlock or fennel patches Unranked 

Cortaderia (jubata, selloana) Semi-Natural 
Stands 

Pampas grass patches Unranked 

Cressa truxillensis–Distichlis spicata Alliance Alkali weed–Salt grass playas and sinks G4 S4 
Cynosurus echinatus Semi-Natural Stands Annual dogtail grasslands Unranked 
Danthonia californica Alliance California oat grass prairie G4 S3 
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Danthonia intermedia Provisional Alliance Wild mountain oat grass meadows G4? S3? 
Darlingtonia californica Alliance California pitcher plant fens G4? S3 
Deinandra fasciculata Alliance Clustered tarweed fields G3? S3? 
Deschampsia caespitosa Alliance Tufted hair grass meadows G5 S4? 
Dicoria canescens–Abronia villosa Alliance Desert dunes G3 S2 
Distichlis spicata Alliance Salt grass flats G5 S4 
Dulichium arundinaceum Provisional Alliance Three-way sedge meadows G3? S1 
Eleocharis acicularis Alliance Needle spike rush stands G4? S3? 
Eleocharis macrostachya Alliance Pale spike rush marshes G4 S4 
Eleocharis quinqueflora Alliance Few-flowered spike rush marshes G4 S4 
Elymus glaucus Alliance Blue wild rye meadows G3? S3? 
Elymus multisetus Provisional Alliance Big squirreltail patches G4 S4? 
Ericameria discoidea–Hulsea algida Alliance Fell-fields with California heath-

goldenrod and Pacific alpine gold 
G3? S3? 

Eryngium aristulatum Alliance California button-celery patches G3 S3? 
Eschscholzia (californica) Alliance California poppy fields G4 S4 
Festuca brachyphylla Alliance Alpine fescue fell-fields G4? S3? 
Festuca idahoensis Alliance Idaho fescue grassland G4 S3? 
Festuca rubra Alliance Red fescue grassland G4 S3? 
Frankenia salina Alliance Alkali heath marsh G4 S3 
Glyceria (elata, striata) Alliance Manna grass meadows G4 S3? 
Glyceria occidentalis Provisional Alliance Northwest manna grass marshes G3? S3? 
Grindelia (stricta) Provisional Alliance Gum plant patches G3? S3? 
Holcus lanatus–Anthoxanthum odoratum 
Semi-Natural Stands 

Common velvet grass–sweet vernal 
grass meadows 

Unranked 

Hordeum brachyantherum Alliance Meadow barley patches G4 S3? 
Hydrocotyle (ranunculoides, umbellata) 
Alliance 

Mats of floating pennywort G4 S3? 

Iris missouriensis Provisional Alliance Western blue flag patches G5 S4 
Isoetes (bolanderi, echinospora, howellii, 
nuttallii, occidentalis) Provisional Alliance 

Quillwort beds G3 S3? 

Juncus arcticus (var. balticus, mexicanus) 
Alliance 

Baltic and Mexican rush marshes G5 S4 

Juncus cooperi Alliance Cooper’s rush marsh G3 S3 
Juncus effusus Alliance Soft rush marshes G4 S4? 
Juncus lescurii Alliance Salt rush swales G3 S2? 
Juncus nevadensis Alliance Sierra rush marshes G3? S3? 
Juncus (oxymeris, xiphioides) Provisional 
Alliance 

Iris-leaf rush seeps G2? S2? 

Juncus parryi Alliance Parry’s rush outcrops G4 S4 
Juncus patens Provisional Alliance Western rush marshes G4? S4? 
Kobresia myosuroides Alliance Pacific bog sedge meadows G5 S1 
Lasthenia californica–Plantago erecta–
Vulpia microstachys Alliance 

California goldfields–Dwarf plantain–
Six-weeks fescue flower fields 

G4 S4 

Lasthenia fremontii–Distichlis spicata 
Alliance 

Fremont’s goldfields–Saltgrass alkaline 
vernal pools 

G4 S3 

Lasthenia fremontii–Downingia (bicornuta) 
Alliance 

Fremont’s goldfields–Downingia vernal 
pools 

G3 S3 

Lasthenia glaberrima Alliance Smooth goldfields vernal pool bottoms G3 S3 
Layia fremontii–Achyrachaena mollis 
Alliance 

Fremont’s tidy-tips–Blow wives vernal 
pools 

G3 S3? 

Lemna (minor) and Relatives Provisional 
Alliance 

Duckweed blooms G5 S4? 
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Lepidium latifolium Semi-Natural Stands Perennial pepper weed patches Unranked 
Leymus cinereus Alliance Ashy ryegrass meadows G4 S2 
Leymus condensatus Alliance Giant wild rye grassland G3 S3 
Leymus mollis Alliance Sea lyme grass patches G4 S2 
Leymus triticoides Alliance Creeping rye grass turfs G4 S3 
Lolium perenne Semi-Natural Stands Perennial rye grass fields Unranked 
Lotus purshianus Provisional Alliance Spanish clover fields G4? S4? 
Ludwigia (hexapetala, peploides) Provisional 
Semi-Natural Stands 

Water primrose wetlands Unranked 

Melica torreyana Provisional Alliance Torrey’s melic grass patches G2 S2? 
Mimulus (guttatus) Alliance Common monkey f lower seeps G4? S3? 
Montia fontana–Sidalcea calycosa Alliance Water blinks–Annual checkerbloom 

vernal pools 
G2 S2 

Muhlenbergia filiformis Provisional Alliance Pullup muhly meadows G4? S4? 
Muhlenbergia richardsonis Provisional 
Alliance 

Mat muhly meadows G4? S4? 

Muhlenbergia rigens Alliance Deer grass beds G3 S2? 
Nassella cernua Provisional Alliance Nodding needle grass grassland G4 S3? 
Nassella lepida Provisional Alliance Foothill needle grass grassland G3? S3? 
Nassella pulchra Alliance Purple needle grass grassland G4 S3? 
Nuphar lutea Provisional Alliance Yellow pond-lily mats G5 S3? 
Oenanthe sarmentosa Alliance Water-parsley marsh G4 S2? 
Oxypolis occidentalis Alliance Western cowbane meadows G3 S3 
Oxyria digyna Provisional Alliance Mountain sorrel patches G4 S3? 
Panicum urvilleanum Alliance Desert panic grass patches G3 S1 
Pennisetum setaceum Semi-Natural Stands Fountain grass swards Unranked 
Penstemon heterodoxus Provisional Alliance Heretic penstemon patches G4? S3? 
Penstemon newberryi Alliance Mountain pride patches G4 S4 
Persicaria lapathifolia–Xanthium strumarium 
Provisional Alliance 

Smartweed–cocklebur patches G4 S4 

Phalaris aquatica Semi-Natural Stands Harding grass swards Unranked 
Phlox covillei Alliance Coville’s phlox fell-fields G4 S3 
Phlox pulvinata Alliance Cushion phlox fell-fields G4 S3 
Phragmites australis Alliance Common reed marshes G5 S4? 
Plagiobothrys nothofulvus Alliance Popcorn flower fields G4 S4 
Pleuraphis jamesii Alliance James’ galleta shrub-steppe G3 S2 
Pleuraphis rigida Alliance Big galleta shrub-steppe G3 S2 
Poa pratensis Semi-Natural Stands Kentucky blue grass turf Unranked 
Poa secunda Alliance Curly blue grass grassland G4 S3? 
Pseudoroegneria spicata Alliance Bluebunch wheat grass grassland G4 S2 
Ptilagrostis kingii Alliance King’s needle grass meadows G4 S4 
Ruppia (cirrhosa, maritima) Alliance Ditch-grass or widgeon-grass mats G4? S2 
Sarcocornia pacifica (Salicornia depressa) 
Alliance 

Pickleweed mats G4 S3 

Saxifraga nidifica Provisional Alliance Pink saxifrage patches G4? S3? 
Saxifraga tolmiei Provisional Alliance Patches of Tolmie’s alpine saxifrage G4 S3? 
Schoenoplectus acutus Alliance Hardstem bulrush marsh G5 S4 
Schoenoplectus americanus Alliance American bulrush marsh G5 S3 
Schoenoplectus californicus Alliance California bulrush marsh G5 S4? 
Scirpus microcarpus Alliance Small-fruited bulrush marsh G4 S2 
Sedum spathulifolium Provisional Alliance Coast Range stonecrop draperies G4? S4? 
Selaginella bigelovii Alliance Bushy spikemoss mats G4 S3 
Senecio triangularis Alliance Herb-rich meadows G4 S4 
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Sesuvium verrucosum Alliance Western sea-purslane marshes G3? S2 
Solidago canadensis Provisional Alliance Canada goldenrod patches G4? S4? 
Sparganium (angustifolium) Alliance Mats of bur-reed leaves G4 S3? 
Spartina (alterniflora, densiflora) Semi-
Natural Stands 

Smooth or Chilean cordgrass marshes Unranked 

Spartina foliosa Alliance California cordgrass marsh G3 S3 
Spartina gracilis Alliance Alkali cordgrass marsh GU S1 
Sporobolus airoides Alliance Alkali sacaton grassland G4 S2 
Stuckenia (pectinata)–Potamogeton spp. 
Alliance 

Pondweed mats G3G5 S3? 

Swallenia alexandrae Special Stands Patches of Eureka Valley dune grass G1 S1 
Torreyochloa pallida Alliance Floating mats of weak manna grass G3 S3? 
Triantha occidentalis–Narthecium 
californicum Alliance 

Western false asphodel–California bog 
asphodel fens 

G2? S2? 

Trifolium longipes Provisional Alliance Long-stalk clover meadows G3? S3? 
Trifolium variegatum Alliance White-tip clover swales G3? S3? 
Typha (angustifolia, domingensis, latifolia) 
Alliance 

Cattail marshes G5 S5 

Veratrum californicum Alliance White corn lily patches G5 S4 
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Seeley WaterANastewater Master Plans 	 Final Mitigated Negative Declaration and Environmental Assessment

I. Project Proponent
The Seeley County Water District is the project proponent for the new water treatment plant, water distribution and
wastewater treatment plant improvements.

II. Project Location
The unincorporated community of Seeley is located in Imperial County about 8 miles west of the City of El Centro
and 100 miles east of San Diego, California. It is about 10 miles north of the International Border between the United
States and Mexico and the border communities of Calexico/Mexicali. The New River forms the western boundary of
the community and the San Diego & Arizona Eastern Railroad (SOME.) is the southern and southeastern
boundary of the town site. El Centro Street is the northern boundary.

Wastewater Treatment Plant (VONTP) improvements would be located at the existing WWTP, at the northwestern
side of the community. Water Treatment Plant (WTP) improvements would be made at the existing VVTP on the
north edge of town. Finally, new water pipes would be installed below existing street or alley rights-of-way (ROW) in
the central part of town.

III. Project Description
The Seeley County Water District's water and wastewater master plan improvements include the following:

A. Wok,
1. Water treatment package plant to integrate the main treatment processes into one prefabricated unit;
2. Two backwash ponds, each sized to handle the backwash flow from one unit;
3. Liquid chlorine disinfection system;
4. New operations building containing a basic laboratory, a bathroom, and adequate working space;
5. Emergency standby generator to be used at plant and pump stations;
6. Expansion of raw water storage ponds, to increase capacity to 7-11 days of storage for actual flow

conditions;
7. Repairs to treated water storage tanks;
8. Distribution pipelines and pumps;
9. Isolation valves; and,
10. Fire hydrants.

B. Waskewater
1. Two treatment trains to change the wastewater treatment to the Clemson Process;
2. A wastewater preliminary treatment unit;
3. UV disinfection system;
4. Submersible pumps; and,
5. Emergency standby generators.
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The Proposed Project would also involve the implementation of water and energy conservation measures such as
installing meters on services without meters, providing raw water to the community park for irrigation, development of
a water conservation plan, and incorporation of energy efficient principles into the design of the proposed
infrastructure.

All construction would comply with provisions of applicable noise policies and regulations of the local government
having jurisdiction over that part of the project area. Construction would not be done between the hours of 7:00 p.m.
and 7:00 a.m. in order to avoid interfering with the sleep of nearby residents. In addition, the anticipated rate of water
line construction, 200-300 lineal feet per day, would assure that no single residence would have adjacent water line
construction activities for more than two days.

Traffic safety in the adjacent roadway would be assured through compliance with construction safety requirements of
the County of Imperial. Access to adjacent land uses would be assured through use of steel plates to bridge the
trench at all access points. It is anticipated that construction crews would commute to the pipeline job site in their
personal vehicles. Those vehicles, and all necessary construction equipment would be parked off the road near the
work site, consistent with local construction safety procedures, in places that contain no native habitat.

IV. Environmental Issues
A CEQA Initial Study Checklist has been prepared for the project that provides the documentation to support the
findings in this MND. The Checklist addresses potential impacts to aesthetics, agricultural resources, air quality,
biological resources, cultural resources, geology and soils, hazards and hazardous materials, hydrology and water
quality, land use, mineral resources, noise, population and housing, public services, recreation, traffic, and
utilities/service systems. (Seethe attached Initial Study). The only environmental issues requiring mitigation include
biological resources, soil erosion, seismic motion, hydrology / water quality, transportation / traffic, and cultural
resources.

A. Miii5caiion Mecums

1. Biolosicol Resource;
The proposed effluent ouffall location at the west side of the site shall be changed to discharge W1NTP effluent at the
existing ouffall location north of the existing VVVVTP, to the satisfaction of the Regional Water Quality Control Board.

2. Geology/Soils

Erosion
Prior to construction, the contractor shall prepare and implement a Storm Water Pollution Prevention Plan (SWPPP)
for the Proposed Project to the satisfaction of the Imperial County Director of the Department of Public Works. The
SWPPP shall identify Best Management Practices (BMPs) to control erosion and maintain downstream surface water
quality during and after construction, consistent with the State National Pollution Discharge Elimination System
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(NPDES) General Construction Activity Permit and Regional Water Quality Control Board (RWQCB) standards.
Construction BMPs shall include, but not to be limited to, the following:

a. Limit construction access routes and stabilize access points.
b. Stabilize denuded areas with seeding, mulching, or other methods.
c. Stake/mark construction limits.
d. Designate specific areas of the site, away from storm drains inlets, for the storage, preparation and disposal of

construction materials, chemical products and waste; for auto and equipment parking; and for routine vehicle
and equipment maintenance.

e. Store stockpiled materials and wastes under a roof or plastic sheeting.
f. Berm around stockpile/storage areas to prevent contact with runoff.
g. Perform major maintenance, repair and vehicle and equipment washing off-site, or in designated and

controlled areas on-site.
h. Sweep up spilled dry construction materials (cement, fertilizer, etc.) immediately; water will not be used to

wash them away.
i. Clean up liquid spills on paved or impermeable surfaces using "dry" clean-up methods (e.g., absorbent

materials, cat litter, rags) and dispose of clean-up materials properly.

Seismic Motion
All on-site structures would be constructed in accordance with the Title 24 standards of the Uniform Building Code
(UBC) to minimize the potential for liquefaction and ground failure in the event of a major quake, to the satisfaction of
the Imperial County Department of Planning and Building.

3.	 Air Quoliky
In accordance with the State Implementation Plan, the following controls will be implemented during project
construction to reduce construction dust emissions:

a. Water the construction site at least twice daily for dust control.
b. Cover haul trucks or maintain at least 2 feet of freeboard.
c. Sweep public streets at the end of each workday and whenever track-out is visible beyond 50 feet from the

public street access point.
d. Pave or regularly water all parking and staging areas.
e. Suspend excavation when winds exceed 25 mph.

4.	 Hydrology / Welker Quoliky
Prior to any project construction activities, a NPDES general permit would be required to be obtained to the
satisfaction of the Imperial County Department of Public Works. The NPDES permit would require the preparation of
a SWPPP that would include Best Management Practices (BMPs) to mitigate for potential water quality impacts.
BMP's would include, but are not limited to sediment traps, keeping disturbed areas to the minimum necessary for
construction, and restoration of disturbed areas to original grade and surface after construction. These BMP's for
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construction and post-construction activities would serve to minimize erosion and maintain surface water quality.
Implementation of the SWPPP would reduce potential surface water quality impacts to below a level of significance.

5. Transportation / Traffic
Prior to construction activities, the contractor or engineer shall prepare and implement a traffic control plan during
construction to the satisfaction of the Imperial County Department of Public Works.

6. Cultural Resource;
If buried deposits are inadvertently discovered during construction, development shall be suspended and the
discovery shall be protected and evaluated for its potential resource significance.

VI. Rearons to Support Findin5 of Ne5ative Declaration
Research and review have failed to disclose any environmental issues not mitigated by project design or by
additional mitigation measures described herein. These include potential impacts to air quality, biological resources,
geology/soils, hydrology/water quality, and traffic. A biological resource survey indicated that no sensitive,
threatened or endangered species would be affected by the proposed project, with implementation of the proposed
mitigation. A focused survey for cultural resources determined that pipeline alignment and project design would
avoid any impacts to these resources.

VII. California Environmental Quality Ad Miti5aked Ne5ative
Declaration Findin5s

Find, that this Mitigated Negative Declaration reflects the decision-making body's independent and considered the
information contained in this Mitigated Negative Declaration and the comments received during the public review
period; and that revisions in the project plans or proposals made by or agreed to by the project applicant would avoid
the effects or mitigate the effects to a point where clearly no significant effects would occur; and, on the basis of the
whole record before the decision-making body (including this Mitigated Negative Declaration) that there is no
substantial evidence that the project as revised will have a significant effect on the environment.

VII. Public Review
A public notice of intent (N01) to adopt a mitigated negative declaration was published in the Imperial Valley Press on
May 30, 2003. At the same time, copies of the NOI and the draft MND/EA were sent to the California State
Clearinghouse, other state and federal agencies, Seeley Union Elementary School, and Imperial County
Departments of Planning and Building, Public Works, Air Pollution Control District, and Library. The 30-day public
review period began May 30, 2003 and ended June 30, 2003.
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Xl. Results of Public Review
No comments were received during the public input period.

Comments were received but did not address the draft Negative Declaration finding or the

accuracy/completeness of the Initial Study. No response is necessary. The letters are
attached.

( X )	 Comments addressing the findings of the draft Negative Declaration and/or accuracy or
completeness of the Initial Study were received during the public input period. The letters
and responses follow.

RESPONSE TO COMMENT LETTER FROM FRANK FIORENZA, COUNTY OF IMPERIAL PUBLIC WORKS
DEPARTMENT, DATED JUNE 17, 2003 (See Attached Letter Following MND)

In response to comment (1), we understand that an encroachment permit must be obtained from Imperial County
DPW prior to any work within County road ROW. Such a permit will be sought from DPW if work within County ROW
is proposed.

In response to comment (2), a copy of the NOI and the environmental documentation for this project has been
submitted to Imperial County Department of Planning and Building for their review.

In response to comment (3), no response is required.

RESPONSE TO COMMENT LETTER FROM JIM MINNICK, IMPERIAL COUNTY PLANNING/BUILDING
DEPARTMENT, DATED JUNE 18, 2003 (See Attached Letter Following MND)

There were no specific comments made by the staff of the Imperial County Planning/Building Department, therefore
no response is required.

X. Adoption Statement
This Mitigated Negative Declaration was adopted and above California Environmental Quality Act findings made by
the:

(Decision-Making Body)

on 	(Date/Item ft)

Typed Name and Signature of Agency Representative
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Sincerely yours,

Timothy B. Jones
Director of Public Works

By:

Frank Fiorëil2a
Deputy Director of Public Works - Engineering

II

County  of Imperial 	 Biaany. Roads ink Ale,t1
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June 17, 2003

Mr. Ralph Kingery
BRG Consulting Group
304 Ivy Street
San Diego, CA 92101

SUBJECT:	 Seeley Water/Wastewater Master Plans Notice of Intent

Dear Mr. Kingcry:

Thank you for the Notice of Intent (N01) received June 9, 2003 for the above-mentioned project. The
project was reviewed and the following comments are offered:

1 An encroachment permit is requested from this Department for any work or excavation within
County road right-of-way. Plans indicating routes should be provided for this Departments
use. Additional detailed comments would be provided when a permit has been applied for.
The applicant must be made aware that some pipes crossing County roads may be required to
be bored and not open cut. Additionally, restorative surfacing improvement may be required,
including asphalt seal coating and/or overlays.

2 The County Planning Department may need to review this project to address CEQA issues.
Please contact them for their review.

3 This Department concurs with the project need for addressing storm water pollution
prevention plan issues, incorporation of best management practices (BMP's), obtaining an
NPDES permit.

Should you have any questions, please do not hesitate to contact this office. Thank you for the opportunity
to review and comment on this NOI.

as

cc:	 Daniel Cardona, Community & Economic Development Department
Jurg lieuberger, County Planning Department
Rocky Vandergriff, Seeley County Water District

SE Snuth 11th Street
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June 18, 2003

PLANNING 1 BUILDING INSPECTION / PLANNING COMMISSION / ALL/C.
lJURG NEUBERGER, AICP,CEP

PLANNING/BUILDING DIRECTOR

PLANNINUMUJ KANO 'DIETAWNIE PiT
IMPERIAL COUNTY

Ralph Kingery
Environmental Consultant
BRG Consulting, Inc.
304 Ivy Street
San Diego, CA 92101

Subject: Draft Mitigated Negative Declaration & Environmental Assessment
for proposed Seeley WaterNVastewater Master Plans
APNs 051-150-03-01 & 051-430-08-01

Dear Mr. Kingery,

The Imperial County Planning/Building Department received a copy of the Draft Mitigated
Negative Declaration and Environmental Assessment for the proposed Seeley
Water/Wastewater Master Plans, located in the unincorporated community of Seeley in
Imperial County. Staff has reviewed the documents and has no comments on the project
at this time.

Thank you for sending the County a copy of this project to comment on. We look forward
to receiving and reviewing the final documents for this project

If you need any further assistance with this project please feel free to contact this office at
(760) 482-4236.

Sincerely,

innA
Planner IV

cc:	 Jurg Neuberger, AICP, CEP : Planning Director
Darrell Gardner, Assistant Planning Director
Richard Cabanilla, Planner IV
APN file 051-150-03-01 & 051-430-08-01
File 10.102

MD/GISeeleywatermasterplansresponseletter
939 MAIN] STREET. SUITE B-1, EL CEITITIO, CA

	
13 - 2856	 (760) 482-4236 FAX (760) 353-8338

E -MAIL Plaming@impelialcounty.not
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Gray Davis
Governor

STATE OF CALIFORNIA

Governor's Office of Planning and Research

State Clearinghouse

eras
tikaN

nIfie%tor ourrast

Tal Finney
Interim Director

July 1, 2003

Ralph Kingery
Seeley County Water District (SCWD)
1898 W. Main Street
Seeley, CA 92273

Subject: Proposed Seeley Water/Wastewater Master Plans
SCH#: 2003051152

Dear Ralph ICingery:

The State Clearinghouse submitted the above named Negative Declaration to selected state agencies for
review. The review period closed on June 30, 2003, and no state agencies submitted comments by that
date. This letter acknowledges that you have complied with the State Clearinghouse review requirements
for draft environmental documents, pursuant to the California Environmental Quality Act.

Please call the State Clearinghouse at (916) 445-0613 if you have any questions regarding the
environmental review process. If you have a question about the above-named project, please refer to the
ten-digit State Clearinghouse number when contacting this office.

Sincerely,

Terry Roberts
Director, State Clearinghouse

1400 TENTH STREET P.O. BOX 3044 SACRAMENTO, CALIFORNIA 95F12-3044
(9161445-061) FAX(916)n3-3o18 www.opr.ca.gov

eas
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Document DetalliFt-e-pciit
State Clearinghouse Data Base

SCHN 2003051152
Project Title Proposed Seeley Water/Wastewater Master Plans

Lead Agency Seeley County Water District (SCWD)

Type Neg Negative Declaration	 I
jtDescription The Seeley County Water Districts proposed water and wastewater ma er plan improvements include

the following Water System, a water treatment package plant, two bac ash ponds, a liquid chlorine
disinfection system, a new operations building, an emergency standby generator to be used at plant
and pump stations, expansion of raw water storage ponds repairs to treated water storage tanks
distributor pipelines and pumps, isolation vahres and fire hydrants, Wastewater System, two treatment
trains to change the wastewater treatment to the Clemson Process, a waste water preliminary
treatment unit. a UV dislnfector System submersible pumps, and emergency standby generators. The
Improvements would also also involve Implementation of water and energy conservation measures.

Lead Agency Contact
Name Ralph Kingety

Agency Seeley County Water District (SCWD)
Phone 760-352-6612
email

Address 1898 W. Main Street
City Seeley

Fax

State CA Zip 92273

Project Location
County Imperial

City
Region

Cross Sheets New River Boulevard, Alamo Street
Parcel No. 051-15003-43008
Township 158	 Range 12E	 Section 88	 Base SBB&M

Proximity to:
Highways 1-8, 8-80
Airports El Centro Naval Aux. Air Station
Railways SD&AE RR

Waterways New River
Schools Seeley Elem. School

Land Use WIP & WIP sites; Zoning-PP (Public Facility); General Plan: Utility; Gov't/space. use. Pipeline routes:
Roadway ROW.

Project issues Aesthetic/Visual; Agricultural Land; Air Quality; Archaeologic-Histonc; Flood Plain/Flooding;
Geologic/Seismic; Minerals; Noise; Publics Services; Soil Eroalon/Compa tion/Grading; Solid Waste;
Toxic/Hazardous; Traffic/arculatIon; Vegetation; Water Quality; Water S apply; WetlancURiparian;
Wildlife; Ltudiuse; Cumulative Effects; Growth Inducing

Reviewing
Agencies

Resources Agency; Department of Fish and Game, Region 8; Office of Historic Preservation;
Department of Parks and Recreation; Department of Water Resources; 8altrans, Division of
Aeronautics; Caltrans, District 11; Department of Health Services; State Water Resources Control
Board, Division of Water Quality; Regional Water Quality Control Board, Region 7; Native American
Heritage Commission; Public Utilities Commission

Date Received 06130/2003
	

Start of Review 05/30/2003	 End of Review 06/30/2003

Note: Blanks In data fields result from Insufficient Information provided by lead agency.
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Environmental Initial Study

Introduction and Summary
This Initial Study has been prepared to evaluate the potential environmental impacts of the proposed Seeley Water
and Wastewater Master Plan project. The proposed action includes improvements to the water distribution system,
water treatment plant, wastewater pumping system, and to the wastewater treatment facility. Improvements to the
water distribution system would include installing additional pipelines to maintain adequate pressure throughout the
system, and to replace and install additional isolation valves and fire hydrants. Improvements to the water treatment
plant would upgrade the flocculation basin, clarifiers, and filters by installing a package treatment plant along with a
liquid chlorine system for disinfection. Additional improvements would expand or construct a new operations
building, install a new pipeline and pumping system and controls, repair the treated water storage tanks and
implement a corrosion study and repair work. Upgrading the wastewater pumping system would include the
installation of a standby generator and submersible pumps at the lift stations. Improvements to the wastewater
treatment facility would include construction of a new type of high performance pond system (Clemson process).

Project Title Seeley Water and Wastewater Master Plan

Project Location
The unincorporated community of Seeley is located in Imperial County about 8 miles west of the City of El Centro
and 100 miles east of San Diego, Califomia. It is about 10 miles north of the International Border between the United
States and Mexico and the border communities of Calexico/Mexicali (Figure 1). The New River forms the western
boundary of the community and the San Diego 8 Arizona Eastern Railroad (S.D.&A.E.) is the southern and
southeastern boundary of the town site. El Centro Street is the northern boundary.

Wastewater Treatment Plant (VVWTP) improvements would be located at the existing VVWTP, at the northwestern
side of the community. Water Treatment Plant (WTP) improvements would be made at the existing WTP on the
north edge of town. Finally, new water pipes would be installed below existing street or alley right-of-ways (ROW) in
the central part of town. Proposed and alternative facility locations are shown in Figures 2 through 6.

Project Description
The Seeley County Water Districts water and wastewater master plan improvements Include the following:

Water
1. Water treatment package plant to integrate the main treatment processes into one prefabricated unit;
2. Two backwash ponds, each sized to handle the backwash flow from one unit;
3. Liquid chlorine disinfection system;
4. New operations building containing a basic laboratory, a bathroom, and adequate working space;
5. Emergency standby generators to be used at plant and pump stations;
6. Expansion of raw water storage ponds, to increase capacity to 7-11 days of storage for actual flow conditions;
7. Repairs to treated water storage tanks;
8. Distribution pipelines and pumps;

BRG Consulting, Inc.	 10	 July 22, 2003
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9. Isolation valves; and,
10. Fire hydrants.

Wasteviater
1. Two treatment trains to change the wastewater treatment to the Clemson Process;
2. A wastewater preliminary treatment unit;
3. UV disinfection system;
4. Submersible pumps; and,
5. Emergency standby generators.

The Proposed Project would also involve the implementation of water and energy conservation measures such as
installing meters on services without meters, providing raw water to the community park, development of a water
conservation plan, and incorporation of energy efficient principles into the design of the proposed infrastructure.

All construction would comply with provisions of applicable noise policies and regulations of the local government
having jurisdiction over that part of the project area. Construction would not be done between the hours of 7:00 p.m.
and 7:00 am. in order to avoid interfering with the sleep of nearby residents. In addition, the anticipated rate of
construction, 200-300 lineal feet per day, would assure that no single residence would have adjacent construction
activities for more than two days.

Traffic safety in the adjacent roadway would be assured through compliance with construction safety requirements of
the County of Imperial. Access to adjacent land uses would be assured through use of steel plates to bridge the
trench at all access points. It is anticipated that construction crews would commute to the pipeline job site In their
personal vehicles. Those vehicles, and all necessary construction equipment would be parked off the road near the
work site, consistent with local construction safety procedures, in places that contain no native habitat.

Existing Conditions
Seeley is supplied raw water from the Imperial Irrigation District's (IID) Elder Lateral 13 Canal. It is estimated that the
community could run out of water if the water supply were cut off for maintenance for more than 7 days. Also, the
adequacy of other components of the water treatment facility has prompted corrective actions. The majority of the
water distribution system is estimated to be over 50 years old and is lacking in pipeline valves at appropriate
locations and looped connections between pipelines to allow closing off portions of the water system. Deteriorated
valves have prevented operators from being able to isolate pipeline sections to make service connections or repairs.
Also, fire flow standards are not being met with the current water pressure from the distribution pumps. The present
wastewater treatment facilities are at the limit of meeting present water quality requirements and operational
problems and stoppages in the sewer pipelines have resulted in overflows.

On October 10, 2000 the Regional Water Quality Control Board (RWQCB) issued a notice of noncompliance to the
Seeley County Water District because the annual toxicity test failed with zero survival rate for both species of aquatic
organisms that were tested in August 2000. In 1999, the toxicity tests also failed with zero percent survival of fathead
minnow and 40% survival for Ceriodaphnia. The most recent notice of noncompliance was issued on January 25,
2002. On July 6, 2000 the RWQCB sent a letter concerning Bacterial Water Quality Objectives for discharges to the

Final Mitigated Negative Declaration and Environmental Assessment
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Salton Sea Watershed. The letter stated that municipal and domestic sewage treatment facilities must implement
disinfection by June 30, 2003. The NPDES discharge permit is under review until June 2002 and a requirement for
disinfection is expected in the new permit. Copies of these notices and letter are found in Appendix A of this
MND/EA.

Summary of Impacts
The environmental review and analysis contained herein indicates that the proposed project presents a potential for
environmental impacts related to biological resources, geology and soils, air quality, hydrology and water quality, and
transportation and traffic.

Determination
On the basis of this evaluation, it is determined that the proposed project could potentially have significant adverse
effects on the environment; however, features included in the proposed project would avoid the impacts or reduce the
effects to a point where clearly no significant effects would occur. A Mitigated Negative Declaration will be prepared.

BRG Consulting, Inc. 	 12	 July 22, 2003
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Environmental Checklist Form

1. Project	 Water and Wastewater Master Plan, Seeley County Water District
title:

2. Lead Agency Name and Address:	 Seeley County Water District
P.O. Box 161 
Seeley, CA 92273

3. Contact Person and Phone Number Ms. Ruth Laye, Manager (760) 352 6612

4. Project Location: 	 Community of Seeley (unincorporated), Imperial County, California 

5. Project Sponsor's Name and Address:  Seeley County Water District
P.O. Box 161 
Seeley, CA 92273 

6.	 General
Designation:

Plan Government/Special Public
Use

7. Zoning	 PF-Public Facilities

8. Description of project: (Describe the whole action involved, Including but not limited to later phases of
the project, and any secondary, support, or off-site features necessary for its implementation. Attach
additional sheets if necessary.)

The Seeley Community Water District (SCWD), California, in cooperation with the Border Environment Cooperation
Commission, is proposing a Water and Wastewater Master Plan that encompasses Seeley's existing facilities and
makes recommendations for necessary improvements to these facilities and for improvements for the needs of
anticipated growth and development. The proposed action includes improvements to the water distribution system,
water treatment plant, wastewater pumping system, and the wastewater treatment facility.

Improvements to the water distribution system would include installing additional pipelines to maintain adequate
pressure throughout the system, and to replace and install additional isolation valves and fire hydrants.
Improvements to the water treatment plant would upgrade the flocculation basin, clarifiers, and filters by installing a
package treatment plant along with a liquid chlorine system for disinfection. Additional improvements would expand
or construct a new operations building, install a new pipeline and pumping system and controls, repair the treated
water storage tanks and implement a corrosion study and repair work. Upgrading the wastewater pumping system
would include the installation of a standby generator and submersible pumps at the lift stations. Improvements to the
wastewater treatment facility would include construction of a new type of high performance pond system (Clemson
process).
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9. Surrounding land uses and setting:

The proposed project includes construction and/or improvements to the existing Water Treatment Plant (VVTP) and
Wastewater Treatment Plant (VVVVTP) located within the community of Seeley, in southern Imperial County. To the
east and south of the sites is the residential area of Seeley, while the other surrounding areas are mostly agriculture
and related enterprises. Directly to the west of the WVVTP lies the New River Channel and associated small areas of
native vegetation.

The site of the VVWTP is located on the west side of New River Boulevard, while the site for the VVTP is located on
the north side of Alamo Street in the northwestern portion of Seeley. Active farm fields, plus several residences, are
located near the proposed sites.

Proposed replacement of pipelines and fire hydrants would occur throughout the streets of Seeley. The proposed
pipelines routes would pass several public or semi-public and uses including a school, park, church, post office, as
well as private residences.

10. Other public agencies whose approval is required (e.g., permits, financing approval, or participation
agreement.)

Border Environment Cooperation Commission; U.S. Environmental Protection Agency; 
U.S. Dept. of Agriculture, Rural Development; CA Dept. of Water Resources, State Revolving Fund;
CA Dept. of Health Services; Regional Water Quality Control Board; 
County of Imperial Dept of Pubic Works (encroachment permit). 

ENVIRONMENTAL FACTORS POTENTIALLY AFFECTED:

The environmental factors checked below would be potentially affected by this project, involving at least one impact
that is a "Potentially Significant Impact" as indicated by the checklist on the following pages.

0 Aesthetics 0 Agricultural Resources 0 Air Quality

El Biological Resources 0 Cultural Resources E Geology/Soils

El Hazards & Hazardous Materials 0 Hydrology/Water Quality 0 Land Use/Planning

0 Mineral Resources 0 Noise 0 Population/Housing

0 Public Services 0 Recreation 0 Transportation/ Traffic

El Utilities/Service Systems D Mandatory Findings of Significance
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DETERMINATION: (To be completed by the Lead Agency)

On the basis of this initial evaluation:

0 I find that the proposed project COULD NOT have a significant effect on the environment, and a NEGATIVE
DECLARATION will be prepared.

[8] I find that although the proposed project could have a significant effect on the environment, there will not be a
significant effect in this case because revisions in the project have been made by or agreed to by the project
proponent. A MITIGATED NEGATIVE DECLARATION will be prepared.

9 I find that the proposed project MAY have a significant effect on the environment, and an ENVIRONMENTAL
IMPACT REPORT is required.

9 I find that the proposed project MAY have a "potentially significant impact" or "potentially significant unless
mitigated" impact on the environment, but at least one effect 1) has been adequately analyzed in an earlier document
pursuant to applicable legal standards, and 2) has been addressed by mitigation measures based on the earlier
analysis as described on attached sheets. An ENVIRONMENTAL IMPACT REPORT is required, but it must analyze
only the effects that remain to be addressed.

171 I find that although the proposed project could have a significant effect on the environment, because all
potentially significant effects (a) have been analyzed adequately in an earlier BR or NEGATIVE DECLARATION
pursuant to applicable standards, and (b) have been avoided or mitigated pursuant to that earlier EIR or NEGATIVE
DECLARATION, including revisions or mitigation measures that are imposed upon the project, nothing further is
required.

Signature	 Date

Printed Name	 For

•
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EVALUATION OF ENVIRONMENTAL IMPACTS:
1. A brief explanation is required for all answers except 'No Impact" answers that are adequately supported by

the information sources a lead agency cites in the parentheses following each question. A "No Impact"
answer is adequately supported if the referenced information sources show that the impact simply does not
apply to projects like the one involved (e.g., the project falls outside a fault rupture zone). A "No Impact"
answer should be explained where it is based on project specific factors as well as general standards (e.g.,
the project will not expose sensitive receptors to pollutants, based on a project specific screening analysis).

2.	 All answers must take account of the whole action involved, including off-site as well as an-site, cumulative as
well as project-level, indirect as well as direct, and construction as well as operational impacts.

3. Once the lead agency has determined that a particular physical impact may occur, then the checklist answers
must indicate whether the impact is potentially significant, less than significant with mitigation, or less than
significant. Potentially Significant Impact" is appropriate if there is substantial evidence that an effect may be
significant. If there are one or more "Potentially Significant Impact" entries when the determination is made,
an EIR is required.

4. "Negative Declaration: Less Than Significant With Mitigation Incorporated" applies where the incorporation of
mitigation measures has reduced an effect from "Potentially Significant Impact" to a "Less Than Significant
Impact." The lead agency must describe the mitigation measures, and briefly explain how they reduce the
effect to a less than significant level (mitigation measures from Section XVII, "Earlier Analyses, " may be
cross-referenced).

5. Earlier analyses may be used where, pursuant to the tiering, program BR, or other CEQA process, an effect
has been adequately analyzed in an earlier EIR or negative declaration. Section 15063©(3)(D). In this case, a
brief discussion should identify the following:

a. Earlier Analysis Used Identify and state where they are available for review.

b. Impacts Adequately Addressed. Identify which effects from the above'checklist were within the scope of
and adequately analyzed in an earlier document pursuant to applicable legal standards, and state
whether such effects were addressed by mitigation measures based on the earlier analysis.

c. Mitigation Measures. For effects that are "Less than Significant with Mitigation Measures Incorporated,"
describe the mitigation measures, which were incorporated or refined from the earlier document and the
extent to which they address site-specific conditions for the project.

6. Lead agencies are encouraged to incorporate into the checklist references to information sources for potential
impacts (e.g. general plans, zoning ordinances). Reference to a previously prepared or outside document
should, where appropriate, include a reference to the page or pages where the statement is substantiated.
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7. Supporting Information Sources: A source list should be attached, and other sources used or individuals
contacted should be cited in the discussion.

8. This is only a suggestion form, and lead agencies are free to use different formats; however, lead agencies
should normally address the questions form this checklist that are relevant to a projects environmental effects
in whatever format is selected.

9. The explanation of each issue should identify:

a. the significance of criteria or threshold, if any, used to evaluate each question; and
b. the mitigation measure identified, if any, to reduce the impact to less than significance

Issues:
Potentially	 Less than	 Less Than	 No
Significant	 Significant	 Significant Impact

Impact	 with	 Impact
Mitigation

Incorporation
I. AESTHETICS — Would the project:

a) Have a substantial adverse effect on a scenic vista? 	 fl	 D	 N
(Source documents 5, 6, 12, 16; see list of Information
Sources located at the end of this MND)

b) Substantially damage scenic resources, including, but not 	 0	 ci	 0
limited to, trees, rock outcroppings, and historic buildings
within a state scenic highway? (5, 6, 12, 16)

c) Substantially degrade the existing visual character or quality 	 0	 D	 0
of the site and its surroundings? (11, 12, 16)

d) Create a new source of substantial light or glare, which 	 0	 0	 0	 0
would adversely affect day or nighttime views in the area?
(12, 16 )

•
J.	 Rpn rnneultinn Inr

	
1R	 holy 99 9nni



II 10 liolv 99 9nngap n rnnei &inn Inr

Seeley Water/Wastewater Master Plans	 Final Mitigated Negative Declaration and Environmental Assessment

Potentially	 Less than	 Less Than	 No
Significant	 Significant	 Significant Impact

Impact	 with	 Impact
Mitigation

Incorporation

El 0 El

o 0 0 El

0 o 0 El

0 0 El 0

0 0 El 0

0 0 0

II. AGRICULTURE RESOURCES — In determining whether
impacts to agricultural resources are significant
environmental effects, lead agencies may refer to the
California Agricultural Land Evaluation and Site Assessment
Model (1997) prepared by the California Dept. of
Conservation as an optional model to use in assessing
impacts on agriculture and farmland. Would the project:

a) Convert Prime Farmland, Unique Farmland, or Farmland of
Statewide Importance (Farmland), as shown on the maps
prepared pursuant to the Farmland Mapping and Monitoring
Program of the California Resources Agency, to non-
agricultural use? (12, 16)

b) Conflict with existing zoning for agricultural use, or a
Williamson Act contract? (12, 16)

c) Involve other changes in the existing environment which,
due to their location or nature, could result in conversion of
Farmland, to non-agricultural use? (12, 16)

III. AIR QUALITY — Where available, the significance criteria
established by the applicable air quality management or air
pollution control district may be relied upon to make the
following determinations. Would the project:

a) Conflict with or obstruct implementation of the applicable air
quality plan? (1, 3, 5, 12)

b) Violate any air quality standard or contribute substantially to
an existing or projected air quality violation? (1, 3, 5, 12, 16)

c) Result in a cumulatively considerable net increase of any
criteria pollutant for which the project region is non-
attainment under an applicable federal or state ambient air
quality standard (including releasing emissions, which
exceed quantitative thresholds for ozone precursors)? (1, 3,
5, 12)
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Potentially
Significant

Impact

Less than
Significant

with
Mitigation

Incorporation

Less Than
Significant

Impact

No
Impact

0 0 El 0

0 El

0

0 0 0 0

0 CE] D 0

U 0 0

0 El 0

d) Expose sensitive receptors to substantial pollutant
concentrations? (1, 3, 5, 12, 16)

e) Create objectionable odors affecting a substantial number of
people? (11, 14, 16)

IV. BIOLOGICAL RESOURCES — Would the project:

a) Have a substantial adverse effect, either directly or through
habitat modifications, on any species identified as a
candidate, sensitive, or special status species in local or
regional plans, policies, or regulations, or by the California
Department of Fish and Game or U.S. Fish and Wildlife
Service? (5, 6, 7, 20)

b) Have a substantial adverse effect on any riparian habitat or
other sensitive natural community identified in local or
regional plans, policies, regulations or by the California
Department of Fish and Game or U.S. Fish and Wildlife
Service? (5, 6, 7, 20)

c) Have a substantial adverse effect on federally protected
wetlands as defined by Section 404 of the Clean Water Act
(including, but not limited to, marsh, vernal pool, coastal,
etc.) through direct removal, filling, hydrological interruption,
or other means? (5, 6, 7, 20)

d) Interfere substantially with the movement of any native
resident or migratory fish or wildlife species or with
established native resident or migratory wildlife corridors, or
impede the use of native wildlife nursery sites? (5, 6, 7, 20)

e) Conflict with any local policies or ordinances protecting
biological resources, such as a tree preservation policy or
ordinance? (5, 6, 7, 20)
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Potentially
Significant

Impact

Incorporation

Less than
Significant

with
Mitigation

Less Than
Significant

Impact

No
Impact

El 0 0 El

0 0 0 N

0 0 0 Z

0 0 0

0 0 El 0

0 0 El 0

0 0 0 0
0 0 ZI 0

0 0 0 0

0 0 El 0

0 0 0 0

V. CULTURAL RESOURCES — Would the project:

a) Cause a substantial adverse change in the significance of a
historical resource as defined in §15064.5? (21)

b) Cause a substantial adverse change in the significance of
an archaeological resource pursuant to §15064.5? (21)

c) Directly or indirectly destroy a unique paleontological
resource or site or unique geologic feature? (21)

d) Disturb any human remains, including those interred outside
of formal ceremonies? (21)

VI. GEOLOGY AND SOILS — Would the project:

a) Expose people or structures to potential substantial adverse
effects, including the risk of loss, injury, or death involving:
(2, 5, 6, 7, 16,22)

i) Rupture of a known earthquake fault, as delineated on
the most recent Alquist-Pdolo Earthquake Fault Zoning
Map issued by the State Geologist for the area or based
on other substantial evidence of a known fault? Refer to
Division of Mines and Geology Special Publication 42.

ii) Strong seismic ground shaking?

iii) Seismic-related ground failure, including liquefaction?

iv) Landslides?

b) Result in substantial soil erosion or loss of topsoil? (2, 5, 6,
7, 16, 22)

c) Be located on a geologic unit or soil that is unstable, or that
would become unstable as a result of the project, and
potentially result in on- or off-site landslide, lateral
spreading, subsidence, liquefaction or collapse? (2, 5, 6, 7,
16, 22)
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Potentially
Significant

Impact

Less than
Significant

with
Mitigation

Incorporation

Less Than
Significant

Impact

No
Impact

C 0 1:E1 0

0 0 0 IN

0 0 0 0

0 0 0 0

0 0 El 0

0 0 0 0

0 0 0

d) Be located on expansive soil, as defined in Table 18-1-B of
the Uniform Building Code (1994), creating substantial risks
to life or property? (2, 5, 6, 7, 16, 22)

e) Have soils incapable of adequately supporting the use of
septic tanks or alternative wastewater disposal systems
where sewers are not available for the disposal of
wastewater? (2, 5, 6, 7, 16, 22)

VII. HAZARDS AND HAZARDOUS MATERIALS - Would the
project:

a) Create a significant hazard to the public or the environment
through the routine transport, use, or disposal of hazardous
materials? (2, 5, 9, 12, 16)

b) Create a significant hazard to the public or the environment
through reasonably forseeable upset and accident
conditions involving the release of hazardous materials into
the environment? (2, 5, 9, 12, 16)

c) Emit hazardous emissions or handle hazardous or acutely
hazardous materials, substances, or waste within one-
quarter mile of an existing or proposed school? (2, 5, 9, 12,
16)

d) Be located on a site which is included on a list of hazardous
materials sites compiled pursuant to Government Code
Section 65962.5 and, as a result, would it create a
significant hazard to the public or the environment? (2, 5, 9,
12, 16)

e) For a project located within an airport land use plan or,
where such a plan has not been adopted, within two miles of
a public airport or public use airport, would the project result
in a safety hazard for people residing or working in the
project area? (2, 5, 9, 12, 16)
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Potentially
Significant

Impact

Less than
Significant

with
Mitigation

Incorporation

Less Than
Significant

Impact

No
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0 0 0 El

0 0 0 El

0 0 0 0

0 0 0 El

0 0 0 0

f) For a project within the vicinity of a private airstrip, would the
project result in a safety hazard for people residing or
working in the project area? (2, 5, 9, 12, 16)

g) Impair implementation of or physically interfere with an
adopted emergency response plan or emergency
evacuation plan? (2, 5, 9, 12, 16)

h) Expose people or structures to a significant risk of loss,
injury or death involving wildland fires, including where
wilslands are adjacent to urbanized areas or where
residences are intermixed with wildlands? (2, 5, 9, 12, 16)

VIII. HYDROLOGY AND WATER QUALITY — Would the
project:

a) Violate any water quality standards or waste discharge
requirements? (5, 6, 7, 10, 12, 14, 16)

b) Substantially deplete groundwater supplies or interfere
substantially with groundwater recharge such that there
would be a net deficit in aquifer volume or a lowering of the
local groundwater table level (e.g., the production rate of
pre-existing nearby wells would drop to a level which would
not support existing land uses or planned uses for which
permits have been granted)? (5, 6, 7, 10, 12, 14, 16)

c) Substantially alter the existing drainage pattern of the site or
area, including through the alteration of the course of a
stream or river, in a manner which would result in
substantial erosion or siltation on- or off-site? (5, 6, 7, 10,
12, 14, 16)
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Potentially	 Less than	 Less Than	 No
Significant	 Significant	 Significant Impact

Impact	 with	 Impact
Mitigation

Incorporation

0 0 N 0

0 0 N

0 0 0 N

0 0 U Z

0 0 0 El

0 LI U Z

d) Substantially alter the existing drainage pattern of the site or
area, including through alteration of the course of a stream
or river, or substantially increase the rate or amount of
surface runoff in a manner, which would result in flooding
on-or off-site? (5, 6, 7, 10, 12, 14, 16)

e) Create or contribute runoff water which would exceed the
capacity of existing or planned stormwater drainage systems
or provide substantial additional sources of polluted runoff?
(5, 6, 7, 10, 12, 14, 16)

f) Otherwise substantially degrade water quality? (5, 6, 7, 10,
12, 14, 16)

g) Place housing within a 100-year flood hazard area as
mapped on a federal Flood Hazard Boundary or Flood
Insurance Rate Map or other flood hazard delineation map?
(5, 6, 7, 10, 12, 14, 16)

h) Place within a 100-year flood hazard area structures, which
would impede or redirect flood flows? (5, 6, 7, 10, 12, 14,
16)

i) Expose people or structures to a significant risk of loss,
injury or death involving flooding, including flooding as a
result of the failure of a levee or dam? (5, 6, 7, 10, 12, 14,
16)

j) Inundation by seiche, tsunami, or mudflow? (5, 6, 7, 10, 12,
14, 16)

IX LAND USE AND PLANNING - Would the project:

a) Physically divide an established community? (11, 12,16))
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b) Conflict with any applicable land use plan, policy, or
regulation of an agency with jurisdiction over the project
(including, but not limited to the general plan, specific plan,
local coastal plan, or zoning ordinance) adopted for the
purpose of avoiding or mitigating an environmental effect?
(5, 11, 12, 16)

c) Conflict with any applicable habitat conservation plan or
natural community conservation plan? (5, 6, 7, 12, 16, 17))

X. MINERAL RESOURCES - Would the project:

a) Result in the loss of availability of a known mineral resource
that would be of value to the region and the residents of the
state? (5, 6, 7, 12,22)

b) Result in the loss of availability of a locally-important mineral
resource recovery site delineated on a local general plan,
specific plan or other land use plan? (5, 6, 7, 12, 22)

Xl. NOISE - Would the project result in:

a) Exposure of persons to or generation of noise levels in
excess of standards established in the local general plan or
noise ordinances or applicable standards of other agencies?
(5, 11, 12, 14, 15, 16, 17)

b) Exposure of persons to or generation of excessive
groundbome vibration or groundbome noise levels? (5, 11,
12, 14, 15, 16, 17)

c) A substantial permanent increase in ambient noise levels in
the project vicinity above levels existing without the project?
(5, 11, 12, 14, 15, 16, 17)

PPP. rnneolltinn Inn 9F	 lulu 99 9nni



Seeley Water/Wastewater Master Plans 	 Final Mitigated Negative Declaration and Environmental Assessment

Potentially
Significant

Impact

Less than
Significant

with
Mitigation

Incorporation

0

Less Than
Significant

Impact

El

No
Impact

0

0 0 0

0

C C 0

0 0 0

C 0 0 El

0 El 0 El

d) A substantial permanent increase in ambient noise levels in
the project vicinity above levels existing without the project?
(5, 11, 12, 14, 15, 16, 17)

e) A substantial temporary or periodic increase in ambient
noise levels in the project vicinity above levels existing
without the project? (5, 11, 12, 14, 15, 16, 17)

f) For a project located within an airport land use plan or,
where such a plan has not been adopted, within 2 miles of a
public airport or public use airport, would the project expose
people residing or working in the project area to excessive
noise levels? (5, 11, 12, 14, 15, 16, 17)

g) For a project within the vicinity of a private airstrip, would the
project expose people residing or working in the project area
to excessive noise levels? (5, 11, 12, 14, 15, 16, 17)

XII. POPULATION AND HOUSING - Would the project:

a) Induce substantial population growth in an area, either
directly (for example, by proposing new homes and
businesses) or indirectly (for example, through extension of
roads or other infrastructure)? (5, 12, 16,)

b) Displace substantial numbers of existing housing,
necessitating the construction of replacement housing
elsewhere? (5, 12, 16,)

c) Displace substantial numbers of people, necessitating the
construction of replacement housing elsewhere? (5, 12, 16,)
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Potentially	 Less than	 Less Than	 No
Significant	 Significant	 Significant	 Impact

Impact	 with	 Impact
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Incorporation

0 0 0 0
0 El 0 0
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0 0 0 El
0 0 0 [2]

0 0 0

0 0 0

0 0 0 0

XIII. PUBLIC SERVICES

a) Would the project result in substantial adverse physical
impacts associated with the provision of new or physically
altered governmental facilities, need for new or physically
altered governmental facilities, the construction of which
could cause significant environmental impacts, in order to
maintain acceptable service ratios, response times or other
performance objectives for any of the public services: (5, 12,
16, 17)

Fire protection?

Police protection?

schools?
Parks?

Other public facilities?

XIV. RECREATION 

a) Would the project increase the use of existing neighborhood
and regional parks or other recreational facilities such that
substantial physical deterioration of the facility would occur
or be accelerated? (5, 12, 16, 17)

b) Does the project include recreational facilities or require the
construction or expansion of recreational facilities, which
might have an adverse physical effect on the environment?
(5, 12, 16, 17)

XV. TRANSPORTATIONITFtAFFIC — Would the project:

a) Cause an increase in traffic, which is substantial in relation
to the existing traffic load and capacity of the street system
(i.e., result in a substantial increase in either the number of
vehicle trips, the volume to capacity ratio on roads, or
congestion at intersections)? (5, 12, 13, 16, 17)

•
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Potentially
Significant
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Less than	 Less Than	 No
Significant	 Significant Impact

with	 Impact
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Incorporation

b) Exceed, either individually or cumulatively, a level of service
standard established by the county congestion management
agency for designated roads or highways? (5, 12, 13, 16,
17)

c) Result in a change in air traffic patterns, including either an
increase in traffic levels or a change in location that results
in substantial safety risks? (5, 12, 13, 16, 17)

d) Substantially increase hazards due to a design feature (e.g.,
sharp curves or dangerous intersections) or incompatible
uses (e.g., farm equipment)? (5, 12, 13, 16, 17)

e) Result in inadequate emergency access? (5, 12, 13, 16, 17)

f) Result in inadequate parking capacity? (5, 12, 13, 16, 17)

g) Conflict with adopted policies plans, or programs supporting
alternative transportation (e.g., bus turnouts, bicycle racks)?
(5, 12, 13, 16, 17)

XVI. UTILITIES AND SERVICE SYSTEMS — Would the
project:

a) Exceed wastewater treatment requirements of the
applicable Regional Water Quality Control Board? (5, 12,
14, 16)

0	 0	 0 El

0	 El

b) Require or result in the construction of new water or 	 0	 0	 0	 0
wastewater treatment facilities or expansion of existing
facilities, the construction of which could cause significant
environmental effects? (5, 12, 14, 16)

c) Require or result in the construction of new storm water
	

0
drainage facilities or expansion of existing facilities, the
construction of which could cause significant environmental
effects? (12)

•
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d) Have sufficient water supplies available to serve the project
from existing entitlements and resources, or are new or
expanded entitlements needed? (5, 12, 16)

e) Result in a determination by the wastewater treatment
provider, which serves or may serve the project that it has
adequate capacity to serve the project's projected demand
in addition to the provider's existing commitments? (5, 12,
16)

f) Be served by a landfill with sufficient permitted capacity to
accommodate the project's solid waste disposal needs? (5,
12, 16)

g) Comply with federal, state, and local statutes and
regulations related to solid waste? (5, 12, 16)

Mill. MANDATORY FINDINGS OF SIGNIFICANCE

a) Does the project have the potential to degrade the quality
of the environment, substantially reduce the habitat of a
fish or wildlife species, cause a fish or wildlife population
to drop below self-sustaining levels, threaten to eliminate
a plant or animal community, reduce the number or
restrict the range of a rare or endangered plant or animal
or eliminate important examples of the major periods of
California history or prehistory? (5, 6, 7, 12, 16, 17, 20,
21)

b) Does the project have impacts that are individually limited,
but cumulatively considerable? ("Cumulatively
considerable" means that the incremental effects of a
project are considerable when viewed in connection with
the effects of past projects, the effects of other current
projects, and the effects of probable future projects)? (5,
6, 7, 12, 16, 17, 20, 21)

•
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c) Does the project have environmental effects, which will cause
substantial adverse effects on human beings, either directly or
indirectly? (5, 6, 7, 12, 16, 17, 20, 21)

Potentially	 Less than	 Less Than	 No
Significant	 Significant	 Significant Impact

Impact	 with	 Impact
Mitigation

Incorporation
0	 0	 Z

XVIII. Explanation of Answers

I.	 AESTHETICS

(a — d) The project site is not within the view of any officially designated scenic vistas or scenic highways.
The Wastewater Treatment Facility, Water Treatment Facility and water distribution system
improvements would be set back from any city roads at a distance similar to the existing treatment
facilities. All facilities would be constructed at ground level or lower than existing structures within the
project areas. No trees, rock outcropping or historic buildings would be disturbed or removed. All of
the pipelines would be installed underground and the project would not affect aesthetics nor create
light or glare. There would be no changes to security lighting at the WTP or VVWTP. No adverse
changes to existing scenic views or vistas are expected to occur from the implementation of the
proposed project; therefore, no significant impacts would occur.

II. AGRICULTURE RESOURCES

(a - c) The project sites are currently designated as a Government/Special Public use, according to the
Seeley Urban Area Plan, and contain no agricultural land of any category. The proposed project
does not involve actions that would result in the conversion of the surrounding agricultural areas to
non-agricultural uses. Therefore, no impacts to agricultural resources would occur from the
implementation of the project.

III. AIR QUALITY

(a) Air quality policies are contained in the Clean Air Act, California Clean Air Act, and the 1991 Air
Quality Attainment Plan for Imperial County. Imperial County has been designated as a non-
attainment area for both ozone and PK° standards. However, implementation of the proposed
project would not result in the generation of significant quantities of ozone precursors or PAtio (dust).
See discussion in Section 7.4 of the following EA. No significant adverse air quality impacts are
expected to result from implementation of the proposed project.

•
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(b-c) The construction activity and emissions from heavy equipment would result in short-term ambient air
quality impacts, unless mitigated. The proposed project does not include the construction of
structures resulting in a significant increase in vehicular use. Proposed facility improvements would
not result in the increase of process emissions. See discussion in Section 7.4 of the following EA.

In accordance with the State Implementation Plan the following controls would be implemented to
reduce construction dust emissions:

1. Water the construction site at least twice daily.
2. Cover haul trucks or maintain at least 2 feet of freeboard.
3. Sweep/wash public streets at the end of each workday and whenever track-out is visible beyond

50 feet from the public street access point.
4. Pave or regularly water all parking and staging areas.
5. Suspend excavation when winds exceed 25 mph.

(d) Sensitive receptors would not be significantly directly, indirectly, or cumulatively impacted because
these measures are temporary construction-related dust impacts. Please see Ill a-c).

(e) The proposed project would upgrade the current facility operations and includes a change to the
Clemson Treatment Process, which would decrease the release of objectionable odors from that of
the existing Wastewater Treatment Plant process. There would be no adverse impacts.

IV. BIOLOGICAL RESOURCES

(a-e) The project area has been disturbed by current public facilities operations and previous land clearing.
The proposed project will occur within developed areas of Seeley but would affect an identified
wetland area sustained by the effluent outfall to the north of the existing VVWTP. This habitat has
been recognized as potentially harboring Yuma clapper rail (Rallus lonoirostris vumanensis) a
species included in the U.S. Endangered Species List. However, the presence of the bird has not
been definitively determined, as no focused surveys for this or any other listed species were
conducted for this project. Relocation of the existing point of discharge, as proposed, would
potentially result in the rapid demise of an approximately 2-acre wetland area, since the WVVTP
effluent is the major water contributor to this drainage. The proposed direct discharge point into the
New River would not replace the lost wetland area. Mitigation to reduce the impact of the Proposed
Project to less than significant would involve pumping the treated effluent to the existing ouffall
location to sustain the existing wetland area. Although the loss of the wetland is potentially significant
under CEQA and/or NEPA, Section 404 of the Clean Water Act does allow for discontinuation of
flows that have created artificial wetlands. However, the degree of significance that the impact would
have, as well as permission for hydrologic interruption, would need to be determined by the
applicable resource agencies. This can sometimes be an involved and time-consuming process. The
proposed mitigation would avoid the necessity for this process, and would keep VVWTP effluent flows
at the same location and the same volume that exist at the present time. Thus, there would be no
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significant wetlands or endangered species impact associated with the proposed project, as mitigated
(Tierra, 2002(a)).

V. CULTURAL RESOURCES

(a, b, d) Very few highly sensitive cultural resources exist in the developed portions of Imperial County. The
important exceptions in this area include the New River and the Alamo River, which were extensively
utilized by the Kamia as late as the mid-1800s. A records search was conducted at the Southeastern
Information Center at the Imperial Valley College Museum, Ocotillo to determine if there are any
previously identified sensitive cultural resource sites within a mile of the project area. The cultural
resources survey (see Appendix C) also assessed the project area, including the proposed pipeline
routes. No significant cultural resources were identified within the project area. The project sites
were previously disturbed, and therefore, no significant adverse impacts to cultural resources are
anticipated as a result of the proposed project.

c) As described in the project setting, the area is almost entirely flat, with little topographic relief. No
unique geological features are present. The proposed construction would remove materials within
approximately five feet of the ground surface, and all are either recently formed soils or aggregate
used as a base for the roadway. No fossil-bearing strata would be excavated. Therefore, no impacts
to paleontologic resources would occur.

VI. GEOLOGY AND SOILS

(ac) According to the California Uniform Building Code's (UBC) Seismic Risk map, the Imperial Valley lies
within the highest risk zone and Seeley is particularly susceptible to strong ground shaking and
significant earthquake damage. The proposed project would be located on "Imperial-Holtville-
Glenbar soil, described as nearly level, moderately well drained and well drained silty clay. The
project area is on nearly level ground and landslides would not be a potential hazard However,
strong damage from an earthquake can result in liquefaction, ground lurching and structural damage.
No habitable structures are included in the implementation of the proposed project. All structures
proposed as a part of this project would be designed and constructed to be earthquake resistant as
described in the 1982 California Uniform Building Code for Seismic Zone 4. For this reason, impacts
would be less than significant.

(b)	 As a result of the water quatity Best Management Practices (BMPs) to be implemented (see VIII a),
there would be no substantial erosion or loss of topsoil.

(d) The proposed project would be located on soil with high to moderate shrink-swell potential (USDA
Soil Conservation Service). The proposed design would incorporate measures to address potential
soil shrink-swell characteristics as required. Impacts would be less than significant with the proposed
design.
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(e)	 Not applicable. The proposed project would upgrade the local VVWTP and would not have an impact
on any use of septic tanks or alternative wastewater disposal systems.

VII. HAZARDS AND HAZARDOUS MATERIALS

(a-c) The process of water treatment involves the processing, storage, handling, and disposal of a
hazardous chemical (e.g., liquid chlorine), which has the potential to be released into the environment
in the event of an accident or upset condition. However, liquid chlorine is not an acutely hazardous
material. Operations at the existing treatment plant are required to comply with all federal, state and
local laws and permits pertaining to the handling, storage, transport, disposal, and use of such
materials. The same requirements would apply to the proposed facilities improvements. Although
Seeley Union Elementary School is located within one-quarter mile of the WTP, the proposed
improvements would not represent a substantial increase in risk of an accident or upset condition
compared to existing plant operations. In fact, the proposed facilities would eliminate the current use
of gaseous chlorine, a more hazardous substance, at the site. For these reasons, impacts of the
proposed facilities improvements would be less than significant.

(d) The proposed locations of the VVTP and VVVVTP are not located on a site that is included on a list of
hazardous materials sites. Also, there would be no residential construction associated with the
proposed action, which may place people at risk. Therefore, the project would not create a significant
hazard to the public or the environment.

(e, f) The project is not located within an airport land use plan or within two miles of a public airport, public
use airport or private airstrip (Tactical Pilotage Chart G-18C, 1993, County of Imperial, 1993(a)).
There would be no impact.

(g) Construction activities would be temporary and would not impair or physically interfere with any
adopted emergency response or evacuation plan. It is possible that water line construction activities
along some streets would require the closing of one travel lane. If lane closure is required, the
remaining lane, controlled by flagmen, could carry the existing volumes of traffic with little effect on
traffic congestion on any of the links under study. Average daily traffic (ADD on the streets in which
water lines are proposed range from 80-1,500 vehicles per day (Pers. comm. Neil Jorgenson, May
2002). The standard capacity of a one-lane road, according to the County of Imperial, is 1,500 ADT.
Therefore, no impacts would occur to any emergency response or evacuation plan.

(h) The proposed project is construction of water and wastewater treatment facilities and underground
pipelines. The sites are located in the Seeley Urban Area, and there would be no risk of loss, injury
or death involving wildland fires.
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VIII. HYDROLOGY AND WATER QUALITY

(a) Sediment runoff, erosion, and transport of construction-related debris/chemicals into downstream
surface waters from construction and trenching activities have the potential to impact water quality in
the New River. These impacts would be precluded through project compliance with all applicable
standards set forth in the Clean Water Act, California Water Code and California Code of
Regulations. Specifically, construction would occur in conformance with the NPDES general
construction activities permit. This requires the preparation and implementation of a storm water
pollution prevention plan (SWPPP) that would include BMPs to mitigate water quality impacts. BMPs
for construction activities would serve to minimize erosion and maintain water quality. BMPs would
include, but are not limited to, sediment traps to prevent sediment from leaving the site, keeping
disturbed areas to the minimum necessary for construction, and restoration of disturbed areas to
original grade and surface after construction. Implementation of the SWPPP would reduce impacts
to below a level of significance.

The existing Seeley VVWTP has been found in violation of the Waste Discharge Requirements
(WDRs) of Regional Water Quality Control Board Order No. 97-049. Correspondence relating to the
violations are found in Appendix A to this MND/EA document. Specifically, the existing WWTP was
found to be in violation over a period of several years of the acute toxicity provisions of Effluent
Limitations N. 5 in Order No. 97-049. The effluent was found to be toxic to several organisms as a
result of low levels of dissolved oxygen.

The amount of VVVVTP discharge would not increase from the existing conditions as a result of the
proposed project. The recommended alternative of upgrading the treatment to the Clemson Process
would be implemented and the quality of the effluent would be improved to comply with all waste
discharge requirements. With the implementation of the proposed project, current water quality
requirements would be met and; therefore, the project would have a less than significant impact on
water quality.

(b) The SCWD is supplied raw water from Imperial Irrigation District's Elder Lateral 13 Canal. No water
is taken from the ground and there are no plans to do so in the proposed project. The existing raw
water storage ponds are unlined and allow an undetermined amount of water to percolate into the
ground. The proposed project would include installing a synthetic liner into the ponds, thereby
reducing any current groundwater recharge from the ponds. However, the amount of recharge
reaching the groundwater table from the existing storage ponds is relatively small, and its reduction
would not be enough to create a net deficit in aquifer volume or a lowering of the local groundwater
table level. Additionally, the proposed project is located within the Imperial Valley Planning Area,
which has had very few wells drilled due to the poor yield and generally saline water. Therefore, no
net deficit in aquifer volume or a lowering of the local groundwater table level would occur and the
project would have no significant adverse impact on groundwater levels (County of Imperial, 1993).
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(c-d)	 The proposed project would not alter any existing drainage patterns in a manner which would result
in substantial erosion or an increase in the rate or amount of surface runoff. See VIII a) above.

(e-f)	 Please see VIII a) and c) above.

The proposed project site would not be located within a 100-year floodplain per information from
Flood Insurance Rate Map (FIRM) #060065 0800 B, 1984. No housing is proposed in the project and
no levees or dams are located upstream to pose a potential threat. In addition, Seeley is not located
within the inundation area of a seiche, tsunami or mudflow (County of Imperial, 1997).

IX. LAND USE

(a) The proposed project is the upgrade of water and wastewater treatment facilities that would provide
service to existing and planned development in the area. The project is located in the northwestern
corner of the community, at the site of the existing VVTP and VVWTP, and would not physically divide
a community. See Figure 7. Also, the construction of the water pipelines would take place
underground. Therefore, there would be no impact.

(b) The proposed project is consistent with the Seeley Urban Area Plan and the Imperial General Plan.
In addition, the proposed project would be located within land zoned for government and utility uses,
or in public right-of-ways (ROW). See Figure 8. Therefore, there would be no conflict with any
applicable land use policy or plan.

The proposed pipeline alignment would be located within an existing developed community. The
proposed action does not conflict with any existing habitat conservation plan or natural community
conservation plan.

X. MINERAL RESOURCES

(a-b) Based on the Geology and Mineral Resources of Imperial County, California, the proposed site would
be located on the Lake Beds geologic classification where tan and gray fossiliferous clay, silt, sand
and gravel are found. Although these minerals have a moderate level of importance, the proposed
project is located within the Seeley Urban Area. This area was designated for development and not
to be used for mineral extraction; therefore, no loss of availability of mineral resources would result
from the implementation of the proposed project.

Xl.	 NOISE

(a & d) The proposed improvements do not represent a change in land use nor would they increase vehicular
traffic in the area. Noise and vibration levels at the VVTP and VVWTP would essentially be the same
as they are today. Noise levels would not exceed standards established by the Imperial County
Noise Element.
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The Imperial County Noise Element states that construction noise is not to exceed 75db Leg, when
averaged over an 8 hour period, and measured at the nearest noise receptor. Construction
equipment operation shall be limited to the hours of 7 a.m. to 7 p.m., Monday through Friday, and 9
a.m. to 5 p.m. Saturday. No construction operations are permitted on Sundays or holidays.
Construction activities would comply with Imperial County noise regulations to minimize intrusion to
nearby residences and wildlife. Therefore, the project would not result in substantial increases in
existing noise levels and impacts would be less than significant.

(b) Some groundbome vibration associated with construction trenching may be detectable at residences
located along the proposed route of the water pipelines in the town of Seeley. However, the rate of
water line construction would produce such conditions for a short period of time, possibly one or two
days, for any given location; therefore, no significant impact associated with groundbome vibration is
expected for the proposed project.

Current ambient noise levels would be reduced with the implementation of the proposed project
because the newer equipment would create less noise than the older equipment currently in use.
Therefore, impacts would be less than significant.

(e, 0	 The proposed project site is not located within an airport land use plan or within 2 miles of a public
airport or private airstrip. See VII. e, f.

XII. POPULATION AND HOUSING

(a) The proposed project recommends upgrading the existing water and wastewater facilities in order to
comply with federal, state and local water quality laws. It would not include the construction of
housing and would not result in an increase or decrease of local or regional population. This project
would not require the extension of any public utilities and is not considered to be growth-inducing.

(b-c) ' The proposed project would occur on land previously designated for public utilities and would not
displace any houses or people; therefore there would be no impact to population and housing.

XIII. PUBLIC SERVICES

(a) The proposed project would not lead to an increase in population or structures or include any
extraordinary uses or operations that would create additional demand for fire, police, emergency
services, schools or parks. However, it would result in improvements to public services by providing
increased water pressure for fire-fighting purposes, and would provide raw water for the community
park landscaping. Therefore, there would be no adverse impact on public services.
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XIV. RECREATION

(a- b) The proposed project would not alter the use of parks or other recreational facilities, as no
construction of housing is being proposed. Implementation of the proposed project would not
interfere with nor adversely alter the existing operation or physical condition of any existing parks,
other than providing raw water, instead of treated water for park landscaping. Therefore, no adverse
impacts to parks or recreation are anticipated.

XV. TRANSPORTATION/TRAFFIC

(a-b) The project does not include development that would result in a direct population increase or traffic in
the area. The project would result in a temporary increase in construction-related traffic and potential
short-term traffic safety impacts. The project contractor shall implement a traffic control plan during
construction that would reduce construction-related traffic hazards to below a level of significance.
This traffic control plan would incorporate safety measures to be used during construction, including
bicycle and pedestrian safety corridors and warning signs to reduce traffic impacts to less than
significant.

(c) Neither project construction nor operation would penetrate an airport's approach or departure path
surface, and no increase in air travel levels would occur as a result of the project. There would be no
impact.

(d) The proposed project does not require vacating or constructing any new roadways nor does it
propose the mixing of incompatible equipment that would pose a hazard to the public. There would
be no impact.

(e) The proposed project would not create any new permanent vehicular trips nor does it require closing
any existing public roads; therefore, project-related traffic would not interfere with an emergency
response plan or an emergency evacuation plan. Traffic control during construction would maintain
emergency access on project area roads. See the response to VII g). There would be no impact.

(0 The project consists of the construction and operation of water and wastewater treatment facilities.
These uses would result in no increase in permanent traffic or parking demand for workers at the
water treatment site. Any temporary loss of parking due to construction activities would be
addressed by the traffic control plan. Therefore, there would be no adverse impact to parking.

(g)
 

The project is the construction of water and wastewater treatment facilities and underground
pipelines. This would not conflict with any alternative transportation policies (e.g. bus turnouts, bicycle
racks). There would be no impact.
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XVI.	 UTILITIES/SERVICE SYSTEMS

(a) The proposed project is being done, in part, to meet the current and future water and wastewater
treatment requirements of the Regional Water Quality Control Board (RWQCB) and would therefore
have no adverse impacts on compliance with these requirements.

(b) The proposed project would result in the construction and expansion of water and wastewater
treatment facilities, which would not pose any significant environmental impacts because the
proposed facilities would be located on existing utilities sites and would accommodate the anticipated
future increase in demand for such services. Impacts would not be significant.

(c) The proposed project will not increase the need for storm drainage systems. There would be no
increase in impermeable surfaces within the project site as a result of the project.

(d) The proposed project is designed, in part, to provide sufficient water supplies to the community of
Seeley. No new or expanded entitlements would be required.

(e) The implementation of the proposed project would result in adequate capacity of the VVWTP to serve
the community's projected demand. Therefore, there would be no adverse impacts on these utilities.

(0 The existing VVWTP lagoons have never been taken out of service to remove the solids remaining
after sewage digestion. Under the proposed and alternative actions, two treatment "trains" would be
implemented, allowing for periodic temporary closure of one train to remove the sewage sludge.
Nolte Associates estimates that the WWTP lagoons would require solid waste removal approximately
every five to ten years depending on the levels accumulated during those times (pers. comm., Carl
Sepponen, May 30, 2002). This material would be handled in one of two ways: 1) disposed at the
nearest landfill that has available capacity and is permitted to accept such wastes; or 2) mixed with
soil as an amendment on-site at the VVWTP.

Specific landfill capacity is not an issue for alternative method 1), because State law (AB 939)
requires that each County maintain adequate landfill disposal capacity for a period 15 years in the
future. If one landfill closes, the County is required to maintain its 15-year capacity through
expansion of existing landfills, siting of additional landfills, increased recycling, or shipment of waste
out of County. The County Board of Supervisors recently (March 27, 2002) approved an increase in
permitted daily disposal rates at Allied Imperial Landfill, located approximately 14 miles northeast of
Seeley. With this rate increase, that landfill is projected to reach capacity in 2007. The County in
1995 approved development of the Mesquite Regional Landfill, located approximately 50 miles
northeast of Seeley. When that facility is developed, it is anticipated that it will accommodate up to
20,000 tons of solid waste per day, with a projected service life of 100 years (Final EIS/EIR, Mesquite
Regional Landfill, June 1995). Thus, there would be no significant impact associated with solid waste
disposal.
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If alternative method 2 is chosen, it will be implemented in accordance with federal regulations 40
CFR Part 503, enforced by the U.S. EPA. Compliance with these regulations ensures that no
adverse health or water quality impact would occur as a result of the land application of the sludge.
Since the material would remain on site, there would be no impact to landfill capacity under this
alternative.

(g) The proposed project would comply with Title 14 of the California Code of Regulations, Section
17200 et seq. (Minimum Standards for Solid Waste Handling and Disposal) and all other applicable
statutes.

XVII. MANDATORY FINDINGS OF SIGNIFICANCE

(a-c) Based on the environmental analysis documented in this Mitigated Negative Declaration/
Environmental Assessment, impacts associated with the proposed project would not have the
potential to degrade the quality of the environment, contribute to any cumulatively considerable
environmental impacts or have environmental effects that would cause any substantial adverse
effects on human beings.
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•DRAFT ENVIRONMENTAL ASSESSMENT

INTRODUCTION

1.1 A5encies
This Environmental Assessment/Mitigated Negative Declaration (EA/MND) has been prepared to assess potential
environmental effects that may result from the adoption of Water and Wastewater Master Plans for the Seeley
County Water District (SCWD). Seeley County Water District is the lead agency for the California Environmental
Quality Act (CEQA) compliance. The U.S. EPA is the lead agency for National Environmental Policy Act (NEPA)
compliance of this project.

The Border Environment Cooperation Commission (BECC) is a binational organization established by an agreement
between the Governments of the United States and Mexico. The purpose of the BECC is to help preserve, protect,
and enhance the environment of the border region in order to advance the well-being of the people of the United
States and Mexico. To carry out its purpose, the BECC may provide technical assistance to environmental
•infrastructure projects located within 100 kilometers of the U.S./Mexico border or projects remedying a human health
or environmental issue impacting the region.

The SCWD submitted an application to the BECC in 1998 for funding of water and wastewater planning activity within
the area of Seeley. BECC certification will be sought and technical assistance is being provided. In accordance with
BECC Certification Criteria, a complete phased program consisting of a Water Master Plan, Wastewater Master Plan,
Project Financial Analysis and Proposed Project Preliminary Design will be completed.

1.2 Joint Document NEPA/CEQA
Pursuant to Federal Regulations, 40 CFR Part 6, Implementation of Procedures for the National Environmental Policy
Act, when the environmental review indicates that no significant adverse impacts are anticipated or when the project
is altered to eliminate any significant adverse imiiacts, A Finding of No Significant Impact (FONSI) shall be issued
and made available to the public. The environmental assessment shall be included as part of the FONSI.

As provided for the California Environmental Quality Act Section 21064.5, a Mitigated Negative Declaration may be
prepared for a project subject to CEQA when an Initial Study has identified potentially significant effects on the
environment, but revisions in the project have been made and clearly no significant effect on the environment would
occur. The purpose of the MND and the Initial Study/Environmental Evaluation is to determine the potential
significant impacts associated with the proposed Master Plans and incorporate mitigation measures into the project
design, as necessary to reduce or eliminate the significant effects of the project.

This Environmental Assessment/Mitigated Negative Declaration discusses potential impacts associated with both the
Water and Wastewater Master Plans and their implementing actions. The Environmental Assessment is prepared in
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conformance with the National Environmental Policy Act. For projects that must comply with both CEQA and NEPA,
the State CEQA Guidelines and the NEPA regulations strongly urge local, state, and federal agencies to work
together to prepare single documents that will satisfy both state and federal law.

This document shall also serve as a multi-tiered Environmental Assessment (EA). The EA for the Water and
Wastewater Master Plans cover general issues in a broad program-oriented analysis. All recommended projects
have project-level details relative to environmental impacts.

BECC certification requires the discussion of transboundary effects. The adoption and utilization of the Water and
Wastewater Master Plans will not contribute any adverse transboundary environmental effects to either country. In
fact, the New River presently flows into the Imperial Valley from Mexico with an already high waste load. The New
River carries pollution from sewage and industrial waste from Baja California, as well as agricultural runoff from
Imperial County. The recommendations made in the Master Plans will not affect the source of pollution, but will
reduce pollution to the New River from the Seeley water and wastewater facilities.

1.3 Previous Documenks
This Environmental Assessment/Mitigated Negative Declaration has been prepared based upon several previous
plans or environmental documents prepared for the project, or for similar projects that are located in the project
vicinity. These include 1) Water and Wastewater Master Plans for Seeley, Imperial County, prepared by Nolte
Associates, 2002; 2) EA/MND, City of Brawley, Water and Wastewater Master Plans, Mooney & Associates, May 20,
1999; 3) the Revised EIR for the County of Imperial General Plan, Mooney & Associates, August 1993; 4) the County
of Imperial General Plan, 1993; 5) the Seeley Urban Area Plan, County of Imperial, October 25, 1994; and 6) Draft
MND/EA, Proposed Blythe Water System Improvements, BRG Consulting, Inc., August 24, 2001.

2 PROJECT HISTORY

2.1 Water

The Seeley County Water District's (SCWD) water treatment and distribution system infrastructure has been serving
residents of Seeley since the 1950's. The existing water distribution system consists of a water treatment facility,
booster pumping station and 4-inch, 6-inch and 8-inch diameter pipelines. The community of Seeley purchases raw
imported Colorado River water from the Imperial Irrigation District (IID). IID receives the water via the All-American
Canal and then delivers it to Seeley via the Elder Lateral 13 Canal. Untreated water for agricultural purposes is
delivered to customers directly from the IID canal system, while water for domestic and industrial/commercial
purposes is delivered to the Seeley Water Treatment Plant (WTP) where water is filtered and disinfected before it is
pumped into the water distribution system. The raw water travels through a concrete flocculation channel, concrete
lined settling basins, dual media pressure filters and into steel storage tanks.

The existing storage facilities include three treated water storage tanks, holding 300,000 gallons each, located on the
north side Alamo Road, just west of the Mount Signal Road intersection. The circular steel tanks were constructed in
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1981 and are 40 feet in diameter and have a wall height of 32 feet. Directly adjacent to the tanks are three raw water
storage ponds. Each pond holds 709,000 gallons, for a total of 2,127,000 gallons, and has a width of 108 feet and a
length of 194 feet. Under ideal conditions the ponds have a depth of 4.5 feet. However, the original capacity of the
ponds has been reduced due to sedimentation from the canal water, filter backwash and a lack of maintenance.
There is concern that summertime water demands might not be met when canal maintenance shuts down water
supply for several days. It is estimated that the community could run out of water if the canal water supply was cut
off for more than 7 days during the summer (Nolte, 2002). It is proposed that sediment would be removed from the
raw water storage pond by dredging. Additional raw water storage volume would be constructed to provide a
minimum of 7 days of storage to meet the maximum demand from the year 2020. The additional storage would
provide forplanned future demand. Each of the existing raw water reservoirs would be lined to protect the raw water
from plant growth and animal habitations in or adjacent to ponds, to facilitate periodic cleaning, and to conserve
water by reducing infiltration.

Pressure booster pumps deliver water to the residents of Seeley. The booster pumping station is located at the
water treatment plant site, and contains two large pumps and one small pump. The large pumps are driven by
electric motors that are 40 horsepower (HP), 3-phase and 460-volts. The station also has one small pump powered
by a 15 HP, 3-phase, 460 volt electric motor. Alternatives have been developed that reduce the constant pumping of
the booster pumps to reduce energy and maintenance costs. Additional pump capacity is needed to provide
recommended fire flow for protecting residents and property. Emergency electrical generation is required to ensure
continuous water service for safeguarding sanitary conditions and for fire protection.

The water system distributes water to approximately 1,462 residents of Seeley, the Interstate 8 (1-8) rest areas and
the Sunbeam Lake County Park located to the southeast of the community of Seeley. The distribution system has
407 metered connections and a current maximum day capacity of approximately 0.73 million gallons a day (mgd).
The distribution system cannot meet current fire flow requirements of 1,000 gpm (one and two family dwellings),
1,500 gpm (apartments), or 2,000 gpm (commercial uses). Alternatives have been developed to provide a network of
large diameter pipelines (8-inch diameter and larger) that parallel and interconnect the existing system pipelines.
The additional pipelines are needed to provide adequate fire flow to protect homes and businesses. Additional fire
hydrants need to be installed on the existing system or on new parallel pipelines, to reduce the distance of a hose lay
required for fire fighting.

The distribution piping is up to 50 years old and the majority of the piping system is comprised of 4-inch and 6-inch
diameter asbestos cement pipe along with 8-inch polyvinyl chloride (PVC) piping. The water distribution system
lacks 12 pipeline valves at appropriate locations and lacks looped connections between pipelines to allow closing off
portions of the water system. Deteriorated valves have prevented operators from being able to isolate pipeline
sections to make service connections or repairs. These conditions have required shutting down large portions of the
system on some occasions to make system repairs.

•
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2.2 Wcukwaker
The wastewater infrastructure of the SCWD is comprised of a wastewater collection system (sewers) and a
wastewater treatment plant (VVVVTP), constructed in 1965. The VVVVTP and district administration office are located
on a 13-acre site at the westem edge of Seeley at 1898 West Main Street.

The treatment plant facilities consist of an influent lift station, one aerated lagoon (pond) and one facultative lagoon
(pond). The original lagoons have earth bottoms and embankments, with average dimensions of 454 feet long, 204
feet wide, 5 feet average depth and a capacity of 500,000 gallons per lagoon. In 1987 improvement drawings,
Lagoon No. 1 is indicated to have only concrete side slope lining with existing earth (clay) bottom. It is assumed that
the solid sludge was removed at the time of improvement for this lagoon, however the other lagoon has no record of
sludge removal and gradual reduction in pond volume from the accumulated solids is reducing the treatment capacity
(Nolte, 2002).

The wastewater is pumped through a 6-inch diameter force main into the north end of the aeration pond. The
aeration pond has six non-aspirating aerators that entrain oxygen, mix the water column, and direct the flow through
the treatment pond. From the aeration pond, the effluent flows by gravity to the facultative pond where, after
treatment, the surface water flows into a land outfall. The outfall pipeline transports the effluent to the point of
discharge north of the WWTP into a drainage leading to the New River. There is no chlorination or disinfection used
in this process.

The wastewater collection system is a network of pipelines, ranging in size from 6 to 12-inches in diameter. The
majority of the system is comprised of vitrified clay pipe with intermittent sections of PVC pipe, which was used in
replacing previously damaged pipeline.

There are two wastewater lift stations with each containing two Gorman Rupp pumps, one lead pump and one lag
pump. The first lift station is on the west Side of Mt. Signal Avenue in the alley between Main Street and Rio Vista
Street. The second lift station is located at the southwest corner of the existing District office building at the WVVTP
site. Each of the pumps has rated capacity of 300 gallons per minute (gpm). The Mt. Signal pump station draws
wastewater from a manhole in Mt. Signal Avenue and the surcharged pipelines that connect to the manhole. The Mt.
Signal pump station discharges into a downstream 12-inch diameter sewer main. The VVWTP influent pump station
receives the flow from the 12-inch diameter sewer main and pumps into the treatment plant aeration pond.

The treatment plant's maximum permitted capacity is 0.2 million gallons per day (MGD)and the present average daily
flow is calculated at 0.12 mgd (Nolte, 2002). The hydraulic capacity to the WWTP is limited by the pumps and the
new 6-inch PVC force main. The 639 feet of 6-inch PVC force main accommodates approximately 300 gpm. The
ponds, pipes and effluent structures accommodate approximately 1,000 gpm.

On October 10, 2000 the Regional Water Quality Control Board (RWQCB) issued a notice of noncompliance to the
Seeley County Water District because the annual toxicity test failed with zero survival rate for both species of aquatic
organisms that were tested in August 2000. In 1999, the toxicity tests also failed with zero percent survival of fathead
minnow and 40% survival for Cen'odaphnia. The most recent notice of noncompliance was issued on January 25,
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2002. On July 6, 2000 the RWQCB sent a letter concerning Bacterial Water Quality Objectives for discharges to the
Salton Sea Watershed. The letter stated that municipal and domestic sewage treatment facilities must implement
disinfection by June 30, 2003. Copies of these notices and the letter are found in Appendix A of this MND/EA.

3 PURPOSE AND NEED
The purpose of the master plans is to identify capabilities of the existing infrastructure to serve current and future
water and wastewater needs and recommended alternatives for eliminating deficiencies and improving the quality of
service. Immediate problems needing to be addressed are described in Sections 2.0 and 4.3 of this Environmental
Assessment. The evaluations include identification of deficiencies in the existing system, as well as projecting future
system needs based on projected population and land uses through the year 2020. The 2000 "existing" population
used for the Water and Wastewater Master Plans is 1,462. The projected year 2020 population is 2,396 based on
uniform growth rates consistent with local population projections.

The objectives of the proposed Water and Wastewater Master Plans are to:

1. Provide the SCWD engineering staff with water and wastewater facilities criteria to use in reviewing
development proposals;

2. Provide general locations for treatment facilities, schematic alignments of pipelines, pump stations and other
necessary infrastructure;

3. Develop a system that accommodates anticipated future development in accordance with the Seeley Urban
Area Plan and the County of Imperial General Plan; and

4. Eliminate potential health hazards and environmental problems associated with the existing wastewater
system.

The master plans provide for future water and wastewater system improvements to accommodate future
development as it occurs within the Seeley Urban Area Plan.

4 PROPOSED ACTION

4.1 Location
As shown in Figure 1, following the MND, the unincorporated community of Seeley is located in Imperial County
about 8 miles west of the City of El Centro and 100 miles east of San Diego, California. It is about 10 miles north of
the International Border between the United States and Mexico and the border communities of Calexico/Mexicali.
The New River forms the western boundary of the community and the San Diego & Arizona Eastern Railroad
(S.D.&A.E.) is the southern and southeastern boundary of the town site. El Centro Street is the northern boundary.

The proposed action location is adjacent to the New River, within the Salton Sea watershed (USGS Cataloging Unit:
18100200), and is approximately 6 miles to the east of the USEPA designated "sole source" aquifer, the Ocotillo-
Coyote Wells Hydrologic Basin. The nearest National Forest to the proposed action is the Cleveland National Forest,
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located more than 85 miles to the west of the Seeley community. The City of San Diego is the closest coastal zone,
more than 115 miles to the west of the proposed action location.

The commercial and industrial properties are located along Old U.S. 80 (Evan Hewes Highway) (Figures 2 and 7).
Drew Road runs south from the town and connects Seeley to Interstate 8 (1-8) located about one mile to the south.
Immediately south of the town-site is the Sunbeam Lake County Park with a recreational vehicle park that is provided
water and sewer service by contract with SCWD. SCWD also provides water to the rest areas of 1-8 freeway, about
1-mile east of Drew Road. Centinela State Prison is located just east of El Centro and a Naval Air Facility is located
approximately 2 miles north of town.

42 Overview
The proposed Water and Wastewater Master Plans will serve as a tool to assist the City in the planning of
infrastructure for the needs of anticipated growth and development. Figure 2 provides an overview of the
recommended improvements to the VVTP, WTTP and the pumping infrastructures. Facility details are shown in
Figures 3 through 6. The Master Plan-recommended improvements to the water distribution system include installing
additional pipelines to maintain an adequate pressure throughout the system and provide an adequate fire flow.
Other improvements include replacing and installing additional isolation valves and fire hydrants. Proposed
improvements to the WTP include upgrading the flocculation basin, clarifiers, and filters by installing a package
treatment plant. The Proposed Alternative for disinfection recommends installing a liquid chlorine system and
subsequent dechlorination. Additional improvements include expanding or constructing a new operations building,
installing a new pumping system and controls, repairing twisted rafters in the treated water storage tanks and
implementation of corrosion studies and repair work. The Master Plan also recommends that the treatment plant
have a standby generator installed as well as increasing the capacity and lining of existing storage ponds.

The Proposed Action recommends improvements to the wastewater pumping system including the installation of a
standby generator and submersible pumps at the lift stations. These improvements would reduce the risk of sewer
backups or spills during power outages. Improvements to the Wastewater Treatment Plant (WVVTP) include
modifications to the existing lagoon system or construction of a new type of high performance pond system (Clemson
process). As an alternative to the recommended Clemson process, modifications and improvements to the existing
lagoon system would consist of dividing the aerated lagoon into compartments to increase the efficiency and
replacing the aerators once they reach their useful life. Upgrading the treatment process to the Clemson system
would provide an increased biochemical oxygen demand (BOD) removal with minimal algae growth, and less
aeration requirements during the summer months (Nolte, 2002).

4.3 Woker Marker Plan Elemenks
It has been determined that the VVTP has deficient aspects in water treatment, storage, pumping and distribution.
Identified deficiencies include: lack of emergency powerand backwash ponds, structural problems with the storage
tanks, and insufficient pumping infrastructure. To address'this situation the Proposed Action involves upgrading,
expanding and repairing all necessary areas to assure the facilities can continue to serve the existing population and
accommodate future growth.
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The Seeley Water Master Plan presents specific recommendations for meeting the anticipated water service
demands. Most of the waterlines will replace pipelines originally installed in the 1950's.

Weaker Treakmenk Plonk

Recommendations in the Water Master Plan include the following:

Clarification
• Install a water treatment package plant. A package plant would integrate the main treatment processes into

one prefabricated unit. The package plant would include a flocculation and sedimentation basin, and dual
media filters. This option would result in the most cost effective solution for addressing the deficiencies in the
three main treatment processes in the plant.

Filters
• Install a package plant. The package plant would include dual-media filters.

Filter Backwash Ponds
• Construct two backwash ponds. Each pond would be sized to handle the backwash flow for all installed filters.

One of the ponds would be online at a time, while the solids from the standby pond are dried and removed.

Disinfection System
• Install liquid hypochlodte disinfection system. The potential hazards associated with the transportation,

handling, and storage of chlorine gas containers would be avoided.

Operations Building
• Construct a new operations building. The new building would contain a basic laboratory, a bathroom, and

adequate working space for employees and for storage. The existing building could then be used as an
additional storage shed for spare equipment, parts and tools.

Standby Power
• Install emergency standby generator. A 150 kW generator would be needed to provide power to the booster

pumps and treatment processes. Other necessary parts include a diesel generator, including exhaust system,
fuel tank and pump, automatic transfer switch, equipment pad, vibration isolators, associated piping, conduits
and installation.

Raw Water Storage Ponds
Expand the existing ponds. The depth of the basins would be increased from 6-ft to 8-ft, and the interior earth
wall between the western ponds would be removed. This would increase the capacity of the ponds to 11 days
of storage for current flow conditions, and 7 days for the year 2020 flow conditions. Removing the bottom
layer of soil would also remove all the sediments accumulated over the years. This alternative includes lining
the ponds with a synthetic liner, which would significantly reduce loss of water through percolation.
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Treated Water Storage Tanks
• Replace the twisted rafters, remove all corrosion, and recoat the interior roof and rafters.
• Prepare a corrosion study and address the exterior corrosion at the base of the tank.

Water Conservation
• Install meters on services without meters.
• Develop a water conservation plan.
• Provide raw water for irrigation to the community park. A small diameter PVC would be installed from the raw

water ponds at the water treatment facility to the park. A pumping system would be installed to provide a 40-
gpm flow and a discharge pressure of 60 psi. The water line would be approximately 1,200 ft long. Currently,
the park uses an estimated 12,000 gpd of treated water and no additional water usage would be needed for
this purpose.

Energy Conservation
All the improvements would incorporate energy efficiency principles into the design of the proposed infrastructure and
facilities and would be developed within a sustainable development context. Selection of alternatives would take into
account energy consumption and possible conservation measures. Energy efficient motors would be used on all the
applicable improvements.

Woke, Distribukion 5yAem
Several system improvements are necessary to ensure that there is adequate pressure and flow during peak
demands and during fire flow. Other improvements that are needed include additional and upgraded fire hydrants so
that the Imperial County Fire Department has sufficient resources to combat fire. The distribution system also lacks
an adequate number of operable isolation valves, which creates difficulty when the network requires repair. Figure 4
shows the proposed improvements to the water distribution system.

Pipeline
• Construct 8-inch pipeline along El Centro Avenue east of Holt Avenue and from the water treatment facility to

the gas station at the corner of Haskell Road and the Evan Hewes Highway.

Isolation Valves
• Replace 5 worn or broken valves and install 12 new valves and valve boxes.

Fire Hydrants
• Replace the existing fire hydrants, except four hydrants that were recently replaced along Evan Hewes

Highway, and install additional at locations recommended by the Fire Marshall.

Water Pumping Infrastructure
• Install new pumps and controls in addition to the existing pumps. The new system will have a variable

frequency drive pump to adequately and efficiently match the daily demands on the distribution system. The
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new pumps will be sized to meet maximum day demands and fire flow. The recommended improvements to
the distribution system are also required to meet the maximum day demands plus fire flow.

4.4 Wcuiewoker Master Plan Elements

Wcutewoker Treamenk Plonk

Proposed improvements to the existing wastewater system include changing the treatment process to the Clemson
treatment process.

Change to Clemson Treatment Process
• Install two treatment trains. This alternative considers constructing two series of four treatment ponds using

the Clemson Process. The new treatment ponds would be constructed where the existing "not-used" basins
are located (south of the existing basins). The process would consist of two treatment trains of equal size
operating in parallel. The ponds would be sized to accommodate design year 2020 flow conditions for
maximum month flows. Improvements to the existing system such as dividing the ponds into compartments
would not be needed if the wastewater facility is upgraded. Upgrading the treatment process would allow any
of the proposed disinfection technologies to be used.

Preliminary Treatment
Install a preliminary treatment unit so that it would be required to remove large solids and debris to prevent
damage to mechanical equipment such as pumps and aerators, and prevent pipes and valves from clogging.
It is recommended that two units, each with capacity to treat 100% of the influent flow, be installed.

Disinfection
Install a UV disinfection system. Using a UV disinfection system would not require the construction of a
contact basin, significantly reducing the capital cost. A UV unit does not occupy much space and is relatively
easy to operate. In addition, no subsequent dechlorination is required to remove residual chlorine present in
the effluent of a chlorine-based disinfection system.

Wcutewoker Pumping Sy:kern

Mt. Signal Lift Station
• Upgrade the lift station to submersible pumps and install an emergency standby generator. New efficient

pumps, motors and controls will result in a more reliable system, with lower operation costs and less required
maintenance.

Wastewater Treatment Plant Lift Station
Install emergency standby generator to provide power to the wastewater treatment units and operations
building.
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5	 ALTERNATIVES
NEPA requires that agencies "rigorously explore and objectively evaluate all reasonable alternatives," "devote
substantial treatment to each alternative considered in detail," "include reasonable alternatives not within the
jurisdiction of the lead agency," "include the alternative of no action," "identify the agency's preferred alternative and
include appropriate mitigation measures. (NEPA 1502.13).

5.1 AlternaEives Ea Wakr MaAer Plan Elemenb
The following facility alternatives to the Water Master Plan Elements consist of the recommendations that have been
deemed less desirable than the Proposed Alternative. The problems to be addressed by each component have
previously been described in the Proposed Action section and will not be repeated for each of the alternatives.

Waker Trecatmenk Plant

Clarification
• New sedimentation/flocculation basins. New sedimentation basins would replace the existing basins that are

in disrepair. The new basins would have a more efficient design to enhance the sedimentation process and
achieve proper turbidity. The design would also inhibit the entrance of wind blown debris.

Filter
• Construct gravity filters. New gravity filters would allow for more consistent monitoring practices with no

electrical power and less maintenance. Even though the filters use large areas, sufficient space would be
available at the treatment plant, so this is not a problem.

Filter Backwash Ponds
• Construct a backwash pond. The backwash pond would have adequate capacity to hold the volume of

backwash water if all filters were to be backwashed in sequence at one time. Although this alternative would
eliminate the risk of groundwater contamination and maintain the raw water ponds usable volume, it would not
provide adequate process redundancy. Removal of solids from the backwash ponds would be difficult while
the filters are in operation and the backwash cycles continue.

Disinfection System
• Install onsite generation liquid chlorine disinfection system. This more expensive alternative provides the

benefits of using chlorine disinfection without the handling problems of using gas, and eliminates bulk storage
of the disinfectant chemical. This system also eliminates the dependency on chemical suppliers by generating
the sodium hypochlorite solution depending on the water production rates of the treatment plant.

Operations Building

• Remodel and expand existing building. This alternative would involve upgrading and expanding the existing
structure to current standards. This includes installing a small laboratory, bathroom and tool shed.
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Raw Water Storage Ponds
• Construct new storage ponds off-site. Land to the north of the treatment plant would need to be purchased to

construct two new raw water storage ponds when additional storage capacity is required. 7 to 10 days of
storage capacity would be gained through the ponds and an additional pond would be required by the year
2010, and two more by the year 2020. The availability of the alternative site is unknown at this time. In the
event the current owners are unwilling to sell, the project schedule could be adversely affected.

Treated Water Storage Tanks
• Replace twisted rafters and conduct corrosion study. This Alternative Action is the same as the

recommendation in the Proposed Action.

Water Distribution System

Pipelines
• Construct an 8-inch pipeline along El Centro and a 10-inch pipeline from plant to gas station. This more

expensive alternative would have resulting pressures and flows exceed the minimum required levels.

Isolation Valves
• Replace worn valves and install additional valves. This Alternative Action is the same as the recommended

action in the Proposed Alternative.

Fire Hydrants
• Replace some of the hydrants in distribution system. With this alternative, 19 new hydrants would be installed

in new locations throughout the system. The five damaged hydrants would also be removed and new ones
would be installed in their place.

Water Pumping Infrastructure
• This alternative involves adding pumps to provide the additional capacity required for the fire flow demand.

Sufficient additional capacity would be provided for maximum day plus fire flow as well as improve the ability
of the system to match demands while continuing to use the existing pumps.

5.2 Altemakive to Wastewater Master Plan Elements
Consideration of the Alternative Action would mean that the existing wastewater treatment process would not be
significantly changed. Proposed improvements to the existing wastewater system include installing a standby
generator or an overflow basin for the lift stations, dividing the treatment ponds into compartments, installing a
disinfection system, and replacing the aerators. If the treatment plant process is upgraded, the proposed
improvements to the existing pond system would not be required. Figure 5 shows the VVWTP improvements for the
Alternative Action.
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Wastewater Treatment Plant

Preliminary Treatment
Install a preliminary treatment unit to remove solids and floating debris from the wastewater stream, prior to
entering the treatment ponds.

Disinfection
Install liquid hypochlorite disinfection system. This type of system uses a rapid mix basin to form the solution
to be added to the contact chamber. Accessories associated with this recommendation include chlorination
equipment, a concrete contact basin, and dechlonnation equipment.

Treatment Pond Compartments
Construct two earth wall dividers. This is shown in Figure 5. The dividers would span the entire width of each
existing pond and allow for connections between the two compartments. Additional pipes would be installed to
connect each of the ponds and provide flexibility to take any of the ponds offline for maintenance.

Aeration
Replace existing aerators.

Wastewater Pumping System

Mt. Signal Lift Station

Upgrade the lift station to submersible pumps and install an emergency standby generator. New efficient
pumps, motors and controls will result in a more reliable system, with lower operation costs and less
maintenance requirements. A new force main would be installed to pump directly to the existing aeration pond.
A new gravity line would be installed parallel to the existing 12-inch line from the lift station to the treatment
plant to convey wastewater generated by the users it serves to the upgraded lift station.

Wastewater Treatment Plant Lift Station
Install an emergency standby generator to provide power to the operations building and wastewater treatment
units.

5.3 No Action Alternative
Under the No Action Alternative, the Seeley Water and Wastewater Master Plans would not be adopted for use in the
community of Seeley. None of the recommended improvements would be made to the water distribution system or
storage and treatment facilities. This alternative would eliminate the benefits of long-range planning for Seeley and
surrounding lands. Also, without implementation of the Proposed or Alternative Actions, the SCWD would continue
to violate state law, would not be able to provide wastewater and water capacity for projected growth, and would not

meet current fire flow requirements.
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6 ENVIRONMENTAL SETTING

6.1 Location and Topography
Seeley is located eight miles west of El Centro, in the south-central portion of Imperial County, which is located in the
southeastern corner of California adjacent to the State of Arizona and Mexican borders (Figure 1). Seeley is located
in the vicinity of the cities of El Centro, Imperial and Calexico. The New River forms the western boundary of the
community and the San Diego & Arizona Eastern Railroad is the southern and southeastern boundary. El Centro
Street is the northern boundary of this small community.

Seeley is also located in the Salton Trough Geomorphic Province, which is a long depression comprising the
landward extension of the Gulf of California. The topography of Seeley is nearly fiat, with the exception of high bluffs
along the New River. The bluffs can reach up to 50 feet in height in some locations. Visual relief is provided by the
stark topography of the Chocolate Mountains to the east and the foothills of the Peninsular Range to the west of
Seeley. The availability of rich soils, abundant sunlight, flat topography and imported Colorado River water allow
intense agriculture production (County of Imperial, 1993(a)).

The existing Water Treatment Plant (VVTP) is located in the northwestern portion of the community and the current
Wastewater Treatment Plant (INWTP) is along the western border of the urban area (Figure 7).

6.2 Community Characteristics
The community of Seeley has grown as a small agricultural town, similar to many communities in Imperial County It
is comprised mostly of residential dwellings and the commercial services consist of a local grocery store/gasoline
station, fast food restaurant and two bars. The community also has an elementary school, U.S. Post Office, a
community park and a fire station. A sand and gravel supplier with a processing plant and materials storage yard is
the only industrial activity in the area (Field inspection, BRG Consulting, April 30, 2002).

Drew Road, which runs south from the town, connects Seeley to Interstate 1-8 Freeway located about 1 mile to the
south. The San Diego & Arizona Eastern Railroad operates a single spur track for storing boxcars parallel to the
main track. Immediately to the south of Seeley is the Sunbeam Lake County Park where seasonal visitors stay,
mostly during the winter, at the recreational vehide park.
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7 IMPACTS
7.1 Cultural Resources

Existing Conditions
A generally accepted outline of Imperial County culture history is recognized by the archaeological community, with
the realization that many details are not yet well understood. However, archaeological evidence suggests that
humans have intermittently occupied the Imperial Valley for at least 12,000 years. Camps were often established
near surface water streams. Significant archaeological resources have the probability to occur along the
undeveloped banks of the New River, and on the terraces overlooking the river channel. There is lithe or no potential
for archaeological resources on the valley floor due to the disruption of the surface from intensive agriculture (Tierra,
2002(b)).

A cultural resources report was conducted for the project area by Tierra Environmental Services, Inc in May, 2002.
The records search was conducted at the Southeastern Information Center at the Imperial Valley College Museum,
Octillo to determine that there were no sites within a mile of the project area, nor were there any previous surveys
conducted in the area. A detailed history of the cultural patterns for the Colorado Desert, including the Imperial
Valley is included in Appendix C. The cultural resources survey assessed the project area, including the proposed
pipeline routes and did not identify any significant cultural resources (Tierra, 2002(b)).

Impacts of Proposed Water and Wastewater Master Plans
Implementation of the Proposed Action will have little or no potential for the discovery of archaeological resources on
the valley floor, due to the disruption of the surface from intensive agriculture and urban development.

Impacts of Alternative Action
The potential impacts to cultural resources is similar to the Proposed Action.

No Action Alternative
No disruption of soils would occur if the Proposed Action is not implemented. Therefore, no cultural related impacts
would occur.

Mitigation
If buried deposits are inadvertently discovered during construction, development shall be suspended and the
discovery shall be protected and evaluated for its potential resource significance.
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7.2 Biological Resources

Existing Conditions
A biological survey of the project area was conducted by Tierra Environmental Services, Inc. in May, 2002, and is
induded as Appendix B. The purpose of the survey was to assess existing biological resources at each of the project
component sites to determine the potential impacts of the project on those sites. It also provides recommendations
to facilitate project actions in a manner that reduces the potential for directly or indirectly affecting wildlife and plants.
Only existing sites containing notable wildlife as well as proposed development sites were recorded for biological
resources to fulfill the purpose of the survey (Tierra, 2002(a)).

Existing Wastewater Treatment Plan
An existing 2-acre area of wetland vegetation is supported by an unlined discharge channel, approximately 800 feet
in length and 50 feet in width, which carries treated effluent from the VVWTP to the New River. It is well documented
that wetlands of this type act as natural filters, removing contaminants, such as heavy metals and fertilizers, from
contaminated water (Tierra, 2002(a)). Such a natural filter provides a benefit to the heavily polluted New River.

Dominant vegetation in the wetland includes cattails (Tvpha latifolia) salt cedar (Tamarix sp.) arrow weed (Pluchea
seric,ea) and Emory's baccharis (Baccharis emorvi). One live and one dead cottonwood (Populus fremontii) tree
also occur in this wetland area (Tierra, 2002(a)).

Several wildlife species, all of them birds, were observed within the wetland area. These included yellow-rumped
warbler (Dendroica coronata) red-winged blackbird (Acelaius phoenicus) western king bird (Tvrannus verticalis)
song sparrow (Melospiza melodia), killdeer (Charadrius vociferus) western meadowlark (Stumella nealecta), and
lesser nighthawk (Chordeiles acutipennis). In addition, the U.S. Fish and Wildlife Service (USFWS) was solicited for
a list of federally-listed species that may occur in the project area. Their letter, included in Appendix B, lists all 13
federally-listed species that occur anywhere in Imperial County. Ten of the 13 species are not considered likely to
occur within the project area (see Appendix B), due to lack of appropriate habitat. While there is appropriate habitat
for the Southwestern willow flycatcher (Empidonax traillii extimus) and the least Bell's vireo (Vireo bellii pusillus),
neither species is expected to occur due to the small size of areas that support willow scrub. However, this type of
wetland area could potentially harbor the Yuma clapper rail (Rallus lonairostris vumanensis). The Yuma dapper rail
is on the U.S. Endangered Species List and, like other rails, requires extensive marsh areas for breeding that offer a
refuge from land-based predators. No focused surveys for this or other listed species were conducted for this project
(Tierra, 2002(a)).

Proposed Facilities

Proposed WWTP

The site of the proposed WVVTP facilities is in an abandoned infiltration basin of the WVVTP and adjacent disturbed
uplands. The site is nearly devoid of any plant life, with the exception of a few scattered individual bush seep-weed
(Suaeda moquinii). No wildlife species were observed in this area.
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Proposed WTP
The site of the proposed VVTP has been graded and is currently used for equipment storage. The site is essentially
devoid of plant and animal life.

Pipeline Routes
The pipeline routes are located within Seeley's streets and alleys, where no native plant communities are present.

Impacts of Proposed Water and Wastewater Master Plans
The wetland area identified to the north of the WWTP appears to be dependent upon the facility's effluent discharge.
Although there are agricultural ditches that connect to the outfall channel, those ditches were dry at the time of the
survey and they did not contribute to the discharged volume. The Proposed Action would relocate the point of
discharge from the existing channel to a more direct input to the New River. Discontinuing the current discharge
regime would potentially result in the rapid demise of an approximately 2-acre wetland area. The direct discharge
point into the New River would not replace the lost wetland area. Although the loss of the wetland is potentially
significant under CEQA and/or NEPA, Section 404 of the Clean Water Act does allow for discontinuation of flows that
have created artificial wetlands. In addition, it is possible that loss of the wetland area would affect the Yuma clapper
rail, a U.S.-listed Endangered Species. No other areas of biological significance were observed at or near the site.

Project-related growth would result in no adverse impacts to biological resources. As discussed under Growth
Inducement, Section 7.12 of this EA, the proposed facilities are sized to accommodate the amount of community
population growth that is projected until the years 2015 or 2020. No growth inducement would occur. However, any
increases in wastewater treatment plant effluent, driven by projected population growth, would provide additional
water to the existing wetland area north of the existing VVWTP. This might be beneficial to biological resources in
that area.

Impacts of Alternative Action
Implementation of the Alternative Action involves upgrading the existing facilities and would not require the
construction on new sites, and according to the biological surveys would not have the potential to disrupt any wildlife.
Also, the pipeline route would not have any impact on biological resources. However, the Alternative Action does
propose to relocate the WWTP effluent discharge point to the New River to the same location on the west side of the
VVWTP as the Proposed Action, and would thus have the same potentially-significant impact on the identified wetland
area and on habitat of the Yuma clapper rail as the Proposed Action.

No Action Alternative
The flow of water to the wetland area identified to the north of the existing VVWTP would not be disrupted and the
existing biological conditions would remain the same if the Proposed Action was not built. Therefore, no impacts to
biological resources would occur.
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Mitigation
Mitigation to reduce the impact of the Proposed Action to less than significant would involve pumping the treated
effluent to the existing outfall location to sustain the existing wetland area. Although the loss of the wetland is
potentially significant under CEQA and/or NEPA, Section 404 of the Clean Water Act does allow for discontinuation
of flows that have created artificial wetlands. However, the degree of significance that the impact would have as well
as permission for hydrologic interruption would have to be determined by the applicable resource agencies. This can
sometimes be an involved and time-consuming process. The proposed mitigation would avoid the necessity for this
process, and would keep VVWTP effluent flows at the same location and the same volume that exist at the present
time. Thus, them would be no significant wetlands or endangered species impact associated with the proposed
action, as mitigated. (CIGP, Tierra report)

Appropriate mitigation for the Alternative Action would be to retain the current point of discharge in order to maintain
the existing wetlands, and to ensure that the impacts would be less than significant.

7.3 Geology / Soils

Existing Conditions
Imperial County can be generally divided into three geomorphic provinces: the Peninsular Range, the Salton Trough,
and the Mojave Desert. The Salton Trough underlays the majority of Imperial County, including the Seeley area, and
is variously referred to as the Salton Sink, Cahuilla Basin and Salton Basin. It is basically a northwestern landward
continuation of the Gulf of California rift, which was formed by gradual settling in association with uplift of the
surrounding mountains during the Miocene, Pliocene and Pleistocene epochs (Brawley, 1999 / County of Imperial,
1993(a)).

Seeley is underlain by a relatively thin sequence of Quatemary-aged (1.6 million years before the present) lake-bed
deposits. The lake bed deposits rest on a thick sequence of Tertiary-age (1.6 to 63 million years before the present)
and older marine and non-marine sediments and volcanic rocks. Alluvial deposits are found in the New River
Channel. The topography of the surrounding area is nearly flat (County of Imperial, 1993(a)).

Seismic Conditions
Numerous active faults traverse the Salton Trough and Imperial County. The most noteworthy and active fault is the
San Andreas Fault, which bounds the Salton Trough to the northeast. The San Jacinto Fault borders the area to the
northwest and the Elsinore Fault is located to the southwest. These fault zones mark the boundary between the
North American and Pacific Plates. Ground shaking during an earthquake is the most significant seismic hazard in
Seeley. All the faults in Imperial County can cause ground shaking, but the closest faults to the project location are
the Imperial and Boundary Faults (County of Imperial, 1993(a)).

Soils
The Proposed Action area is underlain by the Imperial-Holtville-Glenbar soil association. This classification is
described as nearly level, moderately well drained and well drained silty clay, silty clay loam, and clay loam in the
lacustrine basin. Liquefaction may occur when loose, unconsolidated, saturated, sandy soils are subjected to ground
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vibrations during a seismic event. The sediments exposed in the relatively steep bluffs of the New River are
susceptible to landsliding and other slope instability problems (USDA, 1981).

Impacts of Proposed Water and Wastewater Master Plans
The proposed water treatment facilities, water distribution pipelines, wastewater treatment plant and wastewater
collection system are within areas where previous grading has disturbed the soils. All improvements will occur on the
currently developed grounds of the existing treatment facilities, or under existing streets or alley rights-of-way (ROW).
The main geologic concern in Imperial County relates to earthquakes, while soil concerns include issues of
compaction/settlement, shrink/swell, and erosion characteristics. Use of the sites proposed would not result in loss of
mineral resources (see the discussion in the MND, Section X).

Available geologic information about the Proposed Action area indicates that there are no geologic conditions present
that would preclude development of the Proposed Action. Seismic forces and areas of geologic instability would be
mitigated with standard engineering practices or avoided by selecting alternative development locations. The soil
and rock within the Proposed Action area would generally be suitable for excavation and fill. The Proposed Action
itself would not be constrained by geologic features and would not result in significant geology or soils impacts. The
proposed improvements and expansions in the Water and Wastewater Master Plans would not require extensive
grading or landform alteration. The disruption and covering of existing soils would not have a significant impact.
Erosion of exposed soils would be minimized through implementation of the required Storm Water Pollution
Prevention Plan (SWPPP).

Impacts of Alternative Action
Implementation of the Alternative Action would result in the same impacts to geology/soils as the Proposed Action.
Therefore, the same mitigation measures would be required.

No Action Alternative
No new impacts to geology or soils would occur if the Proposed Action was not implemented.

Mitigation Measures

Erosion
Prior to construction, the contractor shall prepare and implement a Storm Water Pollution Prevention Plan (SWPPP)
for the Proposed Action to the satisfaction of the Imperial County Director of the Department of Public Works. The
SWPPP shall identify Best Management Practices (BMPs) to control erosion and maintain downstream surface water
quality during and after construction, consistent with the State National Pollution Discharge Elimination System
(NPDES) General Construction Activity Permit and Regional Water Quality Control Board (RWQCB) standards.
Construction BMPs shall include, but not to be limited to, the following:
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Limit construction access routes and stabilize access points.
Stabilize denuded areas with seeding, mulching, or other methods.
Stake/mark construction limits.
Designate specific areas of the site, away from storm drains inlets, for the storage, preparation and disposal of
construction materials, chemical products and waste; for auto and equipment parking; and for routine vehicle
and equipment maintenance.
Store stockpiled materials and wastes under a roof or plastic sheeting.
Berm around stockpile/storage areas to prevent contact with runoff.
Perform major maintenance, repair and vehicle and equipment washing off-site, or in designated and
controlled areas on-site.
Sweep up spilled dry construction materials (cement, fertilizer, etc.) immediately; water will not be used to
wash them away.
Clean up liquid spills on paved or impermeable surfaces using "dry" clean-up methods (e.g., absorbent
materials, cat litter, rags) and dispose of clean-up materials propedy.

Seismic Motion
All on-site structures would be constructed in accordance with the Title 24 standards of the Uniform Building Code
(UBC) to minimize the potential for liquefaction and ground failure in the event of a major quake.

Significance of Impacts Assuming Mitigation Implementation
Implementation of the above mitigation measures would minimize potential temporary construction impacts, would
minimize potential seismic impacts, and would result in impacts less than significant.

7.4 Air Quality/Odors
Existing Conditions

Climate
The Imperial Valley experiences clear skies, very low hUmidities, extremely hot summers, mild winters, and little
rainfall. These climatic conditions are strongly influenced by the large-scale sinking and warming of air in the semi-
permanent subtropical high pressure center of the Pacific Ocean. The high pressure ridge blocks out most mid-
latitude storms, except in winter when the high pressure is weakest and farthest south. The coastal mountains also
have a major influence on climatic conditions by blocking the cool, damp marine air found in the California coastal
environs. The flat terrain of the valley and the strong temperature differentials created by the intense solar heating
produce moderate winds and deep thermal convection. The prevailing winds are from the west-northwest through
southwest (Brawley, 1999 / County of Imperial, 1993(a)).

The combination of subsiding air, protective mountains, and distance from the ocean combine to severely limit
precipitation. Rainfall is highly variable and severe at times where precipitation from a single heavy storm one year
can exceed the entire annual total during a following drought year. The average humidifies range from 28 percent in
the summer to 58 percent in the winter and the temperatures average as high as 113.8 degrees Fahrenheit in the
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summer to an average low of 30.6 degrees Fahrenheit during the winter (Brawley, 1999 / County of Imperial,
1993(a)).

Air Quality
Monitoring of ambient air quality in Imperial County began in 1976 and, as of 1991, nine public agency and private
sector monitoring stations were in active service in the county. Ozone and particulate matter (PM10) levels in Imperial
County exceed state standards and the area is rated as a non-attainment area for both pollutants. The Imperial
County Air Pollution Control District (APCD) has prepared a plan to reduce ozone-forming emissions and attain state
ozone standards. The APCD Air Quality Attainment Plan was prepared in 1991. The following strategies are
included in the APCD Air Quality Attainment Plan: use of mixed land use to reduce reliance on the automobile;
balancing jobs and housing by providing employment near residential areas; and communication, coordination and
monitoring to review and implement land use management programs (APCD, 1991).

The Seeley Urban Area is surrounded by land used for agricultural production. Urban uses adjacent to or downwind
of agricultural areas are occasionally subject to agricultural odors and airborne pesticides.

Impacts of Proposed Water and Wastewater Master Plans
Construction - Implementation of the recommendations in the Water and Wastewater Master Plans would require
construction activities, which potentially could result in short-term, construction-related air quality impacts. The
principal sources of potential short-term construction-related air quality impacts indude the following:

• Fugitive dust from earthmoving operations;
• Fugitive dust from vehicles on paved and unpaved roads;
• Exhaust emissions from construction equipment;
• Exhaust emissions from vehicles delayed by project related traffic control; and,
• Gaseous and particulate emissions from vehicles used by construction workers for commuting.

The California Air Resources Board (CARB) estimates that each acre under construction generates about eight
pounds of fugitive dust per day (APCD, 1991). Areas of construction proposed at the WWTP totals a maximum of
1.2 acres, the VVTP construction area totals 0.9 acres, and daily water line trenching and installation would total 0.01
acre. Maximum daily soil disturbance would be 2.11 acres or less. According to the CARB figures, the Proposed
Action would generate approximately 17 pounds per day (3.1 tons per year) of fugitive dust (PM10). This is far below
the 150 pounds/day significance threshold used by APCD.

We estimate that no more than 1000 vehicle miles would be traveled per day for construction of the Proposed Action
(25 workers x 40 miles/day each), and thus vehicular travel PM10 would be less than 0.5 pound per day. The total
estimated PM10 levels from both grading and construction worker travel would be less than 17 5 pounds per day
(3.19 tons per year), a level that is less than the 150 pounds per day threshold, and therefore, less than significant.
Furthermore, those PM10 emissions would be temporary, occurring only during the ground disturbance phase of
project construction. Despite the lack of significance of projected fugitive dust quantities, the State Implementation
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Plan for PM10 mandates the use of all reasonably available control measures to control PM10 emissions from non-
agricultural soil disturbance, track-out of dirt onto public streets, and material transport/haul trucks (APCD, 1991).

With soil disturbance anticipated to be limited to 2.11 acres, no significant emissions of carbon monoxide (CO);
reactive organic compounds (ROCs); oxides of nitrogen (N0x); or sulfur dioxide (502) would occur as a result of
vehicular emissions of construction vehicles. The highest level of projected emissions relative to applicable
standards would be for NOx, where approximately 21 pounds would be emitted per day (3.8 tons per year) as a
result of project construction, compared to the standard of 100 pounds per day. Emissions of ROC, S02, and CO
would range from 1.5 to 6.6 pounds per day, each less than two percent of applicable APCD thresholds.

Vehicular emissions from Seeley project construction worker commutes would be less than significant. The highest
Seeley project construction worker vehicular emissions would be for ROC and NOx, where emissions are projected
at approximately 1.5 percent of the applicable APCD thresholds.

Finally, lithe traffic delay is anticipated as a result of water line construction in Seeley streets or alleys. None of the
proposed water line locations accommodate more than 1,600 vehicle trips per day (Pers. Comm., Neil Jorgenson,
May 2002) If each vehicle was delayed by one minute per trip, this would result in 1,600 minutes of additional
vehicular idling per day. This is estimated to be less than the emissions from an additional 32 worker vehicles, or an
additional two percent of the ROC and NOx thresholds. No significant vehicular emissions for CO, ROC, NOx or
SO2 would occur as a result of the Proposed Action.

Operation — The proposed new facilities would replace similar (but less efficient) facilities already operating at the
WTP and WWTP. The proposed changes would not include facilities that would emit substantial new ozone
precursors (nitrogen oxides [NO)(] and hydrocarbons [ROG]) or other criteria air pollutant concentrations (e.g., S02,
CO2 or suspended particulates) from on-site activities. Three emergency standby generators (10, 45, and 150 kW)
would be installed to support the facilities in the event of electrical or mechanical failure. These diesel fueled
generators would only be operated occasionally and would not release a substantial amount of emissions.
Emissions from such generators are regulated under the State of California's Air Resources Board permitting
program. No additional employees would be required to operate the plants, so there would be no additional vehicular
emissions associated with the Proposed Acton.

The existing VVWTP is, on occasion, a source of odors that are noticeable to nearby residents. Implementation of the
proposed Clemson Process would lead to a reduction in odor emissions by greatly reducing the growth of algae
(Pers. Comm., Carl Sepponen, 2002). As a result, no significant air quality impacts would occur as a result of
operation of the Proposed Action.

Impacts of Alternative Action
Implementation of the Alternative Action would have the same principal sources of potential short-term construction-
related air quality impacts and would require a similar amount of construction as the Proposed Action. Operational
impacts would be similar as well. Therefore, with similar impacts as the Proposed Action, the same mitigation would
required for the implementation of this alternative.

91	 liii,, 99 onnqPPG	 Inn



Seeley Water/Wastewater Master Plans	 Draft Mitigated Negative Declaration and Environmental Assessment

No Action Alternative
There would be no construction activity related to the No Action Alternative. Therefore, no project-related
construction emissions would be created and current odor emissions would remain the same.

Mitigation Measures
In accordance with the State Implementation Plan the following controls would be implemented, during construction,
to reduce construction dust emissions:

1. Water the construction site to control dust to at least twice daily.
2. Cover haul trucks or maintain at least 2 feet of freeboard.
3. Sweep public streets at the end of each workday and whenever track-out is visible beyond 50 feet from the

public street access point.
4. Pave or regularly water all parking and staging areas.
5. Suspend excavation when winds exceed 25 mph.

Implementation of these mitigation measures would mitigate significant temporary construction-related PM10 impacts
to air quality below a level of significance.

7.5 Hydrology/Water Quality
Existing Conditions

Surface Water
The New River is the only natural surface water feature in Seeley. The New River flows into the Imperial Valley from
Mexico with a substantially high waste load. The New River is subjected to pollution from raw and partially treated
sewage and industrial waste from Mexicali, Mexico. Other sources of pollution include pesticides and fertilizer
contamination from the agricultural activities, geothermal developments and landfills in Imperial County. As the river
circulates through Imperial County, the flow dramatically increases as the result of drainage from the agricultural
lands (County of Imperial, 1993(a) / 1993(b)).

Sunbeam Lake is a man-made body of water located approximately one mile south of theproject area. This lake is
supplied with Colorado River water by the IID and the water is released as desired through an existing natural
channel to the New River and then to the final destination, the Salton Sea.

Groundwater
Seeley is located in the Imperial hydrographic subunit. Groundwater quality in the region is generally poor although
isolated aquifers of good groundwater quality do occur. The poor groundwater can be attributed to infiltration of
agricultural runoff and the presence of subsurface salt due to episodes of flooding, evaporation and subsequent
deposition. Groundwater of the Imperial hydrographic subunit is generally unsuitable for domestic consumption
under federal and state drinking standards (County of Imperial, 1993(a) / 1993(b)).
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Imperial County receives large quantities of water that are transported from the Colorado River via the All-American
Canal, and subsequently distributed to farmlands by a complex system of smaller canals. Elder Lateral 13 Canal
supplies Seeley with raw water and the community consumes an annual average of 168 gallons per capita day
(gpcd) (Nolte, 2002).

Impacts of Proposed Water and Wastewater Master Plans
There would be no change in amounts or sources of water used by the community as a result of these plans.
However, incremental population growth in the community, as planned, would result in incremental increases in water
use over time.

Construction-related storm water pollution could occur. However, such impacts would be minimized through the
adherence to the provisions set forth in the NPDES general construction permit. See the discussion under Section
VIII a) in the MND.

The Proposed Action would not have a significant adverse impact on water resources but implementation of the
Master Plans could have a beneficial impact to the water quality of Seeley. Upgrading the WVVTP would improve
effluent levels and allow the SCWD to comply with RWQCB regulations. The replacement of pipelines and the
upgrading of the WTP would ensure that daily water demands are met and there would enough pressure for peak
hour and fire flow standards. Improvements to the WTP would also ensure compliance with water quality regulations
and provide capacity for future planned growth. Disinfection of both the drinking water and wastewater effluent would
meet applicable water quality standards.

Impacts of Alternative Action
Implementation of the Alternative Action would result in the same impacts to hydrology/water quality as the Proposed
Action; except, the use of chlorination/dechlorination for disinfection could result in excessive discharges of
chlorination/dechlorination chemicals.

No Action Alternative
Without the implementation of the Proposed Action or Alternative Action, the SCWD would continue to have acute
toxicity levels due to improper chemical mixing and monitoring in the wastewater effluent and would continue to
violate the RWQCB regulations. Also, with the current water quality the SCWD would not meet future pending
regulations and the water quality of the Seeley community would gradually worsen.

Mikitakion Measures

If the Alternative Action is selected for implementation, detailed design and analysis of the proposed WVVTP
chlorination/dechlorination system shall be required to the satisfaction of the Regional Water Quality Control Board to
ensure that effluent from the system would minimize the presence both of excessive chlorine residuals and of
excessive dechlorination chemicals, on a long-term basis.
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7.6 Health and Safety

Existing Conditions
Each city and community has a local emergency agency, which provides service in the event of a disaster. The local
emergency agency for the Seeley Urban Area is the Imperial County Fire Department. The Fire Department is
responsible for developing emergency evacuation plans in the event of a natural or man-made disaster. Several
environmental conditions pose potential threats to public health and safety in Seeley. Seismic and other geologic
hazards, flooding hazards, hazardous materials, and fires are some threatening conditions present in Imperial County
(Seeley, 1994).

Flooding
Flooding is a natural hazard present in Imperial County due to the County's geography, geology and climate. The
New River occasionally floods during intense precipitation events. Several areas in Seeley are subject to flooding,
particularly those areas direct adjacent to the New River. According to Flood Insurance Rate Map (FIRM),
community panel number 060065 0800 B, the Proposed Action would not be located within a 100-year floodplain, but
the proposed VVWTP facilities are located near the New River's 100-year floodplain (FEMA, 1984).

Hazardous Materials
Hazardous materials are used at industrial and commercial operations, farms and businesses related to agricultural
production, and at water and wastewater treatment facilities. An accident involving these hazardous materials could
occur in Imperial County. The locations of the Proposed Action are not found on a list of hazardous materials sites.

The existing VVTP currently uses a gaseous chlorination system, which poses a potentially significant occupational
health and safety issue. The chlorine gas is transported and stored in 150-pound cylinders. The general hazards
associated with chlorine gas have led the EPA to declare chlorine gas to be an acutely hazardous material and is a
restricted-use pesticide. Hypochlorite is also a hazardous material, but it is similar to household bleach. Emergency
response personnel are located too far away to respond quickly to accidents associated with the chlorine. Residents
live across the street and school children play in the open field to the east of the site, posing a threat to more people
than just the operators.

Impacts of Proposed Water and Wastewater Master Plans
These treatment facilities, including the storage, transportation and disposal of all hazardous materials, would
operate according to all federal, state and local regulations governing water treatment and hazardous materials
including Federal Safe Drinking Water Act and California Health and Safety Code Sections 116270-116595
governing water treatment facilities. Existing hazards associated with chlorine use at the VVTP would be reduced
through the implementation of the Proposed Action because the WTP is proposed to use a hypochlorite disinfection
system.The VVINTP would use the Clemson process, thereby avoiding the need for chemical disinfection by installing
a UV disinfection system. The proposed location of the 1NWTP is located adjacent to the New River, which is subject
to flooding, but will not be built within a 100-year floodplain area. Implementation of these Master Plans would not
change the safety practices to be followed or construct the facilities in an unsafe location; therefore no impacts would
be expected to occur.
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Impacts of Alternative Action
The Alternative Action would utilize liquid hypochlorites (similar to household bleach) for disinfection of the drinking
water supply. Liquid hypochlorites would also be used for disinfection/chlorination of the VVWTP effluent. This
chemical is less hazardous than gaseous chlorine currently utilized for the same purpose at the WTP, and would be
handled in compliance with all applicable laws and regulations. All other project characteristics are similar to those
of the Proposed Action, as discussed above. As a result, no adverse impacts to Health and Safety would occur from
implementation of the Alternative Action.

No Action Alternative
The improvements to the water and wastewater facilities and systems would not occur under the implementation of
the No Action Alternative. The treatment facilities, including the storage, transportation and disposal of all hazardous
materials, would continue to operate according to all federal, state and local regulations governing water treatment
and hazardous materials including Federal Safe Drinking Water Act and California Health and Safety Code Sections
116270-116595 governing water treatment facilities. However, the present potentially significant health and safety
risk associated with chlorine gas would continue to exist.

Mitigation Measures
No mitigation measures would have to be implemented because all handling, transportation and storage of
hazardous materials would conform to existing regulations and no adverse impacts to health and safety would occur
from implementation of the Proposed Action.

7.7	 Noise

Existing Conditions
Noise is generally defined as annoying, harmful, or unwanted sound. Noise intensity is typically averaged over a 24-
hour period and is expressed in decibels (dB) on a logarithmic scale. Ambient noise levels in populated areas are
typically measured using a weighted average of the sound energy level during the specified measurement period.
The resultant average sound level is called a Community Noise Equivalent Level (CNEL).

Existing noise in Seeley is primarily the result of transportation activities. Old State Route 80 (Evan Hewes Highway)
serves as the southern border of town and Drew Road connects the community with 1-8. Other noise sources include
airplanes from the NAF Seeley. However, even with these sources, Seeley is generally a quiet town (Field
inspection, BRG Consulting, April 30, 2002). The existing WVVTP does not produce any distinguishable amount of
noise, but the existing VVTP can produce noise when the distribution pumps are in operation. According to the Noise
Element in the Imperial County General Plan, construction noise shall not exceed 75 dB L ", when averaged over an
eight hour period, and measured at the nearest sensitive receptor.

Noise-sensitive receptors in the vicinity of the Proposed Action are residences, a church and an elementary school.
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Impacts of Proposed Water and Wastewater Master Plans
Adoption of the Water and Wastewater Master Plans would not directly increase noise levels in Seeley. Installation
of new and updated pumps and equipment may lower the noise levels produced by the older existing equipment
(Pers. Comm., Cad Sepponen, 2002). Therefore noise impacts from facility operation would not be significant.

The closest residence to the INWTP is approximately 150 feet from the facility property. The closest residence from
the VVTP is approximately 50-75 feet away from the facility properly. Construction sound levels at the water and
wastewater treatment sites would continue for a period of months.

Construction of the proposed facilities would temporarily increase daytime noise levels in adjacent areas, but the
noise levels would be similar to that of any typical construction and improvement projects that occur in urban areas.
Sewer and water line installation can result in intermittent noise to surrounding sensitive receptors, but with
anticipated construction of 200-300 feet per day, the duration of the noise would be brief to any single receptor
(Pers.Comm.,Carl Sepponen, 2002).

In accordance with the Imperial County Noise Element, the operation of construction equipment would be limited to
the hours of 7 a.m. to 7 p.m., Monday through Friday, and 9 a.m. to 5 p.m. on Saturday. Construction of the WTP and
WTTP is estimated to take 14 months (pers. comm., Carl Sepponen, 2002). However, because of the temporary
nature of the impact, the limitation of construction to daylight hours, and required adherence to the Imperial County
75dB Lc, limits, the construction noise is not deemed significant.

Impacts of Alternative Action
As with the Proposed Action, the Alternative Action would replace older, noisier equipment such as pumps with new,
quieter equipment. Therefore, operational sound levels are expected to be equal to, or lower than, existing
operational sound levels, and no significant adverse operational noise impact would be incurred as a result of the
Alternative Action.

No Action Alternative
No construction-related noise would be created with this alternative and.the existing operation, and therefore,
ambient noise levels would not change. Therefore, noise impacts associated with this alternative would not be
significant.

Mitigation Measures
Any potential noise impacts would be avoided through compliance with the County of Imperial's Noise Ordinance.
No additional mitigation measures are required.
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7.8 Land Use

Existing Conditions
Seeley is located in a broad desert that has been transformed into productive agricultural lands by imported irrigation
water and is comprised mostly of residential uses (Figure 7). Commercial uses include a local grocery store/gasoline
station, fast-food restaurant and two bars. There is also a U.S. Post Office, a community park, Seeley Union
Elementary School, a church, and a fire station in the town. Sunbeam Lake/ RV Park is located to the south of town.
The only industrial activity in the area is a sand and gravel supplier with a processing plant, and the S.D.M.E.
railroad operates a single spur track for storing boxcars. The VVTP and VWVTP are also industrial land uses.

State planning law requires consistency between a jurisdiction's general plan and zoning ordinances. The land use
designations are found in the Seeley Urban Area Plan and the Imperial County Zoning Ordinance serves as the
primary implementation tool for the Land Use Element policies and programs. Planned land uses are shown on
Figure 8. The existing WTP and WTTP facility sites are designated Government/Special Public Use.

Impacts of Proposed Water and Wastewater Master Plans
Implementation of the Proposed Action would not directly impact land use in Seeley. Implementation of the
Proposed Action would be in accordance with the Seeley Urban Area Plan. Land uses at the WTP, WWTP and
along the pipeline alignments would remain the same after the completion of the project construction.

Short-term land use impacts caused by construction of the proposed pipelines would result in partial street closures
and disruption to local traffic using the street systems to reach residences and the local elementary school.
Construction practices, such as plating and use of flagmen, would be implemented to provide access and reduce
disruption to adjacent land uses during pipeline construction. Therefore, with the construction of pipelines at 200-
300 feet per day and implementation of general construction practices, all impacts to the land uses in Seeley would
be considered short-term and less than a level of significance.

Impacts of Alternative Action
The Alternative Action would occur at the existing VVTP and VVVVTP and all pipeline projects associated with this
alternative would occur in existing streets. The Alternative Action would not change or interfere with existing land
uses. Therefore, with the construction of pipelines at 200-300 feet per day and implementation of general
construction practices, the short-term impacts would be considered less than significant.

No Action Alternative
The public safety impacts associated with the transporttion, storage, and use of chlorine gas is a potentially
significant land use impact. There are no impacts associated with the No Action Alternative, as the existing sites will
continue to serve as the community's water and wastewater facilities.
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Mitigation Measures
Any short-term construction impacts to the surrounding land uses would be mitigated by the implementation of
general construction practices, such as plating of trenches and use of flagmen, to provide access and reduce
disruption during pipeline construction.

7.9 Agricultural Lands

Existing Conditions
Imperial County, including the community of Seeley, is one of the finest agricultural areas in the world. This
accomplishment is due to several environmental and cultural factors including good soils, a year-round growing
season, the availability of imported water from the Colorado River, and a climate suited for growing livestock. Due to
a growing public concern over farmland losses in California, the state department of Conservation implemented a
Farmland Mapping and Monitoring Program (FMMP) in 1982. The primary purpose is to monitor conversion of the
state's agricultural lands. Substantial acreage of Prime Farmland and Farmland of Statewide Importance surrounds
the Seeley Urban Area but there is not any agricultural land where the Proposed Action is located (County of
Imperial, 1993(a)).

Impacts of Proposed Water and Wastewater Master Plans
The implementation of the proposed Water and Wastewater Master Plans would occur entirely in existing developed
areas, and would not impact either Prime Farmland or Farmland of Statewide Importance. Construction of the
proposed treatment facilities and appropriate pipelines would have minimal or no direct impacts to agricultural areas.
Potential short-term crop damage from construction-generated dust in immediately adjacent agricultural fields would
be less than significant as a result of required dust-control listed in Section 7.4 of this EA/MND. No additional
mitigation would be required.

Impacts of Alternative Action
The location of the Alternative Action is the same as the Proposed Action and the construction of the proposed
treatment facilities and appropriate pipelines would have minimal or no direct impacts to agricultural areas, therefore
there would be no mitigation associated with this alternative.

No Action Alternative
No changes in land use or in agricultural lands would occur if the Proposed Action would not be implemented.
Therefore, no impacts would take place and no mitigation would be required.

Mitigation
With no significant impacts identified to agricultural resources, no mitigation is required.
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7.10 Transportation/Traffic
Existing Conditions
The Seeley Urban Area is served by State Highway S-80, also known as Evan Hewes Highway, which carries an
Average Daily Traffic (ADT) of 2,560 (Feb. 92') (Pers. Comm., Neil Jorgenson, 2002). This traffic level results in a
level of service (LOS) of A. The major north-south roadway in Seeley is Drew Road, which connects the town to
Interstate 1-8 Freeway, located one mile to the south. Drew Road had a 1997 ADT of 1,565 and a LOS of A. All
other roads in Seeley are two-lane roads that provide access to adjacent land uses. Levels of service are not
applied to residential streets since their primary purpose is to serve abutting lots, not carry through traffic.

Impacts of Proposed Water and Wastewater Master Plans
Potential short-term traffic impacts associated with construction would occur where the proposed pipelines would be
placed in open trenches within existing roadway right-of-ways. These impacts may include disruption to through
traffic as a result of lane disruptions or closures, truck traffic from construction and the added vehicles of construction
personnel. It is possible that construction activities would disrupt local traffic patterns and displace parking. Pipeline
construction would occur in several roads or alleys throughout Seeley. However, based on the relatively low volumes
of existing and project related traffic, both during construction and following the completion of the Proposed Action,
tno significant impact would occur with respect to total trips. Potential conflicts between construction activities and
normal traffic may result in significant impacts to traffic safety. There would be no long-term impacts.

Impacts of Alternative Action
Under the Alternative Action, the waterlines would be installed under an alternate roadway/alley connection between
points A and B (Figure 4 ). This alternative would have a similar level of interruption to transportation activities as
the Proposed Action and the short-term impacts would also be considered not significant. There would be no long-
term impacts.

No Action Alternative
Project related construction would not take place if the Proposed Action were not implemented and there would be no
impacts to traffic. Seeley would continue to use the existing facilities for water and wastewater use and there would
be no changes in traffic patterns or amounts.

Mitigation Measures
Prior to construction activities, the project contractor or engineer shall prepare and implement a traffic control plan
during construction to the satisfaction of the Imperial County Director of the Department of Public Works.

The implementation of a traffic control plan during construction would reduce potential traffic safety impacts during
construction to below a level of significance.
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7.11 Environmental Justice and Human Population

Existing Conditions
The small community of Seeley is located in a rural area in central Imperial County, California. The community is
characterized by low-income households and a high minority population. The existing water and waste water
treatment facilities in the community are substandard and lack current technology. Currently, the raw water storage
ponds at the water treatment facility are unlined, resulting in seepage of raw water into the water table. The water
treatment facility also fails to meet the daily water demand for community peak hour usage and fire flow. Additionally,
the SCWD wastewater treatment facility is not in compliance with RWQCB regulations regarding effluent discharge.

Executive Order 12898, Federal Actions to Address Environmental Justice in Minority Populations and Low-Income
Populations, (Executive Order 12898, 59 Federal Register 7629, section 1-101) signed in February 1994, directs
each Federal agency to: "make achieving environmental justice part of its mission by identifying and addressing
...disproportionately high and adverse human health or environmental effects of its programs, policies, and activities
on minority populations and low-income populations in the United States."

Federal guidelines for performing an environmental justice analysis are as follows:

1. Does the area potentially affected by the project have a population that is more than 50 percent minority or
low-income or have a minority or low-income population percentage that is meaningfully greater than the
percentage in the general population; or

2. Do the environmental impacts fall disproportionately on the minority and/or low —income population?

Data from both the 1990 and 2000 U.S. Census was used to compile minority and income information for the
community of Seeley. At the time of this report, race data was available from the 2000 U.S. Census, although
income and poverty data had to be taken from the 1990 Census. Race data was used to determine that a high

Table 1: Demograph c Profile

State,
County,

Place

One Race
Two or
More
Races

Hispanic
Origin (of
any race)

Total
Minority Total

Percent
Minor-

ityWhite Black

American
Indian,
Alaska
Native

Asian

Native
Hawaiian,

Other
Pacific

Islander

Some
Other
Race

California
(thousands)

20,170 2,264 333 3,698 117 5,682 1,608 10,967 13,702 33,872 40.50%

Imperial Co. 70,290 5,624 2,666 2,836 119 55,634 5,192 102,817 72,071 142,361 50.60%
Seeley 889 12 16 38 2 583 84 1,324 735 1,624 45.30%

Source: 2000 U.S. Census Data
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percentage of persons (approximately 45 percent) living in Seeley are minorities (see Table 1). However, the
percentage of minorities in the Seeley population is not more than 50%. Additionally, the percentage is lower than
that calculated for Imperial County, and would not be considered meaningfully greater than the percentage calculated
for the State of California.

1990 U.S. census data was used to determine the percentage of persons living below the established poverty level
(see Table 2). The average poverty level for the State of California was 12.5 percent in 1990, while the average for
Imperial County was 23.8 percent. The calculated poverty level for the community of Seeley was slightly higher than
the Imperial County average and meaningful higher than the State average. For the purpose of this analysis, the
income and poverty percentage calculations for the State of California have been used to represent the general
population. Although Seeley does not have a population that is more than 50% low-income, it does have a low-
income population percentage that is meaningfully greater than the percentage in the general population. Therefore,
the Seeley community would be subject to an environmental justice analysis by federal standards.

Table 2: Percentage of Persons Living Below the Poverty Level

State County Place

Persons for
Whom

Poverty
Status is

Determined

Persons
Below

Poverty
Level

Percent
Below

Poverty
Level

California 29,003,219 3,627,585 12.50%
California Imperial 107,402 25,517 23.80%
California Imperial Seeley 1,220 320 26.20%

Source:1990U S. Census Data

Impacts of Proposed Water and Wastewater Master Plans

Despite the high proportion of persons in Seeley who are below the poverty level, and/or who are ethnic minorities,
the project would not adversely affect those residents either regarding human health or environmental issues. Any
environmental impacts that the Proposed Action may create would be fully mitigated by measures set forth in the
EAJMND. Human health in the areas being served by the project would not be adversely affected either, and the
existing potentially significant impact associated with the transportation, storage, and use of gaseous chlorine would
be completely removed with the Proposed Action. The project is designed, in fact, to benefit the residents of the
Seeley community by providing them with upgraded water and waste water treatment facilities. The Proposed Action
would upgrade both the VVWTP and VVTP, which would ensure compliance with RWQCB regulations and also allow
for community and fire flow water demands to be met. While the upgraded water and waste water treatment
facilities would be beneficial to local residents, they are not likely to stimulate the economy or induce population
growth. Therefore, impacts to human health would be beneficial and no mitigation would be required.
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Impacts of Alternative Action
The goal of the Alternative Action is similar to the Proposed Action. Although some of the properties of both projects
differ, the character is the same and they both will improve the existing degraded water and wastewater infrastructure
conditions. There would be no adverse impacts associated with the implementation of the Alternative Action and no
mitigation measures would be required.

No Action Alternative
If the Proposed Action is not implemented, the community of Seeley would continue to use the same, unimproved
water and waste water facilities. No changes would occur: therefore, no mitigation measures would be required.

Mitigation Measures
Since no environmental impacts would occur from the Proposed Action, no mitigation measures would be required.

7.12 Growth Inducement

Existing Conditions
The California Environmental Quality Act (CEQA) defines growth inducement to include projects which remove
obstacles to growth and accommodate additional population or construction, such as expansion of public services.
The Seeley Urban Area Plan asserts that new development should be carefully assessed so that growth does not
expand beyond the ability of the townsite to sustain the necessary services and to maintain a living environment
satisfactory to the local population.

The growth in Seeley is closely tied to the conditions of nearby El Centro and to the rest of Imperial Valley. The
Imperial Valley population traditionally varies with the seasons due to employment opportunities associated with the
heavy agricultural production, but the county has been showing a steady increase in its base population. According
to the U.S. Census, the population of Seeley grew 24% from 1,228 people in 1990 to 1,624 in the year 2000
(Census, 2000). It is estimated that by the year 2020 Seeley will reach a population of 2,396 and experience a
growth rate of 2.5% per year through the year 2020 (Nolte, 2002).

The WTP's current maximum day capacity is approximately 0.73 million gallons a day (mgd). The estimated
maximum day demand is currently 0.57 mgd, but with the projected growth rate, demand will exceed capacity by the
year 2009 (Nolte, 2002). The actual raw water storage for Seeley amounts to 6 days of the maximum month average
flow and it has been determined that the storage ponds should provide for 7 to 10 days to ensure a continuous water
supply to the community.

The VVWTP's current maximum day wastewater treatment is estimated at 0.268 mgd and has been projected to
increase to 0.439 mgd by 2020 in correspondence to the projected growth rate. The two existing wastewater pumps
can each handle an average daily flow of 0.20 mgd which is allowable flow per the wastewater treatment plant
NPDES permit. This capacity will accommodate present flows and future estimated maximum day flows until the
year 2015 (Nolte, 2002).
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Impacts of Proposed Water and Wastewater Master Plans
The Proposed Action would entail the improvement of water and wastewater facilities and installation of new
pipelines to improve current capacity deficiencies and accommodate projected flow rates. Improvements to the WTP
storage capacity would provide for the IID recommendations that a minimum of 7 days of raw water storage be
maintained, and the upgrades would meet the projected 2020 maximum month demand. Also, the proposed VVWTP
treatment ponds and treatment trains have been sized to accommodate design year 2020 flow of 0.439 mgd and
provide flexibility for initial flow conditions and seasonal flow variations. Proposed pipe construction would provide
recommended f fire flows and better pumped pressure in the service area. These proposed improvements are
designed to provide adequate infrastructure in accordance with the community's established goals for growth and
economic development, and to meet state and federal water quality standards. Therefore, the Proposed Action is not
considered to be growth inducing.

Impacts of Alternative Action
Implementation of the Alternative Action would serve the same population as the Proposed Action. Therefore, no
significant adverse growth inducing impacts are associated with this alternative.

No Action Altemative
This alternative will not provide upgraded facilities for existing conditions or planned growth. The no action
alternative may limit planned growth in Seeley.

Mitigation Measures
No adverse growth inducing impactswere identified. Therefore, no mitigation measures are required.

7.13 Visual Considerations

Existing Conditions
The topography of Seeley is nearly flat, with the exception of bluffs along the New River. The sites of the Proposed
Action are within the community of Seeley, and are currently in use for utility purposes. The sites are not within the
view of any officially designated scenic vistas or scenic highways. No trees, rock outcropping or historic buildings
are present on the sites.

Impacts of Proposed Water and Wastewater Master Plans
The Wastewater Treatment Facility, Water Treatment Facility and water distribution system improvements would be
set back from any adjacent roads at a distance similar to the existing treatment facilities. All facilities would be
constructed at ground level or lower than existing structures within the project areas. No trees, rock outcropping or
historic buildings would be disturbed or removed. All of the pipelines would be installed underground and the project
would not affect aesthetics nor create light or glare. There would be no changes to security lighting at the WTP or
IAMTP. No adverse changes to existing scenic views or vistas are expected to occur from the implementation of the
proposed project; therefore, no significant visual impacts would occur.

• •
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Impacts of Alternative Action
Implementation of the Alternative Action would result in minor physical changes within the sites that are similar to
those of the Proposed Action. Therefore, no significant adverse visual impacts would occur with this alternative.

No Action Alternative
This alternative would result in no physical changes to the utility infrastructure, and therefore would have no impact.

Mitigation Measures
No significant adverse visual impacts were identified. Therefore, no mitigation measures are required.

8 CumuLATIVE IMPACTS AND OTHER ENVIRONMENTAL
ISSUES CONSIDERED

8.1 Cumulative Impacts
NEPA Sec. 1508.7 states that "A cumulative impact is the impact on the environment which results from the
incremental impact of the action when added to other past, present and reasonably foreseeable future actions
regardless of what agency (Federal or non-Federal) or person undertakes such other actions. Cumulative impacts can
result from individually minor but collectively significant actions taking place over a period of time."

Cumulative impacts have been analyzed for all topics included in Section 7 of this EA. As discussed there, potential
project impacts include temporary construction impacts relative to air quality, water quality, and traffic safety issues (the
latter only for pipeline construction). However, these potential impacts would be less than significant by implementation
of the traffic safety / traffic control plan and by complying with applicable regulations regarding dust control and storm
water pollution. Furthermore, because the part of the project associated with the installation of water lines is a lineal
one, and the work is planned to proceed at approximately 300 feet per day, project impacts would be very brief (one to
two days) at any one location. Depending on the number of work crews assigned, the project could take from 3 months
(4 crews) to one year (one crew) to complete. Potential impadts to biological resources would be precluded by
continuing to discharge WWTP effluent at the existing outfall location, and impacts associated with potential seismic
damage to new structures would be avoided by adherence to applicable seismic standards in the UBC.

According to Byron Turner, a planner with the County of Imperial Department of Planning and Building, no new
development projects are proposed within a mile of Seeley. The distance of one mile was chosen as adequate to
address cumulative impacts given the beneficial nature of most project impacts and the localized nature of the adverse
effects.

Based on the type of impacts identified, the short term nature of the impacts, and the lack of project proximity to any
other major development project in the area, no significant cumulative impacts would occur as a result of Proposed
Action implementation.
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8.2 Significant Unavoidable Adverse Impacts
There are no significant unavoidable adverse impacts associated with the construction or operation of the Proposed
Action. All potentially significant impacts such as those associated with air quality, biological resources,
geology/soils, water quality, and traffic safety would be mitigated to less than a level of significance as a result of
implementation of the listed mitigation measures or avoided by complying with applicable regulations..

8.3 Relationship Between Local, Short-Term Use of the
Environment and the Maintenance/Enhancement of Long
Term Beneficial Uses

Implementation of the Proposed Action would improve the quality of drinking water available to the residents of Seeley
and improve the quality of the effluent discharged from the Seeley Wastewater Treatment Plant. It would also
increase the water pressure and thereby the effectiveness of firefighting. With the incorporation of the recommended
mitigation measures, the proposed action would have no significant short-term or long-term direct, indirect, or
cumulative environmental impacts. The sites for the proposed facilities contain existing utility facilities, and are
identified in the Seeley Urban Area Plan as appropriate for governmental use. Therefore, the Proposed Action would
cause no adverse change in the maintenance of long-term beneficial uses of the environment in the project area.

8.4 Irreversible and Irretrievable Commitment of Resources
Approval of the Proposed Action would result in a long-term and possibly irreversible commitment of energy and
other resources associated with site development and operations. Completion and operation of the Proposed Action
represents a long-term commitment for a variety of resources, including increasing energy demands related to
project, lighting, pumping of water, and transportation of people and materials to and from the site. Project
construction would require commitments of additional natural resources, including metals, lumber and forest
products, concrete, sand and gravel, asphalt, petrochemicals, and other construction materials.

9 ENTITIES TO WHOM COPIES OF THE EA/MND WERE
MAILED FOR REVIEW AND COMMENT

Border Environment Cooperation Commission
U.S. Environmental Protection Agency
U.S. Department of Agriculture, Rural Development
Colorado River Basin Regional Water Quality Control Board, Region 7
County of Imperial, Dept. of Planning and Building
County of Imperial, Dept. of Public Works
Imperial County APCD
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10 CONSULTATION AND COORDINATION

10.1 List of Preparers
Erich R. Lathers, President and Senior Reviewer, BRG Consulting, Inc.
Ralph C. Kingery, AICP, M.S., Project Manager, BRG Consulting, Inc.
Patrick Zabrocki, Environmental Planner, B.A., BRG Consulting, Inc.
Diane M. Catalano, Environmental Analyst, B.A., BRG Consulting, Inc.
Kathie Wilkerson, Environmental Analyst, BA., BRG Consulting, Inc.
Mary E. Brady, Production Manager
Shayne M. Swann, Production Assistant
Cad Sepponen, Nolte Associates (provided project description information)

10.2 Agencies and Persons Contacted
Fiorenza, Frank. Deputy Director, County of Imperial Dept. of Public Works. May 31, 2002. Discussed CEQA
lead agency.

Gardner, Darrell. Deputy Director, County of Imperial Dept. of Planning and Building. May 31, 2002. Discussed
CEQA lead agency.

Jorgenson, Neil. County of Imperial Dept. of Public Works. May 14, 2002. Discussed the traffic counts for
streets within the Seeley community.

Laye, Ruth, SCWD. April 29, 2002. Discussed general operations and conditions of the current facilities.

Sepponen, Cad. Nolte Associates. Feb. 21, 2002. Met to discuss details of the proposed action.

Sepponen, Carl. Nolte Associates. March 14, 2002. Discussed project description.

Sepponen, Cad. Nolte Associates. March 19, 2002. Discussed project purpose and need; alternatives.

Sepponen, Carl. Nolte Associates. April 9, 2002. Check to see if submitted project description was OK.

Sepponen, Cad. Nolte Associates. April 15, 2002. Submitted list of additional project questions.

Sepponen, Cad. Nolte Associates. May 28, 2002. Discussed the north outfall location, Regional Board
notices, and agencies involved in the project.

Sepponen, Cad. Nolte Associates. May 31, 2002. Discussed CEQA lead agency, status of report preparation.

Turner, Byron. County of Imperial. May 31, 2002. Discussed current or proposed developments within a mile of
Seeley.

Wasson, Ken, SCWD. April 30, 2002. Conducted tour of facilities and discussed history and current condition of
the facilities.

Watson,	 . Seeley Union Elementary School. May 20, 2002. Discussed general information regarding the
elementary school and associated traffic.
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Species Profile
Environmental Conservation Online System

inttpliwww.fws.a0v1
California Clapper rail (Rallus longirostris

obsoletus)

Kingdom: Animalia Class: Ayes Order: Gruiformes Family: Rallidae

Listing Status: Endangered

Quick links: Federal Register (#status) Recovery ffirecovervi Critical Habitat
(Scrithab) Conservation Plans (#onservationPlans) Petitions (lbetitions)
History (011feHlotorv) Other Resources (Sather)

General information

The California clapper rail (Rallus longirostris obsoletus) is one of the largest rails (family Rallidae), measuring
13-19 inches from bill to tail. It is characterized by its hen-like appearance, a long, slightly downward-curving bill,
olive-brown upper parts, a cinnamon-buff colored breast, dark flanks crossed by white bars and white undertail
coverts which are often exposed when the bird is agitated.

Lead Region: Qalifornia/Nevada Region (Region 8)(http://www.fws.gov/cnon
Date Listed: Oct 13, 1970

States/US Territories in which the California Clapper rail is known to occur: California
ilsoeclesProfile/orofilelcountiesBvState.actIon7entitv10102&state=Califomlat
US Counties in which the California Clapper rail is known to occur: View All
fisoeciesProtile/orofile/countiesSySoecies.action?entityld=102)
USFWS Refuges in which the California Clapper rail is known to occur: DON EDWARDS SAN
FRANCISCO BAY NATIONAL WILDLIFE REFUGE, FARALLON NATIONAL WILDLIFE REFUGE , SAN
PABLO BAY NATIONAL WILDLIFE REFUGE
For more information: http://www.fws.gov/sacramento/es/animal  sop acct/clapper rail.htm

Jws.	 etffingilmear_ggy/sagratiaplmalsgsctIglaggerialLIttm

D Federal Register Documents

Most Recent Federal Register Documents (Showing 3 of 3)

Date	 Citation Page	 Title
'Draft Recovery Plan for Tidal Marsh Ecosystems of Northern and Central

02/10/201075 FR 6696 6697 California thttalfinvebaate.access.gao.govicai-binkietdoc.cal?
raadeeet p li 'law:A—GA /Ifni n atm

http://ecos.fws.gov/speciesProfile/profile/speciesProfilesaction?spcode =1304A 	 5/7/2010



Population

California Clapper rail (Rallus
longirostris obsoletus)

Plan Action Status !Plan StatusiDate	 Title

Draft Recovery Plan for the Tidal Marsh Ecosystems of
02/10/2010,Northern and Central California

ifhtto://ecosiwtoovidocs/recoverv plan/TMRP Intro tariff

Recovery efforts in
progress, but no
implementation
information yet to
display

Draft

Species Profile for California Clapper rail (Rallus longirostris obsoletus) 	 Page 2 of 3

Map of Species occurrence

This map represents our best available information about where a species is currently known to occur; however, it should NOT be
used as an official species list for Section 7 Consultation purposes. To obtain an official species list for this purpose, please
contact the Fish la, Wildlife Office near you (click here: http://www.fws.novfofficesi )

Date	 Citation Page	 Title
Appendix D - United States List of Endangered Native Fish and Wildlife;10/13/197(65 FR 16047 16048
35 FR 16047 16048 (htto://ecosiws.aovidocsfiederal registerlfr27.pdf) 

08/25/1970 1 35 FR 13519 13520Notice of Proposed Rule Making (Conservation of Endangered Species and
Other Fish or Wildlife)

It Recovery

Recovery Plan Information Search (iroar/pub/ConfioureRecActionReoortdo?pathr-ROAR Custom
Queries.Public Actions AdHoc)

• Information Search FAQs ihtto://www.fws.goWendannered/recoverv/ROAR FAQs%2008-05-
09 FINAL.odfl

Current Recovery Plan(s)

Other Recovery Documents (Showing 1 of 1)

http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode =B04A 	 5/7/2010
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Date Citation Page '	 Title Document Type

02/10/201075

Draft Recovery Plan for Tidal Marsh Ecosystems of • Notice Draft

Recovery Plan

Availability

Northern and Central CaliforniaFR 6696 6697
chttp://fnyebaate.access.apo.aovical-bln/oetdoc.cal?
dbname=2010 reaister8.docId=fr1Ofe10-99)

»Critical Habitat

No critical habitat rules have been published for the California Clapper rail.

DConservation Plans

No conservation plans have been created for California Clapper rail

DPetitions

No petition findings have been published for the California Clapper rail.

DLife History

No Life History information has been entered into this system for this species.

D Other Resources

NatureSenre Explorer Species Reports (IavascrIpt:;) NatureServe Explorer is a source for authoritative

conservation information on more than 50,000 plants, animals and ecological communtities of the U.S and

Canada. NatureServe Explorer provides in-depth information on rare and endangered species, but includes

common plants and animals too. NatureServe Explorer is a product of NatureServe in collaboration with the

Natural Heritage Network.

ITIS Reports (lavascript%) ITIS (the Integrated Taxonomic Information System) is a source for authoritative

taxonomic information on plants, animals, fungi, and microbes of North America and the world.

Last updated: May 7, 2010

FWS Endanaered Home thttolhvynoviws.00viendanoered/1 I gcos Home Macon oublicl I Contact Us
llecos/helodesk.deversion=SPECIES PROFILE-1 2 311

http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode —B04A 	 5/7/2010
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Species Profile
Environmental Conservation Online System

Ihtte://infww.fws.ciovl
California Clapper rail (Rallus longirostris
obsoletus)

Kingdom: Animalia Class: A yes Order: Gruiformes Family: Rallidae

Listing Status: Endangered

Quick links: Federal Register ftistatus) Recovery (ftrecovervl Critical Habitat
(ItcrIthabl Conservation Plans (#conservationPlans) Petitions Moetitions) Life
History (#lifeHistory) Other Resources (#other)

General Information

The California clapper rail (Rallus longirostris obsoletus) is one of the largest rails (family Rallidae), measuring
13-19 inches from bill to tail. It is characterized by its hen-like appearance, a long, slightly downward-curving bill,
olive-brown upper parts, a cinnamon-buff colored breast, dark flanks crossed by white bars and white undertail
coverts which are often exposed when the bird is agitated.

Lead Region: California/Nevada Region (Region 8) (htta://vavvaws.00v/cnon
Date Listed: Oct 13, 1970

States/US Territories in which the California Clapper rail is known to occur: California
usneciesProfile/orofile/countlesByState.action?entltWd=1028state=Californial
US Counties in which the California Clapper rail is known to occur: View All
ffseeciesProfile/crofile/countlesBvSoecies.action?entitvid=1021
USFWS Refuges in which the California Clapper rail is known to occur: DON EDWARDS SAN
FRANCISCO BAY NATIONAL WILDLIFE REFUGE, FARALLON NATIONAL WILDLIFE REFUGE , SAN
PABLO BAY NATIONAL WILDLIFE REFUGE
For more information: htta://www.fws.gov/sacramento/es/animal  sop acct/clamer rall.htm
fhttoiNnws.fws.gov/sacramento/es/animal  SDD acct/clagoer rall.htm)

D Federal Register Documents

Most Recent Federal Register Documents (Showing 3 of 3)
Date	 Citation Page	 Title

Draft Recovery Plan for Tidal Marsh Ecosystems of Northern and Central
02/10/2010 ' 75 FR 6696 6697 California thtta://frwebaate.access.aoo.aovical-biniaetdoc.cal?

n	 ele.e;a4-6•4111a111 001

http://ecosiws.govispeciesProfile/profile/speciesProfile.action?spcode=B04A	 5/7/2010



Population
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longirostris obsoletus)
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Species Profile for California Clapper rail (Rallus longirostris obsoletus) 	 Page 2 of 3

Map of Species occurrence

This map represents our best available information about where a species is currently known to occur; however, it should NOT be
used as an official species list for Section 7 Consultation purposes. To obtain an official species list for this purpose, please
contact the Fish & Wildlife Office near you (click here: htto://www.fws.00vinffices/)

Date	 Citation Page	 Title 
/113nendix D - United States List of Endangered Native Fish and Wildlife;10/13/1970 35 FR 16047 160481
135 FR 16047 16048 (htto://ecos.fws.aov/docs/federal reoister/fr27.ndf)

08/25/197035 FR 13519 13520!Notice of Proposed Rule Making (Conservation of Endangered Species and,Other Fish or Wildlife) 

n Recovery

Recovery Plan Information Search lfroadoub/ConfloureRecActionRenoado?Dath=ROAR Custom
Queries.Public Actions AdHoc)

• Information Search FAQs thttedNavw.fws.aoWendanaered/recoverv/ROAR FAQs%2008-05-
09 FINAL.edft

Current Recovery Plan(s)
Date	 Title	 Plan Action Status Plan Statusi

Recovery efforts in
Draft Recovery Plan for the Tidal Marsh Ecosystems of 	 progress, but no

	

02/10/2010 Northern and Central California	 implementation 	 Draft
fhtto://ecosiws.00v/docs/recoverv olanfTMRP Intro 1.odf} 	 information yet to

	 1
display

Other Recovery Documents (Showing 1 of 1)

http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode =804A 	 5/7/2010
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Document TypeDate	 Citation Page ! 	 Title
Draft Recovery Plan for Tidal Marsh Ecosystems of

02/10/201075 FR 6696 6697Northern and Central California
ihttp://fnvebaate.accestapo.aovical-bIntaetdoc.cal ?
'dbname=2010 realster&docId=fr1Ofe10-99)

Notice Draft
Recovery Plan
Availability

• Critical Habitat

No critical habitat rules have been published for the California Clapper rail.

Conservation Plans

No conservation plans have been created for California Clapper rail

• Petitions

No petition findings have been published for the California Clapper rail.

OLife History

No Life History information has been entered into this system for this species.

OOther Resources

NatureServe Explorer Species Reports tiavascrIpt:1-- NatureServe Explorer is a source for authoritative
conservation information on more than 50,000 plants, animals and ecological communtities of the U.S and
Canada. NatureServe Explorer provides in-depth information on rare and endangered species, but includes
common plants and animals too. NatureServe Explorer is a product of NatureServe in collaboration with the
Natural Heritage Network.

ITIS Reports (lavascriat%) — ITIS (the Integrated Taxonomic Information System) is a source for authoritative
taxonomic information on plants, animals, fungi, and microbes of North America and the world.

Last updated: May 7, 2010

FWS Endanaered Home (htto:/hvynaws.poviendanaered/1 I gcos Home ilecos public/ I Contact Us
fiecos/helodesk.do?version=SPECIES PROFILE-1 2 31)

http://ecosiws.gov/speciesProfile/profile/speciesProfile.action?s pcode=B04A 	 5/7/2010
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Species Profile
Environmental Conservation Online System

ihtto://www.fasmovi
California Clapper rail (Rallus longirostris
obsoletus)

Kingdom: Animalia Class: Ayes Order: Gruiformes Family: Rallidae

Listing Status: Endangered

Quick links: Federal Realster (#status) Recovery (#recover4 Critical Habitat
Uicrithab) Conservation Plans UtconservationPlans1 Petitions (tioetitions) Life
History (811feHlstory) Other Resources ((Pother)

General information

The California clapper rail (Rallus longirostris obsoletus) is one of the largest rails (family Rallidae), measuring
13-19 inches from bill to tail. It is characterized by its hen-like appearance, a long, slightly downward-curving bill,
olive-brown upper parts, a cinnamon-buff colored breast, dark flanks crossed by white bars and white undertail
coverts which are often exposed when the bird is agitated.

Lead Region: California/Nevada Repion (Region 8) (http:/hvww.fws.nov/cno/)
Date Listed: Oct 13, 1970

States/US Territories in which the California Clapper rail is known to occur: California
f/soeciesProfile/proflle/countlesByState.action?entitvid=1028aitate=Califomlal
US Counties in which the California Clapper rail is known to occur: View All
UspeciesProflle/profile/countlesBvSpecies.action/entItyld=102)
USFWS Refuges in which the California Clapper rail is known to occur. DON EDWARDS SAN
FRANCISCO BAY NATIONAL WILDLIFE REFUGE, FARALLON NATIONAL WILDLIFE REFUGE , SAN
PABLO BAY NATIONAL WILDLIFE REFUGE
For more information: http://www.fws.aov/sacramento/es/animal  spp acct/clapper raithtm
(htto://wwwfws.aov/sacramento/eslanimal SOD acct/clapper railhtml

D Federal Register Documents

Most Recent Federal Register Documents (Showing 3 of 3)

Date	 Citation Page	 Title
Draft Recovery Plan for Tidal Marsh Ecosystems of Northern and Central

02/10/201075 FR 6696 6697 California ihttp://fnvebbate.accessawo.noWcal-bin/aetdoc.cni?
elaniel-1.4Ain411 00%

http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=B04A 	 5/7/2010
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Date	 Citation Page I
	

Title

,	 1
10/13/1970 35 FR 16047 16048''Appendix D - United States List of Endangered Native Fish and Wildlifez! 1	 135 FR 16047 16048 (httro://ecosnws.aov/docsffederal realsterffr27.odf).	 1

,	
1

08/25/19705 FR 13519 135201Notice of Proposed Rule Making (Conservation of Endangered Species and
;Other Fish or Wildlife) 

Date 1	 Title	 Plan Action Status Plan Status'
1	 Recovery efforts in1
1
Draft Recovery Plan for the Tidal Marsh Ecosystems of 	 progress but no

	

02/10/20101Northern and Central California	 i mplementation 	 Draft
(http://ecos.fws.aovidocsirecoverv olanMARP intro 1.adt1	 information yet to

1 1	 display“.--

Species Profile for California Clapper rail (Ralkis longirostris obsoletus) 	 Page 2 of 3

Map of Species occurrence

This map represents our best available information about where a species is currently known to occur; however, it should NOT be
used as an official species list for Section 7 Consultation purposes. To obtain an official species list for this purpose, please
contact the Fish Be Wildlife Office near you (dick here: httod/www.fws.clovioffires()

D Recovery

Recovery Plan Information Search (iroar/oub/ConfigureRecActionReporido?oath=ROAR Custom
Queries.Public Actions Adlloc)

• Jnformation Search FAQs (http:/h•Awcfws.aoviendangered/recoverWROAR FAQs%2008-05-
09 FINAL.odf)

Current Recovery Plan(s)

Other Recovery Documents (Showing 1 of 1)

http://ecosiws.gov/speciesProfile/profile/speciesProfile.action?spcode=B04A 	 5/7/2010
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Date	 1 Citation Page	 Title Document Type

02/10/2010 1 75

1	 Draft Recovery Plan for Tidal Marsh Ecosystems of
• Notice Draft

Recovery Plan
Availability

1 Northern and Central CaliforniaFR 6696 6697
chttp://fnvebuate.access.apo.novical-bintoetdoc.cuI ?

I dbname=2010 realsteadocid=frlafe10-99)

• Critical Habitat

No critical habitat rules have been published for the California Clapper rail.

• Conservation Plans

No conservation plans have been created for California Clapper rail

»Petitions

No petition findings have been published for the California Clapper rail.

• Life History

No Life History information has been entered into this system for this species.

» Other Resources

NatureServe Explorer Species Reports (lavascrlota NatureServe Explorer is a source for authoritative
conservation information on more than 50,000 plants, animals and ecological communtities of the U.S and
Canada. NatureServe Explorer provides in-depth information on rare and endangered species, but includes
common plants and animals too. NatureServe Explorer is a product of NatureServe in collaboration with the
Natural Heritage Network.

ITIS Reports (lavascrlath) ITIS (the Integrated Taxonomic Information System) is a source for authoritative
taxonomic information on plants, animals, fungi, and microbes of North America and the world.

Last updated: May 7, 2010

FWS Endanaered Home (httD:!Jwww.fws.aov/endanaered! I ECOS Home fiecos oublicn I Contact Us
(jecos/halodesk.deversion=SPECIES PROFILE-1 2 31)

http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode =B04A 	 5/7/2010
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Species Profile
Environmental Conservation Online System

Ihtta:/hvww.fws.aovl
California Clapper rail (Rallus longirostris
obsoletus)

Kingdom: Animalia Class: A yes Order: Gruiformes Family: Rallidae

Listing Status: Endangered

Quick links: Federal Renister (ttstatus) Recovery (Nrecovery) Critical Habitat
IticrIthab) Conservation Plans OtconservationPlans) Petitions Utoetitions1 Life
History UllifeHistory) Other Resources (#other)

General Information

The California clapper rail (Rallus longirostris obsoletus) is one of the largest rails (family Rallidae), measuring
13-19 inches from bill to tail. It is characterized by its hen-like appearance, a long, slightly downward-curving bill,
olive-brown upper parts, a cinnamon-buff colored breast, dark flanks crossed by white bars and white undertail
coverts which are often exposed when the bird is agitated.

Lead Region: California/Nevada Region (Reaion 8) (htta://www.fws.aoy/cnon
Date Listed: Oct 13, 1970

States/US Territories in which the California Clapper rail is known to occur: California
f/soeciesProfile/Drothe/countlesayState.actIon?entityld=10284stateCallfornial
US Counties in which the California Clapper rail is known to occur: View All
UsoeciesProfile/Drofile/countiesBySoecies.action'tentityld=102)
USFWS Refuges in which the California Clapper rail is known to occur: DON EDWARDS SAN
FRANCISCO BAY NATIONAL WILDLIFE REFUGE, FARALLON NATIONAL WILDLIFE REFUGE , SAN
PABLO BAY NATIONAL WILDLIFE REFUGE
For more information: httn:/hyww.fws.nov/sacramento/es/animal SDP acct/ciaoner rail.htm
(htto://www.fws.aov/sacramento/es/animal sou acct/clatmer raIl.htm)

Federal Register Documents

Most Recent Federal Register Documents (Showing 3 of 3)

Date	 Citation Page j	 Title
Draft Recovery Plan for Tidal Marsh Ecosystems of Northern and Central

02/10/201075 FR 6696 6697 California Ihttu://frwebnate.access.noo.novical-bIn/netdoc.cnI?
ntotteototoR elattia4—htil /Ifni ft OM

http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=804A 	 5/7/2010
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Sheets

WALti

Date	 Citation Page	 Title

10/13/197635 FR 16047 16048 Appendix D - United States List of Endangered Native Fish and Wildlife;
35 FR 16047 16048 (nto://ecos.fivs.govidocsifederal renister/fr27.nclf)

---t 1 Notice of Proposed Rule Making (Conservation of Endangered Species and08/25/1970,35 FR 13519 13520
!Other Fish or Wildlife) 

Species Profile for California Clapper rail (Rallus longirostris obsoletus) 	 Page 2 of 3

Map of Species occurrence

This map represents our best available information about where a species is currently known to occur, however, it should NOT be
used as an official species list for Section 7 Consultation purposes. To obtain an official species list for this purpose, please
contact the Fish Si Wildlife Office near you (click here: htto://www.fws.00v/offices/)

D Recovery

Recovery Plan Information Search (/roaripub/ConfloureRecActionReport.doThath=ROAR Custom
Queries.Public Actions AdHoc)

• Information Search FAQs thtto:/hwny.fies.goviendanaeredirecoverv/ROAR FAQs%2006-05-
09 FINALoclft

Current Recovery Plan(s)
Date	 Title	 Plan Action Status Plan Status

Recovery efforts in
Draft Recovery Plan for the Tidal Marsh Ecosystems of 	 progress but no

	

02/10/2010 Northern and Central California 	 implementation	 Draft
fhttp://ecos.fws.aovidocsirecovery olanfTMRP Intro 1.odf)	 iinformation yet to

!display
Other Recovery Documents (Showing 1 of 1)

http://ecos.fws.govispeciesProfile/profileispeciesProfile.action?spcode =B04A 	 5/7/2010
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Date Citation Page	 Title Document Type

Draft Recovery Plan for Tidal Marsh Ecosystems of • Notice Draft
02/10/2010 75 FR 6696 Northern and Central California

Recovery Plan6697
fhttn://fnvebnate.accessmoo.novicni-biniaetdoe.cal?

L dbname=2010 reaister&docid=fr1Ofe10-991
Availability

»Critical Habitat

No critical habitat rules have been published for the California Clapper rail.

• Conservation Plans

No conservation plans have been created for California Clapper rail

• Petitions

No petition findings have been published for the California Clapper rail.

»Life History

No Life History information has been entered into this system for this species.

Other Resources

NatureServe Explorer Species Reports liavascriot: -- NatureServe Explorer is a source for authoritative
conservation information on more than 50,000 plants, animals and ecological communtities of the U.S and
Canada. NatureServe Explorer provides in-depth information on rare and endangered species, but includes
common plants and animals too. NatureServe Explorer is a product of NatureServe in collaboration with the
Natural Heritage Network.

ITIS Reports (iavascriot:1-- ITIS (the Integrated Taxonomic Information System) is a source for authoritative
taxonomic information on plants, animals, fungi, and microbes of North America and the world.

Last updated: May 7, 2010

pWS Endanaered Home (htto://vnvvaws.poviendanoeredil I ECOS Home llecos public/1 I Contact Us
j/ecos/helodesk.do?version=SPECIES PROFILE-1 2 311

http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode =B04A 	 5/7/2010
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Species Profile
Environmental Conservation Online System

ihtta://www.fivs.nov)
California Clapper rail (Rallus longirostris
obsoletus)

Kingdom: Animalia Class: A yes Order: Grulformes Family: Rallidae

Listing Status: Endangered

Quick links: Federal Register ffistatusl Recovery fftrecovervl Critical Habitat
flicrithabl Conservation Plans MconservationPlansi Petitions Moetitions) Life
History lirlifeHistorv) Other Resources (#other)

General Information

The California clapper rail (Rallus longirostris obsoletus) is one of the largest rails (family Rallidae), measuring
13-19 inches from bill to tail. It is characterized by its hen-like appearance, a long, slightly downward-curving bill,
olive-brown upper parts, a cinnamon-buff colored breast, dark flanks crossed by white bars and white undertail
coverts which are often exposed when the bird is agitated.

Lead Region: California/Nevada Region (Reaion 8) (htta://www.fws.uovicnon
Date Listed: Oct 13, 1970

States/US Territories in which the California Clapper rail is known to occur: California
lftmeciesProfile/mnflle/countlesBvState.action?entitvld=1028istataCallfornial
US Counties in which the California Clapper rail is known to occur: View All
UsneciesProftlefarofile/countlesSvSnecies.action?entltvld=102)
USFWS Refuges in which the California Clapper rail is known to occur. DON EDWARDS SAN
FRANCISCO BAY NATIONAL WILDLIFE REFUGE. FARALLON NATIONAL WILDLIFE REFUGE , SAN
PABLO BAY NATIONAL WILDLIFE REFUGE
For more information: htto:/hvww.fws.nov/sacramento/es/animal spa accUclarmer rail.htm
(htto:/hvww.fivs.aovisacramentoles/anlmal SOD acct/clapper rall.htm)

Federal Register Documents

Most Recent Federal Register Documents (Showing 3 of 3)
Date i Citation Page
	 Title

Draft Recovery Plan for Tidal Marsh Ecosystems of Northern and Central
02/10/201075 FR 6696 6697 California (httrellfrwebnate.access.aoo.nov/cM-binkietdoc.cal?

kn.. met . 111	 meg in • art ele siA-4.4 nsa 4 n not

http://ecosiws.gov/speciesProfile/profile/speciesProfile.action?spcode=B04A 	 5/7/2010
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Date
	

Title	 Plan Action Status Plan Status,

Draft Recovery Plan for the Tidal Marsh Ecosystems of
02/10/2010 Northern and Central California

chtto://ecosha.govidocs/recoverv olanfTMRP intro todg

Recovery efforts in
progress, but no
implementation	 Draft
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display
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Map of Species occurrence

This map represents our best available information about where a species is currently known to occur; however, it should NOT be
used as an official species list for Section 7 Consultation purposes. To obtain an official species list for this purpose, please
contact the Fish & Wildlife Office near you (click here: htto://www.fws oov/officegp

Date	 Citation Page
	

Title

10/13/197935 FR 16047 16048Appendix D - United States List of Endangered Native Fish and Wildlife.,
35 FR 16047 16048 (htto://ecos.fves.aovidocsfiederal realster/fr27.odg 
INotice of Proposed Rule Making (Conservation of Endangered Species and08/25/197935 FR 13519 135201

. 	 lOther Fish or Wildlife) 

le Recovery

Recovery Plan Information Search Uroadoub/ConfloureRecActionReport.do?path=ROAR Custom
Queries.Public Actions AdHocl

• Information Search FAQs ihtto://www.fws.goviendanceredirecoverv/ROAR FAQs%2008-05-
09 FINAL.pdg

Current Recovery Plan(s)

Other Recovery Documents (Showing 1 of 1)

http://ecosiws.gov/speciesProfile/profile/speciesProfile.action?spcode =B04A 	 5/7/2010
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j Date Citation Page	 Title	 Document Type

02/10/2010

' Draft Recovery Plan for Tidal Marsh Ecosystems of

75 FR 6696 6697 Northern and Central California
fhttp://fnvebgate.access.apo.govicgi-binlgetdoc.cgi ?
dbname=2010 realsteadocid=fr1Ofe10-991

• Notice Draft

Recovery Plan

Availability

Critical Habitat

No critical habitat rules have been published for the California Clapper rail.

Conservation Plans

No conservation plans have been created for California Clapper rail

Petitions

No petition findings have been published for the California Clapper rail.

Life History

No Life History information has been entered into this system for this species.

s Other Resources

NatureServe Explorer Species Reports (iavascript::1 — NatureServe Explorer is a source for authoritative

conservation information on more than 50,000 plants, animals and ecological communtities of the U.S and

Canada. NatureServe Explorer provides in-depth information on rare and endangered species, but includes

common plants and animals too. NatureServe Explorer is a product of NatureServe in collaboration with the

Natural Heritage Network.

ITIS Reports liavascripthl ITIS (the Integrated Taxonomic Information System) is a source for authoritative

taxonomic information on plants, animals, fungi, and microbes of North America and the world.

Last updated: May 7, 2010

FWS Endangered Home (htto:/Nonvaws.00viendangeredil I  COS Home Uecos oubliclt I Contact Us
fiecos/helpdesk.do?version=SPECIES PROFILE-1 2 311

http://ecos.fws.gov/speciesProfile/profile/spec  esProfile.acton?spcode—B04A 	 5/7/2010
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Species Profile
Environmental Conservation Online System

fhtto://www.fwsmovl
California Clapper rail (Rallus longirostris
obsoletus)

Kingdom: Animalla Class: A yes Order: Grulformes Family: Rallidae

Listing Status: Endangered

Quick links: Federal Reaister (#status) Recovery (tirecoverv) Critical Habitat
Mcrithabi Conservation Plans (liconservationPlans) Petitions Moetitionsl Life
History (filifeHistory) Other Resources (#other)

General Information

The California clapper rail (Rallus longirostris obsoletus) is one of the largest rails (family Rallidae), measuring
13-19 inches from bill to tail. It is characterized by its hen-like appearance, a long, slightly downward-curving bill,
olive-brown upper parts, a cinnamon-buff colored breast, dark flanks crossed by white bars and white undertail
coverts which are often exposed when the bird is agitated.

Lead Region: California/Nevada Reaion (Reaion 8) (htto://vinvw.fws.aov/cno/1
Date Listed: Oct 13, 1970

States/US Territories in which the California Clapper rail is known to occur: California
fisoeciesProfile/orofile/countiesByState.action?entitvid=1028state=Califomia)
US Counties in which the California Clapper rail is known to occur: View All
(/soeciesProthe/nrofile/countles8vSoecies.action?entityld=102)
USFWS Refuges in which the California Clapper rail is known to occur: DON EDWARDS SAN
FRANCISCO BAY NATIONAL WILDLIFE REFUGE, FARALLON NATIONAL WILDLIFE REFUGE, SAN
PABLO BAY NATIONAL WILDLIFE REFUGE
For more information: htta://www.fws.aoy/sacramento/es/animal sop acct/clamer rail.htm 
(htto://wvwv.fivsmov/sacramentores/animal soo acct/clarmer rall.htm)

Federal Register Documents

Most Recent Federal Register Documents (Showing 3 of 3)

Date ; Citation Page	 Title
Draft Recovery Plan for Tidal Marsh Ecosystems of Northern and Central

02/10/201075 FR 6696 6697 California (htto://frweboate.access.noomovicol-bin/oetdoc.col?
Altr...reonn /114 re.aines.D. Ana iel —4.4 Mail 11.1101,

http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=B04A	 5/7/2010
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Date	 Citation Page	 Title

10/13/197035 FR 16047 16048 Appendix D - United States List of Endangered Native Fish and Wildlife

35 FR 16047 16048 Ihtto://ecos.fws.aovidocs/federal reoister/fr27.odf)

Notice of Proposed Rule Making (Conservation of Endangered Species and
l Other Fish or Wildlife)

08/25/1970 35 FR 13519 13520

n
Title	 Plan Action Status Plan StatusDate

Draft Recovery Plan for the Tidal Marsh Ecosystems of
02/10/2010 Northern and Central California

htto://ecosnws.govidocs/recoverv olan/TMRP Intro 1.odft

Recovery efforts in
progress, but no
implementation
information yet to
display

,Draft
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Map of Species occurrence

This map represents our best available information about where a species is currently known to occur; however, it should NOT be
used as an official species list for Section? Consultation purposes. To obtain an official species list for this purpose, please
contact the Fish 8, Wildlife Office near you (click here: http://www.fws.cov/ofFicest

Recovery

Recovery Plan Information Search Uroarioub/ConfiatireRecActIonReoort.doToath=ROAR Custom
Queries.Public Actions AdHoci

• information Search FAQs (htto://wwvaws.noviendancered/recoverv/ROAR FAQs%2008-05-
09 FINAL.pdf)

Current Recovery Plan(s)

Other Recovery Documents (Showing 1 of 1)
_
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Date Citation Page	 Title Document Type

02/10/2010

Draft Recovery Plan for Tidal Marsh Ecosystems of
Notice Draft
Recovery Plan
Availability

•
'Northern and Central California75 FR 6696 6697
chtto://fnvebaate.access.ano.novical-bln/oetdoc.cal?
dbname=2010 realster&docId=fr1Ofe10-99)

»Critical Habitat

No critical habitat rules have been published for the California Clapper rail.

»Conservation Plans

No conservation plans have been created for California Clapper rail

• Petitions

No petition findings have been published for the California Clapper rail.

DLife History

No Life History information has been entered into this system for this species.

• Other Resources

NatureServe Explorer Species Reports (ievascriot:;) — NatureServe Explorer is a source for authoritative
conservation information on more than 50,000 plants, animals and ecological communtities of the U.S and
Canada. NatureServe Explorer provides in-depth information on rare and endangered species, but includes
common plants and animals too. NatureServe Explorer is a product of NatureServe in collaboration with the
Natural Heritage Network.

ITIS Reports lievascriot:;1— ITIS (the Integrated Taxonomic Information System) is a source for authoritative
taxonomic information on plants, animals, fungi, and microbes of North America and the world.

Last updated: May 7, 2010

FWS Endanaered Home (htto://vnvw.fws.dov/endanaered/1 I ECOS Home Uecos public/1 I Contact Us

Uscos/helodesk.do?version=SPECIES PROFILE-1 2 31)

http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode =B04A 	 5/7/2010



Species Profile for California Clapper rail (Rallus longirostris obsoletus) 	 Page 1 of 3

Species Profile
Environmental Conservation Online System

I htto://www.fws.novi
California Clapper rail (Rallus longirostris
obsoletus)

Kingdom: Animalia Class: Ayes Order: Gruiformes Family: Rallidae

Listing Status: Endangered

Quick links: Federal Register Mstatusl Recovery (#recovery) Critical Habitat
l/Scrithabl Conservation Plans (#conservatIonPlans) Petitions Moetitionsj Life
History MlifeHistorA Other Resources (#other)

General Information

The California clapper rail (Rallus longirostris obsoletus) is one of the largest rails (family Rallidae), measuring
13-19 inches from bill to tail. It is characterized by its hen-like appearance, a long, slightly downward-curving bill,
olive-brown upper parts, a cinnamon-buff colored breast, dark flanks crossed by white bars and white undertail
coverts which are often exposed when the bird is agitated.

Lead Region: California/Nevada Region (Region 8) (httn://www.fws.gov/cnon
Date Listed: Oct 13, 1970

States/US Territories in which the California Clapper rail is known to occur: California
fisoeciesProfile/orofile/countlesByState.action?entityld=1028gstate=California)
US Counties in which the California Clapper rail is known to occur: View All
llsoeciesProflie/orofile/countiesBySoecies.actIon?entityld=1021
USFWS Refuges in which the California Clapper rail is known to occur: DON EDWARDS SAN
FRANCISCO BAY NATIONAL WILDLIFE REFUGE, FARALLON NATIONAL WILDLIFE REFUGE , SAN
PABLO BAY NATIONAL WILDLIFE REFUGE
For more information: htto://www.fws.gov/sacramento/es/animal  SOD acct/claimer rail.htm 
Ihtto://www.fws.gov/sacramento/es/animal son mot/claimer rall.html

D Federal Register Documents

Most Recent Federal Register Documents (Showing 3 of 3)

1 Date 1  Citation Page	 Title
'Draft Recovery Plan for Tidal Marsh Ecosystems of Northern and Central

02/10/201075 FR 6696 6697 California thtto://frwebaate.access.oflo.novicni-blnktetdoc.cal?
Allwbons-SW14 fl warelaen ria.";A—fri Ilf tof .
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10/13/197035 FR 16047 16048 ,Aggendix D - United States List of Endangered Native Fish and Wildlife;.,
'35 FR 16047 16048 (htto://ecos.fws.aoWdocsifederal realsterifr27.adf)

08/25/197035 FR 13519 13520 1t ofof Proposed Rule Making (Conservation of Endangered Species and
'Other Fish or Wildlife)

Date I, Citation Page	 Title

Plan Action Status 1Plan StatusDate	 Title

Draft Recovery Plan for the Tidal Marsh Ecosystems of
Northern and Central California
fhtto://ecos.rws.00vidocs/recoverv olan/TMRP Intro 1.odfl

Recovery efforts in
progress, but no
implementation	 Draft
information yet to
display

02/10/2010

Species Profile for California Clapper rail (Rallus longirostris obsoletus) 	 Page 2 of 3

Map of Species occurrence

This map represents our best available information about where a species is currently known to occur; however, it should NOT be
used as an official species list for Section 7 Consultation purposes. To obtain an official species list for this purpose, please
contact the Fish & Wildlife Office near you (click here; htto://www.fws,00v/officesj)

* Recovery

Recovery Plan Information Se. rch (/roadoub/ConflaureRecActionRenorLdoThath=ROAR Custom
Queries.Public Actions AdHoc)

• ,Information Search FACIs (htto://vwvw.fws.goviendanaeredirecoverWROAR FAQs°42008-05-
09 FINALodfl

Current Recovery Plan(s)

Other Recovery Documents (Showing 1 of 1)
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I1	 Date Citation Page	 Title Document Type
h
I Draft Recovery Plan for Tidal Marsh Ecosystems of

Notice Draft•
I
t 02/10/2010 Northern and Central California

Recovery Plan75 FR 6696 6697
patp://frwebgate.access.apo.govica1-bin/getdoc.cal?

Availability
I dbname=2010 register&docithfrlefe10-991

• Critical Habitat

No critical habitat rules have been published for the California Clapper rail.

DConservation Plans

No conservation plans have been created for California Clapper rail

DPetitions

No petition findings have been published for the California Clapper rail.

DLife History

No Life History information has been entered into this system for this species.

DOther Resources

NatureServe Explorer Species Reports (lavascript::) NatureServe Explorer is a source for authoritative

conservation information on more than 50,000 plants, animals and ecological communtities of the U.S and

Canada. NatureServe Explorer provides in-depth information on rare and endangered species, but includes

common plants and animals too. NatureServe Explorer is a product of NatureServe in collaboration with the

Natural Heritage Network.

ITIS Reports (lavascrIpt:;1— ITIS (the Integrated Taxonomic Information System) is a source for authoritative

taxonomic information on plants, animals, fungi, and microbes of North America and the world.

Last updated: May 7, 2010

FWS Endangered Home (http:Thvww.fiys.govrendangeredft I gCOS Home Uecos public!) I Contact Us
frecos/helodesk.deversion=SPECIES PROFILE-1 2 311
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Species Profile
Environmental Conservation Online System

Ihtta://www.fws.ciovl
California Clapper rail (Rallus longirostris
obsoletus)

Kingdom: Animalia Class: Ayes Order: Gruiformes Family: Rallidae

Listing Status: Endangered

(Wick links: Federal Register (#status) Recovery Mrecovery) Critical Habitat
likrithabl Conservation Plans (ItconservatIonPlans) Petitions (#oetitions) Life
History (fillfeHistory) Other Resources (#other)

General Information

The California clapper rail (Rallus longirostris obsoletus) is one of the largest rails (family Rallidae), measuring
13-19 inches from bill to tail. It is characterized by its hen,like appearance, a long, slightly downward-curving bill,
olive-brown upper parts, a cinnamon-buff colored breast, dark flanks crossed by white bars and white undertail
coverts which are often exposed when the bird is agitated.

Lead Region: California/Nevada Region (Region 8) (htto:/hyww.fivs.gov/cnon
Date Listed: Oct 13, 1970

States/US Territories in which the California Clapper rail is known to occur: California
asoeciesProfile/orofile/countlesBy5tate.action7entityld=1028,state=Californial
US Counties in which the California Clapper rail is known to occur: View All
fisoeciesProflie/orofile/countiesSySoecles.action?entityldr--102)
USFWS Refuges in which the California Clapper rail is known to occur: DON EDWARDS SAN
FRANCISCO BAY NATIONAL WILDLIFE REFUGE, FARALLON NATIONAL WILDLIFE REFUGE, SAN
PABLO BAY NATIONAL WILDLIFE REFUGE
For more information: htto://www.fws.aov/sacramento/es/animal SOD acct/clapper rail.htm
Ihtto:/hyww.fws.gov/sacramento/es/animal  soo acct/clarsoer rall.htm)

Federal Register Documents

Most Recent Federal Register Documents (Showing 3 of 3)

Date	 Citation Page
	 Title 

Draft Recovery Plan for Tidal Marsh Ecosystems of Northern and Central
02/10/201075 FR 6696 6697 California (htto://fnvebgate.access.apo.aovical-binktetdoc.cai?

ran inenrl? Attedel—fr. ftfeofft
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Map or Species occurrence

This map represents our best available information about where a species is currently known to occur; however, it should NOT be
used as an official species list for Section? Consultation purposes. To obtain an official species list for this purpose, please
contact the Fish 8, Wildlife Office near you (click here: httni/www.fws,noyiofficest)

1 Date	 Citation Page	 Title
10/13/197035 FR 16047 160481Appendix D - United States List of Endangered Native Fish and Wildlifez

35 FR 16047 16048 (htto://ecos.fws.aovidocs/federal realsterlfr27,odf)
08/25/197035 FR 13519 13520phlotice of Proposed Rule Making (Conservation of Endangered Species and,

'Other Fish or Wildlife) 

Recovery

Recovery Plan Information Search Uroar/oub/ConfigureRecActionRsoort,doThath=ROAR Custom
Queries.PublIc Actions AdHoc)

• Information Search FAQs ihtto://www.fivs.goviendanneredirecovery/ROAR FAQs%2008-05-
OS FINAL.pdfl

Current Recovery Plan(s)
Date	 Title	 Plan Action Status Plan Status

Recovery efforts in
Draft Recovery Plan for the Tidal Marsh Ecosystems of 	 progress, but no

	

02/10/2010 I Northern and Central California	 implementation
	 Draft

I fhtto://ecos.fws.govidocsirecovery olaniTMRP Intro 1.pdg 	 i nformation yet to
display 

Other Recovery Documents (Showing 1 of 1)
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Date Citation Page	 Title Document Type

02/10/2010

Draft Recovery Plan for Tidal Marsh Ecosystems of
Notice Draft
Recovery Plan
Availability

•
Northern and Central California75 FR 6696 6697
ihttp://fnveboate.accestapo.aoWcal-bIninetdoc.cal ?
dbname=2010 reaister&docid4r1Ofe10-99)

DCritical Habitat

No critical habitat rules have been published for the California Clapper rail.

DConservation Plans

No conservation plans have been created for California Clapper rail

DPetitions

No petition findings have been published for the California Clapper rail.

DLife History

No Life History information has been entered into this system for this species.

• Other Resources

NatureServe Explorer Species Reports ilavascrInta NatureServe Explorer is a source for authoritative
conservation information on more than 50,000 plants, animals and ecological communtities of the U.S and

Canada. NatureServe Explorer provides in-depth information on rare and endangered species, but includes

common plants and animals too. NatureServe Explorer is a product of NatureServe in collaboration with the

Natural Heritage Network.

ITIS Reports (iavascriot:;) ITIS (the Integrated Taxonomic Information System) is a source for authoritative
taxonomic information on plants, animals, fungi, and microbes of North America and the world.

Last updated: May 7, 2010

FWS Endanaered Home (htto:/hwAviws.aoWendanaeredl) I gcos Home (/ecos public/I I Contact Us
Vecosihelndesk.do?version=SPECIES PROFILE-1 2 31)
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Species Profile
Environmental Conservation Online System

fhtto://www.tws.aov)
California Clapper rail (Rallus longirostris
obsoletus)

Kingdom: Animalia Class: A yes Order: Gruiformes Family: Rallidae

Listing Status: Endangered

• Quick links: Federal Register (tistatusl Recovery (#recovervI Critical Habitat
fecrithab) Conservation Plans (SconservationPlans) Petitions (Soetitionsi Life
History (#11feHistoryl Other Resources (#other)

General Information

The California clapper rail (Rallus longirostris obsoletus) is one of the largest rails (family Rallidae), measuring
13-19 inches from bill to tail. It is characterized by its hen-like appearance, a long, slightly downward-curving bill,
olive-brown upper parts, a cinnamon-buff colored breast, dark flanks crossed by white bars and white undertail
coverts which are often exposed when the bird is agitated.

Lead Region: California/Nevada Region (Region 8) (htto://www.fws.govicnon
Date Listed: Oct 13, 1970

States/US Territories in which the California Clapper rail is known to occur. California
fisoeciesProfile/DrofileicountiesBvState.action7entitvid=1028.state=Californial
US Counties in which the California Clapper rail is known to occur: View All
fisbeciesProfIleThrofile/countiesBySpecies.action?entItyld=1021
USFWS Refuges in which the California Clapper rail is known to occur: DON EDWARDS SAN
FRANCISCO BAY NATIONAL WILDLIFE REFUGE, FARALLON NATIONAL WILDLIFE REFUGE , SAN
PABLO BAY NATIONAL WILDLIFE REFUGE
For more information: htto://www.fws.gov/sacramento/es/animal  SIM accticlanner rail.htm 
fhtto://www.fws.gov/sacramentotes/animal  sop acct/clapper rail.html

» Federal Register Documents

Most Recent Federal Register Documents (Showing 3 of 3)
Date 	 Citation Page	 Title 

Draft Recovery Plan for Tidal Marsh Ecosystems of Northern and Central
02/10/2010,75 FR 6696 6697 California (htto://frwebgate.access.ano.govicai-bin/getdoc.cal?

ar4.4-4 .1 mad n nen
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Current Recovery Plan(s)

Title Plan Action Statusi
[ Plan Statusl

Draft Recovery Plan for the Tidal Marsh Ecosystems of
Northern and Central California
fhtto://ecosiws.aov/docsirecoverv blanfTMRP Intro 1.odfl

Recovery efforts in
progress, but no
implementation	 ;Draft
information yet to

02/10/2010
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Map of Species occurrence

This map represents our best available information about where a species is currently known to occur; however, it should NOT be
used as an official species list for Section 7 Consultation purposes. To obtain an official species list for this purpose, please
contact the Fish 8, Wildlife Office near you (click here; h

1	 Date Citation Page Title	 1
1
i 10/13/1970
I_

35 FR 16047 16048  Appendix D - United States List of Endangered Native Fish and Wildlife;
35 FR 16047 16048 (htto://ecos.fwsmovidocsifederal registerlfr27.odf)

; 08/25/1970Ir
35 FR 13519 13520

Notice of Proposed Rule Making (Conservation of Endangered Species and
Other Fish or Wildlife)

» Recovery

Recovery Plan Information Search groaripub/ConfigureRecActionReport.doThath=ROA13 Custom
Queries.Public Actions AdHoci

• Information Search FAQs (htto://www.fws.uoviendanaered/recoverviROAR FAQs%2008-05-
09 FINAL.pdfl

Other Recovery Documents (Showing 1 of 1)
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Date Citation Page r	 Title Document Type

02/10/2010

Draft Recovery Plan for Tidal Marsh Ecosystems of
Notice Draft

Recovery Plan

Availability

•
Northern and Central California75 FR 6696 6697
fhtto://fnvebaattaccess.anomovical-bln/aetdoc.cal?
dbname=2010 realster&doclthfr1Ofe10-991

• Critical Habitat

No critical habitat rules have been published for the California Clapper rail.

)) Conservation Plans

No conservation plans have been created for California Clapper rail

DPetitions

No petition findings have been published for the California Clapper rail.

Life History

No Life History information has been entered into this system for this species.

D Other Resources

NatureServe Explorer Species Reports (lavascria:1-- NatureServe Explorer is a source for authoritative

conservation information on more than 50,000 plants, animals and ecological communtities of the U.S and

Canada. NatureServe Explorer provides in-depth information on rare and endangered species, but includes

common plants and animals too. NatureServe Explorer is a product of NatureServe in collaboration with the

Natural Heritage Network.

ITIS Reports (lavascrlat:;) — ITIS (the Integrated Taxonomic Information System) is a source for authoritative

taxonomic information on plants, animals, fungi, and microbes of North America and the world.

Last updated: May 7, 2010

FWS Endangered Home ihttp:/hvww.fwehnovIendangered/1 I ECOS Home aecos public./1 I Contact Us
Yecosihelpdesk.do?version=SPECIES PROFILE-1 2 311
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Species Profile
Environmental Conservation Online System

chtto://www.fws.gov)
California Clapper rail (Rallus longirostris
obsoletus)

Kingdom: Animalia Class: Ayes Order: Gruiformes Family: Rallidae

Listing Status: Endangered

Quick links: Federal Register (itstatus) Recovery (#recovervl Critical Habitat
j#crithab) Conservation Plans (#conservationPlans) Petitions (#petitions) Life
History (#1IfeHistorvl Other Resources (#otherl

General Information

The California clapper rail (Rallus longirostris obsoletus) is one of the largest rails (family Rallidae), measuring
13-19 inches from bill to tail. It is characterized by its hen-like appearance, a long, slightly downward-curving bill,
olive-brown upper parts, a cinnamon-buff colored breast, dark flanks crossed by white bars and white undertail
coverts which are often exposed when the bird is agitated.

Lead Region: California/Nevada Region (Region 13) (httg:/hvwwfws.govicno/)
Date Listed: Oct 13, 1970

States/US Territories in which the California Clapper rail is known to occur: California
1/soeciesProfile/orofile/countlesByState.actionstentityld=10284state=Callfornial
US Counties in which the California Clapper rail is known to occur: View All
f/soeciesProfile/drofile/countiesBvSgecies.action?entityld=1021
USFWS Refuges in which the California Clapper rail is known to occur: DON EDWARDS SAN
FRANCISCO BAY NATIONAL WILDLIFE REFUGE, FARALLON NATIONAL WILDLIFE REFUGE , SAN
PABLO BAY NATIONAL WILDLIFE REFUGE
For more information: htto://www.fws.gov/sacramento/es/animal  son acct/claoper rall.htm
fhtto://wy/wfws.govlsacramento/es/animal sod acct/clagger rail.html

a Federal Register Documents

Most Recent Federal Register Documents (Showing 3 of  3)
Date I Citation Page 	 Title 

1	 Draft Recovery Plan for Tidal Marsh Ecosystems of Northern and Central
02/10/2010,75 FR 6696 6697 'California (httg://frwebgate.access.ago.gov/cgi-bin/getdoc.cai?

a Winn, e.,-,(1411	 Ana;a4-4.4 111"4 It OM
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Date ' Citation Page j	 Title
IMmendix D - United States List of Endangered Native Fish and Wildlife 16048 !35 FR 16047 16048 (htto://ecos.fws.00v/docs/federal realster/fr27.00)

13520, Notice of Proposed Rule Making (Conservation of Endangered Species and
Other Fish or Wildlife) 

10/13/1970 1 35 FR 16047

08/25/1970 35 FR 13519

Date	 Title

Draft Recovery Plan for the Tidal Marsh Ecosystems of
02/10/2010 Northern and Central California

ichtto://ecos.fws.aoWdocs/recovery olanfTMRP Intro 1.odfl

Plan Action Status
Recovery efforts in
progress, but no
implementation
information yet to
display

Plan Statusj
—7

Draft

Species Profile for California Clapper rail (Rallus longirostris obsoletus) 	 Page 2 of 3

Map of Species occurrence

This map represents our best available information about where a species is currently known to occur; however, it should NOT be
used as an official species list for Section 7 Consultation purposes. To obtain an official species list for this purpose, please
contact the Fish et Wildlife Office near you (click here: http://www.fws.00vfofficesn

Recovery

Recovery Plan Information Search Uroarlaub/ConflaureRecActionRenort.do?oath=ROAR Custom
Queries.Public Actions AdHocl

• Information Search FAQs (httm/Nonnviws.00viendanctered/recovendROAR FAQs%2008-05-
09 FINALocift

Current Recovery Plan(s)

Other Recovery Documents (Showing 1 of 1)
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Date Citation Page	 E	 Title Document Type

02/10/2010

Oraft Recovery Plan for Tidal Marsh Ecosystems of
Notice Draft

Recovery Plan

Availability

,	 •
Northern and Central California75 FR 6696 6697
fhttp://fnvelmate.access.aoomovical-blnktetdoc.col ?
dbname=2010 reaister&docithfr1l)fe1 0-991

• Critical Habitat

No critical habitat rules have been published for the California Clapper rail.

• Conservation Plans

No conservation plans have been created for California Clapper rail

» Petitions

No petition findings have been published for the California Clapper rail.

• Life History

No Life History information has been entered into this system for this species.

• Other Resources

NatureServe Explorer Species Reports liavascript:;) — NatureServe Explorer is a source for authoritative

conservation information on more than 50,000 plants, animals and ecological communtities of the U.S and

Canada. NatureServe Explorer provides in-depth information on rare and endangered species, but includes

common plants and animals too. NatureServe Explorer is a product of NatureServe in collaboration with the

Natural Heritage Network.

IT'S Reports (lavascript:;) — ITIS (the Integrated Taxonomic Information System) is a source for authoritative

taxonomic information on plants, animals, fungi, and microbes of North America and the world.

Last updated: May 7, 2010

FWS Endanaered Home Ihttp:/hvww.fws.aoviendanaered/ I ECOS Home (/ecos oublIcil I Contact Us
Pecos/helcodesltdo'Nersion=SPECIES PROFILE-1 2 31)
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4.0	 Initial Study Environmental Checklist

feet long and 50 feet wide (Tierra 2002). This channel is supported by narrow-leaved cattail
(Typha latifolia), salt cedar (Tamarix sp.), arrow weed (Pluchea sericea), and Emory's baccharis
(Baccharis emotyi). The recorded flora of the site is likely limited due to the developed context of
the WWTP and immediate surrounding areas. No special-status plant species were detected on
site during the general reconnaissance surveys and due to the developed/disturbed nature of the
site and overall lack of suitable habitat and substrate, special-status plant species are not expected
to occur. Therefore, no direct and/or indirect impacts to special-status plant species are
anticipated.

Several wildlife species were recorded from the site during previous site reconnaissance surveys
including yellow-rumped warbler (Dendroica coronata), song sparrow (Melospiza melodia),
house finch (Catpodacus mexicanus), mourning dove (Zenaida macroura), western kingbird
(Tyrannus verticalis), killdeer (Charadrius vociferus), red-winged blackbird (Agelaius
phoeniceus), and lesser nighthawk (Chordeiles acutipennis). No special-status wildlife species
were identified on site during the May 2002 and July 2009 reconnaissance surveys. Prior to
conducting the reconnaissance surveys, the California Natural Diversity Database (CNDDB) was
consulted along with the U.S. Fish and Wildlife Service (USFWS) list of Federally-listed
Endangered, Threatened, Proposed, and Candidate Species That May Occur in Imperial County
to determine what listed species could occur on site based on appropriate habitat conditions. A
single species, the federally-listed endangered Yuma clapper rail, was reported from the New
River approximately two miles north of the WWTP. This subspecies breeds in heavily-vegetated
freshwater marshes with cover ranging from moderately dense stands of narrow-leaved cattail
(Typha domingensis) and bulrush (Scirpus spp.) along the Colorado River (Smith, 1975;
Anderson and Ohmart, 1985) to dense, near monotypic stands of cattail at the Salton Sea (Bennett
and Ohmart, 1978). Vegetation density is a more significant factor than the species composition,
as some rails occur even in areas supporting dense stands of Phragmites australis (reed;
Anderson and Olunart, 1985). Overwintering habitat tends to consist of brackish marsh habitats
south of the United States (Anderson and Olunart, 1985). Censuses of the Yuma clapper rail
were performed by the California Department of Fish and Game (CDFG) from 1973-1974 along
the Colorado River and in the Imperial Valley. Twenty four areas of critical importance to this
species were identified by verifying census results and evaluating existing rail habitat (CDFG
1975). Results of this study concluded that in all habitat areas surveyed, approximately 68% of
the clapper rails observed were in habitats greater than 20 acres in size (CDFG 1975).

Although emergent wetlands vegetation is present at the outfall location, the confined, linear
nature of the discharge channel and small patch size of suitable habitat (compared to areas
upstream and downstream of the New River, which support much larger expanses of emergent
vegetation) suggests that this small wetland area is sub-optimal for breeding use by this species.
Although WWTP flows, contributing up to 0.15 cubic feet per second (cfs) of flows in the
channel, will be discontinued, the channel will continue to receive flows from agricultural
underdrain discharges and underdrain flow from a separate drinking water treatment plant. Water

December 2009
	 6382-05
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4.0	 Initial Study Environmental Checklist

will still continue to drain into the channel thus maintaining the emergent wetlands vegetation at
this location. Therefore, no impacts to the Yuma clapper rail, either directly or through habitat
modifications, are expected to occur. The federally-listed endangered least Bell's vireo (Vireo
bellii pusillus), southwestern willow flycatcher (Empidonax trailli extimus), and yellow-billed
cuckoo (Coccyzus americanus) are reported to occur in riparian woodland and scrub habitats
throughout Imperial County. However, there are no documented occurrences of these species on
site or in the vicinity of the project and due to the small, fragmented patch size and limited
quantities of suitable habitat on site, these species are not expected to occur. Therefore, no
adverse impacts, either directly or through habitat modifications, to special status wildlife species
are anticipated.

b) Have a substantial adverse effect on any riparian habitat or other sensitive natural community
identified in local or regional plans, policies, or regulations or by California Department of
Fish and Game or U.S. Fish and Wildlife Service?

Less than Significant Impact The WVVTP discharges treated effluent flow into an 800 foot long
by 50 foot-wide earthen, unlined drainage channel supporting narrow-leaved cattail within the
channel bottom and salt cedar, arrow weed, and an assortment of trash and debris along the
channel banks. The project site supports wetland resources under the jurisdiction of the CDFG.
Although riparian habitat under the jurisdiction of the CDFG is present on site, the project would
not have a substantial adverse effect on these habitats because the discontinuation of WWTP
flows is negligible resulting only in a 0.15 cfs reduction in flows. The channel will continue to
receive flows from existing agricultural underdrain discharges and underdrain flow from a
separate drinking water treatment plant. Therefore, no substantial adverse effects on riparian
habitat or other sensitive natural communities considered sensitive by the CDFG or USFWS are
anticipated.

c) Have a substantial adverse effect on federally protected wetlands as defined by Section 404 of
the Clean Water Act (including but not limited to marsh, vernal poo4 coastal, etc.) through
direct removal, filing, hydrological interruption, or other means?

Less than Significant Impact. The WWTP discharges treated effluent flow into an 800 foot long
by 50 foot-wide earthen, unlined drainage channel supporting narrow-leaved cattail within the
channel bottom and salt cedar, arrow weed, and an assortment of trash and debris along the
channel banks. This drainage channel merges with the New River approximately 900 feet from
the existing pipe outfall. The New River ultimately empties into the Salton Sea, which is
considered an isolated traditional navigable waterbody pursuant to Section 404 of the federal
Clean Water and as such the New River would likely be regulated, along with adjacent

tributaries, by the U.S. Army Corps of Engineers (ACOE). Thus, the drainage channel on site
would likely be regulated by the ACOE and RWQCB under the federal Clean Water Act.
However, although federal waters of the U.S., including wetlands, are present on site, the project
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ABSTRACT

Censuses of the Yuma clapper rail were conducted along the Colorado River and
in the Imperial Valley by individuals of a multi-agency team. Nine hundred
and five and 919 Yuma clapper rails were located during the May counts in
1973 and 1974 respectively.

Twenty-four areas of importance to Yuma clapper rails were identified by
checking census results and evaluation of available rail habitat. Approxi-
mately 80 percent of all clapper rails found were located in these areas.
Five areas of utmost importance maintained 42 to 52 percent of all clapper
rails found. One of these five areas is in Imperial Valley, and two of the
four areas along the Colorado River are located in the Colorado River delta
in Mexico. Of the two remaining areas, one is in a national wildlife refuge
and the other, the single most important area, is controlled by the Bureau
of Land Management. Thirty-three to 36 percent of all clapper rails were
found on areas of importance in state or federal refuges.

Recommendations were made for the continuation of yearly counts of the Yuma
clapper rail and for protection of areas of important habitat.

1/ Wildlife Management Branch Administrative Report No. 75-2 (April, 1975).
Supported by Federal Aid in Wildlife Restoration Project W-54-R-7,
Nongame Wildlife Investigations.



RECOMMENDATIONS

As a result of these studies, and based on information available at this time,
the following recommendations are made to better understand the distribution
of

1.

2.

3.

4.

5.

the Yuma clapper rail and to ensure maintenance of its habitat.

Determine land ownership of rail habitat extending south from
Imperial Dam and including Mexico.

Initiate a study of the status of the Yuma clapper rail in
Mexico.

Develop Yuma clapper rail habitat management plans by all federal and
state agencies administering lands occupied by this rail.

Conduct a rail census of all habitat areas, including the Colorado
River delta in Mexico and the Imperial Valley, every three years.

Perform yearly censuses of important habitat areas to monitor
yearly population variations.
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INTRODUCTION

In 1966 the U. S. Department of the Interior declared the Yuma clapper rail
(Rallus longirostris yumanensis) to be endangered. In California, Arizona,
Baja California and Mexico, this subspecies inhabits fresh water marshes
along the lower Colorado River from the Nevada-California border south to
the delta. It also occurs along the Gila River, Arizona, Salton Sea,
California and in Sonora, Mexico. Much concern has been expressed over the
status of this rail because of the lack of knowledge concerning its distribu-
tion and abundance. Alarm was expressed that dredging, filling and
channelization operations along the lower Colorado River had destroyed much
of its habitat and because of this and other reasons the Yuma clapper rail
was thought to be faced with extinction.

On September 14, 1972 an interagency meeting called by the Bureau of
Reclamation was held in Parker, Arizona to discuss measures needed to
ensure the survival of the Yuma clapper rail. Personnel from the California
Department of Fish and Game, Arizona Game and Fish Department, U. S. Fish
and Wildlife Service, Bureau of Land Management, Bureau of Reclamation, and
Arizona State University formed a recovery team. This committee programmed
a study on Topock Marsh of the habitat preferences, densities, territory
size, and migration patterns of the Yuma clapper rail and a literature review
of all known written material pertaining to the Yuma clapper rail.
Phil Smith, of Arizona State University, accomplished this study in 1973 and
1974 (Smith 1974a). Additionally it was decided to perform a complete
clapper rail census along the Colorado River in 1973. This census was
repeated in 1974 and the Imperial Valley area of California was included in
the census area (Smith 1974b). A study was then conducted to establish the
present distribution of marsh habitat available and important to Yuma
clapper rails.

CENSUSES

Methods

In both 1973 and 1974 Yuma clapper rail censuses were conducted during the
last two weeks in May by members of the recovery team and other agency and
volunteer personnel. Appended (Appendices 1 and 2) are a listing of current
members of the Yuma Clapper Rail Recovery Team and, the agencies assigned to
conduct censuses.

Censusing was accomplished by penetrating marsh areas by boat and on foot
and playing recorded clapper rail calls during early morning and late
afternoon hours. The number of individual rails respondingwas noted and
represented the minimum number of rails in the census areas.

Results

Results of the 1973 and 1974 censuses have been summarized in Appendix 3,
and the distribution of the rails is shown in Appendix 4 and Figures 1
through 7 (appended).

Colorado River

Results show that Yuma clapper rails are distributed along the Colorado River
from the delta to just north of Needles. The major population concentration
has been in the Imperial Division where slightly less than 40 percent of the
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rails located along the Colorado River were found. In this division the
majority were located in the lower portion, from Martinez Lake to Imperial
Dam. Other areas of high population concentrations along the Colorado River
included Topock Marsh, just upstream from Blankenship Bend, and the delta.

Imperial Valley

No census was made of the Imperial Valley area in 1973. In 1974, 14.5 percent
of all Yuma clapper rails that were found were located in Imperial Valley.
Sixty-five percent of these rails were located in the Wister Unit of the
Imperial Wildlife Area. Other rails were found on The Finney-Ramer Unit of
Imperial Wildlife Area, on Salton Sea National Wildlife Refuge, and in the
deltas of the New and Alamo Rivers. Other areas censused, but where no
clapper rails were found were the river sections of the New and Alamo Rivers,
north coast of Salton Sea, San Felipe Creek, Whitewater River, Mineral Springs
Wash, Salt Creek, and seep areas west of the All American Canal. Also seep
areas along the Coachills Canal provide habitat where clapper rails were found
in October 1974 (Stacey, pers. corn.). These areas should be checked in future
clapper rail censuses to determine if the rails use these areas during the
breeding season.

Further discussion of the distribution of Yuma clapper rails is included in
the following section on the distribution-of marsh habitat important to the
rails.

HABITAT EVALUATION

Objectives

Four major objectives of this study were to:

1. Develop habitat requirement criterion.

2. Assess all marsh habitat along the Colorado River in California
has not been reserved in the federal refuge system.

3. Determine distribution of habitat important to Yuma clapper rails.

4. Present recommendations for the preservation of important habitat
areas not already secured in state and federal refuge systems.

Timing and Study Area

All marshes along the Colorado River, in mid-channel and along the west bank
in California, outside of national wildlife refuge boundaries, were checked
from June through mid-September 1974. During this time additional small
sections of marsh along the west bank in Nevada and east bank in Arizona were
checked.

Phil Smith, who was initially employed on this study, inventoried habitat in
the Palo Verde, Cibola and Imperial divisions in June. I was responsible for,
the habitat inventory of the Imperial, Laguna and Yuma divisions in August
and the Mohave Valley, Topock Gorge, Havasu and Parker divisions in September.
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Methods

The habitat criterion developed by Smith (1974a) for clapper rails in Topock
Marsh were used. These criterion allow different areas of habitat to be
compared.

Habitat criterion used were:

1. Size of marsh area.

2. Water distribution in marsh.

3. Relative water depth, including fluctuations in water depth.

4. Distribution of high ground in marsh.

5. Composition of emergent vegetation.

6. Composition of high ground vegetation.

The density of emergent vegetation and the quantity of downed vegetation
were not measured nor estimated.

These criterion were considered in surveying each different portion of marsh.
Usually this was accomplished by boating through marsh areas, occasionally
walking through the marsh to check estimations of water depth, or by climbing
elevated points. Here an overview of the marsh was attained and the distribu-
tion of water and high ground, and vegetative composition could be ascertained.

Data from habitat surveys were correlated with 1973 and 1974 Yuma clapper rail
population survey results and observations of rails made during this study.
Areas of highest rail densities are obviously important. Areas of similar'
habitat type to those maintaining high rail densities were noted. In the
future these areas should be checked to see if there is clapper rail use.

Results

Imperial Valley

Smith (1974b) discusses the distribution and quality of habitat in the areas
censused during 1974. Flooded fields of cattail (Typha sp.) and bulrush
(Scirpus californicus) on the Wister Unit provided the best habitat, especially
when fields were flooded with water less than 6 inches deep.

Two other notable concentrations of habitat exist in the Alamo River delta,
just south of Red Hill Marina, and in the flooded fields of Salton Sea
National Wildlife Refuge. Other areas checked contained only a limited
number of scattered areas with adequate habitat.

Colorado River

Mohave Valley Division - In this division the Colorado River flows from Davis
Dam to Topock through a gently sloping Mohave Valley. Most of the river
banks in this division have been modified by man to control the river. The
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controlled banks are generally high with little emergent vegetation. A few
backwaters have been isolated along the west side. One major backwater area
on the east bank, Topock Marsh, has been isolated in part but the marsh is
maintained.

Seven isolated backwaters were checked along the west bank of the river, on
either side of the California-Nevada border. Water inflow from the river to
these backwaters has been severed and they are drying up. Emergents are
absent in most backwater areas. Some habitat occurs in three small areas
encompassing 10 hectares (25 acres) at approximately rivermile 435, and in
part of a larger backwater at river mile 440.5. Clapper rails have not been
recorded in these areas, but a closer check of these areas should be done
to ascertain the northern limit of the range of the Yuma clapper rail. Most
of these backwater areas are on Indian reservation land.

At present the northernmost sighting of a Yuma clapper rail made during
spring surveys was at a backwater at river mile 451, just north of Needles.
This is a small, privately owned, moderately open backwater, edged with
emergents. It covers 16 hectares (40 acres).

Topock Marsh, part of Havasu National Wildlife Refuge, is the most signifi-
cant area for clapper rails in the Mohave Valley Division. This 1,620
hectare (4,000 acre) marsh axes dominates the lower portion of this division
and the habitat was analyzed by Phil Smith (1974a). Few backwaters exist
now along the Colorado River parallel to and upstream from Topock Marsh
which contain emergent vegetation. Channelization now limits emergent
vegetation along the main river channel.

Topock Gorge Division - In the Topock Gorge Division the Colorado River winds
through the steep, needle-shaped Chemehuevi Mountains. Steep banks are
commonplace and many backwaters exist in mouths of small arroyos which drain
into the river. Scouring and bar building have occurred at major bends in
the river. Bar building is particularly noticeable on the inside exits of
river bends. All river and marsh lands in this division are in Havasu
National Wildlife Refuge. Water level fluctuates daily and seasonally in
this division as it does in other sections of the river.

Two areas of major rail concentration exist in the Topock Gorge Division.
One area is located on the Arizona side of the river, just upstream from
Blankenship Bend, fromriver mile 473.3 to 474.6. This marsh has been
created on the outside of a bend where the scouring of rock and subsequent
bar building and growth of emergent vegetation have occurred. Thirty per-
cent of this marsh area is open water and numerous small channels bisect
the emergent vegetation dominated by cattail (Typha domingensis).
of this marsh which provided habitat for the greatest number of rails were
from 20 to 70 acres in size and high ground appeared as strips, isolated
islands or the edge of backwaters.

The second major concentration of clapper rails has been located south
from Blankenship Bend (river mile 475.1) to river mile 477.7 where the
Colorado River flows into Lake Havasu. Mid-river bars of this delta
support large stands of cattail and bulrush (Scirpus californicus). Many
channels of open water bisect the habitat and high ground is limited to
only a relatively few small islands.
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Havasu Division - Lake Havasu dominates the Havasu Division. The larger
portion of this lake lies in Chemehuevi Valley and the lower portion, as
well as the Parker Strip below Parker Dam, is bordered by the Whipple and
Buckskin Mountains and Aubrey Hills. There is no clapper rail habitat
around Lake Havasu except in the Bill Williams delta. Downstream some
habitat occurs in the Lake Moovalya area just upstream from Headgate Rock
Dam. These are the only areas in the Havasu Division where clapper rails
have been observed.

The Bill Williams Delta is the most important area for clapper rails in the
division. This area is set aside as part of Havasu National Wildlife Refuge.

Lake Moovalya is on Indian reservation land and its total area is decreasing
in size. Local storm runoff maintaining this marsh has decreased and available
habitat has been reduced by probably 75 percent. Only 16 hectares (40 acres)
of available habitat remain. Consideration should be given to maintaining the
marsh habitat at Lake Moovalya. The lake not only supports clapper rails but
numerous ducks and herons have been noted here.

The lower end of the delta of the Colorado River, as it flows into Lake
Havasu, is another area of high wildlife value. Water birds-including
grebes, cormorants, terns and egrets--were observed in numbers when habitat
in this area was checked. Evidence of the nesting of western grebes
(Aechmophorus occidentalis) was found, a generally uncommon occurrence at
such a southerly latitude. Also this delta should become an important
area to clapper rails as bars continue to be built and stands of emergent
vegetation become established. Apparently this growth process is occurring
at a rapid rate and rail use, probably occurring in a limited amount now
should be high within three years.

Parker Division - In the Parker Division, the Colorado River flows through
Parker Valley, where alternating high and low banks border the river. High
banks seem to occur only on the west bank where the Riverside and Big Maria
Mountains extend toward the river. Though backwaters and islands occur in
numerous spots and emergent vegetation can be found on the inside bank of
many river bends, there are few areas of extensive marsh.

Improved river banks occur on both sides of the river in Section I. Many
channels have been modified into backwaters by the construction of jetties,
and some backwaters have been isolated from the river by the bank improve-
ment work. Backwater areas open to the river are flushed daily by the rise
and fall in river level which may amount to a four foot vertical variation.

In Section I the important clapper rail habitat now exists in the back-
waters behind the jetties. The water level varies but emergent vegetation
grows over a long slope where a small amount of standing water remains at
low water. Cattails are the exclusive, emergent vegetation.

In Section II there has been very little river bank improvement. A mid-
river island (at river mile 545) and a well barred and channelled area on
the inside of a major bend in the river (river mile 558) are the important
areas for clapper rails in this division. In both of these areas
emergent vegetation grows in linear strips growing along fairly steep banks.
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Palo Verde Division - Throughout the Palo Verde Division the Colorado River
flows in a modified channel through the heavily agricultural Palo Verde
Valley. Clapper rail counts have not been made in this division because of
the general lack of habitat. There are two major island situations and four
major backwaters on the California side in this division. Only the Big Hole
and Goose Flats areas have any habitat which might support clapper rails.
These backwater areas should be checked to substantiate this suspected void
in the distribution of the Yuma clapper rail.

Cibola Division - In this division the Colorado River flows through Cibola
Valley, a smaller, narrower, southern extension of the Palo Verde Valley.
Oxbows in riverside flats are evidence of the river's past meandering course
through this valley. The river has been channelled along its whole length
through this division. The original river channel is now a secondary channel
in the downstream half of the division where the man-made channel does not
follow the old river course.

The two areas of major importance to clapper rails in the Cibola Division
are Cibola Lake and the old river channel, just downstream from the exit of
the Palo Verde Main Drain. Both of these areas are in the Cibola National
Wildlife Refuge. Habitat at the exit of the Palo Verde Main Drain has been
created by the silt out-flow which has formed bars in the old river channel.
Apparently the water flow in the old channel is insufficient to dissipate
the silt down river and stands of emergent vegetation are growing in bar
areas.

Imperial Division - Section I - The Colorado River flows through a constricted
area caused by the proximity of the Trigo Mountains in Arizona and the
Chocolate Mountains on the California side. Moderately steep hillsides
cascade to the river. Along this portion of river, lakes have been created
on the inside of many major bends and at mouths of washes. Marsh lands in
this division are on lands administered by the Imperial National Wildlife
Refuge, Bureau of Land Management, and California Department of Parks and
Recreation.

Important areas for clapper rails include Walker Lake and the river area
downstream to Draper Lake, Gavilan Wash area, Taylor, Island, Clear,
Ferguson and Martinez Lakes.

Imperial Division - Section II - From Martinez Lake to Imperial Dam the
Colorado River is bordered by rolling hills. Three-major areas, the inside
of two major bends in the river and the silt drop area (reservoir area) just
upstream from Imperial Dam, comprise this area. It stretches for about 7.5
river miles and encompasses the most important rail habitat on the river.
All of this stretch of river is on land administered by the Bureau of Land
Management.

Important blocks of habitat in this area were over 10 hectares (25 acres) in
size and contained many small channels and some areas of open water. Ample
high ground with salt cedar (Tamarix gallica) and mesquite (Prosopis
juliflora and P. pubescens) were found in areas of moderate clapper rail
densities. Areas with highest densities contained high ground in strips
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or in many isolated islands. Areas with little high ground vegetation also
supported rails when carrizo cane (Phragmites communis) was present. This
usually denoted extensive areas of shallow water or slightly drier substrate.
However, these areas were poor habitat when carrizo cane was not well inter-
spersed with emergents.

Laguna Division - In this small division the Colorado River begins to flow out
onto the flats north and west of Yuma. The river has been greatly modified
and the major portion of water remaining in the river--after the draw off of
two major canals--flows through a man-made channelwest of the old channel.
The old channel and other small channels below Imperial Dam are impassible
for boats. The lack of water current has allowed silting and emergent vegeta-
tion to choke these channels.

Four areas in this division are important areas for clapper rails. An area
along the moderately steep-sided old river channel from river mile 659.4 to
661.0 has become shallow through silting. Emergents have overgrown the
area which is occasionally interspersed by small areas of open water. Two
areas on the Arizona side, an overflow area for the Gila Gravity Main Canal
and Mittrey Lake,-provide substantial habitat for clapper rails. These are
the areas of major importance in the division.

West Pond, a small shallow water area apart from the river and lying just
west of the desilting works below Imperial Dam, was surveyed for clapper
rails in 1973. None were found there during the census period but seven
responses were noted during the habitat evaluation survey in late August
1974 l This area may be an important area in the migration of rails along
the river. Also black rails (Laterallus jamaicensis) have been located
in the extensive areas of three-square (Scirpus americanus) found in this
area.

Yuma Division - In the Yuma Division the Colorado River flows through a broad
flat valley interrupted near the town of Yuma by mesas bordering the river.
The river is smaller because of the water drawn out at the dams upstream.
Bank modifications have occurred along the first five miles downstream from
Laguna Dam. But the river flows through the remainder of the division
following a relatively straight path, the channel containing many islands
covered with or surrounded by emergent vegetation.

No clapper rails have been found the last two years in first five miles
of the division. But from river mile 669.5 to 672.3 and 673.4 to Morelos
Dam (river mile 683.7) habitat exists in a continuous band down the river.
In addition a section of the abandoned Alamo Canal, on the west side of
the river from Pilot Knob south to the Mexico-United States border,
contains habitat utilized by clapper rails.

Good habitat in this division was characterized by two factors. First,
the habitat, even though found in small parcels, forms a continuum
making each small area part of a much larger area and not just an isolated
patch. Yet the degree of separation of habitat areas separates rail
territories and reduces conflict between pairs which might occur if the
same amount of habitat were contained in one block. This would increase
the carrying capacity per unit area.

Second, the river was shallow in the areas of emergent vegetation. Adequate
shallow water habitat appears as a large portion of the marsh habitat as
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water depths were usually less than 1 foot. Even linear riverside strips of
habitat were on shallow bars.

A high population of herons were observed in this division. Most abundant
were green herons (Butroides virescens) with lesser number of great blue
herons (Ardea herodias) small areas of three-square bulrush exist
because of the large amount of shallow water area. These areas may provide
good habitat for black rails.

Habitat Requirements

Discussion

Large areas of emergent vegetation displayed the greatest use by clapper
rails. Frequently large areas didn't maintain the highest rail density but
size was directly proportional to the frequency that the parcel of habitat
would be occupied. Areas of homogeneous habitat larger than 12 hectares
(30 acres) were occupied by clapper rails more than 80 percent of the time;
and parcels of habitat 8 to 12 hectares (20 to 30 acres) in size were
occupied more than 57 percent of the time (Table 1). In all habitat areas
surveyed, 68 percent of the clapper rails located were in habitat areas
greater than 8 hectares (20 acres).

Habitat areas less than 4 hectares (10 acres) were occupied less than 20
percent of the time. However, numerous small parcels of habitat, closely
grouped, can provide all features found in one large area. It is more
likely that a large marsh area, whether comprised of small parcels or one
large parcel, will contain all habitat elements required by clapper rails.

Considering other things being equal, and the presence of basic habitat
requirements of emergent vegetation and standing water, the following
habitat characteristics appeared in areas of higher than average clapper
rail densities:

1. Water - flowing through many small channels, from 0.5 to 3 meters
(1.5-10 feet) wide either covered by vegetation or appearing as
open water.

- or appearing as small bodies of open water, 0.02 to 0.2
hectares (0.05 to 0.5 acres) in size.

2. Extensive areas of water where depth was less 0.3 meters (1
foot). Little or no daily fluctuation in water level.

3. High ground found in strips, or less importantly as small isolated
islands.

4. Emergent vegetation being cattail and bulrush with little or no
carrizo cane. In areas of carrizo cane stem density is generally
too high and there are few down stems.

Important Areas for Clapper Rails

Twenty-four areas of importance to clapper rails were noted and are identified
in Appendix 5 and Figures 1 through 7. Areas were deemed important by
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TABLE 1

FREQUENCY OF OCCUPATION OF DIFFERENT SIZE AREAS OF HABITAT
BY CLAPPER RAILS, 1973-1974

Size
Of

Area

Frequency, in Percent, of Occupation During Surveys
Topock
Gorge Parker Division Imperial Laguna Yuma All Areas

Division Sec. 1 Sec. 2 Division Division Division Surveyed

20+ hectares 100
(50 + acres) (6)1/

12-19.8 hectares 80
(30-49.5 acres) (10)

8-11.8 hectares 40
(20-29.5 acres) (10)

4-7.8 hectares
(10-19.5 acres) (26)

83
(6)

100
(2)

25
(4)

33
(6)

25
(16)

0
(4)

0
(2)

100
(2)

100
(2)

1 7
(6)

9
(54)

5
(44)

93
(14)

75
(16)

71
(41)

42
(12)

32
(28)

0
(4)

---
(0)

50
(4)

---
(0)

0
(6)

0
(10)

0
(12)

---
(0)

100
(4)

---
(0)

75
(4)

43
(46)

33
(88)

86
(28)

80
(38)

57
(30)

37
(60)

20
(212)

16
(204)

1.2-3.8 hectares 7
(3-9.5 acres)  (58)

0.2-1.0 hectare
(0.5-2.5 acres)

1/ Number of habitat parcels in each division.
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observing the number of rails found in each area during the yearly censuses and
by comparison of habitat with areas maintaining a high number of rails.

Four of the five areas of greatest importance to clapper rails are located
along the Colorado River; two of these areas comprise the delta area of the
Colorado River in Mexico. Over two years, these five areas have maintained
42 to 52 percent of all clapper rails located during the May censuses
(Table 2). Along the Colorado River, the two areas in the United States,
Topock Marsh and the area just above Imperial Dam have provided habitat for
27 to 31 percent of all clapper rails (Table 2). These figures varied from
1973 to 1974 and between figures used for total population size (Table 2).

All other areas of importance are located along the Colorado River. They
extend from the Topock Gorge Division to the Yuma Division with at least one
area from every intermediate division except the Palo Verde Division (Appendix
5, Figures 1 through 6). From almost 31 to 36 percent of all Yuma clapper
rails were located in these other areas of importance.

Therefore, 79 to 83 percent of all Yuma clapper rails located during May
censuses were found on areas herein classified as important. Of this number
of clapper rails found in important areas, 22 to 32 percent of these were
found on areas contained on national refuge lands, and 4 to 11 Percent on
State wildlife refuges. The Bureau of Land Management has control over the
area just above Imperial Dam, the single most important spot for the Yuma
clapper rail, as well as other areas in Laguna and Yuma divisions. The
ownership of other areas of importance to the Yuma clapper rail is divided
among private, Bureau of Reclamation and Indian reservation interests. The
ownership of land in the Colorado River delta in Mexico is unknown.
Please note that one area, Cibola Lake, was listed as an area of some
importance to Yuma clapper rails on the basis of only one year's census
results. Three other areas in the Imperial Valley, Salton Sea National
Wildlife Refuge, and the deltas of the New and Alamo rivers, were censused
only in 1974 and complete counts were not made. Rail densities for these
three areas are unknown, but if they are similar to those areas classed as
important in this report, then they too should be listed.
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TABLE 2

OCCUPATION OF AREAS IMPORTANT TO YUMA CLAPPER RAILS, 1973-1974

Percent of:

Percent of Clapper Rails Found in Areas of Importance
utmost Major Important Minor Total

1973 1974 1973 1974 1973 1974 1973 1974 1973 1974

No. rails reported located 42 52 13 11 13 11 11 8 80 83

No. rails for which location
data available 47 52 14 11 13 11 12 8 86 83

No. rails reported along
Colo. R.

No. rails reported excluding
Colo. R. delta

43 50 13 13 12 13 11 9 79 86

32 46 15 13 15 13 13 9 75 81

No. rails reported along
Colo. R. excluding Colo. R.
delta 32 42 15 15 15 15 13 11 75 84
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Members of Yuma Clapper Rail Recovery Team (not included)

Appendix 2
Agencies Performing Yuma Clapper Rail Censuses, 1973-1974
(not included)

Appendix 3
Yuma Clapper Rail Census Results., 1973-1974

Appendix 4
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Appendix 5
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APPENDIX 3

YUMA CLAPPER RAIL CENSUS RESULTS, 1973-1974

Division
Location No. Clapper Rails Found

River Section 1973 1974

Mohave Valley 104 1/

Topock Gorge

Main river channel
Topock Marsh

6
98

463/

Havasu

Topock Bridge-Blankenship Bend 23 62
Blankenship Bend-Castle Rock Bay 19 11

174/
255/

Parker 336/

Palo Verde

Cibola

Imperial

Laguna

Lake Havasu
Bill Williams Delta
Parker Dam-Headgate Rock Dam

n.c.
17
5

Section I 9
Agnes Wilson bridge-Hall Island 12
Hall Island-Palo Verde Diversion
Dam 8

n.c.

44

Horace Miller Co. Park-beg. new
channel cut 1

Old river channel to Adobe Ruin 24
Cibola Lake 19

3348/

Adobe Ruin-Light House Rock 38
Light House Rock-mouth Taylor Lake 27
Mouth Taylor Lake-rivermile 649 64
River mile 649-Imperial Dam (incl.
Martinez Lake) 139

8811/

Gila Gravity Main Canal overflow
area 26

Imperial Dam-Laguna Dam 16
Mittry Lake 46

59

n.c.l/

59

73

n.c.
25
11

4 7 /

16
3

9

n.c.

20

n.c.
20
n.c.

3149/

2110/

13
38

241

5110/

27
4110/

2010/
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APPENDIX 3 (CONT.)

YUMA CLAPPER RAIL CENSUS RESULTS, 1973-1974

Location No. Clapper Rails Found
Division River Section 1973 1974

Lower Gila 14 18

Yuma 57 12/
76

Laguna Dam-downstream end of
channel

End of channel-RR bridge at Yuma
RR bridge at Yuma-Morelos Dam

Limitrophe

4 0
26 28
29 48

7 13/ 7

Colorado River
D e l t a

Marsh Area
Rio Hardy

145+14/ 104+
74
30

Total Colorado
River 88915/ 78716/

Imperial Valley n.c. 134

Wister Unit-Imperial W.A.
Finney-Ramer Unit-Imperial W.A.
Salton Sea N.W.R.
Alamo River Delta
New River Delta

86
86
15+
12+
16+

Total Yuma
clapper rail
population
censused 90516/ 92117/

1/ Location Maps-show 108 dots representing 108 clapper rails.

2/ n. c. indicates no count made
Smith (1974a) reported 115 birds located during breeding season.

Location Maps show 42 dots representing 42 clapper rails.
4/   "   "   "     22   "   "   "   22   "  "  "
5/ Raw data indicate 36 clapper rails found.
6/ Location Maps show 29 dots representing 29 clapper rails.
7/ Raw data indicate 28 clapper rails found.
8/ Location Maps show 268 dots representing 268 clapper rails.
9/ Raw data indicate 313 clapper rails found.
10/ Only a partial count was made of this area during 1974.
11/ Location Maps show 74 dots representing 74 clapper rails.
12/   "   "   "     59    "    "   "    59   "  "   "
13/   "   "   "     8    "   "    "     8    "    "    "    
14/  + indicates count only partial and not a full census of the area.
15/ Location Maps show 813 dots representing 813 clapper rails.
16/ Raw data indicate 785 clapper rails found.
17 Raw data indicate 919 clapper rails found.
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Yuma Clapper Rail 5-Year Review - 2006                      

 

 
 

5-YEAR REVIEW 
Species reviewed:  Yuma clapper rail / Rallus longirostris yumanensis 

Date completed: May 30, 2006 
Period covered by review: 2000-2005 

 
 
 

METHODOLOGY USED TO COMPLETE THIS 5-YEAR REVIEW 
 
The U.S. Fish and Wildlife Service (FWS) conducts status reviews of species on the List of 
Endangered and Threatened Wildlife and Plants (50 CFR 17.12) as required by section 
4(c)(2)(A) of the Endangered Species Act (Act) (16 U.S.C. 1531 et seq.).  The FWS provided 
notice of this status review via the Federal Register (FR) and e-mail contacts with knowledgeable 
individuals and agencies requesting information on the status of the Yuma clapper rail, Rallus 
longirostris yumanensis, (herein after referred to as the clapper rail).  We received three 
responses to the FR notice (Appendix A).  One from a member of the public provided no new 
information and recommended the species be retained as endangered.  The other two, one from 
Bureau of Land Management (BLM) in St. George, Utah, and the other from Arizona Game and 
Fish Department (AGFD), provided summaries of existing information.  No significant new 
information was obtained through the responses.   
 
This review was prepared by Lesley Fitzpatrick, Fish and Wildlife Biologist in the FWS Arizona 
Ecological Services Office (AESO) (602/242-0210 x236) and reviewed by scientific staff at the 
FWS Region 2 Regional Office, several cooperating FWS offices, Dr. Courtney Conway of the 
U.S. Geological Survey, Cooperative Fish and Wildlife Research Unit at the University of 
Arizona, the AGFD, and the California Department of Fish and Game.  Comments were received 
from those entities outside of the FWS Regional Office in the list provided on page 2 of this 
document that are marked with an asterisk (*).  A list of commenters is also included as 
Appendix B.  Responses to the FR notice and comments on the draft review are on file in the 
ASEO. 
 
In addition to information provided by individuals and agencies to the FR notice, we examined 
our files for recent survey information, research results, habitat management, and conservation 
actions not reflected in the most recent recovery report to Congress.  These documents are cited 
herein and copies are maintained at the ASEO.     
 
Limited new biological information was obtained for the review; therefore the decision process 
focuses mostly on the conservation status of the clapper rail in 2005 in reaching the 
recommendations contained herein.  
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GENERAL INFORMATION 

 
FR Notice announcing initiation of this review:  70 FR 5460-5463 
 
Lead Region:  Region 2, Southwest Regional Office (RO):  Bryan Arroyo, Assistant Regional 
Director for Ecological Services (505/248-6920) 
 
Lead Field Office:  Arizona Ecological Services Office (AESO):  Steve Spangle, Field 
Supervisor (602/242-0210 x244) 
 
Name of Reviewer(s):   FWS RO: Wendy Brown   (505/248-6664) 
       Steve Chambers  (505/248-6658) 
       Tracy Melbihess  (505/248-6665) 
      Dr. Courtney Conway   (520/626-8535) 
      Bill Van Pelt, AGFD*  (602/789-3573) 
      Dr. John Gustafson, CDFG* (916/653-4875)     
 
Cooperating Field Office(s):  
Region 2: 
 Havasu National Wildlife Refuge* 
 Bill Williams River National Wildlife Refuge 
 Cibola National Wildlife Refuge 
 Imperial National Wildlife Refuge* 
Region 1: 
 Carlsbad Fish and Wildlife Office* 
 Sonny Bono Salton Sea National Wildlife Refuge* 
 
Cooperating Region(s):  Region 1: California-Nevada Operations Office 
 
 

BACKGROUND 
 
 
Existing Recovery Plan or Outline:  Yuma Clapper Rail Recovery Plan 1983.   
 
Species Existing Recovery Priority Number:  6   
 Recovery Priority is a FWS ranking system published in the Federal Register on 

September 21, 1983 (48 FR 43098-43105).  The system is based on the degree of threat 
to the listed entity, the potential for recovery, and the taxonomic status of the listed entity.  
Priority numbers range from 1 to 18 based on determinations of “high,” “medium,” or 
“low” for these factors.  For the clapper rail, the recovery priority number was 
determined by considering the high degree of threat from loss of habitat due to lack of 
natural river processes creating and maintaining marshes, lack of security relative to the 
protection of existing habitat, a low chance of recovery because of habitat losses in the 
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United States, the lack of protection for the clapper rail’s habitat in Mexico, and that this 
is a subspecies. 

 
Listing History 

 
Original Listing:  Endangered subspecies (32 FR 4001, 11 March 1967).  The clapper 

rail listing covered only those populations that occur in the United States and not 
those in Mexico.  The historical basis of this originated when the clapper rail was 
listed under the Endangered Species Preservation Act of 1966, which only 
recognized United States species.  The clapper rail appeared on the list under that 
Act in 1967.  Foreign species were not listed until after passage of the Endangered 
Species Conservation Act of 1969.  The first list of foreign species under the 1969 
Act did not include the clapper rail, so it was not considered to be listed in 
Mexico when the United States and foreign lists were combined after the 
Endangered Species Act of 1973. 

 
Revised Listing:  There have been no revisions to the listing.  A downlisting package 

was prepared for the Federal Register in 1983; however, flooding of important 
clapper rail habitat on the lower Colorado River (LCR) in that year resulted in the 
proposal not being published.  Instability of population numbers after 1983 
precluded reconsideration of the proposal.  

 
Associated Actions:  There were no associated actions completed.  A draft of critical habitat was 

developed in the early 1980s but was never formally proposed or finalized. 
 
Review History:  Previous reviews have not been conducted.  Status of the clapper rail has been 

summarized for biological opinions and habitat conservation planning activities, but these 
do not constitute a formal status review under section 4(c)(2)(A) of the Act. 

 
Most recent Species Status as reported in the Biennial Recovery Report to Congress: 
 
 Species Status:  S (Stable) 

The species status is considered stable based on the 1998-2002 survey data that showed 
clapper rail numbers remaining in the range of 500-600 birds.  Although the 1998-2002 
numbers appear to show a decrease from the 1994-1997 survey data, the decrease may 
reflect a change in survey effort rather than an actual decrease in birds.  Specifically, a 
reduction in survey effort in the Imperial Division and lack of surveys from the Laguna 
Division in 1998-99 may be a factor in the reduction in numbers beginning in 1998.  The 
numbers of clapper rails detected on the survey routes increased again in 2003, after the 
reporting period for this report to Congress (see Appendix C for survey information).    

 
 Recovery Achieved:  3 
 Approximately 75% of the recovery plan tasks have been completed, many of which 

were addressed in a single life history study (Eddleman 1989).  Others are subsumed into 
related tasks: for example, protection of wintering habitat is now part of protection of 
breeding habitat in the LCR populations, as these birds are likely non-migratory.  Several 
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important tasks relating to habitat management have not been completed, and new threats 
have emerged since the recovery plan was completed in 1983.  For example, 
establishment of required flows to maintain habitat has not yet been accomplished, but 
may be needed as a mechanism to address selenium accumulation in marshes rather than 
ensure habitat creation, as was conceived when the recovery plan was written. 

 
Reference Point Documents: 
Biological Opinion for the Lower Colorado River Multi-Species Conservation Program (LCR  
 MSCP) (USFWS 2005) 
LCR MSCP Habitat Conservation Plan (LCR MSCP 2004) 
Biological Opinion for Bureau of Reclamation Voluntary Fish and Wildlife Conservation  
 Measures and Associated Conservation Agreements (USFWS 2002) 
Eddleman, W.R. 1989.  Biology of the Yuma Clapper Rail in the Southwestern U.S. and  
 Northwestern Mexico.  Report to U.S. Fish and Wildlife Service and Bureau of  
 Reclamation.  Wyoming Cooperative Research Unit, University of Wyoming. 
Hinojosa Huerta, O., S. De Stefano, and W.W. Shaw.  2000.  Abundance, Distribution, and  
 Habitat Use of the Yuma Clapper Rail (Rallus longirostris yumanensis) in the Colorado  
 River Delta, Mexico.  USGS: Arizona Cooperative Fish and Wildlife Research Unit,  
 University of Arizona, Tucson. 
________________, H. Iturribarría-Rojas, and E. Zamora-Hernández.  2003.  Status of the Yuma  
 Clapper Rail and California Black Rail in the Colorado River Delta.  Report for the  
 Sonoran Joint Venture.  Pronatura Sonora, San Luis Rio Colorado, Sonora, Mexico. 
 
 

REVIEW ANALYSIS 
 
I. DPS Policy:  Is the species under review listed as a Distinct Population Segment 

(DPS)?  No.  However, the listed population of clapper rail is a defacto DPS because 
only the United States populations are listed, not those in Mexico.  As part of this 5-year 
review, the three elements for the designation of a DPS were reviewed to determine if the 
clapper rail would qualify for a DPS designation (61 FR 4722).  The United States 
population is discrete from the population in Mexico because it is delineated by the 
international boundary (2nd criterion for discreteness). Although migration and dispersal 
between United States and Mexico populations are not well understood, it is known that 
at least some populations on the LCR are resident (Eddlemman 1989).  There are 
significant differences in the level of protection and management afforded to the clapper 
rail in the United States and Mexico.  United States populations are considered 
endangered under the Endangered Species Act, while the Mexican population is not listed 
under the Act.  Although it is considered threatened under Mexico’s endangered species 
act, there is little enforceable protection for the subspecies in Mexico.  Further, the 
United States population is significant because its loss would significantly reduce the 
range and numbers of the subspecies (2nd criterion for significance).   

 
II. Recovery Criteria: Does the species have a recovery plan?  Yes. 

The Yuma clapper rail recovery plan was signed in 1983 (USFWS 1983).  No revisions 
have been made to the plan.  
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A. Does the recovery plan contain downlisting, delisting, and/or uplisting 

criteria? Yes. 
 

The recovery plan recommended downlisting the Yuma clapper rail at the time 
the recovery plan was being written, as a stable breeding population of 700-1000 
individuals in the United States had been documented for 10 years.  That 
population size reflects the clapper rail survey results between 1969 and 1981; a 
population viability analysis or other scientific rationale is not present in the plan 
to further explain or support the recommended population size.  Downlisting of 
the Yuma clapper rail was considered in 1983 but never finalized.  

 
 The recovery plan contains the following delisting criteria: (1) clarification and 
evaluation of the breeding and wintering status of the species in Mexico; (2) 
surveys for the species and its habitat are established; (3) management plans are 
developed for important Federal and State controlled breeding areas; and (4) 
written agreements are effected with agencies having control or responsibility 
over clapper rail habitats in the United States and Mexico to protect sufficient 
breeding and wintering habitat to support a population of 700-1,000 breeding 
birds in the United States.   

 
The step-down outline includes the following tasks: surveys for the species in the 
United States and Mexico, including an assessment of the status of the unlisted 
populations in Mexico; defining biological requirements and life history 
information; maintaining breeding and wintering habitat; and providing public 
information and outreach.   

 
B. Do the recovery criteria for delisting, downlisting, and/or uplisting criteria 

address both biological factors and threats to the species?   
 

The recovery plan contains downlisting and delisting criteria that were based on 
the known biology of the species and the identified threats (limiting factors) at the 
time.  The presence and extent of marsh habitat and the availability of a forage 
base are identified in the recovery plan as the limiting factors to clapper-rail 
recovery.  Decline in marsh habitat and forage base due to river management are 
identified as significant threats.  Predation by mammals and birds and use of 
pesticides in or adjacent to clapper rail habitats are briefly mentioned, but the 
potential significance of the threat is not assessed.  Hunting is not deemed a 
significant threat. The loss of marsh habitats on non-Federal lands due to 
riverfront development and increasing human use was not assessed as a threat to 
the clapper rail.  The criteria address the threats of habitat loss on State and 
Federal lands due to river management through the development of written 
agreements and management plans to provide protection and management for 
those habitats.  Criteria also address the need for improved information on the 
status of birds and their habitat in the United States and Mexico by calling for 
surveys and habitat evaluation.  
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Increasing selenium levels in important rail habitat has been identified as a new 
threat since the recovery plan was completed (see discussion in III), and urban 
development on private lands along the LCR and Gila River may also be 
adversely affecting clapper rail populations.  While loss of wetlands is mitigated 
under the Clean Water Act section 404 requirements, ongoing human disturbance 
and introduction of contaminants may reduce habitat quality near these 
developments.  Although these are newly recognized threats that were not 
specifically addressed in the recovery plan criteria or tasks, they can be 
considered components of the recovery criteria to maintain suitable breeding and 
wintering habitat.  Similarly, although subsequent research (i.e., Eddleman 1989) 
has altered the known biology of the clapper rail and rendered moot some of the 
recovery plan tasks, the focus of the delisting criteria to provide for the 
maintenance of habitat to support the clapper rail populations throughout its range 
remains relevant. 

 
In summary, the criteria are broadly threat-based and therefore require existing 
threats, as well as new threats, to be lessened and alleviated before the species can 
be considered recovered.  However, the plan would not meet current recovery 
planning standards due to its lack of a detailed 5-factor analysis and lack of an 
adequate justification to support the population numbers (700-1,000 birds) 
identified in the downlisting and delisting criteria.  

 
 
C. Discuss how each criterion has or has not been met. 

 
With the available information from annual surveys, we are unable to ascertain if 
the downlisting criteria to maintain a stable population of 700-1,000 birds in the 
United States has been met.  Populations have fluctuated 46% in the period 1995-
2005, in part due to changes in survey effort, survey protocol and observer 
experience, and habitat changes.   

 
The delisting criteria for evaluating the species’ status in Mexico and providing 
for annual surveys in the United States have been met, although the total breeding 
habitat has not been surveyed every five years as recommended by the recovery 
actions.  The annual surveys in the United States provide trend data on sites 
primarily on Federal and State lands, and although these have been conducted 
every year since 1972, the quality of the data has varied.  Surveys during the last 
six years have been more consistent in terms of annual effort and consistent use of 
the protocol.  The delisting criterion for development of management plans has 
been partially met and there are ongoing efforts to complete this task within the 
next two years.  The delisting criterion for having written agreements to protect 
clapper rail habitat in the United States and Mexico has been partially met 
through the development and implementation of the management plans, and other 
planning documents such as Resource Management Plans by Bureau of Land 
Management for their lands on the LCR and the protective designation of the 
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Cienega within the Upper Gulf of California/Colorado River Delta Biosphere 
Reserve in Mexico.   

 
III. Current Species Status and New Information   
 

A. Improved Analyses:  Has application of any improved analytic methods 
resulted in relevant new information?  No.   

 
We are in the process of modifying the annual clapper rail survey protocol to 
incorporate the Standardized North American Marsh Bird Monitoring Protocols 
(Conway 2005).  Dr. Courtney Conway of the Cooperative Fish and Wildlife 
Research Unit, University of Arizona, is developing a call CD and data form for 
the official surveys that will be used starting in 2006.  The new survey protocol 
will enable a more rigorous evaluation of annual survey data to provide more 
precise tracking of population trends and evaluation of the effects of marsh 
vegetation management actions.  The new survey will not provide appropriate 
data to estimate populations; it will continue to show the number of birds counted.  
The annual survey data can be used to determine whether the recovery plan 
requirements for a breeding population of 700-1000 birds in the United States has 
been met, as the data represent a minimum number of birds present.  The new 
survey also includes the California black rail (Laterallus jamaicensis 
coturniculus) and western least bittern (Ixobrychus exilis hesperis), two species of 
concern along the LCR.  

  
B. Species Status and Baseline:  New Information on Biology and Habitat 

1. Population information:  Information on clapper rail populations is 
obtained through annual habitat surveys in the United States.  
Transects established in the 1970s generally remain in use, although 
new transects have been established.  Transects are placed in areas 
with significant marsh habitat and clapper rail populations; they are 
not randomly located.  The purpose of the original survey protocol was 
to obtain population trend information.  The survey data provide a 
count of individual clapper rails that respond to the taped calls on 
specified transects; it does not provide an estimate of the total 
population.   

 
Clapper rail numbers on the survey routes fluctuate due to population 
dynamics, habitat quality, surveyor expertise, timing of the surveys 
within the official period, and other factors. Survey data have ranged 
from a low of 503 birds to a high of 900 in the last ten years: LCR data 
have ranged from 217-445; Gila River data has ranged from 10-116; 
and Salton Sea data has ranged from 234-523 (see Appendix C; also, 
survey information for Arizona was summarized by AGFD in response 
to a request for information for this status review (AGFD 2005), 
Appendix A). Two recent biological opinions (USFWS 2002, 2005) 
contain the most up-to-date summary of the species’ status at the 



Yuma Clapper Rail 5-Year Review-2006                     
 

8

Salton Sea and along the LCR, based on the survey information in 
Appendix C.  The Virgin River population was adversely affected by 
winter floods that scoured marsh areas along the river (BLM 2005), 
and may take some time to recover depending on flows.  The central 
Arizona population along the Gila River below Phoenix was also 
adversely affected by scouring due to winter flooding. However, 
damage to this habitat was not extensive and flows continue to support 
natural restoration.  Clapper rail habitats on the lower Gila River near 
Yuma were not as affected as the central Gila habitats by the higher 
flows.  Habitats and populations on the LCR and Salton Sea were not 
affected by recent weather events that altered flows in the tributaries. 
 
The largest population of the clapper rail is found at the Cienega de 
Santa Clara in Mexico (Hinojosa Huerta et al. 2000, Hinojosa Huerta 
et al. 2003), a large wetland located in the state of Sonora east of the 
Colorado River channel that was re-created when saline drain water 
from the Yuma area was sent into Mexico via a drainage canal 
beginning in the 1980s.  The estimated population at the Cienega has 
varied due to changes in habitat quality from a high of 6,300 in 1999 
with a 23% decline through 2002 to 4,850 in 2003.  During the 1960s 
and 1970s, significant Yuma clapper rail populations inhabited the 
Colorado River delta wetlands in Mexico.  Some of these, particularly 
along the Rio Hardy, are being restored and the number of clapper 
rails is increasing (Hinojosa Huerta et al. 2003). While the birds in 
Mexico are not listed under the Endangered Species Act (they are 
listed as threatened by Mexico under their endangered species act), the 
stability of this population is important for the subspecies as a whole 
because this population, at 2-6 times the United States population, is 
the largest component of the total population and, if migration from 
this area to the United States does occur, these birds may be the source 
population for clapper rail populations throughout the range.  In 
addition, studies of habitat components in the Cienega may provide 
important information for the management and creation of high quality 
habitat in the United States, as it supports the highest known density of 
clapper rails. 

 
2. Demographic/life history information:  Eddleman (1989) provides the 

most comprehensive information on clapper rail life history and 
habitat features.  Research from the Cienega has clarified additional 
habitat components (Hinojosa Huerta et al. 2000).  Significant new 
information on demographics and life history has not been developed 
since the completion of the Eddleman report. 

 
3. Spatial distribution:  Clapper rail populations in the United States are 

concentrated along the LCR from the vicinity of Laughlin, Nevada to 
Yuma, Arizona.  Important clapper rail areas along the river include 
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four National Wildlife Refuges (NWR): Havasu, Bill Williams River, 
Cibola, and Imperial; and the state of Arizona’s Mittry Lake Wildlife 
Area.  At the Salton Sea in the Imperial Valley of southern California, 
important clapper rail areas include the Sonny Bono Salton Sea 
National Wildlife Refuge and the state of California’s Imperial 
Wildlife Area.  The third significant area in the United States is the 
Gila River from Phoenix to Yuma, Arizona, with population clusters 
along the river from Phoenix to Gila Bend, and in the lower portion of 
the river from Wellton to Yuma (Figure 1).  Surveys are focused on 
these important habitat areas (see Appendix C).  In the 10-year period 
from 1996-2005, rail survey data varied between 503 and 885 birds.  
Over this period, the Salton Sea habitats contained approximately half 
of the clapper rails detected, with the LCR supporting the other half.  
The Gila River populations are a smaller component.   

 
Recent surveys for other bird species documented the presence of the 
rail around Lake Mead near Las Vegas, Nevada, in the lower Virgin 
and Muddy Rivers of southern Nevada, and northern Arizona.  These 
records were summarized in Garnett et al. 2004 (Appendix C) and 
mentioned in the BLM response (BLM 2005 in Appendix A).  These 
new Nevada locations are a minimum of 80 miles north of the 
previously known locations near Laughlin, Nevada.  Because these 
new northern records resulted from the initiation of surveys 
undertaken for other species, it is not clear if these new locations 
represent a recent range expansion or if they are long established areas. 

 
Clapper rail movement patterns, including migration and dispersal, 
between the United States populations and the populations at the 
Cienega de Santa Clara in Mexico are not well understood.  The 
location of the winter range for migrants from the United States is 
unknown, but presumed to be in Mexico.  Individuals from the 
Mexican population may disperse to the United States, potentially 
serving as important sources of genetic variance within the species, as 
they constitute the largest population unit.  Eddleman (1989) 
documented that at least some portion of the clapper rail population on 
the LCR was resident (non-migratory).  The degree of residency for 
clapper rails in central Arizona and southern Nevada is unknown.  
Information provided by AGFD in their scientific review of this 5-
Year Review (AGFD 2006 in Appendix B) indicates that migration 
may occur in the central Arizona populations, but no studies have been 
initiated to track birds between population areas. Similarly, we have 
very limited general information on daily movements of adults or 
dispersing juveniles.  However, the first records of clapper rails on the 
LCR and Salton Sea summarized in the recovery plan provide an 
inference that clapper rails can travel significant distances and 
successfully disperse to new habitats.  The movement of clapper rails 
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up the Gila River to the Phoenix, Arizona area is another likely 
example, though distribution records do not provide certainty of this.  
The 2002 record for a clapper rail at Roosevelt Lake, 70 miles from 
the nearest Phoenix record, also suggests the dispersal ability of the 
species (USFWS 2003).  Habitat that can be used by migrating, 
dispersing or transient individuals connects the LCR, Gila River, and 
Mexican populations, so movement of individuals is not precluded.  
The only examination of clapper rail genetics that has been conducted 
was part of a study of light-footed clapper rail genetic variability and 
provided limited data (Nusser et al. 1996).  No other genetic 
information is available to compare the populations or make inferences 
about connectivity between populations. 

 
4. Habitat requirements:  Clapper rail habitat includes marshes along 

rivers, backwaters, and in drains or sumps supported by irrigation 
water (Eddleman 1989, Hinojosa Huerta et al. 2000).  Most available 
habitat occurs in fixed locations where natural processes of marsh 
creation, destruction, and re-creation do not operate due to 
management control of the LCR water (USFWS 2005).  Because of 
current water management regimes, marshes on the LCR age out of 
suitability over time due to build-up of dead plant materials that fill in 
water-filled depressions and result in the conversion of the marsh to 
dry land.  As the marshes age and become decadent, they lose habitat 
suitability for clapper rails.  Active management is then needed to 
maintain the marshes in place of the natural cycle of river flows.  
Along the Gila River below Phoenix, natural cycling of the marsh 
habitat still occurs, enabling marsh recovery after flood events.  
Declines in clapper rail numbers during surveys at established sites 
may be, in part, the result of marsh decadence in some areas.   
 
At the Salton Sea, most clapper rail habitat was created in fields and 
farm units designed for waterfowl and other migratory birds, and the 
amounts remain relatively stable over time.  Prescribed fire has been 
used at the Salton Sea on Sonny Bono Salton Sea NWR and Imperial 
Wildlife Area, and information on burned areas is provided during 
annual survey reports to the FWS.  Prescribed fire is also used along 
the LCR on Mittry Lake Wildlife Area and Havasu and Imperial NWR 
as part of a research study on the effects of fire on clapper rails with 
the intent to restore habitat quality in overgrown cattail marshes.   In 
the Cienega, maintenance of existing habitats has been identified as a 
critical need, resulting in funding through the Sonoran Joint Venture 
for a prescribed burn in 2005.  Because questions remain about the 
efficacy of prescribed fire and the appropriate periodicity of 
application in clapper rail habitat, an ongoing study on the effects of 
prescribed fire to artificially set-back clapper rail habitats and allow 
for cattail re-growth is underway.   Preliminary results of post-burn 
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monitoring suggest that the technique has promise for habitat 
management (Conway and Nadeau 2005); additional information on 
the appropriate application, benefits, and risks of this management will 
be available upon completion of the study.   
 
Estimates of the total amount of rail habitat in the United States have 
not been made since the 1970s.  Using information from management 
plans for the Salton Sea populations, the LCR NWR Comprehensive 
Management Plan (USFWS 1994), and recent data from the Cienega, 
marsh habitat that may contain suitable clapper rail habitat is estimated 
at greater than 10,000 acres for the Salton Sea and LCR (estimates for 
the Gila River are not available), and over 15,000 acres at the Cienega 
(see Appendix D).  

 
C. Threats: Five-factor Analysis 

1. New Information 
  a) The present or threatened destruction, modification, or curtailment 

of its habitat or range:  The threat of selenium accumulation in the rail 
habitat has been identified as a potentially significant new threat since 
the recovery plan was written.    
 
Eddleman (1989) identified selenium as a potential threat to the 
survival and recovery of the clapper rail.  High levels of selenium can 
result in acute toxicity, chronic poisoning and tissue damage, and 
reproductive impairment (e.g., developmental abnormalities, embryo 
mortality, and reduced survival or growth of young) in birds.  The 
adverse effects of selenium have been well documented in birds since 
the problem was identified at Kesterson NWR in the San Joaquin 
Valley of central California.  The LCR (including the Salton Sea and 
Mexico) does not contain local sources of selenium that contribute to 
selenium levels in the biological environment.  However, the Colorado 
River in the Upper Basin (Utah, Wyoming and Colorado) picks up 
selenium from the seliniferous soils of the Mancos shale formations 
(return flows of irrigation water are the primary vector) and transports 
it to the LCR.  Selenium is concentrated in the water through 
evaporation, and then becomes deposited into the sediments and can 
be accumulated by vegetation, invertebrates, and fish.  Clapper rails 
become contaminated through their diet of crayfish, other 
invertebrates, and fish.  Even at the current level of 2 ppb in the LCR 
water, selenium is likely accumulating in sediments and clapper rail 
forage species.  Levels of selenium in LCR-supported clapper rail 
habitats in the United States and Mexico may have increased over the 
last 10-15 years due to irrigation returns (historic data on pre-
development selenium levels is not available) and are at levels above 
that considered of concern for reproductive impairment (King et al. 
2000).  Earlier studies (Rusk 1991, Roberts 1996, Andrews et al. 1997, 
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Garcia-Hernández et al. 2000) documented selenium as an issue of 
concern for the clapper rail in the LCR and the Salton Sea, and 
suggested that it could become a concern in the Cienega de Santa 
Clara in Mexico.   
  
There is no documented evidence of reproductive impairment in the 
clapper rails; however, the cryptic nature of the species and difficulty 
in locating nests and young birds make casual observation of these 
effects extremely unlikely.  Increases in selenium levels may threaten 
the ability of the habitats to support breeding populations of the 
clapper rails.  Studies cited above have investigated the issue through 
surrogates (forage base, sediments, and other bird species) to frame the 
parameters of the problem.  A proposal to assess selenium levels s in 
clapper rails was developed and funded through the FWS 
Environmental Contaminants Division in 2006, with a completion date 
in 2011.   
 
More generally, habitat modification and loss remains an ongoing 
concern in the recovery of the Yuma clapper rail (see discussion under 
New Information on Biology and Habitat).  Increasing development 
along the LCR and interior Arizona rivers may have direct and indirect 
effects to clapper rail and habitat conditions, and water management 
regimes have the potential to impact clapper rail habitat.  For example, 
while the Sonny Bono Salton Sea NWR and Imperial Wildlife Area 
populations at the Salton Sea will continue to receive LCR irrigation 
water, both entities must purchase this water from Imperial Irrigation 
District.  Although these uses are considered high priority agricultural 
users, the cost and availability of the water is not guaranteed. With the 
Quantification Settlement Agreement (a California program to provide 
for intra-State water transfers to meet urban needs without exceeding 
the State’s 4.4 million acre-feet/year LCR allocation), Imperial 
Irrigation District is capped at 3.1 million acre-feet per year, which is a 
reduction over its previous use.  During times of shortage, lower 
priority uses could be cut back, and higher priority users may incur 
increased costs for water, both of which could limit supplies to the 
clapper rail habitats.  
 
However, given that these types of threats remain, existing Federal and 
State-controlled habitats in the United States are more protected now 
than at the time of listing, and options for management have increased 
significantly.  For example:    

 
The recently approved LCR MSCP will provide substantial 
conservation benefit for LCR clapper rail habitats.  The LCR MSCP is 
a 50-year, comprehensive Habitat Conservation Plan (HCP) that 
addresses the effects of water use and hydropower generation on the 
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LCR on 26 species including the clapper rail.  The plan provides for 
creation of 512 acres of clapper rail habitat (a net gain of 269 acres 
over that presumed to be lost due to covered actions), maintenance of 
habitat quality, species monitoring and research efforts, and funding to 
maintain existing habitats along the LCR (particularly on the NWRs 
and Mittry Lake Wildlife Area) that are threatened with elimination 
over time by natural aging processes (LCR MSCP 2004).  Clapper rail 
habitat will be created in a landscape mosaic on lands along the LCR 
corridor and in adjacent areas (lower Gila River, Virgin River) in 
proximity to currently inhabited areas.   

 
The Bureau of Reclamation and California partners will create 190 to 
652 acres of new marsh habitat at the Salton Sea to offset losses to 
Imperial Irrigation District drain habitats from reduced water flows 
and increased selenium levels due to water transfers (USFWS 2002, 
CDFG 2006)) from the Imperial Irrigation District to California 
coastal cities.  Future transfers would result in the implementation of 
additional conservation measures with similar effects.  In addition, 
ongoing programs to protect and restore the avian and aquatic habitats 
present at the Salton Sea have committed to maintain existing 
important wildlife habitats, specifically including the clapper rail 
habitat on the Sonny Bono Salton Sea NWR and Imperial Wildlife 
Area.  We anticipate that water for the refuge and wildlife areas will 
continue to be purchased from Imperial Irrigation District (availability 
and funding constraints may exist in the future and affect the amount 
and quality of the water provided) and will be canal-delivered LCR 
water, not drain water with its higher salinity and selenium levels.  
Canal delivery of LCR water will not prevent future increases of 
selenium in the habitats, as accumulation is already occurring, but it 
would result in less of an increase than would result from use of the 
higher selenium drain water.   

 
Clapper rails in interior California outside of the two Salton Sea 
population centers will also be included in the Coachella Valley Multi-
Species HCP, and, should the contemplated Imperial Irrigation District 
HCP be completed, the protection or restoration of the remainder of 
the important drain habitats would be included.  In the Virgin River, 
clapper rails will be included in the Virgin River Conservation Plan, 
which may provide protection for existing habitats not currently 
protected, or provide for the development of new habitats.  The only 
important clapper rail areas not included in conservation programs are 
those in the Phoenix area and the Gila River below Painted Rock 
Reservoir to Yuma.  Clapper rail habitat in these areas exists on a 
patchwork of private, State, and limited Federal lands.  The waters in 
the Gila River that support these marshes include treated effluent 
allowed to pass down river to agricultural users in the Phoenix area 
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and irrigation return flows or seepage flows in the lower reaches of the 
Gila River.  Efforts to provide protection for some of these habitats 
through Safe Harbor or HCP planning have not begun. 

 
Specific plans that guide habitat management for rails are in place on 
the Sonny Bono Salton Sea NWR and are under development for the 
LCR NWRs.  The current Refuge plans on the LCR provide for the 
maintenance of endangered species habitats, but do not specifically 
describe the extent or commitment for clapper rails (USFWS 1994).  A 
draft management plan exists for clapper rails on Bill Williams River 
NWR, and other plans are being developed by other Refuges on the 
LCR.  Imperial Wildlife Area has a very specific management 
program to maintain habitat for the clapper rail.  AGFD wildlife areas 
have management plans that provide for clapper rail habitats, 
particularly at Mittry Lake Wildlife Area on the LCR (AGFD 1997), 
Quigley Ponds on the lower Gila River, and Arlington Wildlife Area 
near Phoenix.  Improvements to clapper rail habitats are planned for 
Quigley and Arlington, and Mittry Lake is a test area for prescribed 
fire.  

 
Habitat protection for the Cienega de Santa Clara remains a significant 
threat to the clapper rail because the Cienega’s water supply is entirely 
dependent on drain flows from the United States water, which could be 
cut at any time.  The land base of the Cienega is protected in the Upper 
Gulf of California and Colorado River Delta Biosphere Reserve.  And, 
plans for the management and enhancement of the wildlife value of the 
Cienega are included in the management of the Reserve and through 
the recent Bird Conservation Plan for the Colorado River Delta, Baja 
California and Sonora, Mexico (Hinojosa Huerta et al. 2004).  
However, with the recent five-year drought lowering the water levels 
in Lake Mead and potentially affecting water deliveries to Arizona that 
would reduce the amount of water in the LCR, there is considerable 
interest from Arizona water users in reducing the amount of Arizona’s 
potential return flow water that currently goes to the Cienega (which 
reduces the amount of Arizona return flow credit since the water does 
not return to the LCR).  Options to increase return flow credit include 
modifying the operation of the Yuma Desalting Plant, leasing of water 
from land-fallowing agreements, additional groundwater pumping to 
replace water currently diverted to the Cienega, and others.  Some of 
these options would reduce the amount of water reaching the Cienega, 
resulting in a significant loss of marshlands that support the clapper 
rail.  The United States has no formal responsibility to maintain the 
Cienega; however, a group of individuals, acting outside of their 
respective agencies, has prepared a white paper that examines methods 
to provide water savings without adversely impacting the Cienega.  
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This is an important step in a united effort to preserve this important 
habitat. 

   
b) Overutilization for commercial, recreational, scientific or 
educational purposes:  This is not a threat for the clapper rail.  

 
c) Disease or predation:  This is not a threat for the clapper rail, except 
in the context of increasing selenium levels causing threats to clapper 
rail health and reproductive success.  

 
  d) The inadequacy of existing regulatory mechanisms:  This remains a 

significant threat for the Cienega de Santa Clara population.  Until 
agreement is reached between the United States and Mexico on 
provision of water for the Cienega, this threat will not be abated (see 
discussion at C.1.a.). 

 
e) Other natural or manmade factors affecting its continued existence:  
There are no other identified factors.  The threat of selenium 
accumulation is discussed under “The present or threatened 
destruction, modification, or curtailment of its habitat or range.” 

 
2. Threats Assessment (5-Factor Analysis): Given the updated 

information, provide an analysis of the threats to the species in the 
context of the 5 listing factors.   

 
It is clear that threats to the clapper rail remain and impact the species 
to an unknown degree.  The two most significant current or potential 
threats to the clapper rail are the increasing presence of selenium in 
their habitat and the lack of protection for the existing water source to 
the Cienega de Santa Clara.  While we have not quantified the effects 
to clapper rail reproduction from current levels of selenium, levels are 
within the range of concern shown for reproductive effects in other 
bird species.  We do not know if or when the effects of selenium may 
become apparent, but with the three major habitat areas (LCR, Salton 
Sea, and Cienega) all at some level of risk, this is a significant issue 
that requires further exploration.  The options for reduction of 
selenium levels in rail habitat are not well known, but are likely to be 
difficult and have unknown likelihoods of success.  Elimination of 
selenium from the LCR water is likely not a realistic option, whereas 
removal of contaminated sediments, plants, or prey items may be 
possible.  Provision of a secure water source for the Cienega remains 
uncertain; however, the importance of this area for fish and wildlife 
species is well recognized and there is momentum to secure water for 
the area.  Since, under any foreseeable circumstance, the water for the 
Cienega will be LCR water, selenium inflows will continue, with the 
potential for eventual build up of this contaminant in clapper rail 
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habitats.   
 

The threat of habitat modification through water management regimes 
remains a concern, but significant habitat protection and management 
planning has mediated this threat to some degree.  Although the 
primary clapper rail populations in the United States occur on Federal 
and State land, a full survey of potential clapper rail habitat that 
includes private lands in the United States has not been initiated, 
therefore the extent of the threat of habitat modification or loss on 
private land is not known.  

 
D. Synthesis/ Current Status Assessment:  Given the updated information on 

the species and threats, summarize the status of the species.   
 
Clapper rail numbers recorded on surveys since 1969 have varied significantly 
due to a number of potential factors, including natural population fluctuations, the 
number, consistency, and quality of survey efforts, and habitat modifications from 
anthropogenic activities or natural events (Appendix E).  There is no consistent 
pattern to the survey results, although some locations show more stability over 
time than others. Further, given the limits of the survey methodology, it is 
difficult to assess whether the population in the United States has ever been 
stable, or whether it is currently stable or increasing.  Even the reasons for the 
survey number decreases and increases seen in more recent years (1995-2005) are 
not known, but are likely a combination of the same factors previously identified 
(e.g., changes in survey effort are known to have occurred in the last decade, 
particularly in the Imperial Division of the LCR where annual survey routes 
dropped from five to two in 1998 and no surveys were conducted in the Laguna 
Division for two years).  However, regardless of data quality or methodology, the 
utility of assessing the data against the population recommendations in the 
recovery plan remains questionable, given the lack of justification for the 
selection of those numbers.   

 
In summary, compared to the time of listing, the Yuma clapper rail populations in 
the United States remain small and little is known about their demographic 
stability.  Protections for United States populations against habitat loss from river 
development actions have increased, as have conservation programs and 
management techniques to provide for habitat creation and maintenance over the 
long-term.  However, habitat loss to the Cienega de Santa Clara population in 
Mexico remains a significant threat, and the continuing accumulation of selenium 
in the environment represents a currently unquantified risk to all clapper rail 
populations that may undermine other habitat improvements.   
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IV. Results:   
 

A. Given your responses to sections I, II, and III, does the 5-year review indicate 
that a change in classification is warranted?  No. 

 
Protection of existing habitat on the LCR and the creation and maintenance of 
new habitat at the Salton Sea on NWRs and state wildlife areas has provided 
significantly greater habitat security since the species was listed.  However, these 
habitats are still at risk of fragmentation, changes in hydrology, environmental 
contaminants, and urban development pressures that reduce habitat quality.  
Several other factors, including fragmentation and development pressures, have 
not been adequately assessed, but have the potential to limit expansion of the 
population within the known habitat areas.  These factors do not provide for a 
level of security needed to justify a downlisting action. 
 
Before the next 5-year review period (2010), we anticipate that several significant 
events will contribute greatly to our ability to assess the species’ status: a 
dedicated water supply will be secured for the Cienega through the new Bypass 
Flow Restoration or Replacement Program initiated by the Bureau of 
Reclamation; five years of additional survey data based on the new protocol will 
be available from which to assess population trends; active clapper rail habitat 
management practices will be in place and under evaluation; the recovery plan 
will be revised (including revised recovery criteria) and additional tasks will have 
been implemented; the LCR MSCP will have had a chance to begin habitat 
creation and management actions that can be evaluated for success; and, 
information on the extent and effects of selenium contamination in rail habitat 
will enable us to determine the degree of risk from this contaminant.   

 
B. Priority Numbers:  If the results of this review indicate a change in status is 

warranted, or a significant change in status/knowledge of the species, 
determine appropriate priority numbers. 

 
1. Recovery priority Number:   Based on this review, we recommend the 

recovery priority number for the Yuma clapper rail be changed to “9.”  
This is based on a moderate degree of threat to the species (physical 
protection for most United States habitats and conservation activities in 
place or under development countered by new threats of unassessed 
magnitude), a high recovery potential, and that this is a subspecies.  There 
are no significant economic or development conflicts identified that would 
require a 9C determination.  Should the selenium research document 
reproductive impairment, the recovery potential would be reconsidered as 
low (requiring remediation of habitats which may not be possible) and the 
priority number would be changed to a “12” in the future.  
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2. If applicable, indicate the Listing and Reclassification Priority 
Number (FWS only).   

 
 

Reclassification (from Threatened to Endangered) Priority 
Number:_____ 

 
Reclassification (from Endangered to Threatened) Priority 
Number:_____ 

 
Delisting (Removal from list regardless of current classification) 
Priority Number:_____ 

 
C. Recommendations for Future Actions:    

1.  The FWS should convene a group of species experts to revise the 
recovery plan tasks and criteria.  Criteria should be revised based on a 
detailed five-factor analysis of current threats, including a 
reassessment of adequate population numbers.  Revision of tasks 
should focus on those items from the 1983 Plan that are still relevant 
but have not been completed, as well as identification of additional 
tasks needed to support revised downlisting and delisting criteria.  
Recommended tasks include telemetry studies to identify clapper rail 
migration patterns and expansion of survey efforts to include areas not 
currently surveyed.   To expand surveys, additional efforts from 
cooperating entities would be required.  The AESO will have the lead 
for revising the recovery plan. 

2. The FWS should be actively involved in the Bypass Flow Restoration 
or Replacement Program to work toward a secure, dedicated water 
source for the Cienega de Santa Clara.  The AESO will have the lead 
for this action. 

3.  Implement the new survey protocol: provide training for all agency 
personnel who volunteer for the surveys, and monitor consistency and 
use of the new protocol.  Use the data to assess trends in local 
populations and assess the adequacy of management actions.  The 
AESO will have the lead for this action. 

4.  Complete development of management plans for NWR and State 
Wildlife Areas containing important clapper rail habitat.  Work with 
other Federal agencies on Resource Management Plan revisions or 
other planning documents to ensure that management activities to 
maintain clapper rail habitat are included.  Priority for planning 
activities should be focused on areas of declining clapper rail 
populations and/or marsh habitat quality.   Develop Safe Harbor 
Agreements and Habitat Conservation Plans that include protection for 
and maintenance of clapper rail habitat on private lands.  This effort 
should be coordinated by AESO with other cooperating FWS offices, 
AGFD, CDFG, and Nevada Department of Wildlife (NDOW). 
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5. Develop proposals and obtain funding for research to document the 
presence of selenium in various life stages of the clapper rail and its 
environment (including water, substrate, and forage base); assess the 
effects to reproduction and potential for mortality; and develop 
strategies to address possible adverse effects.  This effort should be 
coordinated by the AESO Environmental Contaminants Division with 
cooperating FWS offices and State wildlife agency input. 
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Figure 1:  Yuma Clapper Rail Important Population 

Areas
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Appendix A:  Responses to Federal Register Notice 
 
 
Citizens: 
 
B. Sachau, 15 Elm St., Floral Park, New Jersey, 07932 
 
Agencies: 
 
Bureau of Land Management, Arizona Strip Office, St. George, Utah 
Arizona Game and Fish Department, Phoenix, Arizona 
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Appendix B:  Scientific Review Responses 
 
Arizona Game and Fish Department 
California Department of Fish and Game 
FWS Region 1-Carlsbad Fish and Wildlife Office 
FWS Region 1-Sonny Bono Salton Sea National Wildlife Refuge 
FWS Region 2-Havasu National Wildlife Refuge 
FWS Region 2-Imperial National Wildlife Refuge 
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Appendix C:  Yuma clapper rail survey data 1995-2004 
 
Location 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
LCR Sites            
Mohave 
Division 

0 0 0 0 1 0 NS 0 0 NS NS 

Havasu NWR 77 53 68 85 44* 82 74 50 91 120 114 
Havasu 
Division  

NS 1 2 1 NS NS NS 7 0 NS NS 

Bill Williams 
River NWR 

6 13 8 NS 11 2 9 6 10 17 7 

Parker 
Division 

1 3 0 NS NS NS 0 0 NS NS NS 

Palo Verde 
Division 

NS 0 0 NS 2 NS 9 NS 3 NS NS 

Cibola NWR 109 67 41 61 89 49 31 56 60 54 82 
Imperial 
Division 

86 117 104 1^ 10 23 15 13 21 22 36 

Imperial NWR 60 43 37 56 51 11 24 56 46 27 26 
Laguna 
Division 

99 102 137 65 87 90 53 60 119 63 46 

Yuma Division 3 11 1 NS 6 NS 2 1 NS 5 1 
Limitrophe 
Division 

4 17 6 NS 0 NS NS 3 NS NS 9 

Total LCR 445 427 404 269 301 257 217 252 350 308 321 
Gila River 
Sites 

           

Lower Gila 
River 

5 9 7 0 1 1 17 NS 3 64+ 13~ 

Phoenix Area 26 32 20 8 15 11 44 57 35 52 28 
Picacho 
Reservoir = 

5 1 2 2 0 NS 0 NS NS NS NS 

Total Gila 36 42 29 10 16 12 61 57 38 116 41 
Salton Sea 
Sites 

           

Imperial 
Wildlife Area 

307 239 289 213 141 161 202 233 308 240 334 

SBSS NWR 80 83 63 61 67 69 49 94 154 203 186 
Drains etc. 32 43 29 26 18 4 4 3 1 1 3 
Total Salton 
Sea 

419 365 381 300 226 234 255 330 463 444 523 

Total US 900 834 814 579 543 503 533 639 851 868 885 
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Key: 
 

• *Only ½ of the Refuge was surveyed in this year 
• ^ Survey routes reduced from 5 to 2 beginning this year 
• +New area on Gila above Lower Gila and below Phoenix area identified and added to 

route 
• ~Complete survey of lower Gila River sites above Yuma was not accomplished this year 
• =Picacho Reservoir went dry in 2002 and has not refilled. 

 
 
 
Survey Data for Nevada and Northern Arizona above Lake Mead. 
 
 
 
Location 1998 1999 2000 2001 2002 2003 2004 2005
Virgin River: totals (1) x x 29 15 5 3 ? ? 
         Littlefield Area   2 0 0 ? ? ? 
         Mesquite Area   2 0 2 X ? ? 
         Mormon Mesa Area   16 14 3 X ? ? 
         Delta Area    - - - X ? ? 
Muddy River: totals (1)  1 3 0 7 3 ? ? 
         Honeybee Pond (Overton WA)   1 0 0 ^ ^ ^ 
         Maverick Ditch   1 0 4 ^ ^ ^ 
Las Vegas Wash  + ? 0 0 0 0 0 1 
 
 
Key:  Only a limited number of surveys have been done for the clapper rail in this area.  Most 
detections occurred during surveys for other species, particularly the southwestern willow 
flycatcher. 
 
? Unknown if species was detected during southwestern willow flycatcher surveys. 
 
X Rails incidentally detected during southwestern willow flycatcher surveys. 
 
^ No surveys known to be accomplished. 
 
+ Survey documented presence of at least one clapper rail. 
 
 
(1) Data summarized in Garnett et al. 2004 included some of the citations used to provide 
break-out numbers in this table.  It was not clear from the data summary how the totals were 
obtained, whether through counting all clapper rails, or counting only the highest number of rails 
found at a site where there was more than one survey. 
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Appendix D:  Estimated Habitat Acres for the Yuma Clapper Rail^. 
 
Lower Colorado River# 
 
 Havasu National Wildlife Refuge    3,181 
 Bill Williams River National Wildlife Refuge     285 
 Cibola National Wildlife Refuge    1,326 
 Imperial National Wildlife Refuge    3,690 
 Mittry Wildlife Area        675 
 
      Subtotal:  9,157 
 
Salton Sea* 
 
 Sonny Bono Salton Sea National Wildlife Refuge    198 
 Imperial Wildlife Area     1,263 
 
      Subtotal:  1,461 
 
 
      Total United States: 10,618 
 
Mexico+ 
 
 Cienega de Santa Clara     14,332 
 Other Colorado River Delta Sites      1,235 
 
      Subtotal:  15,567 
 
 
^ Data for this appendix dates from 1994 to 2005 and is not the actual total of current existing 
habitat.  Some suitable habitat for clapper rails exists on the LCR outside of the listed sites and 
there are no available estimates of the habitat on the Gila River. 
 
# Data from USFWS 1994 for LCR Refuges is an estimate of marsh habitat available at the time 
of the report.  Data for Mittry Lake is from the 1997 management plan (AGFD 1997).  These 
figures should be considered as estimates of marshes available, but not definitive clapper rail 
habitat.  Marsh classification systems do not provide information on water depths and that is a 
component of clapper rail habitat suitability.  
 
* Data is from NWR files and management plan for Imperial Wildlife Area for 2005.  The 
available habitat on the Imperial Wildlife area varies somewhat from year to year.  Of this total, 
approximately 1,450 is managed habitat and the rest is unmanaged but suitable. 
 
+ Data is from Hinojosa Huerta et al. 2003
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Appendix E:  Yuma clapper rail compiled data for 1969-2005 
 
YEAR   NUMBER 
1969/70  157 
1971   0 (no surveys done) 
1972   182 
1973   843 (included Mexico) 
1974   943 (included Mexico) 
1975   639 
1976   59 (minimal survey effort) 
1977   50 (minimal survey effort) 
1978   318 
1979   457 
1980   535 
1981   680 (included Mexico) 
1982   444 
1983   536 
1984   400 
1985   556 
1986   466 
1987   363 (partial survey) 
1988   260 (partial survey) 
1989   344 (partial survey) 
1990   610 
1991   837 
1992   1012 
1993   1076 
1994   960 
1995   900 
1996   834 
1997   814 
1998   579 
1999   543 
2000   503 
2001   533 
2002   639 
2003   851 
2004   868 
2005   885 
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CHAPTER 1
INTRODUCTION

This chapter includes the Salton Sea Ecosystem Restoration Program description, background,
importance of the Salton Sea ecosystem, enabling legislation, related studies, purpose of the PER study
area, study period, Salton Sea Advisory Committee, participants and stakeholder coordination, public
involvement process, and a description of the organization of this document.

SALTON SEA ECOSYSTEM RESTORATION PROGRAM DESCRIPTION
The Salton Sea ecosystem is an extremely valuable resource for resident and migratory birds, including a
large number of threatened, endangered, and species of concern. Until recently, the Salton Sea also
supported a robust marine sport fishery. Increasing salinity and declining water quality have eliminated
the marine fish species, andrwith inflows that will be diminishing in the future, threaten the continued
ability of the Salton Sea ecosystem to support birds and other wildlife. In recognition of the importance of
the Salton Sea ecosystem, the state Legislature established a state policy for restoring the sea and
Permanently protecting the fish and wildlife resources dependent upon it.

Suite law requires that the Secretary for Resources undertake a study to determine a preferred alternative
for the restoration of the Salton Sea ecosystem and the permanent protection of wildlife dependent on that
ecosystem.

This is a summary of the Salton Sea Ecosystem Restoration Study and the Draft Programmatic
Environmental Impact Report (PEIR) that are requirements of the Salton Sea Restoration Act and related
legislation to implement the Colorado River Quantification Settlement Agreement (QSA),I

The PEW evaluates and analyzes potential environmental impacts of alternatives developed for
restoration of the Salton Sea. The alternatives were developed through the evaluation of biological,
hydrologic, air quality management, geotechnical, and engineering issues at the Salton Sea in response to
the project objectives summarized here and described in detail in Chapter 1 of the PEIR.

PURPOSE OF THE PROGRAM
Since the Salton Sea was created by a levee break along the Colorado River in 1905, it has supported a
dynamic fishery and currently is an extremely important area fin numerous avian species. However, the
Salton Sea is continually changing due to the lack of a natural outlet, evaporation, and the quality of
inflows. By 2003, these effects had eliminated the marine sport fishery that was established in the 1950s,
leaving only a remnant population of the very salt tolerant filapia as the primary fish species. These
changes now threaten the ability of the Salton Sea to continue to support fish, avian, and other wildlife
species.

The discussion of Salton Sea restoration cannot take place without recognizing the QSA. The QSA was
signed in 2003. It addresses water allocation issues between the holders of water rights to Colorado River
water and enables California to stay within its 4.4 million acre-foot annual apportionment of Colorado
River water. It also establishes a water transfer from agricultural water users to urban water users. During
the first 15 years of the transfer, the Imperial Irrigation District (lID) is providing water to the Salton Sea
to meet the inflow trajectory that would have occurred without the transfer. The inflow trajectory includes

I The OSA is an agreernaM among Coachella Valley Natter DIMS (CVWD), Imperial Irrigation Mind (lID). antl MetroParl
Water District of Southern California ( gletropertan). it was signed in 2003 to settle a long-standing dispute amongthe agencies
regarding the use of California's apportionment of Colorado Riser water. The QSA agreement lsalf ard more than 30 related
agreements are commonly referred to as the OSA, and that designation will be used throughout this document.
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Chapter 1
Introduction

other activities in the watershed unrelated to the QSA that will result in declining water levels in the
Salton Sea. After the first 15 years, this transfer will reduce agricultural return flows to the Salton Sea and
accelerate progressive increases in salinity. This will decrease the time that the Salton Sea can continue to
support fish, avian, and other wildlife species. The reduced agricultural return flows projected under the
QSA will also reduce the physical size of the Salton Sea and expose lake bed sediments (playa) that, with
the prevailing winds in this area, could exacerbate dust problems for an already degraded air basin.

One of the conflicts identified during negotiations of the QSA was the extent of ecosystem mitigation and
associated need for restoration within the Salton Sea watershed, and specifically for the Salton Sea.
Recognizing these conflicts, the Legislature passed Salton Sea restoration legislation to facilitate
environmental mitigation and allocate responsibility among water agencies involved in the QSA and the
state. Salton Sea restoration legislation not only allowed the QSA to be executed, but also limited
environmental mitigation responsibilities for RD, Coachella Valley Water District, and San Diegotounty
Water Authority. The legislation establishes a cost limit on environmental mitigation requirements for the
water agencies involved in the QSA. Under the legislation, any future state actions to restore important
functions of the Salton Sea will be the sole responsibility of the state.

The Salton Sea restoration legislation requires the Secretary for Resources to undertake a restoration
study to determine a preferred alternative for the restoration of the Salton Sea ecosystem and the
permanent protection of wildlife dependent on that ecosystem. The Salton Sea ecosystem is defined to
include, but not be limited to, the Salton Sea, agricultural lands surrounding the Salton Sea, and the
tributaries and drains within the Imperial and Coachella valleys that deliver water to the Salton Sea.

The preferred alternative, when determined, is to provide the maximum feasible attainment of the
following objectives:

• Restoration of long tent stable aquatic and shoreline habitat for the historic levels and diversity
of fish and wildlife that depend on the Salton Sea;

• Elhnination of air quality impacts from the restoration project; and

• Protection of water quality.

This program developed a Salton Sea ecosystem restoration study and PEIR as required by the legislatirm.

Purpose of the
Draft Programmatic Environmental Impact Report

The purpose of the PEIR is to develop a preferred alternative by exploring alternative ways to restore
important ecological functions of the Salton Sea that have existed for about 100 years. To start that
discussion, the draft document contains no preferred alternative, allowing one to be selected only after an
open public discussion on the document has taken place. The PEIR describes eight alternatives and
compares these to existing conditions and two No Action Alternative scenarios. The PEW compares for
each alternative the functions that are protected, their environmental impacts, and costs. Through the
public review and comments on the PEIR, and the assistance of the Salton Sea Advisory Committee, a
preferred restoration alternative will be identified for inclusion into the Final PEIR. A funding plan will
then be developed to explore the restoration of critical ecological functions of the Salton Sea.

The California Resources Agency is the lead agency for preparation of the PEIR and Ecosystem
Restoration Study in accordance with the Salton Sea Restoration Act and related legislation, and the
California Environmental Quality Act (CEQA). The PEIR was prepared under the direction of the
Department of Water Resources (DWR) and Department of Fish and Game (DFG) on behalf of the
Resources Agency and the Secretary for Resources.
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CHAPTER 8
BIOLOGICAL RESOURCES

This chapter describes the biological resources in the study area and potential changes that could occur
due to implementation of the alternatives. Biological resources could be affected due to changes in
surface water elevations in the Salton Sea or excavation activities during construction. This evaluation
also includes a discussion of the performance of the alternatives relative to the historic fish and wildlife
diversity and use of the Salton Sea.

STUDY AREA
The study area is defined as the geographical area within which the large majority of potential impacts are
expected. The study area for biological resources is the Salton Sea ecosystem, which includes the Salton
Sea, the agricultural lands surrounding that sea, and the tributaries and drains within the Imperial and
Coachella valleys that deliver water to the Salton Sea. These areas include biological communities that
could be directly affected by construction of the alternatives. While the agricultural lands and associated
drains contribute substantially to the diversity and abundance of wildlife in the study area, impacts of the
restoration are not anticipated to occur in these areas. Therefore, this analysis focuses on those areas most
affected by restoration activities, i.e., the areas within and immediately adjacent to the area currently
occupied by the Salton Sea. For the purpose of evaluating impacts on biological resources, the Salton Sea
ecosystem study area is defined as the Salton Sea and adjacent land extending from the shoreline to a
distance of about 0.5 miles.

REGULATORY REQUIREMENTS
The regulatory framework for biological resources includes the following federal, State, and local
requirements. Restoration actions at the Salton Sea could be subject to some or all of these requirements.

The Rivers and Harbors Act of 1899 (33 U.S.C. 401 et seq.) protects the public right to free navigation in
navigable waters of the United States as described by the U.S. Army Corps of Engineers (USACE)
Section 10/404 implementing regulations at 33 CFR Part 329. The Act also prohibits unauthorized
construction or work in navigable waters of the United States.

The Clean Water Act of 1972, as amended (33 U.S.C. 1251 et seq.) provides for the restoration and
maintenance of the physical, chemical, and biological integrity of the nation's waters, as described in
Chapters 5 and 6. Sections 401 and 404 of the Act prohibit discharges of dredged or fill materials into
waters of the United States except as permitted under separate regulations by the USACE and the federal
Environmental Protection Agency.

The Porter-Cologne Water Quality Control Act (Porter-Cologne) (California Water Code Title 23)
protects California waters, as described in Chapter 6. Porter-Cologne gives the State Water Resources
Control Board (SWRCB), through the Regional Water Quality Control Boards (RWQCBs), the authority
to regulate discharges of waste, including dredged or fill material, to any waters of the State similar to
authority of the USACE from the federal Clean Water Act. The Colorado River Basin Regional Water
Quality Control Board (CRBRWQCB) has prepared (and amended) a basin-wide Water Quality Control
Plan that serves as a guide to optimize the beneficial uses of the water within the Colorado River Basin
region of California by preserving and protecting the quality of these waters.

The federal Endangered Species Act of 1973, as amended, (16 U.S.C. 1531 et seq..) protects listed
threatened or endangered species (and any designated critical habitat) from unauthorized take It also
directs federal agencies to ensure that their actions do not jeopardize the continued existence of listed
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species. Section 7 of the Act defines federal agency responsibilities for consultation with the US Fish and
Wildlife Service (Service), including the preparation of Biological Assessments and Biological Opinions.
Section 10 of the Act describes how the Service may authorize take of a listed species by non-federal
agencies, including preparation of Habitat Conservation Plans.

The Migratory Bird Treaty Act of 1918, as amended (16 USC 703-712) and Executive Order 13186
(2001) provides for the protection of migratory birds by making it illegal to possess, take, or kill any
migratory bird species, unless specifically authorized by a regulation implemented by the Secretary of the
Interior, such as designated seasonal hunting. The Executive Order requires federal agencies to obtain
permits from the Department of the Interior, Service for the "taking" of any migratory birds.

Executive Orders 11988 (Floodplain Management) and 11990 (Protection of Wetlands) require federal
agencies to provide leadership to protect the natural and beneficial values served by floodplains and
wetlands. Federal agencies are directed to avoid development in floodplains where possible, and to
minimize the destruction or degradation of wetlands.

California Lake and Streambed Alteration Program (Fish and Game Code Section 1600 et seq.) requires
any person, State, or local government agency, or public utility proposing a project that could divert,
obstruct, or change the natural flow of any bed, channel or bank of a river, stream, or lake to notify the
California Department of Fish and Game (DFG) before beginning the project. If DFG determines that the
project could adversely affect existing fish and wildlife resources, a Lake or Streambed Alteration
Agreement is required.

California Endangered Species Act of 1984 (Fish and Game Code Section 2050 et seq.) provides for the
protection of rare, threatened, or endangered plants and animals, and prohibits the taking of such species
without authorization by DFG. Section 2081 defines the responsibilities of DFG and applicants with
regard to authorized take.

California Fully Protected Birds, Mammals, Reptiles and Amphibians and Fish (Fish and Game Code
Sections 3511, 4700, 5050 and 5515) prohibits the take or possession of any fully protected bird,
mammal, reptile and amphibian, or fish. However, Section 20817 of the Fish and Game Code was
amended to allow DFG to authorize the take of species resulting from impacts attributable to the
implementation of the QSA. Take of fully protected species may be authorized if related to the QSA.

HISTORICAL PERSPECTIVE
The fish, invertebrate, and avian communities associated with the Salton Sea ecosystem have changed
considerably over the relatively short life of the Salton Sea. These changes, which occurred primarily in
response to water quality conditions in the Salton Sea, have strongly influenced the character of the
Salton Sea ecosystem, the species composition, and current level of use by fish and wildlife. This section
provides the historical context to better understand the avian and aquatic communities that depend on the
Salton Sea and to frame potential impacts and benefits associated with the alternatives.

The development of Salton Sea aquatic communities has occurred gradually. However, it is possible to
characterize three discrete biological phases based primarily on water chemistry and species abundance
(Costa-Pierce and Riedel, 2000). The initial "Freshwater Phase" began when the lake first started filling
in 1905 and continued until the salt concentration of the Salton Sea became similar to ocean water in the
early 1940s. The "Marine Phase" was represented by the period during which the Salton Sea maintained a
level of salinity near that of ocean water (about 34,000 mg/L) from the 1940s into the 1980s. The
"Hypersaline Phase" began in the 1980s when salinity levels exceeded 40,000 mg/L, and continues into
the present.
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The response of aquatic and avian species varied with each of the phases. During the Freshwater Phase,
the number of freshwater tolerant fish species was small, and their abundances were relatively low. Some
bird species began to colonize the Salton Sea, but their abundances were also low. During the Marine
Phase, especially the latter part, the numbers of fish species stayed small, while the abundance
dramatically increased. Invertebrate species, such as pileworms, substantially increased as well. As a
result, the Salton Sea took on greatly enhanced importance for migrating birds as a valued stopover
location for resting and feeding along the Pacific Flyway. During the Hypersaline Phase, tilapia became
the dominant fish as other fish species declined in abundance. Late in this Phase, significantly large fish
die offs occurred, invertebrate populations declined, and the popular marine sport fish species
disappeared.

Freshwater Phase — 1905 to 1940s
The Freshwater Phase of the Salton Sea began when it first filled and continued into the 1940s when the
salinity approached that of sea water. The original members of the Salton Sea fish community were
conveyed directly from the Colorado River into the Salton Sea as it was filling (Walker, 1961). In 1916,
common carp, striped mullet, humpback sucker, rainbow trout, and bonytail chub were reported
(Evermann, 1916).

While most of the early fish fauna were species native to the lower Colorado River region, the desert
pupfish was the only fish native to the Salton Sea watershed. They were present in Figtree John Spring
(Evermann, 1916) and abundant along the north shore of the Salton Sea (Walker, 1961). They also
occurred in other areas of quiet water, including a few of the streams and agricultural drains that entered
the Salton Sea. They were abundant in the hypersaline shore pools behind the wave-built sand bars where
they tolerated extreme environmental conditions, including temperatures that often exceeded 99 degrees
Fahrenheit (°F) in summer, and were below 35 °F in winter.

Starting in 1929, DFG attempted to introduce marine fish and invertebrate species to the Salton Sea that
could survive, reproduce, and supply food and sport fishing opportunities (Dill and Cordone, 1997).
Many species did not survive as the salinity continued to increase and the ecosystem changed. The
stocking of longjaw mudsuckers and pileworms was apparently successful and provided the foundation of
a new ecosystem that would mature later during the Marine Phase.

Limited ornithological expeditions occurred after the Salton Sea was formed and ornithologists slowly
began collecting and identifying the avifauna of the relatively new Salton Sea between 1908 and 1929.
American white pelicans and double-crested cormorants were breeding at the Salton Sea by 1908 (Garrett et
al., 2004). Significant early records include colonies of double-crested cormorants in 1913, gull-billed terns
in 1927, and laughing gulls in 1928 (Garrett etal., 2004).

After the early 1900s, extensive areas of desert scrub and mesquite thickets were converted to agriculture.
These changes likely influenced the distribution and abundance of landbirds such as vermillion flycatcher,
Le Conte's thrasher, and Lucy's warbler, which all exhibited declines in abundance by the 1930s (Patten
et al., 2003). Changes in farming practices, construction of local communities and parks, and the invasion
by non-native plants and trees created new habitats in the Salton Sea area that did not exist prior to the
1900s. These areas, especially habitat provided by agricultural lands, assumed greater value as they began
providing foraging areas for birds.

The Salton Sea Migratory Waterfowl Refuge (recently renamed the Sonny Bono Salton Sea National
Wildlife Refuge) was established in the southern portion of the Salton Sea in 1930. At that time, the
Salton Sea water elevation was at -248 feet mean sea level (ns1) and the majority of the refuge lands were
located above the waterline. By 1947, most of these lands were submerged.
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Marine Phase - 1950 to Early 1980s
In this period, the Salton Sea was characterized by marine salinity and continued change. The Salton Sea,
tributary streams, and irrigation drains supported large numbers of desert pupfish until population
declines attributed especially to introductions of exotic fish species began in the early 1960s (Black,
1980). Phytoplankton, invertebrates, and fish introduced from the Gulf of California that were tolerant of
conditions in the Salton Sea dominated the open water. Three invertebrates (pileworm, a barnacle, and a
copepod) became the dominant organisms that formed the simple food chain of the Salton Sea (Walker,
1961).

In the late 1940s to the mid-1950s, DFG stocked more than 30 species of marine fishes in the Salton Sea,
including orangemouth corvine, sargo, and gulf croaker (Walker, 1961). Two kinds of tilapia
unexpectedly invaded the Salton Sea during the 1960s and 1970s from irrigation drains in the Imperial
and Coachella valleys where they had been introduced for weed control. Redbelly tilapia was the
dominant species in the Salton Sea until it was replaced by the Mozambique tilapia in the late 1970s.

DFG analysis of available party boat logs from 1962 through 1972 showed that 6,845 anglers landed over
36,000 orangemouth corvine for an average of 5.3 corvine per angler/day (Black, 1974). This fishery
continued through the early 1980s.

Anoxic conditions during this period adversely affected aquatic organisms. Walker (1961) reported
observations made during 1956 that linked mixing of the surface and deeper, oxygen depleted waters of
the Salton Sea to fish kills. Sometimes the oxygen concentrations at the surface would be lowered below
the level required by many aquatic species. During such periods, fish kills would occur as evidenced by
dead fish floating on the surface and washing ashore on the beaches. The depletion of oxygen was
reflected also by the disappearance of pileworms from the mud at depths below about 30 feet during
summer.

By 1970, the Salton Sea was used by large numbers of shorebirds every year as a stopping place to rest
and feed (McCaskie, 1970). The Salton Sea was the last large body of water available to birds as they
moved northward into the desert regions of eastern California. Many birds remained at the Salton Sea for
up to two weeks feeding and building up their fat reserves before continuing their migration.

The north and south ends of the Salton Sea were the areas most attractive to shorebirds and other
waterbirds (McCaslcie, 1970). This was probably due to the large expanses of mudflats which were
extremely rich in forage organisms for the shorebirds. From an observation point in the northern end of
the Salton Sea, it was possible to observe between 15,000 and 20,000 shorebirds feeding along the
shoreline.

In 1954, the State of California established the Imperial Wildlife Area to safeguard habitat for migratory
birds and alleviate crop damage to adjacent farms (Moore, 2001). While both the Imperial Wildlife Area
and the Salton Sea Migratory Waterfowl Refuge were established primarily to alleviate crop depredation
from waterfowl, they provided valuable managed marsh habitats. Yuma clapper rails were observed at the
Salton Sea Migratory Waterfowl Refuge beginning in 1939.

Avian botulism that affected waterfowl, shorebirds, and pheasants was reported during the 1950s, but
outbreaks were not large. However, during the 1960s, thousands of birds died at the Salton Sea from
botulism (Friend, 2002). A large outbreak of botulism in 1972 also killed thousands of waterfowl and
other birds. Sporadic outbreaks occurred during the remainder of the 1970s. In 1979, avian cholera was
first recorded at the Salton Sea with the loss of thousands of birds, primarily waterfowl (Friend, 2002).
Several die-offs occurred during the 1980s with botulism and avian cholera identified as the causative
agents.
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Hypersaline Phase - 1990s through Present
As the salinity rose above 40,000 mg/L, the hypersaline ecosystem of the Salton Sea continued to
undergo substantial change. The most noticeable change was a reduction in both the diversity and
abundance of fish species. Starting in 2000, all sport fish populations at the Salton Sea underwent a
dramatic decline, as deteriorating water quality apparently reached a threshold for their survival. Sargo,
gulf croaker, and orangemouth corvina have been undetectable in DFG gill net sampling since mid-May,
2003. Tilapia populations have rebounded since their lowest levels in 2003, but currently persist in the
Salton Sea at levels that are only 10 percent of those recorded in the 1990s.

Reidel et al. (2002) reported that large die offs of both fish and birds had occurred at the Salton Sea since
1992. A large fish kill occurred in January 1997 that resulted in a significant loss of tilapia (Costa-Pierce
and Reidel, 2000). They also reported that all the fish in the Salton Sea were stressed due to high level of
salinity, eutrophication, and poor water quality. They hypothesized that tilapia died because of
deoxygenated water and toxic levels of ammonia from the infrequent mixing of the upper and lower
levels of the Salton Sea, combined with high and low temperature stresses.

In 2000, important habitats for birds were not equally distributed around the Salton Sea and areas within
the northern, southwestern, southern, and southeastern shorelines hosted the greatest numbers of birds
(Shuford et al., 2000). The shoreline along the Wister Unit of the Imperial Wildlife Area held the highest
densities of water birds in all seasons, but more so during August and September. The highest densities of
waterbirds occurred year round along the southeastern shoreline and secondarily along the northern
shoreline of the Salton Sea. Nesting habitat for colonial waterbirds included the area near the Whitewater
River confluence and along the southeastern shoreline between and including the delta areas of the New
and Alamo rivers (Shuford et al., 2000). Colonial breeding waterbirds using these areas include great blue
herons, great egrets, snowy egrets, cattle egrets, black-crowned night herons, double-crested cormorants,
white-faced ibis, brown pelicans, and little blue herons. Recent declines in fish populations could have
reduced the abundances of pelicans and cormorants, and breeding success in black skimmers and Caspian
terns (Molina and Sturm, 2004). Thirty-four species of shorebirds were observed between 1989 and 1995
and in 1999. Black-necked stilts, whimbrels, small sandpipers, dowitchers, willets, and long-billed
curlews were the most abundant. The area is also important as a wintering area for western snowy plovers
(Shuford et al, 2004) and continues as a major wintering ground for over 100,000 waterfowl including
ruddy ducks, northern shovelers, northern pintails, and Ross and snow geese (Barnum and Johnson,
2004).

DATA SOURCES
Information regarding biological resources was obtained from published sources and previous planning
documents. Specific data sources are cited in the text and the Bibliography is provided in Chapter 28.

DATA LIMITATIONS
Information on historic levels of bird use at the Salton Sea was limited to surveys conducted since 1978,
most of which were of short duration and limited to a few species. Also, these surveys frequently applied
different survey techniques or protocols, which complicate the ability to compare results. The work
conducted in 1999 (Shuford et al., 2000) represents the most comprehensive bird survey at the Salton Sea
in which the majority of the avifauna was seasonally surveyed over the course of the year. This survey
was used in the modeling of habitat capacity for avian resources at the Salton Sea under the alternatives.
For habitats not currently found at the Salton Sea (primarily Saline Habitat Complex) and existing areas
that would have higher salinities in the future, data from salt ponds adjacent to San Francisco Bay were
used to adjust the observed Salton Sea densities for increased salinities (see Appendix C).
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EXISTING CONDITIONS
The aquatic and terrestrial habitats in the study area continue to support fish and wildlife. However,
because of ongoing changes in the ecosystem, particularly the aquatic component, the diversity and level
of use of the Salton Sea by fish and wildlife has changed considerably over the past several years (e.g.,
loss of the marine sport fish). For the purpose of this chapter, Existing Conditions are based on
information collected in the late 1990s to present. The following describes the existing environment at the
Salton Sea and the resources most likely affected by restoration activities.

Special Status Species
The study area supports many plants and animals with various special status designations. Most of these
species occur upslope of the Salton Sea in adjacent areas that would not likely be affected by restoration
activities at the Salton Sea. Some special status species (Table 8-1), however, rely on the Salton Sea and
areas immediately adjacent for meeting one or more of their life history requirements (e.g., breeding,
foraging, roosting). The following provides a brief description of the special status species most likely to
be affected by restoration (i.e., those using Salton Sea habitats). In addition to species with a special status
designation, several colonial breeding waterbirds were assessed because of the importance of the nesting
colonies at the Salton Sea and the potential for these areas to be affected by construction of the restoration
facilities. The description of bird species is taken primarily from Patten et al. (2003) and Shuford et al.
(2000).

Table 8-1
Special Status Species

Species Federal Status State Status

Desert Pupfish Endangered Endangered
Western Snowy Plover (interior population) Species of Conservation Concern Species of Special Concern
American White Pelican Species of Special Concern
Brown Pelican Endangered Endangered
Double-crested Cormorant Species of Special Concern
White-faced Ibis Species of Conservation Concern Species of Special Concern
Black Skimmer Species of Special Concern
Van Rossem's Gull-billed Tern Species of Conservation Concern Species of Special Concern

Desert Pupfish
Desert pupfish are State and federally listed as endangered, primarily as a result of habitat loss (e.g.,
dewatering of springs), pollution, and introduction of exotic species that either prey upon desert pupfish or
compete for available resources (Marsh and Sada, 1993). The desert pupfish is the only fish native to the
Salton Sink, and existed in Salt and San Felipe creeks, and in several springs that were inundated by the
flooding of the Salton Trough in 1905. Desert pupfish populations persist today in both creeks, and have
become established in the terminal sections of agricultural drains that flow directly to the Salton Sea on the
south and north shores, as well as in the shallow water margins of the Salton Sea itself These populations
are presumed connected because desert pupfish are present in the Salton Sea and in pools created along its
margin. (See Appendix H-1 for additional information on issues related to desert pupfish habitat
connectivity). Desert pupfish apparently are capable of moving freely between the relatively fresh water in
the agricultural drains and the highly saline environment in the Salton Sea. This movement provides the
opportunity for genetic exchange among desert pupfish and the opportunity to recolonize areas in the event a
local population is extirpated.
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Western Snowy Plover
The western snowy plover is a small shorebird that regularly winters and breeds along the shoreline of the
Salton Sea. It nests during the spring and summer on open beaches with sand and barnacle substrates. The
number of breeding pairs at the Salton Sea ranges from 200 to 225, with nesting distributed primarily
along the west side from Desert Shores to the mouth of San Felipe Creek, and on the east side from
Bombay Beach to the Wister Unit of the Imperial Wildlife Area (Patten et al., 2003).

American White Pelican
American white pelicans formerly bred at the Salton Sea, but occur now as migrants and winter residents.
The Salton Sea is an important wintering site for American white pelicans and at times supports a
substantial proportion of the species' world population (Patten et al., 2003). As recently as 1999, nearly
23,000 individuals were observed in aerial surveys at the Salton Sea (Shuford et al., 2000). Wintering
birds congregate at the river mouths, loaf on sand bars and mudflats, and forage (primarily on fish) in
shallow, brackish water.

Brown Pelican
Newly fledged young and post-breeding adult brown pelicans disperse to the Salton Sea from nesting
areas in Baja California. During summer, brown pelicans forage on fish around the margin of the Salton
Sea. Since the mid 1990s, single day counts have reached 2,000 individuals (Shuford et al., 2000) and
probably exceed 3,000 (Patten et al., 2003). Peak numbers of brown pelicans detected during surveys in
2005 and 2006 were over 5,000 birds (C. Schoneman, pers. comm.). In recent years, brown pelicans have
nested in small numbers, especially at the south end of the Salton Sea at the mouth of the Alamo River.

Double-crested Cormorant
Double-crested cormorants are considered permanent residents and breeders at the Salton Sea, with the
highest densities occurring in the winter when migrants are present. Like pelicans, they feed on fish at
numerous locations around the Salton Sea. Large nesting colonies of double-crested cormorants have been
recorded at the Salton Sea, especially at Mullet Island, the Red Hill vicinity, and the Whitewater River delta
(Figure 8-1). In 1999, 5,425 nesting pairs were observed at the Salton Sea (Shuford et al., 2003). At the
Salton Sea, double-crested cormorants roost on the snags, rock outcrops, submerged utility poles and pilings.

White-faced Ibis
This species is a perennial visitor to the Salton Sea (primarily in winter) and an irregular breeder.
White-faced ibises forage on invertebrates in shallow water, primarily in marsh lands adjacent to the
Salton Sea and in flooded agricultural fields in the Imperial Valley. In 1999, a comprehensive bird survey
(Shuford et. al., 2000) recorded up to 37,500 white-faced ibises at roost sites in the Salton Sea area.
However, surveys during the same year failed to record nesting white-faced ibises at the Salton Sea.

Black Skimmer
Black skimmers are relatively recent arrivals to California and first were observed at the Salton Sea in
1968. They are now a fairly common breeder at the Salton Sea, with the number of breeding pairs
reaching nearly 500. They seldom overwinter. In 1999, 377 breeding pairs were recorded at Rock Hill at
the Salton Sea (Shuford et al., 2000). They also nest at the Salton Sea near the Whitewater River delta,
various locations on the southern shoreline, and near Salton City (see Figure 8-1). Black skimmers forage
on small fish in calm, shallow waters around the Salton Sea.
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Van Rossem's Gull-billed Tern
Gull-billed terns are fairly common breeders at the Salton Sea, which is considered the breeding
stronghold for gull-billed terns in the western United States. They arrive at the Salton Sea in mid-March
and remain until October. They nest on protected spits, berms, and islets composed of sand or barnacle
shells (see Figure 8-1). In 1999, 101 nesting attempts were recorded, 57 on the north end of the Salton Sea
near Johnson Street and 44 at Rock Hill on the south shore (Shuford et al., 2000). Gull-billed tems forage
primarily in freshwater ponds and flooded agricultural fields.

Colonial Breeding Birds
In addition to colonial breeding species described above, the shoreline, islands, and river deltas at the
Salton Sea support breeding colonies of great blue herons, great egrets, snowy egrets, cattle egrets,
black-crowned night herons, and Caspian terns. These species use a variety of substrates for nesting
including islands, riparian vegetation, snags and utility poles submerged at their base, and rock outcrops.
These sites are generally located near the mouths of the New, Alamo, and Whitewater rivers and at
various locations around the Salton Sea where suitable nesting structure occurs (see Figure 8-1). Nesting
pairs of these species generally number in the hundreds, but some (e.g., cattle egret) nest in the thousands.
In 1999, 6,660 pairs of cattle egrets were recorded nesting at the Salton Sea (Shuford et al., 2000). The
availability of suitable nesting sites might be limiting for some of these species.

Suitable nesting sites for colonial breeders require a combination of physical characteristics. These,
among others, include appropriate nesting structure (e.g., vegetation, snags, beaches), protection from
predators (e.g., nesting sites surrounded by water), proximity to water, and a minimum size necessary to
support a colony. For many colonial breeding birds, the size of the colony influences overall breeding
success, and nesting sites that support all of the necessary characteristics might not be used if they are too
small or distributed too broadly.

Salton Sea Habitats
The Salton Sea ecosystem provides fish and wildlife habitats that function at multiple scales to contribute
to the overall biological diversity and use of the area. The important components of the existing Salton
Sea study area include the shoreline of the Salton Sea and the associated shallow water areas, the open
water, and the areas where the New, Alamo, and Whitewater rivers enter the Salton Sea. This section
describes the existing conditions of Salton Sea habitats and how these areas function to support fish and
wildlife. In addition to the Salton Sea, other habitats contribute to the overall diversity and level of use of
the Salton Sea ecosystem. Important components include the adjacent refuge areas (and their associated
freshwater marsh), the agricultural fields primarily located in the Imperial Valley, and riparian areas at the
mouths of tributaries. Additional descriptions of the refuge areas and agricultural lands are provided in
Appendix H-1.

Shoreline/Shallow Water
The shallow shoreline areas that extend around the perimeter of the Salton Sea support an invertebrate
community that serves as the forage base for numerous migratory and breeding shorebirds. Shorebird use
of these areas is generally concentrated along the shallow margins where invertebrate prey is accessible
by wading and probing. The area occupied by this shallow water habitat is influenced by topography, with
a relatively narrow band of habitat occurring on the steeper slopes (e.g., eastern and western shores) with
considerably greater amounts of accessible resources in the habitat areas along the more gently sloping
north and south shores. Along the southeastern edge of the Salton Sea, particularly near the Wister Unit of
the Imperial Wildlife Area, relatively flat areas periodically form large mudflats that substantially
increase the availability of habitat accessible to shorebirds. The existing area that receives the most bird
use is about 6,000 acres. This area contains unvegetated mud flats and shoreline as well as a limited
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shoreline vegetation community dominated by tamarisk, with some iodine bush. About 293 acres of this
cover type are identified in the University of Redlands (1999) database. The shore itself also functions as
a resting area for many birds and as a nesting area for some (e.g., western snowy plover and black-necked
stilt).

The substrate along the Salton Sea shoreline, especially at depths of less than 1 foot, is composed of intact
and broken barnacle shells and unconsolidated sediments ranging from coarse sand to gravel (Detwiler et
al., 2002). Pools along the shoreline formed by sand or barnacle shell bars parallel to shore and connected
to the Salton Sea and/or drains vary in size over time due to changes in elevation and evaporation at the
Salton Sea. The shoreline pools and shallow waters provide habitat for desert pupflsh as well as for other
fish and invertebrates. These areas also provide important spawning and nursery areas for tilapia. The
smaller fish in shallow waters feed on invertebrates as well as algal material. Rocky shoreline habitats
also provide valuable refiigia for invertebrates during periods when hypoxic or anoxic conditions persist
in the Salton Sea (Detwiler et al., 2002).

Wading birds, dabbling ducks, and shorebirds using the shoreline feed primarily on invertebrates,
although some also feed on fish. Representative species that forage primarily on fish include black
skimmer, Caspian tern, Forster's tern, and great blue heron. Some bird species that feed on invertebrates
include black-necked stilt, American avocet, black-bellied plover, ruddy turnstone, and western
sandpiper. Nesting/roosting colonies of gulls, terns, pelicans, and black skimmers occur along or near the
shoreline on remnant levee sections and shallow boulder and barnacle bars. Shorebird abundance
increases from lows in late May and early June to peak abundance from August to November.

At a surface elevation of -228 feet msl, the Salton Sea has about 120 miles of shoreline. Although the
entire shoreline is generally available to birds, the level of use is not uniformly distributed. Of the
19 shoreline areas evaluated by Shuford et al. (2000), eight were identified as areas of particular
importance to birds, most of which were located on the northern and southern portions (including
southwest and southeast) of the Salton Sea. The shoreline adjacent to the Wister Unit of the Imperial
Wildlife Area consistently exhibits the highest waterbird densities in each season.

Open Water
The vast majority of the Salton Sea (currently over 200,000 acres) is open water that is habitat for a
variety of fish and wildlife. (See Appendix 11-1 for additional information on open water at the Salton
Sea.) The open water supports fish and invertebrate production and loafing and forage areas for birds.
Until recently, these areas also provided important habitat for pelagic spawning fish such as orangemouth
corvina. The distribution of fish and wildlife in the open water is concentrated alung the near shore areas.
This area is used primarily by waterbirds, including those that feed on fish. Some species, such as eared
grebe, rely on open water almost exclusively during their stay at the Salton Sea, while others (e.g.,
waterfowl, gulls, and pelicans) use open water for a portion of their daily or seasonal activities. Birds use
open water for foraging, rafting, and as a staging area prior to migration. Open water also provides birds
with protection from most predators and human disturbance.

Open water areas of the Salton Sea are subject to periodic events that can make large portions of the
Salton Sea lethal or uninhabitable to most aquatic life. During parts of the year, the Salton Sea becomes
stratified with cooler water forming a distinct layer below the warmer surface water. This lower layer
becomes anoxic (deprived of oxygen) because of its isolation from the surface and the photosynthetic
activity that occurs in that portion of the water column where light can penetrate. The combination of high
levels of organic material and biological activity in the sediments under anoxic conditions produce toxic
compounds, such as hydrogen sulfide. These compounds are periodically released to the surface waters
when thermal stratification breaks down during high winds and seasonal changes in air temperature.
During these turnover events, aquatic life (including fish) can be killed over vast areas of the Salton Sea.
The effect of these events is less pronounced in the near shore areas that remain oxygenated year round.
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River Mouths and Deltas
The river mouths and deltas represent the interface between the saline waters of the Salton Sea and the
relatively fresh inflows from the rivers, direct drains, and creeks. The primary inflows into the Salton Sea
include the New and Alamo rivers and direct drains from the south, the Whitewater River from the north,
San Felipe Creek from the west, and Salt Creek from the east. The size of these estuarine areas is
influenced primarily by the amount of inflow, and the New and Alamo rivers, which constitute nearly
80 percent of the inflow to the Salton Sea, contribute to the largest of these areas. Factors such as depth,
inflow quality, and wind conditions also influence the habitat at the river mouths/deltas. Sediment
deposition in these areas form deltas that contribute to the complexity and diversity of the habitat. Similar
conditions occur at the mouth of the Whitewater River and, to a lesser extent, the mouths of agricultural
drains that discharge directly to the Salton Sea. These areas are relatively small, yet very productive.
While these areas are not used exclusively by any one species, they routinely support higher
concentrations of birds than surrounding areas.

The river mouths, particularly in the southern part of the Salton Sea, provide an area of reduced salinity
and higher dissolved oxygen. The same species use these areas as use open water and shallow water near
the shoreline. In low salinity to freshwater areas, tilapia, sailfin mollies, longjaw mudsucker, and other
freshwater species are present. Desert pupfish inhabit the lower portions of drains that discharge directly
to the Salton Sea, but they have not been observed in the rivers (Sutton, 1999). In the past, orangemouth
corvina have been reported to congregate (possibly for spawning) where freshwater flows into the Salton
Sea, possibly due to higher dissolved oxygen or better water quality (Costa-Pierce, 2001).

The size of the areas influenced by inflow varies on a daily to seasonal basis in relation to the volume of
water discharged to the Salton Sea at each location. Brackish waters ranging from 10,000 to 30,000 mg/L
extend about 1,600 to 3,300 feet offshore from the New and Alamo river mouths (Costa-Pierce, 2001),
with the larger areas occurring during summer when irrigation runoff is high. The size of the area
influenced by the brackish water inflow from the New and Alamo rivers was estimated to be about 100 to
250 acres (Costa-Pierce and Riedel, 2000).

Islands and Snags
Several islands along the margin of the Salton Sea provide important nesting and resting habitat for a
variety of birds. With the exception of Mullet Island, these areas are generally very small (few acres or
less), devoid of vegetation, and influenced by water surface elevation. Mullet Island, located in the
southeastern part of the Salton Sea, has an area of about 4.5 hectares (about 11 acres) (Molina, 2004) and
supports nesting black skimmers, double-crested cormorants, gull-billed terns, Caspian terns, great blue
herons, and gulls. Partially submerged dikes also provide isolated land for bird resting and nesting.
Molina (2004) observed that during 1991 through 2001, many gulls, terns, and black skimmers used small
islands at the Salton Sea. Islands are critically important at the Salton Sea and their availability possibly
limits reproduction by some bird species.

In some areas along the Salton Sea, trees killed by inundation from past increases in the water elevation
remain in shallow water along the shoreline. These snags provide important roosting and nesting
opportunities for herons, egrets, and other birds. These structures are not permanent, and they continue to
degrade and collapse over time. Other structures situated in inundated areas also provide a similar
function. Herons, egrets, white-faced ibises, and double-crested cormorants nest in snags, and some
species use partially submerged utility poles surrounded by water (Patten et al., 2003). Most of the snags
are located in the Whitewater River delta, near the Wister Unit of the Imperial Wildlife Area, and at
Morton Bay (see Figure HI-1 in Appendix H-1).
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Riparian Habitat or Other Sensitive Natural Communities
Native plant communities in the Salton Sea area were profoundly affected by human activity, such as the
conversion of the Imperial and Coachella valleys to agriculture and other uses. These activities not only
eliminated vast areas of native vegetation, but also led to the introduction of non-native plant species that
now dominate most of the disturbed areas around the Salton Sea. Native riparian vegetation that was once
dominated by mesquite is now dominated by tamarisk and other non-native species.

The riparian vegetation that borders the New, Alamo, and Whitewater rivers, especially at and near the
mouths, is composed primarily of non-native species such as tamarisk and common teed. Riparian
vegetation is also supported at San Felipe and Salt creeks as well as some of the agricultural drains. While
these do not represent native communities, they do provide habitat for wildlife.

Several rare natural communities are identified in the California Natural Diversity Database or otherwise
identified by DFG as occurring in the vicinity of the Salton Sea. These include Active Desert Dunes,
Desert Fan Palm Oasis, Transmontane Alkali Marsh, Sonoran Cottonwood Willow Riparian Forest,
Mesquite Bosque, and Freshwater Marsh. All of these rare natural communities are located upslope of the
Salton Sea and are not expected to be influenced by restoration activities at the Salton Sea.

Wetlands
Unmanaged vegetation occurs along the margins of the Salton Sea where water associated with irrigation
runoff and other sources provide sufficient soil moisture. These areas are located above and along the
shoreline, and include diked wetlands and areas dominated by tamarisk. These unmanaged areas are
referred to as "adjacent wetlands" in the Salton Sea database (University of Redlands, 1999) and cover
about 6,485 acres. Tamarisk and iodine bush are the most common species of adjacent wetlands (Table 8-
2). Cattail and bulrush are identified as the primary vegetation on 217 acres of adjacent wetlands. With the
exception of wetlands associated with river mouths, all of these areas are located above the shoreline of the
Salton Sea and generally outside the influence of construction activities associated with restoration. Some
of these areas could be jurisdictional wetlands.

Table 8-2
Primary Vegetation and Acreage of Adjacent Wetlands

Primary Vegetation Total Acres

Iodine bush 1,577

Mixed halophytic shrubs 65

Arrowweed 597

Bulrush 17

Sea-blite 86

Tamarisk 2,349

Cattail 200

No primary wetland vegetation 1,595

Total 6,485

Ecological Risk in Salton Sea Habitats
For the purposes of the Draft Programmatic Environmental Impact Report (PEIR), ecological risks are
related primarily to selenium, which was evaluated quantitatively because it was identified as a constituent
of concern during scoping for the PEIR. Selenium is a naturally occurring element and an essential nutrient
for fish and birds. However, when it is present at elevated concentrations in the food web, selenium can
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cause severe adverse effects, especially on reproduction of fish and birds. Current inflows to the Salton Sea
contain low to moderate levels of selenium, averaging about 5 to 10 pg/L, as described in Appendix F. The
existing biological and geochemical processes in the Salton Sea reduce the inflow concentration to below 2
pg/L. Phytoplankton and algae take up selenium, but the absence of higher aquatic plants in the Salton Sea
tends to decrease selenium bioavailability. Bioaccumulation occurs through invertebrate and fish
consumption of bacteria, phytoplankton, and algae in the water column or in shallow sediments, and
through birds feeding on those invertebrates and fish. Deposition of biologically accumulated selenium
(primarily in dead phytoplankton, algae, invertebrates, and fish) in bottom sediments in the deep portions of
the Salton Sea is an important component in the removal of selenium from the water column. The
resuspension of these bottom sediments appears to be a key factor in promoting and maintaining the highly
eutrophic character of the Salton Sea (Anderson and Amrhein, 2002; Schladow, 2004), which in turn acts to
maintain the anoxia of bottom waters and facilitate the conversion of sediment selenium to forms that are
not biologically available or accessible. For additional information on selenium in the Salton Sea and
ecological risks, see Appendix F.

ENVIRONMENTAL IMPACTS

Analysis Methodology
The following summarizes the general methodology and technical assumptions used to assess potential
impacts of the alternatives. These impacts were assessed at a programmatic level, yet in sufficient detail to
allow an understanding of the types, magnitude, timing, and significance of impacts that could result from
implementation of an alternative. It was assumed that specific details and localized impacts associated with
the construction and operations and maintenance of actions would be evaluated in subsequent project-level
analysis.

In general, the evaluation assesses two elements of the potential impacts: 1) impacts of construction and
operations and maintenance and 2) the overall benefit of the alternatives on fish and wildlife. Because the
distribution of biological resources could change prior to construction, the timing, location, and magnitude
of these construction related impacts were evaluated relative to the anticipated conditions at the time of
construction. Construction and operations and maintenance impacts were evaluated collectively by the type
of activity or restoration feature because of the uncertainty regarding the project-level specific details and
the common impacts associated with construction of most alternatives. For example, construction of a
Bather would generate similar construction impacts regardless of the alternative; thus the impacts of Barrier
construction were evaluated collectively and not repeated for each alternative that includes a Barrier.
However, any construction related impacts unique to a particular alternative are described for that
alternative. To evaluate the overall benefits that would result, the amount of habitat created or supported
under each alternative was described relative to Existing Conditions and the No Action Alternative. To
account for changes over time, the analysis was conducted for each of four phases (present through 2020,
2020 through 2030, 2030 through 2040, and 2040 through 2078). The quantity of available habitat was
expressed as the acreage of a particular habitat type available during each of the four phases.

The evaluation of impacts focuses on fish and birds. Other wildlife (e.g., mammals and reptiles) use the
area, but they occur primarily upslope of the Salton Sea and likely would not be impacted by activities
occurring within the Salton Sea or on the exposed Sea Bed.

To evaluate the overall benefits to aquatic resources (primarily fish), the types of habitat created or
supported under each alternative were assessed in terms of their ability to support recreational sport fish
(e.g., gulf croaker) and forage fish (e.g., tilapia), two groups of fish historically or currently important at the
Salton Sea. See Appendix H-1 for additional discussion of these fish groups and their habitats. Benefits
(and impacts) to desert pupfish are described in the discussion of impacts on special-status species.
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Expectations regarding the use of these habitats by selected bird species were based on habitat modeling as
described in Appendix C. This analysis was based on a comprehensive shoreline survey of the Salton Sea
(Shuford et al., 2000). Because of the comprehensive nature of the survey and its relative recent completion,
the densities observed in 1999 served as the basis for characterizing bird use under Existing Conditions.
However, because of changes at the Salton Sea since 1999, including the substantial reduction in fish
resources, the Salton Sea might currently (2006) support lower densities of some birds than it did in 1999.
Therefore, the model results might underestimate the benefits of the restoration alternatives relative to 2006
for some bird species.

Potential bird use was described as "habitat capacity," defined as an abundance that could be supported by a
particular habitat type, based on a predicted bird density applied to the area of each habitat type in the
modeled alternative. Densities in open water and low salinity habitats were based on data from the 1999
comprehensive shoreline survey of the Salton Sea (Shuford et al., 2000). Because most of the alternatives
involve higher salinity habitats than have been surveyed at the Salton Sea, data from San Francisco Bay salt
ponds was used to estimate densities in these habitats. Due to natural differences in the geography, and
magnitude and phenology of waterbird use between San Francisco Bay and the Salton Sea, a conversion
factor was used to obtain more Salton Sea-appropriate predictions for these habitats. Habitat capacity for each
of the alternatives was compared to Existing Conditions and the No Action Alternative-Variability
Conditions.

Wintering and migrating waterfowl, primarily ducks and geese are supported in large numbers in the Salton
Sea area and collectively contribute to the diversity of the Salton Sea ecosystem. Several species, including
snow goose, northern pintail, American wigeon, green-winged teal, northern shoveler, and ruddy duck,
occur or have historically occurred in numbers exceeding 10,000 (Patten et al., 2003). With the exception of
diving ducks (e.g., ruddy duck), waterfowl in the Salton Sea area are associated primarily with the
croplands, freshwater reservoirs associated with the agricultural areas, and the managed freshwater marshes
on the refuges. Geese and dabbling ducks (particularly northern shovelers) occasionally use the Salton Sea
shoreline and the brackish areas at the river mouths. For the purpose of the analysis, it was assumed that
restoration activities would not affect the primary habitats for these species and thus would not result in
adverse impacts. For all alternatives, the continued availability of freshwater habitat along the southern
shoreline of the Salton Sea would support the function that the Salton Sea currently provides to waterfowl.
The reduced salinity of the water bordering the southern shoreline under each of the restoration alternatives
could increase available habitat at the Salton Sea itself. Impacts on diving ducks that currently use the
Salton Sea and that could be affected by restoration activities are represented by ruddy duck in the
evaluation of alternatives.

To assess the performance of the alternatives relative to the goals of the legislation, predicted habitat
capacity was compared to the historic levels of use by these species at the Salton Sea (see Appendix H-1 for
additional discussion of historic levels of bird use). However, because these predicted habitat capacities were
derived from models based on 1999 data, they cannot be compared directly with historical abundance levels.
For example, habitat-specific densities are likely to experience large interannual fluctuations, so all
predictions should be considered relative to 1999, the year upon which they were based, rather than absolute
predictions of habitat capacity. Unlike many of the historic estimates, model predictions represent mean
numbers, rather than maximum total counts across a season. For the purpose of the evaluation of habitat
benefits, each of the created habitats (e.g., Marine Sea and Saline Habitat Complex) was assumed to support
the habitat characteristics and functions described in Appendix H-1. The Brine Sink was assumed to retain
habitat value up to a salinity of about 200,000 mg/L, although it is acknowledged that factors other than
salinity (e.g., eutrophication) or in combination could reduce the value of the Brine Sink prior to reaching
this salinity.

The results of both the evaluation of habitat capacity for birds and the comparison to historic conditions
must be considered in light of the risks posed by selenium. As previously described, selenium is a
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naturally occurring element that currently affects fish and birds at the Salton Sea and would continue to
affect fish and birds under all of the alternatives, including the No Action Alternative. The effects on
birds are typically expressed as reductions in egg hatchability or growth and survival of young. To assess
the risks associated with selenium, the analysis relied on results of the Ecological Risk Assessment for
aquatic and terrestrial receptors potentially exposed to selenium in the vicinity of the Salton Sea
(Appendix F). The Ecological Risk Assessment describes the likelihood and nature of potential exposures
of fish (in freshwater marshes and Salton Sea) and of birds (in aquatic and terrestrial habitats of the
Assessment Area) to selenium and the possible severity of adverse effects to those animals resulting from
exposure to selenium. For purposes of the analysis in this chapter, only fish and birds occupying aquatic
and wetted shoreline habitats and affected through the sediment and dietary (food web) exposure
pathways were included. Both the overall risk to fish and birds and the risk to special status species were
evaluated. For alternatives that include Saline Habitat Complex, it was assumed that individual cells
would be managed to achieve a salinity level greater than 20,000 mg/L. Maintaining salinity above this
level would prevent or inhibit the growth of rooted aquatic plants, thereby reducing the need for
vegetation management to maintain water flow and circulation, remove excess accumulations of biomass,
and minimize the contribution of rooted plants to the remobilization and cycling of selenium from
sediment into the water column and food web. If not restricted from the Saline Habitat Complex, rooted
plants would produce a substantial amount of organic detritus that would contain elevated concentrations
of selenium and serve as substrate for the microbes that are important in cycling selenium aquatic
systems. In addition, plant roots would contribute to remobilization of selenium from the sediment in the
water column and food web by oxidation and methylation of the chemically reduced forms of selenium
that are found in sediment. Elevated salinity also reduces the potential for Saline Habitat Complex to
support mosquito populations and avian disease organisms such as botulism.

To evaluate the overall risk to fish and birds at the population level, the hazard quotients (which compare
an estimated exposure to an effect concentration or dose) based on the high toxicity reference value
(TRV) for each species were used (see Appendix F, Table F-45 for summary and Tables F-33, F-35, F-38,
and F-39 for more details). These hazard quotients were averaged within the habitats present under each
alternative and weighted by the area of each habitat; they were then summed across habitats to derive an
"overall hazard index" for the alternative. To evaluate the risk to special status species at the individual
level, the hazard quotients based on the low TRV (which provides a more conservative assessment of
risk) were used for each special status species. The hazard quotient for each habitat present under each
alternative was weighted by the area of that habitat and then hazard quotients were summed across
habitats to derive an "overall hazard index." An area-weighted average hazard quotient (or a hazard index
[HI]) less than 1 indicates a relatively low risk to fish and wildlife from selenium; values between 1 and
5 suggest a moderate risk, and values greater than 5 suggest a relatively higher level of overall risk. (It
should be recognized, however, that risks to particular species would be higher or lower than the average,
as indicated below and in Appendix F.)

Projected selenium levels would not be expected to result in direct mortality of adults or significant incidence
of teratogenic effects in developing bird embryos. The most likely effects would be in reduced hatching
success of eggs of more highly exposed or sensitive species. Overall, the benefits of restoration (ability to
support fish and birds at the Salton Sea) would outweigh the potential risks posed by exposure to selenium.
However, actions that would have lower overall levels of ecological risk due to selenium would be preferable
to actions resulting in higher levels of risk. The effects of selenium on fish and birds are described for each
alternative under the evaluation of overall benefits of restoration and impacts on special status species.

Significance Criteria
The following significance criteria were based on CEQA and used to determine if changes as compared to
Existing Conditions and the No Action Alternative would:
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• Have a substantial reduction in the value of the Salton Sea for fish and wildlife;

• Have a substantial adverse effect, either directly or through habitat modifications on colonial
breeding birds and any species identified as a candidate, sensitive, or special status species in
local or regional plans, policies, or regulations, or by the DFG or Service;

• Have a substantial adverse effect on any riparian habitat or other sensitive natural community
identified in local or regional plans, policies, and regulations or by the DFG or the Service;

• Have a substantial adverse effect on federally protected wetlands as defined by Section 404 of the
Clean Water Act (including, but not limited to, marsh, vernal pool, coastal, etc.) through direct
removal, filing, hydrological interruption, or other means;

• Interfere substantially with the movement of any resident or migratory fish or wildlife species or
with established native resident or migratory wildlife corridors, or impede the use of native
wildlife nursery sites;

• Conflict with any local policies or ordinances protecting biological resources, such as a tree
preservation policy or ordinance; or

• Conflict with the provisions of an adopted Habitat Conservation Plan (HCP), Natural Community
Conservation Plan (NCCP), or other approved, local, regional, or State habitat conservation plan.

Application of Significance Criteria on the Alternatives
Significance criteria have been applied to the alternatives considered in the PEIR. The following list
summarizes the overall methodology in the application of the criteria to the alternatives:

• Substantial Reduction in the Value of the Salton Sea for Fish and Wildlife — The alternatives are
intended, among other objectives, to retain the value of the Salton Sea for fish and wildlife. While
implementation of the alternatives has the potential for long term adverse impacts (e.g., effects of
eutrophication and selenium), they also have the potential to provide long term benefits for fish and
wildlife. This criterion is applied broadly to encompass the overall Salton Sea ecosystem, rather than
individual components of the system (e.g., special status species), for the purpose of evaluating the
overall effects of the alternatives on fish and wildlife relative to the No Action Alternative and
Existing Conditions. Conclusions regarding overall benefits are based on the capacity of the habitat
associated with each of the alternatives to support birds (as indicated by the habitat-based bird
modeling) considered within the context of the anticipated negative effects of eutrophication and
selenium. The bird modeling and projection of selenium effects is based on 2078 conditions;

• Substantial Adverse Effect on Candidate, Sensitive, or Special Status Species — This criterion
was applied to construction and to operations and maintenance activities that could directly or
indirectly affect species listed in Table 8-1. This criterion was also applied to the potential risks
associated with selenium in the sediments of the Salton Sea and in the water that would be
supplied to each of the habitat components of the restoration;

• Substantial Adverse Effect on any Riparian Habitat or Other Sensitive Natural
Community — This criterion was applied to the riparian vegetation at the mouths of the New,
Alamo, and Whitewater rivers; and creeks and agricultural drains;

• Substantial Adverse Effect on Federally Protected Wetlands — areas identified as adjacent
wetlands, some of which could be jurisdictional, are located in various areas above the shoreline
around the margin of the Salton Sea. These are generally outside the influence of the restoration
activities, and site-specific delineation and evaluation of individual wetland areas potentially
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affected by restoration activities would be conducted at the project-level. This significance
criterion was applied primarily to potential wetlands associated with the river mouths where
facilities associated with the restoration could occur;

• Interfere Substantially with the Movement of Any Resident or Migratory Fish or Wildlife
Species — The desert pupfish that occupy many of the drains and creeks that discharge directly to
the Salton Sea move among the drains and creeks via the Salton Sea. If the alternatives prevent or
inhibit this movement, a substantial impact would occur. In addition, striped mullet are believed
to move between the Salton Sea and the rivers, but it is unknown if this movement is necessary
for their continued survival. This criterion was applied primarily to movement of desert pupfish
(along the Salton Sea shoreline) among the creeks and drains they inhabit;

• Conflict with Any Local Policies or Ordinances Protecting Biological Resources — The
Imperial County General Plan includes provisions to preserve the integrity, function, productivity,
and long term viability of environmentally sensitive habitats, and plant and animal species. The
general plan also includes a provision to maintain salinity levels in the Salton Sea, which enable it
to remain a viable fish and wildlife habitat. Compliance with the local policies and ordinances is
discussed in Chapter 11 and not considered in this chapter; and,

• Conflict with the Provisions of an Adopted HCP or NCCP — The Coachella Valley Multiple
Species HCP/NCCP, which covers land use activities in the Coachella Valley, is near completion,
but not yet approved. The LID is in the process of developing an HCP and NCCP covering water
conservation activities and delivery and drainage of irrigation water within portions of its service
area in the Imperial Valley. This plan also is not approved. Because there are no approved plans
in place, this criterion was not applied.

Summary of Assumptions
The assumptions related to the descriptions of the alternatives are described in Chapter 3. The specific
assumptions related to the analysis of biological resources are summarized in Table 8-3.

Table 8-3
Summary of Assumptions for Biological Resources

Assumptions Common to All Alternatives

1.	 Water quality characteristics of the water bodies would respond as described in Appendices D and F
2.	 Biological conditions and species use of water bodies es described in Appendix H-1
3.	 Pupfish Channels would be designed to effectively support desert pupfish and their movement
4.	 Fish and invertebrates could be introduced as conditions change in the future in response to restoration actions
5.	 Habitat is limiting for birds and creation of additional habitat would increase the habitat capacity
B.	 Selected bird species used to model habitat capacity provide a reasonable representation for other bird species

with similar habitat requirements
7.	 Constructed islands and nesting structures would be effective in replacing lost habitat values
8.	 Areas adjacent to the Salton Sea that provide habitat for wildlife, such as agricultural fields and refuges, would

continue to provide similar habitat value in the future

9.	 Detailed design and site-specific analysis would be conducted in the project-level analyses

10	 Adaptive Management would be used to modify future restoration actions

11	 Vegetation (e.g., common reed) would establish along river channels in the Sea Bed.

Assumptions Specific to the Alternatives

No Action Alternative and Alternatives 1, 2, 3, 4, 5,
6, 7, and 8

No additional assumptions were made.
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General Impacts of Implementation of Common Facilities
This section provides an analysis of the general impacts associated with the construction and operations
and maintenance of features and facilities associated with restoration that are included in more than one of
the restoration alternatives. These impacts generally would occur in association with the construction of a
particular feature or facility regardless of the alternative. Impacts unique to individual alternatives are
addressed in subsequent sections.

Berms and Saline Habitat Complex Features
Under all alternatives, Berms would be constructed to create habitat cells for the Early Start Habitat. Early
Start Habitat would be a temporary feature with the characteristics of Saline Habitat Complex. Up to
2,000 acres would be constructed along the southern shoreline early in the implementation. Early Start
Habitat would be constructed to hasten the development of habitat in an attempt to retain habitat values as
habitat values in the Brine Sink decrease and to provide information that would assist in the design of
Saline Habitat Complex. The Early Start Habitat also will be designed in consideration of the results of
the pilot study currently being conducted by USGS along the southeastern shore of the Salton Sea. This
pilot study is intended to evaluate various aspects of the performance of construction methods and habitat
value of constructed shallow saline ponds.

Berms also would be used to form Saline Habitat Complex, including Shoreline Waterways. These Berms
would be constructed of material dredged or excavated from the Sea Bed. In addition to constructing the
Berms, earthwork would be conducted to create excavated areas that would serve to increase water depth
and the complexity of these water bodies. Islands and other dry features would also be constructed.
Maintenance activities associated with these facilities would include periodic dredging to remove
accumulations of sediment and possible temporary dewatering used as a tool to improve the performance
of the areas as habitat. These structures would not be designed to withstand severe ground shaking and it
is presumed that they would require major repair or reconstruction after a substantial earthquake event.

Avian Resources
Construction of Berms parallel and perpendicular to the shore to form habitat cells, as well as earthwork
associated with development of deeper water and islands, could cause a temporary disturbance that could
adversely disturb nesting birds, particularly colonial nesting birds near the river deltas. The habitat
associated with Early Start Habitat would likely be located along the southern shore of the Salton Sea
between the New and Alamo river deltas, and possibly along the shoreline northeast of the Alamo River.
This area was selected because there would be minimal impact to desert pupfish because drains in this area
have no direct connection to the Salton Sea. These areas, including the river deltas and islands (e.g., Mullet
Island) contain some of the most important habitat for colonial breeding birds (see Figure 8-1).
Construction in these areas could be significant if the activities coincided with the breeding season and
resulted in a level of disturbance that caused the failure of these birds to nest successfully. These impacts
would only extend over the duration of the construction activity (one or two years) and might be avoided or
minimized by performing construction activities nearest the breeding sites outside the nesting season.

Similarly, construction of Berms and habitat features associated with subsequent phases of development
of Saline Habitat Complex could result in disturbance of nesting birds using habitat features constructed
under the previous phase. This disturbance could represent a significant impact if nesting occurred in
proximity to the construction area. This potential impact might be avoided or minimized by scheduling
construction activities outside of the breeding season or designing the features that are intended to support
nesting within constructed habitats (e.g., islands) in areas that would reduce the likelihood of disturbance
of future construction.
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Aquatic Resources
Construction of the Berms and habitat features would occur on exposed Sea Bed as the water recedes. As
a result, aquatic resources (fish and invertebrates) likely would not be affected. Operations and
maintenance activities, such as Berm/road condition monitoring and repair, water management, and
biological monitoring would not likely result in significant impacts on aquatic resources. Periodic
dredging or maintenance activities that require draining a particular cell, however, would result in a loss
of fish and invertebrates. Dredging to remove sediment buildup in the cells likely would be an infrequent
activity. Fish could be collected and transported to adjacent cells. The impact of dredging on aquatic
resources would be less than significant.

Operations and maintenance activities on the Berms and habitat features could result in disturbance or
mortality of desert pupfish if this species became established in the Saline Habitat Complex. Impacts on
desert pupfish from the dredging and operations and maintenance activities would be considered
significant due to its special status.

Sedimentation/Distribution Basins
The Sedimentation/Distribution Basins could be constructed on the New, Alamo, and/or Whitewater
rivers near the existing shoreline. The basins would collect, settle, and remove sediment and regulate the
flow of water into the conveyance structures including Air Quality Management canals, Shoreline
Waterways, or other facilities. Most of the basin would be located on land exposed as the water recedes.
Each Sedimentation/Distribution Basin would cover about 200 acres with an average water depth of less
than 6 feet. This depth would facilitate settling of sediment and minimize vegetation in basins, although
rooted aquatic vegetation likely would colonize portions of the basins. The basins would include an outlet
structure that would connect to the extensions of the rivers to allow flushing of accumulated sediment and
debris into the Brine Sink. Operations and maintenance activities on the Sedimentation/Distribution
Basins would include dredging and flushing about once every two years to remove vegetation,
accumulated sediment, and debris. The material would be flushed into the Brine Sink.

Avian Resources
Construction of the facilities would occur in or near some of the most important bird nesting areas at the
Salton Sea and result in removal of any nesting habitat that occurs within the footprint of the facility. Direct
impacts to breeding birds could be avoided or minimized by initiating construction in the non-breeding
season. However, the permanent loss of colonial nesting areas would be a significant impact. This impact
would occur in Phase I under all alternatives, including the No Action Alternative. Nesting sites constructed
as part of Saline Habitat Complex and possibly sites that naturally develop along the margins of the inflow
to the Brine Sink would reduce the significance of this impact in subsequent phases.

Terrestrial birds and waterbirds in or near the work area likely would avoid the construction activities.
The distance from the area of active construction to the Salton Sea shoreline and river deltas would
depend on the elevation of the Salton Sea at the time of construction. This distance would determine the
potential for disturbance of shorebirds. Impacts to terrestrial birds would be less than significant due to
the small area and short duration of the disturbance. Construction activities also would have the potential
to disturb water associated species that nest, forage, and loaf on the shoreline, in snags near the shore, or
river deltas. If construction were to occur near these nesting sites during the breeding season, impacts
would have the potential to be significant.

Aquatic Resources
The Sedimentation/Distribution Basins would be constructed in non-inundated areas and would not
directly affect Salton Sea aquatic resources. Construction and operations and maintenance of the basins,
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however, would preclude movement by aquatic organisms in the Brine Sink or created habitats back into
the river. This is not expected to result in a significant impact.

Conveyance Facilities
Conveyance facilities include the structures needed to move water for various purposes from its source to
the location of the habitat components or the Brine Sink. The full range of conveyance facilities is
described in Chapter 3. These facilities include canals, pipelines, and pumping plants.

Avian Resources
During construction activities, noise and human disturbance would occur in a small area of active
construction along the various canal corridors. Both terrestrial birds and shorebirds in or near the work
area would likely avoid the disturbance area. The distance from the work area to the shoreline along the
Brine Sink would depend on the level of the Brine Sink at the time of canal construction, and this distance
would determine the potential for disturbance of shorebirds. Impacts to terrestrial birds could be
significant.

Construction activities also have the potential to disturb water associated species that nest on the shore or
in snags near the shore, assuming that the Salton Sea has receded very little when the canal is built. If
construction were to occur near these nesting sites during the breeding season, impacts could be
significant, particularly for species such as the western snowy plover.

Aquatic Resources
The Air Quality Management Canal and other water conveyance facilities would be constructed on
exposed land as the water recedes. Crossings of drains and natural streams would be via siphons under
those waterways. Construction of the siphons would have the potential to temporarily dewater the
waterway at that location, or the surface flow would need to be temporarily diverted around the work
area. In either case, aquatic resources could be disturbed or lost. Impacts could be significant.

Barriers and Perimeter Dikes
As described in Chapter 3, the construction of Barriers and Perimeter Dikes would be required under
several alternatives. Barriers would be used to create a Marine Sea, and Perimeter Dikes would be used to
a create a Marine Sea Mixing Zone, Concentric Rings, a Recreation Estuary Lake, and the IID Reservoir.
In addition to the construction of the Barriers and Perimeter Dikes, harbors and upland staging facilities
would also be required. The characteristics of these structures are described in Chapter 3.

Construction of a Barrier requires the conveyance of a substantial amount of rock and other materials
within and immediately adjacent to the Salton Sea. The alternatives do not include any new or expanded
roadways or railroads. It is assumed that most of the materials would be delivered by truck to the
facilities. During project-level analysis, the use of railroads could be considered and evaluated based upon
specific details. Therefore, analysis was based upon the projected construction conditions and was
focused on the transport of rock and gravel from either a quarry or railroad siding located near the Salton
Sea using the roadways. Other truck traffic would be incidental in comparison. Specific quarry locations
and transportation routes are not known, nor is the method of transporting quarried rock. However, it is
assumed that all rock and gravel, even if delivered to the area by rail, would need to be transported on
roadways for at least part of the route. Roadways and electrical distribution lines would need to be
extended to the shoreline during Phase I. Although the locations of these facilities are not known at this
time, the construction and operations and maintenance of these facilities could result in substantial
impacts to the environment depending on a variety of factors including the location and design of the
facilities.
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Avian Resources
Noise from heavy machinery and other human activities would occur during the construction of the staging
areas. Birds, including terrestrial birds, shorebirds, and waterfowl in or near the work area would likely
avoid the disturbance area. The distance from the area of disturbance and the location of these birds would
depend on the location of these facilities and elevation of the Brine Sink at the time of construction. If the
staging areas were developed in areas frequented by terrestrial birds, impacts could be significant.

Construction activities also have the potential to disturb water associated species that nest on the shore or
in snags near the shore, and terrestrial birds nesting in or near the on-shore location of these facilities. If
construction were to occur near these nesting sites during the breeding season, impacts could be
significant, particularly for species such as the western snowy plover.

During Bather and Perimeter Dike construction activities, noise and human disturbance would occur in
the area of active construction along the alignment of the facility. Birds, including terrestrial birds and
shorebirds in or near the work area, would likely avoid the disturbance area. The distance from the work
area to the shoreline along the Brine Sink would depend on the level of the Brine Sink at the time of
construction, and this distance would determine the potential for disturbance of shorebirds. Impacts on
birds could be significant. If new access roads were constructed upslope of the shoreline in the study area,
project-level analysis would be required to evaluate impacts on wildlife.

Construction activities in inundated areas (including excavation, foundation treatment and fill placement)
would increase turbidity, with the secondary effects of increased turbidity on dissolved oxygen, light
penetration, and sediment suspension that could adversely affect the forage base for birds.

Aquatic Resources
Dredging and other construction activities for the harbor facilities would have the potential to disturb or
kill desert pupfish in or near the location of these facilities. Construction activities would also impede
movement of desert pupfish along the shore. These impacts would be significant.

Construction of the harbor facilities would have the potential to temporarily disturb or kill fish and
invertebrates that provide forage for avian wildlife. Fish would generally avoid the areas of disturbance.
For all but desert pupfish, impacts would be less than significant because the area affected would be small
relative the total habitat available within the study area.

In-water construction activities (including excavation, foundation treatment, and barrier/dike fill
placement) would adversely impact aquaticspecies due to sediment disturbance and increased turbidity.
This impact would have several secondary effects, including a reduction in dissolved oxygen and light
penetration, physical clogging of gills of fish and invertebrates, and the burial of organisms.

Barrier and Perimeter Dike construction activities (including excavation, foundation treatment, and
barrier fill placement) would have the potential to disturb or kill desert pupfish where construction
activities occur near the shore. Construction activities would also impede movement of desert pupfish
along the shore. These impacts would be significant.

Air Quality Management
A number of methods could be used for management of dust from the exposed Sea Bed: use of water
efficient vegetation, brine stabilization, and temporary use of chemical soil stabilization as described in
Chapter 3.
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Avian Resources
Construction and use of roads, and installation, operations, and maintenance of the irrigation system
would cause disturbance in localized areas within the exposed Sea Bed. Such activities could cause birds
using the Brine Sink or its shoreline to avoid the area near the work. Air Quality Management activities
would require daily operations and maintenance visits, which would result in daily disturbance of avian
resources. Impacts of construction and operations and maintenance could be significant.

Air Quality Management activities around the margin of the Brine Sink would disturb birds using the
entire shoreline and adjacent shallow waters through noise (tractors, pumps, and spray guns) and brine
spray. The frequency of this disturbance would depend on the rate at which the shoreline fluctuates,
which would vary among alternatives and with climatic conditions. Large numbers of birds could be
affected for as long as the Brine Sink provides an invertebrate forage base. Impacts could be significant
because the entire margin of the Brine Sink would be affected at intervals. Once the invertebrate
production ceases due to high salinities, the impacts would be less than significant because few, if any,
birds would use the area.

Aquatic Resources
Air Quality Management activities would occur in dry areas of the Sea Bed and thus would not have any
direct effects on aquatic habitats.

Summary of Impact Assessment
The impacts shown in Table 8-4 assume implementation of the Next Steps to reduce the adverse impacts.

No Action Alternative
As described in Chapter 3, this alternative would involve construction and operations and maintenance
activities for the Sedimentation/Distribution Basins, Air Quality Management, Pupfish Channels, and
Salton Sea. The construction activities would be identical under the No Action Alternative-CEQA
Conditions and the No Action Alternative-Variability Conditions. Therefore, impacts related to
disturbance would be the same for both conditions.

Under the No Action Alternative, the surface elevation and area of the Salton Sea would decline while the
salinity would increase, as shown in Tables 8-5 and 8-6. Circulation and mixing would continue to be
driven primarily by winds, but as the water becomes shallower, the effects of thermal stratification would
become somewhat weaker, allowing more frequent mixing of surface and bottom waters. This would
gradually result in a slightly less stratified vertical temperature profile and greater dissolved oxygen in
deeper water in Phase IV. The frequency and magnitude of mixing events that bring anoxic water with
high concentrations of hydrogen sulfide, ammonia, and phosphorus to the surface would decrease over
time. The Salton Sea would continue to be a sink for selenium, with concentrations in the sediments
orders of magnitude higher than in the water. The amount of exposed Sea Bed in which Air Quality
Management activities could occur would increase by phase from 4,000 acres in Phase Ito 47,000 acres
in Phase IV under the No Action Alternative.
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Table 8-4
Summary of Benefit and Impact Assessments to Biological Resources

Alternative
Basis of

Comparison
Changes by Phase

Comments Next Steps1 11 III 1 IV
Criterion: Overall effects of implementation on fish and wildlife.
No Action
Alternative

Existing
Conditions

S S S S Under the No Action Alternative — CEQA Conditions,
the biota of the Salton Sea would undergo substantial
changes during Phase I and II, with additional changes
in the succeeding phases. As the surface elevation
falls, important roosting and nesting areas would be
lost. With increased salinity, the aquatic food web
would shorten because of the loss of fish and some
invertebrate species, and bird populations dependent
on an aquatic food base would decline. Impacts
relative to Existing Conditions would be significant.
With the loss of bird species dependent on fish as a
food base, the overall risk from selenium to birds would
be less than under Existing Conditions. Under the No
Action Alternative-Variability Conditions, biological
resources at the Salton Sea would be affected in a
manner similar to the No Action Alternative-CEQA
Conditions, although these changes would occur
sooner and be more pronounced.

Implement measures to avoid
disturbance of fish and wildlife resources
during construction and operations and
maintenance.No Action

Alternative
NA NA NA NA

Alternative 1 Existing
Conditions

S L L L Constructed Saline Habitat Complex would stabilize
salinity within cells and support invertebrates and
forage fish. For most of the evaluated bird species,
constructed Saline Habitat Complex would increase
habitat capacity relative to the No Action Alternative
and to Existing Conditions. Fish would no longer be
supported in the Brine Sink beginning in Phase I, and
invertebrates would be lost from most of the Brine Sink
by Phase III. The overall risk from selenium (low) would
be similar to Existing Conditions and the No Action
Alternative, and would be below the threshold for
population-level effects in most species.

Conduct pilot studies to evaluate the
effectiveness of Saline Habitat Complex
in supporting fish and wildlife. Implement
monitoring program to assist in project-
level design and development of an
adaptive management program.
Implement measures to avoid
disturbance of fish and wildlife during
construction, including potential impacts
resulting from increased light and glare.
Prior to project-level design, evaluate the
distribution of selenium in the sediments,
especially in the interior portion of Salton
Sea, and collect additional co-located
biota, sediment, and water samples to
refine predictions of selenium risk and
reduce uncertainty. Modify design to
minimize selenium uptake in food web.

No Action
Alternative

B B B B
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Table 8-4
Summary of Benefit and Impact Assessments to Biological Resources

Alternative
Basis of

Comparison
Changes by Phase

Comments Next StepsI ll Ill iv
Alternative 2 Existing

Conditions
S B B B Constructed Saline Habitat Complex would stabilize

salinity within cells and support invertebrates and
forage fish. For all of the evaluated bird species, this
alternative would increase habitat capacity relative to
the No Action Alternative and Existing Conditions. The
overall risk from selenium would be somewhat greater
than under the No Action Alternative and Existing
Conditions, and would be at the threshold for effects
(Hazard Index [HI] of 1.0).

Same as Alternative 1.

No Action
Alternative

B B B B

Alternative 3 Existing
Conditions

S L L L Constructed Saline Habitat Complex (Early Start)
would support invertebrates and forage fish. The First
Ring also would support forage fish. Water quality in
the Second Ring would be anticipated to provide
conditions that could support recreational sport fish
species if introduced. For most of the evaluated bird
species, this alternative would likely result in little
change in habitat capacity relative to Existing
Conditions and an increase relative to the No Action
Alternative. The overall risk from selenium would be
greater than under the No Action Alternative and
Existing Conditions, and would be at the threshold for
effects (HI of 1.0).

Same as Alternative 1.
Evaluate the effectiveness of
constructing and closing the southern
portion of the First Ring to create
functioning habitat while the northern
portion of the First Ring is constructed.

No Action
Alternative

B B B B

Alternative 4 Existing
Conditions

S L L L Salinity in the First, Second, and Third lakes would be
less than about 40,000 mg/L and would provide habitat
for fish and invertebrates. The Fourth Lake would
provide habitat for invertebrates and fish with high
salinity tolerance. For most of the evaluated bird
species, habitat capacity would be expected to
increase by at least 50 percent relative to Existing
Conditions. Habitat capacity relative to the No Action
Alternative would increase for all species. The overall
risk from selenium would be greater than under the No
Action Alternative and Existing Conditions, and would
be just above the threshold for effects (HI of 1.0).

Same as Alternative 1.

No Action
Alternative

B B B B
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Table 8.4
Summary of Benefit and Impact Assessments to Biological Resources

Alternative
Basis of

Comparison
Changes by Phase

Comments Next StepsI II ill IV

Alternative 5 Existing
Conditions

S L L Constructed Saline Habitat Complex would support
invertebrates and forage fish. Salinity in the Marine
Sea would be above the tolerance levels for most fish
species until late Phase II when it would begin to
provide habitat for filapia and other forage fish. Once
salinity was stabilized by late Phase II, the Marine Sea
could provide conditions that support recreational sport
fish species. For most of the evaluated bird species,
habitat capacity would be expected to increase by at
least 50 percent compared to Existing Conditions.
Habitat capacity relative to the No Action Alternative
would increase for all species. The overall risk from
selenium would be greater than under the No Action
Alternative and Existing Conditions, and would be at
the threshold for effects (HI of 1.0).

Same as Alternative 1.

No Action
Alternative

B B B B

Alternative 6 Existing
Conditions

S L L L Constructed Saline Habitat Complex would support
invertebrates and forage fish. Salinity in the Marine
Sea would be above the tolerance levels for most fish
species in Phase I, but could provide habitat for filapia
and other salt-tolerant forage fish beginning in Phase
II. Compared to Existing Conditions, habitat capacity
for most of the evaluated bird species would be
expected to increase. Habitat capacity relative to the
No Action Alternative would increase for all species.
The overall risk from selenium would be greater than
under the No Action Alternative and Existing
Conditions, and would be just below the threshold for
effects (HI of 0.9), which would be considered low.

Same as Alternative 1.

No Action
Alternative

B B B B
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Table 8-4
Summary of Benefit and Impact Assessments to Biological Resources

Alternative
Basis of

Comparison
Changes by Phase

Comments Next StepsI II Ill IV
Alternative 7 Existing

Conditions
S L L L Constructed Saline Habitat Complex would support

tilapia and other forage fish. The Recreational
Saltwater Lake would have salinity levels above the
tolerance levels for most fish species in Phase I, but
could provide habitat for ramie and other salt-tolerant
forage fish beginning in Phase III, and possibly Phase
II, depending on inflows. The Recreational Saltwater
Lake could support introduction of marine sport fish
species if salinity could be reduced to less than 40,000
mg/L. Compared to Existing Conditions, habitat
capacity would be expected to increase substantially
(more than 75 percent) for about half of the bird
species evaluated. Habitat capacity for the other
species would be expected to decline by up to 50
percent. Habitat capacity relative to the No Action
Alternative would increase for all species. The overall
risk from selenium would be greater than under the No
Action Alternative and Existing Conditions, and would
be just below the threshold for effects (HI of 0.9), which
would be considered low.

Same as Alternative 1.

No Action
Alternative

B B B B

Alternative 8 Existing
Conditions

S L L L The Marine Sea could provide habitat for tilapia and
other salt-tolerant forage fish beginning in Phase II.
The Marine Sea is anticipated to provide conditions
that could support recreational sport fish species once
salinity is stabilized at the end of Phase II. Compared
to Existing Conditions, habitat capacity would decline
by up to 50 percent for about half of the bird species
evaluated. Habitat capacity for the other bird species
evaluated would be expected to increase relative to
Existing Conditions. Habitat capacity relative to the No
Action Alternative would increase for all species. The
overall risk from selenium would be greater than under
the No Action Alternative and Existing Conditions, and
would be at the threshold for effects (HI of 1.0).

Same as Alternative 1.

No Action
Alternative

B B B B
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Table 8-4
Summary of Benefit and impact Assessments to Biological Resources

Alternative
Basis of

Comparison
Changes by Phase

Comments Next StepsI II in hi
Criterion: Substantial adverse effect on Candidate, Sensitive, or Special Status Species.

No Action
Alternative

Existing
Conditions

S S S S Construction of the Sedimentation/Distribution Basins
could result in loss of nesting and roosting habitat for
special status birds at the river deltas during Phase I.
By the end of Phase I, the Salton Sea would no longer
provide sufficient prey (fish) to support the current
populations of fish-eating birds. During Phase II,
Pupfish Channel construction activities could kill or
injure individual desert pupfish during connection of the
drains to the channels. As the water recedes, the
suitability of the beaches used by western snowy
plovers for nesting could change as Sea Bed
sediments are exposed. Operations and maintenance
would result in disturbance impacts in all phases.
Selenium risk to desert pupfish based directly on the
sediment concentrations generally would be less than
under Existing Conditions because they would be
found only in the limited estuary areas under this
alternative. Selenium risk to special status bird species
based directly on the sediment concentrations would
be moderate and slightly less than under Existing
Conditions. For black skimmer (and other fish-eating
birds), risk associated with the food web (diet) pathway
would be less than under Existing Conditions. because
their prey (fish) would be absent except in estuaries
under No Action Alternative conditions, so there would
be no exposure to fish-eating birds. For western snowy
plover, the moderate risk associated with the food web
(diet) pathway would be slightly less than under
Existing Conditions. Impacts associated with the No
Action Alternative-Variability Conditions would be
similar, except that the Salton Sea would not support a
forage base (fish or invertebrates) for special status
birds during Phases III and IV. Selenium risk to special
status species would be slightly greater than under the
No Action Alternative-CECA Conditions.

Implement measures to avoid or
minimize impacts on breeding or
roosting special status 	 i	 s and desert
pupfish during construction or
maintenance activities.

No Action
Alternative

NA NA NA NA
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Table 8-4
Summary of Benefit and Impact Assessments to Biological Resources

Alternative
Basis of

Comparison
Changes by Phase

Comments Next StepsI II gi pi
Alternative 1 Existing

Conditions
S t. L L The impact of construction of the

Sedimentation/Distribution Basins (loss of nesting
habitat) would be the same as the No Action
Alternative. Construction and operations and
maintenance of the Pupfish Channels, and Air Quaky
Management facilities would be similar to those
described for the No Action Alternative. There could be
a loss of western snowy plover nesting habitat on the
beach and snag habitat in the northern part of the
Salton Sea The Saline Habitat Complex would provide

Implement measures to avoid or
minimize impacts on breeding or
roosting special status birds and desert
pupfish during construction or operations
and maintenance activities. Evaluate the
need and methods for incorporating
areas of freshwater within Saline Habitat"
Complex to accommodate the
requirements of breeding birds and their
young. Determine the appropriate ratio
of wetted to dry areas within the Saline
Habitat Complex necessary to maximize
the habitat value. Prior to project-level
design, implement studies to further
characterize the distribution of selenium
in the sediments, especially in the
interior portion of the Salton Sea and

No Action
Alternative

0 B B B

foraging and nesting opportunities for special status
birds during Phase I and represent a benefit relative to
the No Action Alternative. Selenium risk to desert
pupfish based directly on the sediment concentrations
would be low and less than under Existing Conditions
because they would not be found in the large area of
Brine Sink under this alternative. Risks to desert
pupfish through the sediment pathway would be
comparable to those under the No ActionAltemative.
Selenium risk to special status bird species based
directly on the sediment concentrations would be
moderate and less than under Existing Conditions and
the No Action Alternative. For black skimmer (and
similar fish-eating birds), risk associated with the food
web (diet) pathway would be moderate and less than
under Existing Conditions, but greater than under the
No Action Alternative (when their prey [fish] would be
absent except in estuaries, and there would be no
exposure to fish-eating birds in the Salton Sea). For
western snowy plover, the moderate risk associated
with the food web (diet) pathway would be lower than
under Existing Conditions and under the No Action
Alternative.

collect additional co-located biota,
sediment, and water samples to refine
predictions of selenium risk and reduce
uncertainty. Modify design to minimize
selenium uptake in the food web.
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Table 8-4
Summary of Benefit and impact Assessments to Biological Resources

Alternative
Basis of

Comparison
Changes by Phase

Comments Next StepsI II III IV

Alternative 2 Existing
Conditions

S L L L The impact of construction, operations and
maintenance would be the same as Alternative 1, but
over a larger area and longer duration. Selenium risk to
desert pupfish based directly on the sediment
concentrations would generally be moderate and less
than under Existing Conditions because they would not
be found in the large area of Brine Sink under this
alternative. Risks to desert pupfish through the
sediment pathway would be slightly greater than under
the No Action Alternative. Selenium risk to special
status bird species based directly on the sediment
concentrations would be moderate and less than under
Existing Conditions and under the No Action
Alternative. For black skimmer (and similar species),
risk associated with the food web (diet) pathway would
be moderate and less than under Existing Conditions,
but greater than under the No Action Alternative (when
fish would be largely absent from the Salton Sea). For
western snowy plover, the moderate risk associated
with the food web (diet) pathway would be similar to or
less than risks under Existing Conditions and under the
No Action Alternative.

Same as Alternative 1.

No Action
Alternative

0 B B B
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Table 8-4
Summary of Benefit and Impact Assessments to Biological Resources

Altemative
Basis of

Comparison
Changes by Phase

Comments Next StepsI II m IV
Alternative 3 Existing

Conditions
S L L L Construction of the Sedimentation/Distribution Basins

would have a significant impact on special status
species relative to Existing Conditions and a benefit
relative to the No Action Alternative because fewer
Sedimentation/ Distribution Basins would be
constructed. The First Ring would support movement
of desert pupfish populations, although some
individuals could be injured or killed by passage
through the circulation pumps. Operations and
maintenance activities could result in disturbance
impacts in all phases. The First and Second rings
would provide conditions that support foraging
opportunities for special status birds and create a
benefit during all phases Selenium risk to desert
pupfish based directly on the sediment concentrations
would generally be moderate and less than under
Existing Conditions because there would be less
habitat in high selenium areas for this species under
this alternative. Risks to desert pupfish through the
sediment pathway would be greater than under the No
Action Alternative. Selenium risk to special status bird
species based directly on the sediment concentrations
would be moderate and less than under Existing
Conditions and under the No Action Alternative. For
black skimmer (and similar species), risk associated
with the food web (diet) pathway would be moderate
and less than under Existing Conditions, but greater
than under the No Action Alternative (when fish would
be absent from the Salton Sea). For western snowy
plover, the moderate risk associated with the food web
(diet) pathway would be similar to the level of risk
under Existing Conditions and under the No Action
Alternative.

Same as Alternative 1.

No Action
Alternative

B B B B
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Table 8-4
Summary of Benefit and Impact Assessments to Biological Resources

Alternative
Basis of

Comparison
Changes by Phase

Comments Next StepsI II Ill IV

Alternative 4 Existing
Conditions

S L L L Construction of the Sedimentation/Distribution Basins
would have impacts similar to those described for
Alternative 3. The Concentric Lakes would support
foraging and nesting opportunities for special status
birds during all phases and create a benefit during all
phases Selenium risk to desert pupfish based directly
on the sediment concentrations would generally be
moderate and less than under Existing Conditions
because there would be less habitat in high selenium
areas for this species under this alternative. Risks to
desert pupfish through the sediment pathway would be
greater than under the No Action Alternative. Selenium
risk to special status bird species based directly on the
sediment concentrations would be moderate and
slightly less than under Existing Conditions and under
the No Action Alternative. For black skimmer (and
similar species), risk associated with the food web
(diet) pathway would be moderate and less than under
Existing Conditions, but greater than under the No
Action Alternative (when fish would be absent from the
Salton Sea). For western snowy plover, the moderate
risk associated with the food web (diet) pathway would
be similar to the level of risk under Existing Conditions
and under the No Action Alternative.

Same as Alternative 1.

No Action
Alternative

B B B B
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Table 8-4
Summary of Benefit and Impact Assessments to Biological Resources

Alternative
Basis of

Comparison

Changes by Phase

Comments Next StepsI II Ill IV

Alternative 5 Existing
Conditions

S L L L Construction of the Sedimentation/Distribution Basins
would have impacts similar to those described for
Alternative 3. The Concentric Lakes would support
foraging and nesting opportunities for special status
birds during all phases and create a benefit during all
phases Selenium risk to desert pupfish based directly
on the sediment concentrations would generally be
moderate and less than under Existing Conditions
because there would be less habitat in high selenium
areas for this species under this alternative. Risks to
desert pupfish through the sediment pathway would be
greater than under the No Action Alternative. Selenium
risk to special status bird species based directly on the
sediment concentrations would be moderate and
slightly less than under Existing Conditions and under
the No Action Alternative. For black skimmer (and
similar species), risk associated with the food web
(diet) pathway would be moderate and less than under
Existing Conditions, but greater than under the No 	 .
Action Alternative (when fish would be absent from the
Salton Sea). For western snowy plover, the moderate
risk associated with the food web (diet) pathway would
be similar to the level of risk under Existing Conditions
and under the No Action Alternative.

Same as Alternative 1.

No Action
Alternative

B B B B

Alternative 6 Existing
Conditions

S L L L The impact of construction and operations and
maintenance would be the same as Alternative 5
except that this alternative would maintain western
snowy plover nesting habitat around much of the
Marine Sea and Marine Sea Mixing Zone. Selenium
risk to special status species would be similar to
Alternative 5 based directly on sediment selenium
concentrations and the food web (diet) pathway.

Same as Alternative 1.

No Action
Alternative

B B B B

Salton Sea Ecosystem
	

8-33
	

2006
Restoration Draft PEIR



Chapter 8
Biological Resources

Table 8-4
Summary of Benefit and Impact Assessments to Biological Resources

Alternative
Basis of

Comparison

Changes by Phase

Comments Next StepsI II ill IV

Alternative 7 Existing
Conditions

S L L L The impact of construction and operations and
maintenance would be the same as Alternative 6
except that the salinity of the Recreational Saltwater
Lake and Saline Habitat Complex would be higher and
might not support fish during Phase II. The IID water
storage reservoir also could provide foraging
opportunities for special status birds. Selenium risk to
special status species would be similar to Altemafive 5
based directly on sediment selenium concentrations
and the food web (diet) pathway.

Same as Alternative 1.

No Action
Alternative

B B B • B

Alternative 8 Existing
Conditions

$ L L L The impact of construction, operations and
maintenance would be the same as Altemafive 6.
Selenium risk to special status species would be
similar to Alternative 5 based directly on sediment
selenium concentrations and the food web (diet)
pathway.

Same as Alternative 1.

No Action
Alternative

B B B B

Criterion: Substantial adverse effect on any riparian habitat, other sensitive natural community, or wetlands.

No Action
Alternative

Existing
Conditions

S 0 0 0 Construction of Sedimentation/Distribution Basins
along the margin of the Salton Sea and bordering the
rivers and creeks would result in a reduction or loss of
non-native riparian vegetation and wetlands in Phase I
relative to Existing Conditions.

Implement measures to reduce losses of
riparian vegetation and wetland values
during construction and encourage
development of native riparian
vegetation and wetland values along
channels that route water over the
exposed Sea Bed to the Salton Sea.

No Action
Alternative

NA NA NA NA

Alternatives
1 and 2

Existing
Conditions

$ 0 0 0 Impacts associated with construction of the
Sedimentation/Distribution Basins would be significant
relative to Existing Conditions during Phase I and less
than significant relative to the No Action Alternative.

Implement measures to reduce losses of
riparian vegetation during construction
and encourage development of native
riparian vegetation and wetland values
along channels that route water over the
exposed Sea Bed to the Brine Sink.

No Action
Alternative

L L L L

Alternatives
3, 5, and 8

Existing
Conditions

S 0 0 - 0 Same as Alternative 1, but impacts would be less
relative to No Action Alternative because only two
basins would be built.

Same as Alternative 1.

No Action
Alternative

L L L L

2006 8-34 Salton Sea Ecosystem
Restoration Draft PEIR



Chapter 8
Biological Resources

Table 8-4
Summary of Benefit and Impact Assessments to Biological Resources

Alternative
Basis of

Comparison
Changes by Phase

CommentsI II III IV

Alternative 4 Existing
Conditions

S S S S Implement measures to reduce losses of
riparian vegetation and wetland values
during construction.No Action

Alternative
L L L L

Alternatives
6 and 7

Existing
Conditions

S 0 0 0 Same as Alternative 1.

No Action
Alternative

L L L

Criterion: Interfere substantially with the movement of any resident or migratory fish or wildlife species.
No Action
Alternative

Existing
Conditions

S S S S Construction of the Pupfish Channels in Phase II would
provide for continued connectivity for desert pupfish,
although the level of connectivity would be significantly
reduced relative to Existing Conditions. Desert Pupfish
using drains along the northern shoreline of the Salton
Sea would be divided by the VVhitewater River and
desert pupfish along the southern shoreline would be
divided by the New and Alamo rivers. These segments
would be isolated from one another and from desert
pupfish using San Felipe and Salt creeks.

Develop genetic exchange program for
desert pupfish.

No Action
Alternative

NA NA NA NA

Alternative 1 Existing
Conditions

S S S S The effects would be similar to those described for the
No Action Altemafive, except the Pupfish Channels
would be constructed in Phase I instead of Phase II.

Same as the No Action Alternative.

No Action
Alternative

S 0 0 0

Alternative 2 Existing
Conditions

S S S S The effects would be similar to those described for the
Alternative 1, except that connectivity would be
achieved through Shoreline Waterways instead of
Pupfish Channels.

Same as the No Action Alternative.

No Action
Alternative

•

S 0 0
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Table 8-4
Summary of Benefit and Impact Assessments to Biological Resources

Alternative
loi•

Basis of
Comparison

Changes by Phase
Comments Next Steps1 II in N

Alternative 3 Existing
Conditions

S 0 0 0 Harbor, if necessary, and Perimeter Dike construction
as well as operations and maintenance during Phase I
could interfere with movement of desert pupfish along
the shoreline and result in significant impacts relative to
both Existing Conditions and the No Action Alternative.
Upon completion, the First Ring would provide
connectivity for all desert pupfish populations and
provide a benefit relative to the No Action Alternative in
subsequent phases. However, the circulation pumps
could limit local movement in the vicinity of the pumps.

During project-level analyses, evaluate
methods to eliminate pumping plant in
First Ring.No Action

Alternative
S B B B

Alternative 4 Existing
Conditions

S S S S The effects would be similar, but not identical, to those
described for Alternative 3.

Same as the No Action Alternative.

No Action
Alternative

S B B B

Alternative 5 Existing
Conditions

S S S S Desert pupfish movement would be accommodated by
the Marine Sea which would connect the drains along

Same as the No Action Alternative.

the northern shoreline and Salt Creek. The drains on
the southern shoreline and San Felipe Creek would be
connected by the Shoreline Waterway in three
segments as described for Alternative 2. Impacts
relative to Existing Conditions would be significant in all
phases; impacts would be beneficial relative to the No
Action Alternative in Phases II — IV.

No Action
Alternative

S B B B

Alternative 6 Existing
Conditions

S S S S All desert pupfish populations would be connected
except those along the southeastern shoreline north of
the Alamo River that would be connected by a Pupfish
Channel Impacts relative to Existing Conditions would
be significant in all phases; impacts would be beneficial
relative to the No Action Alternative in Phases II — IV.

Same as the No Action Alternative.

No Action
Alternative

S B B B

Alternative 7 Existing
Conditions

S S S S The effects on desert pupfish movement would be
similar to those described for Alternative 6., except that
drains south of Salt Creek and northeast of the Alamo
River would flow directly into Saline Habitat Complex
instead of a Pupfish Channel.

Same as the No Action Alternative.

No Action
Alternative

S B B
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Table 8-4
Summary of Benefit and Impact Assessments to Biological Resources

Alternative
Basis of

Comparison
Changes by Phase

Comments Next StepsI	 _ II
-Iill IV

Alternative 8 Existing
Conditions

S S S S The Marine Sea would allow desert pupfish to move
around the perimeter except along the eastern
shoreline. Desert pupfish using Salt Creek would
become isolated from the other populations. Impacts
relative to Existing Conditions would be significant in all
phases; impacts would be beneficial relative to the No
Action Alternative in Phases II — IV.

Same as the No Action Alternative.

No Action
Alternative

S B B B

Legend for Types of Benefits or Impacts in Each Phase:
S = Significant Impact
0 = No Impact
L = Less Than Significant
B = Beneficial Impact
NA = Not Analyzed
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Table 8-5
Salton Sea Changes Under the No Action Alternative-CEQA Conditions

End of Phase Salinity (mg/L)
Surface Elevation

(feet mai)
Surface Area

(acres)

Existing Conditions 48,000 -228 230,000
Phase 1(2020) 65,000 -236 217,000
Phase 11 (2030) 103,000 -246 186,000
Phase 11 (2040) 129,000 -248 172,000
Phase IV (2078) 138,000 -248 172,000

Table 8-6
Salton Sea Changes Under the No Action Alternative-Variability Conditions

End of Phase Salinity (mg/L)
Surface Elevation

(feet mai) Surface Area (Acres)

Existing Conditions 48,000 -228 230,000
Phase 1(2020) 76,000 -240 208,000
Phase 11 (2030) 164,000 -254 159,000
Phase III (2040) 249,000 -259 143,000
Phase IV (2078) 308,000 -260 140500

The amount of open water and shoreline habitat would gradually decrease in Phase I. Water
temperatures and dissolved oxygen levels would remain about the same as under Existing Conditions.
The Sedimentation/Distribution Basins and Air Quality Management Canal would be constructed,
thereby altering existing habitats. Operation of the Sedimentation/Distribution Basins and Air Quality
Management canal would reduce the amount of water and sediment entering the river deltas, thus
reducing their size as the Salton Sea recedes. By the end of Phase I, water level would have dropped
below the level of rocky habitat, and Mullet Island and other islands and snags would no longer be
surrounded by water. Air Quality Management activities on the exposed Sea Bed would begin. This
would alter the habitat as described under common impacts..

As the surface of the Salton Sea recedes, the agricultural drains that support desert pupfish would
continue to flow across the exposed Sea Bed to the Salton Sea. Under the terms of the ID Water
Conservation and Transfer Project, HD would manage these channels to support desert pupfish and
would provide connection of the channels once conditions in the Salton Sea became unsuitable for
desert pupfish. This would provide connectivity among drains along the southern shoreline and
connectivity of drains along the northern shoreline. At both locations, desert pupfish would not be
able to pass into the river channels of the New, Alamo, and Whitewater rivers.

The amounts of open water and shoreline habitat would decrease more rapidly during Phase I.
Stratification with periodic mixing events that bring anoxic water to the surface would continue but
the frequency and intensity of such events would change slightly as water depth decreases. Air
Quality Management activities and their effects on habitat would continue to expand over the exposed
Sea Bed.

The only construction activities during Phases III and IV would be continued expansion of the Air
Quality Management facilities. Maintenance of the Pupfish Channels and Air Quality Management
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facilities would continue. The surface elevation would continue to decrease while salinity would
continue to increase into Phase IV, and then both would become nearly stable. Small deltas at the
confluence of the river outflows would continue to be present. The reduced water depth would facilitate
more frequent mixing to the bottom which would further reduce the magnitude of anoxic events.

Effects on Fish and Wildlife
The biota of the Salton Sea would undergo drastic changes during Phase I and II, with additional
changes in the succeeding phases. As the surface elevation falls, important roosting and nesting areas
would be lost. With increased salinity, the aquatic food web would shorten with the loss of top
predators and prey species, and bird populations dependent on an aquatic food base, particularly fish,
would decline. The food web would continue to shift toward a simpler and shorter system in response
to increasing salinity.

Invertebrates
As the salinity of Salton Sea increases, the invertebrate community would change and simplify. The
pileworm, which has been a primary component of the Salton Sea food chain, provides food for
several fish and bird species. Reproduction of pileworms is substantially reduced when the salinity
reaches about 50,000 mg/L. Another dominant invertebrate, a rotifer, would not be able to complete
its life cycle at 48,000 mg/L. As the abundance of these species is reduced, the benthic invertebrate
community would become dominated by amphipods, such as Gammarus. As the salinity thresholds of
these invertebrates are exceeded, the abundance of more salt tolerant species would increase. These
species likely would increasingly dominate the invertebrate community as the salinity of the Salton
Sea increases. However, the health and persistence of this future invertebrate community would
continue to be adversely influenced by complications resulting from eutrophication.

Rocky shoreline habitats also provide valuable refugia for invertebrates during periods when hypoxic
or anoxic conditions persist in the Salton Sea (Detwiler et al., 2002). The rocky substrates have a high
invertebrate (pileworm and amphipod) production rate through summer (Detwiler et al., 2002). In
addition to salinity effects on invertebrate populations, the decline in surface elevation would likely
expose the rocky shoreline habitats that are important for invertebrates such as barnacles and
copepods.

Some of the microorganisms in the Salton Sea, such as cyanobacteria, produce toxins that can impair
other organisms (Wood et al., 2002). Through 2020, populations of several species of toxin producing
algae could increase. Sulfate reducing bacteria would likely persist in the sediments and anoxic water
within and near the bottom (porewater) until the salinity exceeded their tolerances.

The salinity level under the No Action Alternative-Variability Conditions in Phase IV would be at the
upper tolerance limit for invertebrates and, therefore, would not provide forage for some bird species,
especially wading birds and shorebirds. Brine flies and brine shrimp would likely be present in 2078
under the No Action Alternative-CEQA Conditions and through a portion of Phase 18 under the No
Action Alternative-Variability Conditions. It is likely that bacteria and some algae would survive in
the Salton Sea through 2078.

Fish
Tilapia tolerate high salinity levels, particularly if the increase in salinity is gradual (Phillipart and
Ruwet, 1982). Costa-Pierce and Riedel (2000) suggested that tilapia in the Salton Sea could acclimate
to and reproduce at a salinity level of 60,000 mg/L. As evidenced by the apparent recent loss of the
three marine sportfish species, factors other than salinity alone might hasten the inability of tilapia to
inhabit the Salton Sea. Although reduced in number, tilapia continue to be the most abundant fish
species in the Salton Sea and serve as the primary forage species for piscivorous (fish-eating) birds at
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the Salton Sea. Under the No Action Alternative, the abundance of tilapia would decline substantially
as a result of increased salinity and the synergistic effects of eutrophication. Despite their eventual
inability to survive in the Salton Sea proper, tilapia likely would continue to persist at the Salton Sea
in lower salinity areas around the deltas and potentially near drain outlets. Although tilapia could
persist in some areas, the total population supported in the Salton Sea would be reduced substantially
relative to Existing Conditions.

When salinity reaches about 60,000 mg/L in Phase I, no tilapia would be expected to be present in
open waters of the Salton Sea. Some fish could persist in areas where drain and river water not used
for Air Quality Management enters the Salton Sea, resulting in small areas with lower salinity. The
length of time that fish would persist in these areas would depend on the size of the areas and the
extent to which they retain salinity at levels that could support fish. Freshwater fish would continue to
inhabit the drains, Pupfish Channels, and Sedimentation/Distribution Basins.

Currently, sailfin mollies and desert pupfish can move easily to and from the drains into the Salton Sea.
The reduction of larger, predatory fish in the Salton Sea could explain the recent presence of sailfin
mollies and desert pupfish in near shore sampling conducted by DFG (DFG, 2005). If the present trend
were to continue, sailfin molly and desert pupfish populations in the Salton Sea could increase until the
salinity and other water quality factors reach the tolerance for their survival. Connection of drains that
support desert pupfish would be provided as described above, but the level of connection could result in
separation of the desert pupfish population at the Salton Sea into up to seven isolated units. In the
absence of these connections, desert pupfish in each of the individual drains would become isolated.

Birds
The decline and ultimate loss of open water fish populations would reduce and possibly eliminate use
of the Salton Sea by fish-eating birds such as pelicans, double-crested cormorants, and black
skimmers by the end of Phase I or in early Phase IL Some of these birds, however, might use the
Sedimentation/Distribution Basins and areas where fresher water flows into the Salton Sea, if fish
continue to persist in these locations. Increased salinity alone, however, would not necessarily result
in a substantial decline in bird diversity or abundance at the Salton Sea, although the water quality
conditions are unlikely to support the stable invertebrate populations found at other saline lakes (e.g.,
Mono Lake) and some decrease in bird use would be likely. The relative abundance of bird species
that forage on invertebrates likely would change over time with increases in salinity and resultant
changes in the invertebrate community.

Many bird species use snags distributed around the Salton Sea for roosting and nesting. These habitat
features would disappear in Phase I as the Salton Sea recedes and as the snags break and collapse due
to degradation by wind, brine, and time. The loss of snags could limit nesting opportunities for
several species of colonial nesting birds, including herons and egrets. Loss of nesting or communal
roosting areas (snags and islands) for special status birds would be a significant impact.

As the Salton Sea recedes in future years, the distance between the shoreline and the freshwater
wetlands (refuges and duck clubs) and agricultural lands adjacent to the present Salton Sea would
increase, possibly changing the level of use at the Salton Sea. Air Quality Management activities
would increase human presence in areas where vegetation is planted and maintained. This could
disturb shorebirds adjacent to the work areas. Use of equipment for Air Quality Management could
startle birds using the shoreline and open water, resulting in stress and expenditure of energy.

Selenium Risk
The No Action Alternative-CEQA Conditions and No Action Alternative-Variability Conditions would
present similar overall risk (HI t0.? and 0.8, respectively) of adverse effects due to selenium, based on
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the Ecological Risk Assessment (Table 8-7). On an area-weighted basis, the No Action Alternative
presents a level of risk associated with selenium similar to that under Existing Conditions (HI = 0.8).
This similarity is partly because fish would be absent under the No Action Alternative, except in
estuaries (with absence of fish being unrelated to the risk posed by selenium), thus there would be very
little selenium related risk to fish or fish-eating birds. The comparison of the overall risk ranking
between alternatives on the basis of selenium risk does not take into account the changes in species
composition, diversity, or abundance that would result from the substantial increases in salinity.

Effects on Special Status Species
Construction and operations and maintenance of the Sedimentation/Distribution Basins, Pupfish
Channels, and Air Quality Management facilities all have the potential to adversely affect special
status species, depending on the timing and location of the activities. During Phase I, construction of
the Sedimentation/Distribution Basins could adversely affect roosting, foraging, and nesting of
colonial nesting birds at the rivers, as well as desert pupfish movement along the shoreline. Impacts
on special status bird species from construction and operations and maintenance of the
Sedimentation/Distribution Basins would be significant.

Pupfish Channel construction activities could result in mortality of desert pupfish during connection
of the drains to the channels (Phase II). Extension of the drains and construction of five Pupfish
Channels would provide connectivity of desert puptish populations within the affected drains (a
benefit) but not between those groups of drains or San Felipe Creek and Salt Creek populations. Drain
extension and construction of the Pupfish Channels would have significant impacts to desert pupfish.
Activities needed to maintain the Pupfish Channels would result in significant impacts.

As the water recedes, the beach habitat used by western snowy plovers for nesting would move and
its characteristics could change as Sea Bed sediments are exposed. In addition, Air Quality
Management activities would be implemented on emissive soils to the water edge. The changes in
"beach" sediment characteristics and Air Quality Management activities could affect western snowy
plover nesting. Construction of the Air Quality Management canal could disrupt breeding western
snowy plovers (Phase I), and Air Quality Management activities could permanently remove breeding
habitat along the receding Salton Sea (Phases II-IV). Impacts of these activities would be significant.

By the end of Phase I, the Salton Sea would no longer provide sufficient prey species (fish) to support
the current American white pelican population, essentially eliminating one of their most important
wintering and stopover destinations. Some American white pelicans and double-crested cormorants
would likely continue to forage in the shallow estuarine areas, but the limited availability of forage
fish likely would not support historic population levels. This impact would be significant.

Based on the Ecological Risk Assessment, selenium risk to desert pupfish based directly on the
sediment concentrations would be less than under Existing Conditions (Table 8-8) because their use
under this alternative would be limited to estuary areas where salinity would remain suitable. The
selenium risk to special status bird species based directly on sediment selenium concentrations
(HI = 2.5 and 2.6 for CEQA and Variability Conditions, respectively, [see Table 8-8]) would be
slightly lower than under Existing Conditions (HI = 2.9). The risk associated with the food web (diet)
pathway for black skimmer (and similar fish-eating birds represented by black skimmer) would be
moderate, and less than under Existing Conditions because the habitat for their prey (fish) would be
found only in the lower-salinity estuaries. For western snowy plover, the risk associated with the food
web (diet) pathway (HI = 3.2 and 4.0 for CEQA and Variability Conditions, respectively; Table 8-8)
would be less than under Existing Conditions (HI = 4.4), and would be considered moderate.
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Tab e
Summary of Selenium Risk (Hazard Quotient [HQ)) based on High Toxicity Reference Values (from Appendix F)

Fish
Sediment

Fish
Diet

Birds
Sediment

Black-
Necked

Stilt
Eared
Grebe Mallard

Black
Skimmer

Snowy
Plover

Avg.
HQ

Acres
of

Habitat
Proportion of

Area

Area-
Weighted
Avg. HQ

Existing Conditions
Salton Sea Open Water 0.7 0.6 0.7 0.2 1.9 0.77 233,044 0.98 0.8
Salton Sea Shoreline 0.4	 • 2.3 0.4 0.9 0.8 0.4 1.3 2.2 1.14 5,461 0.02 0.0

Estuary Alamo 0.2 2.6 0.2 0.9 0.9 0.4 2.3 1.14 167 0.00 0.0

Estuary New 0.1 0.8 0.1 0.4 0.3 0.1 2 0.52 167 0.00 0.0

Estuary Whitewater 0.5 1.3 0.5 0.7 0.7 0.3 0.8 0.73 167 0.00 0.0

Total (acres and Hazard Index) 239,006 0.8

No Action Altemative-CEQA Conditions

Salton Sea Open Water 0.6 0.8 0.8 0.73 165,910 0.94 0.7

Salton Sea Shoreline 0.4 0.6 0.6 0.3 1.7 0.72 9,702 0.06 0.0

Estuary Alamo 0.1 0.4 0.1 0.2 0.2 0.3 0.2 0.4 0.24 247 0.00 0.0

Estuary New 0.2 0.7 0.2 0.3 0.3 0.1 0.5 0.7 0.39 170 0.00 0.0

Estuary VVhitewater 0.6 2.5 0.6 0.8 0.9 0.4 2.1 2.5 1.35 38 0.00 0.0

Total (acres and Hazard Index) 176,067 0.7

No Action Altemative-Variability Conditions
Salton Sea Open Water 0.7 0.9 0.9 0.83 127,437 0.92 0.8

Salton Sea Shoreline 0.5 0.7 0.7 0.3 2 0.84 10,617 0.08 0.1

Estuary Alamo 0.1 0.5 0.1 0.3 0.2 0.1 0.3 0.4 026 276 0.00 0.0

Estuary New 0.2 0.97 0.2 _	 0.4 0.3 0.2 0.7 0.9 0.50 146 0.00 0.0

Estuary VVhitewater 1.1 4.1 1.1 1.2 1.4 -	 0.6 3.5 4.1 223 45 0.00. 0.0

Total (acres and Hazard Index) 138,521 0.8

Alternative 1

Brine Sink 0.7 0.8 2.5 1.33 5,959 0.13 0.2

Saline Habitat Complex -
South (drains)

0.3 1.2 .0.3 0.5 0.4
__

0.2 0.9 1.2 0.65 7,781 0.17 0.1
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Tab e 8-7
Summary of Selenium Risk (Hazard Quotient [HQ]) based on High Toxicity Reference Values (from Appendix F

Fish
Sediment

Fish
Diet

Birds
Sediment

Black-
Necked

Stilt
Eared
Grebe Mallard

Black
Skimmer

Snowy
Plover

Avg.
HQ

Acres
of

Habitat
Proportion of

Area

Area-
Weighted
Avg. HQ

Saline Habitat Complex -
South (rivers)

0.2 1.04 0.2 0.4 0.4 0.2 0.7 0.99 0.54 32,113 0.70 0.4

Total (acres and Hazard Index) 45,853 0.7_

Alternative 2
Brine Sink 0.8 0.98 3.1 1.63 34,568 0.31 0.5
Saline Habitat Complex -
North

0.6 2.5 •0.6 0.8 0.9 0.4 2 2.5 1.34 11,108 0.10 0.1

Saline Habitat Complex -
South

0.2 1.1 0.2 0.4 0.4 0.2 0.8 1.1 0.57 55,059 0.50 0.3

Saline Habitat Complex -
West

0.4 1.7 0.4 0.6 0.6 0.3 1.3 1.6 0.90 9,585 0.09 0.1

Total (acres and Hazard Index) _110,320 1.0
Alternative 3
Brine Sink 0.9 1.1 3.4 1.80 2,850 0.04 0.1
First Ring 0.4 1.7 0.4 0,6 0.6 0.3 1.3 1.7 0.91 25,426 0.40 0.4
Second Ring 0.4 1.8 0.4 0.6 0.6 0.3 1.4 1.8 0.95 36,042 0.56 0.5
Total (acres and Hazard Index) 64,318 1.0
Alternative 4
Brine Sink 1.4 1.5 5.3 2.73 1,113 0.02 0.0
First Lake 0.4 1.7 0.4 0.6 0.6 0.3 1.3 1.7 0.91 5,615 0.08 0.1
Second Lake 0.3 1.5 0.3 0.5 0.5 0.2 1.1 1.4 0.76 22,046 0.31 0.2
Third Lake 0.5 2.1 0.5 0.7 0.7 0.3 1.7 2.1 1.12 20,099 0.28 0.3
Fourth Lake 0.6 2.5 0.6 0.8 0.9 0.4 2.1 2.5 1.35 22,259 0.31 0.4
Total (acres and Hazard Index) 71,132 1.1
Alternative 5
Brine Sink 0.96 1.1 3.6 1.89 526 0.01 0.0
Marine Sea 0.98 _	 3.7 0.98 1.1 1.3 0.6 3.2 3.7 2.02 13,322 022 0.5
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Tab e 8-7
Summary of Selenium Risk (Hazard Quotient [HQ]) based on High Toxicity Reference Values (from Appendix F)

Fish
Sediment

Fish
Diet

Birds
Sediment

Black-
Necked

Stilt
Eared
Grebe Mallard

Black
Skimmer

Snowy
Plover

Avg.
HQ

Acres
of

Habitat
Proportion of

Area

Area-
Weighted
Avg. HQ

Saline Habitat Complex 0.3 1.1 0.5 0.5 0.4 _	 0.2 0.8 1.1 0.63 45,844 0.77 0.5
Total (acres and Hazard Index) 59,692 1.0
Alternative 6

Brine Sink 1.2 1.3 4.6 2.37 530 0.01 0.0
Marine Sea 0.8 3 0.8 0.9 1.02 0.5 2.5 3 1.63 12,960 0.31 0.5
Saline Habitat Complex 0.2 1.1 0.2 0.4 0.4 0.2 0.8 1.005 0.56 28,036 0.68 0.4
Total (acres and Hazard Index) _ 41,526 0.9
Alternative 7

Brine Sink 0.7 0.9 2.9 1.50 626 0.02 0.0
Marine Sea 0.8 3.1 0.8 0.97 1.1 0.5 2.6 3.1 1.69 12,427 0.34 0.6
Saline Habitat Complex -
East

0.1 0.7 0.1 0.3 0.2 0.1 0.5 0.7 0.35 10,726 0.30 0.1

Saline Habitat Complex -
North

0.5 2 0.5 0.7 0.7 0.3 1.6 2 1.08 1,681 0.05 0.1

IID Freshwater Res 0.1 0.7 0.1 0.3 0.1 0.5 0.33 10,830 0.30 0.1
Total (acres and Hazard Index) 36,290 0.9

Alternative 8
Brine Sink 0.9 1.1 3.5 1.83 2,587 0.08 0.1
Marine Sea 0.4 1.5 0.4 0.6 0.5 02 1.1 1.4 0.80 14,724 0.44 0.4
Saline Habitat Complex 0.5 1.9 0.5 0.7 0.6 0.3 1.5 1.8 1.02 16,242 0.48 0.5
Total (acres and Hazard Index) 33,553 1.0
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Effects on Riparian, Sensitive Natural Communities, and Wetlands
Although the specific locations of the Sedimentation/Distribution Basins have not yet been identified,
it is likely that they would be located partially within riparian areas along the rivers. The lands along
the margin of the Salton Sea that could be affected by construction activities or operations and
maintenance of Air Quality Management facilities are dominated by non-native vegetation. Non-
native vegetation also borders the rivers, creeks, and agricultural drains that discharge to the Salton
Sea. This riparian vegetation (composed primarily of common reed and tamarisk) along the rivers
does not represent a natural vegetation community; however, it does provide habitat value to the
wildlife using the area, particularly nesting and roosting birds. Construction in these areas would
result in a reduction or loss of riparian vegetation, which would be a significant impact in Phase I.
Assuming similar riparian vegetation becomes established along the channels that route river water
over the exposed Sea Bed to the Salton Sea after Phase I, the lost riparian values would be restored in
subsequent phases.

Table 8-8
Summary of Selenium Risk as Area-Weighted Hazard Index (HI) and Risk Categories based on

Low Toxicity Reference Values (from Appendix F)

Alternative

Sediment Diet

Pupfish Birds Black Skimmer Snowy Plover

HI Risk HI Risk HI Risk HI Risk

Existing Conditions 2.9 Moderate 2.9 2.9 (moderate) 3.9 Moderate 4.4 Moderate
No Action Alternative-
CEQA Conditions

0.6 Low 2.5 Moderate 1.0 Low 3.2 moderate

No Action Alternative-
Variability Conditions

0.9 Low 2.6 Moderate 1.5 Moderate 4.0 Moderate

Alternative 1 0.9 Low 1.2 Moderate 1.6 Moderate 2.4 Moderate
Alternative 2 1.3 Moderate 1.9 Moderate 2.1 Moderate 3.8 Moderate
Alternative 3 1.8 Moderate 1.8 Moderate 2.8 Moderate 3.6 Moderate
Alternative 4 2.0 Moderate 2.1 Moderate 3.2 Moderate 4.0 Moderate
Alternative 5 1.7 Moderate 1.7 Moderate 2.7 Moderate 3.4 Moderate
Alternative 6 1.6 Moderate 1.6 Moderate 2.6 Moderate 3.3 Moderate
Alternative 7 1.6 Moderate 1.6 Moderate 2.5 Moderate 2.8 Moderate
Alternative 8 1.6 Moderate 1.8 Moderate 2.6 Moderate 3.5	 _ Moderate

Wetlands associated with river mouths also could be removed or adversely affected by construction
of the Sedimentation/Distribution Basins, resulting in a significant impact. The loss of wetlands at the
rivers would occur in Phase I.

Effects on Fish and Wildlife Movement
Impacts of construction on desert pupfish movement could be significant in Phase I because the
construction of the Sedimentation/Distribution Basins could interfere with movement of desert
pupfish along the shoreline. In Phase II, salinity in the Salton Sea would increase to levels that would
prevent use of the Salton Sea by desert pupfish and movement among the tributary drains and creeks.
The Pupfish Channels constructed in Phase H would provide for movement between the agricultural
drains, but the level of connectivity would be reduced relative to Existing Conditions. The drains on
the southern shoreline would be connected in three areas: the shoreline north of the Alamo River, the
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shoreline between the New and Alamo rivers, and the shoreline west and north of the New River. A
Pupfish Channel also would connect the desert pupfish using drains along the northern shoreline of
the Salton Sea. This Pupfish Channel would be divided by the Whitewater River. Isolation of these
populations, including those at San Felipe and Salt creeks, would significantly impact movement of
desert pupfish relative to Existing Conditions.

Alternative 1 - Saline Habitat Complex I
As described in Chapter 3, this alternative would involve construction and operations and
maintenance activities for the Sedimentation/Distribution Basins, Air Quality Management, Pupfish
Channels, Saline Habitat Complex, and Brine Sink.

All water facilities, roads, Berms, and other structures would need to be maintained on a regular
basis. Habitats provided under Alternative I are summarized in Table 8-9. The descriptions of Saline
Habitat Complex in this chapter refer to "wet" and "total" areas that represent the open water and the
combination of open water and Berms/island areas, respectively.

Table 8-9
Summary of Habitats/Components for Alternative 1 — Saline Habitat Complex I

Habitat/Component
End of Phase I

(2020)
End of Phase II

(2030)
End of Phase III

(2040)
End of Phase IV

(2078)

Pupfish Channels
(number)

5 Same as Phase I Same as
Phase I

Same as Phase I

Saline Habitat Complex 6,000 acres (total)
2,000 acres (wet)

38,000 acres (total)
26,000 acres (wet)

Same as
Phase II

Same as
Phase II

Sedimentation/Distribution
Basins

3 Basins
200 acres each

Same as Phase I Same as
Phase I

Same as Phase I

Brine Sink 207,000 acres
78,000 mg/L

149 000 acres 127,000 acres
>350,000 mg/L

123,000 acres
>350,000 mg/L210,000 mg/L

Exposed Sea Bed 30,000 acres 57,000 acres 72,000 acres 77,000 acres

Effects of Implementation on Fish and Wildlife
Under Alternative 1, a total of 38,000 acres (26,000 acres wet) of Saline Habitat Complex would be
constructed. The cells with salinities less than about 60,000 mg/Lwould be expected to provide
habitat for fish and invertebrates, while cells with higher salinities (but less than about 200,000 mg/L)
would support only invertebrates. All of these cells would provide forage for a variety of birds. The
increase in shoreline associated with the cell containment Berms and other habitat features would
provide shorebird habitat where slopes are gradual. The value of the cells would be enhanced by
construction of islands and structure to support roosting, loafing, and nesting habitat protected from
mammalian predators.

The lower salinity Saline Habitat Complex cells would provide habitat and suitable water quality
conditions for tilapia and possibly other forage fish. However, because of the highly eutrophic nature
of these cells and the relatively low volume of flow-through, frequent periods of low dissolved
oxygen that would occur when the photosynthetic activity of algae ceases at night could limit the fish
species that could be supported. Although tilapia are very tolerant of low oxygen conditions, these
periodic conditions could result in occasional fish kills. It is unlikely that the constructed habitat
would provide the conditions necessary to support the recreational sport fish species that were
historically supported in the Salton Sea. If future nutrient (primarily phosphorus) loads are reduced,
the magnitude and frequency of periods of low dissolved oxygen levels would likely decrease.
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Under Alternative 1, the Brine Sink would rapidly increase in salinity and become incapable of
supporting fish by the end of Phase I. During this period, the Brine Sink would continue to strati&
and develop anoxic conditions near the bottom with high levels of hydrogen sulfide and ammonia as
found under existing conditions. Periodic mixing events, caused primarily by wind, that release
hydrogen sulfide into the water column would continue to result in adverse effects on aquatic life
(primarily invertebrates) as under the No Action Alternative in Phase I and as long as the Brine Sink
supports aquatic life. The Saline Habitat Complex would be frequently mixed because of the shallow
depths, and stratification and development of an anoxic layer near the bottom would not be expected.

Based on the results of the modeling of potential bird use (Appendix C), construction of Saline
Habitat Complex cells would partially offset the loss of avian habitat anticipated under the No Action
Alternative. Table 8-10 presents the change in habitat capacity relative to Existing Conditions and the
No Action Alternative for Alternative 1 in 2078. Results are presented as numeric index values from -
4 to +5 representing "quartiles" of change from a 75 to 100 percent decrease (-4) to a greater than
100 percent increase (+5) by 25 percent increments. Seasonal values for habitat capacity were
combined into an average value across all seasons for comparison (Appendix H-1).

Table 8-10
Change in Projected Habitat Capacity (2078) under Alternative 1 Relative to Existing

Conditions and No Action Alternative

Species
Change Relative to Existing

Conditions
Change Relative to No Action

Alternative
Aechmophorus Spp. b 3 5°

Eared Grebe 5 50
Ruddy Duck -2 52

American Avocet -1 50

Black-necked Stilt 5 50

Long-billed Curlew 5 5°

Marbled Godwit 1 5°

American White Pelican -3 5°

Double-crested Cormorant 2 5°

Dowitcher spp. ` 5 5°

Dunlin 2 5°

Snowy Plover -2 5°

Western Sandpiper 5 5°

Western Snowy Egret -1 5°

Relative Change: 1	 0 to 25 percent change
2	 25 to 50 percent change
3	 50 to 75 percent change
4	 75 to 100 percent change
5	 over 100 percent change

Positive numbers indicate an increase in habitat capacity relative to baseline
Negative numbers indicate a decrease in habitat capacity relative to baseline

a This species is not expected to occur under the No Action due to high salinity. A relative change of "5'' was used to reflect
the large benefit of restoration.

b Includes both western grebes and Clark's grebes. which were not differentiated in the field.
Includes both long-billed and short-billed dowitchers.
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For most of the evaluated bird species, construction of 38,000 acres of Saline Habitat Complex
(26,000 acres wet) would increase habitat capacity relative to Existing Conditions (positive index
values). The exceptions would be American avocet and snowy egret, where habitat capacity could
decline slightly (0 to 25 percent), and ruddy duck, American white pelican, and western snowy
plover, where habitat capacity could decline by up to 75 percent relative to Existing Conditions.
Habitat capacity for eared grebe, black-necked stilt, long-billed curlew, dowitcher, and western
sandpiper could increase by more than 100 percent.

The evaluation of selenium risk suggests that overall risks to fish and birds associated with
Alternative 1 would be similar to those under Existing Conditions and the No Action Alternative. The
area-weighted Hazard Index (HI) for Alternative I was 0.7, suggesting that selenium would be below
the threshold for population-level effects in Phase IV (see Table 8-7). Therefore, overall risks due to
selenium under this alternative would be considered low.

Overall, Alternative I would result in less than significant impacts on aquatic and avian resources
relative to Existing Conditions in Phases II through IV and benefits relative to the No Action
Alternative in all phases. The Brine Sink would also provide habitat for invertebrates and birds until
salinity passes the threshold for invertebrate survival during Phase II.

Effects on Special Status Species
The impacts of construction and operations and maintenance of the Sedimentation/Distribution Basins,
Pupfish Channels, and Air Quality Management facilities in Alternative I would be essentially the same
as those described for the No Action Alternative. Pupfish Channel construction activities, however,
would occur in Phase I rather than Phase II. Construction of the Saline Habitat Complex would have the
potential to adversely affect special status species if the noise and disturbance associated with
construction activities interfered with nesting activities, especially near the river deltas. The level of
potential impact would depend on the timing and location of the activities.

Alternative 1 would result in several impacts to biological resources that are not specifically related to
the facilities or time phases for construction and operations and maintenance. These include potential
loss of western snowy plover nesting habitat on the beach, loss of snag habitat, and loss of
connectivity for desert pupfish populations except in the groups of drains connected by Pupfish
Channels.

As the water recedes, snags usecIty birds along the northern shoreline would no longer be surrounded
by water, making them less suitable for bird roosting and nesting. As the water recedes, the beach
habitat used by western snowy plovers for nesting would move and its characteristics could change as
Sea Bed sediments are exposed. In addition, Air Quality Management activities would be
implemented in emissive soils to the Brine Sink. The changes in "beach" sediment characteristics and
Air Quality Management activities could affect western snowy plover nesting. Construction of the Air
Quality Management Canal could disrupt breeding western snowy plovers (Phase I), and the receding
Brine Sink with Air Quality Management activities could permanently remove breeding habitat
(Phases II-IV).

Snags and islands along the southern shoreline above elevation -230 feet msl would become less suitable
for nesting and roosting special status birds as the water recedes. Nesting and roosting by special status
birds in existing or newly constructed habitats adjacent to construction activities for the Saline Habitat
Complex could be affected by those construction activities in Phases! and II. Loss of snag habitat in the
northern part of the Salton Sea in Phases I or!! would be a significant impact similar to that under the
No Action Alternative. The temporary loss of islands and snags along the southern shoreline also would
be a significant impact. Construction of the Saline Habitat Complex could have significant impacts on
special status birds during Phases! and II if the noise and disturbance associated with the construction
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interfered with nesting activities. This habitat could isolate desert pupfish entering the cells from the
Pupfish Channels. Once completed and colonized by aquatic organisms, the Saline Habitat Complex
would provide foraging, roosting, and breeding habitat for special status birds (Phases II-IV), a benefit.
Operations and maintenance activities, disturbance caused by dredging, human presence, and noise from
equipment could result in periodic disturbance to the habitats and special status species.

Construction of the Pupfish Channel would require physical connection of the channel to the individual
drains. Work activities in the drains supporting desert pupfish could result in the death or physical injury
of desert pupfish at those locations. Therefore, constructing the Pupfish Channels would have the
potential for significant impacts to desert pupfish. Upon completion, connectivity would be provided for
desert pupfish within five groups of drains but not between these groups of drains or for San Felipe
Creek and Salt Creek populations. Impacts of maintenance dredging on desert pupfish also would have
the potential to be significant similar to the No Action Alternative. Temporary pumping of water from
the Brine Sink to mix with the low salinity water from the drains and rivers to maintain salinity within
the cells above 20,000 mg/L would have a low probability of affecting desert pupfish in the vicinity of
the pump intake during Phase I. In addition to construction related impacts, desert pupfish could become
established in portions of the Saline Habitat Complex. This use of the Saline Habitat Complex could
increase the numbers of desert pupfish in the area; however, any populations established in the Saline
Habitat Complex would be isolated from the populations in the drains.

The evaluation of selenium risk suggests that risks to desert pupfish based directly on the sediment
concentrations would be low and less than under Existing Conditions (see Table 8-8) because high
salinity would prevent their use of the Brine Sink under this alternative by 2078. Risks to desert
pupfish through the sediment pathway would be comparable to risks under the No Action Alternative.
Similarly, risks to special status bird species based directly on sediment selenium concentrations under
Alternative 1 would be less than under Existing Conditions and the No Action Alternative. The area-
weighted HI for the sediment pathway to special status species under Alternative 1 was 1.2, suggesting
that selenium would be just above the predicted effect level in Phase IV. For black skimmer (and
similar fish-eating birds represented by black skimmer), the evaluation of selenium risk suggests that
risk associated with the food web (diet) pathway would be moderate (HI = 1.6). This risk would be
less than under Existing Conditions (HI = 3.9), but slightly greater than under the No Action
Alternative, when fish would be largely absent. For western snowy plover, the moderate risk
associated with the food web (diet) pathway (HI = 2.4) would be lower than under Existing Conditions
(HI = 4.4) and the No Action Alternative (HI = 3.2 and 4.0 for CEQA and Variability Conditions,
respectively).

Effects on Riparian, Sensitive Natural Communities, and Wetlands
The effects of Alternative 1 on riparian, sensitive natural communities, and wetlands would be similar
to the No Action Alternative.

Effects on Fish and Wildlife Movement
The effects of Alternative I on the movement of desert pupfish would be significant relative to
Existing Conditions in all phases as described for the No Action Alternative. Under Alternative 1, the
Pupfish Channels would be constructed in Phase!, which would preclude desert pupfish movement
along the perimeter of the Brine Sink and result in the isolation of desert pupfish as described for the
No Action Alternative. This impact, however, would occur in Phase I rather than Phase II. Therefore,
the impact of Alternative 1 relative to the No Action Alternative would be significant in Phase I and
the same as the No Action Alternative in the subsequent phases.
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Alternative 2— Saline Habitat Complex II
As described in Chapter 3, this alternative would involve construction and operations and
maintenance activities for the Sedimentation/Distribution Basins, Air Quality Management, Saline
Habitat Complex, Shoreline Waterway, Saltwater Conveyance, and Brine Sink. Desert pupfish
connectivity would be provided on the east and west sides of the Whitewater River, between San
Felipe Creek and the New River, between the New and Alamo rivers, and northeast of the Alamo
River. Salt Creek would remain isolated. All conveyance facilities, roads, Berms/dikes, and other
structures would need to be maintained on a regular basis.

The Sedimentation/Distribution Basins and Air Quality Management locations would be similar to
those described under the No Action Alternative. The Saline Habitat Complex would be similar to
that described under Alternative I. However, water would be retained in each cell for a shorter period
of time, as described in Chapter 3. The Saline Habitat Complex in this alternative includes a
Shoreline Waterway that blends and distributes water to the cells. The habitats provided in
Alternative 2 are summarized in Table 8-11.

Table 8-11
Summary of Habitats/Components for Alternative 2

Habitat/Component
End of Phase I

(2020)
End of Phase II

(2030)
End of Phase III

(2040)
End of Phase IV

(2078)

Pupfish Channels Not needed; connectivity achieved through Shoreline Waterway.

Saline Habitat Complex 10,000 acres
(total)

10,000 acres
(wet)

61,000 acres
(total)

42,000 acres (wet)

75,000 (total)
54,000 (wet)

Same as Phase Ill

Sedimentation/Distribution
Basins

3 Basins
200 acres each

Same as Phase I Same as Phase I Same as Phase I

Brine Sink 207,000 acres
78,000 mg/L

144,000 acres
249,000 mg/L

105,000 acres
>350,000 mg/L

85,000 acres
>350,000 mg/L

Exposed Sea Bed 30,000 acres 34,000 acres 63,000 acres 91,000 acres

Effects of Implementation on Fish and Wildlife
The effects of Alternative 2 would be similar to those of Alternative 1, except that more Saline
Habitat Complex would be constructed. In addition, the residence time of the water in each of the
cells would be shorter relative to Alternative 1 and the nutrient levels and productivity would be
lower, which could reduce the magnitude of periods of low dissolved oxygen and the frequency of
fish kills.

Based on the results of the modeling of potential bird use (Appendix C), construction of Saline
Habitat Complex cells would offset the loss of habitat anticipated as the water recedes Table 8-12
presents the change in habitat capacity relative to Existing Conditions and the No Action Alternative
for Alternative 2 at the end point of restoration (2078). In general, construction of 75,000 acres of
Saline Habitat Complex (54,000 acres wet) would benefit all of the evaluated bird species relative to
Existing Conditions (positive index values). Increases in habitat capacity for most species would be
expected to be greater than 100 percent relative to Existing Conditions. This would result primarily
from the overall increase in available habitat and the broad range of salinity conditions that would
promote habitat and bird diversity.
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Table 8-12
Change in Projected Habitat Capacity (2078) under Alternative 2 Relative to Existing

Conditions and No Action Alternative

Species
Change Relative to Existing

Conditions
Change Relative to No Action

Alternative
Aechmophorus sm.° 5 52

Eared Grebe 5 50
Ruddy Duck 2 58
American Avocet 5 52

Black-necked Stilt 5 58
Long-billed Curlew 5 58
Marbled Godwit 5 5'
American White Pelican 1 5'
Double-crested Cormorant 5
Dowitcher slap.' 5 5"
Dunlin 5 52
Western Snowy Plover 4 5'
Western Sandpiper 5 5"
Snowy Egret 5 53
Relative Change: 1	 0 to 25 percent change

2	 25 to 50 percent change
3	 50 to 75 percent change
4	 75 to 100 percent change
5	 over 100 percent change

Positive numbers indicate an increase in habitat capacity relative to baseline
Negative numbers indicate a decrease in habitat capacity relative to baseline

• This species is not expected to occur under the No Action due to high salinity. A relative change of "5" was used to reflect
the large benefit of restoration.

b Includes both western grebes and Clark's grebes, which were not differentiated in the field.
• Includes both long-billed and short-billed dowitchers.

Selenium risks to fish and birds under Alternative 2 would be somewhat greater than under Existing
Conditions and the No Action Alternative. The area-weighted HI for Alternative 2 was I .0(see Table
8-7), suggesting that selenium would be at the predicted effect level in Phase IV. Therefore, overall
risks due to selenium under this alternative would still be considered low for most birds.

Overall, Alternative 2 would benefit aquatic and avian resources relative to Existing Conditions in
Phases II through W and the No Action Alternative in all phases. The Brine Sink would also provide
habitat for invertebrates and birds until salinity exceeded the threshold for invertebrate survival during
Phase II. The Brine Sink would continue to strati& and develop anoxic conditions near the bottom that
would produce hydrogen sulfide and ammonia as found under Existing Conditions. Periodic mixing
events in the Brine Sink, caused primarily by wind, would continue to result in events that would kill
fish (if present) and aquatic invertebrates in Phase I and as long as the Brine Sink supports aquatic life.
The Saline Habitat Complex would function as described under Alternative I.

Effects on Special Status Species
Impacts of construction and operations and maintenance of the Sedimentation/Distribution Basins and
Air Quality Management facilities to special status species would be essentially the same as described
under the No Action Alternative.

Impacts of constructing the Saline Habitat Complex would be similar to those described under
Alternative 1, but over a larger area and longer duration.
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Construction of the Berm for the Shoreline Waterway would intercept the drains, many of which
could be occupied by desert pupfish. This construction activity has the potential to directly and
adversely affect desert pupfish occupying drains at the construction sites. In addition, the constructed
Berm would isolate desert pupfish downstream of the Berm location. Therefore, connection of the
drains to the Shoreline Waterway could have significant impacts on desert pupfish. Once completed,
the Shoreline Waterway would provide connectivity among pupfish using the drains and a benefit
relative to the No Action Alternative.

Construction and operations and maintenance of the Air Quality Management Canal could disrupt
breeding western snowy plovers as described under the No Action Alternative.

The evaluation of selenium risk suggests that selenium risk to desert pupfish based directly on the
sediment concentrations would be moderate. This level of risk would be less than under Existing
Conditions because they would not be found in the large area of Brine Sink under this alternative (see
Table 8-8). This level of risk would be slightly greater than risks under the No Action Alternative.
Similarly, risks to special status bird species based directly on sediment selenium concentration associated
with Alternative 2 would be less than the risks under Existing Conditions and the No Action Alternative.
The area-weighted HI for the sediment pathway under Alternative 2 was 1.9 for special status birds,
suggesting a moderate risk in Phase IV. For black skimmer (and similar fish-eating birds), the evaluation
of selenium risk suggests that risk associated with the food web (diet) pathway would be moderate (HI =
2.1). This level of risk would be less than the risk under Existing Conditions, but greater than the risks
under the No Action Alternative, when fish would be largely absent (see Table 8-8). For western snowy
plover, the moderate risk associated with the food web (diet) pathway (HI = 3.8) would be slightly less
than the level of risk under Existing Conditions under the No Action Alternative.

Effects on Riparian, Sensitive Natural Communities, and Wetlands
Effects would be the same as under the No Action Alternative.

Effects on Fish and Wildlife Movement
The effects of Alternative 2 on desert pupfish movement would be similar to those described for
Alternative 1, except that Shoreline Waterway would provide a corridor for movement among drains
rather than Pupfish Channels. In addition, desert pupfish might be able to move into the Saline
Habitat Complex cells, but not back into the Shoreline Waterway or drains and creeks. Also,
individual pupfish in San Felipe Creek could be conveyed to the Brine Sink during high flow
conditions.

Alternative 3 — Concentric Rings
As described in Chapter 3, this alternative would involve construction and operations and
maintenance activities for the Sedimentation/Distribution Basins, Air Quality Management, First and
Second rings, and Brine Sink.

The Brine Sink would decrease in size and increase in salinity through all phases. All water facilities,
roads, dikes, and other structures would need to be maintained on a regular basis. Pupfish
connectivity would be provided around the perimeter of the Salton Sea in the First Ring. Habitats
provided in Alternative 3 are summarized in Table 8-13.
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Table 8-13
Summary of Habitats/Components for Alternative 3

Habitat/Component
End of Phase I

(2020)
End of Phase II

(2030)
End of Phase III

(2040)
End of Phase IV

(2078)
Saline Habitat Complex 0 0 0 0
First Ring (20,000-30,000
mg/L salinity)

25,000 acres with
Pumping plant

Same as Phase I Same as Phase I Same as Phase I

Second Ring (30,000—
40,000 mg/L salinity)

Not Applicable 36,000 acres with
Pumping plant

Same as
Phase II

Same as
Phase II

Sedimentation/Distribution
Basins

2 Basins
200 acres each

Same as Phase I Same as Phase I Same as Phase I

Brine Sink 166,000 acres
88,000 mg/L

115,000 acres
>350,000 mg/L

68,000 acres
>350,000 mg/L

68,000 acres
>350,000 mg/L

Exposed Sea Bed 6,000 acres 65,000 acres 123,000 acres 127,000 acres

Effects of Implementation on Fish and Wildlife
Although relatively shallow, the First and Second rings could periodically develop anoxic conditions
in the hypolimnion. Water circulation by the pumps would help minimize the development of anoxic
conditions, especially near the pumps. Thus, much of the water column would provide suitable
conditions for fish and invertebrates. These organisms would provide forage for a variety of bird
species. The increase in shoreline associated with the First and Second rings would provide shorebird
habitat where slopes are gradual and composed of fine grained material. Any remaining islands would
continue to provide roosting, loafing, and nesting habitat protected from mammalian predators, but no
new islands would be constructed. The lack of constructed islands and structures for roosting and
nesting would diminish the overall value of the rings and likely would reduce their capacity to
support birds.

The small amount of Saline Habitat Complex constructed as Early Start Habitat in Phase I under this
alternative would provide habitat for tilapia and other forage fish species until completion of the First
Ring. The First Ring constructed in Phase I would also support tilapia and forage fish and might also
provide conditions suitable for introduction of marine sport fish species. The Second Ring
constructed in Phase II would increase the amount .of habitat for tilapia and potentially provide
additional opportunities for introduction of marine sport fish species. Although the water quality in
the Second Ring would be anticipated to provide conditions that could support the recreational sport
fish species that were present historically in the Salton Sea, poorly understood factors related to life
history and habitat requirements of these species could influence the success of any future
introductions.

The long, linear configuration of the rings also reduces the level of management flexibility relative to
Saline Habitat Complex, which is segmented into cells that could be managed independently. Because
of the uncertainty associated with all alternatives, increased management flexibility provides the
opportunity to respond to change and new information.

The Brine Sink would continue to strati& and generate high levels of hydrogen sulfide and ammonia
as found in the existing Salton Sea during Phase I. Periodic mixing events that release compounds
would continue to result in mortality of aquatic invertebrates in early Phase I before salinity reaches a
level that could no longer support invertebrates. The Concentric Rings would be more frequently
mixed because of the shallower depths, but some stratification and development of anoxic layers near
the bottom would be expected. When mixing occurs following periods of stratification, fish and
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invertebrate kills could result, although likely of lesser magnitude than in the Brine Sink. In addition,
because of the high nutrient levels and productivity in these water bodies, periods of very low
dissolved oxygen levels likely would occur prior to sunrise and the resumption of oxygen generation
through photosynthesis.

Based on the results of the modeling of potential bird use (Appendix C), construction of Alternative 3
would at least partially offset the loss of habitat anticipated as the inflows decline (Table 8-14). For
most of the evaluated bird species there would likely be little change in habitat capacity relative to
Existing Conditions (index values of ±1). Habitat capacity for long-billed curlew, marbled godwit,
and black-necked stilt would be expected to increase by 25 to 75 percent while habitat capacity for
Aechmophorus grebes would be expected to decrease by up to 50 percent relative to Existing
Conditions.

Table 8-14
Change in Projected Habitat Capacity (2078) under Alternative 3 Relative to Existing

Conditions and No Action Alternative

Species
Change Relative to Existing

Conditions
Change Relative to No Action

Alternative

Aechmophorus sop, -2 53

Eared Grebe 53

Ruddy Duck -1 53

American Avocet 1 53

Black-necked Stilt 2 5a

Long-billed Curlew 3 53

Marbled Godwit 2 5a

American White Pelican 1 5a

Double-crested Cormorant 1 53

Dowitcher app. ` 1 5a

Dunlin 1 5'

Snowy Plover 1 53

Western Sandpiper 1 5a

Snowy Egret -1 5'

Relative Change: 0 to 25 percent change
2	 25 to 50 percent change
3	 50 to 75 percent change
4	 75 to 100 percent change
5	 over 100 percent change

Positive numbers indicate an increase in habitat capacity relative to baseline
Negative numbers indicate a decrease in habitat capacity relative to baseline

This species is not expected to occur under the No Action due to high salinity. A relative change of "5" was used to
reflect the large benefit of restoration.

b Includes both western grebes and Clark's grebes, which were not differentiated in the field.
Includes both long-billed and short-billed dowitchers.

The evaluation of selenium risk suggests that overall risks to fish and birds associated with
Alternative 3 would be greater than under Existing Conditions and the No Action Alternative. The
area-weighted HI for Alternative 3 was 1.0 (see Table 8-7), suggesting that selenium would be at the
threshold for effects in Phase IV. Overall risks due to selenium under this alternative would still be
considered low for most birds.
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Overall, Alternative 3 would result in less than significant impacts on aquatic and avian resources
relative to Existing Conditions in Phases II through IV and benefits relative to the No Action
Alternative in all phases. These benefits likely would be less than anticipated for those species that
are limited by the availability of islands and snags. The Brine Sink would also provide habitat for
invertebrates and birds until salinity exceeded the threshold for invertebrate survival during Phase H.

Effects on Special Status Species
Construction and operations and maintenance of the Sedimentation/Distribution Basins would have
impacts on special status species as described under the No Action Alternative, but only two basins
would be built in the south, with no impacts at the Whitewater River delta. Existing snags and islands
could remain in the First Ring, but construction activities near these habitats could cause temporary
abandonment by nesting or roosting special status birds. As under the No Action Alternative, impacts
of construction, and operations and maintenance of the Sedimentation/Distribution Basins on special
status bird species would be significant due to temporary disturbance or loss of habitat. No Pupfish
Channels would be constructed under this alternative nor would islands and structures for roosting
and nesting.

The First Ring would provide connectivity for all desert pupfish populations, although some
individuals could be injured or killed by passage through the circulation pumps. Beach habitat used
by nesting western snowy plovers would also be maintained in this alternative. These are benefits not
provided by the No Action Alternative. The First and Second rings would provide foraging habitat for
special status birds that feed on fish, such as the brown pelican and double-crested cormorant.

Harbor construction would result in significant impacts on desert pupfish. Construction and use of
staging areas could result in significant impacts on special status terrestrial species as described above.

The selenium risk to desert pupfish based directly on the sediment concentrations would be moderate
(HI = 1.8) and less than the risks under Existing Conditions because there would be less habitat for this
species in high selenium areas under this alternative. This level of risk would be somewhat higher than
risks under the No Action Alternative (see Table 8-8). The selenium risks to special status birds based
directly on sediment selenium concentrations associated with Alternative 3 would be less than the risks
associated with Existing Conditions and the No Action Alternative. The area-weighted HI for the
sediment pathway under Alternative 3 was 1.8, suggesting a moderate risk in Phase IV. For black
skimmer (and similar fish-eating birds), the evaluation of selenium risk suggests that risk associated
with the food web (diet) pathway would be moderate (1-11 = 2.8). This level of risk would be less than
that associated with Existing Conditions, but greater than the No Action Alternative, when fish would
be largely absent. For western snowy plover, the moderate risk associated with the food web (diet)
pathway (HI = 3.6) would be slightly lower than the level of risk under Existing Conditions and the No
Action Alternative.

Effects on Riparian, Sensitive Natural Communities, and Wetlands
Relative to Existing Conditions, impacts of construction and operations and maintenance of the
Sedimentation/Distribution Basins would be the same as the No Action Alternative. However, this
alternative would result in a beneficial effect relative to the No Action Alternative during Phase I
because only two basins New and Alamo rivers) would be constructed. Effects of developing staging
areas on sensitive natural communities and wetlands would depend on the specific locations and
would be analyzed during project-level analyses.

Effects on Fish and Wildlife Movement
Under Alternative 3, harbor and Perimeter Dike construction as well as operations and maintenance
during Phase I could interfere with movement of desert pupfish along the shoreline and result in
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significant impacts relative to both Existing Conditions and the No Action Alternative. Upon
completion, the First Ring would provide connectivity among all desert pupfish populations and
provide a benefit relative to the No Action Alternative in subsequent phases. However, the circulation
pumps could limit local movement in the vicinity of the pumps.

Alternative 4— Concentric Lakes
As described in Chapter 3, this alternative would involve construction and operations and
maintenance activities for the Sedimentation/Distribution Basins; First, Second, Third, and Fourth
lakes; and Brine Sink. All water facilities, roads, Berms, and other structures would need to be
maintained on a regular basis. Desert pupfish connectivity would be provided in the First and Second
Lakes. Habitats provided in Alternative 4 are summarized in Table 8-15.

Table 8-15
Summary of Habitats/Components for Alternative 4

HabItaVComponent
End of Phase I

(2020)
End of Phase II

(2030)
End of Phase III

(2040)
End of Phase IV

(2078)
Saline Habitat Complex 0 0 0 0
Surface Water Area of
Lakes

First Lake
7,000 acres

Same as Phase I Same as Phase I Same as Phase I

Second Lake
Not Applicable

21,000 acres Same as Phase II Same as Phase II

Third Lake
Not Applicable

20,000 acres Same as Phase II Same as Phase II

Fourth Lake
Not Applicable

Not Applicable 40,000 acres Same as Phase III

Salinity of Lakes First Lake
20,000 mg/L

Same as Phase 1 Same as Phase) Same as Phase 1

Second Lake
Not Applicable

58,000 mg/L 35,000 mgiL Same as Phase III

Third Lake
Not Applicable

188,000 mg/L 45,000 mg/L 45,000 mg/L

Fourth Lake
Not Applicable

188,000 mg/L 60,000 mg/L 60,000 mg/L

Sedimentation/Distribution
Basins .

2 Basins
200 acres each

Same as Phase I Same as Phase I
•

Same as Phase I

Brine Sink 205,000 acres
79,000 mg/L

132,000 acres
299,000 mg/L

71,000 acres
>350,000 mg/L

22,000 acres
>350,000 mg/L

Exposed Sea Bed 12,000 acres 40,000 acres 66,000 acres 111,000 acres

Effects of Implementation on Fish and Wildlife
The Concentric Lakes would provide habitat for fish and invertebrates throughout the water column.
The First, Second, and Third lakes would provide habitat for fish and invertebrates by the end of
Phase III, while the Fourth Lake would provide habitat for invertebrates and possibly fish with high
salinity tolerance. These organisms would provide forage for a variety of bird species. The increase in
shoreline associated with the Berms and other habitat features would provide shorebird habitat where
slopes are gradual and composed of fine grained material. Islands constructed within the lakes would
provide roosting, loafing, and nesting habitat protected from mammalian predators.

2006
	

8-56	 Salton Sea Ecosystem
Restoration Draft PEIR



Chapter 8
Biological Resources

The lakes are expected to provide aquatic habitats similar to what would be provided by Saline
Habitat Complex, as described under Alternative 1, including the incorporation of constructed islands
and roosting and nesting structures for birds. Similar to Saline Habitat Complex, the First Lake
constructed in Phase I would support tilapia and forage fish, but would not be expected to provide
opportunities for introduction of marine sport fish. The Second and Third lakes would provide similar
conditions and would increase the amount of habitat for the forage fish. The Fourth Lake would
support invertebrates and provide foraging opportunities for many bird species, but because salinity in
the Fourth Lake would reach 60,000 mg/L, it is uncertain if it would support fish. The higher salinity
in the Fourth Lake also would increase habitat diversity and encourage continued avian diversity.

The Brine Sink during Phases I and II would continue to provide conditions that would result in the
periodic release of hydrogen sulfide and events that kill aquatic life similar to those that occur in the
existing Salton Sea. Similar to Saline Habitat Complex, the Lakes would be more frequently mixed
because of the shallow depths, and stratification and development of an anoxic layer near the bottom
would not be expected, but periods of very low dissolved oxygen levels likely would occur during the
early morning hours prior to sunrise and the resumption of oxygen generation through photosynthesis.
Fish tolerant of low dissolved oxygen levels, such as tilapia, would be expected to persist under these
conditions. If future nutrient loads were reduced, the magnitude of periods of low dissolved oxygen
would be reduced and the Lakes could become suitable for a broader range of fish species.

As described for Alternative 3, the long, linear configuration of the lakes would reduce the level of
management flexibility and possibly impair the ability to adaptively respond to change and new
information.

Based on the results of the modeling of potential bird use (Appendix C), construction of Alternative 4
would partially offset the loss of habitat anticipated as the inflows decline (Table 8-16). For most of
the evaluated bird species, habitat capacity would be expected to increase by at least 50 percent
relative to Existing Conditions. The exceptions would be American white pelican and double-crested
cormorant where habitat capacity would be expected to increase but by less than 50 percent, and
ruddy duck and Aechmophorus grebes, where habitat capacity would be expected to decline relative
to Existing Conditions. However, all of the evaluated bird species would benefit in relation to the No
Action Alternative.

The evaluation of selenium risk suggests that overall risks to fish and birds associated with
Alternative 4 would be greater than under Existing Conditions and the No Action Alternative. The
area-weighted HI for Alternative 4 was 1.1, suggesting that selenium would be just above the
threshold for effect in Phase IV (see Table 8-7). Therefore, overall risks due to selenium under this
alternative would be considered moderate.

Overall, Alternative 4 would result in less than significant impacts on aquatic and avian resources
relative to Existing Conditions in Phases II through IV and benefits relative to the No Action
Alternative in all phases. The Brine Sink would also provide habitat for invertebrates and birds until
salinity exceeded the threshold for invertebrate survival during Phase II, although this water body
would continue to be subject to periodic events that kill fish and aquatic invertebrates.
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Table 8-16
Change in Projected Habitat Capacity (2078) under Alternative 4 Relative to Existing

Conditions and No Action Alternative

Species
Change Relative to Existing

Conditions
Change Relative to No Action

Alternative
Aechmophorus spp. b -2 5'
Eared Grebe 5 5'
Ruddy Duck -1 5'
American Avocet 5 5'
Black-necked Stilt 5 5a
Long-billed Curlew 5 53
Marbled Godwit 5 5'
American White Pelican 1 5"
Double-crested Cormorant 2 5'
Dowitcher spp. ` 5 53

Dunlin 5 5'
Westem Snowy Plover 3 5'
Western Sandpiper 5 5'
Snowy Egret 3 5'
Relative Change: 1	 0 to 25 percent change

2	 25 to 50 percent change
3	 50 to 75 percent change
4	 75 to 100 percent change
5	 over 100 percent change

Positive numbers indicate an increase in habitat capacity relative to baseline
Negative numbers indicate a decrease in habitat capacity relative to baseline

This species is not expected to occur under the No Action due to high salinity. A relathm change of "5 . was used to
reflect the large benefit of restoration.

b	 Includes both western grebes and Clark's grebes which were not differentiated in the field.
Includes both long-billed and short-billed dowitchers.

Effects on Special Status Species
Construction and operations and maintenance of the Sedimentation/Distribution Basins would be
similar to conditions described under Alternative 3. Construction, and operations and maintenance
activities for each Lake could affect nesting or roosting special status birds using the adjacent Lake.
The First Lake would provide connectivity for desert pupfish along the southern shoreline. The
Second Lake would provide connectivity for desert pupfish populations in the drains and creeks along
the remaining shoreline from north of San Felipe Creek to north of Bombay Beach. The Lakes would
support fish and provide benefits for special status birds that feed on fish relative to the No Action
Alternative. Construction and operations and maintenance of the Lakes could have significant but
avoidable impacts on special status birds and desert pupfish in Phases I and II. Connection of the
drains to the Second Lake could have significant impacts on desert pupfish similar to those described
for connecting the drains to the Pupfish Channels in Alternative I. Connection of the drains to the
First Lake would have similar impacts as those described under Alternative 2. Habitat benefits for
special status birds would be provided in Phases II through IV.

The selenium risk to desert pupfish based directly on the sediment concentrations would be moderate
(HI = 2.0). This level of risk would be less than under Existing Conditions because there would be
less habitat in high selenium areas for this species under this alternative. This level of risk would be
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somewhat higher than the estimated risks associated with the No Action Alternative (Table 8-8). The
selenium risks to special status birds based directly on sediment selenium concentrations associated
with Alternative 4 would be slightly less than those under Existing Conditions and the No Action
Alternative. The area-weighted HT for the sediment pathway under Alternative 4 was 2.1, suggesting
a moderate risk in Phase IV. For black skimmer (and similar fish-eating birds), the evaluation of
selenium risk suggests that risk associated with the food web (diet) pathway would be moderate (HI =
3.2). This level of risk would be less than under Existing Conditions, but greater than the No Action
Alternative, when fish would be largely absent. For western snowy plover, the moderate risk
associated with the food web (diet) pathway (HI = 4.0) would be similar to the level of risk under
Existing Conditions and the No Action Alternative.

Effects on Riparian, Sensitive Natural Communities, and Wetlands
Impacts of construction and operations and maintenance of the Sedimentation/Distribution Basins
would be similar to those described for Alternative 3.

Effects on Fish and Wildlife Movement
Under Alternative 4, desert pupfish connectivity would be achieved in the First and Second Lakes.
The First Lake would connect all drains on the southern shoreline as well as San Felipe Creek, while
the Second Lake would provide connectivity for desert pupfish populations in the drains and creeks
along the remaining shoreline from north of San Felipe Creek to north of Bombay Beach.

Alternative 5— North Sea
As described in Chapter 3, this alternative would involve construction and operations and
maintenance activities for the Sedimentation/Distribution Basins, Air Quality Management, Saline
Habitat Complex, Shoreline Waterway, Saltwater Conveyance, Marine Sea, Marine Sea Recirculation
Canal, and Brine Sink. Pupfish connectivity would be provided along the southern shoreline in the
Shoreline Waterway and along the northern shoreline in the Marine Sea. All water facilities, roads,
Berms/barriers, and other structures would require regular maintenance. Habitats provided in
Alternative 5 are summarized in Table 8-17.

Table 8-17
Summary of Habitats/Components for Alternative 5

Habitat/Component
End of Phase I

(2020)	 •
End of Phase II

• (2030)
End of Phase III

(2040)
End of Phase IV

(2078)

Saline Habitat Complex 7,500 acres (total)
7,500 acres (wet)

45500 acres
(total)

33,500 acres (wet)

Same as Phase II Same as Phase II

Marine Sea Not Applicable 62,000 acres
35,000 mg/L

Same as Phase II Same as Phase II

Sedimentation/Distribution
Basins

2 Basins
200 acres each

Same as Phase I Same as Phase I Same as Phase I

Brine Sink 207,000 acres
76,000 mg/L

68,000 acres
>350,000 mg/L

14,000 acres
>350,000 mg/L

13,000 acres
>350,000 mg/L

Exposed Sea Bed (AQM) 30,000 acres 73,000 acres 115,000 acres 117,000 acres
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Effects of Implementation on Fish and Wildlife
By late Phase II, the Marine Sea salinity would be less than 40,000 mg/L and could provide habitat
function similar to the current or recent Salton Sea, albeit at a smaller scale. The Saline Habitat
Complex would function similarly to that described under Alternative 2. The Brine Sink would also
provide habitat for invertebrates and birds until salinity exceeds the threshold for invertebrate survival
at the end of Phase II.

The small amount of Saline Habitat Complex constructed in Phase I as Early Start Habitat would
provide habitat for tilapia and other forage fish species. Additional Saline Habitat Complex
constructed in Phase II would increase the amount of habitat for forage fish species. The Marine Sea
would have salinity levels above the tolerance levels for most fish species until late Phase II when it
would begin to provide habitat for tilapia and other salt-tolerant fish.

Alternative 5 would result in a Marine Sea that is considerably smaller than the present Salton Sea.
The thermal stratification in the Marine Sea would be sharper and more persistent than under the No
Action Alternative. Wind mixing of deeper water would be less frequent, and, when it did occur, the
potential for anoxic conditions and hydrogen sulfide in surface water would be greater than under
Existing Conditions. These conditions could result in more pronounced fish kills than occur under
Existing Conditions and could adversely affect the ability of the Marine Sea to support sustainable
populations of fish. These conditions could also preclude the introduction of the marine sport fish that
historically occupied the Salton Sea. If eutrophic conditions in the Marine Sea are improved in the
future, the frequency and magnitude of fish kills due to mixing events could be reduced and
conditions for fish would be improved.

Based on the results of the modeling of potential bird use (Appendix C), this alternative would
partially offset the loss of habitat anticipated as the water recedes (Table 8-18). For most of the
evaluated bird species, habitat capacity would be expected to increase by at least 50 percent compared
to Existing Conditions. The exceptions would be American avocet, western snowy plover, and snowy
egret where habitat capacity would increase but by less than 50 percent, and ruddy duck and
American white pelican where habitat capacity would be expected to decrease relative to Existing
Conditions. However, all of the evaluated bird species would benefit in relation to the No Action
Alternative.

The evaluation of selenium risk suggests that overall risks to fish and birds associated with
Alternative 5 would be greater than under Existing Conditions and the No Action Alternative. The
area-weighted HI for Alternative 5 was 1.0, suggesting that selenium generally would be at the
threshold effect level in Phase IV (see Table 8-7). Overall risks due to selenium under this alternative
would still be considered low for most birds.

Overall, Alternative 5 would result in less than significant impacts on aquatic and avian resources
relative to Existing Conditions in Phases II through IV and benefits relative to the No Action
Alternative in all phases. The Brine Sink would also provide habitat for invertebrates and birds until
salinity exceeded the threshold for invertebrate survival during Phase II.
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Table 8-18
Change In Projected Habitat Capacity (2078) under Alternative 5 Relative to Existing

Conditions and No Action Alternative

Species
Change Relative to Existing

Conditions
Change Relative to No Action

Alternative

Aechmophorus spp. b 5 5°
Eared Grebe 5 5a

Ruddy Duck -1 55

American Avocet 2 5'
Black-necked Stilt 5 5a

Long-billed Curlew 5 58

Marbled Godwit 3 55

American White Pelican -1 55

Double-crested Cormorant 4 55
Dmitcher spp. ` 5 5a

Dunlin 4 5a

Western Snowy Plover 1 5°
Western Sandpiper 5 55
Snowy Egret 1 5°
Relative Change: 1	 0 to 25 percent change

2	 25 to 50 percent change
3	 50 to 75 percent change
4	 75 to 100 percent change
5	 over 100 percent change

Positive numbers indicate an increase in habitat capacity relative to baseline
Negative numbers indicate a decrease in habitat capacity relative to baseline

This species is not expected to occur under the No Action due to high salinity. A relative change of "5" was used to
reflect the large benefit of restoration.

b Includes both western grebes and Clark's grebes, which were not differentiated in the field.
Includes both long-billed and short-billed dowitchers.

Effects on Special Status Species
Effects of construction and operations and maintenance of the Sedimentation/Distribution Basins and
Air Quality Management facilities on special status species would be the same as described for the
No Action Alternative.

Snags in the north that are used by special status birds would remain for some unknown time, while
those in the south and the existing islands would be temporarily lost as described for Alternative 1.
Because of high salinity, fish would not be supported in the Marine Sea until the latter part of Phase
II. The Saline Habitat Complex in Phases 1 and II, however, would provide aquatic habitat capable of
supporting forage fish, but in a much smaller area. Thus, populations of fish-eating birds, such as
pelicans and double-crested cormorants, would be significantly impacted during Phases I and II.

Alternative 5 would result in loss of western snowy plover nesting habitat on the western shoreline
from the barrier south to San Felipe Creek due to the construction of the Air Quality Management
Canal as described for the No Action Alternative. Operations and maintenance activities for all
facilities except the Marine Sea would result in periodic disturbance of special status species through
dredging, human presence, and noise from equipment, as described under Alternative 2.
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The selenium risk to desert pupfish based directly on the sediment concentrations would be moderate
(HI = 1.7) and less than under Existing Conditions because there would be less habitat in high
selenium areas for this species under this alternative. This level of risk would be somewhat higher
than risks under the No Action Alternative (see Table 8-8). The selenium risks to special status birds
based directly on sediment selenium concentrations associated with Alternative 5 would be less than
those under Existing Conditions and under the No Action Alternative. The area-weighted HI for the
sediment pathway under Alternative 5 was 1.7, suggesting a moderate risk in Phase IV. For black
skimmer (and similar species), the evaluation of selenium risk suggests that risk associated with the
food web (diet) pathway would be moderate (HI = 2.7). This level of risk would be less than under
Existing Conditions, but greater than the No Action Alternative, when fish would be largely absent.
For western snowy plover, the moderate risk associated with the food web (diet) pathway (HI = 3.4)
would be slightly less than under Existing Conditions and the No Action Alternative.

Effects on Riparian, Sensitive Natural Communities, and Wetlands
Impacts of construction and operations and maintenance of the Sedimentation/Distribution Basins
would be similar to Alternative 3.

Effects on Fish and Wildlife Movement
Desert Pupfish movement would be accommodated by the Marine Sea, which would connect the
drains along the northern shoreline and Salt Creek. The drains on the southern shoreline and San
Felipe Creek would be connected by the Shoreline Waterway in three segments as described for
Alternative 2. This would represent a significant impact relative to Existing Conditions during Phase I
and a benefit relative to the No Action Alternative in the subsequent phases because all drains along
the northern shoreline and Salt Creek would remain connected.

Alternative 6— North Sea Combined
As described in Chapter 3, this alternative would involve construction and operations and
maintenance activities for the Sedimentation/Distribution Basin, Air Quality Management, Pupfish
Channels, Saline Habitat Complex, Shoreline Waterway, Saltwater Conveyance, Marine Sea, Marine
Sea Mixing Zone, Marine Sea Recirculation Canal, and Brine Sink. Desert pupflsh connectivity
would be provided in the Marine Sea and Marine Sea mixing Zone. All water conveyance facilities,
roads, Berms/barriers, and other structures would need to be maintained on a regular basis. The
Marine Sea habitat includes both the deeper Marine Sea with salinity of 30,000 to 40,000 mg/L and
the Marine Sea Mixing Zone with a salinity of 20,000 to 30,000 mg/L. Habitats provided in
Alternative 6 are summarized in Table 8-19.
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Table 8-19
Summary of Habitats/Components for Alternative 6

HabItat/Component
End of Phase I

(2020)
End of Phase II

(2030)
End of Phase III

(2040)
End of Phase IV

(2073)

Saline Habitat
Complex

4,000 acres (total)
4,000 acres (wet)

29,000 acres
(total)

21,500 acres (wet)

Same as Phase II Same as Phase II

Marine Sea Not Applicable 74,000 acres ©
35,000 mg/L

Same as Phase II Same as Phase II

Sedimentation/
Distribution Basins

1 Basin
200 acres

Same as Phase I Same as Phase I Same as Phase I

Brine Sink 207,000 acres
76,000 mg/L

72,000 acres
>350,000 mg/L

11,000 acres
>350,000 mg/L

11,000 acres
>350,000 mg/L

Maximum Exposed
Sea Bed

30,000 acres 86,000 acres 130,000 acres 131,000 acres

Effects of Implementation on Fish and Wildlife
The Saline Habitat Complex would provide a benefit to aquatic organisms and birds as described in
Alternative 2. The Brine Sink would provide habitat for invertebrates and birds for part of Phase I and
Phase H.

The small amount of Saline Habitat Complex constructed in Phase I as Early Start Habitat would
provide habitat for tilapia and other forage fish species. Additional Saline Habitat Complex
constructed in Phase H would increase the amount of habitat for forage fish species. The Marine Sea
would have salinity levels above the tolerance levels for most fish species until late Phase II, and then
could provide habitat for tilapia and other salt-tolerant fish.

Alternative 6 would result in a Marine Sea that is considerably smaller than the present Salton Sea.
Thermal stratification would be more persistent than in the No Action Alternative resulting in
conditions (including fish kills) similar to those described for Alternative 5. Under this alternative,
however, the Marine Sea Mixing Zone component could partially ameliorate the effects of fish kills
because it would not be affected by the conditions that result in fish kills in the Marine Sea and could
serve as a source population to repopulate the Marine Sea when fish numbers are depressed.

Based on the results of the modeling of potential bird use (Appendix C), this alternative would
partially offset the loss of habitat anticipated as the water recedes (Table 8-20). Compared to Existing
Conditions, habitat capacity for most of the evaluated bird species would be expected to increase.
Those species with predicted declines in habitat capacity (ruddy duck, American avocet, American
white pelican, western snowy plover, and snowy egret) would be expected to decline by less than 25
percent relative to Existing Conditions, but all of the evaluated bird species would benefit relative to
the No Action Alternative.
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Table 8-20
Change in Projected Habitat Capacity (2078) under Alternative 6 Relative to Existing

Conditions and No Action Alternative

Species
Change Relative to Existing

Conditions
Change Relative to No Action

Alternative

Aechmophorus SPli b 4 55

Eared Grebe 5 5a
Ruddy Duck -1 5a
American Avocet -1 5a

Black-necked Stilt 5 5a
Long-billed Curlew 5 53

Marbled Godwit 2 5a

American White Pelican -1 5a
Double-crested Cormorant 3 5a
Dowitcher spp. ` 5 5a
Dunlin 2 55

Snowy Plover - 1 55

Western Sandpiper 5 5a
Snowy Egret -1 5a
Relative Change: 1	 0 to 25 percent change

2	 25 to 50 percent change
3	 50 to 75 percent change
4	 75 to 100 percent change
5	 over 100 percent change

Positive numbers indicate an increase in habitat capacity relative to baseline
Negative numbers indicate a decrease in habitat capacity relative to baseline

a This species is not expected to occur under the No Action due to high salinity. A relative change of "5" was used to
reflect the large benefit of restoration.

b Includes both western grebes and Clark's grebes, which were not differentiated in the field.
Includes both long-billed and short-billed dowitchers.

The evaluation of selenium risk suggests that overall risks to fish and birds associated with
Alternative 6 would be greater than under Existing Conditions and the No Action Alternative. The
area-weighted HI for Alternative 6 was 0.9, suggesting that selenium generally would be just below
the observed effect level in Phase IV (see Table 8-7). Therefore, overall risks due to selenium under
this alternative would be considered low.

Overall, Alternative 6 would result in less than significant impacts on aquatic and avian resources
relative to Existing Conditions in Phases II through IV and benefits relative to the No Action
Alternative in all phases. The Brine Sink would continue to support invertebrates and bird use until
Phase II.

Effects on Special Status Species
Effects of construction and operations and maintenance of the Sedimentation/Distribution Basin and
Air Quality Management facilities on special status species would be the same as described for
Alternative S. All desert pupfish populations would be connected in the Marine Sea and Marine Sea
Mixing Zone, except populations north of the Alamo River would be connected via a Pupfish
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Channel. This would be a beneficial impact as compared to the No Action Alternative. The Salt Creek
desert pupfish populations would not be isolated from other pupfish populations.

Existing snags along the northern and southern shorelines used by special status birds would continue
to function as in the No Action Alternative. Snags between Salt Creek and Bombay Beach would be
located on the Exposed Playa and would be less beneficial for birds. Fish would not be supported in
the Marine Sea until the latter part of Phase II. Construction of the Saline Habitat Complex in Phases I
and II, however, would provide aquatic habitat capable of supporting forage fish, but in a much
smaller area. Populations of fish-eating birds, such as pelicans and double-crested cormorants, could
decline until the end of Phase II. Fish forage would be re-established following the completion of the
Marine Sea.

Alternative 6 would maintain western snowy plover nesting habitat around much of the Salton Sea as
described for the No Action Alternative.

The selenium risk to desert pupfish based directly on the sediment concentrations would be moderate
(HI = 1.6). This level of risk would be less than the risk associated with Existing Conditions because
there would be less Marine Sea habitat (in proportion to other habitat) for this species and somewhat
higher than risks under the No Action Alternative (see Table 8-8). The selenium risks to special status
birds based directly on sediment selenium concentrations associated with Alternative 6 would be less
than those under Existing Conditions and the No Action Alternative. The area-weighted HI for the
sediment pathway under Alternative 6 was 1.6, suggesting a moderate risk in Phase IV. For black
skimmer (and similar fish-eating birds), the evaluation of selenium risk suggests that risk associated
with the food web (diet) pathway would be moderate (HI = 2.6). This level of risk would be less than
under Existing Conditions, but greater than the No Action Alternative, when fish would be largely
absent. For western snowy plover, the moderate risk associated with the food web (diet) pathway (HI
= 3.3) would be slightly less than under Existing Conditions and the No Action Alternative.

Effects on Riparian, Sensitive Natural Communities, and Wetlands
Impacts of construction of the Sedimentation/Distribution Basin would be significant relative to
Existing Conditions, but beneficial relative to the No Action Alternative because only one basin
(Alamo River) would be built and the New and Whitewater rivers would be unaffected.

Effects on Fish and Wildlife Movement
Under Alternative 6, desert pupfish connectivity would be achieved by the Marine Sea Mixing Zone,
the Marine Sea, and a Pupfish Channel. During Phase I, the Pupfish Channel would be constructed to
connect the drains along the southeastern shoreline north of the Alamo River. This would isolate this
segment of the population from the others, all of which would remain connected in Phase I. The
construction of the Perimeter Dikes and the Barrier, however, could result in disruption of local
movement in the vicinity of the construction. Isolation of one segment of the desert pupfish
population would represent a significant impact in Phase I relative to Existing Conditions. Impacts
would be less than those under the No Action Alternative.

In Phase II, the Marine Sea Mixing Zone would connect all desert pupfish using the drains along the
southern shoreline west of the Alamo River, including San Felipe Creek. The Marine Sea Mixing
Zone would flow into the Marine Sea, which would connect all drains along the northern shoreline
and Salt Creek. This would provide connectivity for all desert pupfish populations except those
connected by the Pupfish Channel. Implementation of Alternative 6 would result in a significant
impact on desert pupfish movement relative to Existing Conditions and a beneficial effect relative to
the No Action Alternative.
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Alternative 7 - Combined North and South Lakes Alternative
As described in Chapter 3, this alternative would involve construction and operations and
maintenance activities for the Sedimentation/Distribution Basin, Air Quality Management using
Protective Salt Flat on Exposed Playa below -255 feet msl, Exposed Playa without Air Quality
Management above -255 feet msl, Saline Habitat Complex, Recreational Saltwater Lake, Recreational
Estuary Lake, Marine Sea Recirculation Canal, IID Freshwater Reservoir, two Treatment Plants, and
Brine Sink. Pupfish connectivity would be provided in the Recreational Saltwater and Recreational
Estuary lakes. All water facilities, roads, Berms/barriers, and other structures would require regular
maintenance. Habitats provided in Alternative 7 are summarized in Table 8-21.

Table 8-21
Summary of Habitats/Components for Alternative 7

HabItat/Component
End of Phase I

(2020)
End of Phase II

(2030)
End of Phase III

(2040)
End of Phase IV

(2078)
Saline Habitat Complex'
along eastem shoreline

0 12,000 acres
(total)

6,000 acres (wet)

Same as Phase II Same as Phase II

Recreational Saltwater and
Recreational Estuary Lakes
with average inflows of
717,000 acre-feet/year

Not Applicable 104,000 acres @
62,000 mg/L

104,000 acres @
57,000 mg/L

104,000 acres @
50,000 mg/L

Recreational Saltwater and
Recreational Estuary Lakes
with average inflow of
800,000 acre-feet/year

Not Applicable 115,000 acres @
53,000 mg/L

115,000 acres @
50,000 mg/L

115,000 acres @
35,000 mg/L

Sedimentation/Distribution
Basins

1 Basin
200 acres

Same as Phase I Same as Phase I Same as Phase I

Brine Sink with average
inflows of 717,000 acre-
feet/year

208,000 acres
76,000 mg/L

28,000 acres
>350,000 mg/L

15,000 acres
>350,000 mg/L

15,000 acres
>350,000 mg/L

IID Freshwater Reservoir 11,000 Same as Phase II Same as Phase II
Maximum Exposed Sea
Bed with average inflows of
717,000 acre-feet/year

30,000 acres

-

89,000 acres 92,000 acres 97,000 acres

a	 1,200 acres of marine quality Saline Habitat Complex provided by the VVhitewater River

Effects of Implementation on Fish and Wildlife
The small amount of Saline Habitat Complex constructed in Phase I as Early Start Habitat would
provide habitat for tilapia and other forage fish species. Additional Saline Habitat Complex
constructed in Phase II would increase the amount of habitat for tilapia and other fish species.
However, the proportion of the Saline Habitat Complex maintained at salinity levels suitable for fish
would be lower by comparison to the Saline Habitat Complex in other alternatives because the supply
water from the Recreational Saltwater Lake would be higher than 40,000 mg/L throughout the 75-
year period. The Recreational Saltwater Lake would have salinity above the tolerance levels for most
fish species in Phases I and II, but could provide habitat for tilapia and other salt-tolerant fish in Phase
III, depending on inflows. The Recreational Saltwater Lake likely would not support the marine sport
fish species that were historically found in the Salton Sea due to high salinity levels unless salinity
could be reduced to less than 40,000 mg/L. Lower salinity in the Recreational Estuary Lake would
likely support tilapia and other fish and allow introduction of estuarine fish that could provide a sport
fishery. Although the details of management and operation of the IID Freshwater Reservoir have not

2006	 8-66	 Salton Sea Ecosystem
Restoration Draft PEIR



Chapter 8
Biological Resources

been determined, it is likely that it would support a fish assemblage similar to that currently
occupying IID canals and could support a variety of birds on its surface and along the margins.

Thermal stratification in the Recreational Saltwater Lake would be more persistent than in the No
Action Alternative and could result in events that produce fish kills that are more severe than occur
under Existing Conditions. These events, however, would be less severe than those that would occur
under alternatives with a smaller Marine Sea located in the north basin.

Based on the results of the modeling of potential bird use (Appendix C) assuming average inflows of
717,000 acre-feet/year, this alternative would partially offset the loss of habitat anticipated as the
inflows decline (Table 8-22). Compared to Existing Conditions, habitat capacity would be expected to
increase substantially (more than 75 percent) for about half of the bird species evaluated. Habitat
capacity for the other species evaluated would be expected to decline by up to 50 percent.

The evaluation of selenium risk suggests that overall risks to fish and birds associated with
Alternative 7 would be greater than under Existing Conditions and the No Action Alternative. The
area-weighted HI for Alternative 7 was 0.9, suggesting that selenium would be just below the
threshold effect level in Phase IV (see Table 8-7). Therefore, overall risks due to selenium under this
alternative would be considered low for most birds.

Overall, Alternative 7 would result in less than significant impacts on aquatic and avian resources
relative to Existing Conditions in Phases II through IV and benefits relative to the No Action
Alternative in all phases.

Table 8-22
Change in Projected Habitat Capacity (2078) under Alternative 7 Relative to Existing

Conditions and No Action Alternative

Species
Change Relative to Existing

Conditions
Change Relative to No Action

Alternative
Aechmophorus 5pp. 4 -2 58
Eared Grebe 5 5a
Ruddy Duck -2 54
American Avocet -1 5a
Black-necked Stilt 5 5'
Long-billed Curlew 5 5'
Marbled Godwit -1 5'
American White Pelican -2 5a
Double-crested Cormorant -1 5'
Dowitcher sp• ` 4 5'
Dunlin 1 5'
Snowy Plover -2 5'
Western Sandpiper 5 5a
Snowy Egret 4 5'
Relative Change: 1	 0 to 25 percent change

2	 25 to 50 percent change
3	 50 to 75 percent change
4	 75 to 100 percent change
5	 over 100 percent change

Positive numbers indicate an increase in habitat capacity relative to baseline
Negative numbers indicate a decrease in habitat capacity relative to baseline

▪ This species is not expected to occur under the No Action due to high salinity. A relative change of "5" was used to
reflect the large benefit of restoration.

b	 Includes both western grebes and Clark's grebes. which were not differentiated in the field.
• Includes both long-billed and short-billed dowitchers.
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Effects on Special Status Species
Effects of construction and operations and maintenance of the Sedimentation/Distribution Basin on
special status species would be essentially the same as described for Alternative 6. Connectivity for
desert pupfish populations at the Salton Sea would be better in Alternative 7 than in the No Action
Alternative because the northern drains and Salt Creek would all be connected to the Recreational
Saltwater Lake. The Recreational Estuary Lake in the southwest would provide habitat as well as
connectivity among the drains and San Felipe Creek. The desert pupfish populations in the HD drains in
the southeastern portion of the Salton Sea, however, would be isolated from other pupfish populations.

Existing snags in the north and south that are used by special status birds would continue to function
as in the No Action Alternative. With receding water, the snags near Bombay Beach would be left on
Exposed Playa and would provide fewer benefits for birds. The Recreational Saltwater Lake would
have salinity levels above the tolerance levels for most fish species in Phase I, but could provide
habitat for tilapia and other salt-tolerant forage fish beginning in Phase III, and possibly Phase II,
depending on inflows. These fish would provide foraging opportunities for fish-eating special status
birds. The HD water storage reservoir also could support fish and invertebrates that provide foraging
opportunities for special status birds as well as freshwater needed for drinking and bathing. The
operation of this facility is unknown and it is uncertain how operational fluctuations in water depth
and area would affect its long tenn habitat value.

Alternative 7 would maintain western snowy plover nesting habitat around much of the Salton Sea as
described for the No Action Alternative.

The selenium risk to desert pupfish based directly on the sediment concentrations would be moderate
(HI = 1.6) and less than under Existing Conditions because there would be less Marine Sea habitat (in
proportion to other habitat) for this species under this alternative. This level of risk would be
somewhat higher than risks under the No Action Alternative (see Table 8-8). The selenium risks to
special status birds based directly on sediment selenium concentrations associated with Alternative 7
would be less than those under Existing Conditions and the No Action Alternative. The area-weighted
HI for the sediment pathway under Alternative 7 was 1.6, suggesting that selenium risk is moderate in
Phase IV. The evaluation for black skimmer suggests that selenium risk associated with the food web
(diet) pathway would be moderate (HI = 2.5). This level of risk would be less than under Existing
Conditions, but greater than the No Action Alternative, when fish would be largely absent. For
western snowy plover, the moderate risk associated with the food web (diet) pathway (HI = 2.8)
would be somewhat less than under Existing Conditions and the No Action Alternative.

Effects on Riparian, Sensitive Natural Communities, and Wetlands
Impacts of construction of the Sedimentation/Distribution Basin would be similar to that described
under Alternative 6. In addition to the potential impacts on riparian vegetation at the river mouths,
this alternative could impact riparian vegetation upstream of these locations. As described in
Chapter 3, Alternative 7 assumes construction of treatment wetlands on the New and Alamo rivers to
improve water quality. These wetlands could substantially contribute to the availability of freshwater
marsh and habitat for marsh species in the areas south of the Salton Sea. Construction, operations and
maintenance, and selenium risks of these wetlands would be evaluated through separate, project-level
environmental documentation.

Effects on Fish and Wildlife Movement
The effects of Alternative 7 on desert pupfish movement would be similar to those described for
Alternative 6, except that drains in the Coachella Valley containing desert pupfish would be extended
into the Recreational Saltwater Lake. Desert pupfish along the southern and western shoreline west of
the Alamo River would be connected by the Recreational Estuary Lake. The Recreational Estuary
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Lake would flow into the Recreational Saltwater Lake, which connect the drains along the northern
shoreline and Salt Creek. Drains south of Salt Creek and northeast of the Alamo River would flow
directly into Saline Habitat Complex. Desert pupfish occupying these drains would be isolated from
the larger population and could become isolated further within the individual cells of the Saline
Habitat Complex.

Alternative 8— South Sea Combined
As described in Chapter 3, this alternative would involve construction and operations and
maintenance activities for the Sedimentation/Distribution Basins, Air Quality Management, Saline
Habitat Complex, Shoreline Waterway, Marine Sea, Marine Sea Recirculation Canal, and Brine Sink.
Desert pupfish connectivity would be provided in the Marine Sea, except for Salt Creek. All water
facilities, roads, Berms/barriers, and other structures would need to be maintained on a regular basis.
Habitats provided in Alternative 8 are summarized in Table 8-23.

Table 8-23
Summary of Habitats/Components for Alternative 8

Habitat/Component
End of Phase I

(2020)
End of Phase II

(2030)
End of Phase III

(2040)
End of Phase IV

(2078)

Saline Habitat
Complex

0 18,000 acres
(total)

13,500 acres (wet)

Same as Phase! Same as Phase II

Marine Sea Not Applicable 83,000 acres ©
37,000 mg/L

Same as Phase 11 Same as Phase II

Sedimentation/
Distribution Basins

2 Basins
200 acres each

Same as Phase I Same as Phase I Same as Phase I

Brine Sink 207,000 acres
76,000 mg/L

62,000 acres
>350,000 mg/L

9,000 acres
>350,000 mg/L

9,000 acres
>350,000 mg/L

Maximum Exposed
Sea Bed

30,000 acres 96,000 acres 128,000 acres 128,000 acres

Effects of Implementation on Fish and Wildlife
The small amount of Saline Habitat Complex constructed in Phase I as Early Start Habitat would
provide habitat for tilapia and other fish species. Additional Saline Habitat Complex constructed in
Phase II would increase the amount of habitat for these fish species. The Marine Sea could provide
habitat for tilapia and other salt-tolerant forage fish in Phase II. Water quality in the Marine Sea
would be anticipated to provide conditions that could support the recreational sport fish species that
were present historically in the Salton Sea. These and other marine fish species could be reintroduced
to the Marine Sea once salinity was stabilized in Phase II.

Alternative 8 would result in a Marine Sea smaller than the present Salton Sea and a salinity less than
40,000 mg/L. Thermal stratification in the deeper water body (e.g., adjacent to the Barrier) would be
less persistent than in the No Action Alternative as a result of the higher velocity of winds at the
southern Marine Sea. Wind mixing of deeper water would be more frequent, and nearly continuous.
Thus, the potential for anoxic conditions and lethal levels of hydrogen sulfide to occur in the surface
layers would be less than under Existing Conditions. Nonetheless, periodic fish kills would continue,
although the frequency and magnitude of these events could be less than under Existing Conditions.
Once salinity is stabilized in Phase II, the Marine Sea would be suitable for tilapia and might support
introduction of the marine sport fish that historically occupied the Salton Sea,
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Based on results of the modeling of potential bird use (Appendix C), this alternative would partially
offset the loss of habitat anticipated as the water recedes under the No Action Alternative (Table 8-
24). Compared to Existing Conditions, habitat capacity would be expected to decline by up to 50
percent for about half of the bird species evaluated. Habitat capacity for the other bird species
evaluated would be expected to increase relative to Existing Conditions.

The evaluation of selenium risk suggests that overall risks to fish and wildlife associated with
Alternative 8 would be greater than under Existing Conditions and the No Action Alternative. The
area-weighted HI for Alternative 8 was 1.0, suggesting that selenium would be at the threshold effect
level in Phase IV (see Table 8-7). Overall risks due to selenium under this alternative would still be
considered low for most birds.

Overall, Alternative 8 would result in less than significant impacts on aquatic and avian resources
relative to Existing Conditions in Phases II through IV and benefits relative to the No Action
Alternative in all phases. The Brine Sink would also provide habitat for invertebrates and birds until
salinity exceeded the threshold for invertebrate survival during Phase II.

Table 8-24
Change in Projected Habitat Capacity (2078) under Alternative 8 Relative to Existing

Conditions and No Action Alternative

Species
Change Relative to Existing

Conditions
Change Relative to No Action

Alternative

Aechmophorus SPp. b 1 5a	 1

Eared Grebe 5 5'
Ruddy Duck -2 5'

American Avocet -2 5'

Black-necked Stilt 4 5'
Long-billed Curlew 5 5a
Marbled Godwit -1 5'

American White Pelican -2 5"
Double-crested Cormorant 1 5a
Dowitcher spa.' 3 5'
Dunlin -1 5'
Snowy Plover 58
Western Sandpiper 5 5"

Snowy Egret -2 5'

Relative Change: 1	 0 to 25 percent change
2	 25 to 50 percent change
3	 50 to 75 percent change
4	 75 to 100 percent change
5	 over 100 percent change

Positive numbers indicate an increase in habitat capacity relative to baseline
Negative numbers indicate a decrease in habitat capacity relative to baseline
a	 This species is not expected to occur under the No Action due to high salinity. A relative change of "5" was used to

reflect the large benefit of restoration.
°	 Includes both western grebes and Clark's grebes, which were not differentiated in the field.

Includes both long-billed and short-billed dowitchers.
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Effects on Special Status Species
Effects of construction and operations and maintenance of the Sedimentation/Distribution Basin on
special status species would be essentially the same as described for Alternative 3. Connectivity for
desert pupfish populations at the Salton Sea would be better in Alternative 8 than in the No Action
Alternative because the northern and southern drains and San Felipe Creek would be connected to the
Marine Sea, which would provide habitat as well as connectivity among the drains. The desert
pupfish populations in Salt Creek, however, would be isolated from other pupfish populations.

Existing snags in the north and south that are used by special status birds would continue to function
as in the No Action Alternative. Fish would not be supported in the Marine Sea during Phase I and
the early portion of Phase II. Construction of the Saline Habitat Complex in Phase II, however, would
provide aquatic habitat capable of supporting forage fish, but in a much smaller area. Thus,
populations of fish-eating birds, such as pelicans and double-crested cormorants, could decline during
Phase I. Forage fish would become established following the completion of the Barrier and Marine
Sea in Phase II.

Alternative 8 would maintain western snowy plover nesting habitat around much of the Salton Sea as
described for the No Action Alternative.

The selenium risk to desert pupfish based directly on the sediment concentrations would be moderate
(HI = 1.6) and less than under Existing Conditions because there is less Marine Sea habitat (in
proportion to other habitat) for this species under this alternative. This level of risk would be
somewhat higher than risks under the No Action Alternative (see Table 8-8). The selenium risks to
special status birds based directly on sediment selenium concentrations associated with Alternative 8
would be less than those under Existing Conditions and the No Action Alternative. The area-weighted
HI for the sediment pathway under Alternative 8 was 1.8, suggesting that selenium risk associated
with the sediment pathway would be moderate in Phase IV. For black skimmer (and similar fish-
eating birds), the evaluation of selenium risk suggests that risk associated with the food web (diet)
pathway would be moderate (HI = 2.6). This level of risk would be less than under Existing
Conditions, but greater than the No Action Alternative, when fish would be largely absent. For
western snowy plover, the moderate risk associated with the food web (diet) pathway (HI = 3.5)
would be less than under Existing Conditions and the No Action Alternative.

Effects on Riparian, Sensitive Natural Communities, and Wetlands
Impacts of construction of the Sedimentation/Distribution Basins would be similar to that described
for Alternative 3.

Effects on Fish and Wildlife Movement
Under Alternative 8, the Marine Sea would allow desert pupfish to move around the perimeter except
along the eastern shoreline. Desert pupfish using Salt Creek would become isolated from the other
populations. Construction of the Barrier and Perimeter Dikes could adversely affect desert pupfish
movement during Phase I. Impacts relative to Existing Conditions would be significant in all phases.
However, upon completion, Alternative 8 would be beneficial relative to the No Action Alternative in
Phases II to IV.

PERFORMANCE RELATIVE TO HISTORIC CONDITIONS
An objective of the alternatives is to provide long term stable aquatic and shoreline habitat for the
historic levels and diversity of fish and wildlife at the Salton Sea. The ability of the alternatives to
meet this objective is discussed below.
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Fish
Achieving historic levels and diversity of fish requires the recognition of three functional groups of
fishes in the Salton Sea ecosystem: sport fishes, forage fishes, and protected species (desert pupfish).
There are group-specific considerations raised by the different habitat components proposed in the
restoration alternatives. Unlike the bird community, the fish community of the Salton Sea has
changed dramatically from recent conditions, both in species composition and levels. The marine
sport fish have disappeared from the fish samples at the Salton Sea and the once extremely abundant
tilapia has diminished substantially in number. Because of the recent changes in the fish community,
achieving historic fish diversity would require introductions or reintroductions of sport fish species to
the ecosystem. The specific conditions within restored water bodies at the Salton Sea would dictate
which species could be successfully introduced. 	 -

Several of the alternatives include a Marine Sea intended to stabilize and retain a portion of the habitat
values currently provided by the Salton Sea. The Marine Sea would mimic, to the extent possible, the
historic conditions and community associated with the open water and shoreline of the Salton Sea.
Many of the species currently found in the Salton Sea and the rivers and drains flowing to the Salton
Sea would inhabit the Marine Sea. Elements of the restoration could improve water quality over time to
the extent that the Marine Sea could support higher densities of fish and invertebrates than current
conditions. However, the smaller Marine Sea likely would not support the same absolute levels of fish
abundance recently seen at the Salton Sea. Restoration of the historically important sport fish species or
other fish that could provide a sport fishery would require introductions of these species from other
areas.

Several of the alternatives include constructed Saline Habitat Complex intended to replace a portion of
the habitat values currently provided at the Salton Sea. Design objectives include constructing cells that
mimic, to the extent possible, historic habitat conditions and support the fish and wildlife communities
associated with the shoreline of the Salton Sea. The Concentric Lakes constructed in Alternative 4
would function similarly to the Saline Habitat Complex. Various members of the forage fish
community that currently occupy the Salton Sea and adjacent rivers and drains likely would persist in
the Saline Habitat Complex and other constructed waterways and would continue to provide a forage
base for fish-eating birds. This community is the product of past introductions and the ability of those
species to tolerate conditions at the Salton Sea. If changes in conditions following restoration impaired
the ability of the Saline Habitat Complex to support the current fish community, fish species better
adapted to the conditions following restoration could be introduced as part of future habitat
management. 	 .

Birds
Because the Saline Habitat Complex and other constructed features (e.g., concentric waterways)
represent an environment (particularly the highly saline areas) not currently present at the Salton Sea,
the extent to which it would be used by birds at the Salton Sea is uncertain. However, estimates can
be made by comparison to similar habitats located elsewhere. One environment comparable to the
Saline Habitat Complex is the salt ponds adjacent to San Francisco Bay. The salt ponds are similar to
the Saline Habitat Complex in that they are relatively shallow and composed of cells with a broad
range of salinities. However, the salt ponds are adjacent to a variety of other habitat types, including
tidal wetlands and mudflats, an enclosed bay, and several freshwater rivers that offer a wide variety of
foraging opportunities in addition to those of the salt ponds. In addition, bird use of the salt ponds is
relatively well documented (e.g., Takekawa et al., 2001, Warnock et al., 2002). The Concentric Lakes
in Alternative 4 are anticipated to function much like linear versions of the Saline Habitat Complex.
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As previously described, expectations regarding the capacity of these habitats to support use by
selected species were based on habitat modeling described in Appendix C. To serve as the basis for
evaluating the performance of the restoration alternatives relative to the goals of the restoration,
historic levels were identified for selected bird species based on available survey results (see
Appendix H-1 for additional discussion of historic levels of bird use). The seasonal estimates
presented in Appendix C were averaged to compute a single estimate of habitat capacity (potential
number of birds that could be supported) for comparison to the historic level of use.

Habitat capacity predicted using the model is not directly comparable to historic levels of bird use
because the model uses bird densities observed during the 1999 comprehensive shoreline survey of
the Salton Sea (Shuford et al., 2000) to predict the potential number of birds that could be supported
(habitat capacity) in the future mix of habitats under each alternative. This method not only assumes
that habitat is the limiting factor controlling bird density at the Salton Sea, but that densities observed
in 1999 reflect the habitat capacity (past, present, and future) at the Salton Sea. While the habitat
capacity predicted by the model is not directly comparable to historic levels of use, it does provide a
basis for comparison of the alternatives. The predictions of habitat capacity under Existing Conditions
are included in the analysis to help identify instances where 1999 densities differed from historic
levels and could lead to an overestimate or underestimate of habitat capacity.

Table 8-25 and Figure 8-2 present the results of the analysis of habitat capacity relative to historic
conditions. Results are presented only for habitat conditions expected at the end of the restoration
(2078) for all alternatives. No alternative will achieve its maximum habitat value until Phase II (2020-
2030). Some will not achieve this maximum habitat value before half of the 75 year life of the project
period is over. Because of the high salinities that would develop under the No Action Alternative,
effectively no habitat would be suitable for use by birds in 2078 if inflows declined as in the No
Action Alternative-Variability Conditions. Because habitat capacity under the No Action Alternative
is essentially zero, this alternative is not included in the figure or table below, and all of the
alternatives would reflect a substantial benefit to birds relative to the No Action Alternative. Results
are presented as numeric index values from -4 to +5 representing "quartiles" of change from a
decrease of 75 to 100 percent (-4) to a greater than 100 percent increase (+5) by 25 percent
increments. The ranking of alternatives is based on the sum of index values for all species; a higher
sum indicating that the habitat capacity would be similar to or greater than historic levels for more
species. Alternatives are ranked from high to low; a ranking of "1" indicating the highest overall
habitat capacity and a rank of "8" indicating the least overall habitat capacity.

These rankings are based on the habitat capacity of each alternative as configured and described in
Chapter 3. Factors such as water depth and salinity influence the habitat capacity of these alternatives,
and modifications during future project-level design could improve the capacity to support birds, as
could adaptive management. Nonetheless, the projected capacity of the alternatives to support birds
provides an indication how a given alternative would perform relative to other alternatives and
historic conditions at the Salton Sea.
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Table 8-25
Change in Projected Habitat Capacity (by 2078) Relative to Historic Abundance — All Seasons

Species
Existing

Conditions Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6 Alternative 7 Alternative 8
Aechmophorus
sPP.a

-2 1 5 -3 -3 2 2 -3 -1

American Avocet -2 -2 2 -2 2 -1 -2 -3 -3
American White
Pelican

-1 -3 1 -1 1 -1 -2 -2 -2

Black-necked Stilt -1 5 5 1 5 5 5 4 2
Double Crested
Cormorant

-2 -1 5 -1 1 2 1 -2 -1

Dowitcher Spp. b -3 -1 5 -3 8 2 -1 -2 -2
Dunlin 1 2 5 2 5 5 3 1 1
Eared Grebe -4 -2 2 -4 5 -2 -3 -3 -3

Long-billed Curlew -3 4 5 -2 5 5 3 1 -1
Marbled Godwit -1 -1 5 1 5 2 -1 -2 -2

Ruddy Duck 1 -2 2 -1 -1 1 -1 -2 -1

Snowy Egret 1 -1 5 -1 3 1 -1 4 -2

Snowy Plover 2 1 5 3 5 4 2 1 -1

Western
Sandpiper

-4 -1 5 -3 1 1 -1 -2 -2

TOTAL -18 -1 57 -14 37 26 4 -10 -18
RANK 5 1 7 2 3 4 6 8
Relative Change: 1	 0 to 25 percent change

2	 25 to 50 percent change
3	 50 to 75 percent change
4	 75 to 100 percent change
5	 over 100 percent change

Positive numbers indicate an increase in habitat capacity.
Negative numbers indicate a decrease in habitat capacity.
Overall Rank represents the sum of the index values for change relative to historic abundance from high (most benefit) to low (least benefit).
' Includes both western grebes and Clark's grebes, which were not differentiated in the field.
b Includes both long-billed and short-billed dowitchers.
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In general, the results of the modeling suggest that the levels of birds at the Salton Sea in 1999 (the
baseline information used in the model) was lower than historic levels for most of the species evaluated.1
Because the analysis relied on observed densities in 1999, predicted habitat capacity for the action
alternatives also reflects the lower levels (and density) of birds observed relative to historic conditions.
Differences between alternatives reflect differing amounts of various habitats that would be available and
the higher densities of most species that could be supported in the Saline Habitat Complex. Some species
(e.g., eared grebe, black-necked stilt) are observed at higher densities in higher salinity habitats and the
predicted habitat capacity is higher for alternatives that provide this type of habitat. The habitat capacity
associated with Alternative 2 was higher than historic levels for all species evaluated, suggesting that
conditions under Alternative 2 at the end of 75 years could support greater numbers of birds on average
than occurred historically. The large habitat capacity associated with Alternative 2 reflects the relatively
large amount of Saline Habitat Complex and the high densities (for many species) that can be supported
in this habitat type. Alternatives 4 and 5 also would perform better than historic conditions, although
several species (most notably eared grebe under Alternative 5) could experience a decline in habitat
capacity relative to historic conditions. The lower habitat capacity for eared grebe under Alternative 5
(and Alternatives 3, 6, 7, and 8) is due to the smaller amount of higher salinity habitat preferred by this
species. While Alternative 3 and Alternative 4 have a similar configuration, Alternative 4 performs better
for most species because of the added area available in the Fourth Lake and because the salinity in the
Fourth Lake would be higher. Higher salinity in the Fourth Lake favors some species such as eared grebe
and western sandpiper. The remaining alternatives would support substantially less habitat capacity, and
Alternative 8 would support the least habitat capacity for the birds evaluated, although it still would be
similar to the levels associated with the 1999 values that served as the basis for the model and Existing
Conditions.

Next Steps
During the project-level analyses, detailed biological field investigations would be conducted to
determine specific locations of fish and wildlife resources. Experienced biologists and resource managers
would use this information to develop specific biological impact avoidance criteria and assist in the
development of engineering design criteria. The project-level design would consider a range of
construction techniques and schedules as well as facility locations to minimize the impacts on biological
resources. Locations of facilities or excavation activities could be needed to avoid areas with sensitive,
protected or limited biological resources.

During future detailed project-level analyses the following plans, evaluations and mitigation measures
should be considered:

• Avoid disturbance of breeding or roosting special status birds by scheduling the construction or
maintenance activities near those habitats outside the breeding season and times of large roosting
aggregations. Impacts of habitat loss could be partially offset by creation of similar habitats;

• Avoid or minimize impacts to desert pupfish during drain extension and construction of the
Pupfish Channels by conducting surveys prior to the work, capture and relocation of individuals
in the work area consistent with the Service and DFG recommendations, scheduling the work to
avoid the breeding season, and isolating the work area so that desert pupfish cannot enter;

• Develop an adaptive management program;

1 J should be noted that current conditions (2006) at the Salton Sea likely support lower densities of some bird species than in
1999. Thus, habitat capacity for some bird species under Existing Conditions (as of 2006) might be lower than 1999 relative to
historical conditions. Species for which the model in some alternatives indicated decreased habitat capacity relative to Existing
Conditions may have improved habitat capacity relative to current conditions.
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• Develop a comprehensive monitoring program that will generate the information needed to assist
in the project-level design and future adaptive management;

• Conduct pilot projects to confirm assumptions about colonization of Saline Habitat Complex by
invertebrates, fish, and birds;

• Develop a plan to evaluate the efficacy of the installation of snags, islands and other
resting/loafing areas in managed habitats;

• Evaluate the need and methods for incorporating areas of freshwater within Saline Habitat
Complex to accommodate the requirements of breeding birds and their young.

• Determine the appropriate ratio of wetted to dry areas within the Saline Habitat Complex
necessary to maximize the habitat value.

• Develop a maintenance plan for the Sedimentation/Distribution Basins that minimizes dredging
in wetlands in both time and space;

• Explore alternative to connect populations of desert pupfish in San Felipe and Salt creeks and the
agricultural drains, including piping river channels to the Brine Sink;

• Evaluate the efficacy of installing pumps or fish screens that would avoid or minimize the
potential to injure or kill desert pupfish;

• Develop a genetic exchange plan for those alternatives that do not achieve connectivity among
desert pupfish populations;

• Evaluate the effectiveness of constructing and closing the southern portion of the First Ring under
Alternative 3 to create functioning habitat while the northern portion of the First Ring is
constructed;

• Prior to project-level design, implement studies to further characterize the distribution of
selenium in the sediments, especially in the interior portion of the Salton Sea, and collect
additional co-located biota, sediment, or water samples to refine predictions of selenium risk and
reduce uncertainty. Modify design to minimize selenium uptake in the food web; and,

• If recreation is to be considered in all or part of restored habitats, develop plans and criteria to
protect special status resources. Development of the plans could include surveys to determine the
effects of recreation on avian resources, and the development of specific measures to reduce or
avoid impacts.
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September 23, 2009

Mr. Christopher Meyer
Project Manager
Attn: Docket No. 08-AFC-5
California Energy Commission
1516 Ninth Street
Sacramento, CA 95814-5512

Subject:	 SES Solar Two (08-AFC-5)
Materials Provided to Seeley County Water District
URS Project No. 27657106

Dear Mr. Meyer:

On behalf of SES Solar Two, LLC, URS Corporation Americas (URS) would like to distribute a
copy of aletter provided to Seeley County Water District giving a summary of the potential
impacts of diverting reclaimed water from the Seeley Waste Water Treatment Facility (SWWTF)
for use by SES Solar Two, LLC at the Solar Two Project.

I certify under penalty of perjury that the foregoing is true, correct, and complete to the best of
my knowledge. I also certify that I am authorized to submit this information on behalf of SES
Solar Two, LLC.

Sincerely,

sfre-aft--
Angela Leiba
Project Manager

cc:	 Richard Knox, Tessera Solar
SES Solar Two Proof of Service List

URS Corporation
1615 Murray Canyon Road, Suite 1000
San Diego, CA 92108
Tel: 619.294.9400
Fax: 619.293.7920
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September 23, 2009

Mr. David Dale
Seeley County Water District
1898 West Main Street
Seeley, CA 92273

Subject:	 SES Solar Two
Imperial County California
URS Project No. 27657105.00200

Dear Mr. Dale:

The purpose of this letter is to provide Seeley County Water District a summary of the potential
impacts of diverting reclaimed water from the Seeley Waste Water Treatment Facility (SWWTF)
for use by SES Solar Two, LLC at the Solar Two Project.

BACKGROUND

This analysis evaluates the potential impacts of diverting reclaimed water from SWWTF for use by
SES Solar Two, LLC at the Solar Two power plant. Of particular concern are impacts of reduced
flows from the SWWTF on the New River and Salton Sea (see Figure 1 for SES Solar Two and
SWWTF locations).

The SWWTF is located at 1898 West Main Street in Seeley, an unincorporated area of Imperial
County, California. The Seeley County Water District (SCWD) owns and operates the SWVVTF
water treatment and distribution system infrastructure. SCWD serves customers in the town of
Seeley with certain utility services, including, without limitation, sewage collection and treatment
services. Currently, sewage collected in Seeley's system is treated and then discharged into the New
River. Based upon the Regional Water Quality Control Board Waste Discharge Requirements for
SWWTF (Order No. R7-2002-0126) SWWTF has a design treatment capacity of 0.2 million
gallons per day (200,000 gallons per day [gpd]) (RWQCB, 2007). Current influent flow rate to the
treatment facility and outflow to the New River is approximately 112,000 gallons per day (gpd)
based upon recorded effluent flow data (SCWD, 2009).

SCWD has agreed to provide reclaimed water to SES Solar Two. An agreement between SCWD
and SES Solar Two, LLC was signed at the Seeley Board Meeting on May 18, 2009. Seeley's
sewage treatment facilities are currently being upgraded to treat 250,000 gpd and up to 200,000 gpd
of treated effluent (Title 22 water) will be made available to SES if requested. This effluent level
reflects SCWD's future influent levels expected due to population growth. Any water not needed by
SES will be used by SCWD for irrigation or discharged into the New River.

URS Corporation
1615 Murray Canyon Road, Suite 1000
San Diego, CA 92108
Tel: 619.294.9400
Fax: 619.293.7920
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Upgrades to SWWTF to meet Title 22 requirements are currently being designed. Environmental
consequences and associated mitigation measures for required upgrades within the SWWTF will be
processed through the appropriate regional and state agencies by Seeley County Water District
(SWCD) in separate environmental documentation for the waste water treatment facility upgrades.

In addition to upgrades of the SWWTF to meet Title 22 requirements, providing SWWTF recycled
water to the SES Solar Two project will require diverting water from SWWTF prior to the current
point of discharge to the New River and constructing a 12-mile water pipeline along Evan Hewes
Highway from the SWWTF to the Solar Two water treatment, storage, and distribution facility. The
pipeline will be buried within the Evan Hewes Highway ROW approximately 30-inches below the
existing grade (see Figure 1 for proposed pipeline location).

AFFECTED ENVIRONMENT

EXISTING WASTE WATER TREATMENT FACILITY DESCRIPTION

The California Regional Water Quality Control Board (RWQCB) is the regulatory agency with
jurisdiction over SCWD, which owns and operates the water and wastewater systems in the
community. The Department of Health Services has jurisdiction over the water treatment plant.
The SCWD holds the discharge permit issued by the RWQCB. RWQCB Order Nos. 94-049 and
R7-2002-0126, NPDES Permit CA0105023 includes waste discharge and monitoring requirements
for the wastewater treatment facility. The SWWTF is currently designed to treat up to 200,000 gpd
(RWQCB, 2007). The SWWTF has been subject to RWQCB violations of their Waste Discharge
Requirements (WDRs) in the past and is subject to plant upgrades to enhance treatment prior to
discharge.

The SWWTF final effluent is discharged to the New River in the NE 'A, of the NW Vt of Section 11,
T16S, R12E. The New River, a water of the United States, is tributary to the Salton Sea, and within
the Salton Sea Transboundary Watershed. A summary of the effluent limitations of SWWTF
provided in the WDRs is presented in the table below.
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Table 1. Seeley Waste Water Treatment Facility Effluent Limitations

Constituent Unit 30-Day Arithmetic Mean
Discharge Rate/

7-Day Arithmetic Mean
Discharge Rama

20°C BODO mg/L4 45 65

lb/day6 756 1106

Total Suspended Solids
(TSS)

mg/L 95

lb/day 1606

pH range of 6.0 - 9.0

E. coli: geometric mean concentration less than 126 Most Probable Number (MPN) per 100 ml (based on a
minimum of not less than 5 samples for any 30-day period)

E coli: No sample greater than 400 MPN per 100 ml.

Total Dissovled Solids (TDS) in New River less than annual average of 4,000 mg/L or maximum daily of 4,500 mg/L

No acute or chronic toxicity in the effluent or the receiving water.
Notes:

30 Day Mean-Arithmetic average of all samples collected during the calendar month.
2 7 Day Mean-Arithmetic average of all samples collected during a calendar week (Sunday through Saturday)
3 B005 - Biochemical Oxygen Demand
4 mg/L - milligrams per Liter
5 lb/day - pounds per day
6 Based on a design treatment capacity of 0.2 million gallons per day.

Source: RWOCB, 2007.

The receiving water limitations provided in the SWWTF WDRs indicate that the current discharge
from SWWTF shall not cause the following in the New River:

a. Depress the concentration of dissolved oxygen below 5.0 mg/L. When dissolved oxygen
the receiving water is already below 5.0 mg/L, the discharge shall not cause any further
depression.

b. The presence of oil, grease, floating material (liquids, solids, foam and scum) or suspended
material in amounts that create a nuisance or adversely affect beneficial uses.

c. Result in the deposition of pesticides or combination of pesticides to be detected in
concentrations that adversely affect beneficial uses.

d. Aesthetically undesirable discoloration or odors in the receiving water.

e. A significant increase in fungi, slime, or other objectionable growth.

Increase turbidity that results in affecting beneficial uses.

g. The normal ambient pH to fall below 6.0 or exceed 9.0 units.

h. Impact the receiving water temperature, resulting in adversely affecting beneficial uses.
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i. Result in the deposition of material that causes nuisance or adversely affects beneficial
uses.

The chemical constituents to exceed concentrations that adversely affect beneficial uses or
create nuisance.

k. Toxic pollutants to be present in the water column, sediments or biota in concentrations that
adversely affect beneficial uses or that produce detrimental physiological responses in
human, plant, animal, or aquatic life.

I. Taste or odor-producing substances to impart undesirable tastes or odors to fish flesh or
other edible products of aquatic origin or to cause or otherwise adversely affect beneficial
uses.

The SWWTF has collected water quality monitoring data to comply with the WDRs with submittal
to the RWQCB. The water quality monitoring data for the last several years indicate that the
SWWTF has met the effluent and receiving water limitations.

HYDROLOGIC SETTING

The Project Site lies within the Yuha Desert, which is a subregion of the Sonoran Desert. The
Sonoran Desert straddles part of the United States (U.S.)-Mexico border and covers large parts of
the U.S. states of Arizona and California and the Mexican state of Sonora. It is one of the largest
and hottest deserts in North America.

The Yuba Desert, including the Project Site is located within the southeastern part of the Colorado
Desert Hydrologic Region, which covers approximately 1,870 square miles in Southern California.
More specifically, the Project Site lies within the Brawley Hydrologic Area and predominately
overlays the Imperial Valley Groundwater Basin. To the north, the basin is bounded by the Salton
Sea, which is the ultimate discharge point for surface water and groundwater in the basin. The
average annual precipitation at the site is approximately 3 inches.

SURFACE WATER

Major surface hydrologic features in the vicinity of SWWTF include the New River, which flows
north toward the Salton Sea. The New River was formed in the mid- to late-1800s, when the
Colorado River occasionally escaped its normal channel and flowed northward towards the present
day Salton Sea (DWR 2004). There are also a number of Imperial Inigation District canals and
'dry' washes (ephemeral washes) in the area.

NEW RIVER

The New River originates in Mexico. It flows approximately 20 miles through the City of Mexicali,
Mexico, crosses the International Boundary, continues through the City of Calexico in the United
States, and travels northward about 60 miles until it empties into the Salton Sea. Its flow at the
International Border is about 150 to 200 cubic feet per second (cfs) (108,400 to 145,000 acre-feet
per year [afy]). The New River flow at the Salton Sea is about 600 cfs (430,000 afy) with the
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additional flows from the border to the Salton Sea contributed primarily from agricultural return
flows within Imperial Valley. The New River carries urban runoff, untreated and partially treated
municipal wastes, untreated and partially treated industrial wastes, and agricultural runoff from the
Mexicali Valley, Mexico across the International Border into the United States. In addition, the
River carries urban runoff, agricultural runoff, treated industrial wastes, and treated, disinfected and
non-disinfected domestic wastes from the Imperial Valley. It also carries approximately 6 to 11 cfs
(4,350 to 7,970 afy) of treated wastewater from point sources in Imperial Valley (RWQCB 2009a,
RWQCB 200914. The current contribution of the SWWTF to the New River is approximately 0.09-
percent (112,000 gpd or 0.17 cfs divided by 200 cfs).

The designated beneficial uses of waters of the New River are:

a. Fresh Water Replenishment of Salton Sea (FRSH)

b. Industrial Service Supply (IND)

c. Water Contact Recreation (REC I)

d. Non-Contact Water Recreation (REC II)

e. Warm Water Habitat (WARM)

f. Wildlife Habitat (WILD)

g. Preservation of Rare, Threatened, or Endangered Species (RARE)

The New River currently is listed on the 2006 Clean Water Act Section 303(d) list of water quality
limited segments for it's entire length within the United States for the following pollutants: 1,2,4-
Trimethylbenzene; Chlordane, Chloroform, Chorpyrifos, Copper, DDT, Diazinon, Dieldrin,
Mercury, meta-para xylenes, Nutrients, Organic Enrichment/Low Dissolved Oxygen, o-Xylenes,
PCBs, p-Cymene, p-Dichlorobenzne, Pesticides, Selenium, Toluene, Toxaphene, Toxicity, and
Trash. An updated 303(d) list is currently being developed by the RWQCB. Approved Total
Maximum Daily Loads (TMDLs) have been established for pathogens, sedimentation/siltation, and
trash. Current TMDL projects include Dissolved Oxygen and Volatile Organic Compounds
(RWQCB, 2009d).

The 10 to 20 mgd of raw sewage that were historically present in the New River at the International
Border have been eliminated and resulted in significant, measurable improvements in water quality
of the New River at the International Border, particularly as it relates to pathogens, nutrients,
bacteria, and dissolved oxygen. In spite of water quality improvements, there are still New River
water quality impairments at the International Border caused by dumping of trash, non-point
sources of pollution: pesticides from agricultural runoff; nutrients, and pathogens from confined
animal feeding operations as well as from slaughterhouses in Mexicali (RWQCB). The RWQCB
monitors water quality at the International Border on a monthly basis. Table 2 provides general
water quality information for the New River at the International Border both before and after
implementation of a number of bi-national projects focused on improving water quality.
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Table 2. New River Water Quality at the Border

Issue Pre Bi-National Projects Post Bi-National Projects

Fecal, E. Coli >1,000,000 - 100 - 60,000

Dissolved Oxygen <1.0 mg/L -5.0 mg/L

Nuhients (PO4) 40% of Load to Salton Sea 20% of Load to Salton Sea

VOCs Some detected Non-detect

Trash > 150 cu yds/year > 150 cu ydslyear

Pesticides Detected Still a problem
Source: RWOCB, 2009b

GROUNDWATER

Groundwater within the Imperial Valley Groundwater Basin generally flows toward the axis of the
valley and then northwestward to the Salton Sea (DWR 2004). Water levels vary widely within the
basin due to differing hydraulic heads and the localized confining clay beds in the area (DWR
2004). Recharge is primarily from irrigation return. Other recharge sources are deep percolation of
rainfall and surface runoff, underflow into the basin, and seepage from unlined canals that traverse
the valley.

Water quality varies extensively throughout the basin. TDS content ranges from 498 to 7,280 mg/L
in the basin (DWR 2004). California Department of Health Services' data from five public supply
wells show an average TDS concentration of 712 mg/L and a range from 662 to 817 mg/L. In
general, groundwater beneath the basin is unusable for domestic and irrigation purposes without
treatment. TDS values typically exceeding 2,000 mg/L are reported from a limited number of test
wells drilled in the western part of the basin. Groundwater in areas of the basin has higher-than-
recommended levels of fluoride and boron (DWR 2004).

Approximately 7,000 acre-feet/year of groundwater is estimated to recharge the basin from the New
River, which drains the Mexicali Valley (DWR 2004). This groundwater is related to surface flow
from the highly polluted New River and negatively affects groundwater quality in the basin (DWR
2004).

ENVIRONMENTAL CONSEQUENCES

WATER QUALITY

According to RWQCB Order No. R7-2002-0126, the discharge from the existing SWWTF is
consistent with the anti-degradation provisions of 40 CFR 131.12 and State Water Resources
Control Board (SWRCB) Resolution No. 68-16. If terms of RWQCB Order No. R7-2002-0126 are
met, the impact on water quality will be insignificant, including potential impacts on aquatic life -
the beneficial use most likely affected by the discharge. With SWWTF upgrades to meet Title 22
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requirements, water quality discharged from the facility to the New River will be improved. The
SWWTF upgrades will require coordination with the RWQCB and will likely require updates to the
existing Waste Discharge Requirements (WDRs) or issuance of new WDRs. Additional permits,
including but not limited to Application for Discharge to Land, and Recycled Water Use will also
be required from RWQCB and the SWRCB for the distribution and use of Title 22 water.

It is anticipated that use of the effluent water currently discharged to the New River from SWWTP
will not result in significant impacts to the New River water quality (including salinity). The
diversion of up to 200,000 gpd of treated effluent from SWWTP to the Solar Two Project will result
in only a 0.15% decrease in the freshwater flows to the New River at the discharge point. Based on
this small percentage of reduction in flows, it is not anticipated that the reduction in flows, coupled
with the improvement in the water quality effluent discharged to the New River will not result in a
significant reduction in water quality, including salinity, at or below the discharge point of SWWTP
to the New River or to the Salton Sea.

Potential impacts to water quality from the facility upgrades and construction of the water pipeline
from Seeley to the SES Solar Two project site will comply with the General Permit for Discharges
of Storm Water Associated with Construction Activity to avoid or reduce potential construction
related storm water quality impacts to a less than a significant level.

WATER SUPPLY

The proposed water supply and use of SWWTF treated effluent for the SES Solar Two project
meets state requirements for evaluation and use of recycled water for power production facilities,
avoids any potential groundwater withdrawal impacts, and will result in upgrades to an existing
waste water treatment facility.

Average annual flows in the New River upstream of SWWTF are approximately 200 cubic feet per
second (cfs) . and approximately 600 cfs at the Salton Sea (RWQCB, 2009b). At most, the proposal
to supply SES with reclaimed water from the SWTTF will redirect up to 200,000 gpd from the New
River. This represents a reduction of approximately 0.15% in New River flow for annual average
conditions (200,000 gpd or 0.31 cfs divided by 200 cfs = 0.15%) at the SWWTF and a reduction of
approximately 0.05% at the Salton Sea. This maximum anticipated reduction in flows is not
considered to be a significant impact on existing downstream uses including the Salton Sea.
Additionally, the 200 cfs average annual flow at the border does not account for additional
agricultural return flows to the New River between the border and the SWWTF (located
approximately 15 miles downstream of the International Border) which would reduce the
anticipated percentage reduction in flows to the Salton Sea.

As stated previously, the current influent rate to the SWWTF is about 112,000 gpd (78 gpm or 126
afy), which is much higher than the anticipated project operations phase water demand of
approximately 23 gpm daily average, 39 gpm daily maximum, and 33 ac'. Construction phase
water demand will be higher than operations, but it is anticipated that it will be less than 112,000
gpd on average. If SES does not use the allowed amount, it will be available for SWWTF to use for
irrigation or discharge to the New River. The reclaimed water not used by the SES Solar Two
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Project, up to the agreed amount of 200,000 gpd may be utilized by SES for future SES projects in
the area. The recycled water obtained from SWWTP delivered to SES is not planned to be resold.

A Petition for Change will be filed with the Division of Water Rights of the State Water Resources
Control Board. If approved, the Petition will allow up to 200,000 gpd of the discharge from the
SWWTF to be used by SES at the Solar Two Project. None of the reclaimed water obtained from
the SWWTF by SES will be used for resale.

STORM WATER RUNOFF AND FLOODING HAZARDS

As indicated above, the New River segment near SWWTF is designated on the FEMA FIRM Panel
No. 06025C1700C as a 100-year floodplain. Facility upgrades and installation of the proposed
water pipeline will comply with FEMA and County floodplain development regulations. Because
the proposed pipe will be underground it will not affect flood levels in the river, other minor
ephemeral washes, or storm water runoff volumes or rates.

CONCLUSION

Based upon the above analysis, use of up to 200,000 gpd of treated effluent from the SWWTF by
SES for the Solar Two power plant, or other potential future use by SES is not considered to be a
potential impact to water supply, water quality or existing beneficial uses in the New River
including return flows to the Salton Sea.

CUMULATIVE IMPACTS

In regard to the proposed use of SWWTF treated effluent by SES, potential cumulative impacts
include reduction of surface water flows to Salton Sea. However, use of the SWVVTF treated
effluent is not considered to be a potential impact to water use or existing beneficial uses
downstream (specifically return flows to the Salton Sea) due to the relatively minor amount of
water to be diverted to the Solar Two project that may otherwise have been discharged into the New
River with the potential to flow to the Salton Sea.

MITIGATION MEASURES

With implementation of Construction and Operational Phase NDPES permits, and updated Waste
Discharge Requirements, impacts to water resources as a result of construction and operation of the
SWWTF and distribution of Title 22 water to the SES Solar Two Project will be reduced to less
than significant levels. Mitigation measures are not considered necessary.
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If you require additional information regarding the groundwater characterization or have any
questions regarding this letter, please feel free to contact me at (619) 294-9400.

Sincerely,

URS CORPORATION

e e e
Matt Moore, PE, CPESC, CPSWQ
Project Engineer

Attachments: Figure 1

cc:	 California Energy Commission
United States Bureau of Land Management
California Department of Fish and Game
Colorado River Basin Regional Water Quality Control Board
Richard Knox, Tessera Solar
Angela Leiba, URS
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DECLARATION OF SERVICE

I  Anoela Leiba.  declare that on  Sept. 23, 2009, I served and filed copies of the attached  Applicant's Letter dated,
Sept. 23	 2009. The original document, filed with the Docket Unit, is accompanied by a copy of the most recent
Proof of Service list, located on the web page for this project at:
fhttro://www.energv.ca.govIsitingcasesisolartwo/index.htmll.

The documents have been sent to both the other parties in this proceeding (as shown on the Proof of Service list)
and to the Commission's Docket Unit, in the following manner:

(Check all that Apply)

FOR SERVICE TO ALL OTHER PARTIES:

X	 sent electronically to all email addresses on the Proof of Service list;

X	 by personal delivery or by depositing in the United States mail at 	 with first-class postage
thereon fully prepaid and addressed as provided on the Proof of Service list above to those addresses NOT
marked "email preferred."

AND

FOR FILING WITH THE ENERGY COMMISSION:

X	 sending an original paper copy and one electronic copy, mailed and emailed respectively, to the address
below (preferred methoc);

OR

depositing in the mail an original and 12 paper copies, as follows:

CALIFORNIA ENERGY COMMISSION
Attn: Docket No. 08-AFC-5
1516 Ninth Street, MS-4
Sacramento, CA 95814-5512
docketaenemy.state.ca.us

I declare under penalty of perjury that the foregoing is true and correct.
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From:	 David Dale [david.dale@dceinc.org]
Sent:	 Tuesday, February 09, 2010 2:45 PM
To:	 Loulena A. Miles
Subject:	 FW: Mitigated Negative Declaration for the proposed Seeley County Water

District's Wastewater Reclamation Facility Improvements Project

Loulena,

I am sending you all of the comments received, minus the comments forwarded from CURE since you already
have them.

David Dale, PE, PLS
Dynamic Consulting Engineers, Inc.
116 5 Imperial Avenue, Suite B
Imperial, CA 92251
(760) 545-0162
(760) 960-8500 Cell
(760) 545-0163 Fax
www.dynamicconsultingeneineers.com

IID comments (by email):

In response to the Mitigated Negative Declaration (MND) for the proposed Seeley County Water District's
Wastewater Reclamation Facility Improvements Project, dated December 2009, that consists of upgrading the
existing Seeley Wastewater Treatment Plant from a secondary treatment facility, with a New River - National
Pollution Discharge Elimination System (NPDES) discharge permit, to a California Title 22 treatment plant, with
tertiary effluent suitable for unrestricted recycled use; the Imperial Irrigation District (IID) has reviewed the MND
and submits the following comments:

In addition to direct hydrologic and indirect biological/habitat impacts to the drainage system and Salton
Sea associated with the loss or reduction of drain flows related to this project, the project's pro rata share
of any cumulative drainage impacts that might occur during the development and operation of this facility
should also be considered and analyzed.

2. Due to the above mentioned impacts, the project proponent should be aware of the various applicable
requirements of the IID Water Conservation and Transfer Project draft Habitat Conservation Plan (HCP)
and provide the analysis of compliance with the HCP (or at least the existing Section 7 Biological Opinion)
and CESA 2081. The project's analysis and CEQA document should demonstrate that they have reviewed
the requirements and provide some level of detail as to whether the project is in compliance or recommend
mitigation consistent with the HCP and/or existing permit requirements. This should include some level of
cumulative analysis and some recognition of the seasonal importance of the loss of drain water. The
following are the access links to the documents mentioned:

• A draft HCP is part of the IID Water Conservation and Transfer Project, Final EIR/EIS and can be
found at http://www.iid.com/Water/FinalEIREIS;  Volume II, Appendix A. The HCP in the Draft EIR/EIS
(there may be small changes in draft HCP from draft and final version of the EIR/EIS) is in Appendix
C and can be accessed at http://www.iid.com/Water/DraftEIREIS. We use the draft HCP at this point
as if it were in full effect given current implementation efforts. The final HCP will be approved with the
Natural Communities Conservation Plan (NCCP).

• The Biological Opinion (federal ESA permit) is at http://www.iid.com/Mediafin-Valley-BO.pdf

• The CESA 2081 (the water transfer operates under this state ESA permit until NCCP is approved)
can be found at http://www.iid.com/Media/Califomia-Endamered-Species-Act.pdf  and at
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http://www.ild.com/Media/LCR-MSCP-CESA-2081-Permit-Final.pdf

•	 The MMRP (Mitigation Monitoring and Report Program.) Various permits reference the EIR/EIS so
the MMRP is used in our current implementation) http.//www.iid.com/Media/Exhibit-8---
MMC MMRP Complete 6-12-08.pdf

3. In summary, we suggest that the project proponent address the above-mentioned issues and include some
discussion noting that consideration was given to hydrologic/biological/habitat impacts. It may be true that
the individual impacts from this project are minor, but the compound effect of this project in addition to a
number of other projects, which similarly augment the reduction of drain flows on the overall drainage
system, over time, would be great. In this regard, a harmful precedent would be set if this project is not
required to address these impacts thus potentially allowing other analogous projects to avoid mitigation,
placing the undue burden of mitigation for these longer term cumulative impacts, on the IlD's overall water
conveyance system, water conservation program and Salton Sea restoration efforts.

Should you have any questions, please do not hesitate to contact me by phone at 760-482-3609 or by e-mail.
Thank you for the opportunity to comment on this matter.

Donald Vargas
Environmental Specialist I
Environmental Compliance Unit
Environmental. Regulatory & Emergency Planning Section
Imperial Irrigation District
P.O. Box 937
Imperial. CA 92251
Tel: (760) 482-3609
Gel. (760) 427-8099
Fax. (760) 482-3603

ilvar445,0 
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SECTIONTWO	 Environmental Information

2.6 BIOLOGICAL RESOURCES

2.6.1 Affected Environment

The affected environment has changed to include the extent of the waterline that will transport water from
the waste water treatment facility to the project area. This distributed hydrogen system will not incur
significant changes that would impact biological resources. The Seeley Waste Water Treatment Facility
(SWWTF) is located at 1898 West Main Street in Seeley, California, approximately 13 miles east of the
project site. It is operated by the Seeley County Water District (SCWD) and is designed to produce
secondary treated water at the rate of 139 gallons per minute or 224 acre feet per year. To access the
water, SES will construct approximately 12 miles of pipeline from the Seeley facility to the SES water
treatment plant along the Evan Hewes Highway. This pipeline will be buried within the right-of-way
(ROW) of Evan Hewes Highway approximately 30" below the existing grade. The line will enter the
SES property approximately 1000 yards east of Plaster City and then run due south to the Raw Water
Storage Tank. The new alignment follows the previous alignment of approximately 7.2 miles and extends
from the eastern endpoint at the Imperial Irrigation District (IID) Westsick Main Canal for an additional
4.6 miles east (Figure 1-1). The proposed waterline extension is the alignment that is beyond the route
that was surveyed for the Application for Certification (AFC) and the associated 300-foot wide
assessment buffer are herein referred to as the "water pipeline extension study area." No focused special'
status species surveys were conducted within the study area during the 2009 site visits. Vegetation
communities were mapped for the entirety of the off-site new waterline route and are presented in Figures
2.6-1 through 2.6-8. Vegetation communities within the water pipeline extension study area are evaluated
in detail in Appendix C, Biological Resources Report and tabulated in Table 2.6-1 below.

Common wildlife species detected within the water pipeline extension study area include common side-
blotch lizard (Uta stansburiana), whiptail lizard (Cnemidophorus sp.), killdeer (Charadrius vociferus),
common raven (Corvus corax), mourning dove (Zenaida macroura), song sparrow (Melospiza melodia),
cliff swallow (Petrochelidon pyrrhonota), house finch (Carpodacus mexicanus), desert cottontail
(Sylvilagus audubonii), and California ground squirrel (Spermophilus beecheyi). Details of the biological
assessment for the pipeline extension are provided in a letter report (Appendix B).

2.6.2 Environmental Consequences

With the exception of the aforementioned water pipeline extension, the environmental consequences
remain unchanged from the AFC section 5.6.1.

2.6.2.1 Seeley Waste Water Treatment Facility

The proposed approximately 12-mile waterline alignment will be sited within or directly adjacent the
highway ROW in order to avoid/minimize impacts to native vegetation communities and jurisdictional
waters, where practicable. Assuming a 30-foot construction ROW directly adjacent to the state Highway,
the 4.6 miles of water pipeline extension has the potential to temporally impact jurisdictional Waters of
the US/State and limited amounts of common native vegetation (likely less than 4 acres of temporary
impact to native vegetation - predominantly disturbed desert scrub). Total temporary construction impacts
to vegetation associated with the entire water line are shown in Table 2.6-2. Development of the proposed
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Executive Summary
Most migratory songbirds are nocturnal migrants, which makes them vulnerable to

collision with lighted structures they encounter along their flight path during migration. The
Fatal Light Awareness Program (FLAP) was formed by a group of concerned citizens to rescue
and relocate disoriented birds trapped in the city centre, and to record the number and species of
birds killed due to collision. Following the initiation of the Bird Friendly Building (BFB)
Program by FLAP and World Wildlife Fund Canada in 1997, light emissions at 16 buildings in
the downtown core of Toronto were also monitored during migration seasons. This report
summarizes data on birds and light emissions collected from 1997 to spring 2001. This data
provides evidence that:

• the number of fatal bird collisions increases with increasing light emissions
• the number of birds entrapped by particular buildings rises with increasing light

emissions
• the BFB has been successful in reducing light emissions
• weather is the most important factor influencing collision risk
• nights of heavy cloud cover and/or nights with precipitation are the conditions

most likely to result in high numbers of collisions.

A survey of building managers involved in the BFB program revealed that tenant
education programs about bird collisions had increased awareness of the problem. Managers
found that most tenants were willing to participate in the BFB, which they saw as a "green"
initiative that had a positive environmental impact. Many buildings had installed or re-
programmed automated light systems that reduced the number of night-time hours that lights
were left on. Several buildings that had limited success in reducing light levels between 1997 and
fall 2001 have recently installed automated timer systems that should dramatically improve their
light emission reductions in the future. In general, the BFB represents a win-win situation for
property managers because reducing the period of time that lights are on not only reduces bird
mortality but also results in substantial cost savings due to reduced energy consumption. An
estimated $3.2 million could be saved if all of the 16 monitored buildings employed the night-
time light emission reductions already in place at several of the BFB sites. Such a reduction in
power consumption would result in an estimated reduction of 38,400 tons of CO 2-emissions from
fossil-fuel burning energy sources. The BFB therefore contributes locally to a reduction in bird
mortality, and globally to a reduction in carbon dioxide emissions, thus reducing the production
of greenhouse gases that lead to global climate change.
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Introduction:
In recent years, scientists have raised the alarm that many birds species are undergoing

population declines, and attributed these declines to factors such as habitat loss, house cats,
environmental toxins, oil spills, electrocution, and disease (e.g. Erickson et al., 2001). Any
additional sources of mortality, which may add to these threats, are therefore cause for concern.
Most migratory songbirds are nocturnal migrants, which makes them vulnerable to collision with
lighted structures they encounter along their flight path, particularly when inclement weather
forces birds to migrate at low elevations. In addition to mortality directly caused by collision, the
apparent entrapment of birds at artificial light sources results in exhaustion, disorientation, and
increased risk of incurring secondary injuries. The problem of collisions of nocturnally migrating
birds with Toronto's tall buildings has been recognized for three decades, and concern for this
issue spawned the creation of the Fatal Light Awareness Program (FLAP) in 1993. FLAP and
World Wildlife Fund Canada produced a comprehensive report on this issue (Evans Ogden,
1996), and for a detailed background on the subject of building collisions, bird migration
behaviour, light entrapment, and the history of the problem in Toronto, the reader is referred to
this report, entitled "Collision Course: The Hazards of Lighted Structures and Windows to
Migrating Birds."

The recommendations of this earlier report were used to launch FLAP's Bird Friendly
Building (BFB) Program in 1997, with the goal of the program to reduce light emissions, and
ultimately reduce the mortality of birds due to nocturnal collisions with lit buildings. This
program initially involved establishing contact with building managers in Toronto's downtown
core, and educating building managers and tenants about the issue. Subsequently, formal
agreements were made between FLAP and building managers. When managers agreed to take
steps to reduce light emissions, FLAP formally designated such structures as "Bird Friendly
Buildings." To determine the effectiveness of the BFB program in reducing light emissions
during migration seasons, FLAP has monitored light emissions from 16 core area buildings since
1997. Concurrent with light emission monitoring. FLAP has continued its tireless efforts
throughout spring and fall migration seasons to collect dead birds, care for injured birds, and re-
locate uninjured birds to natural areas outside of the city centre, while recording data on all birds
collected or captured. The purpose of this report is to summarize the progress of the BFB
program thus far, to interpret trends in the bird collision data with reference to light emissions
and weather, and to make recommendations to ensure and enhance the continued success of this
program.

Specifically, this report will summarize an analysis of:

(1) Data on the relationship between light emissions and the likelihood of bird collisions over all
years, and looking specifically at spring 2001;

(2) Data on changes in quantity of light emissions since BFB's inception;
(3) Data on the relationship between weather and the likelihood of bird collisions;
(4) Data on which species are particularly at risk of collision;
(5) A survey of responses by building managers to questions about how light emissions were

reduced, (or why they were not), what effects the BFB program had on its tenants, and where
data was available, how much energy and/or money was saved as a result of reduced light
emissions;

(6) Additional benefits of the program such as cost savings and CO 2 emission reductions.
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The continued operation of the Bird Friendly Building Program will also be discussed in
relation to expected and current trends, such as building retrofit incentives, lighting laws,
building security issues, West Nile Virus, and the Canadian Endangered Species Act.

Methods
I. Bird collision data

During migration seasons, FLAP volunteers patrol Toronto's downtown core anywhere
between midnight and 9:30 am to capture live birds and collect the dead ones. Volunteers capture
live birds using nylon nets, placing them immediately in paper bags to minimize stress and
provide a safe means for transport. All birds are identified by species if possible (a small number
of birds are recorded as species unknown, but included in total numbers). The location of each
bird with respect to the nearest building is also recorded. Uninjured birds are relocated to more
suitable habitat outside the city, and released. Two to three volunteers collect and rescue birds on
any given night. The same route is used on each night to ensure that all affected birds are
retrieved before dawn, in order to minimize scavenging and hunting of birds by predators (gulls,
etc), and to minimize disturbance and stress to birds caused by the early morning arrival of office
workers. While the total number of nights of volunteer activity varies between seasons and
between years, the search effort on each individual night is assumed to be constant (i.e. fewer
volunteers search for a longer time period, or many volunteers search for a shorter time period,
with either scenario resulting in the maximum possible number of birds retrieved). This
assumption allows us to directly compare seasonal and annual values for average number of
birds killed and found alive per night. Data from the fall and spring of 1997-2000, and from
spring 2001 were used in the analyses. The distributions of average numbers of birds killed and
average numbers of birds found alive per night were not normally distributed', and were log
transformed for standard univariate and stepwise multivariate linear regression analyses. Data
from the five nights in spring 2001 when both light emission and bird numbers were recorded
was converted to presence/absence data (0 = no birds, 1 = at least 1 bird found) for use in logistic
regression analyses. Statistical analyses were performed using the Statistical Analysis System
(SAS Institute, Inc., 2000).

Light emission data

Light emission levels during migration seasons were recorded for 16 buildings in the
downtown core of Toronto beginning in 1997. The managers of each of the buildings had
previously joined FLAP's BFB program. Light emission was quantified by taking digital
photographs of buildings at night. Eight to ten times per migration season (with dates randomly
selected), a digital photograph was taken of one side of each building. The same building side
was photographed on all subsequent dates. In the first years of light emission data collection, all
four sides of each building were photographed. All sides were determined to have equal
percentage light emissions, so in subsequent years only one side of each building was
photographed, and assumed to represent all sides of the structure. Photographs were taken
between 4:30 and 5:45 am. From the photographs, a count was made of the total number of
lighted windows visible. The percentage of windows lit was calculated as the number of lit

A normal distribution is a statistical term that refers to a frequency distribution of data points around the mean
(average), which resembles a bell-shaped curve. Many statistical tests require that data be normally distributed, and
log transformation is used in this case to transform the data into a distribution that is more normal than the raw data.
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windows divided by the total number of visible windows. A seasonal average for each building
was then calculated. Because buildings varied greatly in size (see Figure 1), light percentage
values were corrected for the size of the building by multiplying the proportion of light emitted
by the number of floors of the building, giving a "light index" value. For example, a building 10
stories high with 10% of windows lit emits significantly less overall light than a building 100
stories high with 10% of windows lit (i.e. 10 x 10% is equivalent to 1 floor of windows lit, while
100 x 10% is equivalent to 10 floors of windows lit). This light index was therefore used to
represent total light emission in analyses of the effect of light on bird collisions. Data from
spring and fall of 1997-2000, and from the spring of 2001 were used in light emission analyses.
For analyses combining all years or multiple seasons, average light index values were computed.
For analyses of 2001 data, light emission raw data was used from all dates on which it was
quantified concurrently with bird numbers: March 22, April 6, 9, 12, 16 and 30. A logistic
regression was used to determine whether buildings with higher light output had a greater
likelihood of killing or entrapping birds.

The operating hypothesis underlying FLAP's work has been that light emissions are the
main cause of bird collisions. However this hypothesis has not hitherto been scientifically tested.
One alternative hypothesis would be that the number of collisions is simply a function of the
height of the building, with taller buildings providing a greater surface area for collision,
regardless of the amount of light emitted. This alternative hypothesis was therefore tested by
examining the relationship between the number of floors of each building versus the number of
birds killed or found alive at each building.

Weather data
Weather data on daily minimum and maximum temperatures, daily precipitation, hourly

cloud amounts, wind speed, and wind direction for the spring and fall migration periods were
obtained from Environment Canada. Cloud data was obtained at Vancouver airport, wind data
was obtained from a weather monitoring station on Toronto Island, and temperature and
precipitation data were obtained from a weather station located near the University of Toronto.
All stations are presumed to closely reflect the weather conditions that migrating birds would
have experienced in the vicinity of Toronto's downtown core. To perform statistical analyses that
included both light emission data and weather data, seasonal weather indices were calculated. To
standardize the period of time over which weather was considered to influence migration, spring
migration was considered to be March 1 to June 30, and fall migration from August 1 to
November 30. This closely paralleled the period of time that FLAP volunteers monitored birds
and light emission in each year (mid-March to early June in spring, and mid-August to early
November in fall). The seasonal weather indices calculated represented the summation of
weather effects over the entire spring or fall season. Seasonal indices for rainfall, precipitation,
cloud amounts, and wind speed were calculated as the sum of the daily averages for each
parameter over the entire season. Warmth-sum values represent the sum of minimum and
maximum average daily temperatures over the entire season. This parameter is considered an
ecologically relevant measure of ambient temperature, and has been used in previous studies on
the effects of weather on birds (e.g. Perrins & McCleery, 1989).
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Building Manager Survey

Phone interviews were conducted with building managers. Each manager was asked to comment
on:

(1) how building management accomplished reductions in light emissions,
(2) if unsuccessful in reducing light emission levels, the explanation for this,
(3) the effect that participation in the BFB program had had (positive or negative),
(4) the energy and cost saving if light emissions were reduced,
(5) any recommendations for improving the BFB program in future.

Interviews were completed with 15 of the 16 buildings for which light levels have been
monitored. The representative from the Merrill Lynch tower did not respond to repeated attempts
at contact for an interview.

Results:
Influence of light emissions on bird collisions

Before examining the effect of light emission on collision rates, we examined building
height (Figure 1) as an alternative explanation for the number of birds killed or found alive over
the entire period from 1997-2001. Building height, measured in terms of the number of floors,
was indeed correlated with the number of birds killed and found alive, explaining nearly 5% of
the variance in numbers of birds killed (r2 = 0.049, F = 7.36, = p = 0.0075), and explaining over
6% of the variance in the number of birds found alive (r2 = 0.064, F = 9.62, p = 0.0023)2.
However, when building height and light emission (referred to hereafter as light index) were
both taken into account simultaneously (using a stepwise multiple regression analysis), the
influence of building height was no longer significant, and light emission was the most
significant factor in explaining the number of bird collisions (birds killed: r 2 = 0.075, F = 11.36,
p = 0.0010; birds found alive: r2 = 0.080, F = 12.21, p = 0.0006).

As illustrated in Figures 1 and 2 examining data for the spring of 2001, the tallest
buildings are not necessarily those emitting the most light. For example, Canada Trust is the
fourth tallest building, yet it had the 5 th lowest index for light emissions in spring 2001.
Conversely, the Sun Life of Canada Tower is the second shortest building, but had the 6 th highest
light emission index in spring 2001. Figures 3 to 7 illustrate the proportion of bird deaths
occurring at each monitored building during each year in which complete data was available for
both migration seasons (1997-2000).

The effect of light emissions on the numbers of birds killed and found alive was
investigated in all fall data, all spring data, and in fall and spring combined for all years. In
spring, both the number of birds killed and the number of birds found alive were significantly
correlated with light emissions (Figure 8 & 9). As the light index increased, the number of birds

2 In regression analyses, which look at the relationship between one or more independent variables (predictors) and a
dependent variable, r2 refers to the amount of variance in the dependent variable explained by one or more of the
predictors. The percentage of the variance that the predictor variable explains is equal to x 100. Variance is a
measure of the amount of variability, and indicates how much the scores deviate from the average (or mean) values.
The p value is the statistical value that indicates the significance of the finding. If p 0.05, the slope of the
relationship between the variables is considered statistically significant, meaning that it can be considered different
from zero (i.e. there is a relationship between the variables). F values are a standard statistical value reported for
regression analysis (Miles and Shevlin, 2001). Values for p in a stepwise multiple regression are considered
significant if p 0.15.
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killed or found alive showed a corresponding increase. In fall, the number of birds found alive
was significantly correlated with building light indices (Fig. 11), showing the same relationship
as in spring data, but this trend was not significant for the number of birds killed (Fig. 10).
However, combining spring and fall data for all years, we see a significant positive correlation
between light emissions and the number of birds killed or found alive (Figures 12 & 13).

2001 data
The results from the logistic regression indicate that over the five dates in spring 2001 on

which light emissions and bird kills were recorded concurrently, bird deaths were significantly
more likely to occur at buildings with higher light emissions (Figure 20) (Wald statistic = 4.93, p
= 0.026 level, model predicted 61.5% of the responses correctly). Similarly, there was a greater
likelihood of finding birds alive at buildings emitting greater amounts of light (Figure 21) (Wald
statistic = 5.97, p = 0.015, model predicts 68% of the responses correctly).

Changes in light levels since the inception of the BFB program
An important question for FLAP is whether the BFB Program has successfiffly reduced

overall light emissions since the program's inception. Figures 14 and 15 show the annual light
indices for the years 1997 through 2000 for fall, and for the years 1997 through 2001 for spring.
These figures show that there has been a marginally significant reduction in light emissions from
buildings in fall from 1997 through 2000 (r2 = 0.060, F = 3.92, p 0.052). However there has
been no statistically significant reduction in light emissions from buildings in spring during the 5
years since 1997 (r2 = 0.017, F = 1.36 , p = 0.25). Nevertheless, combining spring and fall for all
years (Figure 16), there has indeed been a statistically significant reduction in light emission at
the 16 buildings monitored (r2 = 0.037, F = 5.37, p = 0.022). Error bars on graph represent
standard deviations from the average light emission.

Influence of weather
Weather factors have been reported in a number of studies to have a profound influence

on the number of bird collisions during migration (e.g. Verheijen, 1981; Aldrich et. al., 1966).
The relationship between seasonal weather patterns and the number of bird collisions was
examined, while also taking light emission into account as an additional factor in the analysis.
Using a multiple regression to examine the relative importance of temperature, rainfall, wind,
cloud cover, and light index, total cloud cover was found to be the most important variable
predicting the number of bird deaths, followed by total rainfall (Figures 17 and 18). Total cloud
cover alone explained 43% of the variance in bird mortality, rainfall alone explained 21% of the
variance, and cloud and rainfall together explained 64% of the variance in bird deaths. Light
index was not a significant factor in predicting bird mortality when these two weather variables
were taken into account. Examining the number of birds found alive versus weather factors, wind
was the most important factor. Wind explained 44% of the variance in numbers of birds found
alive.

Species-specific risk of collision
Trends are quite consistent between years in terms of which species represent the greatest

proportion of total kills. In the years 1997-2000, combining both migration seasons, White
throated sparrows (Zonotrichia albicollis) and Ovenbirds (Seiurus aurocapillus) consistently
represented the top two species as proportions of the total birds killed. Common Yellowthroats
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(Geothlypis trichas), Brown Creepers (Certhia americana), and Hermit Thrushes (Catharus
guttatus) were also reported each year as amongst the top ten kills for species. As reported
previously (Evans Ogden, 1996), banding data from Toronto Island suggests that these numbers
do not simply reflect a greater preponderance of these species flying through the area, but
apparently result from a species-specific propensity for collision. Why do some species appear to
be more vulnerable than others to collision? At the present time, insufficient research has been
done on species differences in reaction to artificial light during migration, and it is too early to
speculate as to why these species-specific trends are seen. This is clearly a much-needed area of
research for future studies. Nevertheless, the fact that some species are at greater risk of collision
should be taken into account when making risk assessments for particular species in the listing
process for endangered species.

Building manager survey
Building managers responded to questions about how light emissions were reduced, (or

why they were not), what effects the BFB program had on its tenants, and when data was made
available, how much energy and/or money was saved as a result of reduced light emissions. The
following summarizes the input from the 15 building managers that responded.

Light reduction strategies and other bird-friendly measures
Managers cited a variety of mechanisms by which light emissions had been reduced. A

key initiative in most buildings (at least 12 of 15) is a tenant-awareness program encouraging
selective use of lights, and involves a mail-drop of memorandums to tenants twice each year,
and/or posting of reminders in the building lobbies just before each migration season. At least
two buildings (BW & CT) also send email reminders to tenants to tell them when migration
seasons have begun. One manager (RB) commented that light reduction information had been
written into the tenant manual. Bay Wellington Tower had issued its security staff with bird
identification books and gave staff instructions on how to deal with dead or injured birds. If
buildings did not send out specific information on light reduction during migration, tenants were
reminded of bird friendly building practices in the building management's quarterly newsletter
(RA).

At least 10 of the buildings had computer-controlled systems in place which
automatically switched off lights at pre-programmed times. Four of the towers (CP, TD, RT,
MT) that did not have a coordinated switch-off of lights during the period of data reported here
(1997-spring 2001) have a new computer-automated light switch system that went into operation
on November 19, 2001. In buildings where lights are switched off by a timer, tenants working
after regular business hours must contact building management or security in order to switch on
lights in specific areas of the building. At least three of the buildings had instructed tenants
(ATT, SLC) to close window blinds when working after dark, or had instructed cleaners (CC) to
switch off lights when cleaning work was completed. Two buildings (ATT, SLC) had
implemented a staggered switch-on of lights in the morning. Instead of switching on lights for
the entire building simultaneously, lights were switched on floor by floor, resulting in a gradual
rather than instant light-up of the building.

Several buildings were particularly progressive in pursuing unique methods of reducing
light emissions and bird collisions. Motion-sensitive lighting is being used at Simcoe Place after
5p.m. Measures to reduce day-time window strikes by birds have been introduced at Metro Hall,
where adhesive material (originally designed for applying stripes on vehicles) has been applied
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to windows (externally) in patterns that visually break up the large windows (8m / 25fl tall) on
the lower floors into smaller parts. The shopping centre in Simcoe Place has installed speakers
on the building roof that broadcast six different bird distress calls. This technique is presumed to
give birds an early warning of an obstruction close by, and allows them to avoid collision. While
this technique is an excellent idea in theory, it should be noted that this system has not been
experimentally tested for this specific use, and testing is recommended before widespread
deployment of similar systems on other buildings. Testing is particularly important in light of the
fact that some species of birds respond to distress calls by flying towards the source of the call,
rather than away from it (I laase, 1998).

Challenges
Several towers have experienced difficulty in reducing light emissions. The Toronto

Dominion Tower is the most notable of these cases, and in the fall of 2000 light emissions at this
tower exceeded all of FLAP's previous records for this building, reaching 60% of windows lit,
the highest percentage emissions of any building monitored since 1997. The TD management
explained that while tenant education has been put into place, the reasons for these high levels of
light emissions were a lack of technology with which to control the lights, and that large
numbers of tenants in this building work after hours. The promising news for this building, as
well as the Canadian Pacific tower, the Royal Trust Tower, and Maritime Life tower, is that the
lighting system in these four buildings has recently been upgraded, and automated lighting using
the new technology went into operation on November 19, 2001. This new system will switch
lights off at 9p.m., compared with the previous switch-off time of midnight. Amongst the 16
monitored, all four of these buildings have had relatively high light emissions, and thus this new
system should have a dramatic positive impact in reducing light emission indices for these
buildings.

The Sun Life Tower, where a sudden jump in light emissions was seen in the spring of
2001 compared with previous years (up to 38% from the previous year's 19%), explained that
this building had had a change in property management in the summer of 2001, and prior to that
the building was without property management for a period of time. The memos that had
previously informed tenants about migration periods and light reduction were not sent out during
this period. The new management suspects that lack of management and then lack of reminders
during this period of transition probably explains the anomalous result for the spring of 2001.

Effects of the program on managers, staff and tenants
The majority (14/15) of managers responded that the BFB had had only positive or

neutral effects on building management, staff, and tenants, and only one building (RA),
responded that the program "took some getting used to," and initially was met with some
reluctance. In general, managers commented that tenants were becoming increasingly aware of
environmental issues, and were thus enthusiastic and receptive about participating in the BFB
program as a positive "green" initiative. From the perspective of building managers, reduced
light emission as a result of the BFB was cited by many as being "a win-win situation", since
reduction in light emission resulted in reduced power consumption and ultimately decreased
operating costs.
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Energy, cost and CO2 reductions
Building managers were asked to comment on whether energy and cost savings had

resulted from participation in the BFB program, and were asked to provide specific details on
these savings. Many of the building managers had not kept a record of cost savings, did not have
access to this data, or were reluctant or not permitted to divulge this information, considered to
be confidential tenant information. However, three buildings (MH, RB, SLT) were able to
provide specific details, and an additional four made general comments about savings.

Seven of the 15 building managers interviewed believed that light reduction measures
taken as part of the BFB had resulted in significant energy and cost savings (BW, CT, FC, SP,
Mil, RB, SLT). Four buildings (CP. TD , RT, MT) have only recently (November 2001) installed
and implemented an automated lighting system, and expect to see significant energy and cost
savings in the future, but have not had the system in place long enough to quantify these savings
as yet. The manager at two of the buildings (All', SLC) believed that some savings may have
been realized, but did not feel that these were substantial. Commerce Court West outlined that
their automated lighting system had been in place since before they joined the BFB program, and
thus there would be no difference between energy consumption before and after they joined the
program. Only one tower, the Richmond-Adelaide Centre, represented an anomaly in terms of
cost savings. The manager here believed that changes in lighting procedures had actually
increased power consumption and consequent energy costs. He explained that this was due to the
full automation of the switch-off times for lights. Whereas prior to the BFB, the cleaners would
manually switch off lights after 6pm, the present automated system now turns lights off at a later
time. Clearly this is a building where changes in the automatic switch-off system, implementing
an earlier switch-off time, are needed.

At Metro Hall, the savings resulting from reduced lighting was estimated at $200,000 per
year. The exact power saving was not known as a result of wide fluctuations in electricity rates
over time. Royal Bank Plaza was unable to divulge specific savings due to tenant confidentiality
concerns, but management there commented that savings had been very significant, since one of
its• highest bills is for light and heat. Management stated that the cost to run one single
fluorescent light for 24 hours over one year is $25.

Sun Life Tower provided the greatest insight into specific energy and cost savings.
Management cited that lighting consumed 23 kilowatts per floor, and between the two buildings,
there were 50 floors in total. This building switches lights off between 1 I p.m. and 6a.m. all year
long. This amounts to 7 hours off in each 24-hour period. At an estimated cost of 8 cents per
kilowatt-hour, this equates to an annual savings of:

23kw/floor x 50 floors x 7 hours/day x Scents/kw-hour x 365days/year = $235, 060

Commercial lighting represents 10% of the energy use in the City of Toronto (Toronto
Atmospheric Fund, 2001). A significant proportion of that energy (<25%) is generated by power
stations that burn fossil fuels, a process that releases carbon dioxide into the atmosphere.
Approximately 20% of Ontario's greenhouse gas emissions are produced by these stations (other
sources include vehicle emissions, landfill sites, etc.). In addition to reducing bird mortality, an
additional benefit of the BFB program is the decreased electricity consumption that results from
turning off lights at night. This reduces demand for fossil-generated power, which in turn reduces
the resulting CO2 emissions. Using the example of BCE Place, which is comprised of the Canada
Trust Tower (51 stories) and Bay Wellington Tower (47 stories), electricity use at night costs
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two million dollars per year. A reduction of just 5% would result in $100,000 in savings. At
$0.05 per kilowatt-hour this savings would be equivalent to 2 million kilowatt hours or 1,200
tons of CO2 . 3 . Using the same cost and energy ratios, Metro Hall's $200,000 annual savings
would equate to 4 million kilowatt hours or 2,400 tons of CO 2. Similarly, Sun Life Tower's
savings of 2, 938,250 kilowatts during night-time lights out amounts to a reduction in CO2
emissions of 1763 tons.

Metro Hall and the Sun Life of Canada Tower are amongst the 4 shortest structures of the
16 monitored (Figure 1). If we make the conservative assumption that Metro Hall represents the
average value of total savings that could potentially be realized by all 16 towers if the same
strategies were employed, we can make a crude estimation that an annual savings of 16 x
$200,000 = $3,200,000 would be realized, which equates to a reduction in CO 2 emissions of
approximately 38,400 tons. Since several of the towers are more than double the height of Metro
Hall, 3.2 million is likely to be a substantial underestimation of the true cost savings and CO2
emissions reduction that could be realized. Nevertheless, this estimation serves to underline the
significant role that the BFB program can play in terms of helping to reduce Toronto's
contribution to greenhouse gas emissions.

Suggestions by managers for improvements in the BFB
Managers were asked to comment about the operation of the BFB program, and give

suggestions for anything that could be improved in the future. The vast majority of managers
were pleased with the manner in which FLAP operates the BFB, in particular the job that
Michael Mesure, FLAP executive director, does of keeping them informed. Managers (BW, CT)
felt that the charts and graphs provided by FLAP on light emissions in current and previous years
were valuable to their tenant education campaigns gave management a sense of how successful
their strategies were. They requested that FLAP provide more feedback information during the
migration season itself, rather than after the fact, so that management could be more proactive
about reducing light emissions during the time it matters most. One manager expressed concern
that the photographing of only one side of a building was not a very scientific method for
quantifying light emissions, since it could be misleading if the side photographed was not
representative of light emission from the other 3 sides.

Another comment (SP) was that the issue of bird collisions had received recognition
downtown, but it was felt that FLAP needed to expand the BFB to other areas of Metropolitan
Toronto where there are tall office towers. This manager also commented that they would like to
have some sort of "report card" or assessment to let them know how their building was doing,
and would like to have feedback from FLAP more often.

The Royal Bank Plaza is currently working on initiating a campaign, the "Adopt a Bird
Program," that will extend the work of the BFB program. Similar to symbolic adoption programs
used by other charities, this program will allow individuals or organizations to make
contributions to FLAP that will support continued and perhaps expanded operation of the BFB
program

Another comment was that management (CC) would like more emailed communication
from FLAP, suggesting that this was more effective (and less costly) than mailing materials, and
email communication at the beginning of every migration season would be helpful. Flyers that
FLAP can provide for tenants also make the job of property managers easier. Management (CC)
also commented that Michael Mesure's Power Point presentation to tenants was very effective,

3 Calculation performed by Kai Millyard, consultant to Ontario Energy Board, for the Toronto Atmospheric Fund.
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important, and powerful. This type of direct communication between FLAP and tenants was felt
to be far more effective than communications on the issue disseminated to tenants via property
management.

One additional suggestion given (by buildings that had excellent records of low light
emissions) was that there should be some mechanism in place so that buildings not fulfilling
their commitment to reduce light emissions could have their BFB status revoked. It was felt that
the BFB status should continue to be earned over time, and not be a permanent designation, but
rather something that could be taken away if it was no longer deserved.

Discussion
The data from 1997 to spring 2001 provide evidence that:

• The number of fatal bird collisions increases with increasing light emissions, and
is not simply a function of the relative size of the building

• The number of birds entrapped by lights emanating from particular buildings
increases with increasing light emissions

• The BFB has been successful in reducing light emissions
• Weather is the most important factor predisposing birds to collision
• Nights of high cloud cover and/or nights with precipitation are the conditions

most likely to result in high numbers of collisions, since birds descend to lower
flight altitudes during such conditions, increasing their vulnerability to collision
will tall buildings.

FLAP's data suggest that the more light a building is emitting, the higher the number of
collisions occurring. While light emissions have not been detectably reduced in spring, the
overall trend since 1997 has been for a reduction in overall building light emissions at the 16
towers monitored. Since data suggest a relationship between light emissions and the numbers of
birds killed, this reduction in light emissions since 1997 is likely to have reduced the numbers of
birds killed in comparison to the numbers that would have been killed if no light reduction
measures had been in place. It is important to recognize that it is problematic to directly attribute
changes in absolute numbers of birds killed between years to changes in light emissions because
of the multitude of other factors at play. Many external factors can result in different volumes of
bird traffic passing through Toronto. For instance, successful breeding seasons result in inflation
of the total population size migrating in fall because of the large number of juveniles. Weather
during migration can affect the altitude at which birds pass through in both seasons, and thus
determine how frequently birds are prone to collision. Over-winter survival of birds on their non-
breeding grounds affects the overall volume of birds passing through in spring. Therefore a
comparison between buildings within the same season, (so that such external factors are
controlled for), such as the data from spring 2001 (Figures 20 & 21), provides the best evidence
that light reduction really does have a positive impact on bird survival by reducing the numbers
of birds entrapped by and killed by lighted towers. This data provides scientific evidence for
FLAP's mission: when buildings reduce their light outputs, fewer birds are entrapped in the area
and fewer birds are killed.

The data are also consistent with other studies in confirming the important role of
weather as a collision risk factor, with increased cloud cover and rainfall resulting in larger
numbers of bird deaths. Low cloud and rain are known to cause migrating birds to descend to
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lower flight elevations, below the cloud ceiling (e.g. Erickson, 2001). When their flight path
during these conditions takes them over cities, light emanating from buildings or other structures
increases their risk of collision (Larkin & Frase, 1988). Since weather conditions can often be
forecast several days in advance, this allows FLAP to make predictions about when the risk of
collision will be highest. This predictive capability provides the opportunity to warn BFB
participants of nights when light reduction is crucially important. FLAP should pay particular
attention to nights of heavy cloud and heavy precipitation that follow relatively clear,
precipitation-free days. Under these conditions many birds will begin migration but encounter
inclement weather when already aloft, sending them down to lower flight elevations where they
become vulnerable to collision.

Building Managers Survey
Building managers were generally pleased with the BFB program and their interactions

with FLAP. One manager commented that he had seen FLAP evolve over the years from a
relatively small-scale group of volunteers to a highly organized organization that now was able
to "speak the same language" as building managers. The main goal of FLAP to reduce light
emissions presents a win-win situation for office managers because saving birds represents only
one of several benefits, including substantial cost savings due to energy reduction.

Summary
Many birds species, including a number of Canada's migratory songbirds, are experiencing
population declines. Unlike many of the more complex and seemingly intractable threats to bird
populations, such as mortality due to house cats, pesticide use, oil spills, electrocution, and
disease, nocturnal collision with buildings is a threat that is largely preventable with the flick of a
switch. The BFB program has made measurable progress towards minimizing night-time bird
collisions in Toronto by reducing nocturnal light emissions. An added benefit of the BFB
program has been a reduction in carbon dioxide emissions due to reduced electricity
consumption. As the human population climbs and resource demands grow, the cumulative
impacts of all mortality factors on birds continue to increase. By working to minimize bird
deaths and reverse avian mortality trends, continuation and expansion of the bird friendly
building program into the future remains an important contribution to bird conservation.
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Related Issues:
Daytime building collisions

While working to minimize nocturnal collisions has been FLAP's main focus, day-time
collisions with windows are also an important concern. Nocturnal migrants that are not killed
outright by collision with lighted windows become vulnerable to window collisions and
opportunistic predators if they are still entrapped in the urban environment the following day. Dr.
Daniel Klem Jr., a professor at Muhlenberg College in Pennsylvania, has researched the issue of
bird window collisions since the 1970s, documenting window kills for 225 North American
species and 556 species worldwide. Klem estimates that 100 million to 1 billion birds are killed
annually by day-time window collisions at low-level structures in the US alone (e.g. Klem Jr.,
1991; 1990). Striking a window at high speed, birds die of brain haemorrhaging from the
powerful impact. His experiments demonstrate that fit and weak birds are equally at risk.
Window strikes occur under all weather conditions, during all seasons, at buildings of all heights,
and with windows facing any direction. Klem's research has determined that the visual system of
birds is simply not capable of perceiving glass as a physical obstacle. Thus wherever birds and
glass coexist, birds are in danger. Day-time window kills have been monitored by FLAP at
Consilium Place, which consists of three buildings almost entirely faced with mirrored glass.
Tenants and building security staff assist FLAP with rescue efforts and in reporting the incidence
of bird injuries and mortalities at these buildings. During migration seasons in the years 2000 and
2001, at least 1265 bird mortalities were recorded here.

Minimizing window kills is conceptually simple: window exteriors need to be made less
reflective and more visible to birds. Metro Hall has already taken steps to make their ground
level windows more visible to birds by installing adhesive material in patterns to the exterior of
windows, and by hanging birds of prey decals inside the windows. Consilium Place has installed
netting in specific areas near windows to reduce bird collisions with the glass. Other buildings
could be encouraged to follow their lead, and developing strategies for minimizing day-time
window collisions is a possible additional goal for the future of the BFB.

Building retrofit incentives
On a broader scale, the BFB program is making a national and global contribution to the

environment by reducing carbon dioxide emissions, thus contributing to efforts to minimize
global climate change. Recognizing that the goals of both organizations are compatible, FLAP
has partnered with the Toronto Atmospheric Fund (TAF), a funding organization that is seeking
to help Toronto meet its goal of reducing greenhouse gas emissions by 20 per cent by the year
2005. TAF was one of the early sponsors of the BFB program. The TAF is one of several
initiatives that provide financial incentives for buildings to undergo energy-efficiency upgrades.
TAF is one of many partners in the Better Buildings Partnership, along with founding partners
the City of Toronto, Enbridge Consumers Gas, Toronto Hydro and various Energy Management
Firms (EMFs). EMFs provide up-front financing for energy-efficiency retrofits, with re-payment
made later from the energy and water savings realized. The federal government also provides
incentives for such upgrades through the Energy Innovators Initiative (Eli), a program of the
Office of Energy Efficiency (OEE). Eli's Pilot Retrofit Incentive is designed to stimulate the
development, implementation and replication of new energy retrofit projects within existing
buildings. Eli will contribute up to 25 percent of the eligible costs of a pilot project (to a
maximum of $250,000) if the qualified organization replicates the energy-efficient measures in
at	 least	 25	 percent	 of	 their	 remaining	 facilities	 (See



http://oee.nrcan.gc.ca/eii/english/incentives.cfm?PrintView=N&Text=Y). 	 Making	 building
management aware of the availability of such initiatives can bolster the success of the BFB.

Transport Canada laws on obstruction lighting for aviation safety
While night-time light emissions from windows could potentially be eliminated entirely,

Transport Canada requires that any structure greater than 150m be marked or lighted at night.
Transport Canada standards for obstruction lighting state that such lighting can be a red, steady-
burning light, or a white, flashing or strobed light. While the reduction in window lighting
obviously remains a priority for FLAP, an obvious next step in the process is to lobby for use of
flashing lights instead of steady-burning lights, since available evidence suggests that this is the
better option of the two in terms of minimizing the risks to migrating birds (Evans Ogden, 1996).
Some evidence suggests that white lights are also preferable to red lights, since the latter may
interfere with birds' navigational ability (Kerlinger, 2000).

Building Security Issues
Recent terrorist acts have highlighted the importance of enhanced security at public

buildings throughout North America. While lighting may have been important in the past for
facilitating detection of security breaches at night, newer technologies such as motion-sensitive
alarm systems eliminate the need for buildings to be lit in order to detect suspicious activities or
intruders. Thus it seems unlikely that the increased concern for security need have a significant
impact on FLAP's activities.

West Nile Virus
West Nile Virus (WNV), a virus reported since the 1930s to cause disease in humans in

Africa, West Asia, and the Middle East, was first reported in North America in 1999. WNV is
transmitted to humans through mosquito bites. Mosquitoes become infected when they feed on
infected birds that have high levels of WNV in their blood. Infected mosquitoes can then
transmit WNV when they feed on humans or other animals. In 1999 and 2000, 83 human cases
of West Nile illness were reported in the New York City metropolitan area. There were 9
fatalities amongst those infected. The first Canadian incidence of West Nile Virus was confirmed
in August 2001 from a bird in Windsor, Ontario, and presence of WNV was subsequently
confirmed in Toronto and other areas of southern Ontario.

To date, a total of 6 blue jays and 34 crows in various areas of the City of Toronto have
been confirmed with the virus. As yet there have been no documented human cases of WNV in
Canada. While the virus has been found in at least 70 species of birds, crows and jays are
particularly susceptible, and are being used as sentinel species to monitor the spread of the virus
in Canada. Other species are often carriers for the disease but may show no outward signs of
infection. There is no evidence that handling live or dead WNV-infected birds can infect a
person. Nevertheless, one potential concern is contact with feces. In experimental studies, live
virus particles were detected in the feces of acutely affected birds. The amount of virus shed and
the survival time of live virus in the excreted feces are unknown at this time. Therefore, caution
in handling birds, such as wearing surgical gloves, is advised, and Hepa-filtered surgical masks
should be worn to avoid inhalation of fecal aerosols, especially if birds are examined at face-
level. Paper bags used to hold birds should be used only once, and each individual bird should be
placed in a separate bag to avoid potential bird-to-bird transmission of WNV via infected feces.
Paper holding bags used by FLAP should be considered a biohazard and should be discarded
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• appropriately after use. Any reusable cloth bags or holding cages should be thoroughly cleaned
and disinfected between uses. These practices are advisable not just for WNV, but to guard
against various bacterial diseases that can be transmitted to humans by birds.

West Nile Virus is closely monitored in Canada by the Canadian Cooperative Wildlife
Health Centre (http://wildlife.usask.ca/english/frameWestNile.htm),  and in the US by the Center
for Disease Control (http://www.cdc.govincidod/dvbid/westnile/q8ca.htm), and by the Center for
Integration of Natural Disaster Information
(http://cindi.usgs.gov/hazard/event/west_nile/west_nile.html) . The Toronto Department of Public
Health also has up to date information on WNV in the Toronto Region
(http://www.city.toronto.on.ca/health/west_nile_index.htm).

Species at Risk Act

Canada is in the process of enacting endangered species legislation, which would include
special protection for several species of migratory birds. Migratory birds are already protected
under the Migratory Birds Act of 1994, a joint US-Canada agreement. This act was created
largely to regulate the hunting of game species, but also serves to regulate the scientific study of
birds, and prohibits the possession of or intentional killing of birds by individuals without a
permit. The act makes no specific reference to the legality of bird mortality caused by building
collisions, and indeed there are no Canadian laws that pertain to the collective responsibility of
companies or organizations to prevent harm or death to migratory birds as a result of structural
hazards. Endangered species legislation should provide protective measures for species at risk.
The implications of the forthcoming Species At Risk Act in terms of holding individuals or
companies responsible for birds killed by collision at their buildings is as yet unclear. It remains
to be seen whether airspace for migrating birds will be considered "habitat" under this
legislation, however this seems unlikely. While Canadian endangered species legislation may
provide opportunities to strengthen the impact of the BFB program, the majority of species
impacted by collision with Toronto buildings are not considered species at risk, and thus
voluntary compliance with FLAP's BFB measures seems a more promising approach than
pursuing compliance via legal means.
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Relative tower heights in terms of number of floors
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Light index of towers monitored in Spring 2001

(Tower 	 I Tower name

TD Toronto-Dominion Tower 1
L__cc _I Commerce Court West

FC 	 First Canadian Place 
RT I Royal Trust Tower
CP Canadian Pacific Tower 

L SLT__] Sun Life Financial Trust	 I
MT  Maritime Life Tower 

I Royal Bank Plaza 	
RA  Richmond-Adelaide Centre 

L sp I &ma* Place	
BW Bay-Wellington Tower

L_ cT	 i Canada Trust Tower 
ML  Merrill-Lynch Tower 

LSLQJ Sun Life of Canada Tower i
ATT  AT&T Tower 

I MH I Metro Hall 

Page 19



Figure 4.

Total birds killed at all monitored buildings
1997 - 2000
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Figure 8.

Spring for all years (1997-2001)
Average number birds killed per night vs. light emitted
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Fall for all years (1997-2000)
Average birds killed per night vs light emitted
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Figure 12.

All years spring and fall
Number of birds found alive vs light emitted
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Figure 14.

Fall light emissions 1997-2000
for 16 monitored buildings
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Number of birds killed vs total seasonal rainfall
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CHAPTER 5

EFFECTS OF OVERFLIGHTS ON WILDLIFE

5.1 Introduction

In general, wild animals do respond to low-altitude aircraft overflights. The manner in which they do so depends on
life-history characteristics of the species, characteristics of the aircraft and flight activities, and a variety of other
factors such as habitat type and previous exposure to aircraft. The potential for overflights to disturb wildlife and the
resulting consequences have drawn considerable attention from state and Federal wildlife managers, conservation
organizations, and the scientific community. This issue is of special concern to wildlife managers responsible for
protecting populations, and to private citizens who feel it is unwise and/or inappropriate to disturb wildlife. Two
types of overflight activities have drawn the most attention with regard to their impacts on wildlife: 1) low-altitude
overflights by military aircraft in the airspace over national and state wildlife refuges and other wild lands, and 2)
light, fixed-wing aircraft and helicopter activities related to tourism and resource extraction in remote areas.

The primary concern expressed is that low-level flights over wild animals may cause physiological and/or behavioral
responses that reduce the animals' fitness or ability to survive. It is believed that low-altitude overflights can cause
excessive arousal and alertness, or stress (see Fletcher 1980, 1990, Manci et al. 1988 for review). If chronic, stress
can compromise the general health of animals. Also, the way in which animals behave in response to overflights
could interfere with raising young, habitat use, and physiological energy budgets. Physiological and behavioral
responses have been repeatedly documented, that suggest some of these consequences occur. While the behavioral
responses by animals to overflights have been well-documented for several species, few studies have addressed the
indirect consequences. Such consequences may or may not occur, and may be detectable only through long-term
studies.

The scientific community's current understanding of the effects of aircraft overflights on wildlife are found in the
literature. Such studies identify: collision with aircraft(Burger 1985, Dolbeer et al. 1993); flushing of birds from nests
or feeding areas (Owens 1977, Kushlan 1979, Burger 1981, Anderson and Rongstad 1989, Belanger and Berad 1989,
Cook and Anderson 1990); alteration in movement and activity patterns of mountain sheep (Bleich et al. 1990);
decreased foraging efficiency of desert big horn sheep (Stockwell and Bateman 1991); panic running by barren
ground caribou (Calef et al. 1976); decreased calf survival of woodland caribou (Harrington and Veitch 1992);
increased heartrate in elk, antelope, and rocky mountain big horn sheep (Bunch and Workman 1993); and adrenal
hypertrophy in feral house mice (Chesser et al. 1975). Over 200 published and unpublished reports can be found on
the subject. These reports range in scientific validity from well designed, rigorous studies to professional natural
resource manager and pilot reports.

Recent concerns have focused on the significance of impacts as they affect wildlife populations. Defining a
population as "a group of fish or wildlife in the same taxon below the subspecific level, in common spatial
arrangements that interbreed when mature,"1 it is possible to draw the conclusion that impacts to wildlife populations
are occurring from low level aircraft overflights. This assertion is supported by numerous studies including the
following:

I. 50 CFR Part 17.3

5.1
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• ( decreased calf survival of woodland caribou (Harrington and Veitch 1992)

• disturbance to wintering snow geese documents the effects on staging/wintering subgroup (Belanger and Beard
1989)

• impacts on nesting herring gulls documents effects on a subgroup during production periods (Burger 1991)

Additional research will be required to fully address the significance of such population impacts. However, waiting
for and relying on future research results for current policy decisions is not possible. Therefore, it is necessary to
make informed decisions recognizing that all of the consequences of disturbance will not be completely understood.

5.2 Physiological Responses to Aircraft Overflights

When disturbed by overflights, animal responses range from mild "annoyance," demonstrated by slight changes in
body position, to more severe reactions, such as panic and escape behavior. The more severe reactions are more
likely to have damaging consequences. Studies of aircraft impacts suggest that whether or not disturbance occurs, and
whether or not disturbance has a harmful effect depends on a variety of characteristics associated with both the
animal and with the aircraft.

When the sudden sight and/or sound of aircraft causes alarm, the physiological and behavioral responses of animals
are characterized as manifestations of stress. The effects of chronic stress from overflights have not been formally
studied, though several national wildlife refuge managers suspect that stress from overflights makes waterfowl more
susceptible to disease (Gladwin et al. 1987, US Fish and Wildlife Service 1993). Other types of disturbance-induced -
stress have been documented to produce a variety of other problems, such as toxemia in pregnant sheep (Reid and
Miles 1962) and abnormal births (Ward 1972, Denneberg and Rosenberg 1967). That exposure to low-altitude
aircraft overflights does induce stress in animals has been demonstrated. Heart rate acceleration is an indicator of
excitement or stress in animals, and increased heart rates have been shown to occur in several species exposed to
low-altitude overflights in a wild- or semi-wild setting. Species that have been tested include pronghorn, elk, and
bighorn sheep (MacArthur et al, 1982, Workman et al. 1992a,b,c). Stress responses such as increased heart rates by
themselves are an adaptation for encounters with predators and other environmental threats, which presumably must
be faced daily. It is not known, therefore, if the addition of stressful events such as overflights actually harm animals.
It may be that a few overflights do not cause harm, but that overflights occurring at high frequencies over long
periods of time, do.

Biologists caution that the consequences of disturbance, while cumulative, are not additive. Effects could be
synergistic, especially when coupled with natural catastrophes such as harsh winters or water shortages (Bergerud
1978, Geist 1994). Also, the tendency for additional stress to be harmful probably depends on other factors, such as
the general health of animals to begin with. Some species are likely to be more susceptible to damage than are others.
Research has shown that stress induced by other types of disturbance produces long-term, deleterious effects on the
metabolism and hormone balances in wild

5.2

ungulates (hoofed mammals) such as bighorn sheep (Geist 1971, Stemp 1983). Many animal biologists maintain that
excessive stimulation of the nervous system can amount to chronic stress, and that continuous exposure to aircraft
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overflights can be harmful for the health, growth and reproductive fitness of animals (see Fletcher 1980, 1990 for
review).

The auditory systems of some animals may be particularly susceptible to physical damage, and such animals may
experience hearing loss from exposure to chronic aircraft sound. Animals living in quiet desert environments have
evolved particularly fragile ears and hence appear to be at great risk of sound-induced hearing damage (Bondello and
Brattstrom 1979, Fletcher 1990). While aircraft noise and its effects on animal hearing have not been tested, other
types of sound such as motorcycle noise have been shown to cause hearing loss in desert species, including the desert
iguana (Bondello 1976) and the kangaroo rat, an endangered species (Bondello and Brattstrom 1979). Hearing loss
can occur after as little as an hour of exposure to loud noise, and can be temporary or permanent, depending on the
degree of exposure to sound and the susceptibility of the individual animal.

Conclusion 5.1

Overflights can induce physiological responses in animals, such as increased heart rates, but whether or
not such responses cause harm is unknown Effects may be synergistic, as when combined with natural
events such as harsh winters or water shortages.

5.3 Behavioral Responses to Aircraft Overflights

Behavioral responses of wild animals to overflights nearly always accompany physiological responses. Behavioral
responses reflect a variety of states, from indifference to extreme panic. To some extent, responses are species-
specific, whereby some species are more likely to respond in a certain manner than are others. However, even within
a species, individual animals vary. Documented variations between individuals may be due to differences in
temperament, sex, age, prior experience with aircraft, or other factors. For these reasons, anecdotal information about
one animal's response to an overflight is not useful for drawing conclusions for that or any other species. Often,
animals exhibit very subtle and seemingly minor behavioral responses to overflights. Minor responses that are typical
of both birds and mammals include head-raising, body-shifting, and turning and orienting towards the aircraft.
Animals that are moderately disturbed usually show "nervous" behaviors such as trotting short distances (mammals),
standing up with necks frilly extended and sunning the area, or walking around and flapping wings (birds).

When animals are more severely disturbed, escape is the most common response. Perching or nesting birds may flush
(fly up from a perch or nest) and circle the area before landing again. Some birds, particularly waterfowl and
seabirds, may leave the area if sufficiently disturbed. There are dozens of reports, mostly from national wildlife
refuges, of waterbirds flying, diving or swimming away from aircraft (e.g. U.S. Fish and Wildlife Service 1993). This
is apparently a widespread and common response. Bird flight responses are usually abrupt, and whole colonies of
birds often flush together. Disturbed mammals will run away from overflight paths. Table 1 lists behavioral responses
to overflights that have been documented during studies and incidental observations.
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This table was generated from a review of published literature on the subject. Reports varied widely in how
information was gathered. Aircraft altitudes are noted where known. Some reports are from rigorous studies, others
from anecdotal information. In general, more severe responses (such as panic and escape) were a result of lower-
altitude overflights. Responses that were not described in detail are in quotation marks.

As Table 1 illustrates, only a handful of the thousands of animal species in the United States have been studied for
their responses to overflights. Also, a disproportionate number of studies have concentrated on ungulates such as
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caribou and bighorn sheep. Carnivorous mammals have been virtually ignored, as have marine mammals, small
mammals, and bats. Birds are more evenly represented, with studies on waterfowl, shorebirds, marine birds, and
raptors, although songbirds and owls are notably absent. Reptiles and amphibians have never been studied for
responses to aircraft. This uneven distribution of species representation is likely a result of two factors: 1) researchers
acknowledge that some species are more susceptible to harm than are others, and have allocated efforts accordingly;
and 2) some animals are easier to study than others.

Generally, fish have not been considered at risk from aircraft disturbance. Because most fish and other aquatic
organisms live entirely below the surface of the water, they do not experience the same sound levels that terrestrial
animals do. Marine mammals (besides dolphins and whales) are an exception because they spend time above water,
on shore. Data on behavioral responses of marine mammals to aircraft overflights are scarce. However, a study at
Copalis National Wildlife Refuge in Washington State (where the U.S. Navy conducted pilot training from 1944 to
1993) reported responses of harbor seals and northern sea lions to military A-6 jet overflights as ranging from no
response to abruptly leaving resting sites on the rock shore and entering the sea (Speich et al. 1987). California gray
whales and harbor porpoises, conversely, showed no obvious behavioral responses during this study.

Conclusion 5.2

Researchers have documented a range of wildlife behavioral responses to aircraft overflights. Variations
in response may be due to differences between individuals, and anecdotal information about one animal's
response is not useful for drawing conclusions regarding that or other species. Behavioral responses may
be subtle.

5.4 Indirect Effects of Disturbance from Overflights, and Consequences for Animals

The behavioral responses to aircraft overflights described above are direct, or immediate, responses. Biologists and
others are concerned that indirect effects of these responses may have harmful consequences for animals, especially
when overflights (and responses) are frequent. Behavioral reactions have the potential to cause injury, to influence
breeding success, energetics and habitat use, and to result in bird strikes. Whether or not such indirect effects occur
depends on other factors associated with the natural history of a species. Some animals are more susceptible than
others to disturbance, because of unique life history patterns such as colonial breeding, habitat requirements, and
restricted distribution. Others may need special protection during certain periods. Indirect effects are difficult to
detect. However, some effects, such as habitat avoidance, have been detected (e.g. McCourt et al. 1974,
Schweinsburg 1974b, Knusman et al. 1986). Large-scale consequences such as permanent habitat abandonment or
regional or national population declines have not been well documented, though some
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Table 5.1. General responses by specific animal species to aircraft overflights

_
Species Response Air- Flight Reference

craft2 Alt.-3

Large Mammals
Pronghorn Accelerated heart rate 	

r
500 Workman et al 1992a
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Run short distance

Bolt and run

MJ

H

5000

100

No response

Stop feeding, tense muscles

Run

H 150-400 Luz & Smith 1976

Mule Deer No response

Minor behavior changes

MJ <3000 Lamp 1989

Bighom Sheep Accelerated Heart rate MJ

FW

H

5000

100

100

Workman et al. 1992b

Decreased food intake while feeding
(interruption)

Take more steps while feeding

H -- Stockwell et. al. 1979

No response

Accelerated heart rate

Run

H

H

1640-4920

490-660

Mac Arthur et al. 1979

No response

Minor behavior changes

Leave area

MJ <3000 Lamp 1989

Leave area 11/1 I	 160-65011Bleich et al. 1990	 I
No response

Interrupt normal activities

Run< 330 feet

Run .62-1.2 miles

FW 100-990 ICrausman & Hervert
1983

Run >!1 mile H -- Horejsi 1975

Kiger 1970

Desert Mule Deer No movement

Move < .6 mile to new habitat

H -- ICrausman et al. 1986

Elk Accelerated heart rate MI

H

5000

100-500

Workman et al. 1992c

Congregate together

Watch aircraft

MJ -- McCullough 1969

Run away IH I	 -- Horejsi, 1975	 I
II II n	 1
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Mountain Goat React "adversely"

May abandon areas

H -- Ballard 1975

Run away	
10 

H
II

--

--lkorejsi 1975 

Chandwick 1973Are "terrified"

May abandon areas
Dall Sheep No response

Get "excited"

Do not abandon habitat

FW -- Nichols 1972

Run away H

FVV

--

--

Feist et al. 1974

Schweinsburg 1974a
Alarm behavior

Crowd together

--

--

Linderman 1972FW

H
React "severely" 	 1[H Q	 -- 'Andersen 1971	 I

Gray Wolf Initially fright response, (scatter, run), later
accept

FW .	 -- Burkholder 1959

Grizzly Bear Run

Hide

FW

H

--

--

Harding & Nagy 1976

"Mild" behavior response

Run away

H >3280 Ruttan 1974

Run in "panic"

Hide (may associate aircraft with capture)

H -- Pearson 1975

Interrupt activity, leave area

Run towards cover

_
FW

FW

>1000

200-500

200-500

McCourt etal. 1974a

Klein 1973

'Bison No response [MJ II -- 'Frazier 1972	 I
No response

Run 1 mile

Run 5 miles

FW 200-490 Fancy 1982

Reindeer Crowd together, panic FW

H

<100

<100

Ericson 1972

Run away FW -- Slaney & Co. Ltd.
1974

'Caribou Move short distance

Rarely leave area

frFW " -- Bergerud 1963

No response	 IIEW V	 200-500 Klein 1973
1
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I	 I1Panic,flee 
Walk, trot, gallop away

Momentarily stop feeding

IV-I 
'H 980

II	 200-50011	 I
Gunn et al. 1985

Panic, escape FW

H

500

500

Calef et al. 1976

Brief startle response

Run for 8-27 seconds
i

No effect on daily activity

No effect on distances traveled

Mi

H

100-500

100-500

Harrington & Veitch
1973

Mothers and calves not separated 	 . H
II

-- Miller & Broughton
1973

Run away from area FW -- Valkenburg & Davis
1985

Minor changes in behavior

Panic and run

FW

H

<1300

<1300

Miller & Gunn 1979

Calves died from trampling during escape
from either wolves or aircraft

-- Miller and Broughton
1974

Calves died MJ -- Harrington & Veitch
1992

Panic and escape H

FW

<790

<790,

Surrendi & DeBock
1976

'Small mammals

IHouse Mouse Enlarged adrenal glands C Chesser et al. 1975
!Marine mammals
Atlantic Walrus Raise head towards aircraft

Shift body position

Leave rocks, enter ocean

H 4270 Salter 1979

Harbor Seal,

Northern Sea Lion

Leave rocks, enter ocean MJ <500 Speich et al. 1987

Raptors
Bald Eagle*

Golden Eagle

Peregrine Falcon

Gyrfalcon

Rough-legged
Hawk

No response

Panic, frantic escape

No effect on raising young

H -- White & Sherrod 1973

1

http://www.nonoise.org/library/npreport/chapter5.htm
	 5/7/2010



NPC Library: Chapter 5 of Report on Effects of Aircraft Overflights on the National Park ... Page 8 of 25

Peregrine Falcon

Coopers Hawk

Common Black
. wk

Harris' Hawk

Zone-tailed Hawk

Red-tailed Hawk

Golden Eagle

• airie Falcon

'Minimal response"

Alarm behavior

Fly from perch or nest

No effect on raising young

MJ <980 Ellis et al. 1991

Osprey No effect on raising young H -- Carrier & Melquist
1976

Rarely leave nest

No effect on raising young

FW

H

--

—

Poole 1989

'Northern Harrier No response Ilw II __ 'Jackson et al. 1977	 i
Peregrine Falcon No response

"Severe" response

H <2000 Ritchie 1987

Gyrfalcon Fly away

Alert behavior

No nest abandonment

No effect on daily activity patterns

May avoid returning to breed in following
years

H FW 500-1000

500-1000

Platt 1975

Platt and Tull 1977

Prairie Falcon	 -IlFlush from perches IIH 11 __ ICraig & Craig 1984	 I
Red tailed Hawk No response

Flush from perches

H -- Craig & Craig 1984

'Golden Eagle	 I No response IH I	 --I Craig & Craig 1984 	 1
Ferruginous Hawk No response FW <100 White & Thurlow

1985
Red-tailed Hawk Flush from nests

No effect on raising young

"11 1 100-150nAnderson et al. 1989

Waterbirds
Brant

Emperor Geese

Canada Geese

No response

Alert behavior

Flight

FW

H

0-500

1-500

-Ward & Stehn 1989

I	 il
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• dsquaw*

Surf Scoter

Swim away

Dive into water

No response

H 100-750 Ward & Sharp 1974

Oldsquaw*

Surf Scoter

Escape

Alert behavior

Dive into water

Flock together

Change activity budgets (resting, feeding,
sleeping)

H 100-750 Gollop et al. 1974a

Migrating ducks*

(various species)

No reaction

Minor behavior changes

Flush from lakes

MJ <3000 Lamp 1989

Ducks and geese*

(various species)

Fly away

Swim away

Dive into water

Abandon some lakes for >4 days

FW -- Schweinsburg 1974a

Schweinsburg 1974b

Canada goose Arouse from sleep

Alert behavior

Call

MJ <3000 Lamp 1989

Trupeter Swan Stop activity; head up

Flush from nests

FW

H

C

200-2000 Henson & Grant 1991

Seek cover in tall vegetation

Cygnets crowd together

740-990

500

Shandruk &
McCormick 1989

-FW

H
Snail Kite No response

Watch aircraft

-
C -- Snyder et al. 1978

Brant Panic and escape area -FW

H

<500-1000 Henry 1980

Fly away

Widespread "panic"

Lost feeding time

FW

H

<1650 Owens 1977

Brant* Flushing from nests r 11	 500-1000 Gollop et al. 1974b 	 1
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Glaucous Gull

Arctic Tern

Disrupt nesting behavior H 500-1000

Common Eider No effect on nesting behavior FW

H

--

--

Gollop et al. 1974b

Tufted Puffin*

Brant

Double-crested
Cormorant

Common Murre

Glaucous Gull

No response

Wing-flapping

Flush from perches

Abrupt departure of area

M.I

MI

>500

<500

Speich et al. 1987

' Sooty Tern May disrupt breeding

May cause hatching failure

1MJ '	 super-sonic . IAustin et al. 1970

Crested Tern Scan sky

Alert behavior

Startle and escape

C 250-1000 Brown 1990

White Pelican Stampede, panic

Eggs lost, abandoned, eaten

'C >33' Bunnell et al. 1981

Herring Gull No effect on breeding

No response

C

i

-- Burger 1981

Flush from nests

Eggs broken, lost, eaten

C super-sonic

Cattle Egret*

Double-crested
Comorant

Great Blue Heron

Great Egret

White Ibis

No effect on colony establishment

No effect on colony size

No effect on nesting behavior

No effect on breeding success

MJ <500 Black et al. 1984

Oldsquaw*

Scaup species

Redhead

Canvasback

Flush up and away from lake
-
H -- Christiansen & Yonge

1979

Snow Goose Raise head IEW -- Davis & wisely 1974
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Crowd together, call

Stop feed

Fly away (return in 5 min.)

H

No response

Minor behavior changes

Flush, circle over, depart or land again

MJ <3000 Lamp 1989

Leave lake area IIFW H	 98-98001 Spindler 1983 I
Flush from lakes IIFW	 II 300-100011Salter & Davis 1994 I

Kittiwake*

Northern Fulmar

Stay on nest (no response) H -- Dtumett 1977

Bnumich's
Guillemot*

Kittiwake

No response

Flush from nests

No egg or chick losses

H 0.5-3 miles Field et al. 1988
distant

Snow Goose*

Canada Goose

Purple Gallinule

Northern Pintail

American Coot

Flush H -- Edwards et al. 1979

Pacific Eider No response Illl	 II --IIJohnson et al. 1987 I
Great Egret*

Snowy Egret

Louisiana Heron

Flush from nest, return <5 minutes

No response

FW H 395 Kushlan 1979

)Songbirds	 I
Lapland Longspur No avoidance of nest sites

Nestlings died 

FW

H 	

50 Gollop et al. 1972

[Game birds
Chulcar Flush

No response

MJ <3000 Lamp 1989

2 FW = small, fixed-wing aircraft, H = helicopters, MJ --= military jet aircraft, C = commercial jet aircraft

3 Aircraft flight altitudes in feet, rounded to nearest 10.

* Studies of more than one species generally documented all of the listed responses occurring by all of those species
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experts suspect that they occur. For example, refuge managers at Key West National Wildlife Refuge suspect that the
only known colony of magnificent frigatebirds in the United States is declining due to frequent low-altitude
overflights by tour planes (Gladwin et al, 1987).

5.4.1 Accidental Injury

A common concern among biologists is that animals will occasionally fall, run into objects, or become trampled
when they panic and run from aircraft. For example, at Cabeza Prieta National Wildlife Refuge, it was reported that a
low-flying helicopter startled a deer, which ran off of a 26-ft, cliff and broke its leg (USFWS 1993). Young ungulates
are especially vulnerable to being trampled. One study of caribou calf mortality documented that three young caribou
were trampled during panic and flight from either wolves or aircraft (Miller and Broughton 1974). Startle responses
that cause panic and quick movements are most likely to cause injuries to animals in rugged topography (boulder
fields, cliffs, scree slopes), at river crossings, or on icy ridges, especially when animals are grouped closely together
(Harrington and Veitch 1991).

5.4.2 Reproductive Losses

For many species, it has been argued that disturbance could cause reproductive losses by altering patterns of
attendance to young. Disturbed mammals and birds have been noted to run or fly away from the stimulus (i.e. the
aircraft), and leave eggs or young exposed. Birds that quickly flush from nests may accidentally break eggs or kick
eggs or young from their nests. Mammal adults and young may become separated when they panic and flee. Leaving
the young exposed also makes them vulnerable to predators.

Numerous studies have addressed the effects of aircraft overflights on the breeding success of ungulates such as
caribou and Dall sheep. Generally, overflights have not been shown to cause adults and young to separate. Yet one
study attributed Caribou calf mortalities to frequent low-level military aircraft overflights (Harrington and Veitch
1992). This study compared calf mortality rates in groups that were exposed to overflights with rates in groups that
were not exposed. Mortality rates were significantly higher in the exposed group. The researchers hypothesized that
milk release was inhibited in caribou mothers that were disturbed by the overflights, and so young became
malnourished. As this example suggests, calves might not die directly from overflights, and so mortalities cannot be
detected unless studies are designed to compare rates of survival between calf groups that are and are not exposed to
overflights. Numerous studies have reported that overflights do not affect survivorship in young, yet they do not
compare survivorship of young that were and were not subjected to overflights. This example demonstrates how
complex cause and effect relationships can be between disturbance and effects. It also shows that casual observations
of how animals respond to overflights do not necessarily reveal ultimate consequences.

Waterfowl and seabirds nesting on national wildlife refuges are commonly exposed to both military and private
aircraft overflights. Whether or not overflights have indirect effects on breeding success depends on the
circumstances and types of behavioral responses of the adult birds: whether or not they flush from their nests,
whether the exposed nests are vulnerable to predators, proximity of other nests (some birds nesting close together
tend to fight after a disturbance, resulting in egg breakage), and physical characteristics of nests and of the adults.
Many refuge managers have reported that birds flush from nests

5.12
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in response to overflights (Gladwin et al. 1987, USFWS 1993). This is considered a problem because of the potential
for losses of eggs and young. Gulls, cormorants, and murres, for example, kick eggs from nests when they flush
during disturbance, and eggs are lost, broken or eaten by predators. These events have been documented to occur on
several national wildlife refuges (USFWS 1993). Some species, such as tundra swans and pelicans, apparently
abandon nests due to chronic disturbance from overflights (Gladwin et al. 1987, USFWS 1993). Leaving eggs
exposed to sun or rain also jeopardizes their survival.

Several studies have been conducted on nesting birds and their responses to overflights. Both American white
pelicans and brown pelicans appear to be particularly susceptible to disturbance. Pelican biologists have discovered
that low-flying aircraft can contribute to dramatic reductions in survivorship of young and in overall productivity of a
nesting colony (Bunnell et al. 1981, Gladwin et al. 1987). Some species, when subjected to overflights during studies,
did not flush from nests and so losses did not occur. Such species include: trumpeter swans (Henson and Grant 1991),
cattle egrets, double-crested cormorants, great blue herons, great egrets, and white ibises (Black et al, 1984). Others
did flush from nests but did not tend to kick eggs from them and so no losses occurred. These species include: great
egrets, snowy egrets, and tricolored herons (Kushlan 1979). These species have only been tested for responses to
overflights during the studies referenced above. Therefore it is not known whether more intense stimuli such as
aircraft flying at lower altitudes might cause more panic and subsequent egg or chick losses.

Disrupted patterns of parental attendance to eggs or chicks is also a concern. Although this phenomenon has been
noted on a local scale, it has not as yet been widely linked to reproductive losses at a regional or national scale. One
study, however, suggests that supersonic overflights might cause large-scale losses. In 1969 low-altitude supersonic
aircraft overflights of the Dry Tortugas during the nesting season were suspected to cause a massive hatching failure
for sooty terns (Austin et al. 1970). This incident is widely cited as one of severe disturbance, though the cause and
effect relationship cannot be proven. Studies of some nesting birds that respond to less intense (i.e., subsonic)
overflights generally return to the nest to resume incubation after the aircraft has passed.

Raptors (birds of prey) have also been monitored for signs of disturbance from overflights during the breeding
season. Occasionally, raptors are disturbed by aircraft enough to respond by flushing from their perches or nests. One
pair of bald eagles at Cross Creeks National Wildlife Refuge in Georgia reportedly abandoned nesting activities
altogether and left the area after repeated overflights by a military helicopter (Gladdys 1983). On the other hand, once
eggs are laid, raptors may be less inclined to abandon nests. Ellis et al. (1991) reported that nest abandonment and
nest failures through predation, exposure of the eggs, or egg losses did not occur during a study of raptor responses to
low-flying military jet aircraft. Although conclusions cannot be made from these two reports alone, the evidence
suggests that the seasonal timing of overflights may be an important factor in the outcome of disturbance.
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5.4.3 Energy Losses

Panic reactions and escape responses to overflights can be energetically "expensive" to animals for two reasons. First,
feeding animals nearly always stop ingesting food when disturbed, which means a decrease in energy intake. Second,
disturbed animals usually run or otherwise move away from the aircraft, thus increasing their energy expenditure.
Running can increase an ungulate's metabolism twenty-fold over the normal resting rate (Mattfeld 1974). Hence
frequent disturbance imposes a burden on the energy and nutrient supply for animals (Geist 1978), which can
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compromise growth and reproduction.

There is a particular concern that birds may suffer from energy losses due to chronic disturbance, especially during
periods when increasing and storing energy reserves is critical for survival. During winter, the energetic costs of daily
activities, such as keeping warm and feeding, mean that animals can spare little extra energy. During other seasons,
such as the staging period or breeding season, large net grins of energy are required for migration and/or raising
young. For example, the high energy requirements of ducks and geese during the molting season may not be met if
these birds continuously swim, dive, or run from aircraft (Gollop et al. 1974b). Migrating birds such as snow geese
may be vulnerable to disturbance during the staging season, when energy accumulation must be great enough to
prepare for the high energetic demands of migration. Salter and Davis (1974) documented snow geese flushing
repeatedly in response to overflights during the staging period just prior to their migration. The amount of time
available for and the limits to compensatory feeding, or making up for lost time, are unknown. When animals are
already feeding for a significant portion of the day, the opportunity for compensatory feeding is probably limited.

There have been four notable attempts to examine the effects of aircraft disturbance on bioenergetics of animals.
Three were conducted on birds during the staging season; two of these used snow geese as models, (Davis and
Wistey 1974, Belanger and Bedard 1989a,b), the other used brant (Ward and Stehn 1989). All three of these studies
found that, in the presence of frequent overflights, birds lost feeding time because they stopped feeding to react to the
aircraft. Belanger and Bedard observed snow geese and their responses to human-induced disturbance, including
aircraft, on their staging grounds over three years. They found that snow geese both increased their energy
expenditure and decreased energy intake in response to aircraft disturbance. They found that, if disturbance occurred
at a rate of 1.46 per hour (as it did during their study), birds could compensate for energy losses by feeding at night,
but if they flushed from disturbance and did not return to feeding areas, they would have to feed during 32 percent of
the night- a significant time commitment. They also found that birds did not compensate during the day by increasing
the rate at which they fed after disturbance. These researchers concluded that man-induced disturbance can have
significant energetic consequences for staging snow geese.

The amount of food that bighorn sheep ingest while grazing in the presence and absence of tourist helicopters was
investigated in Grand Canyon National Park (Stockwell and Bateman 1987). Sheep spent 14-42 percent less time
(depending on the season) foraging in the presence of helicopters. In addition, sheep increased the number of walking
steps while foraging by 50 percent. This study suggests that the increase in energy expended, coupled with a decrease
in energy consumed, might contribute to an energy deficit for animals when disturbance is chronic. Disturbance has
been documented as influencing pronghorn foraging also (Berger et al. 1983).
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5.4.4 Habitat Avoidance and Abandonment

Many wildlife biologists are concerned that the disturbance from overflights could cause sensitive animals to
abandon their habitats. This subject has drawn attention because the consequences of habitat abandonment can be
serious, particularly for species whose high-quality habitat is already scarce. Observations suggest that some animals
do abandon their habitats in response to overflights, and some do not. This difference may be due to differences in
the sensitivities of individual animals. On the other hand it may be a factor of different levels of exposure to aircraft
during these studies (different flight altitudes, aircraft types, and flight frequencies). Two studies found that caribou
did not abandon areas in response to small aircraft overflights (Bergerud 1963, Harrington and Veitch 1991), and one
found that they did (Cnum et al. 1985). Grizzly bears (McCourt et al. 1974), mountain sheep (Krausman and Hervert
1983, Bleich et al, 1990), and mountain goats (Chadwick 1973, Ballard 1975) all have been noted to abandon areas in
response to small aircraft overflights, even when overflights were infrequent. It is not known how many other species
avoid areas used by aircraft.

Waterfowl biologists and national wildlife refuge managers have expressed concern about how waterfowl use of open
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water and emergent wetland habitats is disrupted by aircraft overflights. Overflights have been reported to cause
disturbance at dozens of wildlife refuges in 30 states (Gladwin et al. 1987). Most often, waterfowl flush from lakes
and fly away, but return once the noise levels in the area return to ambient. On the other hand, several refuges have
reported that some waterfowl species have been completely driven off by frequent aircraft activity. Belanger and
Bedard's (1989a,b) study on snow geese energetics and disturbance showed a significant drop —50 percent in the
number of geese using feeding grounds on days following aircraft disturbance. Waterfowl using lakes in Canada were
displaced for several days when disturbed by light aircraft overflights (Schweinsburg et al. 1974b). Wintering
sandhill cranes leave feeding and loafing areas (resting areas) for extended periods when low-altitude overflights take
place over Cibola and Imperial Wildlife Refuges (USFWS 1993). Wood storks may also abandon habitat in response
to overflights (USFWS 1993). Observations by refuge biologists suggest that the endangered Palila Bird in Hawaii
underutilizes a sizable portion of its critical habitat because of low-altitude military aircraft overflights (Gladwin et
al. 1987). It is not currently known how the use of ponds, lakes and wetlands in national parks is affected by
overflights.

Wildlife refuge and national park managers are also concerned because game animals are sometimes chased from
parks and refuges into areas where they may be hunted. This has been documented in several refuges and one
national park4 (USFWS 1993). This harassment is suspected to be intentional; hunters are gaining access to animals
which are usually protected.

Aircraft activities appear to have varying impacts on raptors' use of habitat. In general, raptors are sensitive to the
activities of people, although species-specific differences are evident. Raptors have been documented to abandon
both wintering and breeding habitats as a result of human disturbance (Stalmaster and Newman 1978, White and
Thurow 1985). Ellis et al. (1991) found little evidence, however, that raptors abandon habitat in response to aircraft
overflights.

4. Memorandum dated March 7, 1994 from Superintendent, Olympic National Park, to Acting Associate Director,
Operations, National Park Service.
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5.4.5 Potential Bird Strike Hazards

There is some concern over potential aircraft collisions with airborne birds among national wildlife refuge managers.
Collisions are a misfortune for both birds and pilots. Bird strikes have cost the lives of many pilots and/or damaged
aircraft. Military aircraft are most vulnerable to bird strikes since they fly at low altitudes and high speeds. The US
Air Force reports 3,500 bird strikes annually (Spectrum Bird Aircraft Strike Hazard Team 1994). The Air Force
continues to develop methodologies for avoiding concentrations of birds, in order to reduce this frequency. The FAA
further recognizes that large concentrations of migratory birds are a safety hazard to pilots.

Conclusion 5.3

Researchers have documented some indirect effects for some species and individuals, such as eggs
kicked from nests when birds flush in response to overflights, loss of feeding due to overflight
disturbance, abandonment of habitat in response to overflights. Other studies have found no such effects
for some species and individuals.
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5.5 Factors that Influence Animal Responses to Aircraft

It is clear from numerous studies that differences in animal responses to aircraft do not depend solely upon the
species in question. Many other factors contribute to the responses to overflights, some having to do with the animal
and its particular environment and some having to do with the aircraft stimulus itself.

5.5.1 How Animals Perceive the Aircraft Stimulus

An animal's sensory perception of aircraft activity depends, in part, on the physical features of its environment, as
well as on its own physiological attributes. Some habitats enhance stimuli associated with aircraft overflights. For
example, high canyon walls have the effect of amplifying and repeating (echoing) aircraft sound, and yet they can
also obstruct the aircraft from view. The sound and visual stimuli associated with aircraft have different effects in an
open desert than in a forest where trees can obscure the sight and may reduce the sound of aircraft. A further
consideration is the animal's sensitivity to different types of stimuli, which depends on physical limitations of the
senses. Some animals can clearly see aircraft when they are barely visible to others, and the range of frequencies of
sound that can be detected varies greatly from species to species.

One relationship between aircraft and animals is clear: the closer the aircraft, the greater the probability that an
animal will respond, and the greater the response. Unfortunately, there is no particular overflight altitude at which all
animals are or are not disturbed. Even within a species, no particular altitude can be identified as causing a sudden
increase in disturbance, because so many other factors influence disturbance. Notably, some studies have shown that
animals react in the same manner regardless of altitude (e.g., Lenarz 1974, McCourt et al, 1974). It is unlikely that
one overflight altitude exists that is sufficient for avoiding disturbance to all animals while not necessarily imposing
undue restrictions on pilots. For instance, a 5,000 foot minimum altitude may avoid disturbance to all species, but
may not
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be necessary at all times. Researchers have reported disturbances to walruses by helicopters flying as far away as
4,270 feet (Salter 1979). Grizzly bears run away from aircraft flying at altitudes as high as 3,000 feet. Few other
animals have been tested for responses to aircraft at altitudes this great, though many show disturbance from aircraft
at lower altitudes.

5.5.2 Aircraft Sound and Animal Hearing

It is apparent that animals can be disturbed by either the sight or sound of aircraft (McCullough 1969, Snyder et al.
1978, Ward and Stem 1989, Brown 1990). The relative importance of each stimulus is not known, and may depend
on the species in question. Both birds and mammals respond to the sound of aircraft before it is visible, yet they also
tend to track aircraft visually as they pass overhead (McCullough 1969, Snyder et al. 1978, Brown 1990).

Aircraft sound is broadband, containing sound energy over a wide frequency range, rather than a pure tone. There is
some evidence that the high-frequency whine of some turbine-powered helicopters is less disturbing to raptors than
the low-frequency sound of piston-engine helicopters (White and Sherrod 1973). Other than this, little is known
about how the frequencies of aircraft sound influence animal responses. Sound levels at which animals show strong
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negative responses in the wild generally have not been determined.

Helicopters apparently disturb some animals more than other types of aircraft. Comparisons of how animals respond
to helicopters versus other aircraft types have shown that animals respond more strongly to helicopters. For example,
caribou ran longer and farther in response to helicopter overflights than they did in response to low-altitude
overflights by military jets during a study in the Yukon (Harrington and Veitch 1991). Ward and Stelm (1989) also
noted that greater percentages of brant responded to helicopters than to fixed-wing aircraft in Alaska. Colonially-
breeding marine birds also generally flushed when helicopters flew over them at 1,000 feet above ground level
(AGL), while light, fixed-wing aircraft could pass over at 500 feet AGL before generating a similar response (Gollop
et al. 19'74b). In addition to their engine and "rotor-wash" sound, helicopter flight patterns may contribute to
disturbance. Brant (Henry 1980), reindeer (Ericson 1972), caribou (Calef and Lorne 1973, Miller and Gunn 1977),
pronghom, elk, bighorn sheep (Workman et al. 1992a, 1992b, 1992c), and Dall sheep (Andersen 1971) all have been
documented to show a more extreme panic response when helicopters fly slowly or hover over animals.

Sudden aircraft approaches -that cause surprise may also influence responses. Raptors, for example, panicked and
exhibited frantic escape behavior when helicopters appeared from over the tops of cliffs, but did not do so when
helicopters could be seen approaching from a distance (White and Sherrod 1973). Hence topography should be taken
into consideration when predicting animal responses to overflights.

5.5.3 Increased Tolerance to Overflights

In some cases, animals may develop an increased tolerance to frequent overflights. This has been demonstrated by
correlating changes in behavior with sequences of overflights. Other studies have compared reactions of animals
having a history of exposure to aircraft with those that were naive. In
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many cases, experienced animals were more tolerant of aircraft, showing less extreme responses than naive animals.

For animals to become desensitized to sound, there must be consistent stimuli (Borg 1979); frequent, predictable
overflights, such as those at major airports, are more likely to promote tolerance than occasional ones. Several studies
suggest that animals might not become tolerant of infrequent aircraft activity. Colonially-breeding wading birds in
Florida, for example, never adapted to infrequent low-altitude military flight activities conducted over two breeding
seasons (Black et al. 1984). It is not known just how frequently a stimulus must occur in order for an animal to
become desensitized to it, though it probably depends upon the species in question, as well as other factors.

It is important to note that some studies do not support the idea that animals' tolerances of aircraft overflights increase
with exposure, even when overflights have been frequent. For example, brant, emperor geese, and Canada geese in
Alaska (Ward and Stehn 1989) exhibited alert and flight behavior in response to aircraft activity, despite previous
exposure for several seasons. Harding and Nagy (1976) noted that grizzly bears also never became tolerant of
aircraft, despite very frequent exposure.

The degree of disturbance to which animals can habituate is probably limited. Evidence suggests that aircraft
activities that cause mild responses may become tolerated more so than those that cause panic. This has been
demonstrated in reindeer (Ericson 1972), Dall sheep (Summerfield and Klein 1974), and herring gulls (Burger 1981).
Also, while some species have the ability to become tolerant, others may not. For example, whooping cranes
appeared to have become tolerant of light aircraft activity on Aransas National Wildlife Refuge in Texas, but sandhill
cranes had not (Gladwin et al. 1987).
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Conclusion 5.4

Factors that can influence animal responses include distance to the aircraft, aircraft type, suddenness of
aircraft appearance and frequency of overflights. Closer aircraft generally are more likely to produce a
response, though no minimum distance that produces no effect has been found, the responses being
species dependent. Some tolerance for overflights has been observed when flights are frequent or
regular, but not among all species.

5.6 Biotic Factors that Influence Animal Responses to Aircraft

While sound levels and aircraft proximity to animals are probably the most important factors affecting the levels and
types of responses elicited, an animal's immediate activities are also important. Animals show different levels of
response to overflights depending in part on whether they are traveling, feeding, resting, or attending young. Habitat
features may also influence the degree to which animals react to overflights. For example, bighorn sheep in the San
Andreas National Wildlife Refuge appeared more at ease in response to helicopters when in open terrain where they
could escape more easily (Kiger 1970).

5.18

Top of Chapter 5
Table of Contents
Return to NPC Library
Return to NPC Home Page

An animal's seasonal activities such as reproducing or hibernating influence how they respond to overflights as well.
Consequently, during some seasons, animals may be more reactive than during other seasons. Slight seasonal
differences in responses to overflights have been noted in reindeer (Slaney and Co. 1974), bighorn sheep (Stockwell
and Bateman 1987), and caribou (Klein 1973, McCourt and Horstman 1974, Jalcimchuk et al, 1974, Calef et al,
1976). Generalizations cannot be made across species correlating specific seasons with greater reactions.

At present, general relationships between external factors and animal responses are unclear because other variables
have not been held constant during studies. In other words, to determine how habitat type (for example) influences
responses, all other factors such as group size, season, etc., must be held constant so that habitat differences alone can
be compared. Stronger patterns should emerge once more controlled studies are conducted. The existence of many .
variable factors may explain inconsistencies between reports of species-specific responses to overflights. Clearly,
whether an animal (or group of animals) responds to aircraft overflights depends on many factors, and those
mentioned here constitute only a partial list. Therefore, when attempting to assess the possible impacts of proposed or
existing low-altitude aircraft operations on wildlife, it is essential to keep in mind that each situation is unique and
must be evaluated accordingly. Figures 5.1 and 5.2 summarize some of the influential factors associated with aircraft
overflights and animals that have been addressed.

Conclusion 5.5

The type of animal activity affects response to overflights. Whether an animal is feeding, resting, caring
for young, etc., can affect how it responds to an overnight.

5.7 Problems with Detecting Long-Term Effects of Aircraft Disturbance

While short-tenn.responses are easily documented, long-term responses are more difficult to verify. This is due both
to the limitations of ecological research and to the nature of long-term responses. Long-term responses that might
occur include permanent changes in habitat use, increased mortality of birds during migration (due to lower weight
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gains during staging, as described previously), or population effects due to reduced reproductive success (due to egg
losses, for example). Assigning a cause and effect relationship between overflight disturbance and these types of
phenomena is difficult because there are so many other variables that also cause them. It is very difficult to quantify
small decreases in the survivorship of young that are directly attributable to overflights, because predators, weather,
food availability, and adult skills all affect survivorship as well. For example, several studies have examined overall
survivorship of young across a season by comparing young subjected to overflights with control animals and have
concluded that overflights have little effect. However, closer examination has revealed that mortality rates increased
during the specific periods of overflights, though these increases were not detectable by the end of the season (e.g.,
Harrington and Veitch 1992). Other long-term effects are difficult to correlate with overflights because they occur
during a time or in a place not immediately associated with the overflights, such as migrating birds that die enroute to
their destination after energy losses at feeding grounds.
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Figure 5.1 Animal Responses to Low-Altitude Aircraft Overflights
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Figure 5.2 External Factors that Influence Animal Responses to Overflights
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Long-term effects are difficult to detect also because they may occur infrequently. This is due, in part, to the fact that
most studies are short-term, making documentation of infrequent events unlikely. With the exception of an eight-year
study of white pelicans (Bunnell et al. 1981), too little time has been spent assessing long-term effects..

Many biologists have published reports on the effects of the use of aircraft to survey animals. In most cases,
overflights do no harm (Carrier and Melquist 1976, Kushlan 1979) because normal behavior is interrupted only
briefly. In addition, the surveys are conducted only once or twice per season, and generally they are avoided during
poor weather, when stressing an animal could result in harm, and during parts of the breeding season, when the
consequences of disturbance might be compounded (White and Sherrod 1973, Poole 1989). Hence the argument that
biologists themselves make overflights of animals should not be used to suggest that overflights do not cause
disturbance.

Conclusion 5.6

The long-term effects of overflights on wildlife have not been determined, and are unlikely to be
investigated because of the magnitude of the effort required. Occasional use of aircraft to survey animals
is unlikely to cause harm.

5.8 Overflight Impacts on Endangered Species
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There are 98 species on national park lands that have been identified as threatened or endangered. Of these, 36 are
bird and 29 are mammal species. The impacts on threatened or endangered species from overflights is largely
unknown. Of all threatened or endangered species Federally listed in the United States, there is information regarding
responses to overflights only for the grizzly bear, sonoran pronghorn, peregrine falcon, bald eagle, and everglades
kite. None of these species have been studied enough to differentiate between aircraft activities that do and do not
cause harm. However, observations do indicate that some species are susceptible to disturbance and subsequent harm.
The grizzly bear, for example, has been noted to panic and flee areas from overflights in nearly all cases where they
have been observed (see Table 1). Biologists recognize that impacts may occur. Wildlife refuge managers have cited
concern for many threatened or endangered species regarding impacts from overflights, including wood storks,
Hawaiian geese, marbled murrelets, bald eagles, peregrine falcons, masked bobwhite quails, Stellar sea lions and
least terns (USFVVS 1993). In Washington State, USFWS is developing recovery plans for both the marbled murrelet
and northern spotted owl which include 2,000-foot minimum flight restrictions over feeding grounds and nesting sites
for these birds.1

Many threatened or endangered species have achieved their special status due to habitat loss from development and
general human encroachment. They are species for which habitat is limited; their natural histories prevent them from
using any but specific habitat types. For this reason, it is important that overflights not cause further habitat loss to
these species, since they cannot simply "relocate".

5. Memorandum dated March 7, 1994 from Superintendent, Olympic National Park, to Acting Associate Director,
Operations, National Park Service.
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Whether or not a taking of a threatened or endangered species from Federal action occurs from overflights may be an
area for additional research. It would be prudent for Federal agencies to take an active approach to evaluating this,
rather than letting the decision lie.with the courts. Studying threatened and endangered species and their responses to
overflights is within the purview of the law so long as research enhances the survival of the species. However, some
have expressed concern for the idea of subjecting animals to overflights and monitoring their responses if indeed
those responses suggest that damage is occurring.

Conclusion 5.7

Ninety-eight threatened or endangered species inhabit units of the National Park System. Their responses
to overflights are largely undocumented, but Federal agencies may nevertheless be held responsible for
impacts related to overflights.

5.9 Overflight Impacts on National Park Animals

Disturbance levels and consequent impacts to animals living on national park lands have been anecdo \ tally reported
but not quantified. Several NPS superintendents have prepared reports on the subject which can be used as indicators
of the types of problems some parks are having. Yet the degree to which these problems are occurring in other parks
cannot be measured without a comprehensive survey.
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Reports of park disturbance to animals from overflights exemplify the general points described earlier: 1) Animals
have been noted to modify their behavior in response to overflights in parks, and 2) the consequences of this
disturbance can only be inferred in the absence of long-term studies. At Hawaii Volcanoes National Park, the
endangered Hawaiian (Nene) goose has been seen flushing from feeding and socializing areas after tour helicopters
passed overheadft Aircraft also alter normal feeding and socializing habits in response to frequent overflights. The
consequences of altering social behaviors and time and energy budgets of animals have not been identified. Forest
birds at this park also stop calling or flee from local habitat, as noted by biologists monitoring songbird behavior.
Biologists speculate that bird behavior is modified because their calls are interrupted, hence territories cannot be
properly delineated. Feeding is also interrupted, and other critical activities cannot be consummated when birds are
disturbed by overflights.

At Congaree Swamp National Monument, bald eagles and osprey are believed to avoid habitats they would otherwise
use because of overflights by military jets and helicopters. 1 Similar impacts to raptors have been reported from
Glacier National Park. There, overflights are suspected of disrupting nesting and foraging activities of bald eagles,
golden eagles and falcons. Biologists are concerned about possible

6. Memorandum dated March 7, 1994 from Superintendent, Hawaii Volcanoes National Park, to Acting Associate
Director, National Park Service.

7. Pers. comm., Robert McDaniel, Superintendent, Congaree Swamp National Monument, to D. Gladwin, Sterna
Fuscata Inc. 1994.
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impacts to raptors that use corridors through the park for migration. 13 Colonial seabirds have been seen flushing in
response to overflights in Olympic National Park as wel12 Other birds that may suffer harm from overflights in this
park include the bald eagle, peregrine falcon, northern spotted owl, and marbled murrelet..These are all Federally-
listed species.

Mammals are also disturbed by overflights in parks. Over 80 percent of grizzly bears observed in remote areas of
Glacier National Park showed a "strong" reaction to helicopters, according to studies in the park from 1982-1986.

Aircraft disturbing park animals include both military and civilian fixed-wing aircraft and helicopters. Helicopter
tours for the public are most often cited as causing problems for wildlife. Most problems occur when aircraft fly at
low altitudes such as 500 feet AGL. Helicopter tour operations are frequent in some parks; Glacier National Park
reports 10 per day, and Hawaii Volcanoes National Park reports 60-80 per day. Hence cumulative effects of
disturbance are likely, as animals are chronically interrupted from important life-maintenance activities.

Several efforts to solve disturbance problems have been initiated by park personnel in recent years. Monitoring low-
level overflights and maintaining statistics at Congaree Swamp National Park have helped to quantify the frequency
of problems. At Olympic National Park, the staff are cooperating with the USFWS refuge staff and the endangered
species field office in documenting and reporting aircraft harassment of seabird colonies. At Glacier National Park,
employees are trained to identify aircraft and estimate altitude. A strict plan is in place there for the use of the park's
own aircraft. Parks have also discussed problems with aviation proponents. Meetings with tour operators, FAA, and
military personnel have been somewhat successful, though problems do not always cease. For example, Congaree
Swamp national park managers note that, although military personnel are receptive to cooperation in avoiding
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disturbance, no efforts have been made by the military to address problems themselves or to offer mitigation
strategies. At Hawaii Volcanoes National Park, staff have been negotiating a voluntary agreement with the helicopter
operators association, with assistance from the FAA.

Park superintendents have an interest in addressing cumulative effects of aircraft disturbance on wildlife. They also
support continued efforts to work with the military and civilian aircraft operators to develop mutually agreeable
solutions. Preparing educational material on the sensitivity of wildlife and natural areas has been suggested as a
means of reducing disturbance.

8. Memorandum dated March 7, 1994 from Superintendent, Glacier National Park, to Acting Associate Director,
Operations, National Park Service.

9. Memorandum dated March 7, 1994 from Superintendent, Olympic National Park, to Acting Associate Director,
Operations, National Park Service.
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Conclusion 5.8

In general, reports from national park about the effects of overflights on wildlife tend to mirror the points
made earlier in this chapter: animals have been observed to modify their behavior in response to
overflights, but without long term study, the consequences of such modifications can only be inferred.

5.10 Development of Impact Criteria

Studies to-date have verified that physiological and behavioral responses by wildlife to low-flying aircraft do occur.
The nature of these responses suggests that at least some animals suffer other consequences. The studies by
Stockwell et al. (1991) and Belanger and Bedard (1989a,b) provide compelling evidence that energy losses and
habitat avoidance are occurring in response to overflights. Unfortunately, these studies cannot be used to infer
damages in other species or from other overflight regimes. Only a handful of the many species that inhabit national
parks have been studied for responses to overflights. It is very likely that there are park species that are susceptible to
disturbance that have never been studied. There is also little information suggesting how flight patterns, frequencies
and altitudes affect any species, other than the broad generalizations described earlier. Data to support the occurrence
of damage in a variety of situations would require many years of extensive and costly research.

It is also not possible to evaluate the after-effects of overflights because in most cases, animal responses fall across a
spectrum so that the question of whether or not a disturbance occurs cannot be answered with a yes or no. For
example, an overflight generally causes some animals to panic, some to be mildly disturbed, and some animals to
ignore the aircraft. At a lower altitude, the overflight causes more to panic and fewer to be mildly disturbed? At what
degree of disturbance in what percentage of animals should overflights be considered detrimental or otherwise
unacceptable? At present, these questions have only largely subjective answers.

Defining impacts according to some specific, measurable criteria is a useful first step towards developing a policy.
There is no consensus in public or scientific communities regarding impact definition. The following, categories of
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impacts are adapted in part from a matrix of definitions developed by Oak Ridge National Laboratory staff members
Roger ICroodsma and Warren Webb in cooperation with the U.S. Air Force (Braid 1992). They are meant to help
agencies in determining the severity of impacts. In these definitions, "species of concern" include Federally- or state-
listed threatened, endangered, and candidate species, species of local economic importance, or species of particular
concern to conservation or other interest groups. This definition can be expanded to include any species that is known
to be susceptible to disturbance. "Habitat" is used to refer to the physical landscape and its ecosystem components
that are subjected to overflights.

Negligible impacts

• No species of concern are present and no or minor impacts on any species are expected.
• Minor impacts that do occur have no secondary (long-term or population) effects..
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Low impacts

• Non-breeding animals of concern are present in low numbers.
• Habitat is not critical for survival and not limited to the area targeted for overflight use; other habitat meeting

the requirements of animals of concern is found nearby and is already used by those species.
• Occasional flight responses are expected, but without interference with feeding, reproduction, or other

activities necessary for survival.
• No serious concerns are expressed by state or federal fish and wildlife officials.

Moderate impacts

• Breeding animals of concern are present, and/or animals are present during particularly vulnerable life-stages
such as migration or winter (depends upon the species in question).

• Mortality or interference with activities necessary to survival are expected on an occasional basis.
• Mortality and interference are not expected to threaten the continued existence of the species in the area. State

and federal officials express some concern.

High impacts

• Breeding individuals are present in relatively high numbers, and/or animals are present during particularly
vulnerable life-stages.

• Habitat targeted for overflights has a history of use by the species during critical periods, and this habitat is
somewhat limited to the area targeted for overflight use; animals cannot go elsewhere to avoid impacts
(animals can rarely "relocate" except temporarily).

• Mortality or other effects (injury, physiological stress, effects on reproduction and young-raising) are expected
on a regular basis. These effects could threaten the continued survival of the species.

• State and federal wildlife officials express serious concern.

This evaluation process relies on the opinions of wildlife managers and researchers. In general, members of the
scientific community agree that damage to animals should not need to be proven before impacts are considered
likely. In the conclusion of the majority of studies, researchers caution that, though they cannot prove that impacts
occur, overflights that cause disturbances should be avoided.

In defining what level of disturbance to park animals by overflights is unacceptable, the NPS must rely on less than
complete information. It is clear that disturbances can result as direct and indirect effects, and that consequences may
affect survivorship. Until more information is available, it is recommended that the NPS use the levels of impact
listed to "trigger" actions to eliminate or reduce such impacts. In general, the NPS would regard situations consistent
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with "low impacts" to warrant monitoring, while situations that represent "moderate impacts" or "high impacts"
would require pursuit of solutions.

5.11 Summary

A wide range of impacts (disturbances) to wildlife due to aircraft overflights have been reported in the literature.
There are many reports of behavioral responses in animals, these responses are highly variable depending on the type
of study, the species under consideration, spatial and temporal parameters, and other broad ecosystem characteristics.
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Indirect effects on wildlife such as accidental injury, energy losses and impacts to offspring survival have been
documented. Current literature supports the argument that aircraft overflights negatively impact wildlife populations.
However, the significance of such impacts is not clear. Additional studies are still needed to better assist land
managers in substantiating the effects on population subgroups.

It is certain that some impacts do occur under certain circumstances and that it is a NPS priority to protect wildlife,
especially threatened and endangered species, whenever a probable impact exists or is expected. Hence, a series of
conditions, applicable system-wide, have been listed that can be used to define general levels of impacts. Working
with these guidelines at specific parks will lead to setting of priorities, both for possible alteration of overflight times,
locations and numbers, and for identification of further research needs.
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Sierra Club San Diego Chapter
Serving San Diego and Imperial Counties

8304 Clairemont Mesa Blvd. #101
San Diego CA 92111
Ph. 858-569-6005

February 2, 2010

Local address:
P.O. Box 444
Ocotillo, CA 92259
619-729-7178

David Dale
Seeley County Water District
22646 1898 West Main Street
Seeley, CA 92271

david.dale(u)deeinc.oP2

Re: Mitigated Negative Declaration for the Seeley Reclamation Facility

Dear Mr. Dale:

I am writing this comment on the Mitigated Negative Declaration for the Seeley Wastewater
Reclamation Facility in Seeley, California. The MND fails to include a meaningful analysis of many
biological impacts and does not comply with the requirements of the California Environmental Quality Act.
The District needs to do additional study and analysis of this Project in an EIR before approval, in part,
because it appears that this project should appropriately be considered as part of the whole of the project for
the Solar Two Project which is the subject of review by both the California Energy Commission and bu the
Bureau of Land Management for the reasons explained below.

The MND leaves out the entire purpose for the Project. This plant upgrade is only occurring to
provide water for the Solar Two Project. The vast majority of the water from the SWWTF will be used by
the Solar Two power plant. The CEQA review cannot be separated from the analysis of the Solar Two
power plant. The twelve-mile water pipeline from the Project site to the Solar Two Project must also be
studied. The impacts from all aspects of these projects cannot be left out of the District's CEQA analysis.
It is improper to segment the Project analysis so as to study the impacts on the Project while ignoring a host
of related impacts that will arise due to Project.

CEQA defines a project as "the whole of an action" which has the potential to result in a direct
physical change in the environment, or a reasonably foreseeable indirect physical change in the
environment. The "Project" refers to the activity being approved and which may be subject to several
discretionary approvals by distinct governmental agencies. The analysis must embrace future development
that will foreseeably occur if the agency approves the project.

The Project proposes to eliminate the discharge of water into the New River resulting in a
potentially significant impact to wetlands, the river, biological resources and the Salton Sea. However, the
MND conducts no analysis of these potentially significant impacts.

Seeley Wastewater Treatment Facility MND 2009-02-02 SC ltr	 1



Substantial evidence supports a fair argument that the Project may result in
potentially significant impacts to wetlands, the New River, the Salton Sea and their biological
resources that have not yet been analyzed by the District. The Project site is located adjacent
to the New River in the Salton Sea watershed. The Project site currently discharges treated
wastewater into the New River and changes in the amount of water discharged will have
potential impacts not only on the New River, but also down-gradient on the Salton Sea..

The Project proposes to discontinue flow of approximately .15 cfs to the New River. This flow
represents approximately 1.5% to 2.8% of the treated wastewater currently flowing into the Salton Sea.
Since the Salton Sea watershed is impaired and the Salton Sea ecosystem is imperiled, any reduction in
water as a result of the Project may result in a potentially significant impact to the sea and its biological
resources.

The Waste Water Treatment Plant discharges water into a channel that is 800 feet long and 50 feet
wide. The discharge supports a wetland of suitable habitat for a number of species, including the federally-
listed endangered Yuma clapper rail.

The MND must be corrected to include mitigation for impacts the clapper rail and its habitat. The
District must survey for clapper rail and provide mitigation for the significant impact that may result from
the withdrawal of effluent to the wetland. The MND should also evaluate potential impacts on the California
black rail, the Western burrowing owl and the vermilion flycatcher.

The MND also fails to provide any discussion of the biological resource impacts associated with
construction of the pipeline that will deliver water from the Project to the SES Solar Two facility. Despite
the proximity to the highway, construction of the pipeline has the potential to have a significant impact on
several sensitive biological resources. These include the flat-tailed horned lizard (Phrynosoma mcallii) or
FTHL, burrowing owl, rare plants, and jurisdictional waters. It is our understanding that the US FWS has
until November 2010 to make a determination whether or not to list the FTHL as a threatened species.

Substantial evidence supports a fair argument that the Project may result in numerous potentially
significant adverse impacts not identified in the MND and not adequately mitigated. As discussed above,
the MND is legally and factually deficient, The District must fulfill CEQA's mandate that all potentially
significant impacts be disclosed to the public and decisions makers, and that such impacts be mitigated.
Although the proposed project appears to offer solutions for one set of issues, there will be impacts related
to reduction of waterflow into the New River and wetlands which cannot be ignored. Accordingly, an EIR
in compliance with the provisions of CEQA must be prepared to address the above concerns.

Please notify me of all future meetings/hearings or information related to the use of wastewater
from the Seeley Wastewater Reclamation Facility intended for use by the proposed Solar Two Project west
of Dunaway Road. Thank you.

Sincerely

Edie Harmon
P.O. Box 444
Ocotillo CA 92259
619-729-7178
de se rib an no 1 (bQrn ai I.co 

Seeley Wastewater Treatment Facility MND 2009-02-02 SC ltr 	 2



B.



About the Sea

Economn Development

Talk to Ds!

Water Quality Salinity
Nutrients

Environmental Issues
Around the Sea

About the Autliorit

Recreation

Education

Agriculture

•
Envirornnent

The Salton Sea Environment Page 1 of 9

lotSniflO1Qvi..	 .
ketkret0=0:7,

Importance of Wildlife The "Little Critters" 
Fish
Birds
Wildlife Management

The Broader Context Air Quality 
Colorado River Delta
California's Water Allocation
The IID/San Diego Water
Transfer
TMDLs

Water Quality

Outdoor enthusiasts have long enjoyed the recreational
opportunities provided at the Salton Sea, including boating,
fishing, and camping. Hundreds of species of birds have
depended on this oasis in the California desert as an
important wetlands habitat, as one stop on their journey
along the Pacific Flyway. The agricultural community has
benefited from the Sea's existence as well, relying on the
Sea as a reservoir for agricultural drainage. At present,
certain environmental Issues have to be addressed in order
for the Salton Sea to continue serving the outdoor
enthusiasts, the hundreds of species of birds, and the
agricultural community.

A major issue being addressed In the
restoration project of the Sea is water
quality. Because of its use as an
agricultural sump, concerns have been
raised as to the presence of harmful
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elements in the water, elements such as
toxics, trace metals, and volatile organic
compounds (VOCs). Results from scientific
study, however, show that these and other
chemicals used in agriculture have not been
detected at levels that are above
established safety standards. Two Issues
that are of concern are salinity and the
nutrient levels of the Sea.

At
Safety Levels

;NiliToxics
TRACE

METALS

14.1 VOCs

A OTHER

Salinity

The Sea derives Its name from what is now so abundant in
its waters - salt. When the Salton Sea formed in 1905, it
was a freshwater lake. Over the years, the water has
evaporated, leaving behind high concentrations of salt.
Today, the Colorado River is pumped for agricultural and
urban use throughout its length and by the time it reaches
Imperial Dam, while still considered "freshwater," it already
contains high levels of salt. Farmers in the Imperial and
Coachella valleys use more water than required by the crops
to flush out salt buildup in the soil, bringing in significant
new water to sustain the Sea, but also bringing in additional
salt.

The issue of salinity has become a major focus because it is
reaching a level where it is likely to interfere with fish
reproduction and, ultimately, survival. Loss of fish would
greatly Impact the Sea's productive sport fishery, and the
food source of fish-eating birds that flock to the Sea.

Current Inflows to the Sea are equal to the amount of water
lost in evaporation and Sea levels are stable. But each year
roughly 5 million tons of new salt are added to the Sea in
those inflows. To stabilize salinity levels in the Sea, at least
an amount equal to the new salt must be removed so that
salinity levels don't go higher. If relatively freshwater now
being used on farm fields and flowing to the Sea is
conserved and transferred elsewhere, significantly more salt
will have to be removed to lower the concentration of salt in
the remaining water in the Sea.

One option to be used to reduce salt Is solar evaporation
• ponds. Engineering analyses suggest that they can remove
the most salt at the least cost. They do have several
drawbacks: they will require large amounts of space for the
ponds themselves, they will add to the loss of water in the
Sea as they evaporate water to capture the salt, and they
will result in salts that will need to be disposed of. They also
offer several advantages in addition to removing salt. Their
configuration could be used to displace water in the Sea and
thus help maintain water elevation levels. The ponds
themselves can offer new kinds of habitat for birds. And, if
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the ponds are placed on marginal farm fields, they could
free up water that would not be used for farming. Loss of
water and salt disposal will be true for just about any
practical method used to remove salt.

[Back to To of Page]

Nutrients

In addition to being highly saline, the Sea is highly
eutrophic, meaning that it is full of nutrients. The nutrients
come from dying organic matter in the Sea (algae bloom,
dead fish, decaying plants, etc.) and from agricultural and
other chemicals entering the Sea. Nitrogen, phosphorus,
calcium, magnesium, sodium, potassium, sulfates, and
chloride are the most common chemicals entering the Sea.
Nutrients, or eutrophic conditions, do not mean toxic.
Eutrophication is a natural process In all bodies of water as
decaying matter accumulates. In many lakes, including the
Sea, the process gets speeded up by human activities.

The high levels of nutrients foster the algae blooms. Algae
bloom and die quickly. When they die, they pull oxygen
from the water, often to levels that deprive the fish of life.
Fish die-offs return nutrients to the Sea as they decompose,
keeping the nutrient cycle going. Many consider
eutrophication a larger, if less immediate, threat to wildlife
than high salinity, but it is a much more complex issue to
address.

Of all the nutrients in the Sea, phosphorus is considered the
limiting nutrient. In other words, if phosphorus levels can
be reduced, the eutrophication may be reduced as well. In
recent studies, scientists were surprised to discover that
phosphorus levels were only slightly greater today than in
the 1960s, even though phosphorus input to the Sea has
doubled. Additional studies are being conducted to
determine what has happened to the phosphorus. Some
appears to have precipitated out to the sediments, some is
consumed by microorganisms, and some is taken up by
tilapia. Further, the high salinity may be Increasing the
mineralization (and thus the reduction of nutrients) of
chemicals in the Sea.

As a result of these new findings, scientists are suggesting
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that the most important first step is to reduce phosphorus
Inflows to the Sea. They propose spreading alum, a safe
and common process, in the tributaries to capture the
phosphorus before It enters the Sea. Other steps that could
help are to install tertiary treatment for municipal
wastewater and to initiate Best Management Practices
(BMPs) on farms, fish farms, and feed lots that would reduce
phosphorus runoff. A final step that may help is to
Introduce fish harvesting to reduce the phosphorus recycling
from dead fish.

[Back to TOP of Page]

Importance of Wildlife

The Salton Sea is an environmentally rich area of high
biodiversity, ranging from simple one-celled critters to the
hundreds of thousands of birds that use the Sea. The
nutrients in the Sea, the other food sources in the Sea, and
the surrounding agricultural fields all support the abundance
of life. As part of the Colorado Desert Ecosystem, the
Salton Sea and the wetlands along its shoreline are host to
life in many, and very unique, forms.

The "little critters"

The Salton Sea is a "hotspot" for microbial diversity. These
smaller inhabitants of the Sea, labeled "Little Critters", are
responsible for most of the photosynthesis and most of the
decomposition occurring at the Sea. They are a major
determinant of water chemistry and, thus, water quality.
They serve as the base of the food chain that sustains the
fish and bird populations of the Sea

Considerable work has now been done to catalog the
diversity of "critters" and their effects on the ecosystem, but
additional study is needed. Approximately 400 different
species have been Identified with dozens that are new to
science, including whole new categories of "critters."

[Back to Top of Page]

The Salton Sea is considered to have the most productive
fishery in the nation, If not the world. It has been stocked
with several salt-water sportfish - orange mouth corvina,
sargo, and gulf croaker. In the mid to late '70s, tilapia
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inadvertently entered the Sea and flourished. Even though
they are subject to die-offs from low temperatures and low
oxygen levels, they breed often and their populations reach
high levels. Currently the number of tilapla have declined,
part of what seems to be a cyclical pattern of expansion and
decline. Scientists are studying the population dynamics of
the tilapia.

One endangered fish, the desert pupfish, is found In fresh
water Inlets to the Sea. Studies have shown that the
pupflsh do move between habitat areas when a fresh water
connection exists. As the restoration proceeds, maintaining
these connections will be important in ensuring genetic
diversity and access to habitat areas.

Other nongame fish are found as well — sailfin mollies and
carp, for example.

[Back to Top of Page]

Visitors to the Sea are met with sights of birds among the
trees, birds in the water, and birds flying overhead. The
importance of the Salton Sea to these winged creatures
cannot be stressed enough. The Salton Sea is a vital link in
the Pacific Flyway, as birds migrate along this coastal
corridor, The Salton Sea provides a variety of habitats and
ample food sources for these migratory birds as well as for
resident avian populations. Food is readily available from
the Sea and the agricultural fields that surround it.

Due to this inviting expanse of habitat, the Salton Sea is
ranked as the second highest birding area in the nation,
second only to the Texas gulf coast. For some species,
there Is no "fallback" place of the same quality that they
could use. For them, loss of the Sea would mean loss of
birds.

There are approximately 400 species of resident, migratory,
and special status birds that visit or call the Sea "home." In
some years as many as 95 percent of the total population of
eared grebes may use the Sea, 80 percent of the American
white pelicans, 50 percent of ruddy ducks, and 40 percent of
the American population of Yuma clapper rails. Nearly 40
percent of California's breeding by black skimmers takes
place at the Sea, and the nesting colony of gull-billed terns
Is the largest In the western U.S.

These species plus others are considered of concern at
regional, continental, or global scales. Other sensitive
species include brown pelicans, the white-faced ibis,
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mountain plovers, black terns, burrowing owls, fulvous
whistling ducks, least bitterns, wood storks, black rails, and
snowy plovers.

[Back to Top of Par]

Wildlife Management

Numerous management issues exist
on how to best deal with concerns
surrounding wildlife at the Sea.
Protecting habitat, usually a major
challenge, has not posed a serious
problem.

Fish densities provide a special challenge, because, when
numbers are high, there is greater chance of die-offs as fish
vie for the same fixed supply of oxygen. In addition, wildlife
management involves determining a cost-effective way of
cleaning up unsightly remains of these fish die-offs along
the shoreline. Fish harvesting, and transporting and
disposing of dead fish at a scale of this magnitude requires
careful planning.

Combating bird disease is another high priority, because of
the large populations of sensitive species that make use of
the Sea. Although bird diseases have been reported since
the '20s, the number of deaths due to these diseases began
rising after 1987, as they have around the world. The
Authority has initiated a wildlife disease program, having full
time researchers at the Sea study the Incidence and cause
of bird deaths. The recent addition of an "emergency room"
at the Sea which can treat sick birds and send them to bird
"hospitals" has allowed roughly two-thirds of the sick birds
to be rehabilitated.

Because of the loss of inland wetlands in southern California,
the Salton Sea has become an unplanned mitigation
wetlands. Birds depend on it and flourish because of it,
regardless of its origins, its natural "purity," or its
problems. They don't know or care that the source of the
water In their wetlands has come from cities and farm
fields. That is similar to growing numbers of situations all
over the planet where wildlife is now dependent on human-
altered landscapes. The Salton Sea offers a classroom and
proving grounds for wildlife management to expand its
knowledge of how to manage artificial systems with less
than pristine conditions to take the place of natural areas
that are lost forever.

As one scientist stated, "The Salton Sea needs to be treated
as a garden to be nurtured for the benefit of our avifauna
rather than as a compost pile."
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[Back to Top of Page]

The Broader Context

Water quality and the role of the Sea In supporting wildlife
are essential environmental issues that are being addressed
as part of the restoration project. Restoration of the Sea,
however, becomes even more challenging and more
complex when set in the midst of changes that are taking
place around it - changes that can alter the future course of
the Sea.

Air Quality

A pending environmental issue is the risk of degraded air
quality resulting from the proposed water transfer from the
Imperial Irrigation District to San Diego. Although exact
predictions of resulting air quality are not possible without
additional information, initial assessments have concluded
that significant exposure of sediments could occur. Both the
Imperial and Coachella Valleys are currently in non-
attainment for PM10 state standards, a measure of small
particles that can be drawn deeply into human lungs,
causing respiratory problems.

As Inflows are reduced, the Sea's elevation drops and
sediments become exposed. Because the Sea is shallow
(comparable to a forty foot puddle 1/8 of an inch deep), it
doesn't take much drop in elevation to expose a large
amount of sediments. If the transfer takes place as
proposed without replacing inflows, the Sea will drop over
15 feet and expose almost 70 square miles of sediments.

The amount of dust that would blow depends on a number
of factors: the nature of the sediments, the kind of salts
that precipitate out in the sediments, the nature of the crust
that forms as a result of the salts, the direction and speed of
winds, the length of the "fetch" the wind blows across, the
availability of larger particles such as sand to disturb the
sediments, the amount of other disturbance to the crusts,
temperature, and the amount of moisture in the sediments.
The potential for blowing dust can be reduced through
mitigation - keeping sediments wet, planting saline-tolerant
vegetation, and covering emissive soils with gravel.

However, looking at areas such as Owens Lake or Mono
Lake, it is clear that mitigation is complicated and
expensive. The projected cost for Owens Lake mitigation is
roughly $300 million. While sediments around the Sea and
other conditions are not expected to be as emissive as
Owens Lake, the area of soils exposed may be twice as
much. Conditions around the Sea are highly variable and
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will blow in different places under differing circumstances. If
the resulting emissions are only 1 percent of the levels at
Owens Valley, it will be enough to exceed PM10 standards,
standards that are already being exceeded.

[Back to Top of Page]

Colorado River Delta

The Colorado River Delta In Mexico, like the Salton Sea, is
part of the California Desert ecosystem. The area of the
Delta above the Gulf of California in Mexico was formerly an
ecologically abundant area: wildlife flourished. When most of
the Colorado River became diverted before it reached the
Gulf, the Delta wetlands were greatly reduced in scale,
forcing wildlife species to go elsewhere for survival. To
restore some of the wetlands, it has been suggested that a
surprisingly modest amount of surplus flows from the
Colorado River be designated as environmental flows for the
Delta rather than be appropriated for irrigation or other
uses. Evidence from recent flood flows to the Delta have
shown that if these waters were allowed to flow to the Delta,
they would bring back some of the vegetation, provide a
variety of habitats, and even provide economic benefits
through activities such as ecotourism, hunting, fishing, and
improved shrimp harvesting in the Gulf.

The Gulf at one time extended north past the Salton Sea to
Indio. The Sea then became an alternative outlet for the
Colorado River when the channel to the Gulf became
blocked by sediment. Geologically, the two areas are linked.
Birds use both areas as habitats. Culturally, the same tribes
used both areas. Both areas are threatened by nearby
burgeoning urban growth. And both areas now depend
primarily on remaining water that has been discarded by
humans. Although linked in many ways, joint management
for these critical areas Is complicated by national borders,
different languages, and competing needs for water.

[Back to Top of Page]

California's 4.4 Limit

Under the Colorado River Compact, California was given the

http://www.saltonsea.ca.gov/environ.htm
	 2/2/2010



The Salton Sea Environment 	 Page 9 of 9

right to use 4.4 million acre feet (maf) of water each year.
Because other states in the Colorado River Basin were not
using their full share of allotted water supply, California has
enjoyed a considerable amount more. Now, those states
need to use their full share and want California to use only
that water it Is entitled to. To meet the limits of the
entitlement, water conservation would have to increase,
affecting, among others, the agricultural community.
Because almost 90% of the Sea's volume results from
agricultural runoff, a reduction in water use by farmers
would result in reduced water flows Into the Sea; reduced
water flows would raise salinity levels even more.

[Back to Top of Page]

The IID/San Diego Water Transfer

Because of the pressure to conserve, the Imperial Irrigation 
District (IID) and San Diego have agreed to a transfer of
200 000 acre feet per year of conserved water to San Diego
in exchange for payment. Although not yet approved, the
transfer represents a reduction of 200,000 acre feet of flow
into the Sea. Restoration plans must take into account the
lower lake levels and the higher salinity levels that could
result.

[Back to Top of Page]

TMDLs

The Environmental Protection Agency is requiring states to
enforce a provision in the Clean Water Act designed to set
water quality standards based on the total quality of water
in a stream or lake, rather than on Individual contaminants.
If a stream or lake is classified impaired, then the state
must identify all sources of impairment. The Total Maximum
Daily Loads (TMDLs) are standards allocated among all
sources of identified impairment, and each source must cut
back its contribution to the Impairment in order to meet the
standard. The process of establishing standards Is just
getting underway, but it has the potential to require
significant changes In the amount of nutrients, the degree of
salinity and other factors. It is not clear as of yet how this
will affect the restoration, but it is something to recognize as
possibly affecting restoration activities.

[Back to Top of Page]

Copyright 2000 Salton Sea Authority - All Rights Reserved
Site Design and Hosting by KG WebWorks

http://www.saltonsea.ca.gov/environ.htm
	

2/2/2010



C.



United States Department of the Interior

FISH AND WILDLIFE SERVICE
Ecological Services

Carlsbad Fish and Wildlife Office
6010 Hidden Valley Road, Suite 101

Carlsbad, California 92011

In Reply Refer To:
FWS-IMP-08130224-10TA0314

FEB 0 2 2010

Sandra Estigoy, Manager
Seeley County Water District
PD. Box 161
Seeley, California 92273

Subject:	 Draft Mitigated Negative Declaration for the Seeley Wastewater Treatment Plant
Improvements, Imperial County, California

Dear Ms. Estigoy:

The Fish and Wildlife Service (Service) has reviewed the Draft Mitigated Negative Declaration
(DMND) for the Seeley Wastewater Treatment Plant Improvements, Imperial County, California.
The primary concern and mandate of the Service is the protection of public fish and wildlife
resources and their habitats. The Service has legal responsibility for the welfare of migratory
birds, anadromous fish, and endangered animals and plants occurring in the United States. The
Service is also responsible for administering the Federal Endangered Species Act of 1973, as
amended (Act) (16 U.S.C. 1531 et seq.). The comments provided herein are based upon
information provided in the DMND, the 2003 Final Mitigated Negative Declaration and
Environmental Assessment (FMND/EA) for the Proposed Seeley Water/Wastewater
Management Plans, the Biological Survey Report appended to that FMND/EA, and our
knowledge of sensitive species in the County of Imperial. Our comments are limited to the
effects in the immediate vicinity of the proposed project; we were not able to consider effects
associated with the distribution and use of the reclaimed water due to time constraints.

Adequate information has not been provided for us to conclude that the proposed project would
not result in adverse impacts, either directly or through habitat modifications, to sensitive species
within the proposed project area. Of particular concern is the approximately 2-acre wetland
currently supported by treatment plant effluent that is potential habitat for the Yuma clapper rail
(Rallus longirostris yumanensis), a species listed under the Act as endangered. The DMND
indicates that the effluent would be redirected and thus no longer flow through this wetland area,
but it concludes that this will not result in adverse effects because water from other sources will
continue to support the wetland vegetation. It does not give any indication of the volume of such
flows, however. Providing the reduction in flows absent any information regarding either the
total volume of current flows or that which is anticipated to remain in the channel (including any
seasonality of such flows) following the proposed improvements does not allow for specific
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conclusions to be drawn relative to the resultant effects on the wetland vegetation in the effluent
channel.

In the FMND/EA a determination was made that the loss of these same effluent flows could
result in significant impacts to the wetlands and the Yuma clapper rail. The Biological Survey
Report goes on to state: "This wetland appears to be dependent upon the discharge from the
wastewater treatment plant... Discontinuing the current discharge regime will undoubtedly result
in the rapid demise of this wetland area." Mitigation in the form of avoidance (maintaining
flows through the channel rather than redirecting said flows to a pipeline directly to the New
River) was incorporated into the Management Plan at that time. There does not appear to be any
new information available that would support the conclusion in the current DMND over that
provided in the previous FMND/EA, in particular those provided in the Biological Survey
Report. A single site reconnaissance visit in July of 2009 could not generate the specific
information required to countermand the conclusions provided in the previous FMND/EA and
Biological Survey Report.

We recommend that the following information be assembled in completing the environmental
review process: quantification of the flows coming from other sources to the channel wetland
including an assessment of the likelihood of its continued existence following the redirection of
effluent flows, an assessment of the vegetation composition of the adjacent New River corridor
and an evaluation of the 2-acre channel wetland in the context of the broader mosaic of habitats
in the vicinity, and completion of protocol surveys for the Yuma clapper rail to determine if the
species currently occupies the area and could be adversely affected by the project. The survey
protocol (as revised) requires that the surveys be conducted between March 15 and May 31.
Specifics on the protocol can be found at:
http://www.fws.gov/southwest/es/arizona/Yuma_Rail.htm.

Thank you for providing us with an opportunity to review the Draft Mitigated Negative
Declaration for the Seeley Wastewater Treatment Plant Improvements. Please feel free to
contact Carol Roberts of this office at (760) 431-9440 if you have any questions.

Sincerely,

ea-cleat-
tCennon A. Corey

Assistant Field Supervisor

cc:
Craig Weightman, California Department of Fish and Game
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California Environmental Protection Agency
Regional Water Quality Control Board

Colorado River Basin Region

Staff Report: Water Quality issues in the
Salton Sea Transboundary Watershed

February 2003

The Salton Sea
TranSboundaty Watershed

The Salton Sea Transboundary Watershed is a watershed
cross-cut by boundaries — boundaries include those of
tribes, nations, counties, water districts, joint-powers
authorities, and local, state, and federal agencies. Once
you have identified these boundaries, current ecological
and political issues breach those boundaries: Essentially,
the sole source of water to the watershed is the Colorado
River, a waterbody once naturally hydrologically
connected the to Salton Sea Basin, but today
hydrologically connected through a vast system of water
projects. The Salton Sea ecosystem is considered a
critical link on the international Pacific Flyway.
Freshwater inflow to the Sea is uncertain due to
proposed water transfers and water conservation both in
the US. and in Mexico. Solutions are further colored by
the complex historical and political issues surrounding
the use of Colorado River water.

The Salton Sea Transboundary Watershed's the Region's
Priority Watershed. The watershed is located in the
Sonoran desert region in the southeastern corner of
California, encompasses one-third of the Colorado River
Basin Region (about 8,360 square miles), and contains
five (out of a total of six) of the Region's 303(d) Listed
impaired surface warerbodies.

The Salton Sea Transboundary Watershed



„,=.!..7:•-,.-,tor.cses•PALgyic • '
.01.14aze.esefelZed4 fl 4

""C-4;c "It IF. , s.	 ;ase—riaii

Most of the watershed is in Imperial County, but it also receives drainage from
Coachella Valley in Riverside County and the Mexicali Valley in Mexico (via the New
River). The watershed has been identified as a Category I (=paired) Watershed under
the 1998 California Unified Watershed Assessment. Water imported from the
Colorado River has created an irrigated agricultural ecosystem in the Salton Sea
Transboundary Watershed; wildlife and aquatic species are dependant on habitat
created and maintained through the discharge of agricultural return flows. Major
waterbodies in the watershed include the Salton Sea, the Alamo River, the New River,
the Imperial Valley Agricultural Drains, and the Coachella Valley Stormwater Channel.
Other waterbodies of importance include San Felipe Creek and Salt Creek, which
provide critical habitat for the endangered desert pupfish. Aquatic and wildlife habitat
uses that developed incidental to the importation of water into the desert are
designated as beneficial uses in the Region's Water Quality Control Plan (Basin Plan).

Great concern recently has been expressed about the fate of the Salton Sea ecosystem
because of increasing salinity, contamination from agricultural and urban sources,
disease outbreaks, and large die-offs of waterbirds. Particularly hard hit in the 1990s
were the Eared Grebe (150,000 in 1992, unknown causes); American White Pelican

(9,000 in 1996, botulism); Brown Pelican (1,200 in 1996, botulism); and waterfowl,
shorebirds, and waders (>11,000 in 1998, avian cholera). Concern is heightened
because connections with other important ecosystems in western North America link
the health of populations of many species of waterbirds to that of the Salton Sea.
Additionally, because of the loss or degradation of other major wetland systems in the
Pacific Flyway, including the nearby Rio Colorado Delta region, birds have become
increasingly dependent on the Salton Sea.

Prior and current data demonstrate that the Salton Sea supports large numbers and a
great variety of avian species and is arguably one of the most important wetlands to
birds in North America. The Salton Sea hosts hundreds of thousands, and at times
low millions, of migratory, wintering, and breeding birds and is the destination for
many post-breeding birds moving north from Mexico. Populations in the Salton Sea
area of a number of species — Eared Grebe, American White Pelican, White-faced
Ibis, Ruddy Duck, Mountain Plover, Black Tern, and Burrowing Owl — are of
regional, continental, or worldwide importance. Colonial breeding species with
significant populations at the Sea include the Double-crested Cormorant, Cattle Egret,
Gull-billed Tern, Caspian Tern, and Black Skimmer. The Sea also supports notable
populations of a number of additional tan of concern for conservation, such as the
Fulvous Whistling-Duck, Least Bittern, Wood Stork, Yuma Clapper Rail, Black Rail,
and Snowy Plover. Although waterbirds are widely distributed in various habitats at
the Salton Sea and Imperial Valley, studies in 1999 documented particularly large
concentrations of waterbirds at both the north and south ends of the Sea. Isolated
river deltas and islands were very important refuges for large flocks of roosting and
colonial nesting birds.



Salton Sea
The Salton Sea is a closed basin, saline lake that is
about 35 miles long and 9 to 15 miles wide with
approximately 360 square miles of water surface area
and 105 miles of shoreline. The surface of the Sea lies
approximately 227 feet below mean sea level. The
Salton Sea is a designated repository for agricultural
return flows from the Imperial and Coachella Valleys.
In 1924 and 1928, President Coolidge executed Public
Water Reserve Order Numbers 90 and 114,
respectively, for withdrawal of 123,360 acres of public
land lying at an elevation of 220 feet below MSL, in
and surrounding the Salton Sea These lands were
designated as a repository to receive and store
agricultural, surface, and subsurface drainage waters.
The State of California designated the Sea for this
same purpose in 1968. The current inflow into the
Salton Sea is about 1.3-million acre-feet per year,
which is approximately equal to the rate of
evaporation. Currently, the Sea is 25% saltier than the
ocean (total dissolved solids concentration of 44,000
milligrams per liter), with salinity increasing at
approximately 1% per year. Over 70% of the
freshwater inflows to the Sea consist of agricultural
drain water from Imperial Valley. Because the Sea has
no outlet, salts concentrate in it and nutrients enhance
the formation of eutrophic conditions. The Sea's
salinity problem cannot be directly addressed from a
strictly regulatory standpoint; rather a coordinated
solution involving an engineered solution aimed at
stabilization and/or restoration of salinity levels must
be developed. The Salton Sea can also be classified as
a eutrophic lake - impaired by nutrients, which result
in low dissolved oxygen, high ammonia levels, and foul
odors. The Sonny Bono Salton Sea National Wildlife
Refuge was established in 1930 to preserve wintering
habitat for millions of waterfowl and other migratory
birds. Today, the National Wildlife Refuge is a critical
stop on the Pacific Flyway for migrating birds,
including several state- and federally-listed endangered
and threatened species. However, catastrophic die-
offs of birds and fish between 1992 and 1999 indicate
the Sea is in serious trouble, and may be unable to
support these beneficial uses in the future.



New River
The New River originates in Mexico. It flows
approximately 20 miles through the City of Mexicali,
Mexico, crosses the International Boundary, continues
through the City of Calexico in the United States, and
travels northward about 60 miles until it empties into
the Salton Sea. Its flow at the International Boundary
normally ranges from 181 to 362 cubic feet per
second (cfs) [118,220 to 264,530 acre-feet per year
(AFY)]. The New River carries urban runoff,
untreated and partially treated municipal wastes,
untreated and partially treated industrial wastes, and
agricultural runoff from the Mexicali Valley. In
addition, the River carries urban runoff, agricultural
runoff, treated industrial wastes, and treated,
disinfected and non-disinfected domestic wastes from
the Imperial Valley. It carries approximately 11 cfs
(7,970 AFY) of treated wastewater (primarily
municipal wastewater), as permitted by the Regional
Board under the National Pollutant Discharge
Elimination System, from point sources in Imperial
Valley. The New River flow at the Salton Sea has
varied from 553 to 705 cfs (411,770 to 512,350 AFY).
Eight NPDES permitted domestic wastewater
treatment facilities discharge to the New River. Of
these, three discharge disinfected effluent (-5.7 cfs)
and five discharge nondisinfected effluent (-5.3 cfs).
It is anticipated that disinfection will be fully
accomplished in the US portion of the watershed
soon. Urban runoff and domestic and municipal
wastes in the New River carry significant amounts of
pathogens, which pose a severe threat to public -
health, particularly near the International Boundary.
Flow at the International Boundary is also been
documented to convey considerable levels of several
volatile organic constituents (VOCs), likely from
industrial discharges and petroleum products
discharged to the New River.

Alamo River
The Alamo River originates approximately 2 miles
south of the International Boundary with Mexico, and
flows northward across the border for about 50 miles
until it empties into the Salton Sea. The Alamo River
is dominated by agricultural return flows from
Imperial Valley. Its flow at the International Boundary
is 2 to 4 cfs (1450 to 2900 AFY), whereas at its delta
with the Salton Sea ranges from 680 to 902 cfs
(499,020 to 654,130 AFY). It also carries
approximately 15 to 27 cfs (10,867 to 19,200 AFY) of
treated wastewater from point sources in Imperial
Valley. Mexico has agreed to eliminate dry weather
flow contributions to the Alamo River, although that
commitment remains unfulfilled to date.

Imperial Valley Agricultural Drains
The Imperial Valley Agricultural Drain system
comprises over 1,450 miles of constructed surface
drains that discharge into the Alamo and New Rivers
and the Salton Sea. The Ag Drains primarily carry
agricultural runoff from the Imperial Valley.
Agricultural discharges in the Imperial Valley range
from 830,841 to 1,153,827 AFY, while averaging
994,812 AFY. Of this amount, approximately 44-
48% is tailwater, 27-31% percent is tilewater, 13%
percent is seepage, and 12% is operational spill. The
resulting mix of tailwater (surface runoff), tilewater
(subsurface drainage) and seepage contains pesticides,
nutrients, selenium, and silt in amounts that exceed
water quality standards.



Beneficial Uses
The Federal Clean Water Act and the State Porter-Cologne Water Quality Control Act both require the state to identify "beneficial uses" of water and water quality objectives
protective of those uses. The beneficial uses for select waters within the Salton Sea Transboundary Watershed are shown on the following page. The state and federal governments
are obligated by law to protect the uses.
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New River x e x x x x x

Salton Sea x P x x x x x	 1

Colorado River and as. 	 ed lakes and reserinirs X x K x x x x x x x x x

DEFINITION 
Uses of water for farming, horticulture, or ranching including, but not limited to, irrigation, stock watering, or support of
vegetation for range grazing. 
Uses of water for aquaculture or mariculture operations including, but not limited to, propagation, cultivation, maintenance, or
harvesting of aquatic plants and animals for human consumption or bait purposes. 
Uses of water that support cold water ecosystems including, but not limited to, preservation or enhancement of aquatic
habitats, vegetation, fish, or wildlife, including invertebrates. 
Uses of water for natural or artificial maintenance of surface water quantity or quality.
Uses of water for natural or artificial recharge of ground water for purposes of future extraction, maintenance of water quality,
or halting salt water intrusion into fresh water aquifers. 
Uses of water for industrial activities that do not depend primarily on water quality including, but not limited to, mining,
cooling water supply, hydraulic conveyance, gravel washing, fire protection, and oil well repressurization. 
Uses of water for community, military, or individual water supply systems including, but not limited to, drinking water supply.
Uses of water for hydropower generation.
Uses of water that support habitats necessary, at least in part, for the survival and successful maintenance of plant or animal
species established under state or federal law as rare, threatened or endangered.
Uses of water for recreational activities involving body contact with water, where ingestion of water is reasonably possible.
These uses include, but are not limited to, swimming, wading, water-skiing, skin and scuba diving, surfing, white water
activities fishing, and use of natural hot springs.

CATEGORY
AGR
	

Agriculture Supply

IND
	

Industrial Service Supply

MUN
	

Municipal and Domestic Supply
POW
	

Hydropower Generation
RARE
	

Preservation of Rare, Threatened,
or Endangered Species

REC I
	

Water Contact Recreation

AQUA
	

Aquaculture

COLD
	

Cold Freshwater Habitats

FRSH
	

Freshwater Replenishment
GWR
	

Ground Water Recharge

Non-Contact Water Recreation
	

Uses of water for recreational activities involving proximity to water, but not normally involving contact with water where
REC II
	

ingestion of water is reasonably possible. These uses include, but are not limited to, picnicking, sunbathing, hiking,
beachcombing, camping, boating, tidepool and marine life study, hunting, sightseeing, or aesthetic enjoyment in conjunction
with the above activities.
Uses of water that support warm water ecosystems including, but not limited to, preservation or enhancement of aquatic
habitats, vegetation, fish, or wildlife, including invertebrates. 
Uses of water that support terrestrial ecosystems including, but not limited to, the preservation and enhancement of terrestnal
habitats, vegetation, wildlife (e.g., mammals, birds, reptiles, amphibians, invertebrates), or wildlife water and food sources.

WARM
	

Warm Freshwater Habitat

WILD	 Wildlife Habitat



WATER QUALITY ISSUES IN THE SALTON SEA TRANSBOUN CARY WATERSHED
Sediment & Attached

Organochlorine Pesticides
Sediment is present in the New and Alamo Rivers and
the Imperial Valley Agricultural Drains at levels that
impair beneficial uses, including the WILD, WARM,
RARE beneficial uses. In addition, and perhaps more
importantly, sediment carries long lasting pesticides,
including DDT and toxaphene. These pesticides were
banned in the 70's, but are still present at levels of
concern within the ecosystem. This is documented
through the State's Toxic Substances Monitoring
Program and through studies by the US Fish and
Wildlife Service.

Sediment is introduced into the drain system by
irrigated agriculture practices, drain management
practices such as dredging and bank stability, and
through natural channel scouring and bank erosion.

The RWQCB is in the process of developing a
sediment TMDL for the Alamo River, with a
sediment TMDL for the New River to follow soon.

Soluble Pesticides
A 5-year study conducted by the State Water
Resources Control Board and researchers at the
University of California at Davis, found that the
organophosphate pesticides diazinon, chlorpyrifos,
malathion, and carbofuran were present at toxic levels
in the Alamo River and in the Alamo River delta
(within the Salton Sea). With new funds in fiscal year
00-01, the RWQCB will be implementing a water
quality monitoring program to better characterize the
temporal and spatial distribution, environmental
impacts, and sources of these compounds, along with
potential control actions

Salinity
Currently, the Sea is 25% saltier than the ocean (total
dissolved solids concentration of 44,000 milligrams
per liter), with salinity increasing at approximately 1%
per year. The Sea's salinity problem cannot be directly
addressed from a strictly regulatory standpoint; rather
a coordinated solution involving an engineered
solution aimed at stabilization and/or restoration of
salinity levels must be developed. The Salton Sea
Authority and the US Bureau of Reclamation seek to
address solutions to this problem in their
Environmental Impact State/Report.

Selenium
Selenium is a trace metal that is present in the
Colorado River at concentrations of 2 to 5 ppb. The
majority of this selenium is introduced into the
Colorado River system through land use practices
(including mining and agricultural) in Colorado and
Utah. Studies by the US Geological Survey
documented that all of the selenium contained within
the Imperial Valley waterbodies was introduced
through irrigation water. Selenium is concentrated
through evaporative processes as a result of irrigated
agriculture practices, and discharged to Imperial
Valley surface waters.

Recent monitoring data indicate that selenium is
present in the Alamo River at approximately 7 to 8
parts per billion (ppb) -- levels that exceed the State's
water quality objective for this water body of 5 ppb.
Through the State's Toxic Substances Monitoring
Program, selenium has been detected in fish filets at
levels of concern. These data, from 1978 through
1998 are fairly consistent, with no obvious temporal
trend present in the data.

The RWQCB intends to begin the long process of
addressing the selenium contamination of waters
within the Salton Sea Transboundary Watershed
through a TIVIDL, as resources and Other priorities
permit.

Nutrients
Nutrients are discharged into the surface waters
draining to the Salton Sea from agricultural and
municipal waste sources in both Mexico, and the U.S.
One-hundred years worth of nutrients discharged to
the closed basin of the Salton Sea is taking its toll,
with eutrophication seen as a major environmental
issue for the restoration of the Salton Sea.

The management of nutrient inputs into the dosed
basin of the Salton Sea is an issue that must be
addressed in any meaningful restoration scenario, and
one that the RWQCB will play a strong role, through
the development and implementation of nutrient
TMDLs. This process is scheduled to begin in
December 2000. RWQCB staff will solicit the input
of a scientific advisory committee on issues including
data needs, data quality control objectives, model
objectives, and numeric targets.

Pathogens
Regional Board staff has measured bacteria levels at
the New River delta that exceed the levels established
to be protective of human health. The RWQCB is
working to address this water quality and human
health concern through development and
implementation of a pathogen TMDL for the New
River. The RWQCB will work cooperatively with the
US Environmental Protection Agency and the US
International Boundary and Water Commission to
achieve implementation of this TMDL.

Volatile Organic Constituents
Volatile organic constituents are routinely detected in
the New River at the International Boundary. The
sources of these VOCs are believed to be from
untreated and partially treated discharges from
industry in Mexicali.



Water Quality Control

National Pollutant Discharge Elimination System
Under the Federal Clean Water Act (CWA), all point
source discharges of pollutants to waters of the
United States (including lakes, rivers, wetlands, etc.)
must be authorized under a National Pollutant
Discharge Elimination System (NPDES) permit.
There are a few exceptions for discharges such as
return flows from irrigated agriculture, and runoff
from agricultural crop lands and forest lands.
Additionally, certain point source discharges of storm
water are not currently required to have NPDES
permits, although many types of storm water
(including storm water discharges associated with
industrial activity and construction activity disturbing
five or more acres, and discharges from large cities'
storm sewer systems) are regulated under the NPDES
permit program. Sixteen wastewater treatment
facilities with discharges that ultimately flow to the
Salton Sea are permitted by the RWQCB.

Total Maximum Daily Louis
Total Maximum Daily Loads (FMDLs) are a
requirement of the CWA. A TMDL is the sum of the
individual wasteload allocations for point sources,
load allocations for nonpoint sources and natural
background pollutants, and an appropriate margin of
safety. TMDL Implementation Plans may address
individual pollutants or groups of pollutants, and
should include a description of BMPs, point source
controls or other actions necessary to implement
TMDL, how and when necessary controls/restoration
actions will be accomplished, and who is responsible
for implementation.

Imperial County Farm Bureau Voluntary Program
The Imperial County Farm Bureau (ICFB) has
initiated a "Voluntary Watershed Program." Under
the direction of a Watershed Coordinator, the ICFB is
seeking to establish ten subwatershed (or "drainshed)

groups. Each subwatershed group is to be comprised
of individual agricultural producers and landowners
who operate/own land within a 50,000 acre drainage
basin. The ICFB will encourage owner/operators to
take a lead role in the development of subwatershed
plans, and to develop and implement BMPs to attain
TMDL load allocations.

State's Nonpoint Source Management Plan
Nonpoint sources (NPS) of water pollution are
usually defined as sources which are diffuse and/or
not subject to regulation under the federal National
Pollutant Discharge Elimination System (for surface
water discharges). RWQCB staff work to implement
the State Water Resources Control Board NPS
Management Plan and to develop and implement
Total Maximum Daily Loads for the control of NPS
pollution. California's NPS Pollution Control
Program has been in effect since 1988. The Program
includes the "Three-Tiered Approach," through
which self-determined implementation is favored, but
more stringent regulatory authorities are utilized when
necessary to achieve water quality standards. The
Three-Tiered approach to NPS regulation includes the
following tiers that can be implemented as needed: (1)
self-determined implementation of Best Management
Practices (BMPs); (2)regulatory-based encouragement
of Best Management Practices; and (3) effluent
requirements. Through TMDL implementation plans,
RWQCB staff are working to provide
recommendations to the RWQCB to enhance the
effective implementation of the State's NPS pollution
control program.

Best Management Practices
Best Management Practices (BMPs) are defined as
"methods, measures, or practices selected by an
agency to meet its nonpoint source control needs.
BMPs include but are not limited to structural and

nonstructural controls and operation and maintenance
procedures. BMPs can be applied before, during, and
after pollution-producing activities to reduce or
eliminate the introduction of pollutants into receiving
waters." Economic, institutional, and technical
factors should be considered in a continuing process
of identifying control needs and evaluating and
modifying the BMPs as necessary to achieve water
quality goals

Pursuant to the State's NPS Management Plan,
implementation of BMPs should normally include: (1)
consideration of specific site conditions; (2)
monitoring to assure that practices are properly
applied and are effective; (3) improvement of a BMP
or implementation of additional BMPs or other
management practices when needed to resolve a
deficiency and; (4) mitigation of a problem where the
practices are not effective.

Salton Sea Restoration Prolect
There has been a joint local-federal effort underway to
develop alternatives to restore the Salton Sea. The
U.S. Bureau of Reclamation and the Salton Sea
Authority (a Joint Powers Authority comprised of
representatives from Imperial and Riverside Counties,
the Coachella Valley Water District, and the Imperial
Irrigation District) are the lead agencies. The Federal
Salton Sea Reclamation Act of 1998 provided
significant funding for the lead agencies to study
alternative solutions to restore the Salton Sea.
Current and past efforts have focused primarily on
salinity reduction/stabilization and stabilization of
elevation. Strategic science planning being developed
by the Salton Sea Science Subcommittee calls for
studies and monitoring of the watershed to better
understand the complex relationships between
ecosystem health and stressors.



Installation of a Force Main in Mexicali, Baja California, Mexico

Sediment BMP: Fiber Mat "Speed Bump"

New River/Mexicali Sanitation Project
The Regional Board has been actively involved in the cleanup of the New
River and has been a significant force in pursuing efforts to address
international pollution of the New River. The Regional Board has routinely
monitored the water quality of the New River since 1975. In 1995, the United
States Environmental Protection Agency (USEPA) provided funds to the
Regional Board to further monitor and document the water quality at the
International Boundary on a monthly basis. The main purpose was to assess
to what degree Mexican sanitation projects improve water quality of the New
River at the boundary. Monitoring data indicate that the New River is
polluted by pesticides, bacteria, silt, nutrients (e.g., nitrate and phosphate), and
volatile organic constituents.

Regional Board staff implements the New River/Mexicali Sanitation
Program, which includes: monthly observation tours of discharge locations
and wastewater facilities in the City of Mexicali, Mexico; monthly 8-hour
monitoring and quarterly 24-hour monitoring of the New River at the
International Boundary; coordination with the U.S. Section of the
International Boundary and Water Commission; technical reviews of
documents, plans and reports; and participation on the binational technical
committee.

Pass-Through Grants
RWQCB staff works to solicit, develop, and manage pass-through grant projects that will
result in measurable water quality improvement, that substantially augment planning
efforts, and that aim to provide effective education and outreach to the public These
grant monies include the Federal Clean Water Act Sections 2050) (planning) and 319(h)
(implementation) grants. Additionally, Regional Board staff is working to establish
relationships with local, state, and federal agencies to solicit grant money for stakeholder
implementation of water quality improvements. These agencies include the Natural
Resources Conservation Service, local Resource Conservation Districts, and the Bureau of
Reclamation.

For more information:
Watershed Management — Joan Storm°
TMDL Development —Teresa Gonzales
TMDL Implementation- Doug Wylie

New River/Mexicali Sanitation Program: Jose Angel
(760) 346-7491

Visit our website: http://www.swrcb.ca.gov/rwqcb7
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Salton Sea

Salton Sea Watershed Staff Report for 2003 (PDF Format)

The Salton Sea is California's largest lake and famous for its sport fishery and recreational uses. It is about 35 miles
long and 9-15 miles wide with approximately 360 square miles of water surface and105 miles of shoreline. The surface
of the sea lies approximately 232 feet below sea level. One of the major functions of the Salton Sea is to serve as a
sump for agricultural wastewater for the Imperial and Coachella Valleys. Executive Order of Withdrawal (Public Water
Reserve No. 114, California No. 26), signed in 1928, designated lands within the Salton Basin below elevation 220 feet
below MSL as storage for wastes and seepage from irrigated lands in the Imperial Valley. Approximately 75 percent of
the freshwater inflow to the Sea is agricultural drain water from Imperial Valley. As the Sea has no outlets, salts
concentrate in it and nutrients increase the formation of eutrophic conditions. Currently, the Sea is 25 percent saltier
than the ocean, with salinity increasing at approximately 1 percent per year. The Sea supports a National Wildlife
Refuge and is a critical stop on the Pacific Flyway for migrating birds, including several state- and federal-listed
endangered and threatened species. The Salton Sea National Wildlife Refuge was established in 1930 to preserve
wintering habitat for waterfowl and other migratory birds. However, catastrophic die-off of birds and fish between 1992
and 1997 indicate the Sea is in serious trouble, and may be unable to support these beneficial uses in the future.

The New River originates in Mexico. It flows approximately 20 miles through the City of Mexicali, Mexico, crosses the
International Boundary, continues through the City of Calexico in the United States, and travels northward about 60
miles until it empties into the Salton Sea. Its flow at the International Boundary is about 150 to 200 cubic feet per
second (cfs). (108,400 to 145,000 acre-feet per year (AFY)). The New River carries urban runoff, untreated and
partially treated municipal wastes, untreated and partially treated industrial wastes, and agricultural runoff from the
Mexicali Valley, Mexico across the International Boundary into the United States. In addition, the River carries urban
runoff, agricultural runoff, treated industrial wastes, and treated, disinfected and non-disinfected domestic wastes from
the Imperial Valley. It also carries approximately 6 to 11 cfs (4,350 to 7,970 AFY) of treated wastewater from point
sources in Imperial Valley. The New River flow at the Salton Sea is about 600 cfs (430,000 AFY).

The Alamo River originates approximately 2 miles south of the International Boundary with Mexico, and flows
northward across the border for about 50 miles until it empties into the Salton Sea. The Alamo River is dominated by

http://www.waterboards.ca.gov/coloradoriver/water_issues/programs/salton_sea/index.shtml  2/2/2010
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agricultural return flows from Imperial Valley. It also carries approximately 15 to 27 cfs (10,867 to 19,200 AFY) of
treated wastewater from point sources in Imperial Valley. Its flow at the International Boundary is 3 to 5 cfs (2100 to
3620 AFY), whereas at its delta with the Salton Sea is about 800 to 1000 cfs (600,000 to 800,000 AFY).

The Ag Drain system comprises over 1,450 miles of surface drains, which discharge into the Alamo and New Rivers
and the Salton Sea [2.11]. The Ag Drains primarily carry agricultural runoff from the Imperial Valley. Agricultural
discharges in the Imperial Valley average about 830,000 acre-feet/year. Of this amount, approximately 36 percent is
tailwater, 33 percent is seepage, and 30 percent is tilewater. The resulting mix of tailwater, tilewater, and seepage
contains pesticides, nutrients, selenium, and silt in amounts that violate water quality standards.

For more information, check out the following links:

About the Salton Sea Watershed (Colorado River Basin Water Duality Control Board)
Salton Sea Authority
Salton Sea Restoration Project
US Bureau of Reclamation - Lower Colorado River
Salton Sea National Wildlife Refuge
The Salton Sea State Recreation Area
The Salton Sea Home Paqe - SDSU 
New River Wetlands Project
The Salton Sea - California's Overlooked Treasure by Pat Laflin
The Salton Sea International Bird Festival
Colorado River and the Salton Sea - Department of Water Resources
Imperial County - University of California Cooperative Extension
Imperial County Farm Bureau - Website for TMDL's and BMP's

(Updated 9/14/09)

Conditions of Use I Privacy Policy
Copyright 2007 State of California
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January 25, 2010

Mr. David Dale, PE, PLS
amic Consulting Engineers, Inc.

116 S Imperial Avenue, Suite B
Imperial, CA 92251

SUBJECT:	 Notice of Intent to adopt a Mitigated Negative Declaration for Seeley County
Water District Wastewater Reclamation Facility Improvements, Seeley, Imperial

Dear Mr. Dale

This letter is in response to your Draft Mitigated Negative Declaration Package received on January 04.
2010 for the above-mentioned project. The project consists of upgrading the Wastewater Treatment Plant
from secondary treatment with a New River discharge to a California Title 22 plant with tertiary effluent
suitable for unrestricted use. The project improvements will be confined to the existing wastewater plant.
The project area is located along the western boundary of the unincorporated community of Seeley in
Imperial County, California.

Department staff has reviewed the information and the following comments shall be Conditions of.	 .	 .
Approval:

1. New River Boulevard is classified as a Local County Road requiring sixty (60) feet of right-
of-way, being thirty feet from existing road centerline. It would therefore be requested that
sufficient right-of-way be provided to meet this road classification.

2. The applicant shall provide a Drainage and Grading Plan/Study for property grading and
drainage control, which shall also include prevention of sedimentation of damage to offsite
properties. The Study/Plan shall be submitted to the Department of Public Works for review
and approval. The applicant shall implement the approved plans. Employment of
appropriate Storm Water Best Management Practices (BMP's) shall be included.

,

3. An encroachment permit shall be secured from the Department of Public Works for any and
all new altered or unauthorized existing- driveway(s) to access the property.

4. As a minimum, full road improvements along New River Boulevard shall be constructed. All
plans shall be reviewed and approved by the Imperial County Public Works Department.

5. A separate encroachment permit/haul permit will be required for hauling in excess of six (6)
trucks per hour for the purpose of maintenance, temporary traffic signage and
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By:

control and upkeep of County road used in the haul. A detailed route plan from site to
destination shall be submitted to this Department for review and approval for utilization of
County roads. The following shall be incorporated in the permit:

• Any operations that would require the use of haul trucks shall maintain roads used for
hauling material. Depending on the amount of truck traffic and haul route, impacted
road segments and intersections will need to be considered.

• Maintenance shall include, but not limited to, repairing ruts, potholes, dangerous
shoulders, sweeping and watering roads for dust suppression. Road maintenance
requirements would be determined on a case-by-case basis and would be coordinated
between the Department and the Operator for each proposed hauling operation.

• Haul Permits can be for up to one (1) year, multiple use, depending on the nature of
the hauling.

6. A transportation permit shall be required from the road agency(s) having jurisdiction over
haul routes for any haul of heavy equipment and large vehicles which impose greater than
legal loads on riding surfaces, including bridges.

7. The project construction must take appropriate dust control measures and mitigate PM10
levels for any unpaved roads as well as onsite access concerns.

8. All solid and hazardous waste shall be disposed of in an approved solid waste disposal site in
accordance with existing County, State and Federal regulations.

9. The County reserves the right to make additional comments once more information is
available for this project.

Should you have any questions, please do not hesitate to contact this office. Thank you for the
opportunity to review and comment on this project.

Respectfully,

William S. Brunet, PE
Director of Public Works

Manuel Ortiz
Assistant County Engineer

Fp/LL

Cc:	 Jurg Heuberger, Planning Department

PAWORDDOCS n RIGHT OF WAYkMISC \ Draft MND Seeley Wesley/mei doc
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Department of Toxic Substances Control

Arnold Schvarzenegoer
Governor

Maziar Movassaghi
Acting Director

5796 Corporate Avenue
Cypress, California 90830

Linda S. Adam;
Secretary tor

Environmental Protection
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January 25:2010

Mr. David Dale
Seeley County Water District
1898 West Main Street
Seeley, California 92273

NOTICE OF INTENT TO ADOPT A PROPOSED MITIGATED NEGATIVE
DECLARATION FOR THE SEELEY COUNTY WATER DISTRICT WASTEWATER
RECLAMATION FACILITY IMPROVEMENTS PROJECT (SCH #2009121093).
IMPERIAL COUNTY

Dear Mr. Dale.

The Department of Toxic Substances Control (DISC) has received your submitteil draft
Initial Study (IS) and purposed Mitigated Negative Declaration (MN!)) for the above-
mentioned project. The following project description Is stated in your document:"Seeley
County Water District (Seeley or District) operates an existing Wastewater Treatment
Plant (WVVTP) which serves the Town of Seeley, located in Imperial County, California.
The District is proposing to upgrade the existing WNW facility from secondary
treatment, with a New River discharge permit to a California Title 22 treatment plant,
with tertiary effluent suitable for unrestricted recycled use. Existing treatment ponds will
be modified to provide an activated sludge process followed by tertiary treatment
consisting of a microfiltration (MF) system followed by ultraviolet (UV) disinfection..
Improvements will be made within the existing treatment facility on an approximately
5-acre which has been previously disturbed in association with construction of the
original facility and ongoing operation and maintenance activities. Sludge wastes from
the process will be dried on open-air drying beds and disposed of offsite at a landfill with
sufficient capacity and permitted toaccept geosolids. The Seeley Wastewater
Treatment Facility is located, immediately east of the New River, south of aCentro
Street and west of New River Boulevard ", DISC has the following comments:

1)	 The MND should identify the mechanism to initiate any required investigation
and/or remedlation for any site that may be contaminated; and the government
agency to provide appropriate regulatory oversight. If necessary, DTSC would
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require an oversight agreement in order to review such documents. Please see
comment No. 9 below for more information.

For all identified sites, the MND should evaluate whether conditions at the site
may pose a threat to human health or the environment. Following are the
databases of some of the pertinent regulatory agencies:

• National Priorities List (NPL): A list maintained by the United States
• Environmental Protection Agency (U.S.EPA).

• EnviroStor: A Database primarily used by the California Department of Toxic
Substances Control, accessible through DTSC's website (see below).

• Resource Conservation and Recovery Information System (RCRIS): A database
of RCRA facilities that is maintained by U.S EPA.

• Comprehensive Environmental Response Compensation and Liability
Information System (CERCLIS): A database of CERCLA sites that is maintained
by U.S.EPA.

• Solid Waste Information System (SWIS): A database provided by the California
Integrated Waste Management Board which consists of both open as well as
closed and inactive solid waste disposal facilities and transfer stations.

Leaking Underground Storage Tanks (LUST) Spills, Leaks, Investigations and
Cleanups (SLIC): A list that is maintained by Regional Water Quality Control
Boards.

• Local Counties and Cities maintain lists for hazardous substances cleanup sites
and leaking underground storage tanks,

The United States Army Corps of Engineers, 911 Wilshire Boulevard,
Los Angeles, California, 90017, (213) 452-3908, maintains a list of Formerly
Used Defense Sites (FUDS).

2)	 All environmental investigations, sampling and/or remediation for the site should
be conducted under a Workplan approved and overseen by a regulatory agency
that has jurisdiction to oversee hazardous substance cleanup. The findings of
any investigations, including.any Phase I or II Environmental Site Assessment
Investigations should be summarized in the document. All sampling results in
which hazardous substances were found should be clearly summarized in a
table.
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3) If buildings or other structures, asphalt or concrete-paved surface areas are
being planned to be demolished, an investigation should be conducted for the
presence of other related hazardous chemicals, lead-based paints or products,
mercury, and asbestos containing materials (ACMs). If other hazardous
chemicals, lead-based paints or products, mercury or ACMs are identified, proper
precautions should be taken during demolition activities. Additionally, the
contaminants should be remediated in compliance with California environmental
regulations and policies.

4) Project construction may require soil excavation or filling in certain areas.
Sampling may be required. If soil Is contaminated, it must be properly disposed
and not simply placed in another location onsite. Land Disposal Restrictions
(LDRs) may be applicable to sucksoils. Also, if the project proposes to import
soil to backfill the areas excavated, sampling should be conducted to ensure that
the imported soil is free of contamination.

5) Human health and the environment of sensitive receptors should be protected
during the construction or demolition activities. If it Is found necessary, a study of
the site and a health risk assessment overseen and approved by the appropriate
government agency and a qualified health risk assessor should be conducted to
determine if there are, have been, or will be, any releases of hazardous materials
that may pose a risk to human health or the environment.

6) If it is determined that hazardous wastes are, or will be, generated by the
• proposed operations, the wastes must be managed in accordance with the

California Hazardbus Waste Control Law (California Health and Safety Code,
Division 20, Chapter 6.5) and the Hazardous Waste Control Regulations
(California Cade of Regulations, Title 22, Division 4.5). If it is determined that
hazardous wastes will be generated, the facility should also obtain a United
States Environmental Protection Agency Identification Number by contacting
(800) 618-6942. Certain hazardous waste treatment processes or hazardous
materials, handling, storage or uses may require authorization from the local
Certified Unified Program Agency (CUPA). Information about the requirement for
authorization can be obtained by contacting your local CUPA.

7) If during construction/demolition of the project, the soil and/or groundwater
contamination is suspected, construction/demolition in the area should cease
and appropriate health and safety procedures should be implemented.

8) If the site was used for agricultural, livestock or related activities, onsite soils and
groundwater might contain pesticides, agricultural chemical, organic waste or
other related residue. Proper investigation, and remedial actions, if necessary,
should be conducted under the oversight of and approved by a government
agency at the site prior to construction of the project.
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9) DTSC can provide guidance for cleanup oversight through an Environmental
Oversight Agreement (E0A) for government agencies which would not be
considered responsible parties under CERCLA, or a Voluntary Cleanup
Agreement (VCA) for private parties. For additional information on the EiDA
or VCA, please see www.dtsc.ca.gov/SiteCleanup/Brownfields,  or contact
Maryam Tasnif-Abbasl, OTSC's Voluntary Cleanup Coordinator, at
(714) 484-5489,

10) In future CEQA documents, please provide your e-mail address, so DISC can
send you comments both electronically and by mail

If you have any questions regarding this letter, please contact Mr. Rafiq Ahmed,
Project Manager, at rahmed©dtsc.ca.gov , or by phone at (714) 484-5491

Sincerely,

Greg Holmes
Unit Chief
Brownfields and Environmental Restoration Program

cc:	 Governor's Office of Planning and Research
State Clearinghouse
P.O. Box 3044 •
Sacramento, California 95812-3044.
state.clearInghouse@opr.ca.gov

CEQA Tracking Center
Department of Toxic Substances Control
Office of Environmental Planning and Analysis
1001 I Street, 22nd Floor, M.S. 22-2
Sacramento, California 95814
ADelacr1Qdtsc.ca.clOy

CECA# 2778





CNPS Botanical Survey Guidelines

CALIFORNIA NATIVE PLANT SOCIETY
December 9, 1983

Revised June 2, 2001

The following recommendations are intended to help those who prepare and review environmental
documents determine when a botanical survey is needed, who should be considered qualified to conduct
such surveys, how surveys should be conducted, and what information should be contained in the survey
report. The California Native Plant Society recommends that lead agencies not accept the results of
surveys unless they are conducted and reported according to these guidelines.

1. Botanical surveys are conducted in order to determine the environmental effects of proposed
projects on all botanical resources, including special status plants (rare, threatened, and
endangered plants) and plant (vegetation) communities. Special status plants are not limited to
those that have been listed by state and federal agencies but include any plants that, based on all
available data, can be shown to be rare, threatened, or endangered under the following
definitions:

A species, subspecies, or variety of plant is "endangered" when the prospects of its
survival and reproduction are in immediate jeopardy from one or more causes, including
loss of habitat, change in habitat, over-exploitation, predation, competition, or disease. A
plant is "threatened" when it is likely to become endangered in the foreseeable future in
the absence of protection measures. A plant is "rare" when, although not presently
threatened with extinction, the species, subspecies, or variety is found in such small
numbers throughout its range that it may be endangered if its environment worsens.'

Rare plant (vegetation) communities are those communities that are of highly limited distribution.
These communities may or may not contain special status plants. The most current version of the
California Natural Diversity Database's List of California Terrestrial Natural Communities2
should be used as a guide to the names and status of communities.

Consistent with the California Native Plant Society's goal of preserving plant biodiversity on a
regional and local scale, and with California Environmental Quality Act environmental impact
assessment criteria', surveys should also assess impacts to locally significant plants. Both plants
and plant communities can be considered significant if their local occurrence is on the outer limits
of known distribution, a range extension, a rediscovery, or rare or uncommon in a local context
(such as within a county or region). Lead agencies should address impacts to these locally unique
botanical resources regardless of their status elsewhere in the state.

2. Botanical surveys must be conducted to determine if, or to the extent that, special status or locally
significant plants and plant communities will be affected by a proposed project when any natural
vegetation occurs on the site and the project has the potential for direct or indirect effects on
vegetation.

3. Those conducting botanical surveys must possess the following qualifications:
a. Experience conducting floristic field surveys;
b. Knowledge of plant taxonomy and plant community ecology and classification;
c. Familiarity with the plants of the area, including special status and locally significant

plants;

I California Environmental Quality Act Guidelines, §15065 and §15380.
2 List of Califomia Terrestrial Natural Communities. California Department of Fish and Game Natural Diversity
Database. Sacramento, CA.
3 California Environmental Quality Act Guidelines, Appendix G (Initial Study Environmental Checklist).
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d. Familiarity with the appropriate state and federal statutes related to plants and plant
collecting; and,

e. Experience with analyzing impacts of a project on native plants and communities.

4. Botanical surveys should be conducted in a manner that will locate any special status or locally
significant plants or plant communities that may be present. Specifically, botanical surveys
should be:

a. Conducted in the field at the proper times of year when special status and locally
significant plants are both evident and identifiable. When special status plants are known
to occur in the type(s) of habitat present in the project area, nearby accessible occurrences
of the plants (reference sites) should be observed to determine that the plants are
identifiable at the time of survey.

b. Floristic in nature. A floristic survey requires that every plant observed be identified to
species, subspecies, or variety as applicable. In order to properly characterize the site, a
complete list of plants observed on the site shall be included in every botanical survey
report. In addition, a sufficient number of visits spaced throughout the growing season is
necessary to prepare an accurate inventory of all plants that exist on the site. The number
of visits and the timing between visits must be determined by geographic location, the
plant communities present, and the weather patterns of the year(s) in which the surveys
are conducted.

c. Conducted in a manner that is consistent with conservation ethics and accepted plant
collection and documentation techniques4'5 . Collections (voucher specimens) of special
status and locally significant plants should be made, unless such actions would jeopardize
the continued existence of the population. A single sheet should be collected and
deposited at a recognized public herbarium for future reference. All collections shall be
made in accordance with applicable state and federal permit requirements. Photography
may be used to document plant identification only when the population cannot withstand
collection of voucher specimens.

d. Conducted using systematic field techniques in all habitats of the site to ensure a
thorough coverage of potential impact areas. All habitats within the project site must be
surveyed thoroughly in order to properly inventory and document the plants present. The
level of effort required per given area and habitat is dependent upon the vegetation and its
overall diversity and structural complexity.

e. Well documented. When a special status plant (or rare plant community) is located, a
California Native Species (or Community) Field Survey Form or equivalent written form,
accompanied by a copy of the appropriate portion of a 7.5-minute topographic map with
the occurrence mapped, shall be completed, included within the survey report, and
separately submitted to the California Natural Diversity Database. Population boundaries
should be mapped as accurately as possible. The number of individuals in each
population should be counted or estimated, as appropriate.

5. Complete reports of botanical surveys shall be included with all environmental assessment
documents, including Negative Declarations and Mitigated Negative Declarations, Timber
Harvesting Plans, Environmental Impact Reports, and Environmental Impact Statements. Survey
reports shall contain the following information:

a. Project location and description, including:

4 Collecting Guidelines and Documentation Techniques. California Native Plant Society Policy (adopted March 4,
1995).
Ferren, W.R., Jr., D.L. Maguey, and TA. Sholars. 1995. The Future of California Floristics and Systematics:

Collecting Guidelines and Documentation Techniques. Madrao 42(2).197-210.
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1) A detailed map of the location and footprint of the proposed project.
2) A detailed description of the proposed project, including one-time activities and

ongoing activities that may affect botanical resources.
3) A description of the general biological setting of the project area.

b. Methods, including:
I) Survey methods for each of the habitats present, and rationale for the methods used.
2) Description of reference site(s) visited and phenological development of the target

special status plants, with an assessment of any conditions differing from the project
site that may affect their identification.

3) Dates of surveys and rationale for timing and intervals; names of personnel
conducting the surveys; and total hours spent in the field for each surveyor on each
date.

4) Location of deposited voucher specimens and herbaria visited.

c. Results, including:
1) A description and map of the vegetation communities on the project site. The current

standard for vegetation classification, A Manual of California Vegetation 6, should be
used as a basis for the habitat descriptions and the vegetation map. If another
vegetation classification system is used, the report must reference the system and
provide the reason for its use.

2) A description of the phenology of each of the plant communities at the time of each
survey date.

3) A list of all plants observed on the project site using accepted scientific
nomenclature, along with any special status designation. The reference(s) used for
scientific nomenclature shall be cited.

4) Written description and detailed map(s) showing the location of each special status or
locally significant plant found, the size of each population, and method used to
estimate or census the population.

5) Copies of all California Native Species Field Survey Forms or Natural Community
Field Survey Forms and accompanying maps.

d. Discussion, including:
1) Any factors that may have affected the results of the surveys (e.g., drought, human

disturbance, recent fire).
2) Discussion of any special local or range-wide significance of any plant population or

community on the site.
3) An assessment of potential impacts. This shall include a map showing the

distribution of special status and locally significant plants and communities on the
site in relation to the proposed activities. Direct, indirect, and cumulative impacts to
the plants and communities shall be discussed.

4) Recommended measures to avoid and/or minimize direct, indirect, and cumulative
impacts.

e. References cited and persons contacted.

f. Qualifications of field personnel including any special experience with the habitats and
special status plants present on the site.

6 Sawyer, JAI and T. Keeler-Wolf. 1995. A Manual of California Vegetation. California Native Plant Society.
Sacramento, CA. 471 pp.





Protocols for Surveying and Evaluating Impacts to
Special Status Native Plant Populations and Natural Communities

State of California
CALIFORNIA NATURAL RESOURCES AGENCY

Department of Fish and Game
November 24, 20091

INTRODUCTION AND PURPOSE

The conservation of special status native plants and their habitats, as well as natural communities, is integral to
maintaining biological diversity. The purpose of these protocols is to facilitate a consistent and systematic approach
to the survey and assessment of special status native plants and natural communities so that reliable information is
produced and the potential of locating a special status plant species or natural community is maximized. They may
also help those who prepare and review environmental documents determine when a botanical survey is needed,
how field surveys may be conducted, what information to include in a survey report, and what qualifications to
consider for surveyors. The protocols may help avoid delays caused when inadequate biological information is
provided during the environmental review process; assist lead, trustee and responsible reviewing agencies to make
an informed decision regarding the direct, indirect, and cumulative effects of a proposed development, activity, or
action on special status native plants and natural communities; meet California Environmental Quality Act (CEQA)2
requirements for adequate disclosure of potential impacts; and conserve public trust resources.

DEPARTMENT OF FISH AND GAME TRUSTEE AND RESPONSIBLE AGENCY MISSION

The mission of the Department of Fish and Game (DFG) is to manage California's diverse wildlife and native plant
resources, and the habitats upon which they depend, for their ecological values and for their use and enjoyment by
the public. DFG has jurisdiction over the conservation, protection, and management of wildlife, native plants, and
habitat necessary to maintain biologically sustainable populations (Fish and Game Code §1802). DFG, as trustee
agency under CEQA §15386, provides expertise in reviewing and commenting on environmental documents and
makes protocols regarding potential negative impacts to those resources held in trust for the people of California.

Certain species are in danger of extinction because their habitats have been severely reduced in acreage, are
threatened with destruction or adverse modification, or because of a combination of these and other factors. The
California Endangered Species Act (CESA) provides additional protections for such species, including take
prohibitions (Fish and Game Code §2050 et seq.). As a responsible agency, DFG has the authority to issue permits
for the take of species listed under CESA if the take is incidental to an otherwise lawful activity; DFG has determined
that the impacts of the take have been minimized and fully mitigated; and, the take would not jeopardize the
continued existence of the species (Fish and Game Code §2081). Surveys are one of the preliminary steps to detect
a listed or special status plant species or natural community that may be impacted significantly by a project.

DEFINITIONS

Botanical surveys provide information used to determine the potential environmental effects of proposed projects on
all special status plants and natural communities as required by law (i.e., CEQA, CESA, and Federal Endangered
Species Act (ESA)). Some key terms in this document appear in bold font for assistance in use of the document.

For the purposes of this document, special status plants include all plant species that meet one or more of the
following criteria':

This document replaces the DFG document entitled "Guidelines for Assessing the Effects of Proposed Projects on Rare,
Threatened and Endangered Plants and Natural Communities."

http://ceres.ca.gov/ceqa/
Adapted from the East Alameda County Conservation Strategy available at
http://www.fwsmovisacramento/EACCS/D0cuments/080228 Species Evaluation EACCS.pdf

2

3
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• Listed or proposed for listing as threatened or endangered under ESA or candidates for possible future
listing as threatened or endangered under the ESA (50 CFR §17.12).

• Listed4 or candidates for listing by the State of California as threatened or endangered under CESA (Fish
and Game Code §2050 et seq.). A species, subspecies, or variety of plant is endangered when the
prospects of its survival and reproduction in the wild are in immediate jeopardy from one or more causes,
including loss of habitat, change in habitat, over-exploitation, predation, competition, disease, or other
factors (Fish and Game Code §2062). A plant is threatened when it is likely to become endangered in the
foreseeable future in the absence of special protection and management measures (Fish and Game Code
§2067).

• Listed as rare under the California Native Plant Protection Act (Fish and Game Code §1900 et seq.). A
plant is rare when, although not presently threatened with extinction, the species, subspecies, or variety is
found in such small numbers throughout its range that it may be endangered if its environment worsens
(Fish and Game Code §1901).

• Meet the definition of rare or endangered under CEQA §15380(b) and (d). Species that may meet the
definition of rare or endangered include the following:

• Species considered by the Califomia Native Plant Society (CNPS) to be "rare, threatened or
endangered in California" (Lists 1A, 1B and 2);

• Species that may warrant consideration on the basis of local significance or recent biological
information5;

• Some species included on the California Natural Diversity Database's (CNDDB) Special Plants,
Bryophytes, and Lichens List (California Department of Fish and Game 2008)5.

• Considered a locally significant species, that is, a species that is not rare from a statewide perspective
but is rare or uncommon in a local context such as within a county or region (CEQA §15125 (c)) or is so
designated in local or regional plans, policies, or ordinances (CEQA Guidelines, Appendix G). Examples
include a species at the outer limits of its known range or a species occurring on an uncommon soil type.

Special status natural communities are communities that are of limited distribution statewide or within a county or
region and are often vulnerable to environmental effects of projects. These communities mayor may not contain
special status species or their habitat. The most current version of the Department's List of California Terrestrial
Natural Communities' indicates which natural communities are of special status given the current state of the
California classification.

Most types of wetlands and riparian communities are considered special status natural communities due to their
limited distribution in California. These natural communities often contain special status plants such as those
described above. These protocols may be used in conjunction with protocols formulated by other agencies, for
example, those developed by the U.S. Army Corps of Engineers to delineate jurisdictional wetlands u or by the U.S.
Fish and Wildlife Service to survey for the presence of special status plants'.

4	 Refer to current online published lists available at: http://www.dfq.ca.govibioqeodata .
5	 In general, CNPS List 3 plants (plants about which more information is needed) and List 4 plants (plants of limited distribution) may

not warrant consideration under CEQA §15380. These plants may be included on special status plant lists such as those developed
by counties where they would be addressed under CEOA §15380. List 3 plants may be analyzed under CEOA §15380 if sufficient
information is available to assess potential impacts to such plants. Factors such as regional rarity vs. statewide rarity should be
considered in determining whether cumulative impacts to a List 4 plant are significant even if individual project impacts are not. List
Sand 4 plants are also included in the California Natural Diversity Database's (CNDDB) Special Plants, Bryophytes, and Lichens
List [Refer to the current online published list available at http://www.cifq.caqovibiocieodatal  Data on Lists Sand 4 plants should
be submitted to CNDDB. Such data aids in determining or revising priority ranking.

Refer to current online published lists available at: http://www.dfq.calovibioqeodata .
7	 http://www.dfq.ca.qov/bioqeodata/ve q camp/pdfs/natcomlist. pdf. The rare natural communities are asterisked on this list.

8	 htip:44WWW.We7land9.COM1reg9/t1Pge020.htn1
9	 U.S. Fish and WIdlife Service Survey Guidelines available at http://www.fws.qovisacramentotestprotocol.htm

Survey Protocols
Page 2 of 7



BOTANICAL SURVEYS

Conduct botanical surveys prior to the commencement of any activities that may modify vegetation, such as
clearing, mowing, or ground-breaking activities. It is appropriate to conduct a botanical field survey when:

• Natural (or naturalized) vegetation occurs on the site, and it is unknown if special status plant species or
natural communities occur on the site, and the project has the potential for direct or indirect effects on
vegetation; or

• Special status plants or natural communities have historically been identified on the project site; or

• Special status plants or natural communities occur on sites with similar physical and biological properties as
the project site.

SURVEY OBJECTIVES

Conduct field surveys in a manner which maximizes the likelihood of locating special status plant species or
special status natural communities that may be present. Surveys should be floristic in nature, meaning that
every plant taxon that occurs on site is identified to the taxonomic level necessary to determine rarity and listing
status. "Focused surveys" that are limited to habitats known to support special status species or are restricted
to lists of likely potential species are not considered floristic in nature and are not adequate to identify all plant
taxa on site to the level necessary to determine rarity and listing status. Include a list of plants and natural
communities detected on the site for each botanical survey conducted. More than one field visit may be
necessary to adequately capture the floristic diversity of a site. An indication of the prevalence (estimated total
numbers, percent cover, density, etc.) of the species and communities on the site is also useful to assess the
significance of a particular population.

SURVEY PREPARATION

Before field surveys are conducted, compile relevant botanical information in the general project area to provide
a regional context for the investigators. Consult the CNDDB 1 ° and BIOS" for known occurrences of special
status plants and natural communities in the project area prior to field surveys. Generally, identify vegetation
and habitat types potentially occurring in the project area based on biological and physical properties of the site
and surrounding ecoregion 12 , unless a larger assessment area is appropriate. Then, develop a list of special
status plants with the potential to occur within these vegetation types. This list can serve as a tool for the
investigators and facilitate the use of reference sites; however, special status plants on site might not be limited
to those on the fist. Field surveys and subsequent reporting should be comprehensive and floristic in nature and
not restricted to or focused only on this list. Include in the survey report the list of potential special status
species and natural communities, and the list of references used to compile the background botanical
information for the site.

SURVEY EXTENT

Surveys should be comprehensive over the entire site, including areas that will be directly or indirectly impacted
by the project. Adjoining properties should also be surveyed where direct or indirect project effects, such as
those from fuel modification or herbicide application, could potentially extend offsite. Pre-project surveys
restricted to known CNDDB rare plant locations may not identify all special status plants and communities
present and do not provide a sufficient level of information to determine potential impacts.

FIELD SURVEY METHOD

Conduct surveys using systematic field techniques in all habitats of the site to ensure thorough coverage of
potential impact areas. The level of effort required per given area and habitat is dependent upon the vegetation
and its overall diversity and structural complexity, which determines the distance at which plants can be
identified. Conduct surveys by walking over the entire site to ensure thorough coverage, noting all plant taxa

I° Available at http://www.dftcamov/bioqeodata/cnddb
II	 http://www.biostlfq.ca.qov/
12 Ecoloaical Subreaions of California available at http://wwwfsled.us/r5/proiects/ecoreciions/toc.htm
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observed. The level of effort should be sufficient to provide comprehensive reporting. For example, one
person-hour per eight acres per survey date is needed for a comprehensive field survey in grassland with
medium diversity and moderate terrain 13, with additional time allocated for species identification.

TIMING AND NUMBER OF VISITS

Conduct surveys in the field at the time of year when species are both evident and identifiable. Usually this is
during flowering or fruiting. Space visits throughout the growing season to accurately determine what plants
exist on site. Many times this may involve multiple visits to the same site (e.g. in early, mid, and late-season for
flowering plants) to capture the floristic diversity at a level necessary to determine if special status plants are
present“. The timing and number of visits are determined by geographic location, the natural communities
present, and the weather patterns of the year(s) in which the surveys are conducted.

REFERENCE SITES

When special status plants are known to occur in the type(s) of habitat present in the project area, observe
reference sites (nearby accessible occurrences of the plants) to determine whether those species are
identifiable at the time of the survey and to obtain a visual image of the target species, associated habitat, and
associated natural community.

USE OF EXISTING SURVEYS

For some sites, floristic inventories or special status plant surveys may already exist. Additional surveys may be
necessary for the following reasons:

• Surveys are not current"; or

• Surveys were conducted in natural systems that commonly experience year to year fluctuations such as
periods of drought or flooding (e.g. vernal pool habitats or riverine systems); or

• Surveys are not comprehensive in nature; or fire history, land use, physical conditions of the site, or climatic
conditions have changed since the last survey was conducted"; or

• Surveys were conducted in natural systems where special status plants may not be observed if an annual
above ground phase is not visible (e.g. flowers from a bulb); or

• Changes in vegetation or species distribution may have occurred since the last survey was conducted, due
to habitat alteration, fluctuations in species abundance and/or seed bank dynamics.

NEGATIVE SURVEYS

Adverse conditions may prevent investigators from determining the presence of, or accurately identifying, some
species in potential habitat of target species. Disease, drought, predation, or herbivory may preclude the
presence or identification of target species in any given year. Discuss such conditions in the report.

The failure to locate a known special status plant occurrence during one field season does not constitute
evidence that this plant occurrence no longer exists at this location, particularly if adverse conditions are
present. For example, surveys over a number of years may be necessary if the species is an annual plant
having a persistent, long-lived seed bank and is known not to germinate every year. Visits to the site in more

13 Adapted from U.S. Fish and Wildlife Service kit fox survey guidelines available at
www.fws.clovisacramentoies/documents/kitfox no protocol.pdf

14 U.S. Fish and Wildlife Service Survey Guidelines available at http://www.fws.gov/sacramento/es/protocol.htm
15 Habitats, such as grasslands or desert plant communities that have annual and short-lived perennial plants as major floristic

components may require yearly surveys to accurately document baseline conditions for purposes of impact assessment. In forested
areas, however, surveys at intervals of five years may adequately represent current conditions. For forested areas, refer to
"Guidelines for Conservation of Sensitive Plant Resources Within the Timber Harvest Review Process and During Timber
Harvesting Operations", available at https://r1.dfo.ca.00v/portal/Portals/12/THPBotanicalGuidelinesJuly2005.pdf

16 U.S. Fish and Wildlife Service Survey Guidelines available at
http://wwvOws.qovNentura/speciesinforprotocols ouidelines/docs/botanicalinventories.pdf
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than one year increase the likelihood of detection of a special status plant especially if conditions change. To
further substantiate negative findings for a known occurrence, a visit to a nearby reference site may ensure that
the timing of the survey was appropriate.

REPORTING AND DATA COLLECTION

Adequate information about special status plants and natural communities present in a project area will enable
reviewing agencies and the public to effectively assess potential impacts to special status plants or natural
communities /7 and will guide the development of minimization and mitigation measures. The next section describes
necessary information to assess impacts. For comprehensive, systematic surveys where no special status species
or natural communities were found, reporting and data collection responsibilities for investigators remain as
described below, excluding specific occurrence information.

SPECIAL STATUS PLANT OR NATURAL COMMUNITY OBSERVATIONS

Record the following information for locations of each special status plant or natural community detected during
a field survey of a project site.

• A detailed map (1:24,000 or larger) showing locations and boundaries of each special status species
occurrence or natural community found as related to the proposed project. Mark occurrences and
boundaries as accurately as possible. Locations documented by use of global positioning system (GPS)
coordinates must include the datum 18 in which they were collected;

• The site-specific characteristics of occurrences, such as associated species, habitat and microhabitat,
structure of vegetation, topographic features, soil type, texture, and soil parent material. If the species is
associated with a wetland, provide a description of the direction of flow and integrity of surface or
subsurface hydrology and adjacent off-site hydrological influences as appropriate;

• The number of individuals in each special status plant population as counted (if population is small) or
estimated Of population is large);

•

• If applicable, information about the percentage of individuals in each life stage such as seedlings vs.
reproductive individuals;

• The number of individuals of the species per unit area, identifying areas of relatively high, medium and low
density of the species over the project site; and

• Digital images of the target species and representative habitats to support information and descriptions.

FIELD SURVEY FORMS

When a special status plant or natural community is located, complete and submit to the CNDDB a California
Native Species (or Community) Field Survey Form 18 or equivalent written report, accompanied by a copy of the
relevant portion of a 7.5 minute topographic map with the occurrence mapped. Present locations documented
by use of GPS coordinates in map and digital form. Data submitted in digital form must include the datum n in
which it was collected. If a potentially undescribed special status natural community is found on the site,
document it with a Rapid Assessment or Releve form 71 and submit it with the CNDDB form.

VOUCHER COLLECTION

Voucher specimens provide verifiable documentation of species presence and identification as well as a public
record of conditions. This information is vital to all conservation efforts. Collection of voucher specimens should

17 Refer to current online published lists available at http://www.dfq.catiov/bioaeodata . For Timber Harvest Plans (THPs) please refer
to the "Guidelines for Conservation of Sensitive Plant Resources Within the Timber Harvest Review Process and During Timber
Harvesting Operations°, available at https://r1.dfq.ca.qov/portal/Portals/12/THPBotanicalGuidelinesJuly2005.pdf

12 NAD83 NAD27 or 1NGS84
19	 http://www.cifq.ca.gov/bioqeodata
22 NAD83 NAD27 or WGS84

21 http://www.dfg.ca.gov/biogeodatarvegcampiveg_publications_protocols.asp
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be conducted in a manner that is consistent with conservation ethics, and is in accordance with applicable state
and federal permit requirements (e.g. incidental take permit, scientific collection permit). Voucher collections of
special status species (or suspected special status species) should be made only when such actions would not
jeopardize the continued existence of the population or species.

Deposit voucher specimens with an indexed regional herbarium 22 no later than 60 days after the collections
have been made. Digital imagery can be used to supplement plant identification and document habitat. Record
all relevant perrnittee names and permit numbers on specimen labels. A collecting permit is required prior to the
collection of State-listed plant species23.

BOTANICAL SURVEY REPORTS
Include reports of botanical field surveys containing the following information with project environmental
documents:

• Project and site description
• A description of the proposed project;

• A detailed map of the project location and study area that identifies topographic and landscape features
and includes a north arrow and bar scale; and,

• A written description of the biological setting, including vegetation24 and structure of the vegetation;
geological and hydrological characteristics; and land use or management history.

• Detailed description of survey methodology and results
• Dates of field surveys (indicating which areas were surveyed on which dates), name of field

investigator(s), and total person-hours spent on field surveys;
• A discussion of how the timing of the surveys affects the comprehensiveness of the survey;
• A list of potential special status species or natural communities;

• A description of the area surveyed relative to the project area;

• References cited, persons contacted, and herbaria visited;

• Description of reference site(s), if visited, and phenological development of special status plant(s);

• A list of all taxa occurring on the project site. Identify plants to the taxonomic level necessary to
determine whether or not they are a special status species;

• Any use of existing surveys and a discussion of applicability to this project;

• A discussion of the potential for a false negative survey;

• Provide detailed data and maps for all special plants detected. Information specified above under the
headings "Special Status Plant or Natural Community Observations," and "Field Survey Forms," should
be provided for locations of each special status plant detected;

• Copies of all California Native Species Field Survey Forms or Natural Community Field Survey Forms
should be sent to the CNDDB and included in the environmental document as an Appendix. It is not
necessary to submit entire environmental documents to the CNDDB; and,

• The location of voucher specimens, if collected.

22 For a complete list of indexed herbaria, see: Holmgren, P., N. Holmgren and L. Barnett. 1990. Index Herbadorum, Part 1: Herbaria of the
World. New York Botanic Garden, Bronx, New York. 693 pp. Or http://www.nybchorq/bscinh/ih.html

23 Refer to current online published lists available at httP:Mwew.dfcl•caloviblogeodata.
24 A vegetation map that uses the National Vegetation Classification System (http://biolocw.usqs.qovin psveq/nvcs.html), for example A

Manual of California Vegetation, and highlights any special status natural communities. If another vegetation classification system is
used, the report should reference the system, provide the reason for its use, and provide a crosswalk to the National Vegetation
Classification System.
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• Assessment of potential impacts

• A discussion of the significance of special status plant populations in the project area considering
nearby populations and total species distribution;

• A discussion of the significance of special status natural communities in the project area considering
nearby occurrences and natural community distribution;

• A discussion of direct, indirect, and cumulative impacts to the plants and natural communities;

• A discussion of threats, including those from invasive species, to the plants and natural communities;

• A discussion of the degree of impact, if any, of the proposed project on unoccupied, potential habitat of
the species;

• A discussion of the immediacy of potential impacts; and,

• Recommended measures to avoid, minimize, or mitigate impacts

QUALIFICATIONS

Botanical consultants should possess the following qualifications:

• Knowledge of plant taxonomy and natural community ecology;

• Familiarity with the plants of the area, including special status species;

• Familiarity with natural communities of the area, including special status natural communities;

• Experience conducting floristic field surveys or experience with floristic surveys conducted under the
direction of an experienced surveyor;

• Familiarity with the appropriate state and federal statutes related to plants and plant collecting; and,

• Experience with analyzing impacts of development on native plant species and natural communities.

SUGGESTED REFERENCES

Barbour, M., T. Keeler-Wolf, and A. A. Schoenherr (eds.). 2007. Terrestrial vegetation of California (3rd Edition).
University of California Press.

Bonham, C.D. 1988. Measurements for terrestrial vegetation. John Wiley and Sons, Inc., New York, NY.
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Species Profile
Environmental Conservation Online System

f http://www.fws.00vl
Yuma Clapper rail (Rallus longirostris
yumanensis)

Kingdom: AnImalia Class: Ayes Orden Grufformes Family: Rallidae

Listing Status: Endangered

Quick links: Federal Register it/status) Recovery (#recoveryl Critical Habitat
(ficrithabl Conservation Plans (#conservationPlans) Petitions (#petitionsl Life
History (#lifeHistory) Other Resources (#other) 

General Information

A marsh bird the size of a chicken, the YCR is gray-brown above and buffy-cinnamon below and has brownish-gray
cheeks and flanks barred with black and white. Its somewhat orange bill is long and slightly down-curved.
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Species Profile for Yuma Clapper rail (Mitts longirostris yuma... 	 http://ecos.fws.gov/speciesProfile/profile/speciesProfile action?...

Lead Region: Southwest Region (Region 2) (htto://www.fwsmov/southwest/)
Date Listed: Mar 11, 1967

Where Listed: U.S.A. only

States/US Territories in which the Yuma Clapper rail, U.S.A. only is known to occur: Arizona 
yspeciesProfil e/profile/countiesB yState.action?entityld=84&state=Arizona) , California (/speciesProfile/profile
/countiesBvState.action?entitvld=84&state=Californial. Nevada (/speciesProfile/profile
/countiesBy5tate.action?entitvid=84&state=Nevada) Utah (/speciesProfile/profile
/countiesBvState.action?entitvld=84&state=Utahl 
US Counties in which the Yuma Clapper rail, U.S.A. only is known to occur: View All (/speciesProfile/profile
/countiesBySpecies.action?entitvld=84)
USFWS Refuges in which the Yuma Clapper rail, U.S.A. only is known to occur: BILL WILLIAMS RIVER

NATIONAL WILDLIFE REFUGE , CIBOLA NATIONAL WILDLIFE REFUGE , HAVASU NATIONAL
WILDLIFE REFUGE , IMPERIAL NATIONAL WILDLIFE REFUGE , SONNY BONO SALTON SEA
NATIONAL WILDLIFE REFUGE
For 1110r0 information: http://www.fws.gov/southwest/es/arizona/Yuma Rail.htm (http://www.fws.gov 
/southwest/es/arizona/Yuma Rail.html

Federal Register Documents

Most Recent Federal

/displayMIDocumentslfedre
Register Documents (Showing 5 of 6 : view all (/speciesProfile/profile
g.action;isessionid=1E2971E69DB8FEC3BEE34A875DCE0E6B?spcode=B00P9
Title

Draft Yuma Clapper Rail (Rallus longirostris vumanensis) Recovery Plan 
First Revision (http://frwebgate.access.gpo.gov/cgi-bin
/getdoc.cgi7c1bname=2010 register&docid=frl Ofe10-100)

'Date	 Citation Page

'02/10/201075 FR 6697 6698

Virgin River Habitat Conservation and Recovery Program, Clark County, NV

09/27/2007 72 FR 54922 54923 Notice of intent to Prepare an environmental impact statement (EIS) and
notice of public meetings (http://frwebgate.access.gpo.gov/cgi-bin
/getdoc.cgi?dbname=2007 register&docid=fr27se07-67)

.
Virgin River Habitat Conservation and Recovery Program, Clark County, NV

07/27/200772 FR 54922 54923 http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=2007  register&
docid=fr27iv07-671

5-Year Review of Lesser Lonq-nosed Bat. Black-capped Vireo, Yuma

02/02/200570 FR 5460 5463 Clapper Rail, Pima Pineapple Cactus, Gypsum Wild-Buckwheat. Mesa Verde
Cactus, and Zuni Fleabane (http://ecosiws.gov/docsifederal register/fr4382.pdf)
Notice of Availability of Final Environmental Impact Statement adn Final 

11/29/200267 FR 71193 71194 Roosevelt Habitat Conservation Plan for Incidental Take by the Salt River
Project. (http://ecosiws.gov/docs/federal register/fr4012.pdtl

» Recovery

Recovery Plan Information Search (froadoub/ConficiureRecActionRenort.do?oath=ROAR Custom Oueries.Public

2 of 5 5/9/10 9:26 PM



Species Profile for Yuma Clapper rail (Rallus longirostris yuma... 	 http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?...

• Information Search FAQs (http://www.fws.qoviendanctered/recovery
/ROAR FACW/02008-05-09 FINAL.pdf)

Current Recovery Plan(s)

'Date	 Title	 Plan Action Status

Draft Revised Recovery Plan for the Yuma
Recovery efforts in progress, but

02/10/2010 Clapper Rail (http://ecosiws.qovidocs/recovery plan	 Draft
no implementation information yet 

Revision 1/Draft Yuma Clapper Rail Recovery Plan, First .
to displayIRevision.pdf) 

Other Recovery Documents (Showing 2 of 2)

;Date	 Citation Page Title	 /Document Type

Draft Yuma Clapper Rail (Rallus longirostris vumanensisl • Notice Draft
02/10/201075 FR 6697 6698 Recovery Plan, First Revision (http://frwebqate.access.qpo.qov  Recovery Plan

/cqi-bin/getdoc.cqi?dbname=2010 reciister&docid=f 11 01e1 0-100) ,Availability

r5-Year Review of Lesser Long-nosed Bat, Black-capped 

02/02/200570 FR 5460 5463 Vireo. Yuma Clapper Rail. Pima Pineapple Cactus, Gypsurrt 'Notice 5-year
• Wild-Buckwheat, Mesa Verde Cactus, and Zuni Fleabane	 !Review

chttp://ecos.fws.qov/docsIfederal reqister/1r4382.pdf) 
Five Year Review•

Date	 Title

09/12/2006 Yuma Clapper Rail 5-Year Review (/docs/five year review/doc782.pdfl

"Critical Habitat

No critical habitat rules have been published for the Yuma Clapper rail, U.S.A. only.

» Conservation Plans

Habitat Conservation Plans (HCP) (learn more (Moos/conservation plans/HCP Incidental Take.pdf)) (Showing 4

of 4)

[ACP Plan Summaries

Coachella Valley Multi-Species HCP (http://ecos.fws.acw/consery plans/servlet
1 /qov.doi.hcp.serviets.PlanReport?plan id=615&reaion=88tvpe=HCP&rtype=1)
r--
Lower Colorado River MSCP (http://ecosiws.ciov/consery plans/serviet
Mov.doi.hop.serviets.PlanReport?plan id=3792&reqion=28ayne=HCP&rtype=11
Lower  Colorado River Multi-Species Conservation Plan (LCR MSCP) (http://ecos.fws.gov/consery plans
Vservietloov.doi.hco.servlets.PlanReport?plan id=4808aeoion=88type=HCP&rtyne=11_
'Salt River Project Roosevelt Lake Habitat Conservation Plan (http://ecos.fws.qov/consery plans/servlet
Mov.doi.hmservlets.PlanReport7olan id=12408grenion=28avne=HCP8irtype=1)

Safe Harbor Agreements (SHA): (learn more (/docs/conservation plans/SafeHarborpdfl) (Showing 1 of I)

1SHA Plan Summaries . _ ..
.Tempe, City of, Rio Salado SHA (http://ecos.fws.qov/conserv  plans/serviet

1,1-•Inr/17

Plan Status
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» Petitions

No petition findings have been published for the Yuma Clapper rail, U.S.A. only.

0 Life History

Habitat Requirements

Fresh-water marshes dominated by cattail or bulrush. Early successional marshes with little residual vegetation
may be preferred. Habitat should be in a mosaic of vegetated areas interspersed with shallow (less than 12") open
water areas. Minimum size of suitable habitats is unclear, but have been found in areas as small as 2-3 acres
depending on the quality of the mosaic.

Food Habits

Primarily crayfish, with small fish, frogs, and aquatic invertebrates also taken.

Movement / Home Range

Most individuals do not migrate, but have minor seasonal changes in their activity areas. Juveniles do disperse to
nearby habitats. The recent extension of the range north along the lower Colorado River implies that rails are
capable of longer distance movements, although the presence of scattered habitat patches for resting is likely
important. Seasonal availablity of food may be important factor in the need to migrate greater distances.

Reproductive Strategy

Rails establish pair bonds and territories in March-May, with nesting in May through June. One clutch is born per
year. Juveniles are ready to breed the spring following their birth.

Other

Important threats: loss of marsh habitat through dredging/filling activities, decline in quality of marsh habitat due to
build-up residual vegetation (dead stems and leaves of cattails or bulrush) that clogs movement through the
vegetation, and selenium contamination of the prey base.

9 Other Resources

NatureServe Explorer Species Reports fiavascrint:;) NatureServe Explorer is a source for authoritative
conservation information on more than 50,000 plants, animals and ecological communtities of the U.S and Canada.
NatureServe Explorer provides in-depth information on rare and endangered species, but includes common plants
and animals too. NatureServe Explorer is a product of NatureServe in collaboration with the Natural Heritage

Network.

ITIS Reports fiavascrint::1— IT'S (the Integrated Taxonomic Information System) is a source for authoritative
taxonomic information on plants, animals, fungi, and microbes of North America and the world.
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FWS Endangered Home (http://www.fws.gov/endangered/) I ECOS Home (/ecos public!) I Contact Us (/ecos
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PREVENTING BIRD-WINDOW COLLISIONS

DANIEL KLEM JR'

ABSTRACE—Birds behave as if clear and reflective glass and plastic windows are invisible, and annual
avian mortality from collisions is estimated in the billions worldwide. Outdoor flight cage and field experiments
were used to evaluate different methods to prevent collisions between binds and windows. Stripe and grid patterns
of clear UV-reflecting and UV-absorbing window coverings presented an effective warning that birds avoid while
offering little or no obstructed view for humans. Birds used UV-reflected signals to avoid space occupied by
clear and reflective sheet glass and plastic. Window coverings with effective UV-reflecting and UV-absorbing
patterns as warning signals can prevent unintentional killing of birds from collisions with windows. One-way
films that made the outer surface of windows opaque or translucent were successful in deterring bird strikes.
Ceramic frit glass consisting of a visual pattern of densely spaced 0.32-cm diameter dots, 0.32 cm apart was an
effective collision deterrent. Uniformly covering windows with decals or other objects that are separated by 5
to 10 cm was completely or near-completely effective in preventing strikes. Twice the number of window strikes
occurred at non-reflective sheet glass compared to conventional clear panes. Continuous monitoring of windows
revealed one in four bird strikes left no evidence of a collision after 24 hrs and, without continuous monitoring,
25% of bird strikes were undetected. Received 11 September 2008. Accepted 19 January 2009.

Avian mortality resulting from collisions
with clear and reflective sheet glass and plas-
tic is estimated to be in the billions worldwide
(Klem 1990, 2006). Collisions are predicted
and expected wherever birds and windows co-
exist (Klem 1989, 1990, 2006). Birds behave
as if windows are invisible, and it is important
to prevent this unintended killing, estimated
to represent the largest human-associated
source of avian mortality except habitat de-
struction (Klem 2006, 2009a, b). The diversity
of species and the invisible threat suggest that
birds in general are vulnerable to windows,
but documented casualties of species of spe-
cial concern indicates that avian mortality
from window collisions is contributing to pop-
ulation declines of specific species and birds
in general (Klem 2009a, b).

I evaluated several methods to prevent bird
strikes at windows using previously effective
outdoor flight cage and field experiments
(Klem 1989, 1990). Most preventive treat-
ments examined the use of ultraviolet (UV)
signals to alert birds to windows and the
availability of materials affected the compo-
sition of what was tested in each experiment.
The ability of birds to avoid clear plastic and
the ability of one-way films, fritted glass, and
feathers to prevent collisions were also eval-
uated. Specifically. I tested: (1) clear plastic

' Acopian Center for Ornithology, Department of
Biology, Muhlenberg College, Allentown, PA 18104,
USA; e-mail: klem@muhlenberg.edu

with a UV-absorbing component, (2) single
and uniform covering of multiple UV-reflect-
ing maple leaves, (3) a string of colored con-
tour feathers, (4) a one-way external film hav-
ing an unobstructed view from inside and an
obstructed view of dot pattern from outside,
(5) a ceramic frit glass with a uniform cov-
ering of translucent dots, (6) a variety of UV-
absorbing stripe patterns created by plastic
strips, and different UV-absorbing and UV-re-
flecting complete covering, striped, and grid
patterns created by external films.

METHODS

Flight cage and field experiments were con-
ducted on a 0.2-ha open mowed grass subur-
ban backyard surrounded and isolated from
neighbors by mature shrubs and evergreens in
Upper Macungie Township, Lehigh County,
Pennsylvania (40° 34' 35" N, 75° 34' 57" W).
Four field experiments were conducted on a
2-ha open rural area of mowed pasture bor-
dered by second growth deciduous forest and
shrubs in Henningsville, Berks County, Penn-
sylvania (40° 27' 53" N, 75° 40' 07" W).

Flight Cage Experiments.—These tests
were conducted from 13 March to 30 April
2004. The basic design was reported previ-
ously by Klem (1990) and consisted of a trap-
ezoidal flight cage 1.2 m high, 3.6 m in length,
and 0.3 m wide at the narrow end and 2.6 m
wide at the broad end. Five Dark-eyed Juncos
(Junco hyemalis), one White-throated Spar-
row (Zonotrichia albicollis), and one House

314
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Sparrow (Passer damesticus) were captured in
March for use as subjects, housed in small
cages, and tested from mid-March and
throughout April. Except for the House Spar-
row which was an adult female, age and gen-
der of all other subjects were unknown; pre-
vious studies of collision casualties document
equal vulnerability for all age and gender clas-
ses (Klem 1989).

Individuals were released from a holding
box at the narrow end and forced to discrim-
inate between left and right flight paths as
they attempted to escape to wooded evergreen
habitat visible outside the broad end of the
cage. One half of the cage at the broad end
was left unobstructed in all experiments. The
other half was obstructed by clear plastic or
objects tested to prevent bird strikes. During
testing of a subject, the obstructed and unob-
structed sides were changed for half the trials
to ensure no bias flight path preference for one
side or the other. Actual clear plastic was test-
ed with two Dark-eyed Junco subjects to learn
if they were capable of discriminating be-
tween clear plastic and unobstructed airspace.
Previous studies revealed that Dark-eyed Jun-
co subjects were not capable of discriminating
between clear glass and unobstructed airspace
(Klem 1990). Objects tested were hung on the
obstructed side with clear monofilament line
to appear as if taped, stuck, or applied as a
coating to clear glass or plastic to prevent ac-
cidental collision injuries to subjects in sub-
sequent experiments. No Institutional Animal
Care and Use Committee existed during this
study, but guidelines for the care of wild birds
in research were followed (Gaunt and Oring
1999). All subjects were released unharmed at
the end of the experimental period.

Eight flight cage experiments were con-
ducted. Each experiment tested one to five
subjects, and each subject flew a minimum of
10 trials per experiment with additional trials
(up to 24) to clarify results (Table 1). A trial
consisted of recording a subject passing
through the unobstructed side of the cage or
the side containing the object tested. If the
subject chose the obstructed side it was scored
as a window strike; if the subject flew through
the unobstructed side it was scored as avoid-
ance. Two to three objects were evaluated on
any test day. Individuals were tested with a
single object on any one test day, and subjects

tested with more than one object were tested
on different days. The objects tested were: (1)
clear plastic with a UV-absorbing component,
(2) single translucent UV-reflecting maple leaf
(WindowAlert Decal) measuring 10 X 10 cm;
(3) uniform covering of 12 UV-reflecting ma-
ple leaves as in #2, placed 10 cm apart in
vertical columns and 5 cm apart in horizontal
rows; (4) a single clear monofilament line at-
tached to the quill of four colored (from top:
red, blue, yellow, and green) contour feathers
(FeatherGuardcm) measuring 14.4-19.6 cm
long and separated by 33 cm; (5) 0.32-cm
thick vertically oriented 2.5-cm wide UV-ab-
sorbing plastic strips forming stripes separated
by 10 cm; (6) vertically oriented 2.5-cm wide
UV-absorbing strips forming stripes as in #5
but separated by 5 cm, (7) 2.5-cm wide UV-
absorbing plastic strips forming stripes as in
#5 but horizontally oriented and separated by
5 cm; and (8) ceramic frit glass uniformly
covered with a pattern of translucent-appear-
ing dots 0.32-cm in diameter separated by
0.32 cm. Binomial tests were used to examine
the significance of each experiment (Siegel
1956).

Field Experiments.—The basic design of all
field experiments was reported previously
(Klem 1989, 1990) and consisted of wood-
framed picture windows, accurately simulat-
ing those in houses; all were placed in the
same habitat oriented in the same direction 1
m from a tree-shrub edge facing an open field
(Klem 1989: figure 1). Each window mea-
sured 1.2 m wide x 0.9 m high and was
mounted 1.2 m above ground. Plastic mesh
trays were placed under each window to catch
casualties. Three window units were used in
the first and second experiments, and were
separated by 4.2, 3.8, and 4.1 m. Three and
seven window units were used in the third to
sixth experiments separated by 7.8, 7.4, 7.9,
9.0, 7.4, and 8.3 m. A single platform feeder
measuring 30.5 cm on a side and 1.2 m above
ground mounted on crossed wooden-legs was
centered and placed 10 m in front of each win-
dow to simulate a feeding station at a rural
residential home. Feed consisted of a 1:1 mix-
ture of black-oil sunflower seeds and white
proso millet. All feeders were kept full
throughout each experiment. No object was
permitted at the same window on consecutive
days for all experiments, and each object test-



316	 THE WILSON JOURNAL OF ORNITHOLOGY • Vol. 121, No. 2, June 2009

TABLE 1. Preventive methods used in outdoor flight cage experiments to examine avoidance of bird-
window collisions.

Number
significantly

Preventive method	 Number	 avoiding
Species tested	 tested	 methoda

Number test
trials Avoidance

Non-
avoidance

Clear sheet plastic
Dark-eyed Junco	 2 0 14 8 6 0.395

10 6 4 0.377
Single UV-reflecting maple leaf in center of pane

Dark-eyed Junco	 5 1 16 15 1 <0.001
17 7 10 0.834
10 2 8 0.989
15 7 8 0.696
10 5 5 0623

Uniform covering of 12 UV-reflecting maple leaves, 10 cm separating 2 vertical columns, 5 cm separating 6
horizontal rows

Dark-eyed Junco	 4	 2 24 18 6 0.011
10 4 6 0.828
10 2 8 0.989
12 10 2 0.019

Feathers on monofilament line
Dark-eyed Junco	 1	 0 18 11 7 0.240
White-throated Sparrow 	 1	 0 10 4 6 0.828

UV-absorbing 2.5 cm wide stripes forming vertical columns 10 cm apart
Dark-eyed Junco	 5	 1 10 6 4 0.377

10 10 o <0601
10 8 2 0.055
10 6 4 0.377
10 7 3 0.172

UV-absorbing 2.5 cm wide stripes fining vertical columns 2.5 cm apart
Dark-eyed Junco	 5	 3 10 10 o <0601

10 8 2 0.055
10 10 o <0.001
10 8 2 0.055
10 9 1 0.011

UV-absorbing 2.5 cm wide stripes forming horizontal rows 5.0 cm apart
Dark-eyed Junco	 5	 5 10 10 0 <0.001

10 10 o <0.001
16 13 3 0.011
15 12 3 0.018
10 10 o <0.001

Ceramic frit pane with translucent dot pattern, 0.32 cm diameter dots separated by 0.32 cm spaces
Dark-eyed Junco	 5	 5 10 10 o <0.001

12 10 2 0.019
18 13 5 0.048
10 10 o <0.001
10 10 o <0.001

House Sparrow	 1	 1 10 9 1 0.011

'Binomial tests were used to examine if results of 10 to 24 trials per subject differed (P < 0.05) from the expected equal distribution



Klem • PREVENTING BIRD—WINDOW COLLISIONS	 317

ed in each experiment was randomly assigned
and moved to a new window unit daily. Win-
dows were checked each day 30 min after first
light and checked and changed daily 30 min
before last light for all experiments Windows
were covered with opaque tarps and not mon-
itored during inclement weather such as high
winds, rain, or snow.

The parameter measured in all experiments
was the number of detectable bird strikes. A
strike was recorded when either dead or in-
jured birds were found beneath a window, or
when fluid or a blood smear, feather, or body
smudge was found on the glass. The data are
likely incomplete and conservative because
some strikes may not have left evidence of a
collision (Klem 1989, 1990, Klem et al.
2004). Predators and scavengers also are
known to remove some injured or dead birds
(Klem 1981, Klem et al. 2004). The length of
each experiment was ascertained by the num-
ber of recorded strikes required to statistically
evaluate the differences between treatments.
The experiments for some species occurred
during non-breeding and migratory periods,
but previous studies indicate no seasonal dif-
ference in the ability of birds to avoid win-
dows (Klem 1989).

The first experiment was conducted over 20
days from 5 to 27 December 2005 and tested
the clear glass control, non-reflective clear
glass pane exhibiting no glare when viewed
from any angle, and the same plastic strips
and spacing used in flight cage experiment #6;
the 0.32-cm thick edges of the plastic strips
were visible as translucent lines except when
viewed from directly in front of the window.

The second experiment was conducted over
50 days from 1 February to 29 March 2006
and tested the clear glass control, complete
covering of a commercially available clear
UV-absorbing film supplied by CPFilms Inc.
(Martinsville, VA, USA), and the same clear
UV-absorbing film cut and applied as 2.5 cm
wide UV-absorbing strips forming stripes sep-
arated by 5 cm of clear glass; no edgings of
the strips were visible from any angle of view.

The third experiment was conducted over
90 days from 22 November 2006 to 23 Feb-
ruary 2007 and tested five commercially
available exterior window films by CPFilms
Inc. UV measurements for wavelengths be-
tween 300 and 380 nm were recorded with a

Cary 5000 Spectrophotometer. The clear glass
control transmitted 74.6% UV while each of
the films absorbed most UV, allowing UV
transmittance of 0.13% or less. Each film type
reflected 8.8% UV or less. The experimental
windows were: (I) clear glass control; (2)
complete covering of clear UV-absorbing film
applied to exterior glass surface (UVC-0), (3)
same as #2 but applied to interior glass sur-
face (UVC-I); (4) complete covering of UV-
absorbing REX20 film transmitting 20% and
reflecting 65% visible light, having a high re-
flective quality; (5) complete covering of UV-
absorbing REX35 film transmitting 35% and
reflecting 55% visible light, having a high re-
flective quality; (6) complete covering of UV-
absorbing NEX1020 film containing a metal-
lic layer with a moderate reflective quality,
and (7) complete covering of UV-absorbing
RK20 Rynar film with a low reflective quality.

The fourth experiment was conducted over
50 days from 10 March to 3 May 2007 and
retested the clear glass control, UVC-0 film
applied as 2.5 cm wide vertically oriented
strips forming stripes separated by 2.5 cm
clear glass, and commercially available
CollidEscape film supplied by Large Format
Digital Inc. (Edgerton, WI, USA) applied to
the exterior glass surface, permitting a rela-
tively unobstructed view looking at the inside
surface of a covered pane and a completely
obstructed view looking at the outside surface.
Windows covered in CollidEscape appear uni-
formly white.

The fifth experiment was conducted over 90
days from 29 October 2007 to 9 February
2008 and tested a new clear UV-reflecting
film, alone and in combination with existing
exterior clear UV-absorbing film from
CPFilms Inc. The new clear film reflected
80% UV. The experimental windows were: (1)
clear glass control; (2) complete covering of
clear UV-reflecting film applied to exterior
surface (CUV-0); (3) same as #2 but applied
to interior glass surface (CUV-I); (4) 2.5-cm
wide UV-reflecting film strips forming stripes
oriented vertically and separated by 5 cm UV-
absorbing film strips forming stripes oriented
vertically and applied to the outside glass sur-
face (S-IR); (5) 5-cm wide UV-reflecting film
strips forming stripes oriented vertically and
separated by 2.5 cm UV-absorbing film strips
forming stripes oriented vertically and applied
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to the outside glass surface (S-2R-0); (6)
same as #5 but applied to the interior glass
surface (S-2R-I); and (7) a grid pattern con-
sisting of 10-cm wide UV-reflecting vertical
columns separated by 2.5-cm wide UV-ab-
sorbing vertical columns, and 8-cm wide UV-
reflecting horizontal rows separated by 2.5-cm
wide UV-absorbing horizontal rows applied to
the outside glass surface (GRID).

The sixth experiment was conducted over
50 days from 29 February to 25 April 2008
and retested the clear glass control and clear
UV-reflecting and UV-absorbing films CUV-
0, S-1R, and S-2R-0.

All windows , were continuously monitored
for 17 hrs over 4 days (6, 12, 24, and 30 Jan
2007) during the fourth experiment to learn if
strikes occurred without leaving any visible
evidence. Additionally, 60 hrs of continuous
observation were conducted over 14 days (11,
13, 14, 17, 18, 21, 25, and 28 Mar and 3, 7,
8, 10, 14, and 15 Apr 2008) during the sixth
experiment to observe active avoidance or
failure to avoid the experimental windows.
The flight path of individual birds moving
from a platform feeder toward a window was
recorded and assessed as active avoidance if
the bird changed direction immediately in
front and passed around or over a window.

I used SPSS (SPSS Inc. 2006) for all sta-
tistical analyses of the field experiments. Chi-
square goodness-of-fit was used to evaluate
experimental results: number of strikes per
treatment compared to a uniform distribution
of strikes across all treatments per experiment.
Test results were considered statistically sig-
nificant when P < 0.05.

RESULTS
Flight Cage Experiments. —Dark-eyed Jun-

cos did not discriminate between clear plastic
and unobstructed airspace. There was mixed
discrimination among Dark-eyed Juncos and
individual White-throated and House spar-
rows compared with other preventive methods
evaluated (Table 1). Only the UV-absorbing
2.5-cm wide horizontally oriented plastic
strips forming stripes separated by 5 cm and
the ceramic frit dots uniformly covering the
entire window resulted in statistically signifi-
cant avoidance for all subjects. The UV-re-
flecting maple leaves were more effective in
alerting birds to a barrier when applied in

enough numbers to be separated by 10 cm in
vertical columns and 5 cm in horizontal rows;
a single UV-reflecting maple leaf in the center
of a window was ineffective in alerting four
of five subjects to the presence of a clear win-
dow barrier.

Field Experiments.—Forty -two strikes were
recorded in the first experiment; 17 (41%)
were fatal. The number of strikes differed sig-
nificantly across all treatments with 14 (33%)
at the clear glass control, 28 (67%) at the non-
reflective glass, and none at the vertically ori-
ented 2.5-cm UV-absorbing plastic strips
forming stripes separated by 5 cm (x 2 = 28.0,
df = 2, P = 0.001). Species numbers and win-
dow at which fatalities occurred were: two
White-throated Sparrows and three House
Sparrows at the clear glass control; and four
Northern Cardinals (Cardinalis cardinalis),
two House Finches (Carpodacus mexicanus),
four White-throated Sparrows, and two Dark-
eyed Juncos at the non-reflecting glass.

Fifty-five strikes were recorded in the sec-
ond experiment; 11 (20%) were fatal. The
number of strikes differed significantly across
all treatments with 35 (64%) at the clear glass
control, 12 (22%) at the complete UV-absorb-
ing film covering, and 8 (14%) at the verti-
cally oriented 2.5-cm wide UV-absorbing film
strips forming stripes separated by 5 cm (X2
= 23.2, df 2, P = 0.001). Species numbers
and window at which fatalities occurred were:
two Northern Cardinals and one Dark-eyed
Junco at the clear glass control; two White-
throated Sparrows, two Song Sparrows (Me-
lospiza melodia), and one House Sparrow at
the complete UV-absorbing film covering; and
one White-throated Sparrow, one Song Spar-
row, and one House Sparrow at the vertically
oriented 2.5-cm wide UV-absorbing film strips
forming stripes separated by 5 cm.

One-hundred and ninety-four strikes were
recorded in the third experiment; 20 (10%)
were fatal. The total number of strikes differed
significantly across all treatments, with 51
(26%) at the clear glass control, 24 (12%) at
UVC-0, 20 (10%) at UVC-I, 30 (15%) at
REX20, 24 (12%) at REX35, 21 (11%) at
NEX1020, and 24 (12%) at RK20 (x 2 = 25.0,
df = 6, P < 0.001). Species killed and the
windows at which fatalities occurred were:
one White-throated Sparrow, one American
Tree Sparrow (Spizella arborea), five Dark-
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eyed Juncos, and two House Finches at the
clear glass control; one Black-capped Chick-
adee (Poecile atricapillus), one White-throat-
ed Sparrow, two House Finches, and one
Northern Cardinal at UVC-0; one House
Finch at UVC-I; two American Tree Sparrows
at REX20; two Dark-eyed Juncos at REX35;
and one Mourning Dove (Zenaida macroura)
at RK20.

Seventy-seven strikes were recorded in the
fourth experiment; two (3%) were fatal. The
total number of strikes differed significantly
across all treatments, with 49 (64%) at the
clear glass control, 27 (35%) at the vertically
oriented 2.5-cm wide UV-absorbing film strips
forming stripes separated by 5 cm, and one
(1%) at the CollidEscape covered window (x2
= 44.99, df = 2, P = 0.001). Eight (30%) of
the 27 strikes at the window with the UV-
absorbing film stripes occurred over film,
there were 14 (52%) strikes at clear glass be-
tween film, and five (18%) strikes included
parts of both film and non-film areas; there
was no significant difference between striped
and no striped impact sites (x 2 = 1.64, df =
1, P = 0.20).

Eighty-six strikes were recorded in the fifth
experiment; 13 (15%) were fatal. The total
number of strikes differed significantly across
all treatments with 60 (70%) at the clear glass
control, eight (9%) at CUV-0, seven (8%) at
CUV-I, two (2%) at S-1R, one (1%) at S-2R-
0, four (5%) at S-2R-I, and four (5%) at the
GRID (x2 = 219.23, df = 6, P < 0.001). All
13 fatalities occurred at the clear glass control
and were: one Black-capped Chickadee, one
White-breasted Nuthatch (Sitta carolinensis),
two House Finches, one American Goldfinch
(Carduelis tristis), one American Tree Spar-
row, and seven Dark-eyed Juncos.

Fifty-five strikes were recorded in a vali-
dating sixth experiment retesting selected
treatments of experiment #5; 11 (20%) were
fatal. The total number of strikes differed sig-
nificantly across all treatments, with 38 (69%)
at the clear glass control, 11 (20%) at CUV-
0, three (5.5%) at 5-1R, and three (5.5%) at
S-2R-0 (x2 = 60.13, df = 3, P = 0.001). Spe-
cies numbers and windows at which fatalities
occurred were: one Black-capped Chickadee,
two American Tree Sparrows, and five Dark-
eyed Juncos at the clear glass control, and two

American Tree Sparrows and one Dark-eyed
Junco at CUV-0.

Flight paths of 67 individual birds flying
from the bird feeders toward the windows
were recorded during 60 hrs of continuous ob-
servation over 14 days to examine the move-
ments of individuals during the sixth experi-
ment. Six (55%) of 11 individuals flying to-
ward the clear glass control moved to avoid
and five (45%) hit the window. Fourteen
(93%) of 15 individuals flying toward CUV-
0 moved to avoid and one (7%) hit the win-
dow. All 24 individuals flying toward S-1R
moved to avoid the window. Fifteen (88%) of
17 individuals flying toward S-2R-0 moved
to avoid and two (12%) hit the window. One
strike in four left no evidence of a collision
lasting 24 hrs based on 17 hrs of continuous
observation.

DISCUSSION
The application of clear and reflective UV-

absorbing films to the exterior of windows of-
fered some protection from strikes by reduc-
ing the deceptive quality of reflections. The
use of clear UV-absorbing external films to
create stripe patterns had mixed results. The
incremental use of 0.32-cm thick plastic strips
used to form stripes and then external films in
experiments were attempts to create UV sig-
nals to learn if test subjects and birds flying
in the wild would behave as if they could see
and avoid the treated panes. All attempts to
create protective patterns visible to birds using
a UV-absorbing plastic and film offered a
weak UV-reflecting signal, no greater than
13% UV-reflectance. A new clear UV-reflect-
ing exterior film that produced a UV-reflecting
signal with 80% reflectance offered an im-
proved opportunity to meaningfully test the
utility of UV signals to deter bird—window
collisions. The promise of UV signals serving
to alert birds to danger was uncertain given
that lower wavelengths of UV, blue, and pur-
ple colors are often associated with attraction
behavior, sexual selection, and finding food
(Burkhardt 1982, Bennett and Cuthill 1994,
Vitala et al. 1995, Bennett et al. 1996, Hunt
et al. 1998).

Color signals used by birds and other ani-
mals as warnings or an alert to danger (apo-
sematic coloration) are most often in the upper
visual wavelengths perceived as yellows, or-
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anges, and reds. Supporting the questionable
value of UV signals to deter window strikes
were comparative records of strike rates at
wind turbines painted with UV-reflecting and
conventional non-UV-reflecting paints (Young
et al. 2003). Notwithstanding the ability to at-
tract, it is reasonable to suspect that UV sig-
nals could also be used to alert birds to the
presence of clear and reflective sheet glass and
plastic. Repeated validating field experiments
supplemented by detailed recording of avoid-
ance by individual birds revealed that a com-
bination of UV-reflecting and UV-absorbing
stripe and grid patterns were effective in pre-
venting bird—window collisions. These results
document that birds were able to recognize the
window-covering UV stripes and grid pattern
as barriers to avoid. Applications that combine
alternating and contrasting UV-reflecting and
UV-absorbing patterns to existing clear and
reflective windows have promise of prevent-
ing bird strikes while offering little or no vi-
sual distraction for humans.

The results of both flight cage and field ex-
periments provide additional confirmation that
birds behave as if clear sheet glass and plastic
in the form of windows are invisible, and that
several methods are available to effectively
prevent bird—window collisions. The clarity
and lack of any visible cues best explains
twice as many strikes at the non-reflective
glass pane compared to a conventional clear
window. These findings support the interpre-
tation that decals or other objects such as
feathers placed on or hung in front of a win-
dow are ineffective at preventing bird strikes
when used alone. Increasing their numbers so
they uniformly cover the window surface, and
separating decals or strings of feathers and
beads by 5 to 10 cm provides complete or
near-complete avoidance.

One-way films that result in a complete
opaque or translucent covering when viewed
from outside, but only weakly diminish the
view from inside, were expected and con-
firmed to be effective strike deterrents. The
uniformly dense dot pattern created as ceram-
ic frit was effective in alerting birds to the
presence of a glass barrier. The presence of
dotted ceramic frit glass in the science build-
ing at Swarthmore College in Swarthmore,
Pennsylvania, USA since installation has ex-
perienced as few as two known collisions a

year (E. C. Everbach, pers. comm.). This same
dotted ceramic frit glass has experienced no
known collisions at a corridor in the renovated
science building on the campus of Muhlen-
berg College in Allentown. Pennsylvania, but
a dozen collision fatalities have been docu-
mented at conventional clear glass panes else-
where in this same building for 1 year since
installation (DK, pers. obs.). The dot or other
objects creating patterns of visual noise must
be placed on the exterior surface of windows
to be visible; exceptions are at see-through
sites such as corridors and where glass walls
meet at corners and where protective patterns
will be visible when placed on interior surfac-
es.

These experiments further reveal that strike
frequency at intensely monitored sites is likely
to be incomplete and conservative because
some impacts may not leave any evidence of
a collision. Moreover, predators and scaven-
gers may have removed some casualties that
were not detected such as a Northern Shrike
(Lanius excubitor) that was seen taking a win-
dow casualty during the final field experiment
(Klem 1981, Klem et al. 2004).

Methods using UV signals to alert birds to
window hazards should have special utility
because they offer visual cues in wavelengths
that birds are known to see but humans do not
(Burkhardt 1982, Bennett and Cuthill 1994,
Vitala et al. 1995, Bennett et al. 1996. Hunt
et al. 1998). The promise of using UV signals
to prevent collisions between birds and win-
dows is especially relevant to architectural
professionals for addressing and eliminating
avian injury and mortality by retrofitting ex-
isting buildings and using new types of glass
and plastic panes in new construction.
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1 INTRODUCTION

This testimony provides an analysis of the hydrologic and geomorphic impacts described in
the Staff Assessment/Draft Environmental Impact Statement ("SA/DEIS") for the Imperial
Valley Solar Project, formerly SES Solar Two ("Project"). Our analysis also examined the
associated documents as listed below, and includes a detailed critique of the technical
analyses that have been undertaken to date. We also describe additional analyses that are
needed to address the impacts associated with the proposed application and to formulate
potential mitigation measures to reduce impacts to less than significant and identify the
least environmentally damaging alternative.

2 REFERENCE MATERIAL

We reviewed the following information to inform our assessment of the SA/DEIS:

Angel, J.R., M.A. Palecki, & S.T. Hollinger. 2005. Storm precipitation in the United States.
Part H: soil erosion characteristics. Journal of Applied Meteorology 44:947-959.

BLM & CEC. 2010. Staff Assessment and Draft Environmental Impact Statement and
Draft California Desert Conservation Area Plan Amendment, SES Solar Two Project.

BLM & USGS. 2001. Biological Soil Crusts: Ecology of Management. Technical Reference
1730-2.

Chang, H. 2009a. Technical Review of Drainage Report for Solar Two Site. Prepared for
LSA Associates, Inc. July 2009.

Chang, H. 2009b. Technical Review for Hydrologic Assessment Report SES Solar Two
Project Site. Prepared for LSA Associates, Inc. October 2009.

Chang, H. 2010. Sediment Study for Three Washes at Solar Two Project Site in Imperial
County, California. Prepared for LSA Associates, Inc. January 2010.

Chen, Li, J. Yin, J. Miller, & M. Young. 2009. The role of the clast layer of desert pavement
in rainfall-runoff processes. In World Environmental and Water Resources Congress
2009.
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DWR & DFG. 2006. Salton Sea Ecosystem Restoration Program Draft Programmatic
Environmental Impact Report. Prepared for State of California The Resources Agency.
October 2006.

Gonzalez-Bonorino, G. & W.R. Osterkamp. 2004. Applying RUSLE 2.0 on burned-forest
lands: An appraisal. Journal of Soil and Water Conservation 59(1):36-42.

Griffiths, P.G, R. Hereford, & R.H. Webb. 2006. Sediment yield and runoff frequency of
small drainage basins in the Mojave Desert, U.S.A. Geomorphology 74:232-244.

Miller, J.J., T.G. Caldwell, M.H. Young, & G.K. Dalldorf. 2008. Verifying curve numbers in
arid environments by combining detailed geomorphic mapping and pedotransfer
functions. In World Environmental and Water Resources Congress 2008.

Pelletier, J.D., M. Cline, & S.B. DeLong. 2007. Desert pavement dynamics: numerical
modeling and field-based calibration. Earth Surface Processes and Landforms 32:1913-
1927.

RMT. 2009a. Hydrologic Assessment Report SES Solar Two Project Site. Prepared for
Stirling Energy Systems, Inc. September 2009.

RMT. 2009b. Hydrologic Assessment Report SES Solar Two Project Site, Revision 1.
Prepared for Stirling Energy Systems, Inc. October 2009.

SES. 2008. Application for Certification for the Stirling Energy Systems (SES) Solar Two
Project, Volumes 1 and 2.

SES. 2009a. In Response to CEC & BLM Data Requests 31 and 32, DESCP/SWPP —
Volume 1.

SES. 2009b. In Response to CEC & BLM Data Requests 31 and 32, DESCP/SWPP —
Volume 2.

Stantec. 2008a. Initial Drainage Report Solar Two Site. Prepared for Stirling Energy
Systems, Inc. May 2008.

Stantec. 2008b. Drainage Report Solar Two Site. Prepared for Stirling Energy Systems, Inc.
August 2008.

USGS. 1994. Methods for Estimating Magnitude and Frequency of Floods in the
Southwestern United States. USGS Water-Supply Paper 2433.
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Wood, Y.A., R.C. Graham, & S.G. Wells. 2005. Surface control of desert pavement pedologic
process and landscape function, Cima Volcanic field, Mojave Desert, California Catena
59:205-230.

Young, M. & L. Chen. 2009. Soil Heterogeneity and Moisture Distribution Due to Rainfall
Events in Vegetated Desert Areas: Potential Impact on Soil Recharge and Ecosystems,
Annual Report 2009.

3 SUMMARY

With the information reviewed to date (see Section 2), we have determined that the
proposed project would result in significant impacts, both onsite and offsite, in terms of
changes in hydrologic processes, increases in soil erosion by water, adverse changes to the
morphology of the washes, and potential hazards to the solar dishes placed in the washes.
Impacts were determined to be significant namely because the technical analyses that were
used in the SA/DEIS to determine the levels of significance were 1) deemed to be
insufficient for makings such determinations, 2) did not account for key components of the
landscape (i.e., desert pavement, cryptobiotic crust) as they influence soil and water
processes, 3) did not thoroughly address offsite impacts (i.e., Westside Main Canal New
River, Salton Sea), and 4) did not address the long-term impacts of the project under a
changing climate. A review of the technical analyses supporting the SA/DEIS (and
subsequent or continuing analyses) is provided in Section 4 and was used as a basis for
formulating our independent assessment on the significance of project impacts relative to
hydrology and geomorphology.

The SA/DEIS assessed the significance of project impacts per Appendix G of the CEQA
Guidelines and Energy Commission performance standards and thresholds per the
following (abbreviated) considerations:

1. Does the project violate water quality standards (see Villa)?
2. Does the project substantially deplete and/or interfere with groundwater supplies

and/or recharge (see VIII.b)?
3. Does the project substantially alter drainage patterns onsite or offsite, directly or

indirectly, that would result in a) changes in sedimentation (VIII.c) and/or b)
increases in runoff and/or flooding (VIII.d)?

4. Does the project create or contribute runoff that would exceed existing or planned
stormwater drainage facilities or provide additional sources of polluted runoff
(VIII.e)?

5. Does the project substantially degrade surface water or groundwater quality
(VIII.f)?

2218-099a
4



Imperial Valley Solar Project
Hydrologic and Geomorphic Review of the SA/DEIS

6. Does the project place structures in the flood hazard areas that would a) impede or
redirect flows (VIII.h) and/or b) pose significant risk of loss (VIII.i)?

to which we added the following consideration:

7. Does the project result in substantial soil erosion (VI.b)?

We reviewed Chapter C.7 of the SA/DEIS with respect to the above considerations and
provide a summary of our findings in Table 1 below.

Table 1. CEQA levels of significance

•

Bullet
SAI

DEIS
Level

cbec
Level

•
cbec Level of Significance Rational

1 21 1 The Conditions of Certification referenced in the SA/DEIS
assume that the analyses performed to date are sufficient to
"ensure no violation of water quality standards." Absent
adequate soil erosion analyses, the potential delivery and
conveyance of eroded soils and soluble salts by runoff pose a
significant offsite impact.

2 4 N/A The project does not currently have an assured water supply.
The Seeley offsite facilities have not been upgraded or
permitted to supply the water and a CEQA analysis is
underway to evaluate the impacts of this upgrade. Further,
the SA/DEIS conclusion that the Project will not impact
groundwater is based upon incorrect data, since the project
will impact groundwater resources.

3 1 1 We agree with the SA/DEIS determination that impacts to
wash morphology are significant and adverse, but for reasons
in addition to grading and vegetation removal. Subsequent
1D sediment transport analyses (see Section 4.4.2), though
deficient on some levels, adequately portray the impact of the
proposed sediment basins as resulting in erosive conditions
onsite and offsite due to sediment trapping and subsequent
sediment starvation, which will ultimately lead to
degradation of the washes downstream of the basins.

To further comment on the subsequent sediment transport
analyses, as a means to inform future analyses, the sediment
transport modeling 1) oversimplifies the alluvial wash/fan
system in 1D when a 2D model would be more appropriate, 2)
oversimplifies the model input assumptions (e.g., non-flashy

2218-099a
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hydrograph), and 3) does not adequately consider the
sedimentation impacts of the solar dish towers in aggregate
when placed in the washes as physical flow impediments (i.e.,
rather they are treated as part of the composite hydraulic
roughness).

We disagree with the SA/DEIS assessment that the
referenced Conditions of Certification "would ensure no
adverse alteration of drainage patterns related to flooding
and would reduce impacts related to sedimentation."
Drainage patterns will be impacted because 1) the analysis of
the hydrology of existing conditions on the site is
inadequate,' 2) the analysis of project conditions hydrology is
absent and void from dependent analyses (i.e., hydraulics
and sediment transport), 3) sedimentation analyses
addressing soil erosion are grossly inadequate, 2 and 4) offsite
impacts pertaining to runoff and sedimentation are not
addressed. As such, onsite and offsite impacts to stream
morphology, flooding, and sedimentation are considered
significant and the mitigation proposed in the SA/DEIS does
not mitigate these impacts to a level that is less than
significant.

4 2* 1 It is our understanding that the Main Services Complex,
Substation, and other adjacent paved surfaces will be routed
to a planned onsite flood retention facility. As stated in the
SA/DEIS, the referenced Conditions of Certification "would
ensure that the project would not create or contribute runoff
water that exceeds existing or planned" stormwater drainage
facilities. We are reasonably assured that the retention
facility will be designed to appropriate Imperial County
stormwater standards per traditional methods. However, the
SA/DEIS failed to analyze or mitigate the resulting

1 In summary of Table 1, as supported by Section 4, it has been demonstrated that the hydrologic (see Section 4.2),

soil erosion (see Section 4.3.1), and hydraulic, sediment transport, and scour (see Section 4.4) modeling and

calculations are generally inadequate for the following reasons:

1. The hydrology is inaccurate and does not address project conditions through changes in effective percent

impervious cover (PIC);

2. The soil loss calculations are grossly assumptive and arbitrary since they do not consider the influence of
the desert pavement and cryptobiotic crust and do not justify the effectiveness of the proposed BMPs;

3. Offsite impacts are not addressed;

4. Long-term project impacts due to climate change are not addressed.
2 See footnote [1]
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hydromodification impacts of project construction and
operation. Hydromodification relates to the impacts on
receiving waters due to changes in hydrologic characteristics
(i.e., runoff duration, frequency, volume) as a result of the
increases in effective impervious cover (PIC). Effective PIC
may increase under project conditions, in aggregate, as a
combination of site infrastructure (i.e., paved roads, building
pads, solar disc footings), access road compaction, destruction
of desert pavement and cryptobiotic crust, and application of
soil binders. As such, the potential impacts of the retention
facility on the environment are considered significant.

5 2* 1 The Conditions of Certification referenced in the SA/DEIS
assume that the analyses performed to date are sufficient to
"ensure no degradation of surface water or groundwater
quality." This is contrary to Conclusion #5 in the SA/DEIS,
which acknowledges the uncertainty regarding the sediment
content of the runoff water, and concludes that there is a
potentially significant water quality impact due to
sedimentation. We concur that there is a potentially
significant water quality impact considering offsite impacts
have not been sufficiently analyzed to address the
sedimentation TMDLs (DWR & DFG, 2006) that have been
developed for the New River and Imperial Valley drains. We
reiterate this potentially significant impact as it pertains to
Bullet 3 above and Bullet 8 below. Furthermore, it is unclear
how the project intends to deal with soluble salts exposed
during grading that can either leach into the groundwater
and/or be transported offsite with runoff. As offsite impacts
have not been sufficiently analyzed to address the salt TMDL
(DWR & DFG, 2006) that is being developed for the Salton
Sea, the water quality impact posed by the project is
potentially significant.

6 2* 1 The Conditions of Certification referenced in the SA/DEIS
assume that the analyses performed to date are sufficient to
"ensure that structures within the floodplain are protected
and that redirected flows are designed such that they not
cause adverse impacts." However, the local scour calculations
to support this determination are based on 1D steady-state
hydraulics (see Section 4.4.1) informed by inadequate3
hydrology (see Section 4.2). Preferential flow and scour
within the alluvial wash/fan have been cross section

3 See footnote [1]
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averaged in the 1D model, thereby masking locations that
may experience higher velocities and bed shear stresses,
resulting in deeper scour depths that may coincide with the
placement of some solar dishes. In addition, the hydrology
used in the hydraulic model underestimates flows in smaller
watersheds and is run in steady-state conditions, thereby
underestimating the peak velocities and bed shear stresses
associated with flashy runoff.

Furthermore, even though the subsequent 1D sediment
transport modeling (see Section 4.4.2) corroborates the scour
calculations in the SA/DEIS, it too is subject to similar
simplifications in model assumptions and inputs. As such,
impacts to the structural integrity of the solar dishes placed
in the active washes are considered significant and
unmitigated.

To mitigate these impacts, it is preferable to not install solar
dishes in any active washes (per Drainage Alternative #1 or
similar)

7 N/A 1 Absent adequate analyses, the impacts to soil erosion, and
subsequent sedimentation in the washes, are significant. The
grossly assumptive and arbitrary soil erosion (see Section
4 3 1) calculations 1) do not consider the influence of the
desert pavement and cryptobiotic crust under existing
conditions, 2) do not justify the effectiveness of the proposed
BMPs, 3) oversimplify the application of RUSLE2 to an
idealized and overly long hillslope when impacts occur over
much shorter lengths with direct delivery to the highly
dendritic washes (i.e., higher probability of eroded soil being
delivered to the washes and conveyed downstream), and 4) do
not consider offsite impacts of runoff laden with soil (e.g.,
washload) and soluble salts being conveyed to adjacent lands,
the Westside Main Canal (e g, short term impacts on
irrigated agriculture), the New River (e.g., sediments), and
ultimately the Salton Sea (e.g., salts). In addition, the
gullying effects of storm runoff generated by intense rainfall
concentrating beneath the bottom lip of the solar dishes or
intercepted by access road cuts is not addressed. As such,
impacts by soil erosion from the solar array fields are
significant.

Notes: [*] the level of significance is assumed as it was not actually stated.
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Levels of significance: [1] potentially significant impact or significant and unmitigated, [2]
less than significant impact with mitigation, [3] less than significant impact, and [4] no
impact.

4 DETAILED COMMENTS ON THE SA/DEIS TECHINICAL
ANALYSES

4.1 ENVIRONMENTAL SETTING

Our comments on the environmental setting component of the SA/DEIS pertain to the
influence of desert pavement and crypto biotic crust on hydrologic and sedimentation
processes, which are not acknowledged in the SA/DEIS, and as such, not represented in the
technical analyses performed to date.

4.1.1 DESERT PAVEMENT

It is our opinion that the physical properties of the desert pavement at the site have not
been adequately characterized. The extent (and type) of desert pavement and distinct
geomorphic surfaces across the site should be mapped since they control infiltration, runoff,
and transmission losses under existing conditions (Wood et al., 2005; Miller et al., 2008;
Young & Chen, 2009). It is important to fully understand the existing conditions in order to
be able to identify the potential impacts. Resilience (and self healing) of the desert
pavement to minor anthropogenic disturbance is possible over centuries if the mature Av
horizon (clay-rich eolian epipedon) remains intact (Pelletier et al., 2007). However, in the
context of project construction and subsequent maintenance activities (i.e., servicing the
Power Conversion Unit, monthly mirror washing, etc.), this is unlikely to occur. Deep
grading, a potential symptom of the proposed project, will likely destroy the Av horizon and
directly influence infiltration, runoff, transmission losses, and movement of soluble salts
(perhaps downward into the groundwater in the long-term and laterally in the short term
with soil erosion and surface runoff). This could also have an indirect impact on
neighboring pavement types and established vegetation since vegetation is linked to
pavement type, clast cover, and influenced by proximity to leached soluble salts (Wood et
al., 2005).

4.1.2 CRYPTOBIOTIC CRUST

Although a detailed surface soils assessment, including identification of the presence of a
cryptobiotic crust, was not undertaken, it is highly likely that cryptobiotic crust is
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widespread across the site. The impacts to the cryptobiotic crust were therefore not
analyzed, nor were mitigation techniques provided.

The cryptobiotic crust4 is a highly specialized community of cyanobacteria, mosses, and
lichen and are prevalent in the project area. The living organisms present in the desert
soils create a surface crust of soil particles bound together by organic material. The
thickness of these crusts can reach up to 10 cm. The crusts are important members of the
desert ecosystem and contribute to the well-being of other plants by stabilizing sand and
dirt, promoting moisture retention, and fixing atmospheric nitrogen. Because of their thin,
fiberous nature, cryptobiotic soils are extremely fragile systems. Some species in the soil
can recover within a few years of disturbance, but slow growing species may require more
than a century to recover.

Disruption of the crust will result in decreased organism diversity, soil nutrients, stability,
and organic matter. The crusts significantly aid infiltration of precipitation and
anthropogenic disturbance can dramatically increase surface runoff and increase the rate of
soil loss by an order of magnitude. Wind erosion is substantially more prevalent with
disruption of the crust. Crusts that may remain intact downstream of the project site will
inevitably be buried through wind blown and water transported erosion.

4.2 HYDROLOGY

A variety of different hydrologic modeling and estimation methodologies have been utilized
in the development of the SA/DEIS with a wide variety of results. However, we consider
that the latest and current modeling method utilized in the SA/DEIS is inappropriate,
discussed as follows.

4.2.1 CHRONOLOGY OF HYDROLOGIC ESTIMATION TECHNIQUES UTILIZED

Various hydrologic investigations have been conducted for the project, with the latest
modeling method utilized in the SA/DEIS. What follows here is a summary of those
investigations, including a critique, followed by recommendations:

1. Stantec (2008a) first used USGS regional regression (USGS, 1994) to estimate peak
flows for Q10 (10-year recurrence interval flow), Q25, and Q100 (which had a typical
record length of 21 years). This is a standard hydrologic technique for ungaged
watersheds.

2. Stantec (2008b) then developed their own regional analysis of fifteen (15) local
USGS gage records (typical record length of 14 years) to estimate peak flows for
Q10, Q25, and Q100. These peak flows were then used to calibrate a hydrologic

4 For example, see http://www.soficrustoreAmst.pdf .
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(HEC-HMS) model using areal adjusted NOAA Atlas14 point rainfall for the 10-,
25-, and 100-year 6-hour storms at Coyote Wells (just east of the project site), NOAA
rainfall distribution, initial and constant losses to estimate excess rainfall, and the
Clark unit hydrograph to transform the excess rainfall. These flow estimates were
nearly half of those estimated by Stantec (2008a) using USGS regional regression.

3. Chang (2009a) reviewed the Stantec (2008b) hydrology. While Chang was correct to
point out the improper application of the areal reduction factors, he may have
inadvertently compared the NOAA Altas2 point rainfall (outdated) to the NOAA
Atlas14 point rainfall used by Stantec, and he incorrectly assumed Stantec used the
CN method when in actuality they used the initial and constant loss method to
estimate excess rainfall in calibration of the HEC-HMS model. Chang ultimately
concluded that the Stantec (2008b) peak flows were underestimated.

4. RMT (2009a, 2009b) were contracted to continue the hydrologic analysis. As part of
that, Chang (2009b; pers. comm.) reviewed the R.MT (2009a) draft hydrology study
and suggested that RMT include the 6-hour rainfall in addition to 24-hour rainfall
(since Chang noted that the RMT 100-year 24-hour peak flows for smaller
watersheds were significantly lower than the Stantec (2008b) peak flows which he
thought were underestimated) and consider other rainfall distributions to include
that used for San Diego County.

5. To provide an alternative to the Stantec (2009b) HEC-HMS model, RMT (2009b)
developed a HydroCAD model (based on TR-20 methods) using NOAA Atlas 14 point
rainfall for the 10-, 25-, and 100-year 6-hour storms, the San Diego rainfall
distribution, the Curve Number (CN) method (land use=poor desert shrub, soils=C,
AMC=2, CN=85) to estimate excess rainfall, and the NRCS unit hydrograph to
transform the excess rainfall. The RMT (2009b) hydrology is what is currently
utilized in the SA/DEIS.

Based on this initial review, we conducted a comparison to better illustrate the differences
between the different phases of the hydrologic analyses. Figure 1 shows a comparison of the
Stantec (2008a; 2008b) and RMT (2009a; 2009b) discharge estimates relative to each other
and the USGS (1994) estimates and scatter data. This figure demonstrates:

1. The Stantec (2008b) HEC-HMS model appears to be calibrated on a watershed by
watershed basis, despite over applying areal adjustment factors, in order for the
HEC-HMS peak flows to fall directly on local regional curve they developed.

2. The RMT (2009a; 24-hour Type 1) and RMT (2009b; San Diego 6-hour) storms
produce nearly the same results.

3. The RMT (2009b) peak flows are significantly smaller than the Stantec (2008b) peak
flows for smaller watersheds (> 100 cfs difference) and the opposite is true of larger
watersheds (> 1000 cfs difference).

4. Provided that the local gage analysis by Stantec (2008b) is an improvement on the
USGS (1994) regional analysis and gaged watershed characteristics are comparable
to the project site, then the Stantec (2008b) study would appear to be a more valid
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approach than the RMT (2009b) study and should be used for the impact analysis.
At present, the RMT (2009b) is used in the SA/DEIS to inform hydraulic and scour
analyses and used by Chang (2010) to inform sediment transport analyses, the
implications of which are described further below.

4.2.2 RAINFALL DISTRIBUTION

Regarding the rainfall distributions used in the above studies, Figure 2 shows a comparison
the NOAA Atlas 14 convective (C) and general (G) 100-year 6-hour storms compared to the
San Diego 6-hour storm. Stantec (2008b) used one of the NOAA storms (it is not clear from
their report which one was used) to calibrate the HEC-HMS model and RMT (2009b) used
the San Diego 6-hour storm for the HydroCAD model. The San Diego 6-hour storm is more
typical of a balanced hyetograph (in this case slightly off center) with an intense peak (50%
of the rainfall occurs in the 3 rd hour).

4.2.3 RAINFALL EXCESS

With respect to the RMT (2009b) modeling, the selected CN 1) was somewhat arbitrary, 2)
it was assumed to be the same for existing and project conditions (i.e., no hydrologic
difference pre- and post-project), 3) it did not take into account distinct geomorphic surfaces
(e.g., CN values vary depending if the geomorphic surfaces are young or old alluvium;
Miller et al., 2008), and 4) it did not take into account the degradation of the desert
pavement.

Both Stantec (2008b) and RMT (2009b) only estimated hydrology for existing conditions.
Project conditions hydrology is likely not the same given unknowns associated depth of
grading (and disturbance of the Av horizon), access road compaction and surface runoff
interception, and application of soil binders, all of which influence effective percent
impervious cover (PIC), rainfall excess, and model assumptions.

4.2.4 ADDITIONAL SURVEYS, DATA COLLECTION AND ANALYSIS REQUIRED

In response to the summary and critique given in the previous sections, we have concluded
that the current level and type of analysis in the SA/DEIS is insufficient. Failure to
undertake additional surveys, data collection and analysis, and design of appropriate
mitigation actions as described below will result in significant unmitigated impacts to the
desert pavement and cryptobiotic soils, with corresponding dramatic increases in sediment
and wind erosion, and significant unmitigated impacts to downstream receiving waters:

1. Perform study to determine watersheds used in the local regional analysis by
Stantec (2008b) are representative of the project site.
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2. Revise the HEC-HMS calibration by Stantec (2008b) to include use of the CN
method (since this is also used in the soil loss analysis) and document calibration
parameters in a table. The Stantec (2008b) approach (i.e., calibrating to local
regional regression) is preferred over the RMT (2009b) study since it is a refinement
to the USGS regional regression approach. The current analysis under-predicts the
peak flows likely to occur. Under prediction of hydrology results in under prediction
of potentially significant impacts.

3. In developing the rainfall loss method (i.e., CN method), correlate loss parameters to
distinct geomorphic surfaces using published data (e.g., Miller et al., 2008) or data
acquired through project specific experiments (see recommendations in Section 4).
The current analysis likely under-predicts the CN, which in turn under-predicts
runoff and potential impacts.

4. Use an appropriate temporal rainfall distribution characteristic of the convective
storms at the project site. An analysis of local rainfall data will be needed to confirm
the selection of an appropriate temporal distribution (e.g., NOAA Atlas 14 50th
percentile of 2nd Quartile) as this informs the shape and timing of the flood
hydrograph.

5. Generate hydrology for existing and project conditions. Project conditions hydrology
will require a better understanding of project impacts on the effective percentage of
impervious cover through destruction of the desert pavement structure and
compaction of access roads as a result of project impacts.

6. The SA/DEIS failed to analyze or mitigate the resulting hydromodification impacts
of project construction and operation. Hydromodification relates to the impacts on
receiving waters due to changes in hydrologic characteristics (i.e., runoff duration,
frequency, volume) as a result of increase in PIG. Effective PIC may increase under
project conditions, in aggregate, as a combination of site infrastructure (i.e., paved
roads, building pads, solar disc footings), access road compaction, destruction of
desert pavement and cryptobiotic crust, and application of soil binders. These
changes in PIG were not analyzed.

7. Neither Stantec (2008b) nor RMT (2009b) considered climate change and its role in
shaping the project's impacts on the environment in terms of hydrologic response
and soil erosion. Provided that intense summer storms are responsible for a majority
of the runoff, The Nature Conservancy (TNC) Climate Wizard
(http://www.climatewizard org/) would suggest that summer rainfall in southeastern
California may increase by as much as 50% by 2080 in the summer, which could be
accompanied by significant increases in rainfall intensity and erosivity (Angel et al.,
2005). This significant increase in rainfall could have a profound impact on the
landscape, especially in the washes where solar dishes are proposed with increases
in runoff and sediment and an adapting landscape. This significant impact must be
analyzed and mitigated.
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4.3 SOIL EROSION AND SEDIMENT YIELD

Limited soil erosion and sediment yield investigations have been performed for the project
and incorporated into the SA/DEIS. What follows here is a summary of those
investigations, including a critique of the technical analyses followed by requirements for
modification to the existing analyses or additional analyses.

4.3.1 SOIL EROSION

The SA/DEIS relied on RUSLE2 modeling to predict soil erosion on the project site. Based
on its agricultural roots, RUSLE2 has been adapted over the years to the Pacific Northwest
(PNW), the Northwest Wheat and Winter Range (NWWR), and other areas of the western
US with extensive development of various region and county specific databases (i.e.,
climate, soils, crop management, etc.) and newer and extended relationships and equations.
However, its broadened application does come with exception (e.g., Gonzalez-Bonorino &
Osterkamp, 2004) and its application to the desert might be one of those exceptions given
the existing landscape character (i.e., desert pavement shields underlying erodible soils,
formation of crypto biotic crust).

It would appear that application of RUSLE2 to estimate surface erosion before, during, and
after project construction (for the project site only) was grossly oversimplified to
demonstrate the benefit of proposed BMPs to control soil erosion:

1. The analysis of existing conditions does not account for the hiding function afforded
by the desert pavement (i.e., the desert pavement clasts shields the highly erodible
Av horizon). Depending on the type and extent of desert pavement, it is possible to
treat the °lasts as surface cover (e.g., rocks), which would significantly reduce soil
erosion estimates under existing conditions and amplify project impacts relative to a
more accurate representation of existing conditions.

2. Slope lengths were an order of magnitude too long (max value of 1000 feet was
used), they should be much shorter (e.g., 100 feet), and they should be directly
tributary to the fine network of dendritic channels, which could equate to greater
delivery to the fluvial system. This assumption is not an accurate reflection of
project site slope lengths.

3. Project conditions without BMPs simply assumed bladed cut (and fill) with no
subsequent access road compaction. This assumption fails to recognize that access
road compaction will increase surface runoff through reductions in infiltration rates.

4. Effectiveness of the BMPs (i.e., soil binders, linear sediment barriers) for post
construction and operations conditions was arbitrarily assigned a surface residue
cover of 45% to achieve a post project soil erosion rate less than that estimated for
existing conditions. This assumption is arbitrary, has no physical basis, and is
simply used as a means to demonstrate in the SA/DEIS that the project BMPs are
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effective at controlling soil erosion. For example, if the assumptions in Bullets 1
through 3 were correct, a surface residue cover of 60% may have been selected to
demonstrate effectiveness of the project BMPs.

5. Application of RUSLE2 to the project scale was not performed and should be
exercised with caution. It should be verified using project scale soil erosion
calculation in a GIS-based application of RUSLE, USPED, or similar 5 to account for
the complex interaction between the landscape and the project elements to better
predict project impacts on soil erosion and sediment delivery.

While not part of the Desert Research Institute (Dill) rainfall/runoff plot studies on desert
pavement (Young & Chen, 2009; Chen et al., 2009), Chen (pers. comm.) provided anecdotal
evidence that soil erosion was observed onsite and appeared to be significant in their
rainfall/runoff plot experiments when the desert pavement clasts were removed, exposing
the underlying Av horizon, when applying a 100-year 1-hour rainfall rate (2.67 in/hr) for
one hour. This observation further stresses the importance of understanding geomorphic
(and biologic) surfaces and their role in controlling hydrologic and geomorphic processes.

4.3.2 SEDIMENT YIELD

While the Mohave Desert sedimentation study (Griffiths et al., 2006) appears to be
appropriate in its application to estimate sediment yield under existing conditions at the
project site given similarities in rainfall patterns (i.e., intense convective summer storms)
and geomorphic surfaces (i.e., desert pavement, alluvial fans etc.), the application of the
sedimentation study to size sediment basins in the SA/DEIS (see Appendix D of the
DESCP/SWPP (SES, 2009a)) was not appropriate because the sediment yield includes
washload, it does not account for the bed material trapping efficiency of the basins nor the
maintenance schedule of the basins, which could be accounted for more appropriately using
a 1D sediment transport model (see Section 4.4.2). The sedimentation study should be
taken a step further and used to calibrate or parameterize RUSLE2 to desert applications.

4.3.2.1 SOLAR DISHES

In intense storms, the dishes could concentrate runoff below the bottom lip of the dish and
initiate gully erosion. This fact is not considered in the SA/DEIS.

4.322ACCESS ROAD CUT/FILL

Road cuts, subsequent compaction, application of soil binders, and interception of upslope
surface runoff could initiate gully erosion. Road fill could bury runoff-generating areas to

5 See http://skagitmeasmcsu.eduftelenakmslabireports/CerlErosionTutorialidenix/denixstarthtml.
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which downslope vegetated areas are dependent upon. These facts are not considered in the
SA/DEIS.

4.3.3 ADDITIONAL SURVEYS, DATA COLLECTION AND ANALYSIS REQUIRED

In response to the summary and critique given in the previous sections, we have concluded
that the current level and type of analysis in the SA/DEIS is insufficient. Failure to
undertake additional surveys, data collection and analysis, and design of appropriate
mitigation actions as described below will result in significant unmitigated impacts to the
desert pavement and cryptobiotic soils, with corresponding dramatic increases in sediment
and wind erosion, and significant impacts to downstream receiving waters:

1. Perform rainfall/runoff/sediment yield plot studies on different geomorphic surfaces•
(perhaps at multiple proposed solar sites) under existing and project (with and
without BMPs) conditions and parameterize RUSLE2 as mentioned above.

2. Justify and/or quantify desert pavement, cryptobiotic crust, and BMP effectiveness
(especially the soil binders given their proposed broad application) on stabilizing
soils and runoff generation, using empirical data if available, site testing, or
sensitivity modeling.

3. Revise the soil loss calculations, using a GIS-based approach (several examples exist
in the literature), and use the information (from the above recommendations) as
input into the sediment transport model.

4. Confirm that solar dish runoff under intense runoff will not concentrate below the
bottom lip of the solar dish and initiate gully erosion.

5. Confirm that the access road cuts will not intercept and concentrate runoff, inducing
gully erosion, especially if they coincide with backfilled trenches.

4.4 HYDRAULICS, SEDIMENT TRANSPORT, AND SCOUR

A review of the hydraulic, sediment transport and scour analysis provided in the SA/DEIS
and associated documents has been conducted. What follows here is a summary of those
investigations, including a critique of the technical analyses, followed by required
modifications to the existing analyses or additional analyses.

4.4.1 HYDRAULICS

The following is an overview of the 1D hydraulic modeling used to inform the SA/DEIS:

1. Hydraulic modeling in HEC-RAS was limited to the project site between Interstate 8
and the railroad. Hydraulic modeling does not extend north of the railroad nor east
of Dunaway Road toward the Westside Main Canal, and was limited to steady-state
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conditions (to conservatively estimate floodplain widths for the washes). As such, the
steady-state hydraulic modeling does not account for the dynamic nature of flooding,
the runoff volume associated with flash flooding, and the duration and extent of
inundation that might occur offsite.

2. Hydraulic modeling relied on the hydrology generated by RMT (2009b) to delineate
the onsite floodplains. As noted previously, the RMT (2009b) flows are significantly
different (smaller for smaller watersheds) from the Stantec (2008b) flows. If the
flows are significantly smaller in the washes, then floodplain mapping widths and
potential solar dish exclusion under Drainage Alternative #1 could be under
estimated (i e, narrower floodplain widths potentially permit more solar dishes
along the fringes of the active washes), especially if geomorphic observations suggest
otherwise (i.e., wider flood prone widths).

3. RMT (2009b) recommended channelizing the flows on the alluvial fans. It is our
assessment this would result in degradation of the alluvial fan surfaces. It is our
understanding this recommendation was not carried into the SA/DEIS.

4.4.2 GENERAL SCOUR

The following is an overview and critique of the 1D sediment transport modeling that was
performed as a subsequent analysis after the release of the SA/DEIS:

1. To overcome deficiencies in the SA/DEIS, Chang (2010) used the 1D sediment
transport model FLUVIAL-12 to simulate general scour in select washes for
existing and project conditions. Project condition scenarios included 1) solar dishes
in the washes with access roads (to include cutoff walls) and 2) as in (1) with
sediment basins.

2. Mannings n-values in the washes for existing and project conditions (with access
road grading/clearing and solar dish towers in the washes) were specified as 0.03
and 0.025, respectively. Solar dish towers were not modeled as a physical flow
impediment, but rather as part of a composite roughness element, which likely
under represents the impact of the towers on the washes.

3. Chang (2010) did not specify an incoming sediment load at his upstream model
boundary. It is unclear if this assumption was based on the culverts under
Interstate 8 trapping a majority of the upstream sediments. As such, this may result
in excessive amounts of scour and sediment transport since the flows will be supply
limited.

4. Using the RTM (2009b) peak flows (for existing conditions only), Chang (2010)
generated 6-hour triangular hydrographs for use in FLUVIAL-12. As such, these
hydrographs are not as flashy and erosive as would be experienced in nature.

5. Based on the 1D numerical analysis, typical scour depths in the washes were
estimated to be less than 1 foot, resulting in Chang's conclusion that it is acceptable
to keep the solar dishes in the washes. However, these analyses may underestimate
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scour and deposition since they are based on a lack of incoming sediment load,
underestimated flows (for the smaller washes) for existing conditions hydrology only,
and use simplified hydrographs that will result in less erosion than is actually likely
to occur.

6. The 1D simplification of a 3D problem may also underestimate the preferential flow,
transport, scour, and deposition characteristics of the site. The impact of solar dish
towers in aggregate in the washes is not quantified sufficiently at the project scale,
only at the dish scale to inform structural design (see Section 4.4.3).

7. Chang (2010) has demonstrated that use of the sediment basins (with concrete cutoff
walls, which effectively act as grade control) can have a significant impact on the
delivery of sediment through and downstream of the project site in the 10-year and
100-year floods, and hence, significant impacts like severe incision can occur.
Depending on the wash that was modeled, sediment delivery through a road
crossing with sediment basins in place can approach zero in a 100-year flood, with
normal levels of sediment delivery resuming downstream, suggesting the washes are
incising as a result of the sediment basins.

4.4.3 LOCAL SCOUR

Local scour of the solar dish towers in the washes was estimated by two independent
calculations (i.e., RMT 2009b; Chang 2010) and were found to be approximately 5 feet in
both. Prediction of the scour depths is important when designing the foundation depth for
the towers. If the scour depth is under-predicted there is a risk of undermining the towers.
The scour depth is likely under-predicted currently. It would be preferable not to locate the
towers in the washes.

4.4.4 ADDITIONAL SURVEYS, DATA COLLECTION AND ANALYSIS REQUIRED

In response to the summary and critique given in the previous sections, we have concluded
that the current level and type of analysis in the SA/DEIS was -insufficient. Failure to
undertake additional surveys, data collection and analysis, relating to hydraulics, sediment
transport and scour as described below will result in significant impacts to the morphology
of the desert washes, potential significant impacts to receiving waters downstream of the
project site and potential dangers to the solar dish towers:

1. The sediment transport modeling must be revised with the appropriate inputs. 2D
sediment transport modeling should be undertaken for existing and project
conditions, to include all representative project elements (i.e., BMP effectiveness,
solar dish towers in the washes, etc.). If this does not occur, there is not sufficient
modeling to conclude that impacts from the project will be less than significant with
proposed mitigation.
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2. Long-term changes in fluvial morphology should be assessed within and downstream
of the project site as a result of the project and also as a result of climate change.
Long-term hydrologic simulations may be required as short-term (or design flood)
outcomes only provide a "snapshot" from the starting condition. The long term
degradation of the receiving waters downstream of the project site is therefore likely
to be underestimated.

3. Based upon the information known about the processes on the site to date, the
sediment basins should be removed from the project design. The desire to control
natural sedimentation processes is unwarranted and not justified and can result in
significant downstream impacts.

4. The current sediment transport analyses do not support the conclusions that the
solar dishes can safely be placed in the washes or not adversely affect the
morphology of the washes and therefore Drainage Alternative #1 or similar is
warranted.

4.5 MITIGATION MEASURES

A review of the suggested mitigation measures provided in the SA/DEIS and associated
documents has been conducted. What follows here is a summary of those investigations,
including a critique followed by requirements for modification to the analyses or additional
analyses.

4.5.1 SOIL BINDERS AND LINEAR SEDIMENT BARRIERS

Soil binders are proposed to be used to treat soil erosion by wind and water. The erosion
control plans suggest extensive use of soil binders throughout the project site with little
specifics on the placement of linear sediment barriers. The potential impacts of the soil
binders on the natural characteristics of the desert pavement (specifically soil infiltration,
runoff generation, and soil erosion), in addition to specifics on binder deterioration and
reapplication rates, and downslope flow convergence leading to gully erosion is not
investigated nor stated.

It is noted here that placement of linear sediment barriers on a project of this scope is
better left to the final phases of the design. However, the effectiveness of these treatments
at controlling sediment needs to be quantified for use in the soil loss calculations.

4.5.2 SEDIMENT BASINS

Sediment basins were proposed to control existing sediment movement onto, through, and
off the project site by trapping it in varying sized sediment basins at property boundaries
and road crossing internal to the project site. Sediment basins have the potential to starve
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the fluvial system within and downstream of the project site of sediment, leading to highly
detrimental changes in the morphology of the washes.

4.5.3 DRAINAGE ALTERNATIVE 1

This alternative proposed in the SA/DEIS removes the solar dishes from the washes to
avoid perceived significant impacts to fluvial morphology and sediment transport. However,
it fails to recognize similar significant impacts posed by the sediment basins.

4.5.4 ADDITIONAL SURVEYS, DATA COLLECTION AND ANALYSIS REQUIRED

In response to the summary and critique given in the previous sections, we have concluded
that the current level and type of analysis in the SA/DEIS is insufficient. Failure to
undertake additional surveys, data collection and analysis relating to potential mitigation
actions will result in significant unmitigated impacts to the morphology of the desert
washes, potential significant impacts to receiving waters downstream of the project site and
potential dangers to the solar dish towers:

1. Justify and/or quantify proposed BMP effectiveness to better inform the hydrologic
and soil loss analyses.

2. Remove the sediment basins from the project design to minimize significant impacts
to the morphology of the washes onsite and offsite.

3. Refine Drainage Alternative #1 to include the removal of the sediment basins from
the project in addition to removal of the solar dishes from the washes.

4.6 OFFSITE IMPACTS

A review of the offsite impacts provided in the SA/DEIS and associated documents has been
conducted. What follows here is a summary of those investigations, including a critique,
followed by recommendations for modification to the analyses or additional analyses.

4.6.1 HYDROLOGY

While the hydrologic model extends to Dunaway Road, which is only 1.6 miles short of the
Westside Main Canal, the hydrologic model(s) do not consider project conditions hydrology
nor climate change impacts on the receiving waters of the Westside Main Canal, Imperial
Valley irrigated agriculture, and ultimately the New River and the Salton Sea.
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Imperial Valley Solar Project
Hydrologic and Geomorphic Review of the SA/DEIS

4.6.2 SURFACE EROSION AND SEDIMENT YIELD

With implementation of the project, and depending on the depth of grading and BMP
effectiveness, sediments and salts could be carried with surface runoff from the extensively
graded project site. Considering intense rainfall and subsequent runoff occurs in the
summer, these soluble salts could enter the Westside Main Canal, be applied to agricultural
fields, only to ultimately enter the Salton Sea via discharge from Imperial Valley drains.
Without a detailed analysis of offsite impacts, fine sediments could reach the New River.

4.6.3 HYDRAULICS, SEDIMENT TRANSPORT, AND SCOUR

With implementation of the project, or even Design Alternative #1, there will be significant
impacts to the morphology of the offsite fluvial system north of the railroad and east of
Dunaway Road via reductions in offsite sediment delivery.

4.6.4 ADDITIONAL SURVEYS, DATA COLLECTION AND ANALYSIS REQUIRED

In response to the summary and critique given in the previous sections, we have concluded
that the current level and type of analysis in the SA/DEIS is insufficient. Failure to
undertake additional surveys, data collection and analysis relating to potential offsite
impacts will result in significant impacts to receiving waters downstream of the project site.
The domain of impact to the Salton Sea should be assessed since this site is situated in the
watershed of the Salton Sea:

1. The hydrologic, hydraulic and sediment transport models domain of analysis should
extend sufficiently far downstream to be able to characterize any potential impacts
to the receiving waters downstream of the project site.
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Declaration of Christopher Bowles
Imperial Valley Solar Project

Docket 08-AFC-5

I, Christopher Bowles, declare as follows:

1. I have been a business partner in cbec, inc., eco engineering, a California Corporation, since its
incorporation in July 2008. Prior to incorporation, I was a sole proprietor since December 2007.
Prior to becoming a sole proprietor, I was a Principal at PWA, Ltd. I have consulted in water
resources in the U.S.A. for over 11 years and have been working in the water resources
internationally for over 17 years. I am very familiar with the hydrology and geomorphology of
the western U.S.A.

2. I hold a Ph.D. in Civil Engineering (with a specialization in water resources) and a Bachelor of
Engineering (First Class with Honors) in Civil Engineering. Both of these degrees were obtained
in England, UK. My relevant professional qualifications and experience are set forth in the
attached CV.

3. I jointly prepared the testimony and figures with Christopher Campbell, attached hereto and
incorporated herein by reference, relating to the hydrologic and geomorphic impacts of the
Imperial Valley Solar Project.

4. It is my professional opinion that the attached testimony and figures are true and accurate with
respect to the information that they portray.

5. I am personally familiar with the facts and conclusions described within the attached testimony
and figures, and if called as a witness, I could testify competently thereto.

I declare under penalty of perjury that the foregoing is true and correct to the best of my knowledge and

belief.

Dated:  MAY 31-/ ?Od 

Location: Wear *144414461/442,c1+ 

Signed: C.
Printed:  611,1267DOW a etk-





Declaration of Chris Campbell
Imperial Valley Solar Project

Docket 08-AFC-5

I, Christopher Campbell, declare as follows:

1. I have been a business partner in cbec, inc., a California Corporation, since its incorporation in
July 2008. Prior to starting the business. I was a Senior Associate at PWA, Ltd.

2. I hold a M.S. degree in Biological and Agricultural Engineering and I am . currently pursuing a
Ph.D. in Civil Engineering. My relevant professional qualifications and experience are set forth in
the attached CV.

3. I jointly prepared the testimony and figures with Chris Bowles, attached hereto and
incorporated herein by reference, relating to the hydrologic and geomorphic impacts of the
Imperial Valley Solar Project.

4. It is my professional opinion that the attached testimony and figures are true and accurate with
respect to the information that they portray.

5. I am personally familiar with the facts and conclusions described within the attached testimony
and figures, and if called as a witness, I could testify competently thereto.

I declare under penalty of perjury that the foregoing is true and correct to the best of my knowledge and

belief.

• Dated:  kg et/	 1.0 	 Signed:

Location:  (New- tiemmeitnvi 64  Printed:  ,I65 312 g ofranat._
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Christopher Bowles, Ph.D., President, cbec, inc. eco-engineering

Education
Ph.D., 1999 Hydraulics, specializing in 3-0
numerical modeling of environmental flows
related to run-of-the-river hydropower.

CIWEM, 1995 Water and Environmental
Management Diploma, Nottingham Trent
University, England.

B. Eng., 1995 Civil Engineering (First Class with
Honors), Nottingham Trent
University, England.

H.N.D., 1989	 Engineering Surveying, Trent
Polytechnic, Nottingham, England.

Professional Experience
2007— Present - President
cbec, inc., eco-engineering, Sacramento, CA.
Providing environmental consulting services to
the water resources industry.

1998-2007 - Hydrologist to Principal
Philip Williams & Associates (PWA), Ltd.,
Sacramento, CA

1995-1998 - Standard Instructor: Land Surveying,
LT., and Fluid Mechanics
Nottingham Trent University, Nottingham,
England

1995 - Flood Defense Technician
National Rivers Authority, Scarrington Road,
Nottingham, England

1994 - Assistant Flood Defense Technician
National g iven Authority, Scarrington Road,
Nottingham, England

1989-1993 - Site Engineer/Project Manager
G.F. Tomlinson & Sons Civil Engineering
Contractors, Derby, England

1987-1988 -Junior Land Surveyor
M.N. Oliver & Co. Land Surveyors, Cheshire,
England

Professional Registration and institutions
• EFT 132022
• Chartered Civil Engineer (UK)
• Chartered Environmental Engineer (UK)
• Member of the Chartered Institution of Water

& Environmental Management (CIWEM) (UK)
• International	 Association	 of	 Hydraulic

Research (IAHR)
• Institution of Civil Engineering Surveyors (ICES)

Dr. Bowles is trained as a civil engineer specializing in hydraulics, hydrology, geomorphology, water
resources, water quality and environmental restoration. He has over fifteen years of project
management experience on a wide variety of large multi-disciplinary, multi-stakeholder projects such
as floodplain restoration, sediment studies, watershed hydrology, water quality, river and wetland
restoration in California, Nevada, Washington, Oregon, and Florida, and oversees, including projects in
the UK and Central America. Ten of these years have been spent in practice in the US. His technical
expertise spans the range of hydraulic and hydrologic modeling (HEC software and a wide variety of 10,
2D and 30 hydraulic models), geomorphology, GIS and field data collection (topographic and
bathymetric surveying, water quality monitoring, flow gauging and sediment transport measurements).
Prior to specializing in environmental hydrology, Dr. Bowles worked initially as a land surveyor and
latterly as a site construction supervisor.

Dr. Bowles founded cbec, inc., eco-engineering in 2007, specializing in engineering services as they
relate to the water resources industry to provide ecologically sensitive and sustainable solutions in the
fields of hydraulics, hydrology, geomorphology and restoration design. Since 1998 he has managed or
directed numerous projects in northern California (Central Valley, and the Bay Area) the Sierra Nevada
(the Tahoe Basin) and southern California. Clients have included Federal, State, and local agencies and
private client such as Sacramento Area Flood Control Agency (SAFCA), Yolo County, Solano County
Water Agency, Solano Land Trust, CALFED, California Department of Fish and Game (CDFG), US Fish and
Wildlife Service, the Sacramento Water Forum, Department of Water Resources, Three Rivers Levee
Improvement Authority and the US Army Corps of Engineers. Other clients that Dr. Bowles has served
include local private developers in the Central Valley, where his involvement has primarily involved
advising clients on hydromodification impacts of new development (assessing the impacts of
stormwater flows on the geomorphology of receiving waters).

Dr. Bowles regularly gives training courses in hydraulics and hydrology and has prepared and delivered
courses to the State Water Resources Control Board (and the Regional Boards) and CDFG. He has had
lecturing experience in several fields including land surveying, IT, hydraulics and hydrology. He has also
presented technical papers at numerous conferences and meetings and regularly gives technical
presentations to Clients and Stakeholders in his project management and direction roles.

Dr. Bowles has had significant field reconnaissance and assessment experience including bathymetric
surveying, flow and tide measurement, sediment transport and velocity Measurement using the latest
technology in Acoustic Doppler Velocimetry and water quaky monitoring. His knowledge of laboratory
based hydraulic modeling is also extensive with a substantial part of his doctoral research based on this
technology.

Dr. Bowles is focused on providing innovative, environmentally sensitive solutions to impacted
watersheds from the Sierras to the Central Valley to achieve the protection, enhancement, and
restoration of water dependent ecosystems. He has particular interests in multi-objective floodplain
management and innovative urban development that is sensitive to, and sustainable for, our natural
water resources systems.
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Christopher Campbell, M.S., cbec, inc. eco-engineering, Vice-President

Chris Campbell has over eight years of engineering and project management experience with an
emphasis in ecohydraulics and ecohydrology. He specializes in hydrodynamics, physical hydrology,
sediment transport, geomorphology, water resources, and ecosystem restoration. His technical
expertise routinely involves the application of GIS and computational models (e.g. 1D, 2D, and 3D),
both public (e.g. HEC software) and proprietary (e.g. MIKE software), to inform a range of water
resource and environmental assessment and restoration projects within riverine, estuarine, and
wetland environments. Chris also performs field studies (e.g. topographic and bathymetric surveying,
water quality monitoring, climate monitoring, flow gauging, sediment characterization, and sediment
transport sampling) and uses the data to characterize site conditions and to develop, calibrate, and
validate computational models.

Chris is also currently pursuing a part-time Ph.D. in Civil Engineering through the Center for
Ecohydraulics Research at the University of Idaho. The focus of his research is to evaluate the
potential hydrologic impacts of constructed vernal pools on natural vernal pools within the context of
habitat mitigation and restoration design and monitoring. He is currently monitoring two restoration
sites within the Central Valley and will employ a 3D vadose zone groundwater model to determine
hydrologic and ecologic response for a range of design and climatic conditions.

Selected Project Experience

Suisun Valley Floodplain Modeling. Solano County, CA. 2009—present. As project manager and
technical lead, Mr. Campbell was charged to evaluate valley-wide flood impacts to existing
infrastructure and formulate practicable alternatives to alleviate these impacts. Under Phase 1 of the
project, preparatory activities (e.g., literature review, LiDAR verification, etc.) were performed to
develop and implement a monitoring program (i.e., continuous water level recorders, event-based
discharge measurements) and a detailed hydrologic and hydrodynamic modeling plan as conducted
during Phase 2 of the project.

Temperature Monitoring and Modeling, Lower American River. Sacramento, CA. January 2008—
present. Worked as the project manager with the Water Forum to monitor temperature at 14
locations and stage at 4 locations along the Lower American River from Nimbus Dam to the
confluence with the Sacramento River. Also, cbec has collaborated with HEC in Davis to construct a 1-
dimensional, hydrodynamic HEC-RAS temperature model of the Lower American River. This model has
an hourly time step. cbec is calibrating and validating this model using stage and temperature data
collected in August and September 2008.

Education
Ph.D., in progress, Civil Engineering,
University of Idaho, Center for Ecohydraulics
Research, Boise, ID, USA.

M.S., 2003, Biological and Agricultural
Engineering, University of Idaho, Moscow,
Idaho, USA.

B.S., 1998, Agricultural Engineering (summa
cum /aide), University of Idaho, Moscow,
Idaho, USA.

Professional Experience
2008— Present — Vice-President
cbec, inc., eco-engineering, Sacramento,
CA. Providing environmental consulting
services to the water resources industry.

2001-2008' Hydrologist to Senior Associate
Philip Williams 8 Associates (PWA), Ltd.,
Sacramento, CA

Professional Registration

1999, Engineer-in-Training, Idaho, #4896.



North Delta Hydrodynamic and Water Quality Modeling and
Monitoring. Yolo County, CA. 2008—present. As project manager on
these multi-stakeholder, multi-objective studies, Mr. Campbell
designed, installed, collected, and QC'd the monitoring data;
supervised and QC'd the bathymetric data collection; created the
bathymetric surface model; directed and QC'd the development and
calibration of a MIKE 21FM hydrodynamic model for the Yolo
Bypass—Liberty Island—Cache Slough complex; and continues to
oversee the development and application of the model. The model
is currently being used to support ongoing WO and restoration
studies.

Stanislaus River Honolulu Bar Restoration. Oakdale, CA. 2008—
present. FISHBIO. As project manager on this salmonid habitat
restoration project, Mr. Campbell designed and implemented a
monitoring plan to support model calibration and supervised the
development and application of a 20 model called SRH-2D to model
a 7.5 mile reach from Knights Ferry to Orange Blossom bridge with
the goal of designing a rearing habitat restoration project for the
gravel bar.

Urrutia Pond Restoration. Sacramento, CA. Sacramento Area Flood
Control Agency (SAFCA) and City of Sacramento, CA. April 2008—
present. Worked as a project hydrologist as part of a team preparing
the Surface Mining and Reclamation Act (SMARA) reclamation and
restoration plan for the Urrutia Pond in the Lower American River
Parkway.

Triangle Rock Environmental Assessment. Sacramento, CA. 2008—
present. Sacramento County Department of Water Resources
(DWR), CA. Project manager that conducted an environmental
assessment for the proposed detention basin in the Laguna Creek
Watershed to investigate the potential impacts of a proposed
regional detention basin.

Fremont Landing Conservation Bank. Yolo County, CA. 2007—
present. Wildlands, Inc. The project objective was to enhance site
conditions at Fremont Landing to serve as a conservation bank to
improve the aquatic and shaded riverine habitats for special-status
anadromous salmonids. Project hydrologist responsibilities included
development of a 20 curvilinear hydrodynamic model in MIKE 21C
for Fremont Landing within the SAFCP (to include the Sacramento
River, Sutter Bypass, Feather River, Yolo Bypass, and Natomas Cross
Canal) and evaluation of the components and phasing of the
preferred concept leading to a restoration approach that showed no
significant impact relative to the Sacramento River design water
surface and Yolo Bypass flow split.

Napa River Sediment Reduction and Habitat Enhancement Plan.
Napa, CA. 2006-2008. California Land Stewardship Institute. The
project objective was to develop a sediment reduction and habitat
enhancement plan for 9 miles of the Napa River between Oak Knoll
Ave and Oakville Cross Road. Responsibilities as PM for the
hydrodynamics include technical supervision and quality assurance
of the modeling. The hydrodynamic model MIKE FLOOD (1D and 2D
dynamically coupled models) will be used to evaluate the
preliminary alternatives with respect to flood reduction and habitat
benefits, and to select a preferred alternative.

Sonoma Creek & Tributaries Feasibility Study. Sonoma, CA. 2006—
2008. Southern Sonoma County RCD. The project objective was to
identify restoration components and feasible designs for flood
control for Sonoma Creek in the vicinity of Schellville.
Responsibilities as PM under Phase II of the Work Program included
technical supervision and quality assurance of the hydrodynamic

modeling. The hydrodynamic model MIKE FLOOD was used to
characterize existing conditions, test project alternatives and
components, and to evaluate the preferred alternative with respect
to flood hazard reductions and geomorphic stability.

Lake Merritt Channel 7th and 10th Street Reconstructions.
Oakland, CA. 2006-2008 Rajappan & Meyer Consulting Engineers,
Inc. and City of Oakland. The project objective was to improve
circulation in Lake Merritt and connectivity between the Lake and
the Oakland Estuary for recreational users. Responsibilities as lead
hydrologist/modeler included updating the MIKE 11 model, testing
the hydraulic performance of various project and non-project
elements, and optimizing the performance of the flood conveyance
channel.

Butte County Highway Improvement Vernal Pool Preserve Habitat
Conservation and Enhancement Plan (FICEP). Butte County, CA.
2005-2008. Butte County Association of Governments and Ca!trans.
The project objective was to mitigate for the loss of vernal pool
habitat associated with improvements along four Butte County
highways. The Preserve will conserve and enhance existing vernal
pool habitats and create new vernal pool habitats. Responsibilities
as PM include development of a GIS-based hydrologic model for
vernal pool landscapes and application of the model to the HCEP to
evaluate the potential hydrologic impacts of constructed pools on
existing pools. The hydrologic model developed in-house is the first
of its kind to be applied to vernal pools at the landscape scale.

American River Sunrise Side Channel. Sacramento, CA. 2005-2008.
Water Forum and SAFCA. The project objective is to reintroduce
more frequent flows to a side channel on the American River to
enhance steelhead spawning habitat. Responsibilities as PM include
collecting baseline hydraulic data, calibrating a 2D (MIKE 21)
hydrodynamic model, and assessing the geomorphic performance
and sustainability of the conceptual alternatives using the calibrated
hydraulic model.

Sediment Transport on the Pajaro River. Santa Cruz County, CA.
2005. Pajaro River Watershed Flood Prevention Authority. The
Pajaro River is the subject of a proposed flood plan that is
threatened by potential difficulties in obtaining permits for sediment
removal. Responsibilities as lead modeler included 20 sediment
transport in MIKE 21C to identify the effects of redesigning the flood
project to better manage sediment.

Coyote Creek OM Analysis. Mahn County. 2004-2008. Mahn
County Flood Control and Water Conservation District (FC&WCD).
The project objective was to reassess the maintenance regime of the
flood control channel and develop a design for a self-maintaining
channel with ecological benefits. Responsibilities as PM included
review of existing information, hydrologic model development and
calibration, hydraulic model (HEC-FtAS) development, estimation of
equilibrium channel dimensions, and development of conceptual
alternatives to reduce channel maintenance requirements.

Putah Creek Flow Restoration and Flood Conveyance. Solano
County. 2004-2008. Solano County Water Agency. The project
objective was to identify potential management measures
downstream of the Putah Diversion Dam on Lower Putah Creek to
reduce tailwater elevations to more closely match design conditions
and to accurately model the flood conveyance of Lower Putah Creek
to determine where the creek has restricted flow capacity and may
pose a flood threat. Responsibilities as PM included modeling in
HEC-RAS to identify management measures and modeling in MIKE
21C to identify flood conveyance hazards.



City of Sheridan Dam Break Analysis. Sheridan, OR. 2005-2007. City
of Sheridan Public Works Department. The purpose of this project
was to perform a dam failure and resulting flood wave analysis for
the City's proposed off-line storage facility at the headwaters of La
Toutena Mary Creek to fulfill Oregon Dam Safety requirements.
Responsibilities as PM include modeling the dam break and flood
wave in MIKE 11.

San Benancio and Harper Creeks FIS. 2003-2008. FEMA Region IX.
The purpose of this mapping project was to develop updated FIRMs
and FIS for San Benancio and Harper Creeks from new data in a
digital format that meets the Guidelines and Specifications for Flood
Hazard Mapping Partners. Specific PM tasks include detailed field
reconnaissance, hydrologic analysis, hydraulic analysis (HEC-RAS),
floodplain mapping, and reporting with all deliverables in TSDN
format.

Sacramento National Wildlife Refuge. Rio Vista Unit, Tehama
County. 2002-2003. Nature Conservancy. Project hydrologist
responsible for developing MIKE 11 and MIKE 21 hydrodynamic
models to assess existing conditions and the preferred alternative at
the conceptual level for flood hazard reduction and ecosystem
benefits and for assessing the geomorphic stability of the preferred
alternative.

San Lorenzo River Flood Control Project Sediment Management.
Santa Cruz, CA. 2002-2005. HDR Engineering, Inc. and the USACE,
Sacramento District. Responsible for sediment transport and
hydraulic modeling using HEC-6 and HEC-2, as well as developing
protocol to incorporate new channel geometry and vegetation from
monitoring data to allow performance-based assessment of
dredging requirements. This information will be used in preparation
of an Operation and Maintenance, Repair, Replacement and
Rehabilitation (0MRR&R) Manual.

Napa Sonoma Marsh Restoration. Napa/Sonoma County. 2001—
2002. Project hydrologist responsible for hydraulic modeling of one-
dimensional sloughs and two-dimensional salt ponds under existing
and project conditions to address salinity reduction alternatives,
cohesive sediment transport, and restoration alternatives using
MIKE FLOOD.



Selected Project Experience

Suisun Valley Floodplain Modeling, Fairfield, California, 2009-2010.
Dr. Bowles is the project director for this project which includes
bathymetric and topographic surveying, flow, stage and sediment
transport measurements (using ADCP technologies) and 10 and 2D
hydrodynamic modeling.

Sacramento County Hydromodification Management, Sacramento,
California, 2009. cbec was recently selected to assist the Sacramento
Stormwater Quality Partnership (SSQP) with the preparation of the
HMP as part of their NPDES MS4 Stormwater Permit Renewal
process. Dr. Bowles is the project manager to the SSQP for this
project, which will be completed in 2011.

Sacramento County HydromodIfkation Management Planning Pilot
Study, Sacramento, California. Dr. Bowles is managed a project with
the County's Department of Water Resources to investigate new and
innovative tools to assess the impacts of hydromodification and
propose potential mitigation strategies. Hydromodification refers to
the impacts of urbanization on the frequently occurring flow events
(typically between the 2- and 10-year events) that primarily affect
the geomorphology of receiving waters.

City of Elk Grove Expert Advisory Committee, Elk Grove, California,
2009. Dr. Bowles has been selected to serve on the City of Elk Grove
EAC to provide expert geomorphology and modeling experience into
the renewal of the City's stormwater master plan.

State Water Resources Control Board Training Academy
Hydromdification Workshop, 2009. Dr. Bowles has organized two,
two-day training workshops into HMP in Northern and Southern
California for SWRCB, RWQCB, and other state, county and city staff.

SoIan° County Water Agency North Delta Water Quality Modeling,
the North Delta, California, 2009. Dr. Bowles is the project director
for this large and technical complex 2-dimensional water quality
modeling in the North Delta (the Cache Slough-Liberty Island
complex). cbec is utilizing MIKE 21 for this purpose. The project has
also involved extensive bathymetric (hydrographic) surveys using
boat mounted fathometer connected to RTK GPS, sediment
sampling and water quality measurements.

Honolulu Bar Side Channel . Fisheries Enhancement Project,
Stanislaus River, California, 2008 to present. Dr. Bowles is project
director for this geomorphic assessment, 2-dimensional modeling
and design project to enhance steelhead juvenile rearing habitat at
a gravel bar on the Stanislaus River.

Sacramento Area Flood Control Agency lSAFCA Lifecycle
Management of Vegetation on Levees White Paper, 2009, Dr.
Bowles has recently completed the co-authoring of a white paper
into the lifecycle management of vegetation on levees, a topic
prominent in the scientific and political realms of flood risk
management locally and nationally. This involved development of a
conceptual decision support tool for life cycle management, working
with nationally renowned academics.

Stream Sewer Creek Crossing Assessment for Sacramento County,
Sacramento County, California. cbec is currently undertaking the
geomorphic assessment of 41 creeks and streams within
Sacramento County for Sacramento Area Sanitation District (SASD).
Dr. Bowles is overseeing the fieldwork and analysis component of
this project to assess the bank and bed stability in the reaches where
existing sewer crossings exist. cbec is using rapid geomorphic

assessment techniques in conjunction with hydrodynamic and
sediment transport analysis to provide recommendations on
suggested biotechnical bank stabilization methods.

Temperature Monitoring and Modeling, Lower American River,
Sacramento, CA. January 2008 to present. Dr. Bowles is directing a
project with the Water Forum to monitor temperature at 14
locations and stage at 4 locations along the Lower American River
from Nimbus Dam to the confluence with the Sacramento River.
Also, cbec, inc., have collaborated with HEC in Davis to construct a 1-
dimensional, hydrodynamic HEC-RAS temperature model of the
Lower American River. This model has an hourly time step. cbec are
in the process of calibrating and validating this model using stage
and temperature data collected in August and September 2008.

Urrutia Pond Restoration, SAFCA and City of Sacramento, CA. April
2008 to present. cbec are part of a team preparing the SMARA
reclamation and restoration plan for the Urrutia Pond in the Lower
American River Parkway.

Triangle Rock Environmental Assessment, Sacramento County
DWR, CA. cbec are undertaking an environmental assessment for
the proposed detention basin in the Laguna Creek Watershed to
investigate the potential environmental and hydrologic impacts of a
proposed regional detention basin.

Bather Slough Water Quality Monitoring and Modeling, the Delta,
CA, 2005— present. Project manager and director for Solano County
Water Agency's investigation into the water quality factors affecting
the Barker Slough Pumping Plant. The project has involved
developing and implementing a water quality field monitoring
program and complex 2-dimensional water quality modeling.

Feather River Levee Setback Project, 2005 — December 2007. For
the Three Rivers Levee Improvement Authority. Project director for
this levee setback project on the Feather River, responsible for the
geomorphic assessment of the proposed levee setback and the
physical process elements of the environmental enhancement of the
setback area.

Clifton Drain/Cordova Creek Naturalization, 2006 — December
2007. For the Sacramento Water Forum. Project director for this
project to develop a conceptual enhancement plan for
naturalization of Clifton Djain to a restored Cordova Creek.

Bear River Levee Setback Project, Bear River, CA, 2005 — 2007. Dr.
Bowles is the Project Director for this levee setback project on the
Bear River, responsible for the geomorphic assessment of the
proposed levee setback and the physical process elements of the
environmental enhancement of the setback area.

Putah Creek Flow Restoration Project, Putah Creek, CA, 2003 —
December 2007. Project manager for this project to assess the
impact of riparian vegetation on Putah Creek Diversion Dam for
Solano County Water Agency. The project involves geomorphic
assessments and hydraulic modeling.

Lower Sacramento River Regional Project: geomorphic assessment,
SAFCA, 2003- 2004. Project manager for this project to assess the
geomorphic impact of proposed changes to the regional flood
Management of the Sacramento River and its tributaries and
bypasses. The project focused on the geomorphic overview and in
developing sediment transport models of the potential scenarios.
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CHAPTER 6
SURFACE WATER QUALITY

This chapter describes water quality issues in the Salton Sea and the major tributaries and potential
changes that could occur due to implementation of the alternatives.

STUDY AREA
The study area is defined as the geographical area within which the large majority of potential impacts are
expected. The study area for water quality issues is the Salton Sea, drains and rivers that flow into the
Salton Sea, adjacent wetlands, and uplands that may influence water quality in the Salton Sea, as shown
in Figure 6-1.

REGULATORY REQUIREMENTS
Federal and State regulations applicable to the Salton Sea are summarized below.

Federal Regulations
The Federal Water Pollution Control Act Amendments of 1972, also known as the Clean Water Act,
established the institutional structure for the U.S. Environmental Protection Agency (USEPA) to regulate
discharges of pollutants into the waters of the United States, establish water quality standards, conduct
planning studies, and provide funding for specific grant projects. The Clean Water Act has been amended
by Congress several times since 1972. USEPA has provided most states with the authority to administer
many of the provisions of the Clean Water Act. In California, the State Water Resources Control Board
(SWRCB) has been designated by USEPA along with the nine Regional Water Quality Control Boards to
develop and enforce water quality objectives and implementation plans, as described below under State
Regulations. The Colorado River Basin Regional Water Quality Control Board (CRBRWQCB) is the lead
water quality management agency in the study area.

The Clean Water Act includes many provisions to manage water quality. Major provisions that affect
water quality in the Salton Sea watershed and were considered during the development and evaluation of
alternatives in the Draft Programmatic Environmental Impact Report (PER) are described below.

Section 401 of the Clean Water Act requires that federally authorized discharges into waters of the United
States not violate state water quality standards. Section 402 of the Clean Water Act authorizes states to
issue National Pollutant Discharge Elimination System (NPDES) permits for discharges to surface water
both from point sources and many non-point sources in stormwater. Compliance is required for all
discharges into waters of the United States, or for construction projects that would disturb one acre or
more. The CRBRWQCB administers the NPDES permit program in the study area except on Tribal lands.

Section 404 of the Clean Water Act requires that an entity obtain permits before discharging dredge or fill
material into navigable waters, their tributaries, and associated wetlands. Activities regulated by 404
permits include, but are not limited to, dredging, bridge construction, flood control actions, and some
fishing operations.

Under section 303(d) of the Clean Water Act, states, territories, and authorized Indian tribes submit lists
to USEPA describing water bodies for which existing pollution controls are insufficient to attain or
maintain water quality standards. Impaired water bodies must be ranked based upon the severity of the
pollution and the beneficial uses of such waters. After submitting the list of impaired waters, also referred
to as a 303(d) list, states must develop a plan, called the Total Maximum Daily Load (TMDL) plan, to
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Chapter 6
Surface Water Quality

limit excess pollution. A TMDL represents the greatest pollutant load that a waterbody can assimilate and
continue to meet water quality standards and designated beneficial uses. Generally, TMDLs are adopted
for specific pollutants throughout the water body.

The California Environmental Protection Agency, SWRCB, and CRBRWQCB have identified water bodies
within the Salton Sea watershed that do not comply with applicable water quality standards. The Salton Sea
and all of the principal inflow sources are listed as impaired water bodies. Sedimentation/Siltation TMDLs
for the New and Alamo rivers and Pathogen TMDL for the New River were adopted by the CRBRWQCB
and approved by the SWRCB and USEPA. The Sedimentation/Siltation TMDL for Imperial Valley drains
has been adopted by the CRBRWQCB and is being reviewed by the SWRCB and USEPA. Other TMDLs
are in the development and review processes, as shown in Table 6-1.

Table 6-1
Impaired Water Bodies Within Salton Sea Watershed

Water Body Pollutant of Concern

Type of Concern
TMDL

Completion
Date

Irrigation
Flows

Imported
Salts Other

Coachella Valley Stormwater
Channel (VVhitewater River)

Bacteria Source Unknown Draft
Published

Alamo River Pesticides X 2011
Selenium X X 2010
Sedimentation/Siltation X Adopted

Imperial Valley Drains Pesticides X 2011
Selenium X X 2008
Sedimentation/Siltation X Draft

Published
New River Nutrients X X 2010

Pesticides X X 2011
Sedimentation/Siltation X Adopted
Dissolved Oxygen X 2006
Trash X Draft

Published
Chloroform X 2011
Toluene X 2011
p-Cymene X 2009
1,2,4-trimethylbenzene X 2009
m,p,-Xylene X 2008
o-Xylenes x 2008
p-DCB X 2010
Pathogens X Adopted

Salton Sea Nutrients X Draft
Published

Salt X X Not Identified

Selenium X X 2010

CRBRWQCB, 2006
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Chapter 6
Surface Water Quality

Another federal regulation is the National Toxics Rule that established ambient water quality criteria for
aquatic life and human health. California adopted related regulations under the California Toxics Rule
that was promulgated by the U.S. Environmental Protection Agency for priority toxic pollutants and other
provisions for water quality standards to be applied to waters in the State.

State Regulations
The Porter-Cologne Act modified the Water Code to establish the responsibilities and authorities of the
SWRCB and nine Regional Water Quality Control Boards. The SWRCB formulates and adopts State
policy for water quality control. The RWQCBs develop water quality objectives and Basin Plans that
identify beneficial uses of water; establish water quality objectives (limits or levels of water constituents
based on federal and State laws); and define implementation programs to meet water quality objectives.

The CRBRWQCB Water Quality Control Plan establishes water quality criteria and guidelines that protect
human and aquatic life uses of the Lower Colorado River geographic subregion. Specifically, the Water
Quality Control Plan designates beneficial uses for surface water and groundwater, establishes narrative
and numerical objectives that must be attained or maintained to protect the designated beneficial uses and
to conform to the State anti-degradation policy, describes implementation programs to protect the
beneficial uses, and defines required monitoring activities to evaluate the effectiveness of the Water
Quality Control Plan.

Additionally, the Colorado River Basin Water Quality Control Plan (CRBRWQCB, 2002a) incorporates,
by reference, all applicable SWRCB and CRBRWQCB plans and policies. The beneficial uses designated
for the Salton Sea area are summarized in Table 6-2.

Table 6-2
Designated Beneficial Uses for Surface Water in the Salton Sea

Beneficial Use Description
Aquaculture (AQUA) Uses of water for aquaculture or mariculture operations including, but not limited to,

propagation, cultivation, maintenance, or harvesting of aquatic plants and animals
for human consumption or bait purposes.

Industrial Service Supply
(IND)

Uses of water for industrial activities that do not depend primarily on water quality
including, but not limited to, mining, cooling water supply, hydraulic conveyance,
gravel washing, fire protection, and oil well repressurization.

Water Contact Recreation
(REC-I)

Uses of water for recreational activities involving body contact with water, where
ingestion of water is reasonably possible. These uses include, but are not limited to,
swimming, wading, water-skiing, skin and scuba diving, surfing, white water
activities, fishing, and use of natural hot springs.

Non-Contact Recreation
(REC-II)

Uses of water for recreational activities involving proximity to water, but not normally
involving contact with water where ingestion of water is reasonably possible. These
uses include, but are not limited to, picnicking, sunbathing, hiking, beachcombing,
camping, boating, tidepool and marine life study, hunting, sightseeing, or aesthetic
enjoyment in conjunction with the above activities.

Warm Freshwater Habitat
(WARM)

Uses of water that support warm water ecosystems including, but not limited to,
preservation or enhancement of aquatic habitats, vegetation, fish, or wildlife,
including invertebrates.

Wildlife Habitat (WILD) Uses of water that support terrestrial ecosystems including, but not limited to, the
preservation and enhancement of terrestrial habitats, vegetation, wildlife (e.g.,
mammals, birds, reptiles, amphibians, invertebrates), or wildlife water and food
sources.

Rare, Threatened or
Endangered Species (RARE)

Uses of water that support habitats necessary, at least in part, for the survival and
successful maintenance of plant or animal species established under State or
federal law as rare, threatened, or endangered.

Source: CRBRWQCB, 2005
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The Policy for Implementation of Toxic Standards for Inland Surface Waters, Enclosed Bays, and
Estuaries of California adopted by the SWRCB (2005) establishes procedures for discharges of priority
pollutants to non-ocean surface waters of California. The policy is used in conjunction, where
appropriate, with the development of TMDLs to ensure achievement of water quality standards.

The Lake or Streambed Alteration Agreement, Fish and Game Code section 1600, is required for any
action that will: (1) divert, obstruct, or change the natural flow or the bed, channel, or bank of any river,
stream, or lake; (2) use materials from a streambed; or (3) result in the disposal or deposition of debris,
waste, or other material containing crumbled, flaked, or ground pavement where it can pass into any river,
stream, or lake. The authorization requirement applies to any work undertaken in or near a river, stream,
or lake that flows at least intermittently through a bed or channel. This includes ephemeral streams, desert
washes, and watercourses with a subsurface flow.

HISTORICAL PERSPECTIVE
The Salton Sea was formed during 1905 to 1907, as a result of an uncontrolled diversion of the Colorado
River in which the entire flow of the River rushed into the Salton Basin (Ogden, 1996, Hely et al., 1966).
The water surface elevation of the Salton Sea rose to a maximum of-195 feet mean sea level (ins1) by the
time the diversion dike was repaired in 1907, but rapidly receded to about -250 feet msl by 1925, as
evaporation exceeded the rate of agricultural drainage flows. In 1925, the elevation of the Salton Sea
started to increase due to increased discharge of drainage from agricultural areas in Imperial, Coachella,
and Mexicali valleys. Drainage flows from these areas have generally sustained historical water surface
elevations.

The Salton Sea, like all closed-basin lakes, is saline due to the accumulation of salts due to evaporation.
The Colorado River is estimated to have had an average salinity of about 500 milligrams/liter (mg/L)
during 1905 to 1907 (Hely et al., 1966). However, the large amount of salts that accumulated on the Sea
Bed during previous inundation events rapidly dissolved into the newly formed Salton Sea. This
redissolution of salts, combined with high evaporation rates and minimal inflows, caused the salinity to
quickly rise to above 40,000 mg/L total dissolved solids (TDS) by 1925. The salinity decreased in the late
1920s, as irrigated agriculture drainage flows entered the Salton Sea. During the 1930s, agricultural
activity declined, and the salinity increased to more than 43,000 mg/L. As agricultural activities increased
in the 1940s and 1950s, the salinity decreased to near marine, or ocean, salinity (35,000 mg/L with a
range from 30,000 to 40,000 mg/L). In the past 50 years, the average Salton Sea salinity has slowly risen
to over 48,000 mg/L by 2006.

In addition to the effects of increasing salinity, several other factors affect the long term water quality of
the Salton Sea. The Salton Sea is a hypereutrophic water body characterized by high nutrient
concentrations, high algal biomass as demonstrated by high chlorophyll concentrations, historic high fish
productivity, low clarity, frequent very low dissolved oxygen (both in hypolimnetic and epilimnetic
waters), fish kills, and noxious odors (Setmire et al., 2001). High levels of nutrients from agricultural
drainage and municipal discharges, combined with warm temperatures, contribute to extremely high
levels of productivity in the Salton Sea. The high productivity has contributed to a number of impairments
to water quality, including nuisance algal blooms, anoxia, production of hydrogen sulfide and ammonia,
and serious detrimental effects to fish.

DATA SOURCES
Previous investigations have characterized the water quality of the Salton Sea and have studied the
mixing and nutrient dynamics that govern its high productivity (Setmire et al., 2001). Historic and current
water quality characteristics of the Salton Sea have been published in a wide variety of papers, scientific
articles, agency reports and publications, as well as unpublished results and communications. Existing
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water quality data used in this evaluation were obtained from the U.S. Department of the Interior, Bureau
of Reclamation (Reclamation) and Geological Survey (USGS) and CRBRWQCB, and a variety of
technical reports prepared for public agencies. Meteorological data were obtained from the Department of
Water Resources (DWR) California Irrigation Management Information System (CIMIS). A detailed
summary of the data collected to support this effort is provided in Appendix D.

DATA LIMITATIONS
Despite the extensive study of the Salton Sea, limited water quality data are available for the Salton Sea.
The most comprehensive survey of recent Salton Sea water quality conditions was conducted in 1999.
Wind data used to assist in this assessment were obtained from CIMIS for monitoring stations near the
Salton Sea. These data may not fully reflect the complex wind patterns at the Salton Sea. Other data
limitations include the availability of information to determine the long term fate and sequestration of
in-sea phosphorus and the effects of sediment sources on water column nutrients and oxygen demands.

EXISTING CONDITIONS
The Salton Sea is a highly saline, eutrophic water body that has been historically and is presently used as
a repository for agricultural return flows from the Imperial and Coachella valleys. Agricultural drainwater
from the Imperial Valley, Coachella Valley, and parts of the Mexicali Valley, as well as municipal and
industrial discharges in the watershed, support the Salton Sea. As described in Chapter 5, annual inflows
of about 1,300,000 acre-feet have in recent years sustained the Salton Sea water surface elevation at about
-228 msl and a water surface area of about 230,000 acres (360 square miles).

Physical Characteristics
The long, or primary, axis of the Salton Sea is defined as northwest to southeast in approximate alignment
with the principal axis of the Coachella Valley. The geometry of the Salton Basin and the extreme
meteorological conditions (winds and temperatures) strongly influence the hydrodynamics and water
quality of the Salton Sea. A bathymetric survey of the Salton Sea was conducted by Reclamation in 1995.
The Salton Sea contains two subbasins separated by a shallow upraised area in the middle. The
bathymetry exhibits relatively flat areas along the southern, southwestern, southeastern, and northern
shorelines, with the steepest slopes along the northeastern shoreline near Salton Sea State Recreation
Area. The elevation of the two deepest areas in the north and south subbasins are about -278 feet msl.

Meteorological Conditions
Meteorological conditions are extremely important to water quality conditions at the Salton Sea. The
range of chemical reactions changes with temperatures. Winds move constituents in the Salton Sea and
are related to stratified/stagnant or mixed water quality conditions in the Salton Sea or other water bodies.

Meteorological data for California are available from CIMIS. CIMIS currently includes over 125 active
weather stations located throughout the State, as well as 61 inactive stations for which historical data are
available. The stations measure a number of meteorological parameters including solar radiation, air
temperature, soil temperature, relative humidity, wind speed, wind direction, and precipitation. Additional
parameters are calculated based on the measured values and include net radiation, reference
evapotranspiration, wind roses and wind cubed (an indicator of wind power), vapor pressure, and dew
point temperature (DWR, 2005a).

Data from five CIMIS stations near the Salton Sea are available for 1999 and were used in characterizing its
meteorological conditions. These stations include (from north to south) #136 (Oasis), #141 (Mecca),
#154 (Salton Sea North), #127 (Salton Sea West), and #128 (Salton Sea East), as shown on Figure 6-2. The
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hourly wind speed, direction, and frequency at each of the CIMIS stations are illustrated through the wind
rose diagrams shown in Figures 6-3 through 6-5. The frequencies of winds blowing from particular
directions are indicated by the length of the spokes on the wind rose. The magnitude of the winds is depicted
by the colors of the spokes with higher magnitudes represented by warmer colors. While the wind fields are
complex at the Salton Sea, the highest winds are generally from the northwest in the north subbasin and from
the west in the south subbasin. The maximum wind speeds are greater in the south subbasin.

Salton Sea Water Circulation
Water circulation patterns in the Salton Sea affect the transport and distribution of nutrients, dissolved
oxygen, mixing of water layers and inflows, temperature gradients, sediments, and other water quality
parameters. Energy regimes generated by circulation also have an effect on shoreline erosion and
sediment deposition patterns. Modeling work by the Water Resources and Environmental Modeling
Group of the Department of Civil Engineering at the University of California, Davis (Salton Sea
Authority and Reclamation, 2000) found that wind velocity is the dominant factor affecting water currents
in the Salton Sea. The wind pattern results in two large gyres, rotating in opposite directions. In the
northern subbasin, currents rotate clockwise, and in the southern subbasin, the currents rotate
counterclockwise.

Salinity
Average salinity in the Salton Sea is currently estimated at about 48,000 mg/L, but varies depending on
location. Lower salinity frequently occurs near the tributaries and near the shoreline of the Salton Sea due
to dilution by inflows. Higher salinity generally occurs in the center of the Salton Sea. The primary source
of salts in the Salton Sea watershed is from imported Colorado River water. These salts are applied to
fields with irrigation water and are carried off by tailwater or tilewater into surface drains. The annual salt
load delivered to the Salton Sea is about 3,500,000 to 4,000,000 tons. Beginning in the mid-1980s to early
1990s, precipitation of significant quantities of salts (primarily gypsum and calcite) began and has been
estimated to be about 1,500,000 tons/year. The primary constituents associated with salinity in the Salton
Sea are sodium, calcium, chloride, and sulfate.

Freshwater is less dense than saltwater and when freshwater flows into a more saline environment, the
freshwater will float for a time over the saltier water, creating a salt wedge at the point of inflow.
However, in the Salton Sea, freshwater inflows from tributaries generally mix rapidly with the ambient
saltwater near the confluence of the tributaries due to the prevailing wind action. This action forms an
abrupt transition from freshwater to saltwater. This rapid mixing suggests that inflows attain the
physiochemical characteristics of the Salton Sea water within a short distance from the confluence of the
tributary, although a delta area of less saline water exists near the tributary inflows.

Selenium
Selenium enters the Salton Sea as highly soluble salt (primarily as selenate and selenite) and accumulates
in the anoxic sediments on the Salton Sea floor. Waterborne selenium enters the lake from river and drain
sources in the range of 5 to 10 micrograms/liter (mg/L) (0.005 to 0.01 mg/L) total selenium. In the Salton
Sea, the concentration is rapidly reduced to less than 2 pg/L, mostly all as selenite or organic selenium
(Schroeder et al., 2002). Waterborne concentrations are reduced as selenium rapidly assimilates into biota
and settles as part of the organically rich sediments.
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The anoxic nature of the sediments is important in trapping the selenium in insoluble, non-bioavailable
fractions of selenite, elemental selenium, and selenide. If selenium was not sequestered in the sediments
of the Salton Sea, the selenium concentration in the water would be as high as 400 pg/L (0.4 mg/L)
(Schroeder, 2000). Selenium has accumulated in the Sea Bed surface sediments with generally higher
concentrations in the northern portion of the Salton Sea as compared to the southern portion, probably as
a result of circulation patterns redistributing soft, organic, and selenium rich sediments.

Temperature
A chemical and physical limriological study of the Salton Sea was performed by Holdren and Montano (2002)
for the year 1999. The measurements included temperature at various depths for three sampling sites. Monthly
measurements were taken from January through March, and October through December; biweekly
measurements were taken from April through September. The first site (SS-1) is near the deepest point of the
northern subbasin, the second site (SS-2) is in the middle of the Salton Sea, and the third site (SS-3) is near
the deepest point of the southern subbasin. Water surface temperatures ranged from 36.5 degrees Celsius (°C)
(97.7 degrees Fahrenheit [F]) in August to a low of 14.2 °C (58.1°F) in January.

Temperature contour plots generated from the Holdren and Montano (2002) study data are presented in
Figure 6-6. The plots illustrate the typical thermal stratification pattern that is prevalent at the Salton Sea.
In 1999, the Salton Sea was generally well mixed in the winter and spring, with extended stratification in
the summer (June through September). The June through September time period is represented on the
graphs as Days 152 to 273. It should be noted, that the Salton Sea is a polymictic lake, meaning that it
may strati& and mix many times during the year.

Dissolved Oxygen
Dissolved oxygen is a particular concern at the Salton Sea because it is essential to support survival of
fish and other aquatic organisms. Surface water (technically referred to as the epilimnion or epilimnetic
water) is often supersaturated with respect to dissolve oxygen for several months during daylight hours,
while water at the bottom of the Salton Sea near the Sea Bed (also referred to as the hypolimnion or
hypolimnetic water) is virtually devoid of dissolved oxygen (Holdren and Montano, 2002; Anderson and
Amrhein, 2003). Dissolved oxygen supersaturation is often caused by photosynthetic production of
oxygen during the daytime. A dissolved oxygen concentration of about 4 to 5 mg/L is generally
considered necessary for most aquatic species. Species such as tilapia have been shown to be tolerant of
infrequent very low dissolved oxygen concentrations, generally less than 2 mg/L (FAO, 1986).

Dissolved oxygen concentrations are a function of the geometry of the water body, wind fields, algal
production, and biological and chemical oxygen demand in the water body. Frequently the geometry of a
large water body is described in relation to depth and fetch. The fetch is a measure of the water surface
area where the wind continues at a constant direction and speed.

Thermal stratification leads to accumulation of chemical compounds in a chemically reduced state in the
hypolimnion. The anaerobic microbial community at the hypolimnion-sediment interface, as well as
decomposition of organic matter in an anoxic hypolimnion, produces hydrogen sulfide and ammonia,
constituents that are toxic to most aquatic life. The breakdown of stratified conditions is generally associated
with mixing of hypolimnetic and surface waters. This results in the distribution of these toxic components
throughout the water column and the subsequent depletion of dissolved oxygen through oxidation of these
compounds. These mixing events are of particular concern, as fish and other aquatic organisms have few
refugia Events such as these have been correlated to massive fish kills (Schladow, 2004), although fish kills
are observed during all seasons, including some that result from low water temperatures.
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Dissolved oxygen concentrations measured in the Holdren and Montafio (2002) limnological study of the
Salton Sea ranged from greater than 200 percent saturation in the surface water to zero in the bottom
water. They reported that the period of severe dissolved oxygen depletion during August and September
1999 (0.21 mg/L as surface dissolved oxygen on September 8, 1999) coincided with extensive fish kills.
The observed dissolved oxygen concentrations are presented in Figure 6-7.

Nutrients
The Salton Sea is a eutrophic to hypereutrophic water body characterized by high nutrient concentrations,
high algal biomass as demonstrated by high chlorophyll a concentrations, high fish productivity, low
clarity, frequent very low dissolved oxygen concentrations, massive fish kills, and noxious odors
(Setmire, 2000). The eutrophic conditions appear to be controlled (i.e., limited) by phosphorus.

Phosphorus
Phosphorus is an essential nutrient for plant and algal growth. Setmire et al. (2001) identified phosphorus
as the limiting nutrient at the Salton Sea, and others (Holdren and Montaflo, 2002; Schladow, 2004) have
supported this conclusion. Phosphorus is present in water bodies in many forms, including soluble and
particulate organic phosphates from algae and other organisms, inorganic particulate phosphorus,
polyphosphates, and soluble orthophosphates. Soluble orthophosphate is assimilated by phytoplankton
and is, therefore, an important constituent to consider when assessing the productivity and quality of a
water body. Total phosphorus is also measured in water quality studies, as it is an indication of the
maximum level of productivity of a water body.

Holdren and Montafio's study in 1999 measured both soluble orthophosphate and total phosphorus in the
Salton Sea. Soluble orthophosphate was often below detection limits. Levels of soluble orthophosphates
were highest during the winter months and lowest during the spring and summer months, correlating with
typical seasonal algal growth patterns. Total phosphorus concentrations were lowest in the fall and
highest in the winter months, with peak concentrations as high as 200 pig/L (0.2 mg/L) (Holdren and
Montafio, 2002). The concentration of phosphorus in the Salton Sea was nearly the same in 1968/69 as in
1999 despite a 100 percent increase in external phosphorus loading (Setmire, et al., 2001), which
indicates there is an effective phosphorus removal mechanism in the Salton Sea. Table 6-3 presents the
seasonal nutrient concentrations in the Salton Sea measured in 1999. Based on these data, an annual
average total phosphorus concentration has been calculated to be about 69 ug/L (0.069 mg/L).

Nitrogen
Nitrogen is present in water bodies in several forms. Ammonia is the form most readily utilized by
phytoplanIcton, and is typically found in water with low oxygen concentrations. Ammonia can be broken
down by bacteria to form nitrite which, in turn, is converted to nitrate. Nitrate is commonly found in
surface water. Nitrogen in the inflows to the Salton Sea is primarily in nitrate-nitrite form. The annual
mean concentration of nitrates and nitrites in the Salton Sea was found to be 120 ug/L (0.12 mg/L). This
is an order of magnitude lower than the concentration of nitrate-nitrite found in the tributaries to the
Salton Sea. Most of the nitrogen in the Salton Sea consists of ammonia and organic nitrogen. In their
chemical analysis of the Salton Sea, Holdren and Montalto (2002) found that about 32 percent of the total
nitrogen was ammonia, with higher concentrations near the bottom. The Salton Sea median ammonia
concentration for 1999 was about 1,180 ug/L (1.18 mg/L) and the daily maximum exceeded 2,400 pg/L
(2.40 mg/L) at two locations (Holdren and Montano, 2002). High levels of ammonia indicate frequent
reducing conditions in the Salton Sea, and contribute to anoxia and fish kills. Nitrogen accumulates in the
sediments on the Sea Bed.

6-18	 Salton Sea Ecosystem
Restoration Draft PEIR

2006



50	 100	 150	 200
Days of Year

300

50 100 50 250 300200
Days of Year

Location SS-2: Middle of Sea Bed

15

0
0 3  10

Co

0
C 0
0

0

300200
Days of Year

Location SS-3: Deepest Portion  of Southern Subbasin of Sea Bed

Location SS-1: Deepest Portion of Northern Subbasin of Sea Bed

FIGURE 6-6
CONTOURS OF OBSERVED

Source: Holdren and Montano, 2002.
	 TEMPERATURE FOR 1999

ES112005003SAC figure_6_6 ai 07/24/06 klaus



50	 100	 150	 200
Days of Year

250 300

Location 55-2:	 Middle of Sea Bed
. 1 	 1

0

50 100 150	 200
Days of Year

250 300

5

0

250 30050	 100	 150	 200
Days of Year

	 Location 55-3: Deepest Portion  of Southern Subbasin of Sea Bed
r	 1	 . r 	 I	 i'	 I	 I	 r	 ,

	

771\ //1)	 .
v.v.:.....

,	 ,..
..

.::

Location SS-1: Deepest Portion of Northern Subbasin of Sea Bed

FIGURE 6-7
CONTOURS OF OBSERVED

Source: Holdren and Montano, 2002.
	 DISSOLVED OXYGEN FOR 1999

ES112005003SAC figure_6_7 a 07/20/06 tdaus



Chapter 6
Surface Water Quality

Table 6-3
Seasonal Nutrient Concentrations in the Salton Sea and Tributaries

Constituent Summer Fall Winter Spring
Annual
Meanb

Alamo River

Soluble.Orthophosphate (mg/L) 0.23 0.456 0.492 0.454 0.408
Total Phosphorus (mg/L) 0.53 0.583 0.744 1.02 0.719
Nitrogen in the form of nitrate and nitrite
(mg/L)

5 6.84 6.94 6.91 6.42

Nitrogen in the form of ammonia (mg/L) 0.89 0.629 1.57 1.97 1.26
Organic nitrogen and ammonia as
measured by the Kjeldahl process (mg/L)

2.3 1.6 3.4 4 2.8

New River

Soluble Orthophosphate' (mg/L) 0.548 0.928 0.773 0.537 0.697
Total Phosphorus (mg/L) 1.01 1.11 1.16 1.15 1.11
Nitrogen in the form of nitrate and nitrite
(mg/L)

2.5 3.41 4.08 4.21 3.55

Nitrogen in the form of ammonia (mg/L) 3.84 3.36 3.55 2.74 3.14
Organic nitrogen and ammonia as
measured by the Kje!dab! process (mg/L)

5.3 4.4 4.7 4.5 4.7

Whltewater River

Soluble Orthophosphate' (mg/L) 0.632 0.709 0.823 0.675 0.71

Total Phosphorus (mg/L) 0.753 0.92 0.899 0.889 0.865
Nitrogen in the form of nitrate and nitrite
(mg/L)	 •

15.8 15.4 12.2 13.9 14.3

Nitrogen in the form of ammonia (mg/L) 0.45 0.396 1.52 0.551 0.729

Organic nitrogen and ammonia as
measured by the Neldahl process (mg/L)

1.8 1.5 3.1 1.7 2

Salton Sea

Soluble Orthophosphate' (mg/L) 0.01 0.02 0.042 0.011 0.021

Total Phosphorus (mg/L) 0.053 0.026	 . 0.107 0.088 0.069

Nitrogen in the form of nitrate and nitrite
(mg/L)

0.1 0.05 0.19 0.16 0.12

Nitrogen in the form of ammonia (mg/L) 1.45 1.27 1.17 0.76 1.16

Organic nitrogen and ammonia as
measured by the Neldahl process (mg/L)

4.1 4.1 2.3 3.6 3.5

Source: Holdren and Montano, 2002
Soluble orthophosphate is the dissolved portion of phosphorus in a phosphate form
The Annual Mean value is the title in the table as reported by Holdren and Montano. This valued actually is the mean of the
seasonal concentrations. The analysis included a higher number of data points in the summer months. Therefore, an actual
annual mean of the data would provide more weight to the summer months than if the number of data points were consistent for
all seasons. The last column is actually a four seasonal mean value.
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N itrogen-to-P hos phorus Ratios
The ratio of nitrogen to phosphorus (N:P) is often used to indicate which nutrient is limiting plant growth.
Since healthy algal cells require about a 7:1 ratio, any body of water with a higher ratio is considered
phosphorus limited, while a body of water with a lower ratio is considered nitrogen limited. The Salton
Sea in 1999 exhibited very high N:P ratios (194:1 for total nitrogen to total phosphorus and 228:1 for total
inorganic nitrogen to soluble orthophosphate). These results strongly suggest that phosphorus is the
limiting nutrient in the Salton Sea (Setmire et al., 2001).

Chlorophyll
Chlorophyll a is measured and used to represent algal biomass in a water body. Chlorophyll a data were
collected by San Diego State University (SDSU) from the Salton Sea in 1999 (Tiffany et al., 2001). Due
to the limited data set, a long term trend in algal growth cannot be determined. However, chlorophyll a
concentrations from the SDSU study ranged from greater than 100 ug/L (0.1 mg/L) in summer at the
surface to less than 10 ug/L (0.01 mg/L) in the fall at mid-depth. The measurements were taken at 0, 3,
and 6 meters (0, 9.8, and 19.4 feet) from the water surface. Concentrations were highest in February and
July to August, and are likely indicative of algal blooms (Schladow, 2004).

Hydrogen Sulfide
Hydrogen sulfide is produced by decomposition of organic matter in the sediments by anaerobic
sulfate-reducing bacteria especially during periods of prolonged stratification with anoxic conditions. The
deep Salton Sea is characterized by prolonged periods of thermal stratification with a defined thermocline
in the water column. Water above the thermocline (epilimnion) is generally sufficiently oxygenated and is
similar to a shallow water body. Hydrogen sulfide generated in the sediments and diffused into the
hypolimnetic water continues to accumulate in the absence of mixing. When thermal stratification is
weakened or eliminated, the water column mixes and the toxic effects of hydrogen sulfide can
immediately affect aquatic life in the area. Hydrogen sulfide can be toxic to aquatic life through either
direct toxicity or through a rapid removal of dissolved oxygen from the water as it is oxidized.

ENVIRONMENTAL IMPACTS

Analysis Methodology
The impact assessment analyzed water quality impacts of the alternatives using the best information and
tools available at the time of preparation of the PEIR. In general, the analyses should be considered
screening-level due to the significant uncertainty that exists regarding surface water quality, future
hydrology, and lake response to nutrient load changes. The analysis of impacts is based on estimates of
future water quality, relevant significance criteria, and assumptions and approaches developed to support
the PEIR. A summary of the analysis methodology for various parameters is presented below and
described in more detail in Appendices D, F, and H-2.

Salinity was evaluated in the Salton Sea; Brine Sink; Saline Habitat Complex with the Shoreline
Waterway, if included; Concentric Rings, Concentric Lakes, Marine Sea with and without a Marine Sea
Mixing Zone; and Recreational Saltwater and Recreational Estuary lakes.

Four primary methods were used in the analysis to evaluate salinity, water quality in the deep Marine Sea
water bodies, water quality in the shallower water bodies, and selenium. These methods are summarized
below.
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Methodology for Estimating Salinity

The Salton Sea Analysis (SALSA) hydrologic model, as described in Chapter 5 and Appendix H-2, was
applied to the alternatives to determine the range of salinities in the major water bodies in each of the
alternatives.

Methodology for Estimating Marine Sea Water Quality

In order to better understand the thermal regime at the Salton Sea, two distinctly different numerical models
were calibrated and applied. The one-dimensional Dynamic Lake Model-Water Quality (DLM-WQ) model
had been applied in previous studies of the Salton Sea and was shown to provide a reasonable simulation of
the thermal structure for 1999 conditions (Schladow, 2004). To determine whether the one-dimensional
assumption of the DLM-WQ model was a significant limitation for addressing future conditions at the
Salton Sea, a three-dimensional hydrodynamic model, SI3D, was applied for identical conditions. The SI3D
model, originally developed by the USGS (Smith and Larock, 1997) for application to the San Francisco
Bay-Delta, was adapted for lakes by the University of California, Davis (UC Davis), and demonstrated to
work well for large, shallow lakes, such as Clear Lake, California (Rueda and Schladow, 2003). The
DLM-WQ model results for temperature were validated through a separate, independent SI3D model
simulation, Then, the DLM-WQ model was applied to analyze nutrient conditions at the Salton Sea in the
deeper water bodies with marine sea water quality.

The DLM-WQ model was calibrated for temperature, dissolved oxygen, phosphorus, nitrogen, and
chlorophyll for 1999 conditions. The year 1999 was selected for calibration due to the relatively complete
data set, including temperature and dissolved oxygen profiles, provided by Holdren and Montano (2002).

The phosphorus concentrations in the water bodies of the alternatives are based upon inflows and internal
sources. Internal sources such as sediment resuspension and release are significant contributors to water
column phosphorus concentrations. Model simulations were developed for the Salton Sea under Existing
Conditions and No Action Alternative, the Marine Sea in Alternatives 6 and 8, and the Recreational
Saltwater Lake in Alternative 7. The Marine Sea in Alternative 5 is assumed to behave similarly to the
Marine Sea in Alternative 6. Using 1999 meteorological conditions, the DLM-WQ model was simulated
for two snapshot scenarios. The first scenario assumes phosphorus loads are reduced due to a reduction in
inflows without a reduction in concentration or changes in internal sources of phosphorus. The second
scenario assumes that phosphorus concentrations in the inflows are reduced by 50 percent and that
internal sources also are reduced by 50 percent. Reduction in phosphorus in the inflows is assumed based
on reductions in flows into the New River from Mexico and implementation of the
Sedimentation/Siltation TMDL that would reduce phosphorus adsorbed to the soil particles. The exact
reduction of influent phosphorus concentrations due to these actions is not known. Therefore, for the
purposes of the PEIR analyses, these two snapshots were developed to bookend the future conditions.

Another DLM-WQ model simulation was performed for Alternative 7 with an assumed 90 percent
reduction in phosphorus concentrations in both the inflows and the pore water controlling the internal
loads. A detailed discussion of the model calibration and application to the alternatives is included in
Appendix D.

Methodology for Estimating Saline Habitat Complex, Concentric Rings, and
Concentric Lakes Water Quality
Two models were applied to better understand the water quality effects on the Saline Habitat Complex,
Concentric Rings, and Concentric Lakes. The DLM-WQ model, as described above, was applied to a
one-mile square cell with 6-foot and 10-foot water depths. The 6-foot water depth scenario was used to
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describe potential thermal conditions in the Saline Habitat Complex cells and also in the Concentric
Lakes Alternative. A 10-foot water depth scenario was used to describe the Concentric Rings Alternative.

The characteristics of the Saline Habitat Complex cells were also described using the EUTROMOD
model (Reckhow, 1996), which includes a large, comparative lake and pond database for North America.
The empirical model consists of a series of regression relationships that use influent nutrient chemistry,
hydraulic retention time, and average lake depth to predict average summer water quality conditions such
as chlorophyll a concentrations, in-lake phosphorus and nitrogen concentrations, water clarity, and lake
Trophic State Index (TSI), as described in Appendix D. The TSI is a single number that incorporates
various water quality values on a scale from 1 to 100, where higher values indicate more enriched,
eutrophic conditions.

The EUTROMOD model was applied for these shallow cells to confirm the general findings of the
DLM-WQ analysis. EUTROMOD Results indicated that the Saline Habitat Complex cells would likely
be hypereutrophic in character. Water clarity would be expected to be less than a foot, with high
chlorophyll values (greater than 22 jtg/L (0.022 mg/L) and TSI values in the hypereutrophic range
(greater than 70) if the inflows to the cells are any combination of water from the rivers and drains.
EUTROMOD results also suggest the cells have some potential for high oxygen demand and dissolved
oxygen depletion during overnight and windless periods. Such cells typically experience a high degree of
daily oxygen and pH fluctuations (with lowest pH and dissolved oxygen levels at night due to the
biological activity).

Methodology for Estimating Selenium Impacts

Selenium loss from the water column and associated transfer to the sediments (as historically and recently
observed in the current Salton Sea) were assumed to continue as primary processes that would determine
water column concentrations. As a result, waterborne concentrations were assumed to average less than
2 mg/L (0.002 mg/L) as total selenium. The Ecological Risk Assessment (Appendix F) based much of the
evaluation of selenium risk on variations in estimated sediment and biota concentrations rather than
variations in waterborne concentrations in the habitats. River and drain inflows to these habitats were
assumed to be blended concentrations.

Significance Criteria
The following significance criteria were based on CEQA and used to determine if changes as compared to
Existing Conditions and the No Action Alternative would:

• Violate any water quality standards or waste discharge requirements; and
• Substantially degrade water quality.

Application of Significance Criteria
Significance criteria have been applied to the alternatives considered in the PEIR. The following
discussion summarizes the overall methodology in the application of the criteria to the alternatives:

• Violate any water quality standards or waste discharge requirements - The CRBRWQCB
Water Quality Control Plan, including the TMDLs, establish the following water quality
standards or requirements for the Salton Sea.

— Salinity: The CRBRWQCB Water Quality Control Plan identifies a salinity objective of
35,000 mg/L for the Salton Sea to support fish and wildlife, and states that it will be difficult
to meet this objective in the Salton Sea. The Imperial County General Plan includes a
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provision to maintain the salinity in the Salton Sea at 40,000 mg/L or less to support habitat
and recreation uses, as described in Chapter 11.

Selenium: The CRBRWQCB Water Quality Control Plan identifies a selenium objective of 5
pg/L (0.005 mg/L) based on a four-day average and 2 pg/L (0.002 mg/L) on a one-hour
average as measured in the Salton Sea. As previously described, the existing waterborne
concentrations in the Salton Sea are less than 2 pg/L (0.002 mg/L). Because there are no
specific actions that would decrease selenium concentrations in the inflows during the study
period, it is anticipated that the inflow selenium loads would not change unless tile drainage
flows, and related selenium loads, decline due to water conservation. Determination of the
risk of selenium toxicity in the alternatives was evaluated considering selenium
concentrations and exposure pathways related to sediment, surface water inflows, biota, and
soil in each of the major components, as described in Appendix F. This analysis recognizes
that selenium concentrations in water could be greater than 5 pg/L (0.005 mg/L) in some
components especially in areas with soils characterized by high selenium concentrations. The
impact assessment associated with meeting a selenium objective is presented in Chapters 8
and 14 and not in this chapter.

- Phosphorus: The CRBRWQCB Draft Nutrient TMDL for the Salton Sea identifies an average
annual phosphorus target of 35 pg/L (0.035 mg/L) as measured in the Salton Sea. As
previously described, the existing waterborne phosphorus concentration in the Salton Sea is
about 69 pg/L (0.069 mg/L). The following analysis compares phosphorus in all of the
alternatives to the Draft TMDL target for the Marine Sea, however, this target may not be
applicable to the shallow water bodies.

• Substantially degrade water quality - Degradation of Salton Sea water quality is related to the
reduction in the ability to support aquatic species and recreation. For the Salton Sea, this category is
used to describe general water quality conditions related to lake eutrophication. The water quality
analysis includes determinations of dissolved oxygen and hydrogen sulfide concentrations. Since
these indicator parameters are dependent on the level of nutrient source control and lake response,
they are presented for the same two influent scenarios as those described above for phosphorus
concentrations. The thermal structure of the Salton Sea plays a dominant role in the vertical mixing
and associated exchange of hypolimnetic water (often anoxic) with epilimnetic water (usually oxic).
Frequent and deep vertical mixing, characterized by a relatively homogeneous temperature profile,
allows dissolved oxygen to penetrate the water column and prevents prolonged periods of anoxia at
the sediment-water interface. Conversely, a stratified Salton Sea could allow for prolonged periods
of hypolimnetic anoxia, and high hydrogen sulfide and ammonia concentrations which, upon
mixing, could deplete the water column of dissolved oxygen. Hydrogen sulfide concentrations in
each alternative are presented in the following analysis.

Summary of Assumptions
The assumptions related to the descriptions of the alternatives are described in Chapter 3. The specific
assumptions related to the analysis of water quality are summarized in Table 6-4.
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Table 6-4
Summary of Assumptions for Water Quality Analysis

Assumptions Common to All Alternatives
1	 Discharges into the New River from facilities in Mexico would be reduced as described under the No Action

Alternative. The reduction in flows would also reduce the amount of constituents, including phosphorus, that
would enter the New River.

2.	 Point-source discharges into the New, Alamo, and VVhitewater rivers would comply with specific National
Pollutant Discharge Elimination System permits.

3.	 Objectives of the TMDLs would be achieved by the end of Phase IV.

4.	 Water quality in the Sedimentation/Distribution Basins would be the same as in the New, Alamo, and
VVhitewater rivers. Therefore, these facilities are not considered in the water quality impact assessment.

5.	 Waterborne selenium concentrations would be similar to Existing Conditions in all alternatives and is not
considered in the water quality impact assessment.

6.	 Water quality in conveyance channels would be consistent with the related water bodies and are not
considered separately in the water quality impact assessment.

7.	 The modeling scenarios should be considered preliminary analyses. Fundamental nutrient cycling processes
and rates are not sufficiently understood at this time and, therefore, the results should be used in a
comparative manner rather than as absolute predictions. In addition, due to limited understanding of the
processes, time frames for achieving water quality goals cannot be determined.

Assumptions Specific to the Alternatives
No Action Alternative and Alternatives 1 and 6 Water quality, including salinity, in the Pupfish Channels

would be the same as Existing Conditions in the drains.

Alternatives 2, 3, 4, 5, 7, and 8 No additional assumptions were made.

Summary of Impact Assessment
The impacts shown in Table 6-5 assume implementation of the Next Steps to reduce the adverse impacts.

No Action Alternative
As described in Chapter 3, this alternative would involve construction and operations and maintenance
activities for the Sedimentation/Distribution Basins, Air Quality Management, Pupfish Channels, and
Salton Sea. The construction activities would be identical under the No Action Alternative-CEQA
Conditions and the No Action Alternative-Variability Conditions. However, the Salton Sea would be
substantially different in each condition. Therefore, both conditions are described below.

The salinity of the Salton Sea in the No Action Alternative-CEQA Conditions would be less than salinity
in the No Action Alternative-Variability Conditions because the inflows would be greater under the No
Action Alternative-CEQA Conditions. Salinity under No Action Alternative-CEQA Conditions and the
No Action Alternative-Variability Conditions would be greater than under the Existing Conditions.

In the No Action Alternative-CEQA Conditions and the No Action Alternative-Variability Conditions,
the Salton Sea would be sufficiently large in area and deep to maintain many of the physical and water
quality characteristics of the Existing Conditions in Phase I. The Salton Sea becomes a shallower water
body after 2020. Therefore, the Salton Sea conditions were evaluated for the end of Phase I (at 2020), end
of Phase III (at 2040), and at the end of Phase IV (2078).
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Table 6-5
Summary of Benefit and Impact Assessments to Surface Water Quail

Alternative
Basis of

Comparison
Changes by Phase

Comments Next StepsI	 II in IV
Criterion: Violate water quality standard.

No Action
Alternative

Existing
Conditions

0 0 0 0 Salinity would continue to exceed CRBRWQCB and
Imperial County limits. Total phosphorus in the Salton
Sea would continue to exceed the proposed TMDL.

Additional studies of influent nutrient
concentrations and relationships
between nutrients in the inflows,
sediment, and water column needed.

No Action
Alternative

NA NA NA NA

Alternatives
1 -2 '

Existing
Conditions

L L L L Water quality conditions in the Brine Sink would be
similar to the Salton Sea under the No Action
Alternative. Salinity in a portion of the Saline Habitat
Complex would be less than 40,000 mg/L. Phosphorus
in the Saline Habit Complex would be higher than
under Existing Conditions and No Action Alternative.

Same as No Action Alternative

No Action
Alternative

L L L L

Alternative 3 Existing
Conditions

L L L L Water quality conditions in the Brine Sink would be
similar to the Salton Sea under the No Action
Alternative. Salinity in the Rings would be less than
40,000 mg/L. Phosphorus conditions in the Rings
anticipated to be similar those described under
Alternative 1.

Same as No Action Alternative

No Action
Alternative

L L L L

Alternative 4 Existing
Conditions

L L L L Water quality conditions in the Brine Sink would be
similar to the Salton Sea under the No Action
Alternative. Salinity in the First and Second lakes
would be less than 40,000 mg/L. Phosphorus
conditions in the Lakes anticipated to be similar those
described under Alternative 1.

Same as No Action Alternative

No Action
Alternative

L L L L

Alternatives
5, 6, and 8

Existing
Conditions

L L L L Water quality conditions in the Brine Sink would be
similar to the Salton Sea under the No Action
Alternative. Water quality conditions in the Saline
Habitat Complex would be similar as described under
Alternative 1. Salinity in the Marine Sea would be less
than 40,000 mg/L. Total phosphorus in the Marine Sea
probably would exceed 35 pg/L unless phosphorus
sources were reduced by at least 50 percent.

Same as No Action Alternative

No Action
Alternative

L L L L
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Table 6-5
Summary of Benefit and Impact Assessments to Surface Water Quality

Alternative
Basis of

Comparison
Changes by Phase

Comments Next StepsI II Ill IV

Alternative 7 Existing
Conditions

L L L L Water quality conditions in the Brine Sink would be
similar to the Salton Sea under the No Action
Alternative. Water quality conditions in the Saline
Habitat Complex would be similar as described under
Alternative 1. Salinity in the Marine Sea would be
greater than 40,000 mg/L at an average inflow of
717,000 acre-feet/year. Total phosphorus in the Marine
Sea probably would exceed 35 pg/L unless
phosphorus sources were reduced by at least 50
percent.

Same as No Action Alternative.

No Action
Alternative

L L L L

Criterion: Substantially degrade water qual ty.

No Action
Alternative

Existing
Conditions

S S S S Periods of thermal stratification would be shorter than
under the Existing Conditions.

Dissolved oxygen concentrations at the water surface
at 6 am. would be less than 2 mg/L for an equal or
less number of days than under Existing Conditions
during Phase I. However, as the Salton Sea becomes
more shallow under Phases II through IV, the number
of days with dissolved oxygen concentrations in the
early morning that would be less than 2 mg/L would
become greater than under the Existing Conditions.

Additional studies of influent nutrient
concentrations and relationships
between nutrients in the inflows,
sediment, and water column could
identify methods to improve water
quality.

No Action
Alternative

NA NA NA NA

Alternatives
1 -4 and 6

Existing
Conditions

L L L L Thermal stratification in the Brine Sink and Saline
Habitat Complex would occur less frequently than
under Existing Conditions and similar to No Action
Alternative conditions under Phase II through IV.

Dissolved oxygen concentrations in the Saline Habitat
Complex at the water surface at 6 am. would be less
than 2 mg/L for more days than under Existing
Conditions and the No Action Alternative under Phase
I, and for less days than under No Action Alternative
under Phases II through IV.

Same as No Action Alternative.

No Action
Alternative

L B B B
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Table 6-5
Summary of Benefit and Impact Assessments to Surface Water Quality

Alternative
Basis of

Comparison
Changes by Phase

Comments Next StepsI II gi IV

Alternatives
5 and 8

Existing
Conditions

L L L L Thermal stratification and dissolved oxygen
concentrations in the Brine Sink and Saline Habitat
Complex are similar to conditions under Alternative 1.

Thermal stratification of the Marine Sea would occur
more frequently than in the Salton Sea under Existing
Conditions and No Action Alternative. This could cause
higher potential for anoxic conditions throughout the
water column.

Dissolved oxygen concentrations in the Marine Sea at
the water surface at 6 a.m. would be less than 2 mg/L
for fewer days than under Existing Conditions and No
Action Alternative.

Same as No Action Alternative.

No Action
Alternative

L L L L

Alternative 7 Existing
Conditions

L L L L Thermal stratification and dissolved oxygen
concentrations in the Brine Sink and Saline Habitat
Complex are similar to conditions under Alternative 1.

Thermal stratification of the Marine Sea would occur
more frequently than in the Salton Sea under Existing
Conditions and No Action Alternative. This could cause
higher potential for anoxic conditions throughout the
water column. However, with additional water
treatment, these conditions could be reduced. The
degree of reduction and the timing of this occurrence is
not known at the time of preparation of the PER.

Dissolved oxygen concentrations in the Marine Sea at
the water surface at 6 a.m. would be less than 2 mg/L
for fewer days than under Existing Conditions and No
Action Alternative.

Same as No Action Alternative.

No Action
Alternative

L L L L

Legend for Types of Benefits or Impacts in Each Phase:
S = Significant Impact
0 = No Impact
L = Less Than Significant
B = Beneficial Impact
NA = Not Analyzed
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At the end of Phase I, the water column would be expected to stratify in the spring and early summer.
Based on the water quality modeling results presented in Appendix D, water column stratification would
occur in the summer months. This would allow an anoxic zone to form in the hypolimnion. The anoxic
conditions and prolonged stratification would cause the production and accumulation of hydrogen sulfide
and ammonia in these deeper waters. The deep waters also would be characterized by extremely low
dissolved oxygen. When cooler temperatures and winds break the thermal stratification, the water column
would become fully mixed. This condition would occur in late summer/early fall and would result in a
serious degradation of water quality that would be toxic to aquatic life in the vicinity of this mixing event.

In Phases II through IV, less wind energy would be required to mix the water and dissolved oxygen would
extend to a larger portion of the water column in the shallower water body than under Existing Conditions.
Therefore, the Salton Sea would be subject to greater and more frequent mixing events, less thermal
stratification, and less accumulation of hydrogen sulfide and ammonia, as described in Appendix D.

The number of consecutive days with thermal stratification would be greater under the No Action
Alternative-CEQA Conditions in Phases II through IV than under the No Action Alternative-Variability
Conditions because the Salton Sea would be deeper, as described in Appendix D.

There is considerably more orthophosphate throughout the water column in the No Action Alternative at
2040 and 2078 simulations than in the No Action Alternative at 2020 simulation. This result is influenced
by the model assumption that for the shallower Sea there is increased resuspension of orthophosphate
from the bottom sediments and release of orthophosphate in the pore water.

The large algal community would likely reduce dissolved oxygen levels. The most critical time would be
in the early morning hours due to nighttime algal respiration. Model results indicate that early morning
dissolved oxygen would be less than 2 mg/L (a value where many fish and wildlife would be stressed).
However, the dissolved oxygen concentrations are anticipated to not cause long term anoxic effects in the
shallow Salton Sea.

Alternative 1 — Saline Habitat Complex I
As described in Chapter 3, this alternative would involve construction and operations and maintenance
activities for the Sedimentation/Distribution Basins, Air Quality Management, Pupfish Channels, Saline
Habitat Complex, and Brine Sink.

Under Alternative 1, the Saline Habitat Complex would be designed to provide salinities ranging from
20,000 to 200,000 mg/L. The salinity in the Brine Sink would continue to increase over the study period
and would be greater than salinity under the Existing Conditions and No Action Alternative.

Thermal stratification, phosphorus, and dissolved oxygen condition in the Brine Sink would be similar to
those described for the Salton Sea under No Action Alternative.

Aeration and reaeration of the Saline Habitat Complex cells were evaluated using the local wind field and
temperature data. The temperature modeling results indicated that the Saline Habitat Complex cells with a
1-mile fetch would be fully mixed. Water temperatures would be the same over all depths at most times
of the year (modeling suggests only 9 days of stratification). Windless periods could produce partial
dissolved oxygen depletion in the deeper areas of the cells. The most critical period for this condition
would be during the summer because dissolved oxygen saturation decreases with increased temperature,
and biological activity of algae and other aquatic species increases in the warm water. However, the
summer months are characterized by relatively windy periods.

The DLM-WQ model results indicate that the small, shallow cells with high phosphorus would be
extremely productive. These results are based upon the assumption in the model that phosphorus
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continues to be provided by the New and Alamo rivers inflows, and that the phosphorus concentrations
are the same in the rivers and the Saline Habitat Complex cells.

The EUTROMOD results also suggest the cells have some potential for high oxygen demand and
dissolved oxygen depletion during overnight and windless periods. Such cells typically experience a high
degree of daily oxygen and pH fluctuations (with lowest pH and dissolved oxygen levels at night due to
the biological activity) with the potential for fish kills because of the low dissolved oxygen.

Due to the uncertainty, information from on-going pilot studies by USGS and potentially from Early Start
Habitat should be considered prior to design and construction of all the Saline Habitat Complex area in
this alternative.

Construction of the Saline Habitat Complex cells would temporarily increase suspended sediment and
nutrient cycling in waters near active construction. Resuspended bottom sediments would release
previously deposited nutrients, particularly phosphorus, and temporarily stimulate local algae production
and reduce water quality conditions. This would be a short term effect during construction. However,
construction during Phase I would affect tilapia and pupfish.

Alternative 2— Saline Habitat Complex II
As described in Chapter 3, this alternative would involve construction and operations and maintenance
activities for the Sedimentation/Distribution Basins, Air Quality Management, Saline Habitat Complex,
Shoreline Waterway, Saltwater Conveyance, and Brine Sink.

Under Alternative 2, the Saline Habitat Complex would be designed to provide salinities ranging from
20,000 to 200,000 mg/L. The salinity in the Brine Sink would continue to increase over the study period,
and would be greater than salinity under the Existing Conditions and No Action Alternative.

Thermal stratification, phosphorus, and dissolved oxygen condition in the Brine Sink would be similar to
those described for the Salton Sea under No Action Alternative.

Water quality conditions in the Saline Habitat Complex cells would be similar to those described under
Alternative 1.

Water quality conditions during construction would be similar to those described under Alternative I.

Alternative 3— Concentric Rings
As described in Chapter 3, this alternative would involve construction and operations and maintenance
activities for the Sedimentation/Distribution Basins, Air Quality Management, First and Second rings, and
Brine Sink.

The First Ring would be designed to provide salinity between 20,000 and 30,000 mg/L, and the Second
Ring would provide salinity from 30,000 to 40,000 mg/L. The salinity in the Brine Sink would be greater
than salinity under the Existing Conditions or No Action Alternative,

Water quality characteristics of the Brine Sink would be similar to those described for the Salton Sea
under the No Action Alternative.

The First and Second rings in Alternative 3 were modeled with DLM-WQ in a similar manner as the
Saline Habitat Complex cells with deeper water. It is recognized that the Concentric Rings would have
long areas that would increase fetch, as compared to small cells; and, therefore, the assumptions are not
completely appropriate for the Concentric Rings. Because the model should only be used in a comparative
manner, it was determined that the model results for the smaller shallow cells could be used to be as
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indicative of conditions in the Concentric Rings. However, the model values should not be used for
design criteria.

The model results indicate that the Concentric Rings primarily would be well mixed, with numerous
episodes of significant stratification. Algal productivity and daily variations in dissolved oxygen probably
would be similar to conditions in the Saline Habitat Complex. The algal biomass would cause excessive
dissolved oxygen concentrations during the daylight hours and extremely low dissolved oxygen
concentrations in the early morning hours.

Water quality conditions during construction would be similar to those described under Alternative I.

Alternative 4— Concentric Lakes
As described in Chapter 3, this alternative would involve construction and operations and maintenance
activities for the Sedimentation/Distribution Basins; First, Second, Third, and Fourth lakes; and Brine
Sink.

Salinity would be 20,000 to 30,000 mg/L in the First Lake, 35,000 mg/L in the Second Lake, 45,000
mg/L in the Third Lake, and 60,000 mg/L in the Fourth Lake.

Water quality characteristics of the Brine Sink would be similar to those described for the Salton Sea
under the No Action Alternative.

The water quality conditions of the Concentric Lakes would be similar to that described for the Saline
Habitat Complex cells under Alternative I.

Water quality conditions during construction would be similar to those described under Alternative 1.

Alternative 5— North Sea
As described in Chapter 3, this alternative would involve construction and operations and maintenance
activities for the Sedimentation/Distribution Basins, Air Quality Management, Saline Habitat Complex,
Shoreline Waterway, Saltwater Conveyance, Marine Sea, Marine Sea Recirculation Canal, and Brine Sink.

Salinity of the Marine Sea would be between 30,000 to 40,000 mg/L. Salinity of the Saline Habitat
Complex would be as described under Alternative 1.

Water quality characteristics of the Brine Sink and Saline Habitat Complex would be similar to conditions
described under Alternative I.

Thermal stratification in the Marine Sea is anticipated to be more pronounced and to extend for a longer
period of time as compared to the Salton Sea under Existing Conditions and Phase I of the No Action
Alternative. Prolonged periods of stratification would create anoxic conditions in the hypolimnion and
contribute to production and accumulation of hydrogen sulfide and ammonia. When the thermocline
breaks down in fall, low dissolved oxygen may be expected throughout much of the water column as
hypolimnetic water mixes with surface water. Stratification also allows significant algal growth in the
surface layers above the stratification.

The DLM-WQ model is limited with respect to the simulation of the actual mechanisms for permanent
burial, or sequestration, of phosphorus in deep sediments and resuspension into the water column. The
model results indicated that the Marine Sea would be characterized by mechanisms for sequestration of
phosphorus in deep areas and within the sediments, as is currently believed to be occurring in the Salton
Sea under Existing Conditions.
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Depending on the effectiveness of phosphorus reduction in the inflows as TMDLs are implemented and
sequestration of phosphorus in the sediments, the water quality objective for phosphorus probably could
be achieved in the Marine Sea in Phases II through IV. This would require at least 50 percent reduction in
phosphorus external loadings and 50 percent reduction in phosphorus sources from within the Salton Sea.

Water quality conditions during construction would be similar to those described under Alternative I.

Alternative 6- North Sea Combined
As described in Chapter 3, this alternative would involve construction and operations and maintenance
activities for the Sedimentation/Distribution Basin, Air Quality Management, Pupfish Channels, Saline
Habitat Complex, Shoreline Waterway, Saltwater Conveyance, Marine Sea, Marine Sea Mixing Zone,
Marine Sea Recirculation Canal, and Brine Sink.

Salinity of the Marine Sea would be between 30,000 to 40,000 mg/L. Salinity of the Saline Habitat
Complex would be as described under Alternative I.

Water quality characteristics of the Brine Sink and Saline Habitat Complex would be similar to conditions
described under Alternative I. Water quality of the Marine Sea would be similar to conditions described
for the Marine Sea under Alternative 5.

The Marine Sea Mixing Zone would be located along the southern and a portion of the western shoreline
in the same location as the First Ring described under Alternative 3. This component would be formed by
a Perimeter Dike and would have similar salinity and water depths as the First Ring. Therefore, water
quality in the Marine Sea Mixing Zone is expected to be similar in water quality to that described for the
First Ring under Alternative 3.

Water quality conditions during construction would be similar to those described under Alternative I.

Alternative 7- Combined North and South Lakes
As described in Chapter 3, this alternative would involve construction and operations and maintenance
activities for the Sedimentation/Distribution Basin, Air Quality Management using Protective Salt Flat on
Exposed Playa below -255 feet msl, Exposed Playa without Air Quality Management above -255 feet
msl, Saline Habitat Complex, Recreational Saltwater Lake, Recreational Estuary Lake, Marine Sea
Recirculation Canal, IID Freshwater Reservoir, two Treatment Plants, and Brine Sink.

Salinity of the Marine Sea would be between 30,000 to 40,000 mg/L. Salinity of the Saline Habitat
Complex would be between 30,000 and 200,000 mg/L.

Water quality characteristics of the Brine Sink and Saline Habitat Complex would be similar to conditions
described under Alternative I.

Placement of the Barrier affects potential for thermal stratification. Under Alternative 7, the Barrier is
close to the mid-point of the Sea Bed. This provides for a large surface water area and associated fetch,
and provides more areas with shallow depths than if the Barrier is located to the north of the mid-point.
Thermal stratification in the Recreational Saltwater Lake is anticipated to be more pronounced and to
extend for a longer period of time as compared to Existing Conditions and Phase I of the No Action
Alternative. During the periods of stratification, anoxic conditions in the hypolimnion would develop and
contribute to production of hydrogen sulfide and ammonia. When the thermocline breaks down in the fall
months, low dissolved oxygen may be expected throughout much of the water column as hypolimnetic
water mixes with surface water, as described under Alternative 5.
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It is anticipated that the phosphorus cycling and sequestration processes would continue in the
Recreational Saltwater Lake as in the Marine Sea description under Alternative 5. Alternative 7 also
includes water treatment facilities to reduce phosphorus loadings from the inflows and in the recycled
water between the Recreational Saltwater Lake and the Recreational Estuary Lake. It is anticipated that
the water treatment plants would remove more than 90 percent of the phosphorus loadings in the inflows
and other constituents in the Recreational Saltwater Lake discharges. This would improve water quality in
the Recreational Saltwater Lake more rapidly than just implementation of the TMDLs. However, due to
the limited understanding of nutrient cycling in the Recreational Saltwater Lake and uncertainty of the
mechanical functioning of the outlet structure to withdraw water from the Recreational Saltwater Lake,
the actual reduction in time to achieve the phosphorus TMDL is not known at the time of preparation of
the PEIR.

Conditions in the Recreational Estuary Lake would be similar to those described for the Marine Sea
Mixing Zone under Alternative 6.

Water quality conditions during construction would be similar to those described under Alternative 1.

Alternative 8— South Sea Combined
As described in Chapter 3, this alternative would involve construction and operations and maintenance
activities for the Sedimentation/Distribution Basins, Air Quality Management, Saline Habitat Complex,
Shoreline Waterway, Marine Sea, Marine Sea Recirculation Canal, and Brine Sink.

Salinity of the Marine Sea would be between 30,000 to 40,000 mg/L. Salinity of the Saline Habitat
Complex would be as described under Alternative 1.

Water quality characteristics of the Brine Sink and Saline Habitat Complex would be similar to conditions
described under Alternative I. Water quality of the Marine Sea would be similar to conditions described
for the Marine Sea under Alternative 5.

Thermal stratification in the Marine Sea is anticipated to be more pronounced and to extend for a longer
period of time as compared to Existing Conditions and the early phases of the No Action Alternative. The
southern Sea Bed has larger shallower areas than the northern Sea Bed. In addition, average wind speeds
are about 20 percent higher in the southern Sea Bed than the northern Sea Bed. The shallower water
depths and higher wind speeds would allow greater mixing of the Marine Sea as compared to North Seas
in other alternatives. However, thermal stratification would occur. Thermal stratification in the southern
Marine Sea is anticipated to be more pronounced and to extend for a longer period of time as compared to
Existing Conditions and the early phases of the No Action Alternative. Conditions would be similar to
those described under Alternative 5 when the thermal stratification is disrupted.

The DLM-WQ model predicted higher dissolved oxygen concentrations in the surface water under
Alternative 8 as compared to the Salton Sea in Existing Conditions and No Action Alternative during
Phase I.

Water quality conditions during construction would be similar to those described under Alternative I.

Next Steps
During the project-level analysis, detailed water quality and sediment assessments would need to be
conducted to determine specific locations for facilities and better understand the fundamental processes of
nutrient dynamics and external/internal source contributions in the current Salton Sea. The importance of
internal processes and spatial representation of these parameters must be considered. The timing and
extent of the Salton Sea response to load reductions also must be determined.

6-36	 Salton Sea Ecosystem
Restoration Draft PEIR

2006



Chapter 6
Surface Water Quality

Despite significant uncertainty, the models used in the PEIR analysis can serve as a useful tool for
comparative analysis, incorporating the best understanding of the physical system. The model also can
guide and focus future data collection efforts, including the following items:

• Long term water quality monitoring of the Salton Sea and tributary sources at a frequency useful
for capturing system dynamics, including weekly monitoring of Salton Sea nutrients and
chlorophyll a and real-time temperatures;

• Focused data collection to better understand the role of sediment resuspension, sediment release,
nutrient sequestration, and sediment oxygen demand;

• Pilot studies of shallow water cells on recently exposed Sea Bed to determine the rate of nutrient
fluxes to the water column and other biological parameters that may be different on the Sea Bed
materials as compared to pilot studies being conducted on lands adjacent to the Sea Bed; and

• Development of a multi-dimensional hydrodynamic and water quality model, with coupled
sediment pool, for the Salton Sea that could be used, in tandem with data collection efforts, to
provide more detailed analysis of specific facility locations.

Long term monitoring programs also should be considered to determine the effectiveness of water quality
improvements in the watershed and the ability of the Sedimentation/Distribution Basins to remove
nutrients.

During project-level analyses, the additional information collected for the modeling efforts described above
can be used to identify specific design criteria of the habitat facilities, including the following items:

• Habitat design criteria to maximize full mixing in the water column, such as orientation of islands
parallel to the prevailing winds or orientation of the open water to take advantage of wind fields;

• Consider construction methods that would limit the potential to re-suspend bottom sediments that
are rich in nutrients;

• Identify construction periods to avoid periods of high algal growth and periods critical to the
well-being of invertebrates, fish, and wildlife;

• Determine the technical feasibility and need for methods to reduce internal nutrient loads; and

• Determine the appropriate depth of deep pools to balance temperatures and water quality.
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Abstract

Desert pavement is a distinctive feature widespread across arid lands of the world. It plays a

dynamic role in geomorphic, hydrologic, and ecologic processes. Where desert pavement

predominates, infiltration is limited and rainfall is delivered as runoff to nearby bare ground

areas where shrubs cluster. Desert pavement surfaces may appear monotonously flat and barren,

but we have found, instead, that they are a complex association of landscape and hydrologic

elements governed by their surface characteristics. Previously, we identified six unique surface

mosaic types that accurately capture the subtle, but distinct, variations in surface clast

arrangements for a desert pavement landscape formed on a single-aged basalt flow in the

Mojave Desert. We now report that these surface mosaics predict the spatial distribution of

fundamental desert vegetation and soil characteristics. Characteristics of soil morphology and

texture, the leaching depth of soluble salts, percent plant cover, and shrub species diversity are

remarkably consistent for each mosaic type across a 580,000-year-old basalt flow even when

measured >1 km apart. Hydrologic character is distinctly different between desert pavement and

bare ground regions and vegetation distributions reflect the spatially heterogeneous soil

moisture. Where desert shrubs cluster on the three bare ground surface mosaics, leaching is

deep, removing most soluble salts to below the 50-cm depth. Where shrubs are absent or few,

on the three desert pavement mosaics, leaching depths are shallow, with soluble salt depth
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distributions as well as desert shrub percent cover precisely controlled by the percent clast cover

of the surface.

D 2004 Elsevier B.V. All rights reserved.
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1. Introduction

In North America, about 50% of natural arid lands is mantled by desert pavement

(Evenari et al., 1985), a distinctive surficial feature where at least 65% of the soil

surface is clast-covered (Musick, 1975; Wood et al., 2002). The closely packed surface

clasts are generally coarse gravel to cobble-sized rock fragments one to two deep that

rest on or are embed in underlying soil. Aridisols associated with desert pavement

typically have formed in eolian parent material from several centimeters to meters deep

immediately underlying the surface clasts (Springer, 1958; Wells et al., 1985, 1995;

McFadden et al., 1987). Desert varnish, a hard, dark-colored patina of accumulated

iron and manganese oxides, usually covers the surface of the clasts (Krumbein and

Jens, 1981; Liu, 2003). From afar, varnished desert pavement makes gently sloping

landforms such as alluvial fans, basalt flows, pluvial lake benches, and ancient alluvial

terraces (Cooke et al., 1993) appear darkly polished, while up close, it appears as a

carefully constructed cobblestone surface.

Wherever found, desert pavement plays a fundamental role in the long-term

evolution of the land surfaces it mantles. Surface clasts protect underlying sediments

and soil from removal by wind and water (Cooke et al., 1993) and provide a substrate

for the capture of eolian sand, silt, clay, and salts. Infiltration is dramatically reduced

and precipitation is redirected as runoff to nearby areas free of desert pavement

(Abrahams and Parsons, 1991a,b). Additionally, the spatial distribution of desert biota

is strongly influenced by desert pavement’s primary control of soil water availability

(Smith et al., 1995; Dunkerley and Brown, 1995).

The surficial character of desert pavement landscapes is spatially heterogeneous

with wide stretches of relatively barren desert pavement (DP) surrounding meter-wide

regions of bare ground (BG) where desert shrubs cluster (Musick, 1975). In the

eastern Mojave Desert, these two broad landscape types can be further divided into six

visually distinct, readily mapped surface mosaics (Fig. 1; Wood et al., 2002). Three

surface mosaics (DP1, DP2, and DP3) represent desert pavement regions where

surface clast cover is greater than 65%, and three surface mosaics (BG1, BG2, and

BG3) represent regions which appear as bare ground with less than 65% surface clast

cover (Wood et al., 2002; Fig. 1; Table 1). Across this landscape, these six surface

mosaics vary discretely and form heterogeneous patches abutting each other with sharp

boundaries of 1- to 10-cm widths. Each mosaic type has a distinctive land surface

texture defined by its clast size, degree of clast size sorting, and percent clast cover of

the surface (Wood et al., 2002; Fig. 1; Table 1).

Several processes are recognized as playing a role in desert pavement formation

(Cooke, 1965; Bull, 1991). However, the capture of eolian sediment between surface



Fig. 1. (A) Surface mosaic types (Wood et al., 2002) delineate the study site’s desert pavement landscape into six

spatially heterogeneous regions. Surface characteristics of mean clast diameter, percent clast cover of the surface,

and degree of sorting co-vary discretely and form a complex array of homogeneous patches that abut each other

with sharp boundaries of 1- to 10-cm width. Field of view across front of photograph is approximately 2 m. (B)

Plan view photographs of the six surface mosaic types (Wood et al., 2002). Field of view of each photograph is 50

cm. Characteristics of these mosaics are summarized in Table 1.
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Table 1

Surface mosaics’ physical and vegetative characteristics

Surface Clasts Soil Shrubs

mosaic
Mean

diameter (mm)

Size sorting

index

Clast

cover (%)

A horizon

texturea
Shrub

cover (%)

Shrub

species

Desert pavement

DP1 12 (1) 0.8 (0.0) 95 (0) l 0 No shrubs observed.

DP2 22 (2) 1.3 (0.2) 87 (4) sicl 1.1 Ambrosia dumosa

Atriplex hymenelatra*

Larrea tridentata

Opuntia basilaris

DP3 45 (6) 1.3 (0.2) 69 (4) vfsl 5.3 Atriplex hymenelatra*

Ephedra funerea

Larrea tridentata

Lycium andersonnii

Opuntia basilaris

Opuntia ramosissima

Bare ground

BG1 36 (10) 1.4 (0.2) 54 (12) ls 8.5 Ambrosia dumosa

Atriplex hymenelatra

Echinocereus triglochidiatus

Ferocactus cylindraceus

Larrea tridentata*

Lycium andersonnii

Mammillaria tetrancistra

Opuntia basilaris

Opuntia ramosissima

Yucca schidigera

BG2 27 (6) 1.2 (0.3) 58 (9) scl 27.6 Ambrosia dumosa*

Atriplex hymenelatra

Ephedra funerea

Krameria erecta

Larrea tridentata*

Lycium andersonnii*

Opuntia basilaris

Opuntia bigelovii

Opuntia echinocarpa

Stephanomeria pauciflora

Yucca schidigera

BG3 40 (7) 1.3 (0.2) 21 (7) fsl 32.3 Ambrosia dumosa*

Atriplex hymenelatra

Echinocereus triglochidiatus

Ephedra funerea

Ferocactus cylindraceus

Hymeoclea salsola

Krameria erecta

Larrea tridentata

Lycium andersonnii

Opuntia basilaris

Opuntia bigelovii

Opuntia echinocarpa
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Table 1 (continued)

Surface Clasts Soil Shrubs

mosaic
Mean

diameter (mm)

Size sorting

index

Clast

cover (%)

A horizon

texturea
Shrub

cover (%)

Shrub

species

Opuntia parryi

Opuntia ramosissima

Yucca schidigera

Values in parentheses represent standard error. Asterisk indicates dominant/co-dominant shrub species on surface

mosaic.
a fsl = fine sandy loam; l = loam; ls = loamy sand; scl = sandy clay loam; sicl = silty clay loam; vfsl = very fine

sandy loam.
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clasts and its translocation into underlying soil has gained widespread acceptance as a

major genetic process (Wells et al., 1985, 1995; McFadden et al., 1987; Anderson et

al., 2002). We hypothesized that the six surface mosaic types (DP1, DP2, DP3, BG1,

BG2, and BG3), each with its own distinctive land surface character, would

differentially control pedogenic processes, and thus soil characteristics, across desert

pavement landscapes.
2. Material and methods

2.1. Environmental setting

Research was conducted on a desert pavement landscape mantling a 580-ka basalt flow

(Turrin et al., 1985) in the Cima Volcanic Field of the eastern Mojave Desert, California.

The Pliocene to Holocene Cima volcanic field, comprised of f 40 cinder cones and more

than 60 associated basalt flows, is host to extensive pedologic, geomorphic, and

geochronologic work (Dohrenwend et al., 1984, 1987; Turrin et al., 1985; Farr, 1992;

Arvidson et al., 1993; Liu, 2003; Phillips, 2003), including development of the eolian

deposition model of desert pavement formation (Wells et al., 1985, 1995; McFadden et al.,

1987; Anderson et al., 2002).

The study site is at an elevation of 690 m, approximately 22 km south of Baker,

California and 150 km southwest of Las Vegas, NV (Fig. 2). The selected basalt flow,

mapped as the e1 flow (Dohrenwend et al., 1984), was chosen because it allows the study

of surficial processes on a desert pavement whose lithology (basalt) and time of

development (580,000F 160,000 years; Turrin et al., 1987) are constant. The physical

character of exposed basalt bedrock highs across the site indicates an initial lava flow of

blocky morphology. Over time, eolian sediments incorporated into cumulic desert

pavement soils (Wells et al., 1985, 1995; McFadden et al., 1987, 1998) have smoothed

the original landform’s highly variable topographic relief.

The climate is hot and arid as determined by data (National Climatic Data Center, 2003)

from six nearby weather stations (Baker, Dunn’s Siding, Iron Mountain, Mitchell Caverns,

Mountain Pass, and Yucca Grove). The mean annual temperature is calculated to be 20 jC,
with a mean annual maximum temperature of 27 jC, and a mean annual minimum



Fig. 2. Vertical aerial photograph shows location of sampling plots on the surface of the 580-ka basalt flow of the

Cima volcanic field, eastern Mojave Desert, (35j12VN; 115j52VW), approximately 22 km south of Baker, CA.

Dark area is basalt flow with surrounding light alluvial fan and wash deposits. Road is vertically trending, white

line in the left half of the photograph.
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temperature of 13.5 jC. The mean annual precipitation is calculated to be 14 cm, with a

bimodal distribution during the year. Most precipitation falls as rain, primarily in the

winter months of November through March, with occasional snows. A second smaller

peak of precipitation occurs as monsoonal events during the period July through

September (National Climatic Data Center, 2003).

Plant cover is generally perennial creosote (Larrea tridentata) scrub associations

(Billings, 1949; Vasek and Barbour, 1988) with primarily winter annuals (Ludwig et al.,

1988).

2.2. Field sampling

Three hectare-size plots previously studied to define desert pavement surface mosaics

(Wood et al., 2002) were used in this research. These plots are separated from each other

by at least 750 m and were chosen to have no evidence of foot or vehicular travel. Plots

were delineated using surface mosaic types (Wood et al., 2002; Fig. 1) and soils were

described and sampled within each mosaic type.

Data from previous studies at this site (McFadden et al., 1987; Anderson et al., 2002)

showed that an appropriate soil depth to provide evidence of major pedogenic processes
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beneath desert pavement was 50 cm. So, within each of the three plots, three 50-cm deep

soil pits were described and sampled by morphologic horizon (Soil Survey Division Staff,

1993) in each of five of the six surface mosaics. The sixth mosaic, DP1, covers a minimal

area of the landscape and was sampled at only one location. Thus, data were collected

from a total of forty-six 50-cm deep soil pits. Based on this sampling protocol, we

compared soil physical and chemical features between and within surface mosaic types

using data from nine pits for each type distributed across a 2-km region of the basalt flow

(Fig. 2).

Desert shrub species identification and percent cover measurements were made using

triplicate (one per sampling plot) linear transects which totaled 100-m for each of the six

surface mosaics. Measurements of the surface’s percent cover by desert forbs and biotic

crusts were made using triplicate detailed 1-m linear transects for each sampling plot (a

total of nine linear meters per surface mosaic).

2.3. Laboratory analyses

Bulk soil samples were air dried and sieved to remove coarse fragments (>2 mm).

Electrical conductivity (EC) values, as an indication of soluble salt content, and pH

measurements (Rhoades, 1982) were made of extracts from 1:1 soil/water suspensions

from all pits. Particle-size distribution (Gee and Bauder, 1982) was determined by pipette

for soil samples from one representative pedon per surface mosaic across the basalt flow.

Calcium carbonate equivalent (CCE) (Nelson, 1982) percentages by weight were deter-

mined for all soil horizons of three pedons (one per sampling plot) per surface mosaic.

Colors of crushed, dry samples for all soil horizons were measured in the laboratory using

a chromameter (Minolta Chromameter, Model No. CR-200).
3. Results

3.1. Landscape unit descriptions

The distinctive landscape character of each of the six surface mosaic types is

summarized in Table 2 with photographs in Fig. 1. This table combines data previously

reported (Wood et al., 2002) with additional data collected in this study.

3.1.1. Desert pavement (DP) surface mosaics

Surface mosaics DP1, DP2, and DP3 define relatively barren (0 to 5% shrub cover)

areas for which closely packed clasts (>65% clast cover) predominate as desert pavement.

The surface character of each desert pavement mosaic is unique with sharp boundaries of

V 10 cm between adjoining mosaic types (Wood et al., 2002).

Surface mosaic DP1 is limited in distribution throughout the study area. Generally, it

occurs as 1- to 3-m diameter ovals of moderately sorted clasts inset with sharp boundaries

into other DP surface mosaics. Predominately 12-mm-wide subangular gravel almost

completely covers (95%) the barren soil (0% shrub cover), making DP1 easy to visually

identify in the field.



Table 2

Soil morphologicala and chemical characteristics of the surface mosaics

Horizon Depth Rockb Soilc Colord Structuree Rootsf Poresf,g PH CCE Sand Silt Clay Notes

(cm) fragments

(>2 mm)

texture

( < 2 mm)

(dry, crushed)
%Weight

Mosaic DP1: fine-loamy, mixed, thermic Typic Natrargid

Ph 1–0 grmx – – – – – – – – – – Angular medium gravel

forming desert pavement

lies free on surface, with

a mean clast size of

12 mm and soil coverage

of 95%.

Avk 0–1.5 – l 1.2Y 6/3 3co

col/1fsbk

1f 3m dis v 9.1 NAi NAi NAi NAi Avk and Btk horizons are

united together to form

distinctive coarse columns

(f 6.5-cm diameter)

which can be removed

from pit as single units.

Btk 1.5–8 – c 10YR 6/3 3co col/

2mabk/

2vfabk

1vf – 9.4 NAi NAi NAi NAi

Btkz 8–20 grm scl 9.8YR 6/3 1msbk – – 7.6 NAi NAi NAi NAi

Bkz 20–37 – sl 9.6YR 6/3 1fsbk/gr – – 7.4 NAi NAi NAi NAi

B’tkz 37–50 – scl 9.4YR 5/3 1fvsbk/gr – – 7.1 NAi NAi NAi NAi

Mosaic DP2: fine-loamy, mixed, thermic Typic Natrargid

Ph 3–0 grx – – – – – – – – – – Angular coarse gravel

forming desert pavement

lies mostly free;

occasionally, it is weakly

embedded in top 1 cm of

soil. Mean clast size is

22 mm, covering 87% of

the soil.
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Avk 0–3 – cl 10YR 6/3 3vc

col/1tk

pl/2msbk

1vf 3m dis v 9.3 (0.1) 3.9 (2.2) 35 39 27 Avk and Btk horizons are

united together to form

coarse columns

(f 12-cm diameter)

which can be removed

from pit as single units

with a soil knife.

Btk 2–9 – cl 9.4YR 6/3 3vc

col/3m/

1f abk

1vf 1f dis

t/2vf

dis v

8.9 ( .4 (1.7) 34 38 29 Fine ( < 2 mm) crystals

of gypsum distributed

throughout soil matrix.

Btkz 9–21 grmv l 9.7 YR 6/3 2fabk/

1vfsbk

3vf 3vf v 7.7 ( .2 (0.7) 39 42 19

Btkyz 21–30 cb l 9.4 YR 5/3 1fsbk 1vf – 7.5 ( .1 (0.7) 44 34 21 Soft white masses up to

30 mm in diameter with

intact 1–3 mm gypsum

crystals.

Btyz 30–37 cbv sl 9.3 YR 5/3 1fsbk 1vf – 7.4 ( .4 (0.3) 60 21 19 Common soft, white,

noneffervescent mottles

(gypsum) of f 5-mm

diameter.

B’tkz 37–50 grc scl 9.3 YR 5/3 1fsbk – – 7.3 ( .6 (0.2) 62 15 23

Mosaic DP3: fine-loamy, mixed, thermic Typic Paleargid

Ph 3–0 cbx – – – – – – – – – –

Av 0–0.5 – vfsl 1.3 Y 6/3 1mpl 2vf 3f dis

ran v

8.4 ( .3 (0.3) 68 27 5 Discontinuous Av

horizon nestles between

pavement clasts. Pores

are associated with

biotic crusts.

Clasts 0.5–5.5 cbx – – – – – – –

Btk 5.5–9.5 – l 10 YR 6/3 3c/f abk 2vf 3f dis

ran v

8.6 ( .7 (0.4) 38 38 24

(continue on next page)

Y
.A
.
W
o
o
d
et

a
l.
/
C
a
ten

a
5
9
(2
0
0
5
)
2
0
5
–
2
3
0

2
1
3

0.1) 3

0.2) 4

0.1) 2

0.1) 1

0.1) 1

0.1) 0

0.2) 0



Table 2 (continued)

Horizon Depth Rockb Soilc Colord Structuree Rootsf Poresf,g PH CCE Sand Silt Clay Notes

(cm) fragments

(>2 mm)

texture

( < 2 mm)

(dry, crushed)
%Weight

Btky 9.5–18 cb l 9.4 YR 5/3 3c/vf abk 1vf – 8.8 (0.1) 2.4 (0.5) 50 29 21 Common small (f1 mm)

crystals (gypsum).

Btkz 18–31 – cl 9.0 YR 5/3 3fabk/

2vfsbk

1vf 1vf dis

ran v

7.9 (0.3) 2.1 (0.6) 41 31 28

Btkyz 31–50 – l 9.1 YR 5/3 3f/vf abk – 7.9 (0.1) 1.5 (0.6) 43 35 22 Few intact insect casts

(f 10 by 20 mm)

with 2-mm-long

gypsum needles

precipitated inside.

Mosaic BG1: loamy-skeletal, mixed, thermic Typic Calciargid

Av 0–3 grcv ls 0.6Y 5/3 1fpl 3vf 2vf v 7.8 (0.1) 1.0 (0.4) 76 20 3 Platy structure influenced

by biotic crusts. Deeply

embedded angular coarse

gravel and cobbles make

up 58% of the surface

with a mean clast size

of 36 mm.

Btk1 3-12 grcv l 0.3Y 6/3 1f/vf sbk 1vf 3f v 8.2 (0.2) 2.6 (0.9) 50 35 15 Extremely cobbly

throughout pit; clast

fragments 75% coated

by carbonate.

Btk2 12–22 stx l 10YR 6/3 2f sbk 1vf/1m 3vf v 8.5 (0.2) 5.2 (1.6) 44 35 21 Clast fragments 100%

coated by carbonate.

Btk3 22–50 grx l 10 YR 6/3 1vf sbk 3vf – 8.7 (0.2) 7.8 (2.3) 50 42 8 Clast fragments 100%

coated by carbonate.
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Mosaic BG2: fine-loamy, mixed, thermic Typic Haplargid

Ak 0–2 – l 1Y 6/3 1co/m pl 3vf – 7.9 (0.1) 3.8 (2.0) 47 41 12 Horizon depth is

influenced by occasional

embedded rounded

cobbles. Angular,

carbonate-encrusted

medium gravel provides

most of the 58% clast

cover, which has a mean

clast size of 22 mm.

Bk1 2–5 – sl 10YR 6/3 2m

pr/2f sbk

3vf 3fv 8.0 (0.1) 3.1 (1.8) 53 34 14

Bk2 5–18 – sl 10YR 5/3 1f/vf sbk 3vf 2fv 7.9 (0.2) 1.8 (0.9) 56 27 16

Btk1 18-32 cbv scl 9.6 YR 5/3 3m

sbk/3f abk

2vf 2fv 8.0 (0.2) 1.8 (1.2) 57 22 22

Btk2 32-50 – scl 8.7 YR 5/3 3m

sbk/3f abk

2vf/2m 3vf

ran v

7.9 (0.1) 1.9 (1.2) 58 21 21

Mosaic BG3: fine-loamy, mixed, thermic Typic Paleargid

A 0–1 – sl 0.8Y 6/3 2tkpl/

2fsbk

2vf 3vf dis

ran

v & t

7.9 (0.1) 0.3 (0.1) 68 26 5 Rounded surface cobbles

are deeply embedded.

Mean surface clast size

is 40 mm, covering 21%

of the soil.

Bw 1–10 – sl 0.3Y 6/3 1co-msbk 2vf 3f dis ver

v and t

7.8 (0.1) 0.1 (0.1) 74 22 4 Occurrence of

effervescence spotty.

(continue on next page)
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Table 2 (continued)

Horizon Depth Rockb Soilc Colord Structuree Rootsf Poresf,g PH CCE Sand Silt Clay Notes

(cm) fragments

(>2 mm)

texture

( < 2 mm)

(dry, crushed)
%Weight

Bt1 10–20 cbv scl 9.1YR 5/3 3csbk/

1fabk

2vf 2vf dis

ran v

7.9 (0.1) 0.3 (0.3) 54 21 25

Bt2 20–29 cb scl 8.6 YR 5/3 3f-vf

abk/gr

2vf 2vf dis

ran v

8.0 (0.3) 0.3 (0.3) 51 21 28

Btk 29–50 – scl 8.5YR 5/3 1f-vfabk 1vf 2vf dis

ran v

8.2 (0.2) 0.2 (0.2) 47 22 31 Occasional thin threads

of carbonate dispersed

throughout the matrix.

a Soils sampled and described according to Schoeneberger et al., 2002.
b c, coarse; cb, cobbly; gr, gravelly; m, medium; st, stony; v, very; x, extremely.
c c, clay; cl, clay loam; l, loam; ls, loamy sand; scl, sandy clay loam; sl, sandy loam; vfsl, very fine sandy loam.
d Colors measured in Munsell units using a Minolta Chromameter, Model No. CR 200.
e 3, strong; 2, moderate; 1, weak; co, coarse; tk, thick; m, medium; f, fine; vf, very fine; abk, angular blocky; col, columnar; gr, granular; pl, platy; sbk, subangular

blocky.
f 1, few; 2, common; 3, many; f, fine; vf, very fine; m, medium.
g v, vesicular; t, tubular; dis, distributed; ran, random; ver, vertical.
h P, desert pavement.
i NA, value not measured.
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Surface mosaic DP2 is extensive in its distribution, comprising about half of all the

desert pavement of the study site. The surface clast cover of DP2 (87%) is intermediate

between that of DP1 and DP3. The closely packed, generally medium gravel (mean width

of 22 mm) is subangular in shape. The gravel clasts may be loosely embedded into the soil,

but generally they lie free on the soil surface (Wood et al., 2002). Occasional angular to

subangular coarse gravel-size surface clasts are moderately embedded into the soil and

may dislodge when walked upon. DP2 supports few shrubs (1% shrub cover), which are

predominantly desert holly (Atriplex hymenelytra), a halophyte generally found on soil

with high salt concentrations (Hunt, 1966).

Surface mosaic DP3 is extensive in its distribution, also comprising about half of all the

desert pavement of the study site. DP3 has the least surface cover by clasts (69%) of the

desert pavement types and the most surface cover by desert shrubs (5%), with the

halophyte desert holly (A. hymenelytra) predominating. DP3 is visually distinct from DP2

due to its larger clast size (mean width of 45 mm) and more rounded (subangular to

subrounded) clast shape. Surface clasts are firmly embedded in the soil and rarely

dislodged when walked upon. In strong contrast to mosaics DP1 and DP2, biotic crusts

were observed growing on DP3 soil surfaces.

3.1.2. Bare ground (BG) surface mosaics

Mosaics BG1, BG2, and BG3 delineate surfaces that visually contrast with desert

pavement surface mosaics (Figs. 1 and 3). BG surfaces appear to have abundant bare soil,

even though more than 50% of the soil surface may be covered by poorly sorted clasts

(Table 1; Wood et al., 2002). Generally, the BG mosaics have a more abundant desert

shrub cover (z 9%), more animal activity, and more biotic crusts than the open DP

mosaics.

Surface mosaic BG1 is generally limited to slopes below scattered bedrock highs and

has shrub cover (9%) of predominately creosote. In the field, BG1 appears intermediate

in physical character between desert pavement and the other two bare ground surface

mosaics, and has the greatest range of clast sizes (Table 1). Basalt clasts cover more

than half the surface (54%) but are not closely packed to form desert pavement and

appear to be rubble from nearby bedrock highs. Many of BG1’s angular cobble-size

clasts are weakly embedded and often show evidence of recent surficial movement

(Wood et al., 2002).

Surface mosaic BG2 generally occurs as 3- to 10-m diameter polygons inset into

nearly level regions of desert pavement, often in close association with BG1. This mosaic

has a greater concentration of shrubs (28% cover) growing on its nearly level surface

than does BG1 on its sloping surface (Fig. 1). Occasional subrounded cobble-size clasts

are tightly embedded into the soil. However, most of the surface clasts (58% cover)

represent a unique cover, formed by angular to subangular carbonate-encrusted medium

and coarse gravel lying free on the surface. This distinctive surface cover distinguishes

BG2 from the other two BG mosaics and appears to result from excavations by

burrowing mammals (Eghbal and Southard, 1993), which are generally observed only

on mosaic BG2.

Surface mosaic BG3 generally occurs as 3- to 10-m diameter polygons inset into other

surface mosaics. With the least clast cover (21%), the highest concentration of desert
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shrubs (32% cover), and the greatest diversity of shrub species growing on its nearly level

surface (Table 1), BG3 is easily identified when observed in the field. Subrounded clasts

with a mean width of 40 mm are tightly embedded into a soil surface that is mostly free of

active mammal burrows. The only evidence of active burrowers is the presence of termite-

cast encrusted surface litter in wet years.

3.2. Desert pavement (DP) surface mosaic soils

The soils of the DP surface mosaics have ochric epipedons and very distinctive

structure in their top 8 to 10 cm (Fig. 3, Table 2). DP1 and DP2 (‘well-developed’

pavement with z 80% clast cover) have natric horizons with strong coarse (5- to 10-

cm diameter) or very coarse (10- to 16-cm diameter) columns beneath pavement clasts.

In contrast, the top 9 cm of DP3, with less clast cover of the surface (69%), has a

discontinuous, thin (0.5 to 2 cm deep) surface horizon with weak platy structure

nestled between clasts. Immediately below the desert pavement clasts, soil color

reddens and clay content increases, forming a distinctive morphologic feature of

mosaic DP3. For all three DP mosaics, morphologic evidence of gypsum, high EC

values (Fig. 3, Table 2), and argillic (or clay-enriched) soil horizons are distinctive

subsurface features.

3.2.1. Surface mosaic DP1 soil (fine-loamy, mixed, thermic Typic Natrargid)

Strong, coarse columns immediately underlie the pavement. They can be removed

intact and easily separated along a clear structural and color boundary into an uppermost

thin (1.5 cm) loamy Avk horizon and an underlying clayey Btk horizon (f 6 cm thick).

Beneath these columns, several soil characteristics dramatically change. The EC increases

up to six-fold (Fig. 3) with the soil becoming saline by the 10-cm depth. Roots are no

longer observed, soil texture becomes sandier, soil color reddens, and soil structure

weakens (Table 2).

3.2.2. Surface mosaic DP2 soil (fine-loamy, mixed, thermic, Typic Natrargid)

The near surface soil morphology of DP2 is similar to that of mosaic DP1. Closely

packed surface clasts rest on strong soil columns, comprising the Avk and Btky horizons.

The columns are at least twice as wide as those of DP1 (10 to 16 cm in diameter) and just

as deep (8 to 10 cm deep). The Avk horizon is 3 cm thick, has clay loam texture, and weak

thick (1 cm) structural plates that break to moderate, medium subangular blocky structure.

The Btk horizon, forming the lower part of the columns, is redder, has strong, medium

angular blocky structure, and fine ( < 2 mm) crystals of gypsum distributed throughout the

matrix.
Fig. 3. (A) Schematic diagram shows the relations between mosaics and soil morphology. Sites selected by

surface mosaic type produce predictable soil structure characteristics unique to that mosaic, even though sampling

sites may be separated by >1 km. The subsurface boundaries between surface mosaic soil types are gradual, rather

than abrupt as represented here. (B) Electrical conductivity values of soil extracts plotted to the 50-cm depth to

indicate soluble salt concentration (Rhoades, 1982) under each of the surface mosaic soil types. Bars indicate

standard error values; n= 9 at each depth except for mosaic DP1 (n= 1).
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As with DP1, several soil characteristics change dramatically just beneath the columns.

Soluble salts increase, with the soil becoming saline at the 10-cm depth and EC values

doubling from 5 to 10 dS m� 1 by the 20-cm depth (Fig. 3). Very fine roots become more

numerous, soil texture becomes sandier, and soil structure weakens.

3.2.3. Surface mosaic DP3 soil (fine-loamy, mixed, thermic Typic Paleargid)

The surface soil morphology of DP3 contrasts with that of DP1 and DP2 in that no soil

columns are present. Instead, a thin (0.5 to 2 cm deep), discontinuous Av horizon of sandy

loam texture is nestled between surface clasts tightly embedded 2 to 3 cm deep into an

underlying Btk horizon. Both the weak platy Av and strong blocky Btk are well leached

(EC < 1 dS m� 1) to the 10-cm depth (Fig. 3). The soil becomes saline at the 20-cm depth

as EC values increase to a mean of 12.5 dS m� 1 at the 30–50-cm depth. Concurrently, soil

color reddens and angular blocky soil structure remains strong. Below 30 cm, roots are no

longer observed.

3.3. Bare Ground (BG) surface mosaic soils

In contrast to the DP mosaics, BG surface mosaics generally have little measurable

soluble salt and no morphological evidence of the presence of gypsum throughout their

50-cm depths. However, here are seen the least and most accumulations of soil carbonate

within the surface 50-cm depth as measured by CCE (Table 2) across the landscape. Below

sandy ochric epipedons with weak platy soil structure, soil texture increases in clay content

and structure increases in strength at some point with depth to 50 cm.

3.3.1. Surface mosaic BG1 soil (loamy-skeletal, mixed, thermic Typic Calciargid)

A predominance of calcium carbonate-covered (z 75% coated) rock fragments forms a

distinctive feature of BG1 soils throughout the 50-cm depth. These clasts are mainly

cobbles, with material < 2 mm providing only 10% to 15% of the soil volume. Carbonate

accumulates within the nonsaline soil and CCE increases from 2% to 10% (Table 2) by the

40-cm depth.

The thin, sandy Av surface horizon has weak platy structure associated with the many

very-fine roots and hyphae distributed throughout its 3-cm depth. Below the Av horizon,

roots decrease in number as clay content increases and soil color reddens. Soil structure

strengthens from the 10- to 20-cm depth where clay content is the greatest, but weakens

again below the 20-cm depth as soil clay content decreases and fine roots increase in

number.

3.3.2. Surface mosaic BG2 soil (fine-loamy, mixed, thermic Typic Haplargid)

Weak platy structure of the loamy Ak horizon contrasts with the moderately strong soil

prisms (f 5-cm diameter) of the underlying reddened Bk horizon. Within the 5-cm depth,

CCE values are the highest measured in BG2 soils (3% to 4%, Table 2). Beneath the 5-cm

depth, structure is weak subangular blocky until below the 18-cm depth where clay content

increases, soil color reddens, soil structure becomes strong subangular blocky, and CCE

values decrease to < 2% (Table 2). Here, very fine roots lessen in quantity and are

generally confined to between the subangular structural blocks.



3.3.3. Surface mosaic BG3 soil (fine-loamy, mixed, thermic Typic Paleargid)

The loamy soils of BG3 are predominantly free of accumulations of soluble salts or soil

carbonates to the 50-cm depth (Fig. 3, Table 2). The thin (1 cm) A horizon has slight

effervescence in parts (CCE of 0.3%) and forms moderately strong, thick structural plates.

Below the 10-cm depth, soil color reddens, clay is enriched, and angular blocky structure

becomes strong. Below the 30-cm depth, limited carbonate (CCE= 0.3%) forms violently

effervescent white threads throughout the brown sandy clay loam soil, angular blocky

structure becomes weak, and root counts decrease (Table 2).
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4. Discussion

4.1. Surface clast control of landscape-scale soil water

The depth of soil water movement and solute transport is strongly tied to surface clast

character differences across the landscape (Fig. 3, Table 3). Measured EC values at all soil

depths except 5–10 cm correlate at a statistically significant level ( p < 0.05) to percent

clast cover (Table 3). That is, soluble salts, carried by the wind from nearby playas (Reheis

et al., 1989; Reheis and Kihl, 1995) and deposited on the surface in desert dust, are

concentrated at shallower depths as percent clast cover increases (Table 3, Fig. 3). The

three DP surface mosaics (clast cover >65%) have shallow leaching regimes with soluble

salts accumulated near the land surface (Fig. 3). In contrast, the three BG surface mosaics

(clast cover < 65%) have deep leaching regimes that prevent the accumulation of soluble

salts within the surface 50-cm depth.

4.1.1. Desert pavement subsurface hydrologic regimes

Deeper leaching regimes of the three BG surface mosaics (Fig. 3) suggest regions

where infiltration of rainwater is unimpeded—or regions of focussed recharge. In contrast,

surface run-off predominates on the DP surface mosaics (Musick, 1975; Wilcox et al.,

1988; Abrahams and Parsons, 1991a,b) and soluble salts have accumulated at shallow
Table 3

Regression values indicating correlations between surface mosaic characteristics and soil solution EC with soil

depth (n= 6)

Soil depth (cm) ANOVA correlation to saturated paste EC

Clast cover (%) Clast width (mm) Sorting index

r2 p r2 p r2 p

0–2 0.99 0.0004 0.860.034 0.56 0.29

2–5 0.95 0.012 0.72 0.147 0.38 0.49

5–10 0.84 0.066 0.53 0.32 0.19 0.73

10–20 0.99 < 0.0001 0.84 0.062 0.56 0.29

20–30 0.99 0.0005 0.85 0.060 0.58 0.28

30–40 0.95 0.013 0.71 0.154 0.41 0.45

40–50 0.91 0.027 0.69 0.176 0.38 0.49

Statistically significant correlations are shown in bold.
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depths (Fig. 3). The depth of leaching is precisely governed by clast cover character (Table

3) and each of the three DP mosaics represents a separate region of distinct hydrologic

character (Fig. 3) even though separated by boundaries of only a few centimeters (Fig. 1).

For instance, the depth at which sufficient soluble salts have accumulated to produce EC

values greater than 12 dS m� 1 varies distinctly between the three DP mosaics. For DP1,

this depth is 8 cm as very limited rainwater infiltrates. For DP2, this depth is 20 cm. And

for DP3, this depth is 40 cm as water freely infiltrates into the top 10 cm of the soil.

4.1.2. Shrub distributions across desert pavement landscapes

As percent clast cover of the surface increases, measured biotic characteristics of plant

cover (r2 = 0.98) and desert shrub species richness (r2 = 0.92) decrease (Fig. 4A). Since

available water is the primary limit on desert plant growth, this relationship reflects the

precise control of soil moisture by closely juxtaposed differences in clast cover. For

instance, DP1 (95% clast cover) is consistently barren, whereas mosaic DP3 (69% clast

cover) has 5% shrub cover. On BG mosaics, the presence of clustered shrubs (shrub cover

z 9%) reflects higher soil moisture.

While all three BG mosaics are regions of focussed soil moisture recharge where salts

are leached below the 50-cm depth, the amount of plant cover is still tightly linked to

surface clast cover percentage (Fig. 4A). The phenomenon of percent shrub cover being

strongly correlated to percent clast cover has been observed throughout North American

deserts when data collected from different aged land surfaces are compared (Fig. 4B). Our

observation of this trend on a single-aged landform reflects the universality of control of

subsurface hydrology, soil moisture, and vegetation distributions by the clast cover. This

suggests that the physical character of the top few centimeters of arid land surfaces is core

in determining the spatial distribution of water across arid landscapes, independent of

landform, or soil, age.

4.2. Spatially disjunct patterns of soil genesis

4.2.1. Mosaic DP1

For DP1 mosaics, where infiltration rates are low and desert shrub cover is absent, the

predominant soil-forming factor is the physical incorporation of salts and other eolian

materials within the soil. Eolian sand and desert dust (silt, clay, and salt) are predominantly

trapped by surface clasts and transported down between coarse surface columns (McFad-

den et al., 1987; Anderson et al., 2002), especially when the soil is dry and wide cracks are

present (Hugie and Passey, 1964). During large storm events, rainwater is shed from

covering clasts and channeled by soil column faces (Coen and Wang, 1989; Lin et al.,

1999) to a depth of 8 cm, carrying soluble salts in solution and sand, silt, and clay in

suspension (Weisbrod et al., 2000; Anderson et al., 2002). These materials then

accumulate near the base of the columns. Here, channeled water movement is slowed

as the weak blocky structure of the underlying Btkz horizon offers fewer interpedal

conduits for continued flow (Coen and Wang, 1989).

The clayey soil of the Btk horizon (forming the bottom two thirds of the columns)

eventually wets and swells, closing the interpedal cracks. The rate of water moving into

the soil is greatly reduced (Reid et al., 1993; Lin et al., 1998), confining most added



Fig. 4. (A) Desert vegetation characteristics of cover (shrubs and ephemerals) and shrub species diversity highly

correlate with percent clast cover across the Cima volcanic field desert pavement landscape. Values on the y-axis

reflect both number of plant species and percent plant cover of the surface. (B) The phenomenon of plant cover

correlating strongly with surface clast cover is well documented in other North American deserts (Tromble et al.,

1974; Wilcox et al., 1988; Abrahams and Parsons, 1991b; Parsons et al., 1992). Data compiled in Arizona

(Tromble et al., 1974; Abrahams and Parsons, 1991b; Parsons et al., 1992) reflect this trend by comparing results

taken from several locales on different-aged landforms.
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material to within the columns (Anderson et al., 2002). This allows the accumulation of

wind-deposited salts important to arid-land pedogenic process, including very soluble

chlorides and sulfates, sodium and magnesium carbonates, gypsum, and calcium carbonate

(Reheis et al., 1989; Reheis and Kihl, 1995), within the top 10-cm depth of the soil surface

(Fig. 3). The soil is saline (4 dS m� 1) by the 10-cm depth, and the few observed fine and

very fine roots extend only to the 8-cm depth, restricted from further growth by high

salinity.
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Very alkaline soil (pH of 9.1) to the 5-cm depth indicates the accumulation of

sodium carbonate (Na2CO3) within the top 5 cm of the columns (Szabolcs, 1979). This

in turn promotes sodium saturation of clay minerals, enhanced soil swelling, poor

drainage, and prismatic structure (Munn and Boehm, 1983). While field morphology

indicates that some soil carbonates are illuviated beneath surface columns (Table 2),

measured pH drops to less than 7.6 below the 5-cm depth, indicating solutions

containing predominantly neutral salts such as chlorides or sulfates (Szabolcs, 1979).

Some of these salts are very soluble, and their dissolution into the limited water entering

DP1 increases the ionic strength of the soil solution. This in turn limits the dissolution

of the lesser soluble sodium and calcium carbonates deposited as dust, limiting their

illuviation to depth.

4.2.2. Mosaic DP2

Similar to DP1, the Avk and Btk horizons of DP2 unite to form strong columns within

the top 9 cm of soil. The Avk horizon of DP2 has CCE values near 4% with strong soil

alkalinity (pH = 9.3) indicating the presence of Na2CO3 to the 5-cm depth. This suggests

limited dissolution and translocation of the CaCO3 deposited as dust on the land surface,

since it is much less soluble than Na2CO3. Similar to DP1, high clast cover of the surface

limits the bare soil available to directly intercept incoming rainwater. Increased water shed

from surface clasts onto decreased regions of open soil channels water rapidly down the

cracks formed in the dry soil (Hugie and Passey, 1964). Clay loam textures within the

columns reflect the slowing of water as cracks swell shut during rain events and clays

deposited as desert dust are incorporated in the soils of the columns (Anderson et al.,

2002) above the 9-cm depth.

Below the boundary of these very coarse columns sand content and soluble salt

concentrations increase. Moderately strong angular blocky structure found below 10 cm

continues to provide interpedal pores for water movement to a depth of 20 cm where

measured EC jumps to 10 dS m� 1 (Fig. 3). Here, weak structure slows water movement

(Lin et al., 1999), and gypsum and very soluble salts precipitate to form Btkyz horizons.

This represents a less steep increase in soluble salts compared to DP1 where EC values

increase from 2.5 to 14 dS m� 1 by the 20-cm depth (Fig. 3). As soil water movement

decreases within the 10- to 20-cm depth, translocated calcium carbonate also accumulates

as indicated by the pH of 7.7 and CCE values of 1% to 2%. Here, the strong ionic activity

of soil solutions enriched in soluble salts acts to limit the dissolution and further transport

of carbonates (McBride, 1994).

4.2.3. Mosaic DP3

The sandy loam Av horizon nestled between surface clasts reflects the ability of DP3,

unique among the desert pavement types, to capture and retain eolian sand. Thus, the

Av horizon of DP3 not only has more surface area (14%) for the direct intercept of

rainwater than mosaics DP1 and DP2, but its soil texture is also more sandy—68% sand

compared to 35% for DP2 (Table 2). Water infiltrates rapidly into sandy soil (Yair et al.,

1997), leaching soluble salts deposited on the surface. The near absence of soluble salts

within the top 10 cm of DP3 (soil extracts are V 1.1 dS m� 1) reflects such free

leaching. Once beneath the surface clasts, infiltrating water readily flows through the
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interpedal pores associated with strong angular blocks (Lin et al., 1999) and the

subsurface soil does not become saline until below the 20-cm depth, where soil

structure is weaker.

The pH values near 8.5 to the 5-cm depth indicate solutions containing dissolved

CaCO3. However, CCE values are low, less than 0.5%, with most carbonates deposited as

dust being leached deeper, in contrast to DP1 and DP2. From the 20- to 30-cm depth, CCE

increases to 2% and pH increases to near 9 suggesting the presence of accumulated

Na2CO3. Here, EC values increase to near 4 dS m� 1, and the higher ionic strengths should

favor the precipitation of carbonates carried in solution. From the 30- to 50-cm depth, pH

of 7.8 to 8.2 indicates the presence of neutral salts and CaCO3 as the dominant soil

carbonate.

4.2.4. Mosaic BG1

Mosaic BG1 is a region of the landscape where calcium carbonate and sand

accumulate. The Av horizon of BG1 has the sandiest textures across the landscape

(76% sand, Table 2), due to efficient sand trapping by a very rocky substrate inherited

from rubbled basalt outcrops. Beneath the sandy loam A horizon, the large number of rock

fragments forms an open network of macropores for the movement of soil water, leaching

soluble salts to below the 50-cm depth (EC values V 1 dS m� 1). The accumulation of

CaCO3 is indicated by soil solution pH values ranging from 7.8 to 8.7, rock fragments that

are 100% carbonate covered below the 10-cm depth, and CCE values increasing from 2%

to >10% with depth.

Many roots extend throughout the 50-cm depth of the pits, increasing macropore

channels for water flow (Tyler et al., 1994), and promoting the translocation of clays and

carbonate. Clay translocation can be slowed by the presence of CaCO3 in solution (Goss et

al., 1973; Doner and Lynn, 1989). The particle size distribution of soil material < 2 mm

indicates that clay has been translocated for the entire depth of the BG1 pits. However,

maximum clay accumulations occur between the depths of 10 and 20 cm, just above where

CCE values begin to increase rapidly (Table 2).

4.2.5. Mosaic BG2

Pedogenesis in BG2 is primarily controlled by surface additions of eolian sand

accumulating in the wind shadow of desert shrubs, and the redistribution of clay and

carbonates from below 20 cm onto the soil surface by burrowing mammals. Clumps of

desert shrubs (27% cover) increase surface roughness and trap eolian sand (Barth and

Klemmedson, 1978) that is incorporated to the 50-cm depth. Low EC values, pH values of

7.9 to 8.1, and CCE values between 2% and 4% indicate the accumulation of CaCO3 but

the absence of soluble salts, including Na2CO3, as soil water readily leaches to below the

50-cm depth (Fig. 3, Table 2). Strong effervescence and CCE values off 4% within platy

Ak horizons indicate that carbonates are concentrated near the surface (Table 2). Below the

top 5 cm of BG2, CCE values are near 2% to the 50-cm depth, suggesting the

redistribution of soil carbonate to the surface by burrowing mammals (Eghbal and

Southard, 1993). Such bioturbation also explains the higher clay content of BG2 surface

soils compared to BG1 and BG3 (Table 2), as well as the presence of the distinctive

carbonate-coated medium gravel covering the surface of BG2.



4.2.6. Mosaic BG3

Plants exert their greatest pedogenic effect here where shrub cover is 32%. Clumped

desert shrubs increase the surface roughness of BG3 and trap windblown sand, which is

incorporated into the Avk and Btk horizons (Lyford and Qashu, 1969; Rostagno, 1989;

Rostagno et al., 1991). Neither soluble salts nor carbonates accumulate appreciably within

the top 50 cm of BG3 as water readily moves to below this depth (Fig. 3). Overall, sandy

loam soil textures and macropore channels from shrub roots promote deep preferential

flow and clay illuviation to below the 20-cm depth in mosaic BG3. Additionally, the

clustered shrubs influence soil structure through the additions of organic material and acids

within the rooting zone.

4.3. Origin and development of surface mosaic heterogeneity across desert pavement

landscapes

Processes responsible for the origin and development of the distinctive physical

character of each of the six surface mosaics are not fully understood at this time. However,

spatial distributions of surface mosaics formed on other basalt flows in the Cima volcanic

field suggest that the initial morphology and topography of a landform influence the

evolving patterns of surface mosaics across desert pavement landscapes. For instance,

surface mosaics studied in this work are compact and rounded when compared to those

mantling an adjoining lava flow which are widespread and elongate. This neighboring

flow has basalt indicative of an original pahoehoe lava morphology whose topography was

elongate and smooth. In contrast, the flow forming the basis of this study has basalt

indicative of an original aa morphology whose topography was blocky and rough.

Over time as surface topography becomes increasingly smoothed, the dominant

processes forming surface mosaics may vary. For example, the pedogenic accumulation

of soluble salts high in the solum and concomitant salt fracturing of surface clasts

represents a dominant process in the development of surface mosaic DP2. On the other

hand, the predominance of f 1 cm diameter gravels on surface mosaic DP1 (Table 1) may

result from the slow infilling of previously clast-free regions by waterborne gravels (Haff

and Werner, 1996; Wood et al., 2002). Such infilled polygons may record past surficial

disturbances, perhaps from the presence of plant cover and associated burrowing animals,

as long as 5000 years ago (Wood et al., 2002).
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5. Conclusions

5.1. Spatial partitioning of surficial processes by clast cover character

This study identifies the patterning of clast cover as the dominant control of water and

sediment distribution across and into this arid landscape. This control operates at a scale of

decimeters, precisely determining soil morphology, subsurface hydrologic regimes, and

ecosystem components. Seemingly subtle, but distinct, variations in the texture and fabric

of surface clast cover translate into profound differences in the underlying soils and

associated plant communities of desert pavement landscapes. Throughout the formation of
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this desert pavement landscape, and continuing today, surface physical character has

closely controlled rainfall redistribution, the movement of water, salts, and clays into the

subsurface, and the spatial distribution of vegetative cover. That is, a thin layer of surface

clasts and soil, directly intersecting the atmosphere, dynamically and precisely determines

surficial processes across this desert land surface yielding a close genetic relationship

between the landscape, soilscape and ecosystem.

5.1.1. Control of pedogenic processes

Soluble salts and carbonates accumulate at different depths within the soil of each

surface mosaic type (Fig. 3; Table 2), reflecting spatially disjunct patterns of pedogenic

process across the landscape. Inputs of precipitation and eolian materials are consistent

across the studied land surface, but rates and types of pedogenic processes incorporating

them into soil are not. Subsurface soil morphology to the 50-cm depth—a readily observed

feature in the field—is distinct for each mosaic (Fig. 3A) reflecting long-term precise

spatial partitioning of surficial processes. Over time, each mosaic’s soil morphology has

evolved and reinforced itself as important pedogenic processes of eolian sediment

additions and translocation, and the infiltration and subsurface flow of soil water are

controlled by its surface’s character. Differences in soil morphology are sufficient that

classifications of soils from within abutting mosaic types vary at a high taxonomic level,

from Haplargids to Paleargids.

5.1.2. Control of hydrologic and ecologic processes

The studied desert pavement landscape has four regions of distinct hydrologic

character. Across the complex array of six surface mosaics, rainwater will be redistributed

differentially for each type, yielding in turn a complex array of soil moisture regimes that

precisely govern desert plant distributions and associated pedogenic process. Vegetative

cover ranges from that of only scarce ephemerals where clast cover and concentrated soil

salts are high, to as much as 50% combined coverage by vascular plants where clast cover

is low and leaching is to the 50-cm depth.

5.2. Surface character and desert pavement landscape evolution

These findings are important to an understanding of the evolution of desert pavement

landscapes. The close relationship of land surface character with water movement, soil

development, and biotic distributions is indicative of a system whose components have co-

evolved through sensitive feedback systems. Surface clast control of leaching depths plays

two important roles in the functioning of this arid landscape. First, salt-enriched DP soils

limit rooting depth (Munns and Termaat, 1986) and reduce shrub species diversity to

primarily salt tolerant halophytes (Fig. 4; Table 1; Vasek and Barbour, 1988; Hickman,

1993). In contrast, relatively salt-free BG mosaics support the most shrub cover and

species diversity across the landscape (Fig. 4).

Second, where high salt contents are observed near the soil surface, increased

physical weathering of surface clasts due to salt fracturing (Smith and McGreevy,

1983; Amit et al., 1993) is expected. Near-surface salt concentrations are high in mosaics

DP1 and DP2 (Fig. 3), the only location where salt fracturing has been observed in the
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field. Through time, surface clast fracturing increases both clast numbers and the amount

of clast cover, fostering a feedback mechanism in which increasing clast cover decreases

leaching depths and soil moisture. This further concentrates soluble salts close to the

surface, thereby decreasing plant cover and removing available root conduits for

subsurface water flow.
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Verifying Curve Numbers in Arid Environments by Combining Detailed
Geomorphic Mapping and Pedotransfer Functions

Julianne J. Miller1, Todd G. Caldwell2, Michael H. Young1, and Graham K. Dalldorf 2

Rainfall-runoff models, such as HEC-1 and HEC-HMS developed by US
Army Corps of Engineers’ Hydrologic Engineering Center (HEC), are commonly
used in the southwest US to estimate flood discharges because most watersheds in
this region are ungaged and do not have stream discharge data. Most rainfall-runoff
models do not directly account for the initial abstraction (Ia), which is defined as the
amount of precipitation that initially infiltrates into the soil prior to the occurrence of
runoff. Rather these models rely on precipitation loss components that are considered
to be subbasin area averages, such as the Soil Conservation Service (SCS- now
Natural Resource Conservation Service) curve number (CN) approach.

The purposes of this study were to characterize soils of a remote basin in
southern Nevada, specifically runoff potential and soil hydraulic conductivity (Ks),
and to examine the use of a site-specific pedotransfer function (PTF) to relate soil
texture and bulk density to CNs. Geomorphic mapping, soil sampling and analysis,
rainfall simulation, and tension infiltrometer (TI) tests were all used as field
characterization techniques on six distinct geomorphic surfaces determined within the
22 km2 study watershed. Rainfall simulation tests allowed for field-measured CNs to
be determined for these surfaces. High CN values occurred on the well-developed
desert pavement surfaces of the alluvial fan and lower CN values occurred on the
younger and dissected alluvial fan deposits. Field measurements from the TI tests
showed higher Ks values on the younger and dissected surfaces, and lower values on
the older and well-paved surfaces. Thus, CN inversely corresponded to Ks. The use
of detailed geomorphic mapping significantly reduced the variance in Ks (and hence
CN, as well) across the watershed, resulting in statistically distinct hydrologic groups
that could be scaled to the watershed. When the average Ks was regressed onto field-
measured CNs, a linear relationship was found at R2 = 0.928, demonstrating that Ks
measurements may be used to estimate CNs in this watershed. In addition, a site-
specific PTF method showed that soil particle size distributions and bulk density were
good predictors of Ks (R2 = 0.890). Therefore, at this field site, less arborous soil
characterization data and the site-specific relationships obtained by more rigorous
field work, CNs and other parameters for this watershed could be easily estimated.

Using field-measured site-specific data to accurately assign CNs is important
for verifying hydrologic models used for design of flood hazard mitigation structures.
These studies suggest that field verification, which in the past was deemed cost-
prohibitive in large remote watersheds, could be cost-effective and efficient using a
similar approach.
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Introduction
Soils within the approximately 22.3 km2 (8.5 mi2) Windmill Wash Detention

Basin watershed, near Bunkerville, Nevada, were characterized for runoff potential
and soil hydraulic conductivity (Ks), to examine the use of a site-specific
pedotransfer function (PTF) to relate soil texture and bulk density to curve numbers
(CN). Using field-measured site-specific data to accurately assign CNs is important
for verifying hydrologic models used for design of flood hazard mitigation structures.
The project was subdivided into four steps: (1) geomorphic mapping; (2) analysis of
soil samples for texture components and grouping according to statistical similarity;
(3) field measurements using a rainfall simulator and a tension infiltrometer (TI); and
(4) development of a correlated relationship between soil textural characteristics and
field measurements, creating a site-specific PTF model.

Geomorphic mapping
The Bunkerville alluvial fan complex was mapped according to geomorphic

surfaces with the overall goal of developing and integrating predictive tools for
forecasting runoff potential based upon unique, predictable relations that exist among
landscape position, soils, and geology. Environmental Systems Research Institute
(ESRI) ArcGIS software was used to analyze digital data sources, including the
USDA Farm Service Agency Aerial Photography Field Office’s National Agricultural
Imagery Program (USDA-FSA-APFO-NAIP), which distributed the mosaic images
in MrSID format. A 10-m resolution digital elevation model (DEM) was also
analyzed to delineate the boundaries of the watershed. Field Reconnaissance
involving photographic documentation was conducted to confirm or redelineate
landform relationships of the imagery-based map. Eight different landform units and
one artificial fill unit were delineated during image analysis; however, additional
statistical analysis of soils data reduced this to six distinct geomorphic surfaces
(Qf1/2, Qf3, Qf4, QTt, Qf5, and Qf6) (Young et al., 2007) (Figure 1).

Soil Sampling and Analysis
A total of 79 soil samples and bulk density measurements were completed.

Soil texture and bulk density measurements were required to scale measurements of
soil hydraulic parameters to the geomorphic mapping units. Samples were
statistically analyzed by grouping the results according to the respective mapping
unit. A semi-quantitative estimate of soil structure, which strongly influences
infiltration and runoff characteristics, was made. Bulk density was measured in situ
by gamma attenuation (method ASTM D 6938-07, ASTM International, 2007) using
a nuclear density gauge (Model 3440, Troxler Inc., Research Triangle Park, NC).
One bulk density measurement was taken adjacent to each soil sampling location.
Soil texture or particle-size distribution (PSD) was determined using a combination of
mechanical sieving and laser diffraction techniques (Gee and Orr, 2002). The
geometric mean particle diameter (MPD) and standard deviation (σ) were determined
from the entire PSD (Shirazi and Boersma, 1984).

Results showed that a wide range of textures were sampled throughout the
watershed and that by grouping samples according to geomorphic unit, significant
differences in soil properties were observed. The active channel and terrace units
(Qf1/2) had the highest bulk density and were coarser textured. The young alluvial
fan unit (Qf3) had the next highest bulk density and was less coarse than Qf1/2.
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Figure 1. Geomorphic map of the drainage area contributing to the Windmill
Wash Detention Basin. Although nine units are mapped, it was
determined that there are six statistically distinct geomorphic surfaces.
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The desert pavement (Qf4) and the old alluvial terrace (QTt) were similar to each
other, yet significantly different from the other mapping units, with a much higher
percentage of fines. The older fan remnants, Qf5 and Qf6, were also similar to each
other (Figure 1).

Bulk density for all samples was found to be significantly correlated to both
the MPD and σ; whereas the MPD was found to be negatively correlated to σ.
Therefore, as the soil geomorphic surfaces become older and finer particles are added
through a combination of dust deposition and pedogenic processes, MPD decreases
and σ increases (Young et al., 2007). These processes control both soil structural
development and ultimately the soil infiltration capacity.

Field Measurements of Runoff
The six distinct geomorphic surfaces were characterized for runoff potential

using a rainfall simulator. Standard statistical methods (WRC, 1981) to determine
flood discharges are not applicable to a majority of watersheds in the southwest
United States because most watersheds in this region are ungaged and do not have
stream discharge data. Watersheds that do have discharge data usually have short
periods of record with many years of no flow. Therefore, rainfall-runoff models, such
as HEC-1 and HEC-HMS developed by the US Army Corps of Engineers’
Hydrologic Engineering Center (HEC), are used to estimate flood discharges.
Methods described in local drainage design guidance manuals, such as the Clark
County (Nevada) Regional Flood Control District’s (CCRFCD) Hydrologic Criteria
and Drainage Design Manual (CCRFCD, 1999) are used to estimate the input
parameters required for these models in jurisdictions throughout the Southwest.

One critical parameter for these models is the initial abstraction (Ia) and
infiltration loss of precipitation. Initial abstraction is the amount of precipitation that
is initially infiltrated in the soil, prior to the occurrence of any runoff. Most rainfall-
runoff models do not directly account for the Ia and infiltration losses; rather, they
rely on precipitation loss components that are considered to be subbasins or overland
flow area averages. The Soil Conservation Service (SCS- now Natural Resources
Conservation Service) curve number (CN) approach (USDA-SCS, 1986) is
commonly used to account for precipitation losses and is recommended by the
CCRFCD (1999). The SCS method relates the drainage characteristics of hydrologic
soil groups to a CN (USDA-SCS, 1986). This relation is based on soil group
classification, vegetative cover, land-use type (urban, agricultural, or desert), and
antecedent moisture conditions (AMC).

The total volume of runoff from a storm is related to a CN by the Ia (USDA-
SCS, 1986). This parameter was measured within the Windmill Wash Detention
Basin watershed using a portable rainfall simulator (Figure 2a) designed to determine
the runoff and infiltration properties of field soils. The portable rainfall simulator
used for this study consisted of a flat, 61 cm x 61 cm (2-ft2) Plexiglas reservoir for
water, with hypodermic needles on the underside (Mutchler and Moldenhauer, 1963;
Munn and Huntington, 1976). Water drops were produced on the needles by
providing a constant gravity head, wetting a 3,721-cm2 (576-in2) area of ground
directly beneath the rainfall simulator. Rainfall simulations were conducted at a rate
of approximately 3.3 cm/hr (1.52 in/hr), the maximum intensity during a local
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Figure 2. Field studies to determine runoff and soil properties. (a) Rainfall
simulator for measuring runoff parameters. (b) Mini-disk tension
infiltrometer array for measuring saturated hydraulic conductivity.

100-year, 6-hour storm, per the NOAA Atlas 14 guidance (www.hdsc.nws.noaa.gov)
for this location.

Before and after each rainfall simulation test, a calibration was performed to
ensure that the application rate was approximately at the target. After the initial
calibration measurements, the experimental precipitation event was started on the test
surface, and a series of time-related measurements were taken. Previous experience
has demonstrated that the time at which runoff occurred in each quadrant of the
surface test plot was the most appropriate for determining the CN (Miller and French,
2001). The time measurement, combined with the rainfall intensity, allow an Ia value
to be estimated for each runoff event. Once Ia is established, a CN can be calculated.

In general, CNs generated from the field measurements taken on differentiated
soil surfaces are similar to values expected for semiarid rangelands, assuming (1) the
vegetation cover was determined to be “desert shrub”; (2) the hydrologic condition
was “poor,” with vegetative ground cover less than 30 percent; (3) and the alluvium
was subdivided into three separate hydrologic soils groups, depending on surficial
age, with the active washes (Qf1) and adjacent alluvial terraces (Qf2) classified as
hydrologic soil group A, the younger unconsolidated alluvial fan surface (Qf3) and
artificial fill (Qaf) classified as hydrologic soil group B, and the older alluvial fan
surfaces (Qf4, QTt, Qf5, and Qf6) classified as hydrologic soil group C. The bedrock
areas (Br) were classified as hydrologic soil group D (Table 1).

Field Measurements of Saturated Hydraulic Conductivity
The hydraulic properties of the soil were measured with a tension disc

infiltrometer (TI) (Young et al., 2004; Ankeny et al., 1991). The TI supplies water to
the surface at a user-defined tension or negative pressure. An experiment typically
consists of three different pressure steps, beginning with the highest tension (-6 cm),
an intermediate tension (-3 cm), and ending at near-saturated conditions (-0.5 cm).
An array of 6 mini-disk tension infiltrometers (MDTI), each individually monitored

A B
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Table 1. Curve numbers (CN) and saturated hydraulic conductivity (Ks) from
field measurements and site specific pedotransfer functions.

Unit CNMeasured CNPTF KsMeasured KsMLR3

Qf1/2 63* 73.7 ± 10.5 56.5 ± 25.5 38.4 ± 20.8

Qf3 77* 86.7 ± 4.3 15.0 ± 4.4 17.9 ± 6.0

Qf4 92.5 90.1 ± 2.9 1.1 ± 0.9 5.9 ± 7.0

Qf5 87 88.9 ± 1.9 11.6 ± 3.0 18.0 ± 5.6

Qf6 83 89.3 ± 1.3 15.8 ± 5.6 11.6 ± 7.2

QTt 94 91.1 ± 1.2 4.2 ± 1.0 7.0 ± 6.5

* If no runoff occurred during the experiment, a default value was obtained from CCRFCD, 1999.

for cumulative outflow using a datalogger, was used to estimate the saturated
hydraulic conductivity (Ks) on each geomorphic surface (Figure 2b).

Each MDTI consists of a 4.5-cm diameter sintered stainless steel disc with an
air-entry value of approximately -10 to -15 cm, a reservoir, and a mariotte tube to
maintain a constant tension at the disc. Vertical infiltration of water is initially
governed by capillary or sorpitivity of water into the soil matrix, containing both
vertical and horizontal components. Later-time infiltration transitions to a gravity
driven process as fine soil pores are filled with water. This long-time infiltration rate
is then assumed to be at steady state.

Field results show that the coarsest textured, structureless Qf1/2 soils had the
highest Ks rate, whereas the finest textured, most-structured soil (Qf4) had the lowest
rate. Three geomorphic units were statistically similar: Qf3, Qf5, and Qf6. The QTt
was statistically lower than these three units, but higher than the Qf4 soils (Table 1).
A qualitative ranking of each surface indicates that Qf1/2 has high infiltrability; Qf3,
Qf5, and Qf6 have moderate infiltrability; the QTt has low to moderate infiltrability;
and the Qf4 has low infiltrability. These results are consistent with the CN results.

Correlating Field Hydraulic Measurements to Physical Soil Properties
Soil physics has focused on improving the estimates of hydraulic properties

from relatively simple-to-obtain measurements, like soil texture and bulk density
(Arya and Paris, 1981; Arya et al., 1999). This approach is known as the pedotransfer
function (PTF) method, and it has been used for a variety of field scenarios dealing
with infiltration and water movement (Rawls et al., 1989; Schaap et al., 2001;
Parasuraman et al., 2006). The PTFs were used in this study to correlate soil
properties to Ks, and although the HEC-1 model uses CNs, rather than Ks, the PTF
results should provide a solid correlation between Ks and CN, so that CNs can be
subsequently developed from the soil properties.

Three different PTFs were used in this study: the Rosetta Model (V. 1.2, US
Salinity Laboratory ARS-USDA), a site-specific Multiple Linear Regression (MLR),
and a three-parameter subset of the site-specific MLR. The Rosetta Model
implements PTFs to predict water retention and saturated hydraulic conductivity from
soil textural data including contents of sand, silt, and clay (in percent by weight) and
bulk density. The model was developed from a comprehensive database of 1,306 soil
samples, known as UNSODA (Leij et al., 1996; Nemes et al., 2001) and was applied
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primarily to agriculture-based soils with minimal gravel or rock content. However,
aridisols and entisols common to alluvial fans of the U.S. desert southwest often
contain significant amounts of coarse rock fragments or gravel and research has
shown that PTFs trained for soils of specific regions, soil horizons, or usage, tend to
be more accurate (Pachepsky et al., 1996).

An empirical, MLR model was also derived to determine Ks from measured
site-specific soil parameters. Two approaches were used, with the first approach
using all measured field parameters including soil structure, bulk density, and PSD as
%Gravel, %Sand, %Silk, %Clay, MPD, and σ. The second approach, which will be
described as the three-parameter subset of the MLR, uses just the site-specific bulk
density, MPD, and σ.

The PTFs were first developed using a smaller data set of field-measured Ks
values and subsequently applied to the spatially diverse soils data to increase the
sample size of Ks and to allow for a better assessment of its uncertainty within the
watershed. Rosetta requires a particle-size distribution and bulk density of the fine-
earth (<2mm) fraction. However, the measured total bulk density (BDT) includes both
gravel and fine earth (FE). Thus, the value must be corrected to achieve the fine-earth
bulk density (BDFE) by first calculating the volume of gravel (vg) from the percent
gravel by (Andraski, 1991). Rosetta was applied using both the BDT, which includes
gravel, and correction methods for FE bulk density and gravel (Figure 3). Results of
the BDT show a significant correlation (R2=0.66) between measured and predicted
values of Ks, although the PTF consistently underpredicts Ks. The FE correction is
highly correlated (R2=0.70) but consistently under- or over-predicted Ks. Thus, the
Rosetta PTF is likely not the best predictor of infiltrability for the high gravel content
arid soils in this watershed (Young et al., 2007). .

The MLR using all measured soil parameters yielded better correlation for Ks
(R2=0.75); however, Ks was again under- or overpredicted. When Ks was log-
transformed, the predicted Ks became even closer to the measured Ks (R2=0.89), and
without the under- and overprediction seen with the untransformed values. A three-
parameter subset of the MLR was derived using only bulk density, MPD, and σ, and
resulted in the most accurate predictions of Ks, with R2 values for Ks and ln(Ks) of
0.73 and 0.89, respectively. The MLR values derived from the simple ln(Ks) MLR
equation were within the σ bounds of the field measured values (Table 1; Figure 3) 
(Young et al., 2007).

Correlating Curve Numbers to Hydraulic Conductivity
Tendencies toward runoff were based on visual observation of rapid runoff

during the rainfall simulation tests, and lower Ks obtained from the MDTI.
Hydraulically, these parameters should be inversely related, and the field results
confirmed this relationship. Figure 4 shows the relationship between the average
measured Ks value for each surface and the average CN value, either measured or
default (Table 1). The strong predictive power of the relationship (R2 = 0.93)
illustrates the consistent picture that field measurements have provided.

Substituting the regression equation presented in Figure 4 into the three-
parameter subset of the MLR results in a pseudo-PTF derived curve number (CNPTF)
for each bulk soil sample (Table 1). These data indicate that the field-estimated CN is
dissimilar to the predicted CNPTF for most surfaces, with the exception of the Qf4 and
Qf5 surfaces. The default CN for the Qf1/2 (63) and the Qf3 (77), as obtained by
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CCRFCD (1999), were significantly lower than the CNPTF values of 73.7 and 86.7,
respectively. Given the small number of field-estimated CN values that can be used to
derive the PTF, the uncertainty in predicting CN from the PTF is likely too high, at
this stage, to be defensible.

Figure 3. Measured and predicted values of Ks derived from the fine-earth gravel
corrected Rosetta PTF, the total soil bulk density Rosetta PFT, and the MLR for all
measured parameters and a three-parameter subset.
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Figure 4. Relationship between average field-measured CN and Ks values.
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Conclusions
Field results using both the rainfall simulator and the MDTI showed greater

tendencies toward surface runoff on older soils with intact surfaces, and more
infiltration on younger soils. Thus, the use of relative surface age control and terrain
mapping may provide a better means of CN estimation than the traditional NRCS soil
map that is limited by a larger scale.

At this field site, both the rainfall simulator and TI proved to be field methods
for rapidly characterizing soils in a way that can be used directly in the rainfall-runoff
models. Furthermore, a site-specific pedotransfer function can be developed as a
means of estimating Ks, and hence CN. Only soil texture and bulk density were
required to obtain the hydraulic properties from the PTF. The results show that
multiple methods of characterizing the soil hydraulic properties and surface runoff
potential can be used to estimate appropriate CNs. These studies suggest that field
verification, which in the past was deemed cost-prohibitive in large remote
watersheds, could be cost-effective and efficient using a similar approach.
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Problem and research objectives 

Strong interactions exist between desert soils and plants, and these interactions 
will potentially control the overall movement and distribution of water, which are critical 
for water resources and desert ecosystems. The high level of spatial and temporal 
heterogeneities of near-surface soil and plant environments creates significant difficulty 
for quantifying, understanding and simulating how climate, soil properties and 
ecological resources interact with one another. Heterogeneities are attributed to 
physical, geomorphological, and biological variations across the landscape and soil 
surface; many of these attributes directly influence soil hydraulic properties and thus 
hydrological processes. The overriding objective of this research is to observe and 
simulate the contribution of surface feature heterogeneity to the landscape response 
from precipitation events, particularly as they relate to recharge and surface runoff in 
desert environments. 
 
Methodology 

Field Measurements 

The proposed methodology for this study is to apply both field experimental and 
numerical approaches to examine the impact of the heterogeneity of soil surface 
introduced by microtopography, plant canopies, and soil hydraulic properties on rainfall-
infiltration-runoff processes. In the experimental portion of the study, we set up three 
experimental plots (20 m by 30 m) on 3 geomorphic surfaces with ages that range from 
500 to 100,000 years old (McDonald  et al, 2003; Young et al 2004) at the Mojave 
National Preserve, CA, and then conducted high-resolution elevation and plant surveys 
within each plot.  On each plot, a surface elevation survey was conducted using a Laser 
Total Station. Surface elevations were first measured on 5 m X 5 m control grid to 
represent overall topographic trends. Significant topographic structures such as 
channels, ridges and mounds were measured in more detail. A vegetation survey was 
also conducted in each plot. The quantity of plant in each category was counted and 
characteristic scales (long and short axes and hight) of selected individual plants were 



measured, generating the spatial distribution of the plants. Topographic mounds under 
plants were also measured to investigate the micro topographic features.  

Hydraulic properties (i.e., hydraulic conductivity function) were measured using a 
tension infiltrometer (TI) in every experimental plot for both interspace and under 
canopy soils. The soil hydraulic properties obtained from the TI data similar to the 
method described by Young et al. (2004).  Soil samples were collected from each TI 
location and analyzed for soil texture (i.e., gravel, sand, silt and clay contents) and bulk 
density. Spatial distribution and correlation of the texture and hydraulic property 
parameters were analyzed. Experimental results were imported to a numerical model 
(described below) to simulate surface runoff on the experimental plots under a variety 
of different precipitation events. 

Leveraging an internally-funded DRI project, rainfall simulation experiments were 
conducted at the plot located on the oldest (Qf3) surface. This study aims to investigate 
the impact of the clast (upper rock) layer found on many desert pavement surfaces on 
runoff and infiltration rates.  We used a portable rainfall simulator on adjacent plots on 
surfaces with and without the clasts. In the case where clasts were removed, the 
underlying Av material was kept intact to the extent possible; thus, the difference 
between the two plots is the presence of the clast layer.  Seven pairs of experiments 
(14 plots total) were conducted. In each experiment, characteristic times for runoff 
generation were recorded (i.e., time to ponding, initial runoff, runoff observed in all 
quadrant, full runoff connection and runoff to the trough) and the runoff volume was 
measured by collecting water in a downstream trough at specific time intervals. 
Changes in soil water content were also monitored continuously during the experiment 
using a Water Content Reflectometer (WCR, model 616, Campbell Scientific Inc., Logan 
UT). The soil cumulative infiltration curves obtained from the WCR measurements were 
used in a parameter estimation scheme to obtain the Green-Ampt infiltration 
parameters.  

 

Numerical Modeling 

The numerical model used for this research is known as CeRIRM (Cell-Based 
Rainfall Infiltration Runoff Model), a physically-based distributed model for rainfall-
runoff modeling (Chen and Young, 2008).  The model is capable of simulating surface 
runoff and infiltration using a very high-resolution distributed modeling approach. 
CeRIRM was originally developed by the co-PI for his dissertation and was further 
modified through funding from the U.S. Army Corp of Engineers. The model applies a 
two-dimensional surface runoff routing approach to account explicitly for topographic 
impact on overland flow movement, and it incorporates the Green-Ampt model to 
simulate infiltration. This comprehensive modeling technique addresses the interaction 
between the infiltration and surface runoff routing that is greatly complicated by 
heterogeneity of soil hydraulic properties and topography. The model has been 
modified to accommodate the plot scale rainfall-runoff simulation for this project. 
Parameter fields of topography and corresponding soil hydraulic properties have been 



generated on regular numerical grid for the whole plots using interpolation methods 
based on the observed topography and soil hydraulic properties. Using this model, we 
have simulated cases with and without microtopography, with and without vegetation, 
and for different rainfall conditions.  

A primary issue in rainfall-runoff modeling is how to efficiently represent the 
spatial variability of parameters in hydrologic models.  Thus, the numerical modeling 
work for the past year was focused on the fundamental impact of spatial variability of 
soil hydraulic properties on runoff and infiltration, given specific storm distributions. The 
model was applied to the Walnut Gulch Experimental Watershed, near Tombstone, AZ, 
to investigate how different spatial patterns of watershed characteristics (e.g.,  
vegetation coverage) and soil hydraulic properties (e.g., hydraulic conductivity and 
saturated water content) could impact runoff and infiltration in a semi-arid environment 
(Yin, 2008; Yin et al., 2008). In these studies, the model was used to examine how 
parameter generation – uniform versus random versus co-kriged– could affect the 
accuracy of runoff predictions at a small (approximately 44,000 m2) watershed known 
as Lucky Hills 104.  Parameter fields for this modeling study were generated using a 
pedotransfer function, using soil textural data obtained from samples collected at 33 
locations across the watershed. Samples were collected at both interspace and 
undercanopy microsites (66 samples total) using a stratified sampling technique.  
Saturated hydraulic conductivity (Ks), saturated water content (θs), and wetting front 
capillary pressure for the Green-Ampt model (S) were then derived from the estimated 
hydraulic properties. Three different methods were used to generate the parameter 
field: geometric mean for Ks and arithmetic mean for θs and S; Latin Hypercube 
Sampling (LHS); and, cokriging using all three parameters.  For each method, the 
parameter fields were generated using only interspace samples, only undercanopy 
samples, and the entire population (nine combinations of averaging and sample origin). 
The numerical model was then run for eight recorded rainfall events during the last 50 
years that produced measurable runoff at LH104, using each parameter field 
respectively (72 simulations total).  The runoff generation results were compared to find 
the best approach for representing soil heterogeneity. 

Soil hydraulic parameter estimation is a key issue in hydrological modeling. 
Green-Ampt model parameters are wildly used in modeling practices. However, the 
most common parameter estimation method for Green-Ampt model is based on soil 
texture and pedo-transfer functions. Those functions are not solidly based on field 
observation, but mainly from conversion of other soil hydraulic parameters. A numerical 
optimization approach has been developed to inversely determine the parameters from 
the measured soil moisture curves. The new method can be useful for directly 
estimating G-A parameters for practical applications. However, further studies are 
needed to solve the possible multi-solution issue in this method. 
 
Principal findings and significance 

Results from the field studies and numerical modeling studies have shown: 



• Soil surfaces are features with various scales of topographic elements, which 
mainly include channels, topographic mounds, under canopy soil mounds. These 
features can dominate the runoff routing dynamics and significantly affect the 
lateral water distribution and nutrient movement toward or away from ecological 
niches.  

• Even small magnitude of microtopography can impact the surface runoff 
significantly. Because the function of concentrating flow, microtopography not 
only can affect the routing time of the water, but may also break the lateral 
continuity and reduce the connectivity of the flow. Such a flow pattern will alter 
the distribution of water resource on the surface. It may have more profound 
impact on the nutrient /contaminant transport process and habitat stability in the 
ecosystem.  

• Present hydrological modeling approach can not effectively treat the 
microtopography in subgrid scale, even with detailed topographic data. Based on 
our current modeling results, it is possible to develop a new simple approach to 
better represent the microtopography and simulate the surface runoff more 
accurately. This new treatment will be more important for simulating solute 
transport in surface runoff because the partial connectivity of flow will lead to 
much higher dispersion rate compared to fully connected sheet flows.  

• Soil hydraulic properties have significant variability across the surface, as seen by 
a qualitative review of the TI experimental results. Quantitative analyses of the 
results are undergoing and will show more details of the heterogeneity and 
spatial correlation. 

• In the rainfall simulation experiment, results of both runoff and soil moisture did 
not show significant difference between plots with and without clasts, which 
implies that the rock surface does not impact runoff generation by itself. The 
result implies that remove the surface clast layer for infiltration experiments such 
as Tension Infiltrometer tests may be an suitable treatment that does not affect 
the results of measurement.  

• Numerical simulation results showed that impacts of spatial variability depend on 
flood characteristics such as runoff coefficients. In general, the diffusion wave 
model captured the runoff characteristics for most storm events. Simulation 
results also showed that the best performance occurred for parameters fields 
generated using cokriging.  Also the results showed that effects of vegetation on 
interception loss and increased roughness coefficient cannot be neglected. 
Results also indicated that small-scale spatial variability dominates the runoff 
generation mechanism when storm events are small. 
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Abstract
Desert pavements are widely used as a relative surface-dating tool because they are progres-
sively better developed on surfaces ranging from thousands to hundreds of thousands of
years in age. Recent work, however, has highlighted the dynamic nature of pavements and
undermined their use as surface-age indicators. Quade (2001) proposed that latest Pleistocene
vegetation advances destroyed all Mojave Desert pavements above 400 m elevation, making
all such pavements Holocene in age. In an effort to reconcile young-pavement evidence with
their widespread use as Pleistocene surface-age indicators, we developed a numerical model
based on the classic conceptual model in which pavements co-evolve with their underlying
eolian epipedons over millennial timescales. In this co-evolutionary process, fine-grained
eolian deposition and Av-horizon development within the eolian epipedon promotes surface
clast motion and pavement development, enhancing the eolian-sediment-trapping ability of
the pavement in a positive feedback. Model results illustrate the multi-scale nature of pave-
ment dynamics: pavements may require tens of thousands of years to fully develop from a
newly abandoned alluvial surface, but may heal over timescales of decades to centuries if a
mature eolian epipedon is present. As such, there is no inconsistency between rapid pave-
ment healing and a Pleistocene age for the underlying alluvial surface.

To calibrate the model, we conducted surficial geologic mapping and pavement-
sedimentological analysis on two desert piedmonts. Our study areas include both proximal
and distal fan environments, illustrating the role of parent-material texture in controlling
the mode of pavement formation. Using available geochronology, our work provides a rigor-
ous calibration of pavement formation rates in our study areas and provides evidence sup-
porting the use of pavements as local relative surface-age indicators over Holocene to late
Pleistocene timescales. Copyright © 2007 John Wiley & Sons, Ltd.

Keywords: desert pavement; numerical modeling; alluvial fan; Amargosa Valley

Introduction

Desert pavements have long been used as relative-age indicators on arid-region alluvial surfaces (Wells et al., 1985;
McFadden et al., 1987; Bull, 1991; Wells et al., 1995; Anderson et al., 2002; Valentine and Harrington, 2006).
Pavements form as eolian sediments are progressively accumulated on desert surfaces. On these surfaces, a stony
monolayer rises and organizes atop a thickening cumulic eolian epipedon (Wells et al., 1985, 1987; McFadden et al.,
1987). While pavements are often used as surface-age indicators from Holocene to late Pleistocene timescales, other
evidence suggests that desert pavements may form and heal over much shorter timescales (Haff and Werner, 1996;
Quade, 2001). Quade (2001), for example, argued that all Mojave Desert pavements above 400 m elevation must be
early Holocene in age or younger due to the existence of pavement-disrupting plants at those elevations during the last
glacial maximum. This argument undermines the widely assumed long-term stability of pavements and the relation-
ship between the age of a desert pavement and the underlying alluvial deposit. Marchetti and Cerling (2005) provided
further evidence that pavement ages might differ from surface ages by demonstrating that pavement clasts have
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systematically younger cosmogenic exposure ages than boulders on the same abandoned depositional surface. Their
results imply that pavements formed significantly later than the age of abandonment of the underlying alluvial deposit
and/or that pavement clasts were subject to episodic burial and excavation. Experiments conducted by Haff and
Werner (1996) and observations by Haff (2005) provide evidence for the dynamic nature of pavements over annual to
decadal timescales. Extrapolating their measured rates of pavement healing, Haff and Werner (1996) concluded that a
decimeter-scale clearing on a pavement surface could completely ‘heal’ in approximately 80 yr. Similarly, Prose and
Wilshire (2000) observed that pavement disturbance by Patton’s tank tracks during the 1942–1944 Mojave Desert
exercises and 1964 Desert Strike tank exercises shows significant pavement healing. Both studies noted that pave-
ments tend to heal with smaller clasts than the original pavement.

Recently, Valentine and Harrington (2006) noted that desert pavements on a 75–80 ka volcanic surface and a ca.
1 Ma surface differed in ‘tightness, reddening of clast undersides and varnishing of clast tops’. They concluded that
their findings contradicted Quade’s (2001) conclusion that all pavements above 400 m are Holocene in age. Valentine
and Harrington dismissed the idea that multiple cycles of pavement formation and healing could result in a more
mature pavement, and suggested that a more favorable possibility was that the older pavement has been vegetation
free since initial formation.

In light of these seemingly conflicting observations, we gathered new field data and developed a numerical model
of desert pavement formation and healing that treats the stony monolayer and its underlying eolian epipedon as a
coupled system. Our work was motivated by the evidence that vegetation and other periodic disturbances on old desert
surfaces likely influence pavement dynamics, but that pavements are nonetheless relative age indicators on Pleistocene
timescales. Our field results indicate that desert pavements are useful age indicators on Holocene and late Pleistocene-
aged alluvial surfaces and our model demonstrates that there is no inconsistency between rapid pavement healing and
much slower pavement formation on a newly abandoned alluvial surface.

Desert Pavement Formation

Most desert pavements are understood to form by an inflationary process in which eolian sediment is trapped beneath
surface clasts. The presence of a subsurface eolian layer promotes the surface motion of clasts by a variety of
processes, leading to the interlocking and suturing of clasts to form a pavement. These processes include wetting–
drying cycles, freeze–thaw cycles and bioturbation (Springer, 1958; Corte, 1963; Inglis, 1965; Haff and Werner,
1996). Each of these processes is enhanced by the presence of the fine-grained epipedon itself. For example, wetting–
drying and freeze–thaw cycles are intensified by the presence of fine-grained sediments with a high water-storage
potential. Faunal bioturbation is enhanced when the epipedon is sufficiently thick to accommodate animal burrowing.
Fracturing of the coarsest clasts to form smaller, more-angular clasts with greater coverage potential has also been
suggested as an important pavement-forming process (McFadden et al., 2005; Al-Farraj and Harvey, 2000; Amit et al.,
1993). Although this process is unrelated to eolian-layer thickness, because it is also time dependent it serves as an
enhancement to other processes that accelerate as the eolian layer thickens.

Our fieldwork focused on three primary goals. First, by examining two piedmonts with contrasting textures, we
aimed to identify the role of texture in the processes and timescales of pavement development. Second, we aimed to
evaluate alternative quantitative measures of pavement formation (i.e. fraction clast cover, mean clast size and clast-
size autocorrelation function) and identify which measures were most appropriate for each piedmont environment. Our
third goal was to use geochronology and measures of pavement development on a range of surfaces with different
ages to calibrate the timescale for pavement development in our study areas.

Study Areas

Our field work focused on two piedmonts in Amargosa Valley (Nevada and California) (location map in Figure 1). The
Fortymile Wash alluvial fan is an alluvial-channel-fed, low-relief, distal alluvial fan, which transports and deposits
moderately sorted sandy alluvium and is strongly influenced by sand-dominated eolian input. The Eagle Mountain
piedmont, in contrast, is a small, proximal, steep, poorly sorted, gravel-to-cobble-dominated bajada with dominantly
silty eolian input. Our study sites on each fan were chosen to be between 600 and 700 m above sea level. In this way,
the effects of elevation (and hence vegetation) on pavement development were minimized.

We conducted detailed surficial geologic mapping in both study areas (Figure 2). The Fortymile Wash alluvial fan is
located in northern Amargosa Valley, NV. Fortymile Wash drains a 970 km2 drainage basin that includes the proposed
Nuclear Waste Repository at Yucca Mountain. A portion of the fan was mapped at a 1:10 000 scale by the authors to
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Figure 1. Location map of the study areas in Fortymile Wash alluvial fan and Eagle Mountain piedmont.

support volcanic-hazard assessment for the Yucca Mountain Project (i.e. modeling the fluvial and eolian redistribution
of ash following a hypothetical eruption that intersects the repository). The gradient of the fan rarely exceeds 1%. The
fan is dominated by sandy, gravelly and occasionally cobbly material, with rare boulders up to 1 m in diameter. The
eolian-silt input is likely sourced by nearby playas, especially Franklin Lake Playa, but the dominant eolian input is
fine to medium-grained sand derived from local active channels along Fortymile Wash and the Amargosa River. This
sand locally forms coppice dunes and is visible as bright, NNW-directed streaks on aerial photographs. Silt-dominated
vesicular Av horizons on Fortymile Wash alluvial fan are fairly thin (<5 cm) and spatially discontinuous. The maxi-
mum relief from the oldest unit (Qa3) to the active channels (Qa7) is 1–2 m, decreasing down-fan. Relief between
units of adjacent age is typically 0·5 m, and often the intra-surface bar-and-swale relief approaches the relief between
surface units.

Eagle Mountain piedmont is located in southern Amargosa Valley, CA, where Franklin Lake Playa abuts the Eagle
Mountain piedmont. This piedmont is fed by a series of small (<5 km2), high-relief drainage basins. The water table in
Franklin Playa is less than 3 m below the surface (Czarnecki, 1997). Vapor discharge from this shallow aquifer creates
a ‘soft, puffy, porous’ surface responsible for unusually high dust fluxes (Czarnecki, 1997). Eagle Mountain piedmont
acts as the depositional substrate for dust emitted from Franklin Lake playa under northerly-wind conditions.

The surficial geology of Fortymile Wash fan and Eagle Mountain piedmont was mapped using the elevation above
active channels, terrace dip, depth-of-dissection, degree of planarity, drainage pattern (tributary versus distributary)
and development of pavement, varnish and calcic soils as relative-age indicators (McFadden et al., 1989; Bull, 1991)
(Table I). Holocene and Pleistocene units were readily distinguished using pavement and varnish development, as is
the case elsewhere in Amargosa Valley (Whitney et al., 2004). The degree of surface planarity was particularly useful
for distinguishing between middle-to-late (Qa2) and late Pleistocene (Qa3) units on Eagle Mountain piedmont, both of
which have moderate to strong pavement and varnish development. Middle-to-late Pleistocene terraces are ‘crowned,’
reflecting a longer interval of diffusive hillslope adjustment compared to late Pleistocene surfaces. Approximate ages
have been assigned based on correlation with the regional chronology of Whitney et al. (2004), who established a
uniquely detailed Quaternary alluvial chronology in northern Amargosa Valley and surrounding areas in support of the
Yucca Mountain Project. Terraces on the Eagle Mountain piedmont range in age from middle Pleistocene (Qa2),
middle to late Pleistocene (Qa3), late Pleistocene (Qa4), and latest Pleistocene to active (Qa5–Qa7) based on this
correlation.

We utilized surface characteristics uncontrolled or only loosely controlled by eolian influx to the greatest extent
possible in our mapping. In particular, we relied heavily on landscape position, drainage pattern development, degree
of planarity and the degree of preserved bar-and-swale patterns in order to distinguish between surfaces and correlate
with the Whitney et al. (2004) chronology. Progressively older surfaces are characterized by a systematic decrease in
bar-and-swale micro-topography and texture, and a gradual rounding of gully and terrace edges by diffusive hillslope
processes (Hsu and Pelletier, 2004). On both piedmonts, hillslope erosion has performed only minor rounding of Qa6
and Qa5 surfaces. Fluvial scarps bounding these map units rise abruptly to planar surfaces over a distance of less than
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Figure 2. Surficial-geologic maps of the study areas on (A) Eagle Mountain piedmont and (B) Fortymile Wash alluvial fan.
Approximate surface ages are Qa2 – middle Pleistocene, Qa3 – middle to late Pleistocene, Qa4 – late Pleistocene, Qa5–Qa7 –
latest Pleistocene to active, based on correlation with the chronology of Whitney et al. (2004). This figure is available in colour
online at www.interscience.wiley.com/journal/espl

1 m. On Qa4 surfaces, the terrace-bounding scarp is wider: backwearing and hillslope rounding has penetrated 2–4 m
horizontally into the terrace tread. The extent of hillslope rounding increases greatly as one steps up onto the Qa3 and
Qa2 deposits (to approximately 10 m and 20–40 m, respectively), reflecting the much longer duration of hillslope
erosion experienced by these surfaces. Utilizing the extent of preserved bar-and-swale texture and micro-topography is
potentially problematic as a method to correlate equal-age surfaces between distinct piedmonts, because this process is
partly dependent on eolian influx. It does appear, however, to be a robust method for distinguishing differing-age
surfaces within a single piedmont.

Role of Parent-Material Texture in Pavement Formation and Measurement

The texture of the alluvial-fan parent material plays an important role in determining the specific mode of pavement
formation in each of the study areas. In a gravel-dominated parent-material environment such as a proximal fan, clast
motion is unlikely to be significant until the eolian layer is sufficiently thick to cause expansion/contraction of



Desert pavement dynamics 1917

Copyright © 2007 John Wiley & Sons, Ltd. Earth Surf. Process. Landforms 32, 1913–1927 (2007)
DOI: 10.1002/esp

the surface through wet–dry and freeze–thaw cycles. In a sand-dominated parent-material environment such as a distal
fan, the initial surface has relatively few clasts with which to form a pavement. In these cases, pavement clasts
must first be pushed to the surface vertically and/or distributed horizontally by freeze–thaw, wetting–drying cycles
and bioturbation (Springer, 1958; Corte, 1963; Inglis, 1965), or other size-segregative processes, or possibly made
available through progressive fracturing of larger clasts (Al-Farraj and Harvey, 2000; McFadden et al., 2005). As the
surface gains clast-material coverage, lateral migration serves to interlock and suture the clasts as in the gravel-
dominated case. These two distinct modes of pavement formation are found in the Fortymile Wash and Eagle
Mountain study areas, and they are illustrated schematically in Figure 3.

Pavement Development Measurement

On the sand-dominated Fortymile Wash alluvial fan we used the fraction clast coverage to quantify pavement develop-
ment. Fraction clast coverage was determined by point counting using wire-framed grids. We measured pavements at
29 sites, comprising two transects along the upper and lower parts of the fan (Figure 2(B)). We chose a 4 mm diameter
cutoff to distinguish between clasts that are part of the pavement and sand and granules that are most likely either
parent material or eolian material and not part of the pavement. Sampling sites were chosen on intershrub areas, where
pavements were least disturbed by modern vegetation. We also measured the mean and standard deviation of clast
diameter (on the intermediate axis) on each surface as an alternative measure of pavement development. The mean
and standard deviation of clast size did not show systematic variations with surface age. Most likely, these measures
are a complex combination of pavement development and parent-material differences (Mayer and Bull, 1981). We also
described the underlying epipedon at each site.

In gravel-dominated parent materials, the modern channel is comprised almost entirely of gravel-sized clasts. In this
case, fraction clast coverage is not a meaningful measure of pavement development, since it begins at or near unity
and stays constant. We therefore designed a new method for pavement-development measurements on the Eagle
Mountain piedmont. In gravel-dominated environments such as this, pavement development is best characterized by a
gradual reduction in the bar-and-swale texture through time (Figure 3). The processes causing reduction in bar-and-
swale texture include the aforementioned freeze–thaw, wetting–drying and bioturbation. Because of the relatively
pronounced original topography on the gravel-dominated alluvial surfaces, sediment transfer related to gravity-driven
processes such as overland flow, and locally increased water and dust flux in swale soils (Eppes and Harrison, 1999),

Table I. Map unit descriptions on Fortymile Wash alluvial fan

Age range (ka)†

Pavement development

Bar/swale relief;
drainage pattern

Relief above active
channel (m)

Rubification and varnish

Maximum soil
development

Eolian epipedon
thickness (cm)

Epipedon description

Areal %

Based on correlation with Whitney et al. 2004.

Qa3

86 + 40/−16

Strong

Planar ; indistinct drainage

0·5–2·0

Moderate to strong

Stage IV petrocalcic K
horizon at 1·2 m;
incipient Bt

horizon at 0·8–1 m

60–80

Loamy sand; floating clasts;
discontinuous Av with max.
thickness 50 mm

16 (area only includes
internal portions of fan)

Qa7

Historical

None

Variable

N/A

None

None

None

None

12

Qa6

0–5?

Extremely weak

1 m relief;
distributary

0·3–1

None

Rare incipient
petrocalcic
development on
sands and some
gravels

10

Rare, sandy

3

Qa5

7 + 10/−5

Weak

0·5–1 m relief;
distributary

0·5–1

None

Stage I+ petrocalcic
development

20–35

Loamy sand;
floating clasts in
lower epipedon

42

Qa4

27 ± 10

Moderate

Subdued, sub-planar;
<30 cm relief, tributary

0·5–1

Weak to moderate

Stage II+ petrocalcic
development at 0·5 m;
Bcambic horizon below 60 cm

30–60

Loamy sand; floating clasts;
discontinuous Av with max.
thickness 10 mm

26
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may play important roles in reducing bar-and-swale texture. Matmon et al. (2006) concluded that spatially variable bar
to swale sediment transfer on abandoned alluvial fans decreases over geologic timescales as fan surfaces are smoothed.
Matmon et al. (2006), however, also concluded that, based on cosmogenic data, abandoned fans in their study area
were dominated by surface lowering and lack pavement formation during smoothing. This contrasts with the fans in
our study areas that are dominated by surface inflation due to eolian input and pavement development over geologic
timescales.

Young gravel-dominated alluvial surfaces have a relatively strong bar-and-swale texture (i.e. coarse clasts tend to be
clustered on bars and fine clasts are clustered in swales), while older surfaces have progressively less clustering,
gradually approaching a state in which each clast size is independent of adjacent clast sizes. This evolution can be
characterized using the autocorrelation function of clast size along transects that run perpendicular to the surface dip
and flow direction. The autocorrelation function is a measure of the average similarity between two values in a series
separated by a distance x. Mathematically, the autocorrelation function is defined by (Box et al., 1994)
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where di is the intermediate-axis clast diameter at a position i along the transect and ∂ is the mean intermediate clast
diameter. For young surfaces, the value of ρx is significantly above zero (for spatial lags x less than the typical bar-
and-swale width). Over time, ρx tends towards zero as the bar-and-swale texture is gradually eliminated by random
clast motion along the surface. In order to use ρ as part of an index of pavement development that increases over time,
1 − ρx should be used. We call this function the ‘textural randomness’ because it increases in value as the surface

Figure 3. Modes of pavement formation in sand-dominated and gravel-dominated parent materials, exemplified by the Fortymile
Wash and Eagle Mountain study areas. In a gravel-dominated environment, pavement development is characterized by a progressive
loss of bar-and-swale texture through time. The eolian epipedon promotes expansion/contraction processes that move clasts
laterally on the surface, gradually eliminating the bar-and-swale texture and microtopography inherited from alluvial-channel
processes. This progressive loss of bar-and-swale pattern can be quantified as 1 − ρx, where ρx is the correlation coefficient of clast
diameters separated by a distance x. In sand-dominated parent material, pavement development involves the upward migration of
large clasts by expansion/contraction processes in addition to lateral migration. Pavement development in these cases can be
quantified using fraction clast coverage.
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texture becomes more random over time. The value of the spatial lag x should be chosen to be larger than the coarsest
clasts (to avoid double-counting) but smaller than the typical width of bars and swales.

Figure 4 illustrates examples of the textural randomness on Qa6, Qa5 and Qa4 surfaces of Eagle Mountain
piedmont. Due to the large number of clast counts required for this analysis we used photo-mosaics rather than direct
field measurements. In doing so, we assumed that each pavement clast is embedded in the pavement with its short

Figure 4. Clast-size autocorrelation-function analysis for Eagle Mountain piedmont, showing photo-mosaic, along-strike transects
of clast diameter and autocorrelation function for (A) Qa6, (B) Qa5 and (C) Qa4. Photo-mosaics show a decrease in bar-and-swale
texture with age. The autocorrelation function values for lags 20–40 cm capture effect quantitatively.
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axis aligned vertically. With this assumption, the intermediate-axis diameter is measured along the short axis in the
photographs. Photographs were acquired using a high-resolution digital camera located approximated 1·2 m from the
surface and aimed straight down. Photographs were acquired along transects oriented along-strike (i.e. perpendicular
to the surface dip and direction of flow). A tape measure was used for scale. The photographs were mosaicked and a
grid was overlain to aid in clast counting.

Clast counting took place in two steps. First, the intermediate-axis diameter was measured for five clasts located
along short transects oriented perpendicular to the main transect. The diameters of these clasts were then averaged to
yield a single measurement along the main transect. Averaging of clasts in this way was necessary to improve the
signal-to-noise ratio in the analysis. The eye does an excellent job at identifying bar-and-swale texture because it can
sense many surface clasts at once. Measurements of single clasts along the main transect do not illustrate the bar and
swale pattern well, however, because the presence of some small clasts on bars obscures the pattern. This problem can
be rectified by averaging the sizes of many clasts perpendicular to the main transect. Second, clast-averaging was
repeated for each point along the main transect, separated by a 20 cm spacing. This spacing value is also used as the
spatial lag in the autocorrelation analysis. The clast-diameter transects obtained in this way are plotted in Figure 4 for
each of the photo-mosaics, along with their corresponding autocorrelation functions. Although Figure 4 plots the
entire autocorrelation function at all lags, only the average value of the lag-1 and lag-2 autocorrelation values (i.e.
20–40 cm spacing) was used to quantify the pavement development p. As surface age increases, the value of the
autocorrelation function at lags between 20 and 40 cm decreases from ρ20–40 = 0·45 on Qa6 to ρ20–40 = 0·38 on Qa5 to
ρ20–40 = −0·02 (i.e. indistinguishable from white noise) on Qa4.

Numerical Modeling Design and Behavior

The goal of this section is to translate this conceptual model of pavement formation into a numerical model aimed at
understanding the timescales of desert-pavement formation and healing. The numerical model is designed specifically
to illustrate the ‘life cycle’ of desert-pavement formation and its co-evolutionary relationship with the underlying eolian
epipedon, and to generate hypotheses that can be tested in the field. Wainwright et al. (1999) was the first to construct
a model of desert pavement formation, but their model assumed desert pavements to be erosional in origin. As such,
their model is not applicable to the inflationary desert pavements most commonly observed in the southwestern US.

The cumulic eolian epipedon is represented by a steadily accumulating layer of thickness h (cm) and deposition rate
e (cm/yr) in the model:

d

d

h

t
e  = (2)

The surface clast motion takes place by a complex set of processes that are difficult to quantify. In our model, we
approximate the integrated effects of clast-moving processes with a pavement-formation rate k that increases with
epipedon thickness. We assume that k increases rapidly as the epipedon first begins to accumulate, then flattens out
to a maximum value as the epipedon reaches a characteristic value related to the mean diameter of surface clasts.
Mathematically, we assume that the rate of pavement formation k (yr−1) has an S-shaped dependence on epipedon
thickness h:
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Equation (3) states that the rate of pavement formation increases quadratically with h for low h values, then asymptoti-
cally approaches its maximum value of kmax at a critical epipedon thickness hc (Figure 1(A)). This mathematical
expression is not unique, however, and other functions (or more process-based modeling) could be used to express the
positive correlation between h and k. The relationship in (3) assumes that thin epipedons are relatively ineffective at
moving clasts of a given size until a certain critical thickness is achieved. Above this thickness, the increase in
pavement-formation rate per unit thickness steadily decreases. The specific value of hc for a given surface depends
on the mean surface clast diameter and on the specific clast-moving processes. All else being equal, pavements formed
on initially gravel-dominated parent material will require a thicker epipedon (i.e. a larger hc value) to achieve the
same clast mobility compared with pavements developed on sand-dominated parent material. As such, an increase in
parent-material grain size can be represented in the model by a larger value of hc. The variable kmax predominantly



Desert pavement dynamics 1921

Copyright © 2007 John Wiley & Sons, Ltd. Earth Surf. Process. Landforms 32, 1913–1927 (2007)
DOI: 10.1002/esp

reflects the amplitude of climatic variability. Climatic regimes with more frequent wetting–drying and freeze–thaw
cycles may be represented in the model with higher kmax values.

Clast mobility in nature may depend on the overall epipedon thickness (which may be very sandy) or the thinner,
vesicular, silt-dominated Av-horizon thickness that sometimes characterizes the upper portion of a desert epipedon, or
both, depending on the texture of the epipedon. In the Fortymile Wash study site, sand from the active channels of
Fortymile Wash contributes to a thick, sandy epipedon. The relatively coarse silty-sand texture of these epipedons
most likely results in little expansion and contraction, however, compared with the much thinner Av horizon. Our
model does not resolve the epipedon and Av horizons separately, but instead combines them into a single clast-moving
eolian layer related to pavement-formation rate k through the S-shaped curve in (3). As such, the ‘epipedon thickness’
in the model may, for some study sites, be more closely approximated by the Av-horizon thickness.

Pavement development in the model depends both on the value of k and on the difference between the pavement
and its ideal state:

d

d

p

t
k p p  (   ),max= − (4)

where pmax represents the measure of pavement development corresponding to an ideal pavement. The variable p is a
measure of pavement development, varying from an initial value of pmin to a maximum value of pmax. The specific
values of pmin and of pmax reflect local conditions. For example, if pavement development is quantified using the
fraction of clast coverage, pmin is the parent-material clast fraction. The value of pmax for a bare surface will usually be
unity, but continuous pavement disturbance (e.g. by vegetation) may lower pmax locally.

The term pmax − p in (4) represents the gradual reduction in unoccupied pavement sites as the pavement develops.
Early on in the pavement-formation ‘life cycle’, clast motion on the surface leads to rapid pavement formation
because there are many unoccupied sites for a clast to be lodged and sutured into the pavement. As the pavement
matures, however, the number of unoccupied sites becomes progressively smaller as the pavement approaches an ideal
state. As a result of this process, the same value of k leads to progressively slower pavement development as the
pavement matures. The same ‘diminishing returns’ occurs when pavement development is characterized by a reduc-
tion in bar-and-swale texture (as in the Eagle Mountain study site). In such cases, pavement development is associated
with the randomizing effect of clast motions, which gradually destroys the bar-and-swale textural ‘order’ inherited
from alluvial depositional processes. Early on in pavement formation, when the bar-and-swale texture is pronounced,
nearly every clast movement contributes to a reduction in textural ‘order’. As the pavement matures and the clast
arrangement becomes more random, subsequent clast movements have less of a randomizing influence. This effect is
also represented by the pmax − p term.

The model behavior is illustrated in Figure 5(A) for a representative set of model parameters. The straight line
labeled by h represents a linear increase in epipedon thickness with time (Equation (1)) using e = 0·2 cm/kyr and zero
initial thickness. Assuming a linear increase in eolian epipedon thickness is an approximation to the natural system, in
which changes in aridity, vegetation cover, regional streamflow characteristics and playa moisture contribute to varia-
tions in the regional eolian deposition rate (McFadden et al., 1998).

Eolian deposition rates also vary regionally as a function of distance from playa and fluvial sources as well as
prevailing wind directions, but 0·2 cm/kyr is a reasonable value for Holocene deposition (Reheis et al., 1995). The
S-shaped curve labeled by k represents the relationship between pavement-formation rate and epipedon thickness
(Equation (3)) using hc = 5 cm and kmax = 0·002 yr−1. The curve labeled by p represents pavement development starting
from a minimum value of pmin, increasing to a maximum of pmax. The plot is normalized to apply to any value of
pmin and pmax.

The value of k is small during the early stage of pavement development, reflecting the limited ability of a thin
epipedon to promote surface clast motion. As the epipedon thickens, however, the rate of pavement development
rapidly increases. Eventually, the number of sites available for clast emplacement (i.e. the pmax − p term) decreases the
rate of pavement development as the pavement approaches its ideal state. The result is an S-shaped curve broadly
similar to the shape of the k curve, but with a significantly shorter timescale. The timescale for pavement development
can be quantified using the interval of time between the initial surface formation (t = 0) and the time when the
pavement becomes 50% developed (i.e. (p − pmin)/(pmax − pmin) = 0·5). For the parameter values in Figure 1(A), the
50% pavement-formation time is 5 kyr. The results shown in Figure 5(A) (using e = 0·2 cm/kyr, hc = 5 cm and
kmax = 0·002 yr−1) are referred to as the ‘reference case’ for comparison with other model results.

The effects of differing eolian deposition rate are illustrated in Figure 5B. In this example, the deposition rate is
equal to 0·1 cm/kyr, or one-half of the value in Figure 5A. The timescale for 50% pavement formation is 8·5 kyr in
this example. This value is slightly less than twice the value of the pavement-formation timescale for the previous
example, shown in Figure 5(A).
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Pavement response to a hypothetical mechanical disturbance is illustrated in Figure 5(C) and (D). These graphs
illustrate pavement development through time using the same model parameters as in Figure 5(A) and (B), respec-
tively, except that the pavement is assumed to be completely erased at t = 3 kyr, and periodically every 9 kyr thereaf-
ter, without affecting the underlying epipedon. This hypothetical pavement erasure is analogous to a pavement-healing
experiment (see, e.g., Haff and Werner, 1996). In each case of simulated pavement disturbance, the pavement
rebounds to an ideal state with a timescale that decreases as the epipedon thickens. In Figure 5(A), for example, the
timescale for pavement healing decreases from a high value of τh = 2 kyr to a low value of τh = 500 yr. These results
illustrate that pavement formation and healing can occur on vastly different timescales, controlled by where within the
pavement ‘life cycle’ the disturbance occurs.

The model sensitivity to the values of hc and kmax is illustrated in Figure 6(A) and (B) respectively. Figure 6(A)
shows the model result for the same parameters as the reference case (Figure 1(A)) but using hc = 7 cm instead of
hc = 5 cm. The results of Figure 6(A) show that increasing the value of hc results in a corresponding increase in
pavement formation time. This example demonstrates the effects of coarser pavement material, because a thicker
epipedon is required to move larger clasts under otherwise similar conditions. Increasing the value of kmax from 0·002
to 0·003 yr−1 decreases the pavement formation time, mimicking the effect of more variable climatic conditions that
lead to more frequent and/or larger-amplitude clast motions.

The results of the model sensitivity analysis are summarized in Figure 7. In this figure, the 50% pavement-
formation time τf is plotted as a function of e, hc and kmax. Each plot represents the model results obtained by varying
each parameter value over the plot domain, keeping the other parameters the same as the reference case of
Figure 5(A). The plot labeled by e, for example, graphs τf values corresponding to hc = 5 cm, kmax = 0·002 yr−1, with
e values ranging from 0·05 to 1 cm yr−1. The strongest controlling variable in the model is the eolian deposition rate e.
The kmax parameter follows the same inverse relationship with τf as e does, but the dependence of τf on kmax is not
quite as strong as with e. Increasing the value of hc results in τf values that increase approximately as the square
root of hc.

Figure 5. Plots of normalized pavement development (p − pmin)/(pmax − pmin), development rate k/kmax and Av-horizon thickness h/hc

as a function of time in the numerical model. (A) Results for the reference case of e = 0·2 cm/kyr, hc = 5 cm and kmax = 0·002 yr−1.
(B) Results for the same values as (A), but with a lower deposition rate e = 0·1 cm/kyr. (C), (D) Plots of normalized pavement
development for the same model runs as (A) and (B), respectively, with pavement erasure at t = 3 kyr and every 9 kyr thereafter.
As the Av horizon thickens, the healing time τh decreases. These results suggest that pavement formation time and healing time can
vary by one to two orders of magnitude.
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Figure 6. Plots of normalized pavement development (p − pmin)/(pmax − pmin), development rate k/kmax and Av-horizon thickness
h/hc as a function of time in the numerical model. (A) Results for the reference case of Figure 1(A) but with a larger value of
hc = 7 cm, illustrating the delayed pavement development in cases of coarser parent material. (B) Results for the reference case of
Figure 1(A) but with a larger value of kmax = 0·003 yr−1, illustrating the effects of a climatic regime with more frequent or larger-
magnitude expansion/contraction events. (C) Results for the reference case but with a feedback between pavement development
and eolian deposition added (Equation (4)) with c = 1. (D) Results for the reference case but with c = 2.

Figure 7. Plots of 50% pavement formation time τf versus normalized model parameters, illustrating the model sensitivity to each
parameter. Formation time increases sublinearly with eolian deposition rate e and inversely with characteristic Av-horizon thickness
hc and maximum development rate kmax.

One potentially important feature of pavement development neglected in the model is a feedback between pavement
development and eolian deposition rate. As a pavement develops, its ability to trap eolian material generally increases
(Goosens, 1995). This effect is difficult to quantify, but one approach is to make the rate of eolian deposition an
explicit function of p:
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Equation (5) assumes that the eolian deposition rate increases linearly with pavement development. For example, if
c = 1, then a fully developed pavement accumulates dust 100% faster than the newly abandoned alluvial surface.
Figure 7(C) and (D) illustrates the effects of the feedback term on the model, using (5) in place of (2) and c = 1 and
c = 2, respectively. The presence of the feedback term decreases the pavement-formation time, but not significantly.
Even for a large value of c = 2 (i.e. the mature pavement captures 200% more dust than the original surface), the
pavement-formation time is lowered only by about 10% compared with the results in Figure 6(A).

The effects of random pavement disturbances are illustrated in Figure 8. Episodic events (e.g. opportunistic vegeta-
tion growth or overland flows) continually disturb pavement development in many areas. Random disturbance was
simulated in the model by reducing the value of p by a random number evenly distributed between 0 and η for each
time step in the model (i.e. 1 yr). The underlying epipedon was not disturbed. For a relatively small disturbances
(η = 0·001), pavement development follows a similar curve as in Figure 1(A), except that the ‘ideal’ pavement has a
lower p value, reflecting the dynamic steady state between disturbance and healing that keeps the pavement slightly
away from its ideal state. In addition to the lower pmax value, the pavement formation time τf is lengthened with the
introduction of random variability. As the magnitude of the variability increases (i.e. η = 0·003 and 0·01 in Figure 8),
the value of pmax decreases and τf increases.

Model Calibration with Field Measurements

Plots of the fraction clast coverage and textural randomness are shown in Figure 9 for the study areas. Fortymile Wash
fan sites were divided into upper and lower fan sites (Figure 9(A) and (B)) and treated separately in the analysis. The
vertical error bars are the standard deviations between different samples on the same surface unit. The horizontal error
bars correspond to the age range given by Whitney et al. (2004) for each surface based on available age control.

The measured field data were fitted to a curve with a single exponential timescale given by

p p p p e t    (   )(   ).min max min
/= + − − −1 2 τ f (6)

Equation (6) is the solution to (4) assuming a constant value for k and written in terms of the 50% pavement formation
time τf used in Figure 8. Equation (6) is a simplification of the full model but it has the advantage of fewer free
parameters. The best-fit parameters for the upper Fortymile Wash fan are τf = 5·7 kyr, pmin = 0·25 and pmax = 0·73. The
value of pmax can be determined visually based on the asymptotic trend of the data. The remaining two parameters are
determined using the Levenberg–Marquardt algorithm, a nonlinear least-squares curve-fitting routine (Press et al.,
1992). The best-fit values for the lower fan are τf = 8·4 kyr, pmin = 0·05 and pmax = 0·53. These results indicate that the
lower fan has a smaller parent-material clast frequency since both the initial and final clast coverages are approxi-
mately 20% smaller on the lower fan compared with the upper fan. This pattern is consistent with downstream fining.

Figure 8. Plots of model results for the reference case (e = 0·2 cm kyr−1, hc = 5 cm and kmax = 0·002 yr−1) with random disturbances
in p included. Increasing the magnitude of disturbance (η = 0·001, 0·003 and 0·01) results in a lower maximum pavement
development and delayed development.
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The larger value for τf on the lower fan is not statistically significant given the error bars in the data and the range of
τf values that can be adequately fitted to the data. The best-fit parameters for textural randomness on Eagle Mountain
piedmont are τf = 14 kyr, pmin = 0·42 and pmax = 1·0. All else being equal, we would expect τf values to be smaller on
Eagle Mountain piedmont than Fortymile Wash because of its proximity to the active fine-grained dust source of
Franklin Lake playa. The average clast size on Eagle Mountain piedmont is several times larger than that of Fortymile
Wash, however. Model results suggest that larger pavement clasts require a thicker epipedon to initiate surface clast
motion, and hence develop more slowly. These competing effects result in a pavement-formation time on Eagle
Mountain piedmont that is approximately twice as large as that of Fortymile Wash fan. It should also be noted,
however, that surface coarsening on Fortymile Wash fan and bar-and-swale reduction on Eagle Mountain piedmont are
driven by somewhat different processes and hence may not be quantitatively comparable. As a follow-up to this work,
it would be interesting to measure pavement-formation times at several positions on Eagle Mountain piedmont
downwind of Franklin Lake playa in order to test for a correlation between pavement-formation time and eolian
deposition rate.

Figure 9. Plots of pavement development for Qa6–Qa3 surfaces of Fortymile Wash fan and Eagle Mountain piedmont. (A) Plot of
fraction clast coverage for upper Fortymile Wash fan surfaces (study-site locations in Figure 5(B)). Vertical error bars are the
standard deviation between surfaces, horizontal error bars reflect the range in age control given by Whitney et al. (2004). A best
fit to the data using (6) gives a pavement formation timescale of τf = 5·7 kyr, pmin = 0·25 and pmax = 0·73. (B) Plot of fraction clast
coverage for lower Fortymile Wash fan surfaces. A best fit to the data using (6) gives τf = 8·4 kyr, pmin = 0·05 and pmax = 0·53.
(C) Plot of 1 − ρx for the Eagle Mountain piedmont surfaces (study-site locations in Figure 5(A)). A best fit to the data using
(6) gives τf = 14 kyr, pmin = 0·42 and pmax = 1·0. No vertical error bars are given in (C) because only one site was analyzed for each
surface unit.
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Discussion

Our results highlight the multi-scale nature of desert-pavement dynamics and provide a means for reconciling the
disparate timescales observed in pavement formation and healing. Measurements at Fortymile Wash fan and Eagle
Mountain piedmont show the 50% pavement-formation time to be approximately 5–10 kyr in these areas. Pavements
can be useful surface-age indicators up to larger timescales, however, because pavements asymptotically approach an
ideal state (e.g. (p − pmin)/(pmax − pmin) = 0·5 at t = τf, (p − pmin)/(pmax − pmin) ≈ 0·75 at t = 2τf, (p − pmin)/(pmax − pmin) ≈ 0·875
at t = 3τf etc.). The ‘saturation’ time for desert pavements as diagnostic age indicators, therefore, is several times
larger than τf.

Pavement-formation times may be longer or shorter at other sites depending on parent-material texture, eolian
deposition rate and other factors. In areas of fine-grained parent material downwind of active playa sources, for
example, well developed pavements may form on newly abandoned alluvial surfaces in only a few thousand years.
The sensitivity of pavement development to eolian deposition rate in our model suggests that pavement-formation
times may vary strongly with distance from nearby dust sources, prevailing-wind direction and through time with
climatic variations. Pelletier and Cook (2005) mapped the spatial distribution of dust deposition downwind of Franklin
Lake playa over Quaternary timescales and showed that deposition rates decrease by approximately a factor of two for
every 1 km of distance. Given that playas are typically separated by 10–20 km in the Basin and Range, these results
imply that eolian deposition rates vary by at least an order of magnitude depending on distance from nearby playas
and prevailing-wind directions. Pavement development, therefore, may not be a reliable relative-age indicator over
regional spatial scales where eolian deposition rates vary greatly. This is consistent with the results of Quade (2001),
who clearly demonstrated locations in Las Vegas Valley where well developed pavements had formed on early-to-mid-
Holocene alluvial surfaces. Previous work had generally assumed that strongly developed pavements were indicative
of late Pleistocene surface age or older.

Several studies suggest that pavement healing can take place up to 100 times faster than pavement formation.
Haff and Werner (1996), for example, conducted experiments in the Mojave Desert that showed average resurfac-
ing rates of 6·2% over 5 years, with lower resurfacing rates for larger plots. These results imply pavement-healing
times of 80 yr, which is significantly faster than the pavement formation times inferred for our study areas. We
propose that the fast healing observed in these studies can be associated with the presence of a mature underlying
eolian epipedon. This hypothesis may be tested using pavement-healing experiments with and without epipedon
removal.

Our model results illustrate the dynamic steady state between mature pavements and continuous vegetative disturb-
ance. Even in the presence of continuous disturbance (e.g. bioturbation by annual grasses), pavements undergo a life
cycle dictated by the accumulation of their underlying eolian epipedon. In these cases, pavements achieve a steady-
state balance between disturbance and healing characterized by a pavement of less-than-ideal quality that nevertheless
returns rapidly towards an ideal state once it is disturbed. These results may help to interpret those of recent studies
emphasizing the effect of vegetative disturbance on pavement development. Quade (2001), for example, documented
a strong inverse correlation between fraction clast coverage and elevation greater than 400 m in Amargosa and
neighboring valleys. Quade interpreted his results in terms of pavement disturbance by Pleistocene mature vegetation
(e.g. piñon and ponderosa pine, and juniper), because this type of vegetation reached a low elevation of about 400 m
at the last glacial maximum. The results of our study suggest that pavements are more likely to be in dynamic
equilibrium with modern brushy vegetation (which also strongly correlates with elevation), rather than being a relict
of Pleistocene mature vegetation, because such rapid pavement healing is possible in the presence of a mature eolian
epipedon. This interpretation is consistent with Wood et al. (2005), who documented a correlation between vegetation
density and clast coverage at constant elevation, implying a dynamic steady state between pavements and modern
vegetation.

Our work has implications for understanding and predicting desert-surface response to anthropogenic activity.
Qualitatively, our results suggest that desert pavements are able to recover over human timescales if the underlying
eolian epipedon is preserved. Even if disturbance completely eliminates the clast coverage from the surface, our
results suggest that an intact epipedon should promote healing at the rates similar to those observed by Haff and
Werner (1996).
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Figure Li Biological soil crusts of the Colorado Plateau
(right). The roughened surface is formed by a matrix of
syanobacterial filaments that stabilizes the sandy soil. This
stabilized surface provides inicrosites for a diverse lichen
flora (left) in the interspaces between vascular plants that
would otherwise be bare of autotrophic life.

CHAPTER 1

INTRODUCTION TO BIOLOGICAL SOIL CRUSTS

In arid and semi-arid lands throughout the world, vegetation
cover is often sparse or absent. Nevertheless, in open spaces between

the higher plants, the soil surface is generally not bare of autotrophic
life, but covered by a community of highly specialized organisms
(Fig. 1.1). These communities are referred to as biological soil crusts,

or cryptogamic, cryptobiotic, microbiotic, or microphytic soil crusts
(Harper and Marble 1988; West 1990). Biological soil crusts are a

complex mosaic of cyanobacteria, green algae, lichens, mosses,
microfungi, and other bacteria. Cyanobacterial and microfungal

filaments weave through the top few millimeters of soil, gluing loose

particles together and forming a matrix that stabilizes and protects
soil surfaces from erosive forces (Cameron 1966; Friedmann and
Galun 1974; Friedmann and Ocampo-Paus 1976; Belnap and

Gardner 1993). These crusts occur in all hot, cool, and cold arid and
semi-arid regions. They may constitute up to 70% of the living cover

in some plant communities (Belnap 1994). However, biological soil
crusts have only recently been recognized as having a major influence
on terrestrial ecosystems.

Globally, this consortium of soil biota has many similarities in
function, structure, and composition, in spite of their unconnected

NOTES
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and seemingly dissimilar environments. Crusts are found in an
astonishing variety of habitats throughout the world:
in desert and semi-desert plant communities, ranging from shrub and
succulent deserts to open woodlands; in steppe formations in both
the northern and southern hemispheres; in the gaps between
evergreen shrubs and in forests in the Mediterranean-type climate;

and on open ground or between alpine or tundra vegetation. On a
small scale, biological soil crust communities are found in open types

of vegetation in temperate climatic regions; for example, they are

frequently present in (and often restricted to) areas of a few square
meters in xerothermic local steppe formations in central Europe and
in the pine barrens of the eastern United States.

In rangelands, biological soil crusts can be viewed from
functional, structural, and compositional perspectives. They function as
living mulch by retaining soil moisture and discouraging annual weed

growth. They reduce wind and water erosion, fix atmospheric nitrogen,

and contribute to soil organic matter (Eldridge and Greene 1994).
Structurally, biological crusts are a rough, uneven carpet or skin of low

stature (1 tol 0 cm in height). Below ground, lichen and moss rhizines,
fungal hyphae, and cyanobacterial filaments form a matrix that binds soil
particles together (Belnap 1995). Horizontally, soil crusts occupy the
nutrient-poor zones between vegetation clumps in many types of arid-

land vegetation. Compositionally, biological soil crusts are diverse. In
many arid and semi-arid communities there are often many more species

associated with the biological soil crust at a given site than there arc

vascular plants (Rosentretcr 1986; Ponzetti et al. 1998).
Rangeland managers in North America have historically used

key indicator plants for determining the ecological trend and health
of vegetation (USDA 1937; Stoddart et al. 1943). Biological soil
crusts can also be used as indicators of ecological health. In addition,
they act as indicators of abiotic factors, such as the presence of
calcareous soils. Crustal organisms read environmental factors
differently from and on separate time scales than do vascular plants
(McCune and Antos 1982). Most crustal organisms are biologically

active during the cool seasons when the soil surface is moist
(Rosentreter 1986). In contrast, vascular plants are active in spring

and summer when air temperatures are above freezing.
Unlike vascular plants, crustal organisms, particularly lichens,

are not greatly influenced by short-term climatic conditions. This
makes them ideal indicators of long-term environmental factors.
Therefore, each community component can provide information that
may complement, explain, or indicate something about a site's

characteristics and disturbance history for rangeland management and

evaluation. Just as plants increase or decrease with livestock grazing,
many biological soil crust components are good indicators of physical
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disturbance, such as by livestock, human foot traffic, or motorized
vehicles (Belnap 1995).

Land managers have been slow to use biological soil crusts in
rangeland evaluations. Descriptions of vegetation or "habitat types"
used by public land management agencies sometimes include
biological soil crusts (e.g., Daubenmire 1970; Hironaka et al. 1983)
but rarely present them as a dominant factor even when they are
prevalent. This is partly because of perceived difficulties with

identification (see Chapter 6). The problem of identification is

exacerbated by the small size of these organisms, which often lack

reproductive structures due to the harsh environments where they
grow. However, identification problems can be substantially reduced
by grouping organisms by function or general morphological
characteristics (see sections 1.3 and 6.1.2).

NOTES

1.1	 Biological Soil Crust Components

Biological soil crusts are usually composed of multiple,
unrelated organisms that occur together on the soil surface. The

various types of organisms that comprise the crust share some
interesting physiological traits. They are all capable of drying out and
temporarily suspending respiration without negative effects, unlike
vascular plants that either die or must regrow new tissue. These types
of organisms are referred to as "poikilohydric." Most of them
equilibrate their water content with the atmospheric humidity or soil
surface moisture content. Poikilohydric organisms generally become

photosynthetically active very quickly, producing carbohydrates or

sugars minutes after wetting. However, most species still require high
levels of hydration for optimal physiological functioning. The

moisture content threshold for activity is species specific and helps
determine the distribution of the various taxa that make up the
biological crust. Many of these organisms perform under a variety of
light intensities and prefer to dry out rapidly. Because they lack a
waxy epidermis, crustal organisms also tend to leak nutrients into the

surrounding soil upon wetting and drying.

Biological soil crusts have both macro- and microscopic

.components. Components that comprise these crusts are common in

desert soils throughout the world. They will be discussed throughout
this document in the context of their roles when they combine with
other organisms as part of a biological soil crust. The term "total soil
crust" will be used to refer to the combination of organisms. When
visible cover (i.e., moss and/or lichen cover) alone is being discussed
(thus excluding cyanobacteria), this will be specifically stated.

Bacteria are a diverse group of primitive, single-celled

organisms. Bacteria can be either autotrophic (i.e., they synthesize
iiree
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carbon compounds from inorganic sources) or heterotrophic

(i.e., they utilize carbon-containing substrates, such as organic matter
in soil, for food). Some bacteria contribute to soil fertility by fixing

nitrogen. Others are important in decomposition.
Microfiingi occur either as free-living organisms or in

mycorrhizal associations with plant roots. Free-living microfungi
function as decomposers. They also contribute substantially to the
living biomass in soils. Fungal filaments (hyphae) bind soil particles
together, increasing soil water-holding capacity.

Cyanobacteria ("blue-green algae') are primitive filamentous or
single-celled bacteria that can photosynthesize and, under anaerobic
conditions, fix atmospheric nitrogen into a form that is available to
higher plants (NH 4.). Cyanobacteria can be heterocystic (i.e., they
have special cells where nitrogen fixation takes place), or non-hetero-
cystic (i.e., they lack these specialized cells). One of the most
common cyanobacteria worldwide is the non-hetero-cystic,
filamentous species Microcoleus vaginatus. Microcoleus can he seen
with a 10x hand lens on the edge of a broken clump of soil. Under
higher magnification, Microcoleus occurs as a cluster of filaments
surrounded by a gelatinous sheath (Fig. 1.2). Single-celled

cyanobacteria appear as small, blackish cells mixed with surface soil.
When soils contain high amounts of cyanobacteria, they often have a

slightly to highly roughened surface due to the organisms binding of
soil particles, coupled with processes like frost-heaving and erosion.
For nitrogen fixation to occur in non-heterocystic cyanobacteria, the
organisms need to be in an anaerobic environment, created by

layering of cyanobacterial Filaments just beneath the soil surface.
Green algae are light green to black, single-celled,

photosynthetic organisms. Algae that occur on or just below the soil

surface dry out in a vegetative condition and become physiologically
functional when moistened. They do not rely on resting spores to

regrow after dry periods, as do aquatic algae that
inhabit ephemeral ponds or lakes. Therefore, they
are well adapted to living and reproducing in dry
desert environments. Algae are difficult to observe
without a microscope (100x to 400x), but sometimes
give the soil surface a green tint. Their growth period

is often linked to cool, moist weather, and they may

be difficult to detect when dry.

Figure 1.2 Microcoleus vaginatus. one of the ph-domi-
nant eyanobacteria comprising biological soil crusts.
Microcoleus exists as a cluster of filaments. surrounded by a
gelatinous sheath (seen here with soil particles attached).
The living filaments can migrate through the soil, leaving
abandoned sheath material and a stabilized soil matrix
behind. (2000x magnification)
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fliyop bytes are tiny non-vascular plants. This group includes
both mosses and liverworts. Having greenish leaves when moist,

mosses are generally easy to identify. They reproduce by spore

capsules that rise above the leaves. The spore capsules greatly simplify
the identification of genera and species. However, in arid

environments, mosses often lack reproductive structures and will
reproduce asexually by simple or specialized fragmentation.

Therefore, arid-land mosses are often difficult to identify in the field.
Liverworts come in two general forms: thalloid or leafy. The thalloid

form has a greenish-black thallus or flat, narrow ribbon of
dichotomously branching material. Thalloid liverworts are adnate to
the soil surface, and some can fold in half, almost disappearing from

view (they look like thin black lines on the soil surface when dry).

Leafy liverworts are rare in arid environments. They look like mosses

but are smaller, and when dry the leaves are very black . Both types of
liverworts reproduce by spores and by specialized asexual structures

called "gemmae." The spores are often produced in a structure within
the upper surface of the liverwort and look like a black or smutty spot
on a green background. The asexual gemmae are variable in size (1 to
3 mm), but are usually green, circular structures that easily break off
the parent plant when mature.

Lichens are fungi that capture and cultivate algae or

cyanobacteria, resulting in a new morphological entity. Lichens are
typically used in ecology courses to illustrate the concept of
symbiosis, as the algae or cyanobacteria provide the fungus with

energy in the form of carbohydrates produced by photosynthesis,
while the fungus provides protection from desiccation. Lichens come
in a wide variety of shapes, sizes, and colors. They generally have an
outer fungal layer, which, if cut in cross section, reveals a layer of algal

cells. Lichens can cover the soil surface like a layer of skin or they can
be three dimensional and leaf-like in appearance. Lichens occur in a
variety of colors, including green, red, brown, white, and black.

Sexual reproduction is limited to the fungal partner. Reproductive
structures are generally round, dark-colored sessile disks on the lichen

surface. Lichens can also reproduce asexually (as the combined
organism) and have several types of specialized fragmentation
structures to facilitate this type of dispersal. Lichens that reproduce
asexually can colonize disturbed sites much more rapidly than those

species that lack this ability.

NOTES

1.2	 Microstructure

The dominant components of biological soil crusts are photo-

synthetic and therefore require sunlight. When soils are dry, the bulk

of the cyanobacterial biomass is 0.2 to 0.5 mm below the soil surface,
five
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where sufficient light for net carbon gain is available but UV exposure
is reduced. Microcoleus vaginatus, which lacks UV-screening pigments,
migrates to the surface for short time periods when soils are moistened
and returns to subsurface zones as they dry (Fig. 1.2). Populations of
Stytonema and Nostoc, cyanobacteria containing UV-screening pigments,

are more commonly found directly on the soil surface.

NOTES

	

1.3	 Morphological Groups

Morphological groups consist of organisms that are similar
in shape and general appearance. The crust morphology largely

determines its ecological function relative to water infiltration,

erosion, water retention, and resistance and resiliency to disturbance

(Eldridge and Rosentretcr 1999). Morphological groups also convey
an image of a particular organism. Table 1.1 outlines the major

morphological groups for biological crusts. Ecological function and
management implications relative to morphological groups will be
discussed in detail in later chapters.

	

1.4	 Differentiating Types of Biological Soil Crusts in the Field

Biological soil crusts are usually composed of various

organisms and morphological groups, unless the crust is in an early-
successional stage. However, one or two morphological groups will

normally dominate the crust. The following arc examples of
morphological groupings:

• Cyanobacterial crusts are dark colored or black. When moist,
the organisms may be visible as black filaments on and near
the sod surface.

• Green algal crusts arc not always visible, but might appear as a

green cast on the soil surface when it is moist.

• Moss crusts are easily observed as a furry carpet with patches of
green, gold, brown, and/or black.

• Liverworts are difficult to detect and usually occur in a mosaic
with other dominant organisms. Close examination with a
hand lens will reveal tiny black ribbons that become mote

obvious with moistening.
• Lichen crusts can be identified by their diversity of shapes and

colors. The lichen morphological groups form an anatomical
gradient from a low, simple morphology to taller and three-

dimensional growth forms.
• Crustose lichens are flat and fused to the substrate.

• Gelatinous lichens are usually black and may appear flat or
three-dimensional. They become jelly-like in texture when

six
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moistened and will swell to several times their size when wet.

This is an important group to identify from a functional
perspective because they have cyanobacteria as their

phytobiont and therefore fix atmospheric nitrogen.
• Squamulose lichens occur as small individual flakes or

scales that often grow in colonies or clusters.
• Foliose lichens are leaf-like and loosely appressed to the
substrate. In dry habitats, foliose lichens inhabit the relatively

moist microsites under plant canopies and on north aspects.
• Fruticose lichens are three dimensional and are often
upright, branched, or thread-like.

1.5	 What Biological Soil Crusts are Not: Physical Soil Crusts

Non-biotic soil surface crusts are a major structural feature in

many arid regions. Their properties and manner of formation have

been studied for many years, primarily because of their detrimental
effects on agricultural crops. These crusts are transient soil-surface
layers (ranging in thickness from less than 1 mm to a few cm) that are

structurally different from the material immediately beneath them.
Physical crusts reduce water infiltration and can prevent the
emergence of vascular plant seedlings (Fig. 1.3).

The most important process in the formation of non-biotic
crusts is generally raindrop impact, which breaks up soil aggregates on

unprotected surfaces. Smaller particles wash into spaces between

larger particles, clogging soil pores and reducing infiltration rates by
as much as 90%. This can occur within the first few minutes of a

rainstorm. As drying takes place, surface tension pulls soil
components together, forming a dense, strong layer. Thackett and
Pearson (1965) showed that physical crusts formed under simulated
rainfall had a dense surface layer 1 to 3 mm thick, coated with a thin
layer of well-oriented clay. The crust was underlain by a more porous

structure, and the water permeability of the underlying material was

about five times that of the surface 0 to 5 mm. Rain-formed crusts are
thicker when the raindrops are larger because these larger drops have

more energy and "blast" deeper holes, destroying the original
structure to a greater depth. In general, rain-formed crusts are less
than 5 mm thick. This layer is often harder than the rest of the soil
because compounds such as salts, lime, and silica are deposited at the

surface as water evaporates. Because large pores are absent, the crust
usually has low saturated hydraulic conductivity and limits

infiltration. This increases water runoff and soil erosion.

Soil aggregate structure is also destroyed by machinery or the
hooves of grazing animals. Trampling moist soils destroys existing soil

NOTES
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colonies are black to blue-green
and visible primarily when moist
(Microcoleus vaginatus)

primarily occur as single-celled
organisms; difficult to detect
(coccoids)

cyanobacteria

algae

Table 1.1 Morphological groups for biological soil crust components with examples of common taxa or groups.

Morphological Group	 Description and Representative Taxa

BRYOPHYTES:
short moss

tall moss

liverwort

mosses <10mm in height (13ryum
spp., Ceratodon purpureus)

mosses >10mm in height
(Tortuth rumor)

flat, narrow ribbon or green-black
dichotomously branching material
on the soil surface (Riccia)
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Tale 1.1 (continued)

Morphological Group	 Description and Representative Taxa

LICHENS:
crustose lichen

gelatinous lichen

squamulose lichen

foliose lichen

fruticose lichen

crust-like growth tightly attached to
the substrate (Lecanora muralis)

blackish, jelly-like when moistened
(Colima coccophorum)

discrete flakes that are round or
ear-shaped, convex or concave, and
often have lobed margins
(Psora decipiens)

"leafy," tending to be flattened with
definite upper and lower surfaces
(Peltigera occidentalis)

three-dimensional, ropey or

branching, without definite upper

and lower surfaces (Aspicilia hispida)

nine
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Figure 1.3 Physical soil crusts. Vascular plant establishment is limited to
cracks between polygons on physically crusted areas due to an impenetrable
surface layer.

aggregates by compacting them into a comparatively impermeable

surface layer. These compacted surfaces have reduced infiltration rates
and increased surface runoff. In this sense, they function

hydrologically in a manner similar to raindrop-induced crusts.

Physical crusts may form on soil of almost any texture except

coarse sandy soils containing very low silt and clay (Lemos and Lutz
1957). Soils especially susceptible to crusting are those with low
organic matter and high silt, sodium, or calcium carbonate content.
These characteristics are all related to soils with low structural and
aggregate stability. Organic matter increases aggregate stability
(through gluing of particles and moderation of forces that reduce

aggregate stability), and places where plant residues are incorporated
generally become planes of weakness, decreasing crust strength. Silts

form strong bonds on drying, thus forming a hard crust. Silts also
have low swelling and shrinking properties, so that the crust does not
crack or disintegrate by itself.

Intensive grazing is often used to break up physical crusts.
However, this result is short-lived, as the soil surface is resealed after
the first minutes of an intense rainstorm. To effectively address a
physical soil crusting problem, livestock grazing systems must

promote greater soil aggregate stability (Thurow 1991). Therefore,
management systems that promote soil surface protection (through

plant and biological soil crust cover) and increase soil organic matter

are the only lasting solution to physical soil crust reduction

(Blackburn 1983).
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CHAPTER 2

DISTRIBUTION AND FACTORS INFLUENCING SPECIES
COMPOSITION

2.1	 Distribution

Biological soil crusts in North America are diverse and are
most evident in arid and semi-arid ecoregions (Fig. 2.1, 2.2). They are
also found on shallow lithic sites and in alpine habitats throughout
the continent and in many early-successional vegetation types in
moister ccoregions. Some crustal organisms are good indicators of a
specific vegetation type or ecoregion. Others, including Micro coleus,
Nostoc, CoIlema, Psora decipiens, Cladonia spp., and &yam spp. are
common to many different geographic, climatic, and vegetation
types. For instance, the same soil lichens (Cofirma, Placidium, Psora)
dominate crusts of both the Sonoran and Great Basin deserts, as well
as areas of South Africa and Australia, although vascular plant species
and climate vary greatly between these regions. While most algae,
lichens, and bryophytes are cosmopolitan, a few are endemic and may
be common on a local or regional level (Table 2.1). For example,
several of the squamulose lichens, such as Placidium squamulosum,
Psora decipiens, Psora cerebriformis, and Psora tuckermanii, have very
broad geographic ranges. Others, including Catepyrenium congestum
and Psora montana, are endemic to North America or have narrow
geographic ranges within the continent. Squamulose lichens have
more endemic species worldwide than any other lichen
morphological group.

Similarities in species composition may occur due to similar
environmental conditions during the active growth period for crustal
organisms. For example, alpine biological crusts actively grow in
summer under moisture and temperature conditions that are similar
to winter environmental conditions in the Sonoran Desert. Most
crust growth occurs during wet, cool periods. In most North
American deserts, this is generally late fall to early spring.

The appearance of biological crusts is variable. Physical
structure of biological crusts is very similar in the hot deserts of the
world, such as the Atacama, Sonoran, Chihuahuan, and Australian
deserts, while very different from the physical structure in cool and
cold deserts, such as the Colorado Plateau, Great Basin, and the
Arctic (Fig. 2.3). Pinnacled crusts are found in areas where crusts are
dominated by cyanobacteria, freezing temperatures are common, and
vascular plant roots are lacking. Winter freezing heaves the soil
upward, forming pinnacle-type microtopography. Subsequent

NOTES

eleven

Biologic31 Soil CruNti:
Eslogy	 Slamtgeoiclit



SONORAN

CANADA

atm PLAINS 

UNITED STATES

1a  I

Figure 2.1 Arid and semi-arid ecoregions of western
North America. Areas shaded in black are cool deserts.
while grey-shaded areas are hot deserts.
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Figure 2.2 Biological soil crusts of the Great Basin
(top) and Sonoran (bottom) deserts. Compare the

overall appearance of these crusts with those of the
Colorado Plateau (Fig. .1).
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Table 2.1 Soil crust lichens endemic to North America with both wide and limited distributions.
Note that there are very few endemic species.

Species
	

Distribution	 Reference

Aspicilia ca/i/o
Asp/cilia filiformis

Aspicilia reptant

Catapyrenium congestum

Psora montana

Psora tuckermanii

Texosporium sancti-jacobi

California Chaparral

western North America

North America

Great Basin

western North America

Great Basin

western North America

Rosentreter 1998

Rosentreter 1998

Looman 1964

Bruess and McCune 1994

Timdal 1986

Timdal 1986

McCune & Rosentreter 1992

differential growth and erosion results in highly dissected pinnacles to
10 cm high (e.g., Colorado Plateau). Where freezing is common but

soils are held in place with a heavy cover of lichens, mosses, and
vascular plant roots, soil surfaces have a rolling rather than pinnacled

topography (e.g., northern Great Basin). Where freezing is rare, crusts
are flat when only cyanobacteria are present or rugose where lichens

and/or mosses occur (e.g., the Sonoran Desert; Fig. 2.2, 2.3). In non-
freezing regions, a layer of pebbles often covers cyanobacterial
portions of the crust.

On the broad scale of western North America there are several
different vegetation zones or ecoregions that contain biological soil
crusts as major components (Fig. 2.1, Table 2.2, 2.3). The ecoregions

used here are similar to those used by Bailey (1998). The most

prevalent arid soils in North America are silt-barns and are more

susceptible to physical disturbance than are clay-barns common to
many other arid regions in the world, such as the red clay-barns of

Australia.

NOTES

2.2	 Factors Influencing Distribution

2.2.1 Elevation
Total crust cover is inversely related to vascular plant cover,

as less plant cover results in more surface available for colonization
and growth of crustal organisms (Fig. 2.4-A). Thus, when all crust

types are combined (cyanobacterial, moss, lichen), cover is greatest at
lower elevation inland sites (less than 1,000 m) compared to mid-
elevation sites (1,000 to 2,500 m; Hansen et al. 1999; Fig. 2.4-B).
However, relative lichen and moss cover increases with elevation and
effective precipitation until vascular plant cover precludes their
growth (Fig. 2.4-C). Crust organisms have reduced water and nutrient
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Figure 2.3 Biological soil crust forms based on temperature characteristics of the environment.
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Table 2.2 Soil, climatic, and vegetative characteristics fir low and mid elevations in temperate North American arid and semi-arid ecoregions. Adapted from Bailey (1995).

Ecoregion Dominant Soil Average Annual Moisture Mean Annual Predominant Vegetation
(Bailey's Ecoregion Soil Order Moisture/ Precipitation Season/Form Temperature Evolutionary Type

Province) Temperature (mm) Range re Disturbance

COOL DESERTS

Columbia Basin
(temperate semidesert)

mollisol xeric/mesic 230-635 winter/rain
spring/rain

4-14 drought perennial
grassland

Great Basin
(temperate semidesert

and desert)

atidisol aridic/mesic to cryic 180-380 winter/snow
spring/rain

4-13 drought sagebrush steppe

Colorado Plateau
(temperate semidesert

and desert)

alfisol xeric/thermic 205-310 winter/snow
spring/rain

summer/rain

4-13 drought shrubland
woodland

Great Plains
(temperate steppe and

dry steppe)

nollisol ustic/mesic 485-735 winter/snow
spring/rain

summer/rain

8-15 fire, grazing prairie

HOT DESERTS

Mojave Desert
(tropical/subtropical desert

on sand)

aridisol aridic/hyperthermic 00-ISO winter/rain 3-29 drought shrubland

Chihuahuan Desert
(tropical/subtropical

scmidesert and desert on sand)

aridisol aridichhermie 205-325 summer/rain 10-18 drought shruhland

Sonoran Desert
(tropical/subtropical desert

on sand)

aridisol aridichhermic 75-255 summer/rain
fall/rain

10-24 drought mixed thorn scrub

COASTAL CHAPARRAL

California Chaparral mollisol xer	 /thermic 255-6.35 winter/rain 16-18 fire chaparral
(Mediterranean dry steppe)



Table 2.3 Dominant biological soil crust components and forms in North American arid and semi-arid ecoregions.

Ecoregion
	

Dominant Biological Crust Components 	 Crust Morphology

tall mosses, green algae 	 rolling

moss, lichen	 rolling

non-heterocystic cyanobacteria (Microcoleus),
nitrogen-fixing lichens (Collefrna)	 pinnacled

vagrant and foliose lichens 	 flat to rugose
or rolling

Columbia Basin

Great Basin

Colorado Plateau

Great Plains

Mojave Desert	 non-heterocystic cyanobacteria (Micro coleus),
nitrogen-fixing lichens (Colima), squamulose
lichens, short mosses
	

flat to pinnacled

Chihuahuan Desert	 heterocystic cyanobacteria (Nostoc, Schthothrix),
short moss	 flat

heterocystic cyanobacteria (Nostoc, Schizothrix),
gelatinous (nitroen-fixing) lichens (e.g., Colima),
squamulose lichens, short mosses

heterocystic cyanobacteria (Nostoc„Schizothrix),
lichens, liverworts

Sonoran Desert

California Chaparral

flat

flat

needs compared to vascular plants and can withstand the harsh growing
conditions found in plant interspaces (Anderson et al. 1982a).

The positive relationship between biological crust cover and
available soil surfaces has been amply demonstrated (Rogers 1972;
Harper and Marble 1988; West 1990; Eldridge 19936; Johansen
1993). As harsh environmental conditions limit vascular plant cover,
greater cover of crusts in lower elevation sites probably occurs in spite
of, not because of, these conditions.

2,2.2 Soils and Topography
Stable or embedded rocks near or at the soil surface can

increase the percent crust cover by perching water and armoring the
surface from physical disturbances (Fig. 2.4-D). Shallow soils often
support a wide variety of cyanobacteria, lichens, and mosses, regardless of
soil texture (Fig. 2.4-E).

Soil texture heavily influences the species composition of
biological crust communities. The more stable, fine-textured soils
(such as gypsum and silty foams) support greater cover and more
varied populations of cyanobacteria, lichens, and mosses (Fig. 2.4-F)
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than less stable, coarse-textured soils (Kleiner and Harper 1977b;

Hansen etal. 1999). Coarse-textured soils may have only large
filamentous cyanobacteria that are highly mobile (such as
Microcoleus). However, once coarse-textured soils are sufficiently
stabilized by larger cyanobacteria, other crustal organisms can then
colonize, including smaller green algal and cyanobacterial taxa (such
as Srytonema and Nostoe). Regardless of soil type, the first lichen to
colonize is generally Collema, followed by Placidium (and Caloplaca in
the northern Great Basin). In more unstable soils, lichens and mosses

may be found only under vascular plants, where some protection

from sediment burial is provided, or on north slopes, where greater

moisture availability favors growth. Soil surface stability is influenced
by texture (percent of sand, clay, silt), depth, and moisture content
(wet, moist, dry). Sand and silt are more susceptible to surface
disturbance when dry, while clay is highly stable (Fig. 2.5).

In later successional stages on stable surfaces, common lichen
species include Fulgensia bracteata, E desertorum, Sqzramarina
lentigera, Diploschistes muscorum, and Psora spp. Common moss
genera include Tortula, Mytim, and Grimmia. As soil stability
increases, rich communities of cyanobacteria, lichens, and mosses
become more widespread, covering all surfaces not occupied by
vascular plants or rock.

Soil chemistry can also influence crust cover and composition.
Calcareous and gypsiferous soils generally support high coverage of

species-rich crust with some taxa being excellent indicators of soil

chemistry (Table 2.4). Often physical crusts form stable surfaces that
perch soil moisture, and given long periods without physical

disturbance, will support both biological soil crusts and lichens or

mosses normally found on rocks. Other abiotic factors that influence
relative cover of microbiotic crusts are slope and aspect. Crustal
organisms are only active when moist, and most active when warm.
Therefore, north and east slopes generally favor crustal development
in lower elevation desert regions. Slope angle does not generally affect
crust cover or species richness, except where the slope or soils are
unstable (Rosentreter 1986; Kaltenecker et al. 1997; Belnap and

Bowker, unpublished data).

NOTES

2.2.3 Disturbance

Intensity and type of soil surface disturbance, along with time

since disturbance, influence the composition of biological crusts (see
Chapter 4). The presence, absence, and abundance of early- or late-
successional taxa can provide information regarding a site's disturbance
history. This information, combined with data on vascular plant
community composition, can assist the land manager in understanding a

site's history, potential productivity, and ecological integrity.
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Table 2.4 Soil crust lichens that are calcium carbonate indicators. Adapted from McCune and Rosentreter 1995.

Low calcium carbonate	 High calcium carbonate

Acarospora schleicheri	 Aspicilia fruticulosa

Arthonia glebosa	 Aspicilia hispida

Aspicilia reptans 	 Buellia elegans

Aspicilia filifitrma	 Caloplaca torninii

Cladonia borealis	 Colima tenor

Diploschistes muscorum	 Fulgensia

Leptochidiurn albociliatum 	 Heppia httosa

Megaspores verrucosa	 Phaeorrhiza nimbosa

Ochrolechia upsaliensis 	 Psom cerebrifbrmis

Platyntbiella pp.	 Psora decipiens

Psora ntpponica	 Psora tuckermanii

Xanthopartnelia wyon2ingica	 Toninia sedifblia

Intense disturbance results in bare soil. Severely, newly,

or frequently disturbed soils are generally dominated by large fila-

mentous cyanobacteria (Anderson and Rushforth 1976; Johansen
et al. 1981, 1984; Johansen and Rushforth 1985; Harper and Marble
1988). When disturbance is less severe, less frequent, or some time
has elapsed since the disturbance, crusts are generally in some mid-
successional state, with some lichens and mosses present. Most of

these species reproduce asexually, a life-history strategy that increases
the probability of establishment (Rosentreter 1994). If disturbance
continues, crusts will stay in early-successional stages (i.e.,

cyanohacteria only).

2.2.4 Timing of Precipitation
Dominance of biological crusts is highly influenced by

seasonal precipitation patterns. Ecorcgions that receive summer
monsoons (e.g., the Sonoran Desert) tend to have a greater diversity

of heterocystic cyanobacteria (such as Lyngbya, Calothrix, Schizothrix,
and Nostoc) and lower lichen abundance. Lichens in these areas

generally include the gelatinous genus Collema and squamulose

genera Placidium and Peltzda (Table 2.3). Large thalloid liverworts are

more common in warm deserts than in the cool deserts of North
America. In cool deserts, crusts are dominated by non-heterocystic

cyanobacteria (such as Microcoleus vaginatus) and a diverse lichen

flora, including Acarospora schleicheri, Asp icilia spp., Candelariella
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spp., Collema spp., Diploschistes muscorum, Endocarpon
Placidium spp., and Psora spp. These lichens physiologically prefer
cool-season moisture and are adapted to lower light intensities
common during winter months. The Columbia Basin, which receives

more moisture and has more winter rain than the Great Basin, has a

greater abundance of mosses than lichens (Ponzetti et al. 1998).

Biological soil crusts in regions influenced by fog, such as
portions of the California Chaparral, support fruticosc lichens that
intercept moisture from the air (Dendmgrapha and Schizopelte). Biological
crusts in many regions are best developed in interspaces between shrubs.
In contrast, fog deserts show the best crust development under shrubs,

due to the moisture intercepted by plant structure or by rock surfaces.

2.2.5 Vascular Plant Community Structure
The vertical and horizontal vascular plant structure of many arid

and semi-arid vegetation communities optimizes growth of biological soil
crusts. In cooler regions, greater structural diversity of vascular vegetation
generally results in greater compositional diversity of biological crusts.
Vascular plants create windbreaks and shade, influencing how much
moisture and light reach the soil surface. They also trap leaf litter, keeping

the interspaces free of substantial or persistent litter cover (Rosentreter
and McCune 1992).

Invasive exotic plants generally decrease the structural diversity of
native vascular plant communities by creating monocultures of densely

spaced plants and by homogenizing litter distribution. They also lead to
decreased biological crust cover and species richness in most ecosystems

(Rosentreter 1994; Kaltenecker 1997). In addition, if moisture is retained
under a litter layer for long periods while temperatures are warm, lichens

can become parasitized by ubiquitous molds (Rosentreter 1984).

2.2.6 Ecological Gradients
Some lichens form natural replacement series along the same

ecological gradients that influence vascular plants, although some lichen
taxa are not good indicators of site conditions due to broad ecological
amplitudes. For example, gelatinous lichens are most common in aridic
calcareous sites and mesic non-calcareous sites (Fig. 2.6). Sites with frigid
soil temperature regimes (mean annual temperature less than 8°C) lack
significant cover of gelatinous lichens. The genus Leptogitim might be

present; however, Peltigera and Musalongia tend to be more common.

Some species display a shift in substrate preference in different ecoregions.

For example, Leptochidium albociliatum occurs on mosses in the Great

Basin, while in the Columbia Basin it is more common and occurs on

bare mineral soil (Rosentreter 1986; Ponzati et al. 1998).

NOTES

twen ty- two

Biological Soil trio's:
Ecology' & Management



NOTES2.2.7 Microhabitats
Biological soil crusts can also create their own microstructure,

which influences species distribution. Mosses create microsites that
are very low in nutrients, low in calcium carbonate, and that retain
moisture longer than bare mineral soil. This creates favorable sites for
lichens that may benefit from the improved moisture regime and do
not require many soil nutrients. Common examples include

Leptogium lichenoides, Massalongia carnosa, and Peltigera spp. that
grow only on mosses and are found in many sagebrush (Artemisia)
steppe habitats.

2.3 Unique Crustal Communities in North America

Special geologic features or soils create conditions that
promote growth of biological soil crusts. Some of these sites support

crusts containing uncommon associations or rare species. These

unique crustal communities are not common across the landscape

but are at times locally abundant. Some unique crustal communities
are discussed below.

2.3.1 Gypsum
Gypsiferous outcrops are comprised of soils that are fine

textured and have high concentrations of sulfate and calcium.

Vascular plant cover at these sites is generally sparse with limited
species diversity. Gypsiferous soils can support well-developed

Figure 2.6 Gelatinous and other nitrogen-fixing lichens by relative soil temperature and calcareous influence.

• ARIDIC	 MESIC	 FRIGID

warm season grasses	 cool season grasses	 cool season grasses
mixed salt desert shrub	 bluebunch wheatgrass	 Idaho fescue

calcareous	 non-calcareous	 non-calcareous

Ilepitua lutosa

Peltula richardsonii 110.

Colima coccopho rum
	

	tb
Collema ten ax

Leptocindium alborthatum

Leptogmm ltchenoules

Massalonpa carnosa

PeltIgera spp.	 Plo
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biological crusts with a high lichen diversity (Anderson and

Rushforth 1976; St. Clair et al. 1993), although sites in the hot

deserts of the southwestern U.S. lack the species diversity of the cool
deserts to the north. Common species include Diploschistes diacapsis,
Psora decipiens, Collema tenax, Placidium squamulosum, Bite/
elegans, and Squamarina lenfigera. Several lichens are restricted to
gypsifcrous soils, including Acarospora nodulosa var. nodulosa (Sr. Clair
and Warrick 1987), Gypsoplaca macrophylla (Timdal 1990), and
Lecanora gypsicola (Rajvanshi et al. 1998). Gypsiferous sites are
worthy of protection because of their high potential for cover and

biological crust diversity. These sites are often threatened by mining
activity due to the commercial value of gypsum.

2.3.2 Glades (Lithic and Shallow Soil Sites)

Glades are widespread across North America but are limited

both locally and in overall area. Lithic and shallow soil sites are often
colonized by biological crusts because these sites are extremely

droughty and vascular plant growth is limited. In eastern forests,

shallow disturbed or compacted soil (e.g., along roadsides) may be

dominated by biological soil crusts, with Baromyces rufits or B.
fimgoides often forming extensive crustal colonies. Pine barrens
generally support extensive biological crusts. In western and more
northern boreal forest openings, Cladonia spp., Peltigera spp., and
occasionally Mu/tic/uvula spp. are dominant. These genera are also
common on disturbed soil along roadways and cutbanks throughout
the non-arid portions of the continent. Some lithic sites in wet

climates are leached of soil nutrients and are often dominated by
gelatinous lichens such as Leptogium or nitrogen-fixing cyanobacteria

such as Nostoc.

2.3.3 Thermal Springs

Some parts of western North America contain extensive active
or dormant thermal (hot) springs. Conditions in these areas are harsh,
limiting vascular plant growth. Soil temperatures are often extremely
high in summer and warm in winter. Soils containing thermal springs

are often infertile, as warm water leaches many minerals, including

calcium, magnesium, nitrogen, and phosphate. Toxic heavy metals
can be present in the water and thus get deposited on the soil surface.

These areas are covered with specialized thermic cyanobacteria when
moist. When dry, they support either non-specialized biological crusts

or crusts characteristic of gypsum.

NOTES
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23.4 Cold Desert Playas

Small ephemeral pools form in parts of the Pacific Northwest

where summers are hot and dry and winters are cool and moist

(Rosentreter and McCune 1992). These sites are located on poorly
drained basalt or other rock types, often barren of vascular vegetation

and usually surrounded by some species of sagebrush (Artemisia).
Drainage may be impaired by rock type or frozen soils, causing water
to pond seasonally in flat, exposed areas. In late winter and early

spring these sites experience cool, yet above freezing, temperatures for
portions of the day. These conditions allow for slow evaporation of

standing water. Such sites are sometimes referred to as playettes, as

they are similar to but smaller than large seasonal lakes called playas.
Playas support either attached or vagrant forms of Dermatocarpon
miniatum and Nostoc. Nostoc commune found in these sites includes
the common filamentous form, the colonial-eggs form, and
occasionally the long, hair-like unattached form (referred to as var.
flagellaris). Small playettes covered with fine silts can be colonized by
Nostoc and by crustose lichens more typically occurring on rocks, such
as Lecanora muralis (Rosentreter 1986).

NOTES

2.3.5 Alpine Sod

Biological soil crusts are either dominant or common

community components in many alpine and subalpine sites in North
America. Alpine and subalpine sites contain some species common to
the continent's arid regions. In contrast, a few lichens are

characteristic of alpine crusts alone and include Lecidoma demissum,
Solo rina spp., Lepraria neglecta, Ochrolechia frigida, and Thamnolia
spp. (DeBolt and McCune 1993). A genus that occurs on soil or rock

in both alpine and arctic sites is Stereocaulon, which fixes nitrogen and

is common worldwide in montane and alpine habitats (Lamb and

Ward 1974). In the subalpine zone, biological crusts are often
associated with areas where snowdrifts occur. Lichens characteristic of

snow-patch sites are Solorina crocea and Lepraria neglecta (McCune
1998). Cyanobacterial crusts are also common in these areas and are
generally dominated by Nostoc species (Reisiegl 1964).

2.3.6 Arctic Tundra

Alpine and tundra soils are often dominated by fruticose

lichens (Cladina and Cetraria) and gram inoids. Some areas are

dominated by fruticose lichens that start out as crust communities in

the early stages of succession. Tundra areas in North America have
poor drainage due to frozen ground and are similar to other portions

of the northern hemisphere, including Greenland. In some arctic
regions there are also large areas of dry steppe-like vegetation, open
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Dryas heaths, and fell-fields with extensive coverage of biological crusts.
Cyanobacterial crusts are commonly extensive and often dominated by
Nostoc species (Hansen 1997).

2.4	 Example: Biological Soil Crusts in Sagebrush Communities

Sagebrush species are common in western North America,
particularly in the Great Basin and Columbia Plateau vegetation zones.
Some of the same characteristics that influence sagebrush tam
distribution also influence biological crust development. Relative cover of
biological crusts in various sagebrush vegetation types is presented in
Table 2.5. Biological soil crusts tend to be lacking in sagebrush types that
occur on seasonally flooded soils (silver, alkali, and fuzzy sagebrush;
Winward 1980), as flooded soils create anaerobic conditions that are not
well tolerated by lichens. Heavily saline soils also lack lichen cover,
although moss is sometimes present if the salt concentration is not too
great. Mountain, subalpine, and xeric big sagebrush types often lack
significant biological crust cover due to dense vascular vegetation and
accumulating plant litter. Other sagebrush types support higher biological
crust cover unless soil surfaces are greatly disturbed or the current
vegetation is in an early-successional stage.

Some lichens are good indicators of late-successional stages in
sagebrush communities. The dual gradient theory proposed by McCune
(1993) for lichen species succession in forested habitats applies well to
arid and semi-arid regions in that species respond to time (age) and
moisture in similar successional trajectories. Therefore, the length of time
since the last major site disturbance or an increase in effective soil
moisture will both provide suitable ecological conditions to support
specific lichen species. This is why biological soil crust communities in
different ecoregions recover at different rates (Table 2.2, Chapter 4).

Late-successional indicator species in sagebrush-steppe include
Acarospora schleichezi, Massalwzgia carnosa, Pannaria tyanolepra (type b),
Tmpellopsis wallrothii, Trapeliopsis sp. nov. (McCune, unpublished), and
Texosporium sancti-jacobi. Some lichens are only present in late-
successional communities because they grow upon other lichens or
mosses. For example, Acarospora schleicheri grows upon Di ploshistes
muscorum, which in turn parasitizes the lichen genus Cladonza. Therefore,
Cladonia can be considered a keystone organism influencing a site's
diversity Massalongia carnosa primarily grows on mosses and is not
present until mosses become well established within a site. Texosporiunz
sancti-jacobi is restricted to old-growth sagebrush communities and
occurs only on decaying organic matter (McCune and Rosentreter 1992).
Other lichens that commonly occur on decayed organic matter but are
not restricted to old-growth sites include Buellia papillata, B. punctata,
Calopku-a spp., Lecanora spp., Megaspora verrucosa, Ochrolechia upsaliensis,
Platynthiella spp., and Phaeophyscia deco/or.

NOTES
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HIGH biological crust cover
	

LOW biological crust cover

Tall Sagebrush

Wyoming big sagebrush
(A. tridentatassp. wyomingensis)

basin big sagebrush
(A. tridentata ssp. tridentata)

mountain big sagebrush**
(A. tridentata ssp. vaseyana)

subalpine big sagebrush
(A. tridentata ssp. spicifinmis)

xeric big sagebrush
(A, tridentata ssp. xerivensis)

mountain big sagebrush'

A. tridentata ssp. vaseyana)

silver sagebrush
(A. canal

three-tip sagebrush

(A. tripartita)

Short Sagebrush

low sagebrush
	

alkali sagebrush

(A. arbuscula)
	

(A. longilobia)

black sagebrush
	

fuzzy sagebrush
A. nova)
	

(A. papposa)

stiff sagebrush
(A. rigida)

Bigelow sagebrush
(A. bigelowii)

fringed sage
(A. fiigida)

Table 2.5 Relative cover of biological soil crusts in sagebrush (Artemisia) vegetation types.

• 'Biological crust cover high or low depending on site characteristics.
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CHAPTER 3

ECOLOGICAL ROLES

In a given ecoregion, ecological roles of biological soil crusts
can vary widely in their importance and will depend on crust
composition and biomass, as well as characteristics of the specific
ecosystem being considered.

	

3.1	 Species Composition and Biomass

The relative importance of biological crusts and their different
ecological roles within an ecosystem is highly dependent on relative
cover of various crustal components. For example, carbon inputs are
higher when mosses and lichens are present than when the crust is
dominated by cyanobacteria. Nitrogen inputs are higher with greater
cyanobacterial biomass and greater cyanolichen cover. Water
infiltration and soil surface stability are related to cyanobacterial
biomass as well as moss and lichen cover.

	

3.2	 Carbon Fixation

Biological soil crusts can be an important source of fixed
carbon on sparsely vegetated areas common throughout western
North America (Beymer and Klopatck 1991). While vascular plants
contribute organic matter to soils directly beneath them, large
interspaces between plants receive little plant material input. Where
biological soil crusts are present, carbon contributed by these
organisms helps keep plant interspaces fertile, providing energy
sources for soil microbial populations.

Crustal organisms are physiologically active only when wet,
and metabolic functions begin almost immediately. Respiration
begins less than 3 minutes after wetting, while photosynthesis reaches
full activity after 30 minutes or more. Soil oxygen concentrations, a
by-product of photosynthesis, reach steady states within 1 to 2 hours
of wetting (Garcia-Pichcl and Belnap 1996). Rain during hot months
can place lichens in a state of carbon deficiency, as the lichens can dry
out before photosynthesis has begun. Jeffries et al. (1993a, b) showed
cyanobacterial crusts from the Colorado Plateau had positive carbon
balances only during prolonged wet periods, such as winter and
spring, and that short-term wet-dry cycles, which often occur in low-
elevation inland sites during summer, resulted in net carbon loss for
both Microcoleus- and Scytonema-dominated crusts (this would also be
expected for Colkma and other soil lichens). Consequently, timing

NOTES
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and duration of precipitation may heavily influence carbon budgets

in crustal organisms and thus influence the distribution of individual
species.

Winter-rain deserts (e.g., Mojave and Great Basin) have a rich
soil lichen flora, with the cyanobacterial flora heavily dominated by
Microcoleus. In contrast, summer-rain deserts (e.g., Sonoran) have
only a small subset of the lichens found in winter-rain deserts, while
the cyanobacterial flora is a complex community co-dominated by up

to 10 species. Different responses to timing and amount of

precipitation and temperature may mean species composition will

shift in response to predicted climate changes. Since many areas that
are currently winter-rain dominated are predicted to receive increased

summer rain, effects of climate change may be reflected in different
soil crust composition than that currently found in the summer-rain
versus the winter-rain deserts.

Soil lichens have several different strategics to optimize carbon
gain (Lange et al. 1992, 1994, 1997). While photosynthesis is
activated at low-water content for all species, each varies in response

to higher water content. Cyanolichens, such as Collema tenax, showed

dramatic drops in carbon fixation when water content exceeded 60 to
80%. Conversely, green algae generally showed little, if any,
depression at high-water content. Water-holding capacity varies

between lichens and will also influence time of carbon fixation for a
given species.

NOTES

Table 3.1	 Common nitrogen-fixing lichens and ganobacteria in cool and hot deserts of the western

Cool Deserts

	

	 Hot Deserts
Lichens

to//emit coccophorum	 Colima coccopho rum
('el/emit tenax	 Collema tenax
Heppia	 Heppia
Leptochidium albocilitatum	 Peltula
Leptogium
Massalongia renew
Pan naria
Peltigera
Polychidium

Cyanobacteria

Microcoleus vagizzatus (non-heterocystic)
	

Schizothrix (heterocystic)

Nostoc (heterocystic)
	

Nostoc (heterocystic)

Scytonerna (heterocystic)
	

Stytonema (heterocystic)
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Photosynthetic rates are also dependent on temperature

(Rychert et al. 1978; Lange 1980; Nash etal. 1982; Nash and Moser
1982; Lange et al. 1997). Photosynthetic rates increase with

increasing temperatures to about 28°C, above which rates decline
dramatically. Collema tenax is an exception, with no such decline seen
up to 36°C.

NOTES

3.3	 Nitrogen Fixation

Nitrogen concentrations are known to be low in desert soils
compared to other ecosystems. Total atmospheric input over the

past 10,000 years has been conservatively estimated at about 3 kg
nitrogen/m 2 , with 77% lost through wind erosion, ammonia
volatilization, nitrification, and denitrification (Peterjohn and

Schlesinger 1990). Extensive surveys in cool deserts have revealed
only a few nitrogen-fixing plants (Farnsworth et al. 1976; Wullstein
1989). Since nitrogen can limit net primary productivity in many

desert ecosystems (Ettershank et al. 1978; James and Jurinak 1978;
Romney et al. 1978; Nobel et al. 1988), maintaining normal nitrogen
cycles is critical to soil fertility and prevention of desertification

(Dregne 1983).

Cyanobacteria and cyanolichens can be an important source

of fixed nitrogen for plants and soils in desert ecosystems (Evans and
Ehleringer 1993; Belnap 1995). Many biological soil crusts in western
North America are dominated by nitrogen-fixing cyanobacteria and
lichens (Table 3.1). These organisms are capable of both light and
dark nitrogen fixation (Rychert and Skujins 1974; Pearson et al.

1981; Pacrl 1990; Belnap 1994). Nitrogen fixation is highly
dependent on past and present water and light regimes, as well as

species composition (Rychert et al. 1978; Belnap 1994). Fixation
rates are highest after photosynthesis has replenished lichen carbon

stores. For most lichen species, nitrogen-fixation rates increase with
temperature to 25°C, given sufficient moisture. Since nitrogen-

fixation rates depend on the cover of specific crust species, timing,
extent, and type of past disturbance are also critical factors (Belnap

1995, 1996). Nitrogen-fixation rates in biological soil crusts have
been estimated at 2 to 365 kg/ha annually (Mayland et al. 1966;
MacGregor and Johnson 1971; Rychert and Skujins 1974; Eskew and

Ting 1978; Jeffries et al. 1992), with recent studies indicating that

higher rates are probably more accurate (Belnap, unpublished data).

Still, rates are expected to vary greatly, depending on the species

present and environmental conditions.
Five to 88% of nitrogen fixed by Nostoc has been shown to

leak into the surrounding substrate (Magee and Burris 1954; Silvcster
et al. 1996; Belnap et al. 1997). Nitrogen released from crustal
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NOTES Figure 3.1 Disturbance plots on the
Colorado Plateau showing the
difference  in soil surf2ice color between
undisturbed (dark) and disturbed
(light) plots. Note that the undisturbed
plots have grater surfwe roughness than
the disturbed plots.

organisms is readily taken up by surrounding vascular plants, fungi,
and bacteria (Mayland and Macintosh 1966; Mayland et al. 1966;

Stewart 1967; Jones and Stewart 1969). Vascular plants growing in
biologically crusted soils show higher tissue concentrations of
nitrogen than plants grown in uncrusted soils (Harper and Pendleton

1993; Belnap 1994, 1995; Belnap and Harper 1995). As with carbon,
crusts contribute nitrogen to soils both under plants and in plant
interspaces, thereby counteracting the tendency of these nutrients to
concentrate around perennial plants.

th i rry-two

3.4	 Albedo

Soil albedo is a measure of the energy reflected off the soil
surface. Dark surfaces absorb more energy, are warmer than light
surfaces, and thus have lower albedo. Because soils with well-
developed biological crusts are dark, they can be up to 23 a F warmer
than adjacent crusted surfaces (Fig. 3.1; Belnap 1995; Belnap,
unpublished data). Disturbance of biological crusts increases albedo

and therefore decreases soil temperatures. This affects many
ecosystem processes. Metabolic processes, for example, including

photosynthesis and nitrogen fixation, decrease at lower temperatures
(see Sections 3.2 and 3.3; Nash 1996). Lower soil temperatures
decrease microbial activity, plant nutrient uptake rates, and soil water
evaporation rates; delay seed germination time; and decrease seedling
growth rates. Timing of these events is often critical in deserts, and
modifications can reduce species fitness and seedling establishment,

which in turn may eventually affect plant community structure (Bush

and Van Auken 1991). Changes in albedo can also affect animal
populations. For instance, foraging times are often partitioned among

ants, arthropods, and small mammals on the basis of soil surface

temperature (Doyen and Tschinkel 1974; Wallwork 1982; Crawford
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Figure 3.2 Sandberg bluegrass
(Poa secunda) growing in well-
developed biological soil crusts in
the northern Great Basin.

1991). In addition, many small desert animals are weak burrowers,
and soil surface microclimates arc of great importancc to their
survival (Larmuth 1978). Consequently, altering surface temperatures
can affect desert ecosystems at numerous levels.

NOTES

3.5	 Effects on Vascular Plants

3.5.1 Seed Germination
Biological crusts can affect vascular plant germination. While

small cracks and crannies on the soil surface are generally sufficient for
small-seeded plants to lodge and germinate, most large-seeded plants
need soil or plant litter cover to germinate. In deserts where plant litter is
often limited in interspaces, large native seeds generally have self-burial
mechanisms (such as hygroscopic awns) or are cached by rodents. Many
exotic species, however, lack self-burial mechanisms. Because biological
crusts stabilize soils, germination of such seeds can be inhibited in sites
with well-developed crusts and low plant litter, as was recently
demonstrated for the annual exotic grass, cheatgrass (Bromus tectorum), in
both the field and laboratory (Larsen 1995; Kaltenecker et al. 1999a;
Belnap, unpublished data). Though crusts can reduce germination of
some seeds, seedling germination per se has not been shown to limit
species density in desert plant communities. Rather, studies worldwide show
vascular plant cover and structure are most often controlled by water and/or
nutrient availability rather than other site factors (Mabbutz and Fanning 1987;
Tongway and Ludwig 1990; Dunkerley and Brown 1995).

3.5.2 Plant Establishment and Cover
Biological soil crusts have not been shown to present a barrier

to seedling root penetration once seeds germinate (Belnap, unpub-
lished data; Pendleton and Meyer, unpublished data). This is in
contrast to physical crusts, which often inhibit root penetration. Areas
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that have been lightly trampled (to keep crusts from developing) over

a 5-year period that included both wet and dry years show no
additional plant establishment (Belnap, unpublished data; Fig. 3.1).

Many authors have shown that seedling establishment of both forbs
and grasses is either not affected or is increased by the presence of
biological soil crusts, on both coarse- and fine-textured soils (Fig. 3.2;
St. Clair et al. 1984; Harper and St. Clair 1985; Eckert et al. 1986;

Harper and Marble 1988; Lesica and Shelley 1992; Belnap 1993).
Numerous authors have reported that biological crusts either

do not compete with vascular plants (Kleiner and Harper 1972,

1977a, b; Anderson et al. 1982b; Jeffries and Klopatek 1987; Beyrner
and Klopatek 1992) or that vascular plant cover is enhanced by the
presence of a biological crust (Dadlich et al. 1969; Graetz and
Tongway 1986; Rosentreter 1986; Mucher et al. 1988; Carleton
1990; Ladyman and Muldavin 1994; Ladyman et al. 1994). This
suggests that the presence of plants can aid the survival of crustal
components, perhaps because of microdimate conditions associated

with clumped perennial vegetation (such as decreased soil surface

temperatures, increased surface moisture due to shading, and
decreased wind speed on the soil surface). A few authors have
speculated that there is a negative relationship between cover of
biological crusts and vascular plants (Savory 1988 reviewed in West
1990). However, this view is not supported by the numerous studies
that have directly addressed this issue. Rather, it appears more likely
that biological crusts simply cover soils unoccupied by vascular plants.

NOTES

3.5.3 Nutrient Levels in Vascular Plants

Plants growing in biologically-crusted soil often show higher
concentrations and/or greater total accumulation of various essential
nutrients than do plants growing in adjacent, uncrusted soils (Belnap
and Harper 1995; Harper and Belnap in press). In one study, leaf
tissue nitrogen was 9% higher in the perennial shrub Coleogyne, 31%
higher in the perennial forb Streptanthella, and 13% higher in the

annual grass Festuca (Vulpia), for plants growing in biologically-

crusted soil compared to plants in adjacent uncrusted soil. Dry

weight of Festuca plants in the crusted soil was twice that of plants in

the uncrusted soil (Belnap 1995; Belnap and Harper 1995). Nitrogen

concentrations in leaf tissue of the biennial Mentzelia multillora was

higher in plants growing in a biologically-crusted area relative to
plants from an adjacent sand dune that lacked a crust. In greenhouse

experiments, nitrogen levels in Sorghum halepense were higher when

the plant was in pots with cyanobacteria than when in pots without
cyanobacteria. Dry weight of plants in pots with cyanobacteria were

up to four times greater than in pots without cyanobacteria (Harper
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and Pendleton 1993). Other authors have obtained similar results

with other species (Shields and Durrell 1964; Brotherson and

Rushforth 1983; Pendleton and Warren 1995).

Several mechanisms may explain this enhanced effect on
vascular plant growth and nutrient status. Material blowing across

biological soil crusts can become trapped, either accumulating within
low pockets in the microtopography or sticking by exudate to
cyanobacterial sheaths. These sheaths are phototropic, and if not

buried too deeply, will push through loose soil and organic matter,
further trapping or entangling soil in the process (Fryberger et al.

1988; Campbell et al. 1989; Gillette and Dobrowolski 1993). Danin

et al. (1989) proposed a positive feedback loop in which crusts
trapping fine particles create nutrient-rich microsites, increasing

germination and growth of vascular plants, which in turn reduces
erosion potential and increases accumulation of washed or wind-
blown soil.

In addition, cyanobacterial sheath material is often coated
with negatively charged clay particles. These clay particles are more

nutrient rich than sand (Black 1968), as they bind positively charged
macronutrients and prevent them from leaching through the soil

profile (Belnap and Gardner 1993). Lange (1974) demonstrated that

compounds in the gelatinous sheath material of several cyanobacteria
taxa were able to chelate iron, copper, molybdenum, zinc, cobalt, and
manganese. Four of the five genera shown to possess this ability
(Anabaena, Anacystis, Lyngbya, and Nostoc) are commonly represented

in biological crusts of western North American deserts (Shields and
Durrell 1964). It is also possible that the nutrient differences result
from thermal effects, as crusted soils are darker and warmer than
uncrusted soils; nutrient uptake by vascular plants would occur at a

higher rate.
Herbivores and other consumers may benefit directly from

the enhanced nutrient status of plants grown in healthy, biologically-
crusted soils (Belnap and Harper 1995). Indirect effects include
positive correlations between soil mycorrhizae and microarthropod
populations with the presence of well-developed biological soil crusts
(Harper and Pendleton 1993; Belnap, unpublished data).

NOTES

3.6	 Water Relations

The effect of biological soil crusts on soil-water relations is

highly site dependent. Level of crustal development (e.g., cover and
relative composition of cyanobacteria, lichen, moss), climatic regimes,

the amount of surface roughness, time since destructive disturbance,

soil texture, and soil structure can all heavily influence hydrologic

cycles at a given site. Soil texture is especially important and can
thirty-five
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override any effect of biological soil crusts. For instance, soils high in
shrink-swell clays have relatively low infiltration rates, regardless of
biological crust presence or absence.

Research conducted under a variety of soil and climate

conditions around the world shows variable and interactive effects of
biological crusts and soil properties. Biological crusts influence soil
hydrology because they alter soil surfaces. Aggregate stability, soil
structure, organic matter, and rough microtopography are all

attributes associated with superior hydrologic properties, and
biological soil crusts enhance these attributes in soil (Booth 1941;
Fletcher and Martin 1948; Shields and Durrell 1964) on both micro-

and macro-scales (Belnap and Gardner 1993; Belnap 1994).

Infiltration rates are controlled by the interaction of water-
residence time on a soil surface and the permeability of that surface.

thirty-six

Figure 3.3 Soil-water relationships with
biological soil crusts. In the cool deserts
(Colorado Plateau. Great Basin),
roughened soil surfaces created by
biological crusts act to impede overland
water flow resulting in increased
infiltration. When biological soil crusts
are removed, or with flat crusts in the hot
deserts (Sonoran. Mojave, Chihuahuan),
water runs over the soil swfice unim-
peded and infiltration is reduced
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Biological crusts can produce a rough surface microtopography (less
than 100 mm vertically) that acts as detention structures for water
(Danin and Barbour 1982). This is especially pronounced in cool
deserts (e.g., the Colorado Plateau), where frost-heaving is common
and crusts are highly pedicelled. In these regions, biological crusts
generally increase water infiltration (Fig. 3.3; Loope and Gifford

1972). In warm deserts, where frost-heaving is not present and
biological soil crusts arc flat, infiltration rates depend more on soil
type and climatic regimes.

While greater surface roughness can increase water pooling
and residence time, the presence of mucilaginous cyanobacteria in soil
crusts can also decrease soil permeability. These cyanobacterial
components of biological soil crusts rapidly swell up to 13 times their
dry volume (Shields and Durrell 1964; Campbell 1977), potentially
closing flow pathways through the soil surface. Scanning electron
microscopy shows sufficient openings in sandy loam soils for water

flow (Belnap and Gardner 1993), but concentration of silt and clay
particles in the crust, in combination with swelling, may restrict
infiltration even in sandy soils when they are wet (Verrecchia et al.
1995). Some authors speculate that the hydrophobic nature of some
crustal components contributes to soil surface sealing (Bond 1964;
Dulieu et al. 1977; Walker 1979; Rutin 1983; Jungerius and van de
Meulen 1988); however, others have shown crustal organisms at some
sites are highly hydrophilic (Kidron et al. 1999).

Overall, infiltration rates appear to be increased in regions
where crusts are pinnacled and decreased in regions where crusts are
flat. This has been reported for sandy soils in Arizona (Brotherson
and Rushforth 1983), Australia (Bond 1964; Rogers 1977; Stanley
1983; Graetz and Tongway 1986; Eldridge 1993a, b), and Israel (Yair
1990). In New South Wales, Australia, infiltration rates increased on
a transect through a sandy-loam soil as grazing decreased and
biological soil crust cover increased. However, compared with
adjacent ungrazed soils with a continuous cover of lichens and
mosses, the lightly grazed areas showed greater infiltration (Eldridge
1993b). Infiltration studies conducted on sandy soils in Oklahoma
and Kansas (Booth 1941) and silt-loams and clayey silt loams in
Arizona (Faust 1970, 1971) failed to find any influence of biological

soil crusts on infiltration rates.
The influence of biological soil crusts on effective hydraulic

conductivity (the rate at which water moves through the soil profile
under field conditions) is also variable. Lichen-dominated crusts in
Utah showed decreased hydraulic conductivity (Loope and Gifford
1972). Lichen and algal crusts in Australia were associated with high

conductivity (Greene et al. 1990). Three-year-old algal crusts in Utah
and non-disturbed crusts in Nevada showed no discernible influence

on conductivity (Williams 1993; Dobrowolski 1994).

NOTES
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Biological soil crusts have varied effects on soil moisture at

any given time. However, research results have been variable and
again appear to depend on soil type and crust composition. The
crust's ability to seal the soil surface and reduce evaporation because
of its associated high clay and silt concentrations has been repeatedly

proposed (Danin 1978; Brotherson and Rushforth 1983; Williams et
al. 1995a). While some studies show soil moisture is greater under
well-developed crusts (Harper and Marble 1988; Meyer and Garcia-
Moya 1989; Verrecchia et al. 1995; Behap et al. 1996), other studies
have found decreased soil moisture under crusted surfaces (Harper
and Marble 1988).

Though overall infiltration of precipitation is critical for plant
growth, the location of water entering the soil can also be critical in
maintaining plant community structure. Recent work has shown that
the pattern of water infiltration and runoff is important in

maintaining vegetative community structure, especially in hyper-arid
zones where rainfall is too low to support homogenous distribution of

vegetation. Instead of being distributed across the landscape, plants

are concentrated in bands that occur perpendicular to the water flow.
These bands or vegetation clumps capture water, nutrients, and fine
soil particles. The bigger the bands, the more effective they are in
resource capture; however, their overall size is limited by rainfall and
nutrients. Biological soil crusts often cover interband soils. When
these interband areas are disrupted, water infiltration can increase
between vegetated areas; thus, less water is available for the

vegetation, often deep-rooted, woody perennials (Eldridge et al.

2000). This decrease in water availability may lead to changes in plant
community structure by enabling establishment of shallow-rooted

species in the interband areas or by die-off of the perennial shrubs.
Over time, changes in hydrology and plant community structure
result in modification of site potential and ecological function. A
similar situation applies to exotic plant invasions and their effects on
site function. In the Great Basin, invasive exotic annual grasses
modify the native community's patchy structure to a more
homogenous structure (Kaltenecker 1997). The resultant increases in

plant and litter density in interspaces previously occupied by
biological crusts affect moisture infiltration, which may further
facilitate changes in community structure because less moisture

becomes available for deeply-rooted perennial plants.
As can be seen above, the impact of biological soil crusts on

hydrologic cycles can be highly variable and can result from a
combination of site, soil, and crust factors (Fig. 3.4). However, lack of

standardized data collection methods and descriptions of soil,
biological crust, and climatic characteristics at study sites makes

comparison of research results difficult. These shortcomings have

NOTES
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Figure 3.4 Biological soil crust and soil characteristics that influence infiltration.
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undoubtedly contributed to much of the seemingly contradictory
published information.

3.7	 Soil Stabilization

Biological soil crusts are unambiguously effective in reducing
wind and water erosion of soil surfaces (Belnap and Gillette 1997,
1998; McKenna-Neumann et al.1996). Wind can be a major erosive
force in deserts, as sparse vegetation leaves large patches of soil
unprotected by plant litter or vegetative cover (Goudic 1978).
Interspace soils are most often stabilized by rocks or biological soil
crusts. Biological crusts play an important role both in preventing soil
loss and facilitating soil accretion. The degree to which different types
of crusts protect the soil surface from both wind and water erosion is
hierarchical in the following manner: bare soil < cyanobacterial/algal
crust < lichen crust < moss crust (Tchoupopnou 1989; Kinncll et al.
1990; Eldridge and Greene 1994; Belnap and Gillette 1998).
Polysaccharides exuded by cyanobacteria and green algae, in
combination with lichen and moss rhizines, entrap and bind soil
particles together, increasing the size of soil aggregates (Fig. 3.5). As
soil aggregates enlarge, they become heavier, have a greater surface
area, and are more difficult for wind or water to move. Biological soil
crusts keep otherwise loose sandy soils in place on steep slopes; they
also stabilize pockets of very shallow soil (Bond and Harris 1964;
Marathe 1972; Gayel and Shtina 1974; Danin and Yaalon 1980;
Schulten 1985; Graetz and Tongway 1986; Campbell et al. 1989;
Danin et al. 1989; Belnap and Gardner 1993). Rough
microtopography creates a still-air boundary layer that protects the
soil surface from wind erosion. Detention dams pool and slow
overland water flow, giving sediment time to settle out, reducing
sediment loss (Fig. 3.3; Brotherson and Rushforth 1983; Alexander
and Calvo 1990).

NOTES

Fig. 3.5 The sheath of
Microcoleus vaginatus contains
sticky polysaccharides that entrap
soil particles and bind them
together.
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CHAPTER 4

RESPONSE TO NATURAL IMPACTS AND HUMAN ACTIONS

4.1	 Evolutionary History of Natural Impacts

Euro-American settlement of western North America in the
19th and 20th centuries changed the type, timing, and intensity of
natural disturbance. The following is a discussion of the nature of two
processes—grazing and fire—in presettlement ecosystems.

4.1.1	 Grazing Characteristics

Soil and plant characteristics of low- and mid-elevation arid
and semi-arid ecosystems in North America west of the Rocky
Mountains indicate that these ccosytems evolved with low levels of
soil surface disturbance. This is suggested by these ecosystems'
dependence on nitrogen provided by the biological soil crusts (Evans
and Ehleringer 1993; Evans and Belnap 1999) and by dominant
bunchgrasses' lack of adaptation (such as tillering, secondary
compounds, or high tissue silica content) to grazing (Mack and
Thompson 1982; Martin 1975; Stebbins 1981). Large mammal
numbers would have been low due to limited surface water and sparse
vegetation. Limited water availability would have restricted use of
lower elevations to winter seasons, as is seen today (West 1988;
Parmenter and Van Devender 1995). Dung beetles, present globally
in other systems with large mammal herds, are also lacking in western
North America (Fig. 4.1; Mack and Thompson 1982). Shallow soils
can also limit distributions of burrowing vertebrates and inverte-
brates, further reducing soil surface disturbance. Current natural

NOT ES

Figure 4.1 Comparison of community structure in ecosystems that evolved with (midwestern prairie) and without
(desert grassland) large herds of grazing mammals. forty-one
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disturbance by large mammals and burrowing fauna in western North

American deserts is greatest in the Sonoran and Chihuahuan Deserts,
moderate in the Mojave Desert and Great Basin, and low in the
Colorado Plateau. Because of their evolutionary history, these regions
appear to be more negatively affected by soil surface disturbances
than regions like the Great Plains that evolved with higher levels of
surface disturbance (see section 4.2).

4.1.2 Fire
In arid and semi-arid native communities, plants have patchy

distributions that result in discontinuous fuel and mosaics of various
fire intensities ('X/Iiisenant 1990). Biological soil crusts provide little
fuel to carry a fire through interspaces, thereby acting as "refugia" to

slow the spread of fire and decrease its intensity (Rosentreter 1986).
Unburned islands of vascular vegetation and biological soil crust
provide propagules for reestablishment in burned areas (Fig. 4.2).

Johansen et al. (1993) observed that the cruses structural matrix was
left intact following low-intensity fire, indicating that a lightly burned
crust still functions to maintain stability against erosive forces for
both vascular plants and biological soil crusts during the recovery
period.

Fire is a natural determinant of the sagebrush-steppe potential
vegetation types. Historical fire patterns helped create mosaics of
successional stages in both vascular plant and biological soil crust
communities. More productive sites generally have fire-return

intervals of less than 30 years (Burkhardt and Tisdale 1976; Arno and

Gruell 1983; Fisher et al. 1987). Although this time period might
constrain biological soil crust recovery, higher precipitation enhances

regrowth (see section 4.3.3; McCune 1993). Fifty to 100 years has
often been cited as the average return interval in shrub-steppe regions
(Wright et al. 1979; Peters and Bunting 1994) and is adequate to
restore biological soil crust components. However, there is no direct
evidence for fire being a cyclic disturbance in lower elevation shrub-
steppe. Here, shrub die-off from insect, disease, and winter kill is

common and is probably responsible for most shrub turnover

(McArthur et al. 1990). Historic fires were probably small, low
intensity, patchy, and uncommon because of sparse and discontinous

vegetation. Fire was not historically a common disturbance in most
salt-desert shrub types (West 1994), except for the more productive

types supporting Great Basin wildrye (Elymus cinereus). Likewise,

sparsity of vegetation in the southwestern deserts resulted in long fire-
return intervals and low-intensity fires (Allen 1998).

NOTES
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Figure 4.2 Natural and altered fire cycles in sagebrush communities of the Great Basin. Fire at natural frequencies
(50-100 year intervals or longer) occurred in a mosaic of intensities over the landscape due to discontinuity olfiiel.
This allowed natural regeneration of both the vascular plant and biological soil crust communities. Invasion of exotic
species such as cheatgrass into these communities resulted in continuous fine fleets and largo: more intensive fires.
Cheatgrass will often dominate the community fallowing fire. Revegetation with perennial species can help reestab-
lish a more natural community structure.
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4.2	 Disturbance Effects

Disturbance can directly and indirectly affect many aspects of the

structure and function of biological crust communities, including cover,
species composition, and carbon and nitrogen fixation. The impact of a

given disturbance depends on its severity, frequency, timing, and type, as
well as the climatic conditions during and after it.

Methods of assessing impacts of, and recovery from, distur-
bance have been highly variable. Generally, measurements have been
limited to visual estimates of crust cover. However, Belnap (1993)
showed visual assessment can only accurately assess moss and lichen

cover, and cannot be used to measure the degree of recovery of
cyanobacterial biomass, soil stability, and/or physiological functioning

of crustal organisms. In addition, some studies have only considered
total crust cover but have not delimited the relative cover of

cyanobactcria, mosses, and lichens. The relationship between total
crust cover and disturbance impacts can be weak, as cyanobacterial
cover generally increases, while moss and lichen cover decreases, after
disturbance. This often makes total crust cover a poor measure of the
dynamics of soil crust recovery. Differentiating between crustal
components is also important because alteration of species

composition can heavily influence the cruses ecological functioning

(Eldridge 1998). Comparing recovery rates from different studies can
be problematic, as factors known to control recovery rates (such as

site stability and precipitation following disturbance) are often not
reported. More importantly, disturbance severity is seldom quantified.
Studies generally report disturbance levels as "light," "moderate," or

"heavy" without any definition of these categories; thus, what is
"moderate" in one study may be considered "heavy" in another. As
studies cover a large range of climatic zones, soil types, and levels of

disturbance, and as there has been no standard for measuring crust
recovery, it is not surprising that in the literature recovery rates have
ranged widely (2 to more than 3,800 years), and either appear to
show no pattern or often appear contradictory (Anderson et al.1982a;
&Bison et al. 1985; Jeffries and Klopatek 1987; Cole 1990; Belnap

1995, 1996; Belnap and Warren 1998).

4.2.I Disturbance Severity, Size, Frequemy, and Timing

The impact of a disturbance is affected by its severity, size,
frequency, and timing. While most compressional disturbances (such

as from vehicles and trampling by people or animals) result in similar
types of impacts, severity can vary widely depending on disturbance

source. For instance, vehicles and trampling exert compressional and

shear forces; however, these forces are much greater for vehicles than
trampling. In addition, vehicles often turn soils over and bury crustal

NOTES
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organisms, while trampling tends to only compress the surface.
Vehicle tracks often channel water off-site and thus slow or prevent
recovery (Webb and Wilshire 1983). Intensifying physical impacts
(such as high-intensity, short-duration grazing) is deleterious to

biological soil crust cover and its species richness (Johansen 1993).

Disturbance that removes or kills crustal organisms results in greater
impact and slower recovery than disturbance that leaves crushed crust
material in place. As lichens and mosses are less tolerant of

disturbance than cyanobacteria, frequent disturbance can maintain
the biological soil crust at a low-successional stage (e.g., dominated by
cyanobacteria; Fig. 4.3, Harper and Marble 1988).

Disturbance timing can affect the degree to which the cover

and species richness of a biological crust is reduced. Soils have

different intrinsic soil strengths that vary with moisture content (see

Fig. 2.5). Soils with little tendency to form aggregates, such as sands,

are more susceptible to compressional stresses when dry. Fine-textured
soils or those with inorganic crusts are more vulnerable to
compressional disturbance when wet (Webb and Wilshire 1983).

Crust components are brittle when dry, and the connections they
make between soil particles are easily crushed. Thus, compressional
disturbances can severely affect the cruses ability to stabilize soils,
especially in dry sandy and silty soils. On silty soils of the Great

Basin, early wet season (winter) use by livestock has been shown to
have less impact on crust cover and species composition than late
winter or spring use. As crustal species are only metabolically active

when wet and are brittle when dry, disturbance in dry seasons is
generally more destructive, and organisms are less able to recover,

than when disturbed in wet seasons (Harper and Marble 1988;
Marble and Harper 1989). Crusts on clay soils can be an exception,
as they are often more vulnerable when wet (Fig. 2.5).

4.2.2 Disturbance Effects on Species Composition
Disturbance generally results in loss of species diversity,

biomass, and surface cover of biological crust components. The more
severe the disturbance, the greater the loss. Thus, after severe distur-
bance, the resulting crust community is generally greatly simplified
from multiple species of cyanobacteria, lichens, and mosses to a
community often dominated by one or a few species of cyanobacteria.

4.2.2.1 Air Pollution: A few studies have addressed the

impact of air pollutants on soil lichens in desert environments. No

differences have been found in species composition near pollution
sources when compared to control sites. It is reasoned that lichens

with thalli closely appressed to the soil surface, a condition common
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Young Cryptos: 0 to 3 Years
Cyanobacteria float through air and fall to the
ground, crawl across the surface, or are carried
by bugs and animals. They remain on the surface
to catch sunlight and photosynthesize for their
life processes.

Mid-life Cryptos: 3 to 10 Years
Cyanobacteria secrete sticky sheaths that stick
to sand particles. When buried by soil, the
cyanobacteria move to the suface. With frost
heaving, sheaths form a contorted surface.

Mature Cryptos: 10+ Years
Lichen, mosses, fungi grow on surface; water debris
and seeds become entrapped in pockets, seeds root
which further strengthen soil.
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to most desert soil crust lichens, are less susceptible to damage by air

pollutants than lichens whose tissues are more exposed to air. In

addition, most desert soils are very alkaline, and thus thought to

buffer acidity from pollutants (Sheridan 1979; Nash and Sommerfeld
1981).

NOTES

4.2.2.2 Oil Spills, Insecticides, and Herbicides:
No known studies have directly addressed the effects of oil, oil
dispersants, or insecticides on species composition of intact soil

crusts. However, there has been a great deal of work on individual

cyanobacteria, green algae, and mosses isolated from soil crusts. These

experiments have shown that crustal species are differentially affected,

depending on the compound and the species tested. Thus, exposure
to these agents could potentially alter species composition of crusts
(Metting 1981).

One study addressed herbicide effects on intact biological soil
crusts. Direct application of two glyphosate herbicides (Roundup®
and Accord®) on moss-dominated biological soil crusts had no short-
term negative impact on bryophyte cover (Youtie et al. 1999). In fact,

bryophyte cover decreased significantly in control plots due to litter

buildup from exotic annual grasses that had invaded the site (see
4.2.2.3 below), while cover stayed the same or increased slightly in
treated plots. However, repeated treatments are often required to
effectively control weedy species. There is little information on the
effects of repeated application or long-term effects of glyphosate and

other herbicides. Therefore, caution should be used when applying
these chemicals to remnant native areas supporting biological soil
crusts (Youtie et al. 1989).

4.2.2.3 Annual Plant Invasion: Invasion of exotic
annual plants into perennial plant communities can pose a long-term

threat to biological soil crusts, as the crust-dominated interspace
between perennial plants is often heavily invaded. Surveys in invaded
communities show rich perennial moss/lichen communities are

quickly replaced with only a few species of annual mosses and
cyanobacteria (Kaltenecker 1997; Belnap and Phillips in press). The
mechanism by which this shift occurs is not known, but probably

results from a decrease in available soil surfaces (via increased cover of

live plants and litter; Fig. 4.2, 4.4), higher cover of plant material
shading the soil surface, and/or increased fire frequency (Kalteneckcr

1997; Kaltenecker et al. 1999a; Youtie et al. 1999).

4.2.2.4 Fire: Biological crusts are generally killed by

hot ground fires, resulting in loss of biomass and visible cover

(Johansen et al. 1993). Frequent fires prevent recovery of lichens and
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cyanobacteria

mosses, leaving only a few species of cyanobacteria (Whisenant 1990;
Eldridge and Bradstock 1994). Damage to, and recovery of,
biological crusts depend on the pre-fire composition and structure of
the vascular plant community and on fuel distribution, fire intensity,

and fire frequency. Historic fire regimes in semi-arid and arid

landscapes generally left small-scale patches of unburned areas
between perennial plants, and/or larger-scale patches of unburned
shrubs across the landscape (Fig. 4.2). This resulted in a mosaic of
successional stages of plants and biological crusts, with propagules
readily available to replenish burned sites. Historic fires were also
relatively infrequent, leaving time for later-successional crustal

organisms to recolonize (Whisenant 1990; Peters and Bunting 1994).
Many semi-arid areas are now invaded by annual weeds, and

unnaturally frequent, large fires that preclude crustal species'
recolonization or succession are common.

Figure 4.5 Susceptibility of biological crusts to mechanical disturbance based on
dominant morphological group.

Low	 High

Susceptibility to Mechanical Disturbance

4.2.2.5 Mechanical Disturbance: Mechanical

disturbance results from activities such as vehicle traffic (military and

recreational), trampling by livestock and people, and land-clearing

(such as mining). Such uses are increasing exponentially in arid and

semi-arid areas of the world. Effects of mechanical disturbance are

especially noticeable at sites with highly erodible soils and large

topographic relief (Harper and Marble 1988).
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Over 30 studies on four continents document that livestock

grazing, vehicle use (both recreational and military), and human
trampling dramatically reduce lichen/moss cover and species richness
of crusts. Resistance to disturbance generally decreases as the
organisms become more morphologically complex (Fig. 4.5; Harper
and Marble 1988; West 1990; Johansen 1993; Eldridge and Greene

1994; Ladyman and Muldavin 1996). Cyanobacteria, the most
resistant to disturbance, are highly mobile and can recolonize

disturbed surfaces rapidly. Lichens use a combination of adaptive

thallus structures and pigments (Blum 1973; Galun et al.1982), water
storage capacities, tolerance of frequent and/or prolonged inundation,
and/or an ability to fix atmospheric nitrogen to increase resistance to

disturbance. For example, Rogers and Lange (1971) showed that
lichens Collema coccophorum and Heppia lutosa (H. despreauxii) were
the least affected by sheep trampling around a watering point

compared to other taxa. These lichens are able to fix atmospheric
nitrogen and to store greater amounts of water than stratified green
lichens (Galun et al. 1982). In a comparison of species inside and

outside a grazing exclosure, vagrant foliose lichens Chondropsis
semiviridis and Xanthoparmelia convoluta, crustose lichens
Diploschistes scruposus and Caloplaca spp., and the squamulose lichens
Peltula imbricata were associated with ungrazcd sites (Table 4.1; Crisp
1975; Eldridge and Kocn 1998). The gelatinous lichen Co/Irma
coccophorum was the most tolerant of livestock trampling (Rogers and

Lange 1971; Eldridge 1996).
Most soil surface disturbance compacts soils. Compaction

influences soil water and nutrient-holding capacity, which can lead to

changes in soil crust community species composition. These subtle
compositional changes often occur before cover changes are apparent

(Eldridge 1996).

NOTES

4.2.2.6 Burial: Crust disruption often destabilizes

underlying soils, leaving adjacent crusts vulnerable to burial by wind-
and water-moved sediments. When soils are moist, the large
filamentous cyanobacteria can respond to burial by moving up to 5

mm every 24 hours. When dry, these organisms are not able to move.
Burial kills non-mobile photosynthetic components of the crust,
including mosses, lichens, green algae, and smaller cyano-bacteria
(Campbell 1979). Therefore, burial generally results in a greatly

simplified crustal community.

4.2.3 DisturbanceEffects on Nutrient Inputs and Retention

4.2.3.1 Carbon Fixation: Cyanobacterial crusts near coal-

fired power plants have greater chlorophyll a per unit soil surface area
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Table 4.1 Percent frequeny of biological soil crust organisms on loamy and sandy soils inside and outside the exclosure at Koonamore Vegetation Reserve, South
Australia, in May 1972. Adapted from Crisp (1975).

LOAMY SOIL SANDY SOIL

Species Morphological Group Exclosed Grazed Exclosed Grazed p
Lichens

Acarospora smaragdula crustose 2.4 0.5 7.6 2.2 n.s.
Aspicilia calcarea MIMS(' 39.4 20.6 26 26.2 *
Aspicilia calcarea fruticose 13.6 1.1 18.2 2.4 *
Chondropsis semiviridis foliose 0.08 0 0.1 0 n.s.
Collema coccophorum gelatinous 81.4 63.6 21 0 .

Diploschistes scruposus crustose 0.6 0 2,4 35.6 n.s.
Ftdgensia subbracteata crustose 20 5 25.2 14.2 *
Psora decipiens squamulose 38.7 15.1 33.8 24.6 •
Psora orystallifera squamulose 11.4 0.7 13.8 2 *
Toninia sedifoha squamulose 13.1 3.8 13.8 7.6 .

Xanthoparmella convulata foliose 0.04 0 0.1 0 n.s.
Liverworts

Riccia lamellosa liverwort 4.2 0.4 8.2 1.2

* Indicates significant effect of exelosure at p<0. 	 = effect of treasure was not significant.



than crusts away from the plant, implying higher levels of carbon

fixation. This is partially a result of fertilization by nitrogen and sulfur

compounds from effluents (Sheridan 1979; Belnap 1991).

Photosynthesis-inhibiting herbicides show significant impact on Nostoc
growth and nitrogen fixation (Gadkari 1988). In general, herbicides

inhibit growth and reproduction in culture (Metting 1981). However,
effects appear to be more pronounced in the laboratory than the field,
and may be transitory (Prasad et al. 1984).

Alteration in crust species composition will affect total carbon
fixation, as lichens and mosses fix more carbon per unit soil surface
area than cyanobacteria (Phillips and Belnap 1998). Because much of

the carbon fixed by crustal organisms is released into the surrounding

soils (Lewin 1956), crust cover reduction is expected to reduce soil
carbon available for microbial populations that are often carbon
limited. This, in turn, may affect decomposition rates of plant litter,
and thus, levels of nutrients available to vascular plants (Paul and
Clark 1996).

NOTES

Table 4.2 Reduction of nikogenase activity for new and older disturbances on silty soils of the Dugway Proving Ground,
Utah. All disturbance types resulted in material left on site except "Scalp," which removed the top I cm of crust.

'Age of Disturbance
	

Type of Disturbance Percent Reduction in Nitrogenase Activity

New	 Vehicle	 68

New	 Bike	 79

New	 Foot	 62

6 months	 Vehicle	 100

9 months	 Tank	 83

9 months	 Scalp	 95

9 months	 Rake	 81

4.2.3.2 Nitrogen Inputs: Power plant effluents have
been shown to decrease nitrogen fixation in Cot/emit and Micro coleus!
Nostoc/Sortonema-dominated crusts (Sheridan 1979; Belnap 1991).
Atmospheric nitrogen deposition may offset reduced nitrogen inputs
from crusts; alternatively, anthropogenic nitrogen deposition may

aggravate nitrogen loss through increased ammonia volatilization and

denitrification. In addition, biological soil crusts release ammonia in

the soils, while anthropogenic nitrogen deposition 'contains large
amounts of nitrate (Garcia-Pichel, unpublished data). Microbial and

vascular plant species differentially use ammonia and nitrate; thus,
deposition of additional nitrates may alter the dynamics of both soil
and plant communities (Binkley et al. 1997).
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Free-living or lichenized Nostoc show stimulation of nitrogen
fixation at low concentrations of, or short exposure to, arsenic, nickel,
lead, palladium, and zinc. However, longer-term exposure to cadmium,
lead, and zinc inhibits fixation (Henriksson and DaSilva 1978). Exposure

to crude oil and oil dispersants decreases nitrogen fixation in Nostoc
(Marowitch et al. 1988). Nitrogen fixation is significantly inhibited in

Nostoc by many insecticides, herbicides, and phenolic compounds tested
(Bhunia etal. 1991; Megharaj etal. 1988).

Mechanical disturbance can result in large decreases in soil
nitrogen through a combination of reduced input and elevated losses
(Peterjohn and Schlesinger 1990; Evans and Belnap 1999). In all soils
tested, disturbance by vehicles, human foot traffic, mountain bikes,

and raking immediately reduces nitrogen input from crusts (25 to
40% on silty soils; 76 to 89% on sandy soils). Over time, nitrogenase

activity can drop by 80 to 100% relative to controls, due to

subsequent death of buried material (Table 4.2; Belnap etal. 1994;
Belnap 1995,1996).

Species composition changes also affect nitrogen inputs, as

cyanolichens (such as Collema) fix an order of magnitude more
nitrogen than the equivalent soil surface area of cyanobacteria. Thus,
the shift from a lichen crust to a cyanobacterial crust can result in less
nitrogen entering the ecosystem, as has been shown in multiple

studies. Jeffries et al. (1992) showed that heavy grazing reduced

nitrogen fixation in sandy soils by 95%. In silty loam soil, Terry and
Burns (1987) showed a 64% reduction of nitrogen fixation in burned

areas, 85 to 94% reduction in grazed areas, and 99% reduction in a

tilled area. Collema cover was reduced 50 to 80% in grazed areas

relative to adjacent ungrazed areas (Brotherson et al. 1983; Johansen
and St. Clair 1986). Expected nitrogen inputs would be reduced

accordingly. Evans and Belnap (1999) showed nitrogen fixation in an
area released from grazing 25 years was still 2.5 times less than an

adjacent, never-grazed area due to reduction in Collema cover.

Decreased nitrogen inputs from crusts can have long-term

impacts on soil nitrogen levels. Jeffries (1989) found 50% less
nitrogen in grazed soils compared to adjacent ungrazed soils. Evans
and Belnap (1999) found a 42% decrease in soil nitrogen and 34%
decrease in plant tissue nitrogen when comparing a previously grazed
(released 30 years previous to the study) site to an adjacent ungrazed
area. In the same area, stable nitrogen isotopes showed that both soil

and plants in the grazed area contained less newly fixed nitrogen than
the ungrazed area, and nitrogen mineralization potential decreased

almost 80% (Rimer and Evans 1997). This has large implications for

ecosystems that are dependent on biological crusts for nitrogen

inputs, such as those on the Colorado Plateau (Evans and Ehleringer

1993).
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4.2.4 Disturbance and Vascular Plants

Crusts can affect vascular plant germination, survival, and

nutrition. Lichen-moss crusts in areas with frost heaving (as in cool

deserts) increase perennial vascular plant seed entrapment,

germination, establishment, survival, biomass, and nutritional status

(Belnap and Harper 1995). In these deserts, disturbance that flattens

frost-heaved surfaces and/or eliminates mosses and lichens can have a

negative effect on some or all of these characteristics. However,

germination and survival of some exotic annual grasses can be

enhanced with biological crust disturbance.

In hot deserts, seed entrapment, biomass, and fecundity of

annual plants is generally increased when smooth cyanobacterial

crusts are disturbed (Prasse 1999), although there are some exceptions

(Gutterman 1994). Disturbance of smooth cyanobacterial crusts

enhances germination of some annual species, while decreasing

germination of others (Zaady et al. 1997). Rugose crusts in hot

deserts have received little study, and no work has addressed the

effects of disturbance on seed entrapment. Effects on germination in

rugose crusts appear to be species dependent. In contrast to smooth

crusts, disturbance to hot desert rugose crusts lessens survival and

biomass of perennial plants (McIlvanie 1942; Crisp 1975).
Biological soil crusts have been shown to influence availability

of many plant-essential nutrients. Crust loss can result in less plant-

available magnesium, potassium, iron, calcium, phosphorus,

manganese, and sulfur (Harper and Belnap in press). The spatial

distribution of nutrients is also affected by disturbance, as disturbance

will alter the relative distribution of biological crust components (i.e.,

lichens, mosses, cyanobacteria) across the landscape (Klopatek 1992).

NOTES

4.2.5 Disturbance and Surface Albedo

Trampling of dark-crusted surfaces exposes underlying, lighter

soils, thus increasing albedo (reflectance) by up to 50% at most

wavelengths measured (Fig. 3.1). This increased albedo represents an

energy loss from the soil surface of approximately 40 watts/m 2 and

can reduce soil temperatures by up to 14°C (Belnap 1995). Such

changes in reflectance are especially apparent using satellite imagery,

as can be seen in the Negev Desert, along the V.5.-Mexico border,

and in Australia. Much of this difference is attributed to loss of

biological soil crusts (Graetz and Tongway 1986). Large-scale changes

in surface albedo may contribute to changes in regional climate

patterns (Sagan et al. 1979).
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4.2.6 Disturbance and Soil Hydrology

The effect of biological soil crust disturbance on soil

hydrology is very site specific. Water infiltration, runoff, and resultant

soil moisture are influenced by soil surface roughness, soil texture,

microtopography, surface albedo and temperature, vegetative cover

(both vascular and non-vascular), and climatic conditions. All these

factors can be altered when biological crusts are disturbed. In general,

disturbance flattens pinnacled and rolling crusts, thus decreasing

water infiltration and increasing runoff (Fig. 3.3). In hot deserts,

disturbance to smooth and rugose lichen- or cyanobacterial-crusted

surfaces can increase overall infiltration rates (Greene et al. 1990;

Eldridge et al. 2000). However, this increase in infiltration may

negatively affect nearby vascular plants that depend on interspace

runoff for survival (see Section 3.6). Soil structure alteration as a

result of soil compaction can also reduce infiltration rates. Available

soil moisture results from a complex interaction of many soil and

plant characteristics, including infiltration, soil moisture-holding

capacity, albedo, plant root density, etc. Only two studies have

addressed the combined effects of crusts on available soil moisture,

with disparate results. One study found increased soil moisture under

intact crusts, while the other found soil moisture increased under

disturbed crusts (reviewed in Harper and Marble 1988).

4.2.7 Disturbance Relative to Water and Wind Erosion

Compressional disturbance damages soil-stabilizing

cyanobacterial sheath material both at and below the soil surface.

The damage below the surface is irreparable, as living cyanobacteria

are not present to regenerate sheath material. As greater than 75% of

photosynthetic biomass and productivity is from organisms living in

the top 3 mm of soils, disturbance that results in even small soil losses

can dramatically reduce site fertility and further reduce soil surface

stability (Garcia-Pichel and Belnap 1996).

4.2.7.1 Water Erasion: Globally, all studies show crust

cover loss significantly increases water erosion of both coarse- and

fine-textured soils. Continuous tracks have a greater impact than non-

connected disturbances (such as hoof prints) because of increased

water flow volume and velocity along the tracks (Webb and Wilshire

1983). Crushing of cyanobacterial connections between particles

results in smaller, isolated soil aggregates that are then more easily

moved by water. In addition, surfaces flattened by compressional

disturbances are less able to reduce water velocity, thereby allowing
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movement of larger soil particles and reducing opportunities for
sediment to settle out.

NOTES

4.2.7.2 Wind Erosion: All studies of wind erosion
indicate that disturbed soils are more susceptible to wind erosion than

undisturbed soils when dry (Fig. 4.6). When crusts are crushed or
absent, soil particle movement is initiated at lower wind speeds, as
resistance to wind erosion increases with better soil crust

development. Well-developed crusts (with lichens and mosses) on
both silt and sandy soils have 2 to 130 times greater resistance to soil

erosion than less well-developed crusts or bare soil (Fig. 4.7; Williams

• et al. 19956; McKenna-Neuman 1996; Belnap and Gillette 1997,
1998; Leys and Eldridge 1998). Vehicle tires result in greater damage
than hooves on a given soil type (Belnap and Gillette 1998).

Decreased resistance of soils to wind erosion is directly
associated with increased sediment movement. All experimental
disturbances applied to crusts show increased sediment production—
up to 35 times that of adjacent undisturbed crusts (Leys and Eldridge

1998; Williams et al. 19956). Nearby soil crusts are often buried by
blowing sediment, resulting in death of photosynthetic organisms.

4.3	 Factors Influencing Natural Recovery Rates

Recovery rates are dependent on many factors, including
disturbance type, severity, and extent; vascular plant community
structure; adjoining substrate condition; inoculation material
availability; and climate during and after disturbance. Comparing
recovery rates reported in the literature is highly problematic, as

studies range over a wide array of climatic zones, soil types, and levels

of disturbance, and these factors are seldom quantified. Thus, most
studies can only be used to define the general range of recovery rates.
Some studies do report climate, soil, and/or disturbance data such

that comparisons are possible (Anderson et al. I 982a; Jeffries and

Klopatek 1987; Callison et al. 1985; Cole 1990; Belnap 1995, 1996;

Eldridge 1996; Belnap and Warren 1998).
Examination of these studies indicates that general recovery

times can be predicted for soil crusts in different environments. Most
recovery time calculations for crust cover assume a linear recovery

rate. On the Colorado Plateau, scalped plots were reassessed 2 to 5

and 10 to 14 years after disturbance. After 2 to 5 years, cyanobacterial
cover was predicted to recover in 45 to 110 years, whereas it recovered
within 14 to 34 years. Thus, linear assumptions greatly overestimated

recovery time. Lack of moss recovery prevented useful estimates at
two of the three sites at the earlier sampling time. At one site, early
estimates were 400 years to recovery, while later estimates were 42
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Figure 4.6 Resistance of sandy loam sour to wind erosion following disturbance to a well-developed biological soil
crust in four time classes. Threshold friction velocity is the force required to detach soil particles from the surface.
Time classes indicate the length of time since disturbance to the control. Following determination of threshold

friction velocities for controls, treatments were applied as follows: Foot = one pass wearing lug-soled boots; Tire,
Pass = one pass of a four-wheel drive vehicle with knobbed tires; Tire, 2 Pass = two passes of a four-wheel drive

vehicle with knobbed tires. Within each time sequence, controls were significantly more resistant to wind erosion
than treated surfaces. Adapted from Belnap and Gillette (1997).

Figure 4.7 Resistance of
soil surfaces to wind
erosion. Resistance
increases with surface
protection and develop-
ment of the biological soil
crust. The greatest amount
of resistance is demon-
strated by soils with well-
developed biological crusts
characterized by a diverse
lichen flora. Adapted from
Belnap and Gillette
(1998).



years. As with cyanobacteria, linear extrapolations overestimated
recovery time. In contrast, Cal/emit recovery after 3 years was
estimated at 85 years; after 14 years, the estimate for full recovery was
50 years, a fairly close match. Collema recovery at a second site was
highly variable; after 2 years, recovery time was estimated at 487
years; after 1 1 years, estimates were site dependent, ranging from 40
to 766 years. Original estimates were therefore both under and over

estimated, depending on individual site characteristics. Sites with
more shade and less sandy soils were quicker to recover than original
estimates predicted, while more exposed sites with sandier soils were
less able to recover than originally estimated (Belnap, unpublished
data).

4.3.1 Sequence of Species Appearance

Cyanobacteria and green algae are generally the first
photosynthetic species to appear on disturbed soils, probably because
of their mobility across soil surfaces and their ability to colonize from

the air (Schlichting 1969). Large filamentous cyanobacteria such as
Microcoleus generally appear first (Fig. 4.3, 4.8), especially on unstable
sandy soils (Ashley and Rushforth 1984; Belnap 1995). This species is
then followed by smaller cyanobacteria and green algae. Occasionally,
desert soils are slightly acidic, and here green algae can be the first to
appear (Johansen 1993).

Lichens and mosses require stable soil surfaces for growth.
This can be provided by a physical crust or by large, filamentous
cyanobacteria. Once soils are stabilized, gelatinous nitrogen-fixing
lichens (e.g., Collema spp.) are generally the first lichens to appear in
disturbed areas, followed by other early-successional lichens and
mosses (Table 4.3; Johansen et al. 1984; Belnap 1993). Early-
colonizing lichens often disperse phytobiont-containing tissue (e.g.,
isidia, soredia, or algal-covered spores), as opposed to bare spores,
thus precluding the need to find phytobionts on-site.

4.3.2 Soil Texture
Soil texture influences crust recovery rates. Recovery of all

crust components is faster in fine-textured soils than in coarse-
textured soils, as fine-textured soils are often stabilized by chemical
and rain crusts and retain soil surface moisture longer (Fig. 4.9; as
reviewed in Harper and Marble 1988; Johansen 1993; Ladyman and

Muldavin 1996). Recovery of the site's wind resistance is also more
rapid in fine-textured soils, probably due to crust formation after

rainfall. While silty and sandy soils show a similar reduction in wind
resistance to vehicle disturbance (83% and 74%, respectively), silty
soils show a 50% recovery of wind resistance after a single large rain

NOTES
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Figure 4.8 Generalized recovery sequence for biological soil crusts. Successional stages are illustrated as steps on the diagram. Disturbance input (indicated by arrows) will
cause the crust to revert to an earlier successional state, with severe disturbance resulting in complete destruction of the crust Recovery time is dependent on environmental
conditions, including lei-rive precipimtion (see Chapter 2). Note that recovery times, for mid- and late- successional species in areas with lower effective precipitation are
unknown, as recover), times are so long no estimates are possible.

Late Colonizers

Mid-successional Species

Early Colonizing Lichens and Mosses

Gelatinous Lichens

Small Cyanobacteria and Green Algae

Large Filamentous Cyanobacteria

Severe Disturbance
Resulting in Bare Soil

Geographic Region
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Lichens

Estimated Years to Recovery
•

Early	 Mid	 Late
Colonizers	 Successional	 Successional

Lower Mojave (<1500 m, 100 mm) unknown unknown1,200 3,800
High Mojave (1500 m, 200 mm) unknown unknown200 800

Colorado Plateau (1500 m, 200 mm) unknown unknown50 500
Northern Great Basin (1000 m, 350 mm) ---* 60 ---)" 12520 25
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High Vulnerability
Slow Recovery

Site
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Figure 4.9 Biological soil crust vulnerability and recoverability based on site stability, effective precipitation. and
disturbance regime. Vulnerability decreases and recovery rates increase with increased site stability and effective
precipitation, and infrequent disturbance.
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Table 4.3 Characteristics of early-colonizing lichens. NOTES

Species
	

Phytobiont	 Reproductive Units

Caloplaca tominii 	 green algae	 soredia

Cetraria islandica	 green algae	 isidia-like cilia

Cladonia chlorophea group	 green algae	 soredia

Collema spp.	 cyanobacteria	 isidia

Cornicularia normoerica 	 cyanobacteria	 finger-like lobes

Endocarpon pusillum	 cyanobacteria	 algal-covered spores

Leprocaulon microscopum	 green algae	 soredia

Leptogium corniculatum	 cyanobacteria	 isidia

Peltigera didactyla	 cyanobacteria / green algae	 isidia

Peltigera rufiscens	 cyanobacteria	 spores, unspecialized

thallus fragmentation

Placidium squamulosum	 green algae / cyanobacteria	 algal-covered spores

event, while very sandy soils can take up to 10 years for similar

recovery (Belnap and Gillette 1997; Belnap and Herrick, unpublished
data).

4.3.3 Climate Regimes
Crustal organisms are metabolically active only when wet;

thus, recovery is faster in regions and microsites with greater effective
precipitation (Fig. 4.8, 4.9; Johansen et al. 1993; Harper and Marble
1988). Crusts on north and east slopes, as well as at higher elevations,
will recover more quickly than crusts on south and west slopes and at
lower elevations. However, as discussed in Sections 2.2.1, 2.2.5, and

2.2.6, there are thresholds along ecological gradients where adequate
precipitation results in development of a more diverse and dense

vascular flora in lieu of the biological crust.

4.3.4 Disturbance Type, Frequency Severity, and Size
No work has addressed recovery rates of lichens or

cyanobacteria from air pollution. In general, crusts are highly
susceptible to hot fires; thus, recovery will depend on the size and

intensity of fires. As noted previously in "Disturbance Effects"
(Section 4.2), most compressional disturbances have similar types of

impacts. However, severity of mechanical disturbance can vary widely

with disturbance type. Thus, on similar soils, vehicle tracks generally

have longer recovery times than disturbances that do not churn the
soil or make continuous tracks (Wilshire 1983; Belnap 1996).
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Repeated disturbance will generally keep crusts at an early-
successional stage (e.g., cyanobacteria-dominated) by preventing
lichen or moss colonization (Fig. 4.8; Belnap 1996).

Disturbance severity often controls recovery rates. In western
North America, site recovery within a given soil and climate type is faster
where disturbances are not severe enough to remove crustal material than

it is at sites where crusts were removed. When crusts are completely

removed, recovery can be excessively slow, especially in areas with low

effective precipitation and/or sandy soils (Fig. 4.9; Eldridge 1996). In
contrast, crusts crushed in place with vehicles, foot traffic, and horses
recover much faster, especially on fine-textured soils.

Because recolonization of disturbed areas occurs mostly from
adjacent, less-disturbed areas, the size and shape of disturbance can
affect recovery rates. This is especially true for lichens. Desert soil

lichens colonize only infrequently through spores; thus, recovery of

lichen cover is mostly dependent on material washing or blowing in
from adjoining areas (Eldridge and Ferris 1999). The rate of lichen

recovery is much slower in areas with higher internal surface areas
relative to perimeter area (Belnap, unpublished data).

NOTES

4.3.5 Condition of Adjoining Substrate

In general, crust recovery is slower if soils adjacent to
disturbed areas are destabilized. Detached sediment can both bury
adjacent crusts, killing many crustal organisms, and/or provide

material for sandblasting nearby surfaces, thus increasing wind
erosion (Belnap 1995; McKenna-Neumann et al. 1996; Leys and
Eldridge 1998).

4.3.6 Vascular Plant Community Structure

Crusts recover more quickly under shrub canopies than in
adjacent plant interspaces. This is probably due to greater soil

moisture and fertility under shrub canopies. In the Mojave Desert
lichen recovery (after complete removal 50 years previously) was 36%

under shrub canopies, compared with 4% in the shrub interspaces
(Belnap and Warren 1998). A similar pattern was seen in plots
established on the Colorado Plateau, where lichen recovery was 2 to 3
times faster under shrubs than adjacent interspaces (Belnap,
unpublished data).

The growth of biological soil crusts and vascular plants can be
an interactive process (Danin et al. 1989). Eldridge and Greene

(1994) present a conceptual model in which crust development at

sites is strongly linked to restoration of vital soil processes. As primary

colonizers of recovering sites, biological soil crusts enhance microsite
fertility and provide safe sites for seeds. In turn, established vascular
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plants help stabilize soils, provide shade, and reduce wind speeds at
the soil surface, providing conditions conducive to further
development and diversification of the biological soil crusts (Wood et
al.1982; Danin et al. 1989).

NOTES

4.3.7 Nitrogen and Carbon Fixation

Overall, nitrogen and carbon fixation rates in biological soil

crusts are dependent on its species composition, biomass, and
physical structure. Thus, recovery is dependent on recovery rates of

specific crustal components. Recovery of nitrogen fixation is
dependent on recovery rates of cyanobacteria and cyanolichens.
Nitrogen fixation in crusts can require anaerobic microzones in the
soils, which may be dependent on buildup of cyanobacterial biomass
(Belnap 1996). Carbon fixation increases when lichens and mosses

colonize (Phillips and Belnap 1998). As recovery is faster with higher
available moisture, both nitrogen and carbon fixation rates are

expected to recover faster in cool deserts than in hot deserts, other
factors being equal.

Lichen cover may not fully recover after disturbance. On the
Colorado Plateau, soils previously occupied by cyanolichcns were

often occupied by mosses after release from grazing (Belnap,
unpublished data). As long as cyanolichen recovery does not occur,
reduced nitrogen inputs are expected, and soil and plant nitrogen
levels may remain lower (Evans and Belnap 1999).

4.3.8 Surface Albedo

Restoration of normal surface albeclos and temperatures will

depend on the restoration of pre-disturbance cover of cyanobacteria,
lichens, and mosses. While cyanobacteria do form a darkish matrix in
which other components are embedded, mosses and lichens are much
darker and can contribute 40% or more of the cover in an

undisturbed crust (Belnap 1993). Consequently, surface albedo
recovery will be controlled by factors that control lichen and moss

recovery.

sixty-three

Biological Soil Cru,lic
Ecology	 Silanagetigint



CHAPTER 5

MANAGEMENT TECHNIQUES TO MAINTAIN OR
IMPROVE EXISTING BIOLOGICAL SOIL CRUSTS

While total protection from disturbance is often the easiest
way to maintain or improve biological soil crusts, this is not often
possible or desirable. There are many factors to consider in the

management of soil communities, including disturbance type,

intensity, timing, frequency, duration, or extent. Research is needed

to determine realistic biological soil crust objectives by soil type in
most potential vegetation types, but initial estimates can be
determined by using "healthy" reference areas as described by the

National Research Council (1994). Protection of relic sites as
rangeland reference areas is important, as these sites provide baseline
comparisons for ecological potential and future scientific research.

5.1	 Fire

Proactive management is needed to prevent unnaturally large
and/or frequent fires in areas where fuel build-up or annual grass
invasions have occurred. Such management actions may include
altering grazing regimes to prevent annual plant invasions, prescribing
fire to prevent fuel build-up, and/or restricting off-road vehicle use.

5.1.1 Prescribed Fire
Used cautiously, prescribed fire can be a useful tool in some

situations for renewing community vigor. However, the site's ecology

and evolutionary history need to be understood, as burning can result
in conversion of some sites to exotic vegetation. Thus, even though a
community evolved with fire, fire may no longer be desirable because

of exotic plant invasions. Prescribed fire is not recommended for such
sites unless post-fire restoration treatments are planned. Prescribed
fire may be useful on more productive sites with low potential for

exotic plant invasion to reduce high woody vegetation densities

resulting from overgrazing. Other impacts (such as recreational or
domestic livestock use) should be limited following treatment to

allow full site recovery.

NOTES
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Figure 5.1 Soil surface
disturbance associated
with post-fire revegeta-
tion projects. This site
was drill-seeded with a
range/and drill.

5.1.2 Part-fire Management
Once a site has burned, evaluation is needed to determine

whether recovery will occur naturally or if revegetation is needed.

Many burned sites, particularly those in the Great Basin and
Intermountain regions, require revegetation to stop exotic plant

invasion, and most techniques require some soil surface disturbance
(Fig. 5.1). This may not appear consistent with recovery of biological

crusts. However, failure to treat sites can result in irreversible
dominance by annual species (such as cheatgrass), which prevents the
return of well-developed biological soil crusts (Fig. 4.2, 4.5, 5.2;
Kaltenecker 1997, Kaltenecker et al. 1999a). Once revegetated,

protection from grazing and recreational use is often necessary for
recovery of the biological soil crust and the vascular plant community.

Recovery in these areas can be further facilitated by use of minimal-
till or no-till drills or other seeding methods that minimize soil

surface and compressional impacts. Emphasis should be placed on
restoring the native plant community using local ecotypes, if
available.

In the western U.S., revegetation of salt-desert shrub and
lower-precipitation Wyoming big sagebrush communities presents

some unique problems. West (1994) presents evidence that cheatgrass
will remain and potentially increase in these types, as revegetation is

difficult because of arid conditions and unpredictability of wet years.
He suggests that without livestock consumption of cheatgrass,
susceptibility to fire could increase. However, the effective use of
livestock in long-term control of cheatgrass has not been
demonstrated. In addition, such grazing would occur well into the
growing season and thus to the potential detriment of biological
crusts and native vascular plants.

NOTES
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Figure 5.2 Biological crust development in a successfid seeding in the
northern Great Basin (above) and lack of development in an exotic annual
grass community (below). Note the difference in plant density and the
accumulation of litter on the soil surface that limits biological crust
development in the exotic community.

5.2	 Livestock Grazing

Managing for healthy biological soil crusts requires that
grazing occur when crusts are less vulnerable to shear and
compressional forces. Timing for this is highly dependent on soil type
and climatic regimes (see Chapter 4). Crusts on all soil types are least
vulnerable to disturbance when soils are frozen or snow covered.
Biological crusts on sandy soils are less susceptible to disturbance
when moist or wet; on clay soils, when crusts are dry (Fig. 2.5;
Marble and Harper 1989; Memmott et al. 1998). In general, light to
moderate stocking in early- to mid-wet season is recommended. On
low- to mid-elevation sites, winter use is advantageous to most
vascular plants, including riparian communities, and substantially
reduces supplemental feed costs associated with livestock production.
Winter grazing also most closely replicates the grazing strategy of
native herbivores, who use more productive, higher-elevation sites
during summer and lower-elevation sites in winter (Fig. 5.3; Miller et
al. 1994; Burkhardt 1996). It is important to remove livestock well
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before wet season's end to allow regrowth of crustal organisms before

extended drought. Use when soil surfaces are very wet and muddy
should also be avoided to prevent burying the crust (Kaltenecker and
Wicklow-Howard 1994; Kaltenecker et al. 1999b). Implementation
of rest-rotation strategies that minimize frequency of surface
disturbance during dry seasons and maximize periods between

disturbances will reduce impacts to biological soil crusts.
Dispersal of livestock throughout useable portions of pastures

should also be emphasized. Disturbance of sensitive sites should be

avoided or minimized when they are a small proportion of the overall
pasture or landscape. Ways to disperse livestock include the following:

• Locating water and salt (or other supplements) on sites with

low potential for biological soil crust development and in
areas that discourage livestock from loitering. In many areas,

sites with high rock cover are good options. Livestock trailing

preferences need to be considered when evaluating locations.

• Using brush barriers or fence segments to divert trailing. Sites

with high potential for biological soil crust development are
often not preferred by livestock for forage; however, these
same sites may be open and easy to walk across. Because of

lack of forage, minimal barriers are usually sufficient to
discourage access.

Figure 5.3 Native grazers in the western U.S., such as pronghorn antelope
and muledeer, tend to use higher, more productive sires during summer and
move to lower elevation sites fir winter firage. They may also move through
areas, rather than staying in one area. This type of seasonality and intensity
minimizes impacts to biological crusts by concentrating use when crusts are
frozen or moist.

NOTES
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Fig. 5.4 Vehicular disturbance to biological soil
crusts. Recreational disturbances are concentrated
in open interspaces, where crusts are most
abundant and vulnerable. The tracks in the top
photo are approximately JO years old.

Stocking levels and season of use should be ascertained on an
annual basis, jointly by managers and users, with optimal coverage of
both vascular plants and biological soil crusts as the management goal
(Kaltenecker and Wicklow-Howard 1994; Kaltenecker et at 19996).
Optimal coverage should be based on site capability and rangeland
health indicators of site stability and nutrient cycling. Livestock

exclusion from reference areas and sites with highly erodible soils or

low vascular plant cover is appropriate to protect biological crusts and
site stability.

5.3	 Recreational Use Management

Many recreational activities have impacts similar to those

of livestock use. Therefore, principles relating to management of
livestock disturbance intensity, timing, frequency, duration, or extent

apply to recreational impacts as well. However, there are also major

differences. People are often harder to control than livestock. People

can carry food and water; thus, access to these essentials does not

limit their activities. People tend to go where they want, even in the
presence of barriers such as fences. People also have a greater affinity
for open vegetation, as it is easier to walk or drive through; however,

these same open sites are generally dependent on biological soil crusts
for stability (Fig. 5.4). Education, legal restriction and/or use

stipulations, and compliance activities may require proportionately
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higher management priorities and time requirements than for the
control of livestock.

Concentration of recreational use is generally desirable.
Designated campsite use reduces the impact of haphazard placement
of sites by individuals. Trails minimize the amount of biological soil

crust that is disrupted by trampling. Education can be used to teach

people how to camp in areas without designated campsites (e.g., on
hardened surfaces, such as rocks, or in areas with minimal crust

potential) and how to travel cross-country in areas that lack trails
(e.g., in washes, on rock, on fallen logs).

Recommended management practices include the following:

• Restrict road locations to less sensitive areas. Road
drainage (culverts, water bars) should be designed so that

erosion or sediment fill of adjacent off-site areas is
minimized.

• Promote extensive, low-density uses, such as hiking and

backpacking, during late fall and winter periods. Restrict
access during dry seasons.

• Permit high-density, high-impact uses, such as Christmas

tree and firewood cutting areas, for short durations during
late fall and winter, preferably when soils are frozen. Areas
should be rotated based on a total allowable disturbance
threshold with long recovery periods (greater than 10
years minimum on moderate- to high-resiliency sites,
such as in sagebrush communities [greater than 230 mm
average annual rainfall] in the northern Great Basin)

before redesignation for use. Exclude low-resiliency sites.

• Provide designated trails, and restrict use to trails in high-

density recreational areas.

• Provide interpretive sites and literature on recognition and
value of protecting biological soil crusts at major access
points in areas of extensive or unique crust formation.

• Require an analysis of impacts to biological soil crusts and

appropriate stipulations on all use applications, such as
rights-of-way, oil and gas and other exploration permits,

permits to drill, etc.

NOTES
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CHAPTER 6

MONITORING BIOLOGICAL SOIL CRUSTS

Monitoring is the collection and analysis of repeated
observations so that trends can be assessed. Typically, monitoring
is used to evaluate landscape condition changes over time, often in
relation to defined management goals. A monitoring program's
objectives will determine the position in the landscape at which
measurements will be made and the period over which data will
be collected and assessed. Monitoring is often designed so that
measurements can be made by more than one observer, and the
level of acceptable change is usually determined before monitoring
commences.

Monitoring studies often differ from traditional research
studies in that they are not designed to infer the cause of any
observed changes. Monitoring studies usually lack replication and
often have no controls. Plot sizes and measurement protocols may be
similar in both monitoring and research studies, but the management
objectives are often widely different. The following is a discussion of
field-based monitoring strategies and procedures for biological crusts.
Key attributes for each strategy are summarized in Table 6.1.

6.1	 Monitoring Methods

During the past century, rangeland managers have grappled
with methods to assess the health and trend of landscapes (Tueller
1988). Techniques have concentrated primarily on vascular plant
attributes, such as cover, frequency, presence/absence, abundance, and
biomass of various species, particularly perennial plants (Stoddart et
al. 1975; Friedel and Bastin 1988; Friedel et al. 1988; Holechek et al.
1989; Milton et al. 1998). Recently, there has been more emphasis on
soil surfaces, and monitoring techniques to assess soil surface
condition have been developed (Tongway 1994; Pellant 1996;
Whisenant and Tongway 1996; de Soyza et. al. 1997).

While many scientists acknowledge the close links between
biological soil crusts and rangeland condition (Klopatek 1992),
crusts and their component organisms have rarely been recorded
during field-based assessment (West 1990). Early efforts to classify
soil surfaces and include biological soil crusts were developed in the
semi-arid woodlands of eastern Australia (Tongway and Smith 1989).
This assessment showed differences in the stability, erosion, and
nutrient status of soil surfaces, and provided a reliable estimate of
potential productivity of the surface independent of vascular

NOTES
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Table 6.1 Attributes of biological crust monitoring strategies. See the text for detailed discussion of each method.

Recording Method: Individual Taxa vs. Morphological Groups

• Allows documentation of biodiversity.

• More sensitive to change over time.

• Quicker, easier identification.

• Good evaluation of ecological function.
• Less variability.
• Less sampling time and intensity to get reliable estimates.

Individual taxa

Morphological groups

Sampling Methods

Quadrats (using point or cover •	 Useful if clumps are <2 cm diameter or groups/taxa are

class estimates)	 highly interspersed.

• Use if information on spatial relationships is not desired.

• Provides cover estimate.

Line-point Intercept

Line Intercept

• Useful if clumps are <2 cm diameter or groups/taxa are

highly interspersed.

• Provides information on spatial relationships.

• Provides cover estimate.

• Best if clumps are >2 cm diameter and groups/taxa are

not highly interspersed.

• Provides information on spatial relationships.

• Provides actual measure of cover.

vegetation. The method used four classes for soil surfaces: Class I =
stable, productive surfaces with high biological crust cover and species
diversity; Class 2 = slightly unstable, moderately productive surfaces
with broken biological crust cover and moderate species diversity;

Class 3 = moderately unstable and unproductive surfaces with low
biological crust cover and species diversity; and Class 4 .--- very

unstable and unproductive surfaces where biological crusts are absent

(Mucher et al. 1988).
This system was later refined and extended to other landscape

types (Tongway and Hindley 1995) and other soil characteristics,
such as the degree of cracking, surface coherence, microtopography,

and biological crust cover. U.S. workers (Pellant 1996; USDI 1997)
have also included biological crust cover as a component of federal
land monitoring programs. In eastern Australia, the Department of

Land and Water Conservation has been collecting data (including

biological crust cover) on the condition and trend of rangelands sincc
the mid-1980s (Green 1992). Monitoring staff in Canyonlands

seven ty- two

Biological tiBil CrusB:
Eulogy & Managemem



National Park in southeastern Utah have been collecting cover

estimates for biological crusts since 1987 (Belnap, unpublished data).
NOTES

61.1 Sampling Design and Procedures

Biological crusts are typically measured using standard or
slightly modified rangeland assessment techniques. These are

generally based on measurement of plant and soil attributes within

permanent sampling units (quadrats), stratified within relevant

vegetation or soil zones (Ludwig and Tongway 1992). Stratification

may be necessary where the landscape is composed of a number of
homogeneous land units. On degraded sites, nearby reference areas

should be measured in order to determine the site's potential for
biological crust development. Biological crusts are likely to be most
pronounced in areas protected from trampling, such as under shrubs

or adjacent to obstacles such as fallen trees and rocks. Shallow, rocky
soils often provide "refugia" for crustal organisms that have been
destroyed by livestock on more productive soils. However, reference

areas should be as identical as possible to their paired disturbed sites

with regards to soil characteristics (texture, chemistry, depth),
placement on the landscape, and vegetation production potential.

61.2 Using Morphological Groups for Monitoring

Biological crust organisms are rarely recorded during routine
rangeland monitoring despite increased acceptance over the past

decade of their importance in ecosystem processes (Harper and

Marble 1988; West 1990; Eldridge and Greene 1994; Ladyman and

Muldavin 1996). West (1990) contends that this is due to difficulties
in identifying the organisms in situ, lack of a standardized sampling

procedure with often undue emphasis on laboratory culturing, lack of
conspicuousness of some organisms (particularly when the soils are
dry), and their patchiness in time and space. As identification is

problematic, monitoring can be a daunting task to all but the most
experienced (Eldridge and Roscntreter 1999).

However, strong relationships exist between form
(morphology) of biological crust organisms and their ecological

functioning in relation to landscape processes and disturbance

(Eldridge and Rosentreter 1999). Morphology determines how crust
organisms function ecologically (relative to erosion and water

retention) and their tolerance to, and recovery from, physical
disturbance. Morphological groups have been proposed as surrogates
for species in biological crust monitoring (see Table 1.1; Kaltenecker •

1997; Ponzetti et al. 1998; Eldridge and Rosentreter 1999).
Morphological groups are biologically and ecologically

efficient and convey to non-specialists a better image of the
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organismal form and its likely impact on soils and landscapes. These

relationships hold true in different regions and continents and

eliminate the need for complex, often confusing changes in

nomenclature. Other advantages of morphological groups for
rangeland monitoring include ease of identification, which is
independent of sexual reproductive structures, and the ability to
monitor sites more quickly with less specialized staff (Eldridge and
Rosentreter 1999). Cover and abundance measures of morphological
groups can be obtained more rapidly than measuring each individual
species. This allows use of the same size plot for varied sites and
assessment of more sites per unit time.

Although morphological groups are appropriate for broad-

scale or regional monitoring, their use may not allow the detection of
individual species, particularly rare or uncommon taxa. Specific goals
of individual studies (i.e., determination of total diversity vs.
functional diversity vs. site stability) need to be determined prior to
initiation of monitoring. This will determine whether morphological

groups can be used or whether monitoring needs to occur at the

generic/species level. In all cases, crustal organisms are best detected
or identified when moist. When sampling during dry weather, the soil

surface to be measured can be moistened with water mist prior to

reading to make the organisms more visible.

6 1.3 Quadrat Methods
In communities where biological crusts are patchy, lichen

and moss cover is sparse, and/or large areas are being assessed, crust
monitoring is often done using quadrats. These can be located either
randomly or along a line transect. Quadrats can be used to estimate

both biological crust and vascular plant cover (Anderson et al.1982a,

b; Brotherson et al. 1983), using either point-intercept or cover
classes (Fig. 6.1, 6.2). While cover of the various strata within the
community (i.e., biological crusts, herbaceous plants, and shrubs) can
be determined, horizontal spatial relationships between groups of
organisms cannot be defined using quadrat methods. Where
biological crust cover is relatively dense or where personnel turnover
is high, microplot sampling effectively estimates cover (McCune and

Lesica 1992). Reduced quadrat size is also useful if a goal of the study
is to observe greater detail in biological crust composition in relation

to environmental variation within the site. For example, Rogers and

Lange (1971) used 15 x 20-cm quadrats to examine changes in crust
floristics related to stock watering points in semi-arid and subtropical
Australia. Other Australian studies have employed 0.5 m subplots

within larger plots to assess cover and frequency of crustal organisms
(Eldridge and Bradstock 1994; Eldridge 1996; Eldridge and Tozer
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1996; Eldridge 1999). U.S. workers have adapted a 20 x 50-cm
quadrat and cover classes traditionally used for vascular vegetation

monitoring (see Daubenmire 1959) for estimating biological crust

cover (Rosentreter 1986; Ponzetti et al. 1998).
Destructive sampling might be necessary if detailed

documentation of biological crust species composition is desired.

Eldridge and Semple (unpublished data) removed small cores (4 cm2)
from an area of high biological crust cover and diversity and used a
dissecting microscope to record cover and abundance of crustal
organisms. Use of a short-focus telescope is a similar, non-destructive

method (Pickard and Seppelt 1984), but is less accurate.
Within a quadrat, cover and frequency are relatively quick to

assess, can be recorded by taxa or morphological groups, and are often

good indicators of the ecological and hydrological status of the

landscape (Eldridge and Koen 1998). Frequency is determined as the
number of times that an organism or group is recorded within a given
number of sampling units (expressed as a percentage). This measure
describes the abundance and distribution of species and is useful to
detect changes in community composition over time. It is one of the

easiest and fastest methods available for monitoring changes in
vegetation (USDI 1996). Frequency methods are used extensively by
federal land management agencies for monitoring changes in

landscape condition or trend in relation to vascular plants, and can
easily incorporate biological soil crusts.

6.1.4 Line-intercept Methods

Line-intercept has been used in the northern Great Basin in

studies that characterized both the crust and vascular plant

Figure 6.1 Quadrat frame used for point-cover estimation.
This frame is 25 x 25 cm in size. Hits are determined by dropping a
pin vertically from each intercept within the frame.
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Figure 6.2 Data form fir point-intercept using a quadrat method (left) and example of data collection fright).

Date:	 Personnel:	 total = 20/stake

Plot
	

Stake	 Cyano
	 Collema	 Moss	 Utter	 Bare	 Placidium

	 l'sora
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Plot Stake Cyano PsoraPlacidiumBareLitterMossCaliente

III /$14 tH II

2 N I

Date: 5-4-01	 Personnel: JHK, total = 20/stake
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Figure 6.3 Use of line-intercept for
measuring biological crust cover along
with other community attributes
(vascular plant cover, litter, bare mineral
soil, rock). Note the placement of the
transect line close to the soil smfrce,
cover of each entity is measured along
the top edge of the tape. A misting of
water makes crustal organisms more
visible and therefore easier to measure.

communities (Kaltenecker 1997; Kaltenecker et al. 1999a, b;

Kaltenecker, unpublished data). Using line-intercept (see Canfield
1944 for a description of the original methodology developed for

vascular plant communities), taxa or morphological groups (Eldridge
and Rosentreter 1999) are recorded every centimeter along a number
of 10-m or 20-m line transects (Fig. 6.3, 6.4), with cover and
floristics of the biological crust and vascular plant communities

calculated as a percentage of the total line transect length (Rogers
1994). Each line forms a single, independent sampling unit.

Line-intercept is a rapid and efficient method of sampling

when the vegetation community is strongly patterned and is therefore

useful in many arid and semi-arid ecosystems. Line-intercept is easiest

NOTES

when organisms have a definitive boundary, and can be difficult to

apply in sites with dense or intermingling vegetation. An advantage of

line-intercept over quadrat methods is the ability to derive linear
spatial relationships between organisms from the data.

Lines should be long enough to include most of the variability
in both the vascular vegetation and biological crust. Optimum line
length should be determined from pilot sampling. It is imperative
that the line is placed in exactly the same location each time to
prevent sampling error, associated with repeated measure. Permanent

markers, such as steel stakes or nails, may be located along the line to

ensure correct placement. If vascular vegetation is measured at the
same time, a longer transect might be required with intensive
sampling of the biological crust along a shorter portion of the line
(USDI 1997).
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• Figure 6.4 Line intercept data form (this page) and example of data collection (next page).

Site Name: Date:

Treatment Transect St: Reader: Recorder:

Cover Type From
(an mark)

To
(cm mark)

Under
(Cover Type)

Cover Type From
(cm mark)

To
(cm mark)

Under
(Cover Type)
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Site Name: Kura Butte Date:	 4-18-01

Treatment unburned Transect #: 1 Reader: JHK Recorder: EM

Cover Type From
(cm mark)

To
(cm mark)

Under

(Cover be)
Cover Type From

(cm mark)

To
(cm mark)

Under
(Cover Type)

Artrw 0 40

tall moss 0 56 Artrw

short moss 36 40 Artrw

short rt1050 40 52

CrU5"505C 52 55

squamulose 55 62

short 11055 62 70

Agsp 70 85

short moss 70 74 Agsp

short moss 8,3 85 Agsp
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61.5 Line-point Intercept Methods

The line-point intercept method is similar to line-intercept,
but uses random or predefined points along a line rather than
intercepts, and records only the entity or entities (if recording
over- and understory) associated precisely with that point. Cover

and floristics of the biological crust and vascular plant communities

are then calculated as a percentage of the total number of points.

Line-point intercept is useful for estimating cover in communities

where the crust and vascular vegetation are not strongly patterned.
As with line-intercept, linear spatial relationships can be assessed
using this method.

61.6 The Issues of Scale

Size and shape of the sampling unit depends upon the

vegetation type and spatial distribution. Ultimately, the size and

number of quadrats will depend on a compromise between statistical

considerations (see Section 6.1.8) and what is logistically possible.
Generally, in sparsely vegetated landscapes, larger linear quadrats are
useful in decreasing variability because of cover heterogeneity.
Circular quadrats are often preferred to square because they reduce
edge effects. The nature of the impact being investigated will also
influence the monitoring method(s) used. For example, studies
focusing on species composition will require microplot sampling,

while compressional impacts (off-road vehicles, grazing) on biological

soil crusts may be best examined by using repeated photo-points,

remote sensing, or aerial photography interpretation on large plots of
up to several hectares in area.

6.1.7 Voucher Specimens

Representative specimens of each crustal organism should be
collected as vouchers for each site. Voucher specimens should include
all the variation within a morphological group. A site's biodiversity

can later be assessed by identification of voucher specimens by an

expert and application of diversity indices.
Voucher specimens require specialized preparation to preserve

them for long-term storage (Rosentreter et al. 1988). This often
includes removal of excess soil, stabilization of the underlying
substrate, and fixation of the specimen onto a stiff card to protect it
from breakage. A collection of local or regionally occurring crustal
organisms stored in a herbarium is useful for future identification of
taxa and for describing a study area's floristics. This enables other

researchers and land managers to evaluate differences in biological

crust composition between regions.
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6 1.8 Statistical Considerations
Statistical considerations are important when designing any

sampling procedure. It is important that the size and number of
sampling units, their placement in relation to landscape
heterogeneity, and their replication (if significance testing is required)
do not compromise any future data analyses. The most efficient
design is usually the one that yields the highest statistical precision
(smallest standard error and narrowest confidence interval around the

mean) for a given amount of effort or money. It is therefore crucial
that a biometrician or a statistician with an ecological background be

consulted prior to establishment of a monitoring program.
While the value of statistical analysis regarding changes in

biological soil crust cover or floristics cannot be undervalued, rigorous
statistical examination might not always be necessary or even
desirable for a monitoring program (Eldridge and Rosentretcr 1999).
The danger, however, is that subsequent personnel may wish to look

for statistically significant results using a monitoring protocol that

was not established to allow rigorous examination. Monitoring sites

are frequently unreplicated or pseudo-replicated, and analyses may
therefore result in erroneous conclusions (Hurlbert 1984).

A pilot study may be necessary to determine optimal quadrat
size, the shape or number to he used, or the transect length that will

enable the operator to reduce Type I error (erroneously rejecting a
true null hypothesis). For any site-by-time combination, a species-
area curve (McCune 1992) can be calculated to give the optimal
sampling intensity needed to estimate parameters for a given

proportion of the population. For example, in semi-arid eastern

Australia, Eldridge and Tozer (1995) found that between six and eight
0.5-m2 quadrats were needed to adequately describe the biological
crust in a woodland community, while only three quadrats were
required to describe the crust in a grassland.

Species-area curves are likely to vary in relation to landscape
heterogeneity, and the observers must ensure that all site

measurements are made from a homogeneous sample. For example,
in the patterned semi-arid woodlands in eastern Australia, where

groves of trees located on the contour are separated by treeless inter-
groves, the biological crust cover varies markedly between the two

zones (Eldridge 1999; Tozer and Eldridge, unpublished data).
Monitoring should occur within, rather than across, geomorphic

zones; otherwise, species-area curves are meaningless and will fail to
reveal the optimal number of units necessary to detect differences.

Despite the importance of statistical considerations, the
sampling intensity may depend entirely on sampling efficiency.
This is particularly important in studies where cores or samples are
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collected for laboratory identification and analysis. As a broad

generality one day of collecting and recording crustal organisms in

the field can generate up to 10 days of processing and identification

in the laboratory Sampling intensity, therefore, is often a compromise
between what is statistically necessary and what is logistically feasible.

6.2 Other Monitoring Methods

As discussed in Chapter 4, changes in biological crust biomass
and function often cannot be assessed by visible cover change (Belnap

1993). Obviously, monitoring of cover changes is the easiest and most

practical method. However, if resources are available, additional

methods should be used to more accurately track biological crust
responses to disturbance or management change. The methods
described below are examples of monitoring that provides
information about biological crusts from a functional perspective.

Determination of cholorophyll a using spectrophotometric or
high pressure liquid chromatography (HPLC) analysis is an efficient
and reliable measure for monitoring changes in photosynthetic
biomass, even when visible cover is difficult to detect (Belnap 1993).

In areas dominated by cyanobacteria and cyanolichens, monitoring
nitrogenase activity is an effective way to determine functional

changes in the biological crust (Belnap et al. 1994; Belnap 1996).
Both methods require destructive sampling, but can provide valuable
information regarding stages in biological crust development.

The slake test is a simple method of determining soil surface

stability under wet conditions. Small soil surface fragments (6 to 8
mm diameter) are immersed in rain-quality water, observed over a
period of several minutes, and rated according to cohesion of

fragments after soaking (Table 6.2). Biological crusts will maintain

cohesion when soaked, while physical or chemical crusts will tend to
slake or disperse (see Tongway and Hindley 1995 for detailed
methods regarding this test). More complicated methods of

determining stability include the use of wind tunnels and
simulated rainfall.

6.3	 Impacts of Monitoring

Care should be taken to establish rigorous protocols when

sampling within quadrats and along lines. Because crustal organisms

are susceptible to damage by humans, inadvertent trampling within

the sampling units may create biased results. Studies on biological soil

crusts require that voucher specimens be collected to provide a
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Table 6.2 Clastificatzon of results from the slake test. Adapted from Tongway (1995).

Class Stability Rating	 Observed Behavior of Soil Fragment

Very unstable
	

Fragment collapses completely in <5 seconds into a shapeless

mass. A myriad of air bubbles is often present.

2	 Unstable	 Fragment substantially collapses over about 5-10 seconds with

only a thin surface crust remaining; >50% of the sub-crust

material slumps to an amorphous mass.

3	 Moderately stable	 Surface crust remains intact; slumping of sub-crust

material is <50%.

4	 Stable	 Entire fragment remains intact after 5 minutes. This level of

stability can remain for many hours.

permanent record of the species found in an area. Removal of voucher

specimens or destructive sampling modifies the community and
should occur away from permanent plots.
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CHAPTER 7

INTERNET RESOURCES FOR BIOLOGICAL SOIL CRUSTS

The Internet has a number of valuable resources for information on biological soil crusts or

the organisms that comprise crusts (lichens, algae, etc.). Below we have listed several of the most

useful web pages currently available.

Web Address	 Author or Organization 	 Description

www.soilcrust.org
U.S. Geological Survey
(Jayne Belnap)
Bureau of Land Management
National Park Service

www.id.blm.gov/iso/soils/index.html
Bureau of Land Management,
Idaho State Office

Biological soil crust information,
based in Canyonlands National
Park. This web page contains a
near exhaustive bibliography for all
things crust-like and a recent
version of this reference.

This site contains an introduction
to soil biological communities,
including soil crusts and
subsurface micro-and
macro-organisms.

Introduction to lichens.

Checklists and floras; links to
institutions and individuals that
are resources for information on
nonvasculat plants and lichens.

One of the best introductions to
lichens, complete with great
color photos.

Bruce McCune is a leading
ecologist in North America and
specializes in lichen and moss
ecology and taxonomy.

www.ucmp.berkeley.eduifungi/lichensilichens.html
University of California, Berkeley,
Museum of Paleontology

www.unomaha.edu/-abisiresources.html
American Bryological and
Lichen°logical Society (ABLS)

mgd.nasce.org/hyperSQL/lichenland
Department of Botany and Plant
Pathology, Oregon State Univ.

ucs.orstedut-mccuneb/
Bruce McCune
Oregon State University
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Web Address	 Author or Organization	 Description

wwwndsu.nodak.edu/instruct/esslinge/chckIst/chcklst7.htm

www.biblio.bio.purdue.edu/www-cyanosite
Department of Biology,
Purdue University; Foundation
for Microbiology

Cumulative Checklist for the
Lichen-fin-ming, Lichenicolous
and Allied Fungi of the Conti-
nental United States and Canada.

Descriptions of Bailey's
ecoregions of the U.S.,
including maps.

Text of a talk presented to high
school teachers for the California
Academy of Sciences. A layman's
introduction to biological crust,
focusing on algal and
cyanobacterial components and
research on inoculation to
speed recovery following
disturbance.

Web server for cyanobacterial
research; includes a link to CyBib,
a bibliographic database contain-
ing references on cyanobacteria.

Theadore Esslinger
Department of Botany
North Dakota State University

www.fs.fed.us/landlecosysmgmt/ecoregl_home.html
USDA Forest Service
Robert G. Bailey

www.accessexcel1ence.org/BF/bf05/johansen/web.htm1
California Academy of Sciences
Jeffrey Johansen
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GLOSSARY

adnate: Pressed closely against a surface.
aggregate stability: The degree to which a group of soil particles cohere so as to behave

mechanically as one unit.
albedo: A measure of the energy reflected off a surface. Dark surfaces have a lower albedo

than light surfaces; therefore, light surfaces absorb less energy than dark surfaces.
ammonia volatilization: The vaporization of ammonia into the atmosphere.
anaerobic: The absence of oxygen. Also refers to organisms able to live or grow in the

absence of free oxygen.
appressed Pressed closely against a surface.
autotroph: An organism whose growth and reproduction are independent of external sources of

organic compounds. Carbon compounds are created by autotrophic organisms via the
reduction of carbon dioxide (CO 2), with light energy driving the process

bacterim Members of a group of diverse and ubiquitous prokaryotic, single-celled organisms.
bryophytes: Tiny plants lacking vascular tissues. This group includes mosses and liverworts.
calcareous: Substrates rich in calcium carbonate, such as limestone or dolomite. Also refers

to soils derived from or containing these substances.
cosmopolitan: Found worldwide.
crustose lichens: Lichens that form a crust-like growth form that is closely applied to the

substrate.
cyanobacteria: "Blue-green" algae; prokaryotic, photosynthetic organisms that generally have

a blue-green tint and lack chloroplasts.
cyanolichem Lichen that contains a cyanobacterium as its phytobiont.
denitrification: The formation of gaseous nitrogen or gaseous nitrogen oxides from nitrate

or nitrite by microorganisms.
desertification: Land degradation in arid, semi-arid, and dry subhumid regions of the world

resulting from climatic and other natural stresses coupled with human activities.
Processes that lead to desertification include soil loss through wind and water erosion;
changes in soil quality due to salinization, waterlogging, and nutrient depletion; loss
of vegetative biomass and cover; and compositional and structural changes in plant
communities due to exotic plant invasion (Mouat et al. 1995).

foliose lichens: Lichens that are leaf-like in growth form, flattened with definite upper and
lower surfaces, and usually loosely attached to the substrate.

fruticose lichens: Lichens with three-dimensional growth forms that are ropey or branching
and do not have definite upper and lower surfaces.

gelatinous lichens: Lichens that are non-stratified (algal and fungal layers are not distinct)
and that have a jelly-like appearance when moistened. All gelatinous lichens have
cyanobacteria as their phytobiont.

gemtnae: Structures produced by liverworts that function in vegetative reproduction.

green algae: Photosynthetic unicellular and multicellular organisms that lack true tissue

differentiation.
heterocysts Specialized cells occurring in some filamentous cyanobacteria that are the sites of

nitrogen fixation.
heterotrophs: Organisms that require organic compounds for growth and reproduction.
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hydraulic conductivity (10: The rate at which water moves through the soil profile under
field conditions.

hyphat Fungal filaments.
infiltration: The downward entry of water into the soil.
interspace: The spaces in a plant community between shrubs or trees.
lichem A symbiotic relationship between a fungus and an algae or cyanobacterium.
lithic Pertaining to rock; rocky.
liverwort A small, non-vascular plant.
microfungi Fungi that occur free-living in the soil or in association with roots of vascular

plants (mycorrhizae).
mucilaginous: Having a sheath composed of sticky polysaccharides surrounding

cyanobacterial, algal, or fungal filaments.
mycorrhizae: A stable, symbiotic association between a fungus and the root of a plant.
nitrificatiorn The process in which ammonia is oxidized to nitrite and nitrite to nitrate.
nitrogen fixatiom The conversion of elemental nitrogen (N,) to organic combinations or to

forms readily usable in biological processes.
nitrogenase: The enzyme that catalyzes biological nitrogen fixation.
permeability The ease with which gases, liquids, or plant roots penetrate or pass through

the soil.
photosynthesis The process in which light energy is absorbed by specialized pigments of a

cell and converted to chemical energy. The ultimate result of photosynthesis is the
fixation of CO, and the production of carbon compounds (sugars).

phytobiont The photosynthetic partner in the lichen symbiosis, i.e., the algal or
cyanobacterial component of a lichen.

poikilohydric: Organisms that are capable of becoming physiologically dormant under dry
conditions.

prokaryotic Cells that lack a nucleus.
propagules Material that results from either sexual or asexual reproduction by crustal

organisms and disperses into areas where the biological soil crust has been removed
by disturbance. This material "germinates" and grows to establish a new crust.

resilience: The ability to recover following disturbance.
resistance: The ability to withstand disturbance.
respiratiom The biological process whereby organisms oxidize carbon compounds to CO,

and water as a source of energy.
rhizines: Root-like structures of lichens and mosses that function to attach the organism to

the substrate.
saline soik A soil containing sufficient soluble salts to impair its productivity.
sessile: Attached to a surface without a stalk but not imbedded in the surface.
squamulose lichens Lichens that occur as discrete flakes or scales that are often round or ear-

shaped. Squamulose lichens may be convex or concave and often have lobed margins.
symbiosis: An obligatory, interactive association between two organisms, producing a stable

condition in which they live together in close physical proximity to their mutual
advantage.

thallus: The vegetative body of a lichen or liverwort.
xerothermic: Dry, hot conditions.
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ABSTRACT

Soil erosion is a major global challenge. An increased understanding of the mechanisms driving soil
erosion, especially the storms that produce it, is vital to reducing the impact on agriculture and the envi-
ronment. The objective of this work was to study the spatial distribution and time trends of the soil erosion
characteristics of storms, including the maximum 30-min precipitation intensity (I30), storm kinetic energy
of the falling precipitation (KE), and the storm erosivity index (EI) using a long-term 15-min precipitation
database. This is the first time that such an extensive climatology of soil erosion characteristics of storms has
been produced. The highest mean I30, KE, and EI values occurred in all seasons in the southeastern United
States, while the lowest occurred predominantly in the interior west. The lowest mean I30, KE, and EI values
typically occurred in winter, and the highest occurred in summer. The exception to this was along the West
Coast where winter storms exhibited the largest mean KE and EI values. Linear regression was used to
identify trends in mean storm erosion characteristics for nine U.S. zones over the 31-yr study period. The
south-central United States showed increases for all three storm characteristics for all four seasons. On the
other hand, higher elevations along the West Coast showed strong decreases in all three storm character-
istics across all seasons. The primary agricultural region in the central United States showed significant
increases in fall and winter mean EI when there is less vegetative cover. These results underscore the need
to update the storm climatology that is related to soil erosion on a regular basis to reflect changes over time.

1. Introduction

Soil erosion is a major challenge in the United States
and the world (Oldeman 1994; Pimental et al. 1995;
Nearing 2001). An increased understanding of the
mechanisms driving soil erosion, especially the storms
that produce it, is vital to reducing its impact on agri-
culture and the environment. The potential for climate
change, in the form of changing storm characteristics, is
an additional challenge to the management of soil ero-
sion. A recent study (Soil and Water Conservation So-
ciety 2003) discussed the implications of possible cli-

mate change and suggested the following three ap-
proaches to begin addressing the issue: 1) update the
climate parameters in conservation tools, 2) investigate
the damages likely to occur as a result of a changed
precipitation regime, and 3) evaluate the benefits of
including the risks from extreme rain events in the con-
servation-planning process.

Groisman et al. (2004) reviewed changes in precipi-
tation for the contiguous United States, noting that
overall precipitation had increased by 7% between
1908 and 2002. Heavier precipitation events at the 95th
and 99th percentile had increased even more, by 14%
and 20%, respectively. Furthermore, most of these
changes occurred in the last 30 yr of record (Soil and
Water Conservation Society 2003). The Groisman et al.
study noted that the increases in precipitation were
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largely confined to spring, summer, and fall, which is
the period when heavier events are likely to occur.
While they were focused on the more extreme daily
events and the annual totals, these results have serious
implications for individual storm events and their ero-
sive potential.

Other studies have examined the potential changes
in future rainfall erosivity using coupled atmosphere–
ocean global climate models as guidance for climate
change in the twenty-first century (e.g., Nearing 2001;
Pruski and Nearing 2002). While there were regional
differences in the results, Nearing (2001) found that
erosion over the United States increased between 16%
and 58% in projections over the next 80 yr, depending
on the methodology applied. Pruski and Nearing (2002)
used the Water Erosion Prediction Project (WEPP)
model and output from two global climate models to
examine changes in soil erosion in response to climate
change. As expected, erosion increased in those areas
where precipitation increased. However, the relation-
ship became more complex in areas with decreased pre-
cipitation. For example, decreased precipitation could
decrease vegetation, leading to increased erosion. In a
summary of climate change and soil erosion rates,
Nearing et al. (2004) noted that soil erosion rates can be
expected to increase by 1.7% for each 1% increase in
annual precipitation. Clearly, these studies point to the
need to closely examine present-day storm erosivity in
the United States and its observed change over time.
Prior to this study, no such modern climatology for the
United States has been produced.

Palecki et al. (2005, hereinafter Part I) examined the
meteorological characteristics of storm precipitation.
Our objective was to study the spatial distribution and
time trends of the storm erosion characteristics of rain-
storms in the conterminous United States, including the
storm maximum 30-min precipitation intensity (I30),
storm kinetic energy (KE), and the storm erosivity in-
dex (EI). Storm erosional characteristics for each of the
four climatological seasons of winter (December–Janu-
ary–February), spring (March–April–May), summer
(June–July–August), and fall (September–October–
November) were examined. The storm erosion charac-
teristics were grouped into nine zones, representing co-
herent seasonal cycles of storm precipitation character-
istics (Fig. 1).

2. Data and methods

Storm soil erosion characteristics were computed us-
ing the National Climatic Data Center (NCDC) 15-min
precipitation database as measured by a network of
Fischer–Porter weighing-bucket gauges (Hammer
1998). This network of unshielded gauges has remained

unchanged during its operation within the period of this
study (1972–2002). In a review of the U.S. climate net-
work, Groisman and Legates (1994) examined the ac-
curacy of precipitation measurements. They concluded
that gauges underestimate the actual precipitation,
largely because of wind-induced turbulence. The prob-
lem is worst in winter and northern latitudes, because
the snowfall catchment is especially sensitive to wind.
No attempt was made here to identify or adjust for such
biases on a storm-by-storm basis. However, this inher-
ent limitation of the data should be kept in mind while
considering the results of this study, especially for win-
ter.

While approximately 3700 stations are included in
the 15-min precipitation database, many stations had
missing records, and some had record lengths of less
than 10 yr. The database was first screened to identify
stations with a record length of greater than 20 yr and
with less than 25% missing data, resulting in the final
selection of 1505 stations in the conterminous United
States.

Each 15-min record includes quality control flags in-
dicating missing data, accumulated data, and data
flagged by NCDC for quality control reasons (Hammer
1998). In computing the storm soil erosion characteris-
tics, only storms that had no flags present and were
separated from flagged or missing data by more than 6
h were used. The “6 h between storms” rule has been
used extensively in previous work (e.g., Huff 1967;
Wischmeier and Smith 1978; Renard et al. 1997).

Once each storm was identified, I30, KE, and EI were
computed. The I30 was computed by summing the pre-
cipitation in each consecutive pair of 15-min periods
during a storm and multiplying the greatest 30-min total
precipitation by 2 to get the rate in millimeters per
hour. The resulting rate was then adjusted by 1.034 to

FIG. 1. Storm precipitation characteristic cluster zones. Stations
in zones 8 and 9 on the West Coast are intermingled but separated
by elevation (see text). For a more detailed rendering of zones 8
and 9, please see Fig. 1 in Part I.
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represent a maximum 30-min precipitation rate that
would be obtained from break-point data (Hollinger et
al. 2002). Break-point precipitation data are reported
as time segments of an equal intensity rather than
amounts at fixed time intervals, and, therefore, can cap-
ture the true 30-min maximum of a storm.

The KE, a measure of the accumulated kinetic en-
ergy of the precipitation as it strikes the ground, has
been computed using a power-law equation (Uijlenhoet
and Stricker 1999), a logarithmic function (Wischmeier
and Smith 1958), and an exponential equation (Kinnell
1980; Brown and Foster 1987; Renard et al. 1997). In a
critical literature appraisal, van Dijk et al. (2002) con-
clude that the exponential equation is the best estimate
of kinetic energy because it places an upper limit on
kinetic energy at high precipitation intensities (Hudson
1963; Barauah 1973; Carter et al. 1974; Wischmeier and
Smith 1978; Kinnell 1980; Rosewell 1986; Brown and
Foster 1987). The total KE (MJ ha�1) is calculated after
Renard and Freimund (1994),

KEk � �
r�1

s

er�Vr, �1�

where er is the kinetic energy (MJ ha�1 mm�1), �Vr is
the precipitation depth (mm) of a given storm incre-
ment, and the summation is over the storm increments
(1 to s). The number of increments (s) is determined by
the storm length and data resolution. In this case where
15-min data are used, if a storm lasts 2 h, then s � 8.
The kinetic energy er is computed with the continuous
exponential equation from Renard and Freimund
(1994), as modified by McGregor et al. (1995):

er � 0.29�1 � 0.72 exp��0.082ir��, �2�

where ir is the precipitation intensity (mm h�1) for a
particular storm increment. The McGregor et al. (1995)
modification changed the exponential coefficient to
0.082 from 0.05 (Renard and Freimund 1994). The total
EI (MJ mm ha�1 h�1) is computed as

EI � KE�I30�. �3�

The Fischer–Porter weighing-bucket gauge will mea-
sure snowfall events. However, the concepts of the ki-
netic energy of the falling precipitation and storm ero-
sivity are not meaningful in these situations. A portion
of these gauges is not collocated with climatological
sites that collect temperature and snowfall data. Fur-
thermore, those climatological sites that are collocated
with gauges report only once a day, with the exact time
varying from site to site. As a result, individual snow
“storms” cannot be reliably identified and removed
from the analysis. Therefore, the results for winter in

colder climates may not always represent the potential
for soil erosion.

Seasonal mean storm precipitation total, storm dura-
tion, storm intensity, and storm maximum 15-min in-
tensity examined in Part I, as well as I30, KE, and EI
statistics for each of the four seasons for each station,
were input into a cluster analysis using Ward’s method
to identify regions with homogeneous seasonal cycles of
storm characteristics (Part I). This resulted in nine spa-
tially coherent clusters or zones across the contermi-
nous United States. (Fig. 1). Stations in West Coast
zones 8 and 9 are intermixed, with zone 8 predomi-
nantly at lower elevations and interior valleys and zone
9 at higher elevations. There are also two zone 8 en-
claves in northern Idaho and near Phoenix, Arizona.
For a more detailed map of zones 8 and 9, see Fig. 1 in
Part I.

In addition to studying the seasonal mean erosional
characteristics in each zone, the statistical distribution
of storm characteristics is very useful for constructing
storm time series to be used in erosion modeling. The
probability density function (PDF) of each storm char-
acteristic was determined by testing the fit of two equa-
tion families to the empirical probability bins for each
season and zone and finding the most appropriate fit.
The first equation that is used is the double exponen-
tial:

y � ae��x�b� 	 ce��x�d�. �4�

The coefficients a, b, c, and d are fit using nonlinear
regression procedures in TableCurve 2D (SYSTAT
2002). The second equation is a more general family of
curves that can be derived from the transformed gen-
eral form

lny � a 	 bx��lnx��1 	 cx��lnx��1. �5�

Parameters 
, 
1, �, and �1 define the general form of
the equation, and the coefficients a, b, and c are fit
using linear regression procedures from TableCurve 2D
(SYSTAT 2002). Examples of the fit of these curves to
the data are presented in Part I. Because of the poten-
tial usefulness of these curves, an appendix has been
created with the coefficients of the best-fit curve to
each empirical distribution, and the range of data
where the distribution fits well.

The storm characteristics were analyzed in two ways
in the following section. The nonextreme events were
analyzed by the mean values and fitted distributions,
while the extreme events were characterized by the 10-
yr storm. The mean for each storm characteristic was
calculated by season for all of the storms recorded at all
of the stations in each of the nine zones. Then, the
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means were compared statistically with the Student’s t
test to determine both regions with similar characteris-
tics by season, and seasons with similar characteristics
by region.

The mean 10-yr storm for each zone and season was
derived from the 10-yr storms that were calculated for
each station within the zone. The station 10-yr storms
were generated by fitting the two-parameter Gumbel
distribution to the annual extreme series of the storm
characteristic using L-moments software (Hosking
1991). The 10-yr interval was examined because of the
programmatic importance of this return frequency that
is specified in government soil erosion mitigation poli-
cies (e.g., Renard et al. 1997). The mean 10-yr return
interval estimate and two standard error bounds were
generated for each zone and season from the individual
stations.

Trends in the three mean storm erosion characteris-
tics for each zone were evaluated using linear regres-
sion with time. The input data were annual time series
of 31 values for the period of 1972–2002, derived by
computing the averages of all of the sites in each zone.
Using the resulting regression equations, the change in
each storm characteristic from 1972 to 2002 was calcu-
lated as the regression estimate for 2002, minus the
regression estimate for 1972, divided by the 1972 esti-
mate. This is then expressed as a percent change over
the 31-yr period, giving an indication of the relative size
of the change.

3. Results and discussion

a. Maximum 30-min precipitation intensity

The I30 of a storm is a useful indicator of the storm’s
intensity at its peak. The mean and 10-yr I30 values are
shown in Table 1.The highest amounts occurred in all
seasons in zone 1, the one closest to the Gulf of Mexico,

which is a major source of atmospheric moisture for
storms and the scene of frequent tropical storms. The
values generally decrease when moving farther away
from the Gulf of Mexico. The lowest values are in the
interior west and West Coast. In general, the lowest
values occurred in winter and the highest were in sum-
mer, except for zone 9 when the higher values were in
winter.

The probability density functions (PDFs) of the I30

for all seasons and zones are shown in Fig. 2. The PDFs
illustrate the response of I30 in the tails of the distribu-
tions as well as the central tendencies. There is a gen-
eral pattern of higher intensities in summer, largely due
to the convective nature of the storms during that sea-
son. Zones 4–6 are generally skewed toward less in-
tense I30 amounts. In most cases the probabilities are
similar for spring, summer, and fall, whereas winter is
clearly different, because nonconvective precipitation
processes tend to dominate. The largest difference
among the seasons can be found in zone 6 in the north-
ern United States.

b. Storm kinetic energy

The mean and 10-yr total KE of the falling precipi-
tation (in MJ ha�1) is shown in Table 2. In general, the
largest values occurred in summer and fall, and the
lowest were in winter in zones 1–7. Zones 8 and 9 had
higher average values in winter, reflecting their West
Coast maritime climate of wet winters and dry sum-
mers.

The PDFs of the average KE for all seasons and
zones are shown in Fig. 3. In most cases, there are
smaller differences between the seasons than in the
PDFs for I30. In the east, larger KE values are found in
zones 1–3, with the distribution becoming more skewed
toward smaller KE values in zones 4–7 as distance in-
creases from the important moisture source of the Gulf

TABLE 1. Maximum I30 (mm h�1) mean and 10-yr storm interval estimate bounded by 2 times the standard error, for each zone and
season. Zones with the same superscript letter in a column are not significantly different at � � 0.05, and zones with the same
superscript number for a season in the same row are not significantly different at � � 0.05.

Mean 10-yr I30

Zone Winter Spring Summer Fall Winter Spring Summer Fall

1 11.07 14.52 16.19 14.03 57.5  1.9 81.0  2.1 93.3  2.2 78.5  2.0
2 8.61 12.471 14.89 12.561 41.2  1.4 69.6  1.4 80.6  1.5 67.9  1.5
3 6.55 11.27 12.99a 10.75 23.4  2.5 61.2  3.4 73.5  2.8 58.6  3.1
4 6.71 9.02 13.15a 9.66 26.3  0.9 50.3  1.2 74.2  1.1 52.2  1.0
5 5.62 7.66 12.33 8.00 15.5  0.7 43.4  1.0 71.9  0.9 43.9  0.8
6 5.41 6.39 9.98 7.03 16.3  0.6 30.9  0.9 57.4  1.1 36.0  0.9
7 5.28 5.83 8.43 6.06 10.2  0.5 21.3  0.8 43.2  1.6 22.5  0.9
8 5.99 5.71 6.64 6.18 21.1  1.2 19.1  0.8 23.5  1.9 21.5  1.0
9 6.66 6.00 6.51 6.74 25.6  1.3 21.0  1.0 20.6  2.0 24.2  1.2
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TABLE 2. The KE (MJ ha�1) mean and 10-yr storm interval estimate bounded by 2 times the standard error for each zone and season.
Zones with the same superscript letter in a column are not significantly different at � � 0.05, and zones with the same superscript
number for a season in the same row are not significantly different at � � 0.05.

Mean 10-yr KE

Zone Winter Spring Summer Fall Winter Spring Summer Fall

1 3.46a 3.89 3.20 3.64 25.7  1.1 30.8  1.4 27.3  1.0 31.4  1.2
2 2.78 3.23 3.08 3.50 20.0  0.7 24.4  0.6 23.2  0.6 27.0  0.8
3 1.54 2.39a 2.69a,1 2.631 9.6  1.1 16.8  1.3 21.3  1.2 19.8  1.4
4 2.18 2.44a 2.81 2.85 14.8  0.5 18.6  0.4 22.1  0.4 21.9  0.5
5 1.33 1.90 2.63a 2.07 8.3  0.4 14.3  0.4 20.8  0.4 15.6  0.4
6 1.44 1.71 2.19 1.99a 10.2  0.4 12.4  0.4 17.3  0.4 15.8  0.5
7 1.09 1.21 1.56 1.33 5.5  0.4 8.3  0.3 10.9  0.4 8.6  0.4
8 2.22 1.54 1.38 2.00a 20.3  1.8 13.1  1.0 7.7  0.6 15.3  1.2
9 3.53a 2.21 1.62 3.00 31.4  2.1 19.2  1.3 9.0  0.7 22.2  1.5

FIG. 2. Maximum I30 probability density distributions for all nine zones and four seasons.
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of Mexico. In zones 1–5, summer and fall tend to have
higher KE values; winter and fall are more dominant in
zones 6–9.

c. Storm erosivity index

The mean and 10-yr EI (MJ mm ha�1 h�1) is the
result of multiplying the I30 by the KE (Table 3) and is
considered to be highly correlated to rainfall erosivity
(Wischmeier and Smith 1978). Spring values were
slightly higher in zone 1, and summer was highest in
zones 2–7. Only zones 8 and 9 had the highest values in
winter.

The PDFs for EI are shown in Fig. 4. In zones 1–3,
the differences between the seasons are relatively
small. In zones 4–7, the differences between seasons
become greater, with summer producing the highest
numbers and winter producing the smallest numbers. In

zones 8 and 9, the roles reverse, with summer contrib-
uting to lower amounts while fall and winter play a
larger role.

The spatial patterns of storm characteristics were
generally coherent. High values along the Gulf of
Mexico reflect the influence of the Gulf as a source of
moisture in all seasons. The influence of this moisture
source region decreased away from the coast. The sea-
sonal patterns of storm characteristics were also similar
with warm season precipitation events having the larg-
est magnitudes for all three storm erosion characteris-
tics. The exception to this was the West Coast (zones 8
and 9), where winter events were more energetic. Most
of this area is known for a West Coast maritime climate
with wet winters and a dry, warm summer season.
Storm erosion characteristics were lowest in magnitude
in zone 7 in all seasons except summer, when zones 8
and 9 were the lowest. Zone 7 is the interior west and

FIG. 3. The KE probability density distributions for all nine zones and four seasons.
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FIG. 4. The EI probability density distributions for all nine zones and four seasons.

TABLE 3. The EI (MJ mm ha�1 h�1) mean and 10-yr storm interval estimate bounded by 2 times the standard error, for each zone
and season. Zones with the same superscript letter in a column are not significantly different at � � 0.05, and zones with the same
superscript number for a season in the same row are not significantly different at � � 0.05.

Mean 10-yr EI

Zone Winter Spring Summer Fall Winter Spring Summer Fall

1 77.3 127.1 117.11 115.31 1201.2  81.8 2097.3  146.7 2067.9  100.4 1934.9  111.9
2 45.3 85.9 103.7 96.8 668.5  39.5 1396.5  55.1 1588.8  68.7 1482.0  74.5
3 18.8a 63.61 83.4 67.5 225.2  44.2 939.8  122.0 1376.2  132.9 1026.4  133.4
4 23.9 42.1 80.8 56.2 334.8  23.2 758.0  35.5 1371.3  44.0 929.3  42.1
5 10.5 26.6 71.2 32.1 129.8  14.9 526.7  25.3 1272.7  37.1 583.9  27.0
6 9.9 16.3 43.1 23.6 139.0  10.6 288.9  15.9 807.6  35.3 433.7  23.9
7 7.3 10.5 28.6a 13.0 61.7  8.1 159.5  12.4 480.5  33.9 185.5  17.0
8 19.6a 11.6 14.9 18.0 335.9  47.3 190.4  19.2 165.2  23.9 253.1  29.5
9 38.8 19.8 17.5a 32.1a 629.9  62.5 322.6  37.2 177.6  36.7 422.9  38.7
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the Great Plains—an area known for being the driest in
the United States in all seasons. These storm erosion
characteristic patterns are explained by the seasonal
water availability from source regions, the atmospheric
water vapor capacity (a function of temperature), and
predominant precipitation mechanisms (convective or
stratiform).

d. Trends in mean storm erosion characteristics

The results of the trend analysis of mean storm char-
acteristics are summarized in Table 4. Mean I30 in-
creased across zones 1–5 during the winter, decreased
in zones 1–3 in spring and summer, and increased in
zones 4–8 in spring and summer. Zone 3 winters expe-
rienced the largest percent increase during the study
period, 19.5%. The three zones closest to the Gulf of
Mexico showed evidence of decreasing I30 amounts in
spring, and to a lesser extent in summer. During spring
and summer, generally small increases were found in
zones 4–8. Fall showed the least spatial coherence of
the four seasons with little or no changes over time,
except in zone 1. Zone 4 showed upward trends in all
four seasons, although only the winter trend shows any
statistical significance. Along the West Coast, zone 8
showed small increases in all seasons, while at the
higher elevations zone 9 showed decreases in all sea-
sons.

Mean KE (Table 4) is strongly related to storm total
precipitation (Part I) as shown in Eq. (1). Eastern U.S.
zones 1–5 show increasing trends in mean KE during
winter, while zones 6–9 show decreases. The far south-
ern zones 1 and 2 reverse this signal with decreasing
trends in mean KE during the spring, as do zones 7–9 in

the West. Summer and fall have quite varied trends
across the conterminous United States. Zone 4 in the
Midwest shows fairly consistent positive trends in mean
KE in all seasons, although they are strongest in the
winter. Meanwhile, zone 9 shows fairly large decreases
in mean KE in all four seasons.

The high-elevation zone 9 is easy to analyze for mean
EI trends, because both component parts—mean I30

and mean KE—trend negatively in every season.
Therefore, mean EI trends are strongly negative in
zone 9, ranging from �2.7% in fall to �26.6% during
summer. With similar reasoning, zone 4 shows consis-
tent increases across all four seasons and all three storm
characteristics. Zones 1–5 also showed increases in EI
in winter, as did zones 1, 3, and 4 in fall. Increasing EI
trends are also apparent in zones 5–7 during spring and
summer. Zone 5 encompasses the Corn Belt, and so the
26.0%, 10.2%, and 8.3% increases in storm erosivity
index during winter, spring, and summer, respectively,
could lead to significant impacts to agriculture and wa-
ter quality. Because farm fields are less likely to be
covered during these seasons, increased erosion could
result. As noted in section 2, the Fischer–Porter gauge
does collect snow events and, therefore, may not en-
tirely reflect the potential for soil erosion during winter
months.

The zones and seasons with consistently strong
trends for all three mean storm characteristics include
fall in zone 1, with large increases in I30 and KE leading
to a 42.8% increase in EI (Fig. 5a) from 1972 to 2002
(94–135 MJ mm ha�1 h�1, respectively). The same is
true for winter in zone 3, with a 69.1% increase in mean
EI (Fig. 5b) from 1972 to 2002 (from 13 to 22 MJ mm

TABLE 4. Trends in mean storm characteristics from 1972 to 2002 expressed as a percent change over the entire period. Entries
marked with ** are significant at the p � 0.05 level, and those marked with * are significant at the p � 0.10 level.

Zone 1 2 3 4 5 6 7 8 9

Max 30-min precipitation intensity

Winter 2.3 5.2 19.5** 7.4* 4.6 �1.6 0.2 3.5 �1.0
Spring �7.8 �7.1 �2.4 1.7 2.7 2.6 1.7 2.6 �1.8
Summer �0.1 �6.5** �0.1 0.4 3.2 0.7 6.1** 0.8 �5.2*
Fall 6.9* �0.5 4.6 0.7 �1.4 �0.3 �0.3 0.7 �1.8

Storm kinetic energy

Winter 0.1 8.0 30.4** 9.8 16.3* �12.7 �13.7* �1.3 �12.6
Spring �10.7 �11.3* 1.3 0.9 5.1 2.4 �3.7 �5.3 �14.0*
Summer 1.5 �3.8 �3.3 1.4 1.4 �2.4 4.1** �1.1 �13.4*
Fall 23.8** �1.7 0.7 2.7 �2.5 �2.9 �10.9** 5.0 �2.2

Storm erosivity index

Winter 5.1 15.7 69.1** 20.8 26.0 �17.4 �14.9** 7.2 �13.5
Spring �18.9 �17.0 3.8 3.2 10.2 7.1 1.3 �1.5 �18.9
Summer 4.8 �10.4* �6.0 2.1 8.3 0.5 17.0** �0.2 �26.6**
Fall 42.8** 0.0 13.4 4.6 �5.6 1.5 �9.8 7.9 �2.7
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ha�1 h�1). To the west, summer in zone 7 shows in-
creases in all three mean storm characteristics (Fig. 5c),
while zone 9 shows strong decreases (Fig. 5d). The re-
sulting changes in EI are significant—a 17% increase
for zone 7 in the summer and a 26.6% decrease in zone
9 in the summer.

4. Summary and conclusions

The objective of this work was to provide a unique
study of the spatial distribution and time trends of the
soil erosion characteristics of individual storms, as op-
posed to daily or monthly precipitation, including the
maximum 30-min precipitation intensity (I30), storm ki-
netic energy (KE), and the storm erosivity index (EI).
This is the first time that such an extensive climatology
of soil erosion characteristics of storms in the United
States has been produced.

Erosional characteristics for each of the four tradi-
tional seasons of spring (March–April–May), summer
(June–July–August), fall (September–October–No-

vember), and winter (December–January–February)
were examined. The storm soil erosion characteristics
were computed using the NCDC 15-min precipitation
database. Because of the challenges in the spatial dis-
tribution, length of record, and quality of individual
stations, the storm characteristics were aggregated by
zones derived from a cluster analysis to create more
robust spatial and temporal patterns and to allow for
the use of standard statistical testing.

The highest mean I30, KE, and EI values occurred in
all seasons in the southeastern United States, while the
lowest occurred predominantly in the interior west. The
lowest mean I30, KE, and EI values typically occurred
in winter, while the highest occurred in summer. The
exception to this was along the West Coast, where win-
ter storms exhibited the largest mean KE and EI values.
Storm erosion characteristics were lowest in magnitude
in zone 7 in all seasons except summer, when zones 8
and 9 were lowest. These storm erosion characteristic
patterns are explained by the underlying physical pro-
cesses that are present during the seasons.

FIG. 5. Selected statistically significant trends in EI for (a) fall in zone 1, (b) winter in zone 3, (c) summer in
zone 7, and (d) summer in zone 9.
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Trends in mean storm characteristics for each zone
were evaluated using linear regression. Because EI is
the product of I30 and KE, the trends in those two
parameters are reflected in EI. Previous research men-
tioned in section 2 has shown that EI is closely related
to soil erosion. Zone 9 showed downward trends in all
four seasons, while zone 4 showed upward trends in all
four seasons. Mean EI increased through most of zones
1–5 in fall and winter, a time when fallow farm fields
may be more vulnerable to soil erosion. Meanwhile,
increasing trends in mean EI are evident for spring and
summer in zones 5–7. Further examination of the physi-
cal processes driving these changes is warranted be-
cause they may lead to insights on potential future
changes.

This study shows that the storm characteristics re-
lated to soil erosion (I30, KE, and EI) reflect the un-
derlying processes that also drive total precipitation,

processes such as orographic features and proximity to
oceans, especially the warm Gulf of Mexico. More chal-
lenging for U.S. conservation policy and practices are
the significant changes in storm erosivity characteristics
that have occurred during the period of 1972–2002. As
a result, some portions of the country, for example, the
Corn Belt located in zone 5, may be more vulnerable to
soil erosion over the course of the 31-yr study period.

In addition to long-term climate variability and
change, preliminary research by Palecki et al. (2002)
suggests that storm characteristics are sensitive to large-
scale interannual climate variability, for example, with
the Pacific decadal oscillation (PDO). A further exami-
nation of the impacts of climate variability issues re-
lated to storm soil erosion characteristics is currently
underway, including the influence of El Niño–Southern
Oscillation events. The 31-yr record used in this study is
too short to determine if the noted changes in storm

TABLE A1. Parameters for I30 (mm h�1) valid for 5.08 � X � X max.

Zone Season Equation No. a b c d 
 
1 � �1 X max

1 Winter (4) 0.2330 13.5513 2.6383 2.7446 — — — — 150
1 Spring (4) 0.2143 17.1111 2.7738 2.3960 — — — — 150
1 Summer (4) 0.2115 18.5737 3.8609 1.9868 — — — — 100
1 Fall (4) 0.2204 16.4704 3.0699 2.3208 — — — — 90
2 Winter (4) 0.2418 10.4794 3.2609 2.7551 — — — — 100
2 Spring (4) 0.2203 15.3935 2.5227 2.6592 — — — — 150
2 Summer (4) 0.2143 17.6594 3.2439 2.1978 — — — — 100
2 Fall (4) 0.2193 15.4265 2.6582 2.5977 — — — — 80
3 Winter (5) �1.6503 �0.3453 12.0889 — 0.0 2.0 �1.0 0.0 100
3 Spring (4) 0.1734 15.6311 3.9561 2.4130 — — — — 175
3 Summer (4) 0.2128 15.9223 4.2545 2.1311 — — — — 125
3 Fall (5) �2.9938 �0.0121 13.3819 — 1.0 1.0 �1.0 0.0 80
4 Winter (4) 3.1009 �0.1609 �1.6875 — 1.0 �1.0 0.0 1.0 100
4 Spring (4) 0.2105 11.3351 3.1175 2.8422 — — — — 125
4 Summer (4) 0.2414 15.2744 3.3806 2.2319 — — — — 125
4 Fall (4) 0.2489 11.4464 3.2582 2.6292 — — — — 125
5 Winter (5) �3.2728 �0.4796 10.0222 — 0.0 2.0 �0.5 0.0 75
5 Spring (4) 0.1802 9.9312 5.0738 2.4484 — — — — 100
5 Summer (4) 0.2291 14.9250 3.5074 2.3050 — — — — 125
5 Fall (4) 0.1860 10.5529 5.2869 2.3462 — — — — 100
6 Winter (4) 0.2507 4.3488 19.8545 1.6111 — — — — 35
6 Spring (5) 5.5431 �3.2417 �7.4026 — 0.0 1.0 �2.0 1.0 150
6 Summer (5) �4.0077 �0.0135 8.1714 — 1.0 1.0 �0.5 0.0 125
6 Fall (5) �5.3895 �0.0160 16.4730 — 1.0 1.0 �1.0 1.0 80
7 Winter (5) �14.9460 40.4600 �48.4418 — �0.5 0.0 �2.0 1.0 200
7 Spring (4) �8.5420 �0.0070 26.5452 — 1.0 1.0 �1.0 1.0 100
7 Summer (4) �5.2372 �0.0428 11.5857 — 1.0 0.0 �0.5 0.0 150
7 Fall (5) �8.1429 �0.0060 25.2164 — 1.0 1.0 �1.0 1.0 125
8 Winter (5) �17.1216 64.8168 �71.1422 — �0.5 0.0 �1.0 0.0 150
8 Spring (5) �11.8565 183.7634 �387.8300 — �1.0 0.0 �2.0 1.0 150
8 Summer (5) �6.7061 �0.0346 20.9438 — 1.0 0.0 �1.0 1.0 150
8 Fall (5) �14.6257 47.2730 �103.5289 — �0.5 0.0 �2.0 1.0 110
9 Winter (5) 9.6406 �4.5609 �39.4069 — 0.0 1.0 �2.0 1.0 100
9 Spring (5) �26.3340 69.8979 �268.1261 — �1.0 0.0 �2.0 1.0 75
9 Summer (5) �11.3187 32.9165 �55.0684 — �0.5 0.0 �2.0 1.0 100
9 Fall (5) 9.7045 �4.5583 �40.6869 — 0.0 1.0 �2.0 1.0 100
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erosion characteristics are part of long-term climate
change or are driven by slow oscillations in teleconnec-
tion patterns, such as PDO. However, these results sug-
gest that the changes in the risk of soil erosion are large
enough over time that climate change and variability
must be actively built into soil conservation policy and
practices. One way of doing this is to immediately and
regularly update the climatic parameters in critical con-
servation planning tools and to continue to do so to
reflect current climate conditions as suggested by the
Soil and Water Conservation Society (2003).
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APPENDIX

Coefficients of PDF Curves by Zone and Season

In Tables A1–A3, the equations that best fit the
probability distribution for each variable, season, and
zone are identified as either Eq. (4) or Eq. (5) (see
section 2). The appropriate parameters are identified
for cases utilizing Eq. (5), and the regression coeffi-

TABLE A2. The KE (MJ ha�1) valid for 1.0 � X � X max.

Zone Season Equation No. a b c d 
 
1 � �1 X max

1 Winter (5) �2.6089 �0.3120 0.3457 — 0.5 1.0 �2.0 0.0 50
1 Spring (5) �2.6811 �0.2893 0.3599 — 0.5 1.0 �2.0 0.0 70
1 Summer (5) �2.5687 �0.3257 0.3427 — 0.5 1.0 �2.0 0.0 55
1 Fall (5) �2.6224 �0.3190 �0.3561 — 0.5 1.0 �2.0 0.0 50
2 Winter (5) �2.5176 �0.3658 �0.3454 — 0.5 1.0 �2.0 0.0 40
2 Spring (5) �2.5851 �0.3247 0.3465 — 0.5 1.0 �2.0 0.0 55
2 Summer (5) �2.5664 �0.3358 0.3476 — 0.5 1.0 �2.0 0.0 50
2 Fall (5) �2.6437 �0.3138 0.3654 — 0.5 1.0 �2.0 0.0 50
3 Winter (5) �0.4043 �1.8560 0.2825 — 0.5 0.0 �2.0 0.0 25
3 Spring (5) �0.6931 �1.4768 �0.3345 — 0.5 0.0 �2.0 1.0 60
3 Summer (5) �0.7624 �1.4106 �0.3156 — 0.5 0.0 �2.0 1.0 60
3 Fall (5) �0.6984 �1.4772 �0.3298 — 0.5 0.0 �2.0 1.0 40
4 Winter (5) �2.5906 �0.4053 0.5512 — 0.5 1.0 �1.5 0.0 40
4 Spring (5) �2.5110 �0.3930 0.4824 — 0.5 1.0 �1.5 0.0 40
4 Summer (5) �2.6354 �0.3386 0.5217 — 0.5 1.0 �1.5 0.0 50
4 Fall (5) �2.6607 �0.3397 0.5387 — 0.5 1.0 �1.5 0.0 50
5 Winter (5) 0.1740 �2.2012 �0.3100 — 0.5 0.0 �2.0 1.0 30
5 Spring (5) �2.4688 �0.4690 0.5078 — 0.5 1.0 �1.5 0.0 35
5 Summer (5) �2.6140 �0.3534 0.5228 — 0.5 1.0 �1.5 0.0 40
5 Fall (5) �2.5411 �0.4385 �0.5357 — 0.5 1.0 �1.5 1.0 35
6 Winter (5) �2.0476 �0.7982 �1.3316 — 0.0 2.0 �1.0 1.0 30
6 Spring (5) �2.4334 �0.5119 0.5052 — 0.5 1.0 �1.5 0.0 30
6 Summer (5) �2.4631 �0.4235 0.4755 — 0.5 1.0 �1.5 0.0 35
6 Fall (5) �2.5823 �0.4541 0.5353 — 0.5 1.0 �1.5 0.0 35
7 Winter (5) �3.9340 �0.6435 1.9206 — 0.0 2.0 �1.0 0.0 35
7 Spring (5) 0.1018 �2.2541 0.2445 — 0.5 0.0 �2.0 0.0 30
7 Summer (5) 0.0461 �2.0284 �0.2727 — 0.5 0.0 �2.0 1.0 30
7 Fall (5) �0.0622 �2.1077 0.2505 — 0.5 0.0 �2.0 0.0 30
8 Winter (5) �0.8405 �1.5086 0.3945 — 0.5 0.0 �1.5 0.0 50
8 Spring (5) �0.3479 �1.8569 0.3519 — 0.5 0.0 �1.5 0.0 30
8 Summer (5) �2.8672 �0.7286 0.9280 — 0.0 2.0 �1.5 0.0 25
8 Fall (5) �2.7301 �0.6215 0.7931 — 0.0 2.0 �1.5 0.0 50
9 Winter (5) �1.2464 �1.1972 0.2813 — 0.5 0.0 �2.0 0.0 70
9 Spring (5) �2.8244 �0.5556 0.8152 — 0.0 2.0 �1.5 0.0 40
9 Summer (5) �2.8734 �0.6582 0.9004 — 0.0 2.0 �1.5 0.0 40
9 Fall (5) �0.7624 �1.3369 �0.5617 — 0.5 0.0 �1.0 1.0 45
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cients for the best fit of an analytical curve to the em-
pirical PDF are given for all of the equations.
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Abstract 
Desert pavement is a surficial feature widespread throughout arid lands in the 

world. Whenever found, it can play an important dynamic role in geomorphic, hydrologic, 
and ecologic processes in desert environments. The hydrological properties, especially 
the clast layer impact on hydrological processes, are still not clear to the academic 
community. Anecdotal evidences and empirical observations have reported rapid runoff 
generation process which implied low permeability of the pavement with the clast layer. 
Quantitative result, however, has not yet been reported. An experimental study has been 
carried out in Mojave National Preserve near Providence Mountain to investigate the 
hydraulic properties of the clast layer. Rainfall simulations were conducted with a pair of 
portable rainfall simulators. Each group of experiment includes two parallel runs on two 
adjacent plots, one with intact clast layer and one with clast layer removed. Soil 
moistures time series were measured with Water Content Reflectometers (WCR). Runoff 
was collected at the downstream side of each plot. Experimental results of both runoff 
and soil moisture did not show significant difference between two types of plots, which 
implied the clast layer at the experiment site is not a restrictive layer for infiltration and 
rainfall-runoff processes. In addition, the measured soil moisture curves were used to 
develop an optimization method for Green-Ampt infiltration parameters, which can 
produce a useful tool of direct estimation of G-A parameters for practical applications. 
 
1. Introduction 

Desert Pavement is a common feature of surfaces in arid and semi-arid regions 
around the world. Evenari et al. (1985) showed that about half of arid land in North 
America covered by pavement. The structure of desert pavement consists of a clast layer 
overlying a sand-poor AV horizon. Due to the high occurrence of desert pavement in arid 
and semi-arid areas, it is expected that the pavement surface plays an important role in 
the desert hydrological and ecological system. Significant research has been conducted 
regarding to the mechanism of pavement formation and the geomorphic features. 
However, the hydrological properties of such surface have not been thoroughly 
investigated. Among many questions that are not fully understood on desert pavement, 
the hydrological properties and functions of the clast layer has not been addressed 
previously. There are anecdotal evidences that tightly packed clast layer reduces the 
water infiltration rate. Wood et al (2005) showed indirect qualitative evidences for the 
same trend. This implies that the clast layer can significantly influence the hydrological 
cycle and ecological processes. Quantitative studies are still void for this topic. It is our 
purpose to conduct field measurements to quantitatively examine the hydrological 
properties of the clast layer. 
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2. Methodology 
The method of rainfall simulation was adopted in this study. The rainfall 

simulation test was conducted on a desert alluvial fan at the Mojave National Preserve, 
CA (between 115.61 and 115.39ºW and 35.31 and 34.83ºN)) close to the Providence 
Mountain. The test site is characterized by a layer of desert pavement with the age of 
~100 ka (Young et. al., 2004) dated by McDonald, et al. (2003). An early field survey 
showed that the site is sparsely vegetated by L. trendentata and A. domosa. In each 
experimental run, rainfall simulation was simultaneously conducted on two adjacent plots, 
one intact surface and one surface with clast layer removed, so that we can make 
comparison directly. 

Two portable rainfall simulators (Fig. 1a) were used to conduct rainfall simulation 
on a selected pavement surface. The rainfall simulator consists of a flat, two-foot-square 
(61 cm x 61 cm) Plexiglas reservoir for water, with hypodermic needles on the under side 
(Mutchler and Moldenhauer, 1963; Munn and Huntington, 1976). Water drops were 
produced on the needles and the rainfall intensity was artificially maintained to a constant 
rate through a Marriot system. The rainfall intensity was calibrated three times before and 
after each test to assure that the rainfall intensity was well produced and maintained. At 
the lower slope of each plot, a trench was dug and a plastic trough was placed into the 
trench to collect surface runoff. The gap between the trough and the plot was connected 
by a 900 bend aluminum flashing and sealed using expandable insulating foam to prevent 
leakage (Fig 1b). 

Soil moisture was measured continuously during the rainfall experiment. A Water 
Content Reflectometry (WCR) was placed under each rainfall simulator to measure the 
soil moisture of the top 6.5 cm soil at the frequency of 1Hz.  

There are several advantages of using the rainfall simulation method. The rainfall 
simulation approximates the natural rainfall-infiltration process, while most other 
permeameters test the infiltration at certain constant head. The rainfall simulator can be 
used for complex surface conditions without intrusion to the soil, whereas application of 
many other permeameters interfere the surface of soil at various extent. With the direct 
measurement of the soil moisture, we can observe the whole rainfall-infiltration-runoff 
process. It may also generate a new parameter estimation approach for infiltration models. 

 
 

 
   (a)      (b) 

 
Fig. 1 (a) rainfall simulator ; (b) Probe of water reflectometer 
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3. Observation of runoff generation 
 In total, 7 pairs (14 runs) of rainfall experiment were conducted. Runoff time 
series at down slope side of each plot were recorded and the results are plotted in Fig.2. 
Total runoff volumes for different surfaces are compared in Fig.3. 
 

 
Fig.2 Observed runoff generation processes 

 
Table 1 summarizes the surface runoff characteristics on both paved and unpaved 

plots. In terms of the averaged timings, observed runoff on clast removed plots (B) is a 
little delayed than the observed runoff on intact plots (A). However, t-test (for normal 
distributions) or Mann-Whitney Rank Sum Test (for non-normal distributions) showed 
that there is not a statistically significant difference between two types of plots in any of 
the runoff characteristics, showing that statistically desert pavement has very little affect 
on the runoff generation in the first few minutes after the precipitation started. Fig. 3 
shows the comparison of total runoff volumes for the two types of plots. The result 
indicates that the clast layers generally leads to slightly less runoff or more infiltration, 
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which may be caused by the micro storage and larger roughness of the clast layer that 
impede water flowing downstream and thus promote the infiltration process.  
 
 
Table 1 Characteristic times of runoff generation process 

RFS# Ponding 
(s) 

Initial 
runoff on 
surface (s)

Runoff in all 
quadrants (s)

Flow 
connection 

back to 
front (s) 

Flow to 
trough (s) 

2A 68 114 218 340 194 
2B 60 90 145 270 225 
3A 40 121 252 249 256 
3B 60 131 162 224 305 
4A 49 130 183 N/A 170 
4B 96 179 200 239 233 
5A 116 180 300 560 804 
5B 96 170 555 N/A 757 
6A 38 78 109 128 159 
6B 60 130 220 214 192 
7A 69 119 138 253 219 
7B 80 105 155 192 240 

Difference N (t) 
(p=0.408)

N (t) 
(p=0.604)

N (t) 
(p=0.587) N/A N (MW) 

(p=0.394) 
Averaged A 63 124 200 306 300 
Averaged B 75 134 240 228 325 
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4．Green-Ampt Parameters 
 Green-Ampt (Green and Ampt, 1911) model is the simplest physically based 
infiltration model. It is widely used in practices for rainfall runoff analyses. We can also 
use Green-Ampt parameters to examine the physically properties of the clast layer. 
Previous studies for Green-Ampt parameters (e.g., Rawls et al, 1983) do not determine 
parameter values directly from the infiltration process. In this study, we propose a 
method of parameterizing the Green-Ampt model using soil moisture data measured 
during the infiltration process and apply them to examine the role of the clast layer. 
 A numerical optimization approach is adopted for the parameterization. The 
objective function is defined as 

   ( )[ ] ∑∑
==

=−=
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m

i
ii xrxfyOF
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2
2
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)(,β     (1) 

where yi is the observed value and ( )β,ixf  is the optimized function using the optimized 
parametersβ , r is the residual of f. Note that ( )β,ixf  in this study is solved implicitly 
from the Green-Ampt equation. The Levenberg-Marquardt method (Marquardt, 1963) 
was employed to obtain the minimum of equation (1). The method can be described with 
the following equations: 
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where J is Jacobian of r, p = x-xk for step k, Δk is the trust region radius. For Green-Ampt 
model, we have the following equations for the objective function and Jacobian J: 
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where K is soil hydraulic conductivity, M is moisture deficit, S is suction head, M and 
S are combined as one parameter, tp is ponding time and ts is a virtual time to convert 
rainfall-infiltration to ponded infiltration. In this study, we only optimize K and MS, 
and the optimization covers the soil moisture curve after ponding time. 
  
 In 6 out of 7 pairs of experimental runs we obtained valid soil moisture curves 
and optimization was conducted for these 12 cases. Fig.4 shows the results of 
optimization. It is found that if the actual infiltration curve has a similar shape to the 
theoretical Green-Ampt curve, the optimized infiltration curve can approximate the 
real curve fairly well. However, if abnormal curves were observed, for examples, in 
case 4A and 4B a point of inflection exists which is different from the theory, the 
optimized curve will not accurately approach the actual curve. The reason for such 
abnormal curves can be complex. Layered soil, preferential flow, anisotropic soil or 
vegetation effect may all cause the infiltration deviates from the standard curve. The 
theory will not be able to well represent highly complex natural conditions. 
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Fig. 4 Optimized Green-Ampt infiltration curves 
 
 The results of the optimized Green-Ampt parameters for two types of plots are 
shown in Fig. 5. Comparison does not show significant difference for the conductivities, 
whereas it demonstrates the intact surfaces have larger suction head than clast removed 
surfaces. This implies that the clast layer does not change the soil hydraulic conductivity 
but may affect the capillary force. Such a trend may be explained by the rain drop 
influences on the soil. Clast layer may protect the soil structure and prevent the potential 
surface sealing during rainfall events and thus maintains the capillary effect. 
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Fig. 5 Comparison of optimized K and S. 

 
 
 
6. Concluding remarks 

The role of clast layer within desert pavement in hydrological processes has not 
been fully understood because quantitative observations on the rainfall-runoff events 
occurring on such surfaces are largely absent. In this pilot study, we investigated the clast 
layer function using rainfall simulation method. The rainfall simulation tests described 
herein provided the in-situ runoff and infiltration measurements. Based on these data the 
runoff and infiltration characteristics of intact and clast removed plots were analyzed. 
Although slight differences were observed between two types of plots in terms of total 
infiltration and timing of surface runoff generation, t-test and Mann-Whitney Rank Sum 
Test indicated that the difference is not statistically significant. Total runoff volumes on 
intact surfaces are slightly smaller, implying the clast layer may increase the surface 
storage and runoff routing time and promote infiltration.  
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Green-Ampt infiltration parameters were derived from the observed moisture 
curves through a parameter optimization approach. Results show that the soil hydraulic 
conductivity values for two types of plots do not have significant difference, but the 
suction head values for intact surfaces are larger. This may be explained again by the 
surface storage and the larger roughness of the clast layer. In addition, it implies that the 
infiltration rate with or without the clast layer will be the same for large time when the 
gravity dominates the infiltration process. This study also presented a new method to 
calibrate Green-Ampt or other infiltration model parameters using the observed data and 
will show application in hydrological analyses. 

From this study we found that the clast layer of desert pavement does not act as a 
restrictive layer for infiltration. Rather, it may provide extra surface storage and increase 
runoff routing time to allow more infiltration to occur. The results we found in this pilot 
study may not disclose all truth for the clast layer effect. For some very tightly 
interlocked clast layer with macro pores fill by fine particles, the clast layer may form a 
crust for the underneath soil and impede the infiltration process. However, such surface 
was not observed in our study site. 
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Abstract

Sediment yield from small arid basins, particularly in the Mojave Desert, is largely unknown owing to the ephemeral nature

of these fluvial systems and long recurrence interval of flow events. We examined 27 reservoirs in the northern and eastern

Mojave Desert that trapped sediment from small (b1 km2) drainage basins on alluvial fans over the past 100 yr, calculated

annual sediment yield, and estimated the average recurrence interval (RI) of sediment-depositing flow events. These reservoirs

formed where railbeds crossed and blocked channels, causing sediment to be trapped and stored upslope. Deposits are

temporally constrained by the date of railway construction (1906–1910), the presence of 137Cs in the reservoir profile (post-

1952 sediment), and either 1993, when some basins breached during regional flooding, or 2000–2001, when stratigraphic

analyses were performed. Reservoir deposits are well stratified at most sites and have distinct fining-upward couplets indicative

of discrete episodes of sediment-bearing runoff. Average RI of runoff events for these basins ranges from 2.6 to 7.3 yr and

reflects the incidence of either intense or prolonged rainfall; more than half the runoff events occurred before 1963. A period of

above-normal precipitation, from 1905 to 1941, may have increased runoff frequency in these basins. Mean sediment yield (9 to

48 tons km�2 yr�1) is an order of magnitude smaller than sediment yields calculated elsewhere and may be limited by reduced

storm intensity, the presence of desert pavement, and shallow gradient of fan surfaces. Sediment yield decreases as drainage area

increases, a trend typical of much larger drainage basins where sediment-transport processes constrain sediment yield. Coarse

substrate and low-angle slopes of these alluvial fan surfaces likely limit sediment transport capacity through transmission losses

and channel storage.

D 2005 Elsevier B.V. All rights reserved.

Keywords: Runoff frequency; Sediment yield; Cesium 137; Desert geomorphology
1. Introduction

Natural rates of sediment yield are a critical mea-

surement of geomorphic processes in arid ecosystems.
0169-555X/$ - see front matter D 2005 Elsevier B.V. All rights reserved.
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Sediment yield can be increased by disturbance (Iver-

son, 1980), but also affects soil development and influ-

ences the recovery of disturbed surfaces downslope

from source areas in desert landscapes (Webb and

Thomas, 2003). Processes driving landscape recovery

typically occur on a small scale and over short dis-

tances, and small drainages frequently generate the

highest sediment yields (Osterkamp and Toy, 1997).

Smaller drainage basins typically are not restricted by
2006) 232–244
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sediment-transport limitations such as channel storage

and transmission losses, which are characteristic of

larger, more topographically complex drainage basins

(Lane et al., 1997; Graf, 2002). Sediment yield is

strongly affected by surficial materials, topography,

rainfall seasonality, and vegetation cover. In the western

United States, sediment yield from small drainage

basins has been shown to increase with mean annual

precipitation up to about 400 mm (Langbein and

Schumm, 1958). Above this threshold, increasing veg-

etation cover reduces runoff and sediment yield as

desert scrub gives way to grassland (Branson, 1975).

Rates of sediment delivery by fluvial processes in

arid landscapes are poorly known, primarily because

they are difficult to measure directly. Most streams in

desert landscapes are ephemeral, and even small floods

can have large recurrence intervals. Furthermore, most

existing data have been collected over relatively short

periods of time (b20 yr) from large (N1 km2) drainage

basins, which are more likely to be instrumented

(Schick, 1977; Renard and Stone, 1982; Powell et al.,

1996).
Fig. 1. Map of abandoned early twentieth century railroad routes showing

Desert reported in this study. See Tables 1, 2, and 3 for explanation of rese
We report runoff frequency and sediment yield from

27 small (b1 km2) drainage basins on alluvial fans in

the eastern and northern Mojave Desert (Fig. 1; Table

1). We use artificial impoundments where all fluvial

sediment output has been trapped behind raised railroad

beds. Based on stratigraphic analysis of reservoir sedi-

ments, we estimate the average recurrence interval (RI)

of sediment-transporting fluvial events. Measurements

of 137Cs activity through the reservoir profile provide

additional temporal information for some reservoirs and

permit an evaluation of change in RI over time. Com-

bining the volume of sediment stored in the reservoirs

with the dates of railroad construction, we calculate

sediment yield from the small drainages over periods

of 90 to 100 yr.

2. Background

Numerous railroads were built in the early twenti-

eth century to connect mining camps in the Mojave

Desert with transcontinental rail lines (Myrick,

1992a,b). These railroads, which usually had a
the locations of small reservoirs in the northern and eastern Mojave

rvoir codes.



Table 1

Small drainage basins along early twentieth century railroads and a military camp in the Mojave Desert

Reservoir name Code (Fig. 1) Latitude Longitude Reservoir elevation (m) Drainagea area (ha) Data collectedb

Tonopah and Tidewater RR (1906)

Eagle Mountain EM 368 13V 1168 23V 614 2.0 C, S, V

Lila C Mine LCM 368 16V 1168 29V 743 2.4 C, S, V

North of Baker NOB 358 13V 1168 07V 290 nd S

North of Shoshone 1 NOS1 368 01V 1168 16V 501 0.2 C, S, V

North of Shoshone 2 NOS2 368 01V 1168 16V 506 3.4 C, S, V

Riggs 2 RG2 358 32V 1168 06V 315 nd S

Riggs 3 RG3 358 32V 1168 06V 315 nd S

Silurian 1 SIL1 358 33V 1168 07V 330 1.0 C, S, V

Silurian 2 SIL2 358 33V 1168 06V 329 0.2 C, V

Silurian 3 SIL3 358 33V 1168 06V 329 0.4 C, V

South of Evelyn 1 SOE1 368 06V 1168 17V 559 7.8 C, S, V

South of Evelyn 2 SOE2 368 06V 1168 17V 559 2.4 C, S, V

South of Mesquite Springs SOM 348 59V 1168 11V 363 1.0 S, V

Larger basins

Valjean 1 VAL1 358 35V 1168 07V 312 ~300 S

Valjean 2 VAL2 358 36V 1168 07V 313 ~300 S

Valjean 3 VAL3 358 34V 1168 06V 315 ~300 S

Valjean 4 VAL4 358 34V 1168 07V 322 ~300 S

Las Vegas and Tonopah RR (1906)

Bonnie Claire BC 378 16V 1178 06V 1233 14.0 C, S, V

Las Vegas and Tonopah 1 LVT1 378 01V 1168 58V 1353 28.0 C, S, V

Las Vegas and Tonopah 2 LVT2 368 35V 1168 13V 842 6.3 C, S, V

Stonewall Pass SP 378 22V 1178 08V 1359 12.6 C, S, V

Tecopa RR (1910)

Tecopa Railroad 1 TRR1 358 50V 1168 09V 561 2.5 C, S, V

Tecopa Railroad 2 TRR2 358 50V 1168 09V 561 1.2 V

Tecopa Railroad 3 TRR3 358 50V 1168 09V 571 0.2 C, S, V

Barnwell and Searchlight RR (1906)

Barnwell Searchlight BS 358 23V 1158 03V 1215 15.0 C, S, V

Carson and Colorado RR (1890)

Dolomite DOL 368 34V 1178 57V 1118 1.3 C, S, V

Military Camp (1942)

Camp Ibis CI 348 59V 1148 49V 513 0.9 C, S, V

a nd=not determined; ~300=drainage area is estimated owing to indefinite drainage boundaries.
b C=reservoir 137 Cs activities; S=reservoir stratigraphy; V=reservoir volume.
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north–south orientation, cross thousands of washes,

but adequate drainage was designed only for the

more prominent ones. For most of the smaller chan-

nels, floods either breached the railbed and restored

drainage or flowed parallel to the railbed to reach an

established outlet. In some cases, the railbed dammed

small channels to create artificial reservoirs (Figs. 2

and 3). The construction and abandonment dates of

these railroads are well known (Myrick, 1992a,b);

most of the railroads were built between 1906 and

1910 and abandoned by or before 1940. Sediment in

these reservoirs preserves nearly a century of runoff

and sediment-yield history.
3. Methods

3.1. Site selection

Along more than 600 km of abandoned railroads in

the study area, we identified only 27 reservoirs suitable

for study (Table 1), mainly along the Tonopah and

Tidewater Railroad and connecting lines (Figs. 1 and

2). Reservoirs were selected only if the adjacent rail-

road bed was intact, the channel draining the basin was

completely blocked, no apparent overtopping of the

railroad bed had occurred within the period of record,

and flow parallel to the railroad bed was either blocked



Fig. 2. Aerial view of the former Tonopah and Tidewater Railroad in

Valjean Valley showing the large variety of geomorphic surfaces

crossed on the alluvial fan (photograph by M.P. Collier). Several

small reservoirs appear as light-colored areas upslope (to the left) of

the railroad bed.

P.G. Griffiths et al. / Geomorphology 74 (2006) 232–244 235
or insignificant. These conditions assured that essen-

tially all of the water and sediment were trapped in the

reservoir (Fig. 3), at least within an identified period of

record. The selected reservoirs were, at best, only half-

filled with sediment, with the top of the deposits set 1 m

or more below the surrounding landscape (Fig. 3).

Given the inset topography and small surface area of
Fig. 3. Photograph of a small reservoir along the Tonopah and Tidewater R

railroad bed appears in the right foreground, and the reservoir is the light-c
the reservoir deposits, loss of sediment by eolian pro-

cesses was highly unlikely. Of greater concern was the

potential trapping of eolian sediment by the reservoirs

and we rejected any reservoir with evidence of eolian

deposition.

Physical characteristics of the 27 reservoirs are listed

in Table 1. Elevations of the reservoir surfaces range

from 290 to 1359 m and drainage areas from 0.2 to 28

ha for 23 catchments. We also examined four additional

reservoirs at Valjean that drain catchments with unde-

termined areas of approximately 3 km2. Although these

reservoirs could not be used to calculate sediment yield,

they provided useful flood frequency data for compar-

ison with the smaller drainages. The reservoir at Camp

Ibis was formed at a temporary military camp where a

roadbed dammed a drainage basin of 0.9 ha.

All drainage basins developed on alluvial fan sur-

faces of varying age, relief, and lithologic origin. Most

surfaces have a moderately developed desert pave-

ment, though a few have none at all. Three drainage

basins (Silurian 1–3; Table 1) drain an ancient fan

surface featuring a very well-developed, well-varn-

ished desert pavement underlain by a thick vesicular

Av horizon. Channel beds at all sites are composed of

poorly sorted sand and gravel deposited over coarser

alluvial material. Surface material derives from a va-

riety of volcanic (basalt and rhyolite), fine-grained

volcaniclastic, granitic, and (or) gneissic bedrock. Car-

bonates are present at the Dolomite site, Pleistocene

gravels and Tertiary lacustrine deposits are present at

the two North of Shoshone sites, and extensive eolian

deposits are present at the South of Mesquite Springs

site.
ailroad north of Eagle Mountain (600-m elevation). The abandoned

olored area to the left of the railroad bed. Note the person for scale.



Fig. 4. Stratigraphic section of reservoir deposits. Coarse/fine-grained

couplets record 16 runoff events from this drainage basin between

1906 and 1993.
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Mean gradients upslope of the railbed range from

0.02 to 0.33, but most of the drainage basins have a

relatively low slope (mean gradient of 0.05). The

steepest gradients are created by cliff faces or steep

bedrock hills in the headwaters of basins, which likely

contribute little to the basin-wide sediment yield.

Drainage networks are simple and well-defined in

the smallest basins, but become more complex with

increasing drainage area. The four largest basins (Val-

jean 1–4) have complex networks of anastomosing

channels that made drainage basin boundaries difficult

to define and prevented the accurate measurement of

drainage area.

3.2. Reservoir sedimentology

Most of the impounded alluvial deposits consist of

discrete sedimentation packets that provide a means

of estimating the number of sediment-bearing runoff

events, thereby allowing calculation of RI (Hereford

and Webb, 1997). Because of the intermittent avail-

ability of water, these reservoirs attract wild animals

and domestic livestock; and trampling by animals and

burrowing by rodents causes bioturbation. All reser-

voirs had at least some bioturbation, and some reser-

voirs could not be described owing to pervasive

bioturbation that mixed sediment and blurred the

stratigraphy.

The stratigraphy was examined in small (about 2 m2)

pits (Fig. 3) that were excavated through the reservoir

deposits and into the base. In most cases, the base of the

reservoir alluvium is easily recognized at the contact

between the very fine-grained reservoir deposits and the

underlying coarse-grained and poorly sorted alluvium

of the alluvial fan. The walls of the pits were smoothed

with a trowel and loose sediment was removed with a

gasoline-powered blower. This procedure differentially

etched the alluvium revealing any stratification. The

alluvium was then described, measured, and photo-

graphed. The photographs were used to construct strati-

graphic columns depicting the sedimentology of the

alluvium (Fig. 4). Strata as thin as 1 mm are resolvable

on high resolution photographs.

3.3. Measurement of 137Cs activity

In addition to railroad construction dates, the date

of stratigraphic measurement, and known dates of

reservoir breaching, 137Cs activity was used to con-

strain the time range of sediment deposition in the

reservoirs. 137Cs is an anthropogenic isotope with a

half-life of 30 yr that is created during nuclear fission.
Introduction of 137Cs in the environment began with

above-ground nuclear detonations starting with the

Trinity test in 1945, though distribution was limited

to the immediate vicinity of test sites in New Mexico

and Nevada. With the advent of high-yield fusion

devices in 1952, large quantities of 137Cs were

injected into the stratosphere and distributed world-

wide as fallout. The absolute amount of fallout varies

locally in close association with precipitation, but the

time series of relative fallout tracks the frequency and

magnitude of weapons testing. Fallout of 137Cs was

first detected worldwide in 1952 following the first

test of a fusion bomb. Atmospheric testing peaked in

1962 preceding the Limited Test Ban Treaty and

resulted in maximum 137Cs fallout occurring in

1963–1964. Subsequent fallout decreased to undetect-

able levels by the late 1970s (Fig. 5).
137Cs has been used extensively as a temporal

marker in soils and in alluvial and lacustrine sedi-

ments (Ritchie et al., 1972; Ritchie and McHenry,

1990; Ely et al., 1992; Popp et al., 1998). Once

deposited on the landscape, 137Cs sorbs immediately

and nearly irreversibly to clay particles or negatively

charged surfaces such as oxyhydroxy coatings on sand

grains. The activity of 137Cs is detectable in most soils

or sediment that was exposed to fallout at some time,

even if eroded, transported, and redeposited after-



Fig. 5. Graph showing a time series of atmospheric fallout of 137Cs at Los Angeles, CA, 1950 to 1990 (Hartley, 2004).
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wards. In the Mojave Desert, we date initial and peak
137Cs activity to 1952 and 1963, respectively, based

on the nearest reliable fallout record (Los Angeles;

Fig. 5). In 18 reservoirs, we sampled stratigraphic

sections for the presence of 137Cs in approximately

equally spaced increments. The sample interval varied

between 1 and 5 cm from site to site in accordance

with the average thickness of depositional strata.
137Cs activity was measured using a well-type,

high-purity germanium gamma-ray detector. Owing

to the size limitations of this device, all samples

were hand-sieved to particles b2 mm in diameter

before measurement.

3.4. Sediment yield

Drainage basin perimeters were measured using one

of two methods. For the smallest basins (b1 ha), we

surveyed the boundary using a total station. Boundaries

of the larger drainage basins were mapped by walking

the perimeter and collecting UTM coordinates with a

hand-held GPS at regular intervals (estimated position

error averaged F4 m). Perimeter coordinates were

imported into GIS software to calculate drainage

basin areas.

Volumes of reservoir sediment were estimated by

integrating measurements of sediment depth collected

systematically across each reservoir surface. Using

measuring tapes, a grid staggered in a diamond pattern

was established across each reservoir surface parallel

to the railbed. The sample interval varied between 1

and 3 m, depending on the size of the reservoir, and a

minimum of 100 depths were measured at each site

(Fig. 6). A soil augur was used to penetrate the
reservoir sediment at each grid node and the depth

of the deposit recorded. The stratigraphic sample pit

dug in the center of the reservoir gave a visual guide

to the likely depth of deposits (Fig. 3), though typi-

cally the transition between silty reservoir sediment

and the coarser particles of the underlying alluvial fan

could be easily identified using the auger. Where

sediment was too coarse for the hand auger, particu-

larly in the deltaic portion of the reservoir, a small pit

was excavated. Occasionally, distinguishing the bot-

tom of the reservoir from thin layers of gravel in the

upstream mouth or delta of a reservoir was difficult.

This was a persistent problem at North of Shoshone 2

(NOS2), and this reservoir was eliminated from the

sediment-yield analysis.

Anomalous depths and sampling errors were re-

duced by averaging the measured depth with the

mean of the six neighboring depths at each sample

location:

D ¼
6d0 þ

X
di

12
ð1Þ

where D =weighted sample depth, d0=measured sam-

ple depth, and di =depth of each of the six neighboring

sample depths. Reservoir sediment volume was calcu-

lated as the sum of all weighted sample depths (D) at

the reservoir multiplied by the square of the sampling

interval.

Sediment volume was converted to mass using the

dry bulk density measured at each reservoir. Three bulk

density samples were collected at each reservoir using a

known-volume core sampler. Samples were oven-dried

before weighing, and the average of the three samples



Fig. 6. Map showing sediment thickness at the Eagle Mountain reservoir plotted on a 3-m sampling grid.
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was used to calculate the average density of reservoir

sediment.

4. Results

4.1. Reservoir sedimentology

The alluvium stored in the reservoirs is distinctly

layered, light colored, and fine grained compared with

sediment in the undisturbed washes and surrounding

alluvial fans. Near the railbed, the reservoir alluvium

typically is very fine-grained silty sand to silty clay

deposited in layers ranging in thickness from 13 to 100

cm. It is generally well-stratified, except at a few sites

that either lack stratification, are poorly stratified, or

have unidentifiable strata owing to bioturbation (Table

2). Typically, the sedimentology consists of fining up-

ward couplets bounded above and below by sharp
contacts indicating periods without deposition (Figs. 4

and 7). The couplets consist of a basal interval of sandy

silt that is overlain gradationally by an interval of

distinctly finer sediment ranging in grain size from

coarse silt to silty clay. The gradation between coarse-

and fine-grained intervals indicates the couplets formed

after runoff as sediment settled through the water col-

umn (Wood, 1947). We therefore interpret the couplets

as indicative of discrete runoff events. Very thin (1 mm)

coarse- and fine-grained layers within the upper parts of

some couplets suggest discrete phases of sediment input

during a single flood.

Although the coarse/fine couplet is the most prev-

alent type of stratum, each reservoir also contains one

to several strata that lack fine-grained sediment. These

strata are bounded by sharp bedding planes, suggest-

ing that they were deposited by either a single runoff

event or several indistinguishable events closely



Table 2

Sedimentology of small reservoirs and recurrence interval (RI) of sediment-bearing runoff in the northern and eastern Mojave Desert

Reservoir name Code

(Fig. 1)

Reservoir

depth (cm)

Coupletsa Average runoff RI (yr)a

Totalb

(n)

After 1952 Total Before

1952

After

1952
(n) (%)

Stratified deposits

Bonnie Claire BC 57 27 B 11 41 3.5 2.8 4.5

Camp Ibis CI 20.6 22 22 100 2.7 nd nd

Las Vegas Tonopah 2 LVT2 31.5 22 B 10 45 4.3 3.8 4.9

Lila C Mine LCM 48.5 29 18 62 3.2 4.2 2.7

North of Shoshone 1 NOS1 52 19 12 63 4.9 6.6 4.0

Silurian 1 SIL1 13.5 19 5 26 4.9 3.3 9.6

South of Evelyn SOE 56 21 7 33 4.5 3.3 6.9

South of Mesquite Springs SOM 48.9 16 5 31 5.9 4.2 9.6

Stonewall Pass SP 69.5 25 nd nd nd 2.6 nd

Tecopa RR 1 TRR1 49 35 12 34 2.6 1.8 4.0

Valjean 1 V1 82 17 4 24 6.7 5.1 10.3

Valjean 2 V2 97 13 4 31 5.1 3.5 10.3

Valjean 3 V3 55 12 4 33 7.3 5.8 10.3

Valjean 4 V4 78 17 10 59 5.1 6.6 4.1

Average (n =14) 4.7 4.1 6.7

Unstratified or highly bioturbated deposits

Barnwell Searchlight BS 60 M nd nd nd nd nd

Dolomite DOL 51 In nd nd nd nd nd

Eagle Mountain EM 37.5 M nd nd nd nd nd

Tecopa RR 3 TRR3 25 In nd nd nd nd nd

a nd – no data because stratigraphy is incomplete.
b M – massive, not stratified; In – number of beds indeterminate because of poorly developed or unidentifiable stratification; B – alluvium

bioturbated but stratification still recognizable.
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spaced in time. Because only those runoff events that

deposit a distinct packet of sediment can be counted,

the smallest runoff events are not represented in the
Fig. 7. Stratigraphic cross-section showing sedimentology and correlation of

transect following the Las Vegas and Tonopah and Tonopah and Tidewater R

Cumulative number of runoff events are indicated to the left of each colum
sediment record. The magnitude threshold of pre-

served runoff events is difficult to determine because

it depends on the specific infiltration capacity of the
reservoir alluvium in the Mojave Desert along a 284-km north–south

ailroads. Levels of 137Cs activity indicate markers for 1952 and 1963.

n. b =bioturbation.



Fig. 8. Profiles of 137Cs activity in the alluvial stratigraphy of three

small reservoirs normalized to equal thickness: (A) Camp Ibis profile

shows a typical reservoir profile with peak activity at 1963 and no
137Cs before 1952. (B) Peak 137Cs activity at the surface suggests that

Stonewall Pass reservoir has spilled sediment since 1963 or earlier.

(C) The random distribution of measurable 137Cs throughout the

profile at Dolomite suggests that the reservoir sediment has been

disturbed by bioturbation.
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drainage basin as well as some minimum quantity of

transported sediment.

The stratigraphy and sedimentology of seven small

basins along a 284-km north–south transect are shown

in Fig. 7. Correlation of the deposits is based on the

position of the basal 137Cs horizon corresponding to the

start of measurable fallout in 1952. A second correla-

tion corresponding to 1963 is possible at five of the

sections based on peak 137Cs activity. The number of

runoff events ranges from 16 to 35 over the period of

1906–1910 through 2001. Relative to the 1952 datum,

more runoff events occurred before 1952 than after in

five of the seven reservoirs. On average, only two or

three events occurred during the period from 1952 to

1963.

4.2. 137Cs activity

Profiles of 137Cs activity in the sampled reservoirs

are typical of reservoir deposits elsewhere (Ritchie et

al., 1972). Activities typically range from 0.5–1.0 pCi/g

at the surface, increase with depth to a peak activity

reflecting local 1963 fallout, then decrease exponential-

ly with depth to unmeasurable levels in pre-1952

deposits (Fig. 8A). The 137Cs profiles at three sites –

Stonewall Pass (SP), Las Vegas-Tonopah 1 (LVT1), and

Dolomite (DOL) – differ from this general pattern. At

SP and LVT1, peak 137Cs activity is at the surface,

suggesting that the reservoirs filled and discharged

sediment earlier than or about 1963 (Fig. 8B). Based

on this indication of incomplete sediment records, SP

and LVT1 were eliminated from further evaluation of

sediment yield or RI. At DOL, 137Cs activities appear to

have a random distribution with depth (Fig. 8C). Both

the random activities and the absence of stratification

suggest that this sediment was mixed, possibly by

bioturbation, and DOL was excluded from frequency

analysis. As there was no evidence that this reservoir

had lost sediment, DOL was included in the sediment-

yield analysis.

4.3. Runoff recurrence interval (RI)

Of the 18 small reservoirs we studied, 14 had strat-

ification sufficient for estimation of RI (Table 2). RI

ranges from 2.6 to 7.3 yr and averages 4.7F1.4 yr for

the 14 watersheds. The average RIs of the pre- and

post-1952 period are 4.3F1.6 and 6.4F2.9 yr, respec-

tively. RIs increased after 1952 at nine locations by an

average of 110% (Table 2). RIs calculated for the larger

(3 km2) Valjean drainage basins were two to three years

longer than those of the smaller catchments.
If runoff frequencies were consistent through time,

one would expect about the same rate of runoff events

before and after 1952, as 1952 divides the depositional

time interval (1906–2001) approximately in half. How-

ever, the stratigraphy, with the noted exceptions, indi-

cates that substantially more than one-half the events

had occurred and sediment had accumulated by 1952.

Given events of similar magnitude, one might expect

each bed to be thinner than the previous one owing to

an increase in surface area as the reservoir fills with

sediment. However, beds appear to be of equal thick-

ness throughout the sections (Figs. 4 and 7), suggesting

that topography of the reservoir was not an important

control on bedding thickness.



Table 3

Reservoir characteristics and sediment yield of small drainage basins in the northern and eastern Mojave Desert

Reservoir name Code

(Fig. 1)

Elevation

(m)

Basin

area (ha)

Reservoir

volume (m3)

Age of

reservoir (yr)

Bulk density

(kg m�3)

Sediment discharge

(kg yr�1)

Sediment yield

(kg yr�1 ha�1)

Alluviala

Barnwell Searchlight BS 1215 15.0 411.5 94 935 4090 274

Bonnie Claire BC 1233 14.0 109.3 94 1127 1310 93

Camp Ibis CI 513 0.9 18.0 60 867 260 279

Dolomite DOL 1118 1.3 48.4 112 1290 557 431

Eagle Mountain EM 614 2.0 68.4 94 1310 953 475

Las Vegas and Tonopah 2 LVT2 842 6.3 58.4 96 1073 652 103

Lila C Mine LCM 743 2.4 41.8 94 1212 538 228

Silurian 1 SIL1 330 1.0 17.2 92 1200 225 229

Silurian 2 SIL2 329 0.2 6.5 92 1200 85 346

Silurian 3 SIL3 329 0.4 4.1 92 1200 54 151

South of Evelyn 1 SOE1 559 7.8 156.4 96 1071 1750 223

South of Evelyn 2 SOE2 559 2.4 94.5 96 1071 1050 434

Tecopa Railroad 1 TRR1 561 2.5 73.2 90 1012 823 323

Tecopa Railroad 2 TRR2 561 1.2 27.3 90 1144 347 298

Tecopa Railroad 3 TRR3 571 0.2 4.0 90 1170 52 318

Lacustrine/Eolianb

North of Shoshone 1 NOS1 501 0.2 21.2 94 1085 245 1110

South of Mesquite Springs SOM 363 1.0 126.8 94 1240 1670 1670

a Coarse-grained source material transported from alluvial surfaces of varying age and composed of volcanic, volcaniclastic, and/or granitic parent

material.
b Fine-grained source material is predominantly Tertiary gravels and lacustrine deposits (North of Shoshone 1) or alluvial surfaces with abundant

eolian deposits (South of Mesquite Springs).
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4.4. Sediment discharge and sediment yield

Seventeen drainage basins met the criteria for the

calculation of mean annual sediment yield (Table 3).

The surface area of the 17 reservoirs ranges from 45 to

1500 m2, the mass of sediment stored ranged from 4.7
Fig. 9. Graph showing the relation between sediment yield and drainage ar

amounts of eolian and lacustrine substrate in the watershed yielded notably
to 380 tons, and sediment discharge ranged from 50 to

4100 kg/yr (0.05 to 4.1 tons/yr; Table 3). Two drainage

basins (NOS1 and SOM) yielded significantly more

sediment per unit area than the others owing to sub-

stantial lacustrine and eolian deposits in the basins (Fig.

9). We could not quantify the exact contribution of
ea for 15 small basins in the Mojave Desert. Basins with significant

more sediment than average.
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these deposits to reservoir sedimentation and excluded

these two drainage basins from further analysis.

Sediment yield for the remaining 15 drainage basins

ranged from 90 to 480 kg ha�1 yr�1 (9 to 48 tons km�2

yr�1) with a mean of 280 and a standard deviation of

F110 kg ha�1 yr�1 (28F11 tons km�2 yr�1; Fig. 9).

The relation between sediment yield (SY, kg ha�1

yr�1) and drainage area (A, ha) is given by

SY ¼ 275dA�0:13: ð2Þ

The plotted data displays a fair degree of scatter

(Fig. 9), which is reflected in a low correlation coeffi-

cient (R2=0.14) that is significant with 80% confi-

dence. Sediment yield was not calculated for shorter

time periods, as delineated with 137Cs dating, because

the hypsometry of reservoir volumes is not sufficiently

known.

5. Discussion

The RIs and sediment yields for 27 small reservoirs

in the Mojave Desert differ significantly from sediment

yields estimated for other regions. Although RIs ranged

from 2.6 to 7.3 yr, 60% of the events occurred before

1952 and the RI increased at nine locations by an

average of 110% after 1952. This change in the fre-

quency of sedimentation events may be related to con-

current changes observed in the regional precipitation

regime. Hereford et al. (2004, in press) have delineated

two distinct periods in the Mojave Desert precipitation

record of the twentieth century: a wet period from 1905

through 1941 followed by a dry episode from 1942 to

1978 (Fig. 10). The initial period of above-normal

precipitation may have increased runoff frequency and

produced an above-average number of sediment depos-
Fig. 10. Graph showing a time series of average frequency in days of high

Desert region, 1894–2003. High intensity is defined as precipitation N90th

indicates years above (dark) and below (light) average days of high-intensi
its in the reservoirs. The later dry episode, also known

as the mid-century drought, was characterized by a

reduced frequency of high intensity precipitation. Al-

though the frequency of all runoff events may not have

changed, a reduction in storm intensity may have re-

duced the frequency of higher magnitude events, which

are more likely to deposit sediment in the reservoirs.

Sediment yield averaged 28 tons km�2 yr�1 at 15

reservoirs and generally decreased as drainage area

increased (Fig. 9). The correlation between sediment

yield and drainage area is only moderate, but this is not

unexpected given the small sample size and diversity of

source sediments and drainage topography. This trend

is supported by the general distribution of RIs, which

indicates that sedimentation frequency was lowest in

the largest drainage basins (V1–V4; Table 2). The

inverse relation between sediment yield and drainage

area (Eq. (2)) is in accord with a trend typical of larger

drainage basins in a variety of climatic and geologic

settings, including southern Arizona (Renard, 1972),

the southwestern United States (Strand, 1975), and

the continental United States (Dendy and Bolton,

1976; Fig. 11).

Large drainage basins have typically been described

as transport-limited, where sediment yield decreases

owing to increased transmission losses, channel stor-

age, and other losses in sediment transport capacity as

stream networks grow more complex and the ratio of

flat bottomlands to steep headwaters increases with

drainage area (Lane et al., 1997; Osterkamp and Toy,

1997; Graf, 2002). In contrast, very small (b1 km2)

drainage basins have been described as supply-limited,

controlled by sediment production processes such as

sheet wash and rill erosion which result in an increase

in sediment yield with drainage area (Lane et al., 1997;
-intensity precipitation for each of 52 weather stations in the Mojave

percentile of all measurable daily precipitation at a station. Shading

ty precipitation for the period of record.



Fig. 11. Graph showing the relation between sediment yield and drainage area for drainage basins in five different locations. Mojave Desert drainage

basins generate an order of magnitude less sediment per unit area than basins elsewhere in southern Arizona (Renard, 1972), the southwestern

United States (Strand, 1975), the continental United States (Dendy and Bolton, 1976), and at one basin in the Negev Desert (Schick, 1977). [Line

for the continental United States is derived from relation in Lane et al. (1997) based on data from Dendy and Bolton (1976)].
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Osterkamp and Toy, 1997; Graf, 1987; Hereford, 1987).

That small catchments in the Mojave Desert respond

more like large drainage basins suggests that they are

also transport-limited, possibly susceptible to transmis-

sion losses and channel storage owing to the coarse

substrate and low slope of these arid alluvial fans.

The Mojave Desert drainage basins differ notably

from large drainage basins at other locations in that they

produce an order of magnitude less sediment per unit

area (Fig. 11). Reduced sediment yield is not explained

solely by limited precipitation; sediment yield from a

small (0.5 km2) drainage basin in the extremely arid

southern Negev Desert (Schick, 1977) is comparable

with sediment yield from more humid locales (Fig. 11).

The difference in sediment yields between the Negev

and Mojave Deserts may result partly from the type of

storm that generates sediment-depositing runoff. Most

runoff in the Negev is produced by intense, localized

thunderstorms (Kahana et al., 2002); in contrast, most

runoff in the Mojave is generated during lower-inten-

sity winter storms that are likely less erosive on the

landscape (Hereford et al., in press). Reduced sediment

yield from these Mojave Desert drainage basins may be

better explained by the presence of low-angle slopes

and either coarse particles or desert pavement armoring

most fan surfaces. These features would have a greater

effect in limiting sediment transport on lower magni-

tude runoff. Sediment yields from steeper drainage

basins in the Mojave would likely be greater than

what is recorded here.
6. Conclusions

For 27 small (b1 km2) drainage basins on alluvial

fans in the Mojave Desert, recurrence intervals (RI) of

sediment-bearing runoff events and average sediment

yield were estimated using reservoirs impounded along

historical railways. RIs ranged from 2.6 to 7.3 yr during

the twentieth century. Based on 137Cs dating, 60% of

these events occurred before 1952 and RIs increased at

nine locations by 110% after 1952. In the Mojave

Desert, variation in the frequency of runoff events

that deposit sediment during the last hundred years

may be the result of changes observed in precipitation

regime: a wet period of above-normal storm intensity

from 1905 through 1941 followed by a dry episode of

below-normal storm intensity from 1942 to 1978.

Storm intensity is likely a good indicator of sediment

deposition because of the censored nature of the pre-

served deposits; only runoff above a certain magnitude

will overcome transmission losses on the alluvial fans

and transport sufficient sediment to create a discernible

deposit in the reservoir. Runoff events generated by

low-intensity precipitation are not preserved.

Sediment yield from 15 drainage basins generally

decreased as drainage area increased, matching in both

direction and degree a trend typical of larger drainage

basins where sediment transport limitations constrain

sediment production. This suggests that the small

Mojave catchments are also transport-limited, likely

owing to the generally low intensity of storms causing
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runoff and transmission losses and channel storage in

complex channel networks on poorly sorted, low-angle

alluvial fans. Sediment yield from the Mojave catch-

ments was an order of magnitude smaller than sediment

yield from larger drainage basins. Lower sediment

yields were likely the result of reduced storm intensity,

surface armoring by desert pavement or coarse parti-

cles, and the limited transport energy inherent in low-

angle fan surfaces.
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Hereford, R., Webb, R.H., Longpré, C.I., in press. Precipitation

history and ecosystem response to multidecadal precipitation

variability in the Mojave Desert region, 1893–2001. Journal of

Arid Environments.
Iverson, R.M., 1980. Processes of accelerated pluvial erosion on

desert hill slopes modified by vehicular traffic. Earth Surface

Processes 5, 369–388.

Kahana, R., Ziv, B., Enzel, Y., Dayan, U., 2002. Synoptic climatology

of major floods in the Negev Desert, Israel. International Journal

of Climatology 22, 867–882.

Lane, L.J., Hernandez, M., Nichols, M., 1997. Processes controlling

sediment yield from watersheds as functions of spatial scale.

Environmental Modeling and Software 12, 355–369.

Langbein, W.B., Schumm, S.A., 1958. Yield of sediment in relation to

mean annual precipitation. American Geophysical Union Transac-

tions 39, 1076–1084.

Myrick, D.F., 1992a. Railroads of Nevada and Eastern California, The

Northern Roads, vol. 1. University of Nevada Press, Reno.

Myrick, D.F., 1992b. Railroads of Nevada and Eastern California, The

Southern Roads, vol. 2. University of Nevada Press, Reno.

Osterkamp, W.R., Toy, T.J., 1997. Geomorphic considerations for

erosion prediction. Environmental Geology 29, 152–157.

Popp, C.J., Hawley, J.W., Love, D.W., Dehn, M., 1998. Use of

radiometric (Cs-137, Pb-210), geomorphic, and stratigraphic tech-

niques to date recent oxbow sediments in the Rio Puerco drainage

Grants Uranium Region, New Mexico. Environmental Geology

and Water Sciences 11 (3), 253–269.

Powell, D.M., Reid, I., Laronne, J.B., Frostick, L.E., 1996. Bed load

as a component of sediment yield from a semiarid watershed of

the southern Negev. In: Walling, D.E., Webb, B. (Eds.), Erosion

and Sediment Yield: Global and Regional Perspectives, Interna-

tional Association of Hydrologists Publication, vol. 236. IAHS,

Wallingford, UK, pp. 389–397.

Renard, K.G., 1972. Sediment problems in the arid and semi-arid

southwest. Proceedings, 27th Annual Meeting, Soil Conservation

Society of America, Portland, OR, pp. 225–232.

Renard, K.G., Stone, J.J., 1982. Sediment yield from small semiarid

rangeland watersheds. Proceedings of the Workshop on Estimat-

ing Erosion and Sediment Yield on Rangelands. Agricultural

Research Service, Oakland, CA, pp. 29–144.

Ritchie, J.C., McHenry, J.R., 1990. Application of radioactive cesi-

um-137 for measuring soil erosion and sediment accumulation

rates and patterns, a review. Journal of Environmental Quality 19,

215–233.

Ritchie, J.C., McHenry, J.R., Gill, A.C., 1972. Fallout Cs-137 in

reservoir sediments. Health Physics 22, 97–98.

Schick, A.P., 1977. A tentative sediment budget for an extremely

arid watershed in the southern Negev. In: Doehring, D.O. (Ed.),

Geomorphology in Arid Regions. SUNY, Binghamton, NY,

pp. 139–163.

Strand, R.I., 1975. Bureau of reclamation procedures for predicting

sediment yield. Present and prospective technology for predicting

sediment yields and sources. U.S. Department of Agriculture

Report ARS-S-40, Washington, DC, pp. 5–10.

Webb, R.H., Thomas, K.A., 2003. Recoverability of severely dis-

turbed soils and vegetation in the Mojave Desert, California,

USA. In: Alsharhan, A.S., Wood, W.W., Goudie, A.S., Fowler,

A., Abdellatif, E.M. (Eds.), Desertification in the Third Millenni-

um. Swets & Zeitlinger (Balkema), The Netherlands.

Wood, A.E., 1947. Multiple banding of sediments deposited during a

single season. American Journal of Science 245, 304–312.





	

1	 PROGRAMMATIC AGREEMENT

	

2	 (--• AMONG THE 

	

3	 BUREAU OF LANDMANAGEMENT-CALIFORNIA,

	

4	 THE CALIFORNIA STATE HISTORIC PRESERVATION OFFICER,

	

s	 THE ADVISORY COUNCIL ON-HISTORIC PRESERVATION

	

6	 THE UNITED STATES Aitmytogps OF ENGINEERS,

	

7	 L.1/ /rEHINATIOINiAL PARK SERVICE,
THETHE CALIFORNIA ENERGY COMMISSION,

	

9	 20104HE TESSERASOLAR COMPANY,

	

10	 REGARD*G-THELT:ESSERA 'SOLAR , IMPERIAL VALLEY SOLAR

	

11	 7 - PitOJECT;IMPRIALCOUNTY, CALIFORNIA

1
Tessera Imperial Valley Solar Project Programmatic Agreement-Draft-3.26.2010



18 APPENDIX B: HISTORIC PROPERTIES TREATMENT PLAN AND HISTORIC
19 PROPERTIES MANAGEMENT PLAN

20

12 INDEX (to be completed as document evolves)
13

14 INTRODUCTION

15 PROJECT DESCRIPTION

16 PROGRAMMATIC AGREEMENT

17 APPENDIX A: IDENTIFICATION AND EVALUTION

2
Tessera Imperial Valley Solar Project Programmatic Agreement-Draft-3.26.2010



21 INTRODUCTION

22 The intent of this Programmatic Agreement (Agreement) is to provide processes whereby the
23 Bureau of Land Management (BLM) and the California Energy Commission (Energy
24	 Commission), in consultation with the California State Historic Preservation Officer, the
25	 Advisory Council on Historic Preservation, Indian Tribes and other consulting parties, shall
26 determine the steps the agencies shall follow to take into account effects on historic properties as
27	 required by section 106 of the National Historic Preservation Act and satisfy the requirements of
28 the California Environmental Quality Act.

29 The Energy Commission and the BLM, in consultation with the consulting parties to this
30	 Agreement, will consider and incorporate within the section 106 consultation process the
31 mitigation measures and performance standards of the Staff Assessment and Draft Environmental
32 Impact Statement and Draft California Desert Conservation Area Plan Amendment, SE'S Solar
33 Two Project, Application for Certification (08-A C-5,)Imperial County (2010) as adopted by the
34 Energy Commission and the BLM in any deciiion toyermit the Imperial Valley Solar Project.
35 The BLM and the Energy Commission will endeavor to make the historic properties
36 management provisions of this Agreement as consistent as possible with the objectives and terms
37 of the Supplemental Staff Assessmerit/FinalEnvironmental Impact Statement.

,
38	 Government agencies, consulting parties, and the public identified in the scoping and public
39 notification process for Staff Assessment/Environmental Impact 'Statement will be advised in the
40 Supplemental Staff Assessment/Final Environmental Impact Statement that historic properties
41	 associated with the undertaking would be treated consistent with the mitigation measures or
42 performance standards identified in the final Supplemental Staff Assessment/Final
43 Environmental Impact Statement and adopted by the agencies, and consistent with the
44 stipulations of this Agreement Aproposed final draft of this Agreement will be circulated for,
45 public comment as an attachment tattle Final Supplemental Staff Assessment/Final
46 Environnientalimpact Statement. The Signatories have consulted with the Invited Signatories
47 and Concurring 'Parties to this Agreemenkand have taken into consideration applicable public
48 comments, if any, received regarding the draft Agreement in preparing this final Agreement.
49 Additionally, the B\LM has made written requests to Indian Tribes to provide comments
50 regarding the proposediinaidraft'Agreement and has consulted with the other Signatories and
51	 Invited Signatories to takeinto consideration applicable comments received from the Indian
52 Tribes in making this final Agreement.

53
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54 PROJECT DESCRIPTION
55
56	 a) The proposed undertaking includes the following components:
57
58	 i) The Imperial Valley Solar Project would consist of a solar thermal power plant
59	 facility approximately 14 miles west of El Centro, California in Imperial County. The
60	 proposed project would be constructed in two phases utilizing SunCatcher (Sterling
61	 Engine) technology, and would include approximately 30,000 25 kilowatt (kW) solar
62	 power dishes with a generating capacity of approximately 750 megawatts (MW).
63
64	 (1) The first phase would consist of up to 12,000 SunCatchers configured in arrays of
65	 200 1.5 mW solar groups (60 SunCatchers/I .5 MW group) with a generating
66	 capacity of about 300 MW.
67
68	 (2) The second phase would consist of approximately 18,000 SunCatchers configured
69	 in 500 1.5 MW groups (60 SunCatchers/1.5 MW group) with a net generating
70	 capacity of 450 MW.
71
72	 ii) Each SunCatcher system consists of a 38x40,foot wide solar concentrator dish that
73	 supports an array of curved glass mirror facets designed to automatically track the sun
74	 and focus solar energy onto a • Power,Conversion Unit which generates electricity.
75
76	 iii) Related structures Include a main services complex, assembly buildings, a 230-
77	 kilovolts (kV) electrical substation, a ten(10)mile transmission line, access roads,
78	 supply water line, and Iten (10) mile 230 kV transmission line from the project site
79	 to the exiStirig,substation.'
80
81	 iv),The project would be 	 approximately 6,500 acres of land, including
82	 / approximately 6,180 acres of public land administered by the Bureau of Land
83	 Management and 320 acres of priVately owned land.,
84
85	 vY An\ off-site 6-inelkdiameter Water supply pipeline will be constructed a distance of
86	 approximately 12 Miles from the Seeley Water Treatment Plant to the project
87	 bourida6.,
88
89	 vi) An off-site'double-circuit generation interconnection transmission line will be
90	 constructed a distance of approximately 10 miles to connect the Imperial Valley Solar
91	 Project to the San-Diego Gas and Electric Imperial Valley Substation.
92
93	 vii)A site access road will be constructed from Dunaway Road to the eastern boundary of
94	 the project site and generally follow an existing road.
95
96
97
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98	 PROGRAMMATIC AGREEMENT

	

99	 AMONG THE

	

100	 BUREAU OF LAND MANAGEMENT-CALIFORNIA,

	

101	 THE CALIFORNIA STATE HISTORIC PRESERVATION OFFICER,

	

102	 THE ADVISORY COUNCIL ON HISTORIC PRESERVATION

	

103	 THE UNITED STATES ARMY CORPS OF ENGINEERS,

	

104	 THE NATIONAL PARK SERVICE,

	

105	 THE CALIFORNIA ENERGY COMMISSION,

	

106	 AND THE TESSERA SOLAR COMPANY,

	

107	 REGARDING THE TESSERA SOLAR - IMPERIAL VALLEY SOLAR PROJECT,

	

108	 IMPERIAL COUNTY, CALIFORNIA
109
110
111 WHEREAS, Tessera Solar (Applicant) has applied for aright of way (ROW) grant on public
112 lands managed by the Bureau of Land Management (BLM) and proposes to construct, operate

	

113	 and maintain a solar energy electrical generating facility (hereinafter referred to as the Imperial

	

114	 Valley Solar Project, or "the undertaking") to generate power, including construction of

	

115	 associated transmission lines and other facilities and'infrastructure in accordance with the
116 Federal Land Policy and Management Act (FLPMA) ,(Public Law 940-579; 43 USC 1701) and
117 the BLM pursuant to 36 CFR 800.2(a) haadetermined that the Imperial Valley Solar Project is
118 an undertaking as defined at 36 CFR800i16(Y); and
119
120 WHEREAS, in August 2005; the Unitetktates -Conitess enacted the Energy Policy Act of 2005

	

121	 (Public Law 109-58). In section 211 of this Act, Congress' directed that the Secretary of the

	

122	 Interior (the "Secretary") Should,. ,before the end of the '10 :year period beginning on the date of
123 enactment of the Act; seek to have.aUproved non-hydropower renewable energy projects located
124 on the publiclantwith a generation capacity of at least 10,000 megawatts of electricity; and
125
126 WHEREAS,by-Seeritarial \Order.No. 3285 , issued March 11, 2009, the Secretary stated as
127 policytivaencouraging,the.production, development, and delivery of renewable energy is one of
128 the Deitartinent of InteriOes (Ron highest priorities and that agencies and bureaus within the

	

129	 DOI will Vvork-collaboratively ivith each other, and with other Federal agencies, departments,

	

130	 states, local Communities, and `private landowners to encourage the timely and responsible
131 development of renewable energy and associated transmission while protecting and enhancing

	

132	 the Nation's water;'wildlife, and other natural resources; and
133
134 WHEREAS, in February.2009,/the United States Congress enacted the American Reinvestment
135 and Recovery Act of 2009 (ARRA)(Public Law 111-5) for the purpose of expanding the use of
136 clean and renewable energy. In section 1603 of this Act, Congress appropriated funds for

	

137	 payments to reimburse eligible applicants for a portion of expenses who place in service
138 specified energy properties during 2009 or 2010, and the Applicant has notified BLM that it
139 intends to apply for such funds; and

140
141
142
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143 WHEREAS, BLM has consulted with the California State Historic Preservation Officer (SHPO)
144 and the Advisory Council on Historic Preservation (ACHP), pursuant to 36 CFR 800.14(b)(3)
145 and following the procedures outlined at 36 CFR 800.6, and is in the process of considering
146 different alternatives for the undertaking that may have the potential to adversely affect historic
147 properties and may reach a decision regarding approval of the undertaking before the effects of
148 the undertaking's implementation on historic properties have been fully determined, the BLM
149 chooses to continue its assessment of the undertaking's potential adverse effect and resolve any
150 such effect through the implementation of this Programmatic Agreement (Agreement); and
151
152 WHEREAS, the BLM, in consultation with the SHP° and the ACHP and pursuant to 36 CFR
153	 800.4(b)(2), has determined that a phased (tiered) process for compliance with section 106 of the
154 National Historic Preservation Act (NHPA) is appropriate for the undertaking, such that
155	 completion of the identification of historic properties, determinations of specific effects on
156 historic properties, and consultation concerning measures to avbid; minimize, or mitigate any
157 adverse effects will be carried out as part of planning for and prior to any Notice to Proceed and
158 for any specific project implementation; and
159
160 WHEREAS, the Juan Bautista de Anza NationabHistoric Trailnnd jurisdictional waters as
161 defined by Section 404 of the Clean /Water Act are located within the APE for this undertaking
162 and the National Park Service (NPS), and'the U.S. Army Corps of Engineers intend to use this
163 Agreement to comply with section 106 of-the'NJIPA and have.agreed to participate in the section
164	 106 consultation regarding the undertaking Under the terms Of this Agreement and are Invited
165	 Signatories to this Agreement; and	 ‘‘ `•	 - -,-	 .,
166	 N ,
167 WHEREAS, the California Energy,Commiision (Energy C-ominission), may certify the Imperial
168	 Valley Solar Project located on both Public andprivate lands pursuant to Section 25519,
169 subsection (c) of the Warren-Alquist Act of 1974 and for the purposes of consistency proposes to
170	 manage alThistorical resotirceS•in accordance with,the stipulations of this Agreement; and
171	 /	 -,

172 WHEREAS, the BLM ,and,the Eneigy Comtnission have prepared the Staff Assessment and
173 Draft Environmental ImPact'StateMent and Draft California Desert Conservation Area Plan
174 Amendment, SES Solar Two`profect, Application for Certification (08-AFC-5) Imperial County
175	 (2010) to identify,the general alternativealor purposes of the California Environmental Quality
176 Act (CEQA) and,theNational Environmental Policy Act (NEPA), and have comparatively
177	 examined the relative -effects ofthe alternatives on known historic properties; and
178	 \ '-'‘
179 WHEREAS, the Applicant, assrantee of the proposed ROW, has participated in consultation
180 per 36 CFR 800.2(c)(4), and-shall provide all cultural resources documentation required by the
181 BLM in support of the stipulations to this agreement and is willing to carry out the stipulations of
182 this Agreement under the oversight of BLM, and is an Invited Signatory to this Agreement; and
183
184 WHEREAS, pursuant to section 101(d)(6)(B) of the NHPA, 36 CFR 800.2(c)(2)(ii), the
185 American Indian Religious Freedom Act (A1RFA), Executive Order 13175, and section 3(c) of
186 the Native American Graves Protection and Repatriation Act (NAGPRA), the BLM is
187 responsible for government-to-government consultation with Federally recognized Indian Tribes
188 and is the lead agency for all Native American consultation and coordination, and has formally
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189 notified and invited the Campo Kumeyaay Nation, the Cocopah Indian Tribe, the Quechan
190 Indian Tribe, the Ewiiaapaayp Band of Kumeyaay Indians, the Jamul Indian Village, the
191 Kwaaymii Laguna Band of Indians, the La Posta Band of Kumeyaay Indians, the Manzanita
192 Band of Kumeyaay Indians, the San Pasqua! Band of Diegueno Indians, and the Santa Ysabel
193 Band of Diegueno Indians (Tribes), and the Ah-Mut Pipa Foundation and Kumeyaay Cultural
194	 Repatriation Committee (Tribal Organizations) to consult on this undertaking and participate in
195 this Agreement as a Concurring Party, with the further understanding that, notwithstanding any
196	 decision by these Tribes or Tribal Organizations to not participate in this Agreement, BLM shall
197	 continue to consult with these Tribes and Tribal Organizations throughout the implementation of
198 this Agreement regarding the potential effects on historic properties to which they attach
199	 religious and cultural significance. Through consultation, Tribes and Tribal Organizations have
200 expressed their views and concerns about the importance and sensitivity of cultural resources
201	 within and near the project area and attach significance to the broader cultural landscape; and
202
203 WHEREAS, the National Trust for Historic Preservation, the Anza Society, the California
204 Unions for Reliable Energy, and the Sacred Lands Institute, as organizations, and Edie Harmon
205	 and Greg Smestad as individuals, have been invited to consult on this undertaking and this
206 Agreement, have been afforded consulting party‘status pursuant to 36 CFR 800.4, and have been
207	 invited to be Concurring Parties to this Agreement; and
208
209 NOW, THEREFORE, the BLM, the,SHP0,`and the ACHP (hereinafter "Signatories) and the
210 NPS, the U.S. Army Corps of Engineers, the Energy Commission, and the Applicant (hereinafter
211	 "Invited Signatories"), agree that the Signatories and Invited Signatories, to the extent of their
212	 respective legal authorities, shall administer the undertaking in accordance with the following
213	 stipulations to satisfy /the fecleill agencies ! section /106'responsibilities for this undertaking.
214
215
216 STIPULATIONS.
217
218	 BLN,“hall ensure tliattlialcalovving.stipulaiions are carried out:
219
220 I.	 DEFINITIONS
221
222	 The definitions foiincl at 36 CFR 800.16 apply throughout this agreement except where another
223	 definition is offerecUin-this Agreement.
224
225	 a) "Cultural resource!' is an Object or definite location of human activity, occupation, or use
226	 identifiable through field inventory, historical documentation, or oral evidence. Cultural
227	 resources are prehistoric, historic, archaeological, or architectural sites, structures,
228	 buildings, places, or objects and definite locations of traditional cultural or religious
229	 importance to specified social and/or culture groups. Cultural resources include the entire
230	 spectrum of resources, from artifacts to cultural landscapes, without regard to eligibility
231	 for listing on the National Register of Historic Places (NRHP) or California Register of
232	 Historical Resources (CRHR).
233	 b) "Day," singular or plural, refers to a calendar, rather than a business, day.
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234	 c) "Tribes" mean the federally recognized and non-federally recognized Indian Tribes that
235	 BLM has invited to consult on this undertaking and participate and concur in this
236	 Agreement.
237
238 II. AREA OF POTENTIAL EFFECTS
239
240	 a) The area of potential effects (APE) for the proposed undertaking is defined as follows:
241
242	 i) Prior to and during construction of the undertaking, the APE shall include all areas in
243	 which:
244	 (1) Historic properties could sustain direct effectsis atesult of the undertaking and is
245	 defined to include:
246	 (a) All areas subject to the BLM's ROW decision,for the Phase 1 300 mW and the
247	 Phase 11 450 mW portions of the pMjeat area . and the Imperial Valley
248	 substation.	 ..-	 ,...
249	 (b) The APE for linear elements of tile undertaking, such as the water supply line
250	 and the access road, is defined by a 50-foot buffer on either side of the center
251	 line of each linear facility (100 foot corridor).
252	 (c) The APE for the transmission line alignment is defined as a 150-foot buffer
253	 on either side of the center of the transmission line (300 foot corridor).
254	 , „.	 ...„
255	 ii) Any area within which historie,pMperries could Sustain indirect effects as a result of
256	 the Undertaking.
257
258	 b) The APE encOmptsses'an,Eirea suffidientIciaceinnthodate all of the proposed and
259	 alternative projeetcomponents under consideration as of the date of the execution of this
260	 Agreement. If BLMCIetennines in the futurethat unforeseen changes to the undertaking
261	 may cause alterations in the character or udaoLhistoric properties, if any such properties
262	 ,exist; in a geographic area or areas beyond the extent of the original APE above, then the,	 ,.-	 ,
263	 'BEM, in consultationlvith the Signatories; and other Invited Signatories as appropriate,.
264	 sh`allinodify the si;e ,otthe APE 'Using the process set forth in stipulation below.

,	 \
265	 i) Any party to this agreement may propose that the APE established hereunder be
266	 modified. The BLMishall notify the Signatories and appropriate Invited Signatories of
267	 the proposal and consult for no more than 15 days to reach agreement on the,
268	 proposal.

269	 ii) If the Signatories agree to the proposal, then the BLM will prepare a description and
270	 a map of the modification to which the Signatories agree. The BLM will keep copies
271	 of the description and the map on file for its administrative record and distribute
272	 copies of each to the other Signatories and Invited signatories within 30 days of the
273	 day upon which agreement was reached.

274	 iii) Upon agreement to a modification to the APE that adds a new geographic area, the
275	 BLM shall follow the processes set forth in Stipulation III to identify and evaluate
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276	 historic properties in the new APE, assess the effects of the undertaking on any
277	 historic properties in the APE, and provide for the resolution of any adverse effects to
278	 such properties, known or subsequently discovered.

279	 iv) If the Signatories cannot agree to a proposal for the modification of the APE, then
280	 they will resolve the dispute in accordance with Stipulation XI.

281 III. IDENTIFICATION AND EVALUATION
282
283	 a) The BLM and the Energy Commission shall ensure that cultural resources located within
284	 the APE are identified and evaluated for the NRHP and the CRHR pursuant to Appendix
285	 A of this Agreement.
286
287	 b) Amendment of the identification and evaluation process as set forth hereunder will not
288	 require amendment of this Agreement if all Signatories do so agree.
289
290 IV. TREATMENT OF HISTORIC PROPERTIES
291
292	 a) BLM shall ensure that a Historic Property Treatment Plan (HPTP), developed in
293	 accordance with Appendix B of this Agreement, is implemented and completed.
294
295	 b) Amendment of the HPTP as setiOrtli hereunder will not require amendment of this
296	 Agreement if all Signatories do so agree.
297	 N,

298 V. DISCOVERIES/AND UNANTICIPATED EFFECTS
299
300	 a) If the BLM determines during implementation of the HPTP that either the HPTP or the
301	 undertaking will affect a-previously unidentified property that may be eligible for the
302	 NRI;IP, draffeet a known historic propel-Ey. in an unanticipated manner, the BLM will
303	 Kaddress the diseoveryor tinarnicipated effect in accordance with those provisions of the
304	 HRTP,that relate tcithe treattriernof discoveries and unanticipated effects. BLM at its
305	 discretiOnpay hereunder assume any discovered property to be eligible for inclusion in
306	 the National-Register. BLM compliance with this stipulation shall satisfy the
307	 requirements,of 36 CFR 800.13(a)(2).

„
308 VI. TREATMENT Of HUMAN REMAINS OF NATIVE AMERICAN ORIGIN
309
310	 a) The parties to this Agreement agree that Native American burials and related items
311	 discovered during implementation of the terms of the Agreement will be treated in
312	 accordance with the requirements of the NAGPRA. The BLM will consult with
313	 concerned Indian Tribes, Tribal Organizations, or individuals in accordance with the
314	 requirements of §§ 3(c) and 3(d) of the NAGPRA and implementing regulations found at
315	 43 CFR Part 10 to address the treatment of Native American burials and related cultural
316	 items that may be discovered during implementation of this Agreement.
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317 VII. STANDARDS AND QUALIFICATIONS
318
319	 a) PROFESSIONAL QUALIFICATIONS. All actions prescribed by this Agreement that
320	 involve the identification, evaluation, analysis, recordation, treatment, monitoring, and
321	 disposition of historic properties and that involve the reporting and documentation of
322	 such actions in the form of reports, forms or other records, shall be carried out by or
323	 under the direct supervision of a person or persons meeting, at a minimum, the Secretary
324	 of the Interior's Professional Qualifications Standards (PQS) for archaeology, history, or
325	 architectural history, as appropriate (48 FR. 44739). However, nothing in this stipulation
326	 may be interpreted to preclude any party qualified under the terms of this paragraph from
327	 using the services of properly supervised persons who do not meet the PQS.
328
329	 b) DOCUMENTATION STANDARDS. Reporting on and documenting the actions cited in
330	 Stipulation III and IV of this stipulation shall conform to every reasonable extent with the
331	 Secretary of the Interior's Standards and Guidelines for Archeology and Historic
332	 Preservation (48 FR. 44716-44740), as'Well'as, the BLM 8100 Manual, the California
333	 Office of Historic Preservation's Preservation Planning Bulletin Number 4(a) December
334	 1989, Archaeological Resource ManageMent-Reports (ARMR): Recommended Contents
335	 and Format (ARMR Guidelines) for the Preparation and Review of Archaeological
336	 Reports, and any specific coOnty orlocal requirnments or report formats as necessary.

	

.	 .,
337
338	 c) CURATION STANDARDS. To ihe extent permitted ,under §§ 5097.98 and 5097.991 of
339	 the California Public Resources Code, the materials and records resulting from the... --340	 actions cited in Stipulation III and IV of this Agreement for non-federal lands shall be
341	 curated in accordance With 36 CFR Part,79. Wher?Federal lands are involved, all records
342	 and materials-resulting froM the actions cited in Stipulation III and IV of this Agreement
343	 shall be curateci in accordance with 36 CFRPart 79 and the provisions of the NAGPRA,
344	 43 cFR-Part.10, d apOicable..Ciiration and disposition of cultural materials obtained
345	 froin state-owned landsendreconispertaining to cultural resources on state-owned lands-‘	 .	 .	 .
346	 ,	 -; livill'be curatedwith.materials \obtained-from federal lands. If cultural materials are
347	 recbxered from private lands, ,thaBLM will seek to have the materials donated through a
348	 writtemdonation agreement to be Curated with other cultural materials. The BLM will-,,
349	 attempt io.have all collections curated at one location unless otherwise agreed to by the,	 .
350	 consulting Parties.
351
352 VIII. REPORTING ' REQUIREMENTS ..	 .,
353
354	 a) Within eighteen (18)-months after the BLM, in consultation with the Energy
355	 Commission, has determined that all fieldwork required by Stipulation III and IV has
356	 been completed, the BLM will ensure preparation, and concurrent distribution to the
357	 consulting parties as appropriate a written draft report that documents the results of

358	 implementing the requirements of Stipulation III or IV. The reviewing parties will be
359	 afforded 30 days following receipt of the draft report to submit any written comments to
360	 the BLM. Failure of these parties to respond within this time frame shall not preclude the
361	 BLM from authorizing revisions to the draft report as the BLM may deem appropriate.
362	 The BLM will provide the reviewing parties with written documentation indicating
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363	 whether and how the draft report will be modified in accordance with any reviewing
364	 party comments. Unless the reviewing parties object to this documentation in writing to
365	 the BLM within 14 days following receipt, the BLM may modify the draft report as the
366	 BLM may deem appropriate. All objections shall be resolved pursuant to Stipulation XI.
367	 Thereafter, the BLM may issue the report in final form and distribute this document in
368	 accordance with Stipulation VIII(b).
369
370	 b) Copies of the final report documenting the results of implementing the requirements of
371	 Stipulation III or IV, will be distributed by the BLM to the other parties as appropriate
372	 and to the appropriate California Historical Resources Information Survey (CHRIS)
373	 Regional Information Center.
374
375	 c) The BLM shall ensure that any draft document \that eiimmunicates, in lay terms, the
376	 results of implementing the requirements of Stipulation III or IV, to members of the
377	 interested public, is distributed for review and Comment concurrently with and in the
378	 same manner as that prescribed for the ‘ draft technical report prescribed by Stipulation
379	 VIII(a). If the draft document prescribed hereunder is a publication such as a report or
380	 brochure, publication shall upon completion be distributed by the BLM to the other
381	 consulting and concurring parties, and to any other entity that the consulting and
382	 concurring parties through consultation may deem appropriate.
383
384 IX. IMPLEMENTATION OF THE UNDERTAKING
385
386	 a) The BLM marauthorize'project activities, including but not limited to those listed in
387	 Stipulation IX(a)(1-3), eel:Proceed in specific geographic areas of the undertaking's APE
388	 where there are no‘historieprOperties, where there will be no effect to historic properties,
389	 and where a monitoiing and inadvertent disoovery plan has been executed according to
390	 Stipulation V..,Sucliconstruction activities may include:
391
392	 s(1) the demarcation, set Up, and use of staging areas for the project's construction,
393	 (2) the conduct of' geoteChnical boring investigations or other geophysical and
394	 N. engineering activities,
395	 (3)•construction activities sucliis grading, buildings, and installations of Sun
396	 Catchers
397
398	 b) Initiation of these actiVitieS on federal lands would not occur until a ROW and Notices to
399	 Proceed have beerhissued by the BLM.
400
401 X. AMENDMENTS TO THE AGREEMENT
402
403	 a) This Agreement may be amended only upon written agreement of the Signatories.
404
405	 b) Any party to this Agreement may at any time propose amendments.
406
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407	 i) Upon receipt of a request to amend this Agreement, the BLM will immediately notify
408	 the other consulting parties and initiate a 30 day period to consult on the proposed
409	 amendment, whereupon all parties shall consult to consider such amendments.
410
411	 ii) At the conclusion of the consultation period, or before if agreement on the
412	 amendment is reached, the Agreement may be amended. If agreement to the
413	 amendment cannot be reached within the 30 day period, resolution of the issue may
414	 proceed by following the dispute resolution process in Stipulation XI.
415
416	 c) Any party to this Agreement may at any time propose modifications to the Appendices.
417	 ,
418	 i) Each Appendix to the Agreement may be individually modified without requiring
419	 amendment of the Agreement, unless the Signatories through such consultation
420	 decide otherwise.
421	 ,
422	 ii) Upon receipt of a request to modify'an Appendix, BLM will immediately notify the
423	 Signatories and determine the appropriate Invited Signatories and Concurring parties
424	 to consult on the proposed modification and initiate a 30 day consultation period,
425	 whereupon all parties shall,consult to consider such modification.
426	 N	 N.	 N. 	 ,
427	 iii) At the conclusion of the chnsUltation period, dr,before if agreement on the
428	 modification is reached, theAppendix may be modified. If agreement on the
429	 modificationzcannot be reached Within the 30 ay period, resolution of the issue may
430	 proceed by following the dispute resolution process in Stipulation Xl(c).
431	 ( //	 \ \
432	 iv) Modification's,to an APpendix shalttake 'effect on the date that they are executed by
433	 the Signatories. ,
434	

,
,-

435	 d) AMendments fo‘this Agreement Shall fake effect on the dates that they are fully executed
436	 (byAtie SignatOries.N ,	 '-‘, N,

	

\	 , 
437	 N
438	 e) If the 'Agreement is not amended through the above process, any Signatory to this
439	 Agreement may terminate the Agreeinent in accordance with Stipulation XII.
440
441 XI. DISPUTE RESOLUTION
442
443	 a) Should the Signatories or Invited Signatories object at any time to the manner in which
444	 the terms of this Agreement are implemented, the BLM will immediately notify the other
445	 Signatories and Invited Signatories and initiate a 30 day period in which to resolve the
446	 objection.
447
448	 b) If the objection can be resolved within the consultation period, the BLM may authorize
449	 the disputed action to proceed in accordance with the terms of such resolution.
450
451	 c) If at the end of the 30 day consultation period, the objection cannot be resolved through
452	 such consultation, the BLM will forward all documentation relevant to the objection to
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453	 the ACHP per 36 CFR 800.2(b)(2). Any comments provided by the ACHP within 30
454	 days after its receipt of all relevant documentation will be taken into account by the BLM
455	 in reaching a final decision regarding the objection. The BLM will notify the Signatories,
456	 Invited Signatories, and Concurring Parties in writing of its final decision within 14 days
457	 after it is rendered.
458
459	 d) The BLM's responsibility to carry out all other actions under this Agreement that are not
460	 the subject of the objection will remain unchanged.
461
462	 e) At any time during implementation of the terms of this Agreement, should an objection
463	 pertaining to the Agreement be raised by a Concurring party or a member of the
464	 interested public, the BLM shall immediately notify the Signatories, Invited Signatories,
465	 and other Concurring parties, consult with SHPO about the objection, and take the
466	 objection into account. The other consulting parties may comment on the objection to the
467	 BLM. The BLM shall consult with the objecting party(ies) for no more than 30 days.
468	 Within 14 days following closure of consultation, the BLM will render a decision
469	 regarding the objection and notify all Parties of its decision in writing. In reaching its
470	 final decision, the BLM will take into account all comments from the parties regarding
471	 the objection. The BLM shall have the authoritS, to make the final decision resolving the
472	 objection. Any dispute pertaining to the NRHP eligibility of historic properties or cultural
473	 resources covered by this agreetnent will be addressed by the BLM per 36 CFR
474	 800.4(c)(2).	 . .
475 .
476 XII. TERMINATION
477	

, :

/	 \

478	 a) The Signatories have the sole authority,to terminate this Agreement. If this Agreement is
479	 not amended as provided for in Stipulation X, or if a Signatory proposes termination of
480	 this Agreement for other reasons, the Signatory proposing termination shall notify the
481	 other Signatories jn writing; explain the reasons for proposing termination, and consult,-
482	 /fo(for-no\no more than 60 daya'to resolve tbe objection.\
483	 \ ,,\ \\ \
484	 b) If in Invited Signatory or, a Concurring party seeks termination of this Agreement, they
485	 shallhotify the Signatories and Invited Signatories in writing, explain the reasons for
486	 proposing termination, and ,consult for no more than 60 days to resolve the objection.
487
488	 c) Should consultation result in an agreement to resolve the objection, the Signatories shall
489	 proceed in accordance with that agreement.
490	 . ,

491	 d) Should such consultations fail, the BLM and the ACHP may terminate this Agreement by
492	 notifying the other parties in writing.
493
494	 e) Should this Agreement be terminated, then the BLM shall either consult in accordance
495	 with 36 CFR 800.14(6) to develop a new agreement or request the comments of the
496	 Council pursuant to 36 CFR 800.4-800.6.
497
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498	 0 Beginning with the date of termination, the BLM shall ensure that until and unless a new
499	 agreement is executed for the actions covered by this Agreement, such undertakings shall
500	 be reviewed individually in accordance with 36 CFR 800.4-800.6.
501
502 XIII. WITHDRAWAL OR ADDITION OF PARTIES FROM/TO THE AGREEMENT
503
504	 a) The BLM will respond to any written request for consulting party or Invited Signatory
505	 status pursuant to 36 CFR 800.2 and 36 CFR 800.3(0.
506
507	 i) Should an Invited Signatory or Concurring party determine that its participation in the
508	 undertaking and this Agreement is no longer warranted, the party may withdraw from
509	 participation by informing the BLM of its intention ,to withdraw as soon as is
510	 practicable. The BLM shall inform the other -consulting parties to this Agreement of
511	 the withdrawal.
512
513	 ii) Should conditions of the undertaking change such that other state, federal, or tribal
514	 entities not already party to this agreement request to participate; , the BLM will invite
515	 the new party to sign the Agreement and notify the other consulting parties.
516
517 XIV. DURATION OF THIS AGREEMENT
518
519	 a) This Agreement will expire if the 'undertaking or thestipulations of this Agreement have
520	 not been implemented within five (5) years from the date of its execution. At such time,
521	 and prior to work-continuing on the undertaking, the BLM shall either (a) execute a
522	 memorandtun'of agreeinent pursuant to'36 • CFR 800.6, or (b) request, take into account,
523	 and respond to the \comments\ of the ACI-113 ,under 36 OF.R. 800.7. Prior to such time, the
524	 BLM may consult With the/other consulting parties to reconsider the terms of the
525	 Agreement and anienditin accordance with Stipulation X. The BLM shall notify the
526	 Signatories as Nto the course of action it will pursue within 30 days.,527	 ,
528	 b) The-terms of this Agreementsliall be reviewed by the parties to this Agreement not later
529	 than five (5) years following the,date of execution by the Signatories to determine if the
530	 Agreenient,has been fullynnplernented or should be extended, modified, or terminated:
531	 In the eVent of termination,BLM will comply with Stipulation XII(e) if it determines that
532	 the undertaking will proceed notwithstanding termination of this Agreement.
533	 \
534	 c) This Agreement is,in effect for the life of the ROW grant unless extended by written
535	 agreement of the Signatories. The Signatories and Invited Signatories shall consult every
536	 10 years to review this Agreement. Additionally, the Signatories and Invited Signatories
537	 shall consult not less than one year prior to the expiration date to reconsider the terms of
538	 this Agreement and, if acceptable, have the Signatories extend the term of this
539	 Agreement. Reconsideration may include continuation of the Agreement as originally
540	 executed or amended, or termination. Extensions are treated as amendments to the
541	 Agreement under Stipulation X.
542
543 XV. EFFECTIVE DATE
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544
545	 a) This Agreement shall take effect on the date that it has been fully executed by the
546	 Signatories. Attachments to this Agreement shall take effect on the dates they are fully
547	 executed by the Signatories, or such other self-executing dates as may be described in
548	 those attachments.
549
550	 b) EXECUTION AND IMPLEMENTATION OF THIS Agreement is evidence that BLM
551	 has afforded the ACHP a reasonable opportunity to comment on the undertaking and its
552	 effects on historic properties. The Signatories to this agreement represent that they have
553	 the authority to sign for and bind the entities on behalf of whom they sign.
554
555
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556 SIGNATORY PARTIES:
557
558
559 U.S. BUREAU OF LAND MANAGEMENT
560
561 BY:	 DATE	
562 James Wesley Abbot
563	 State Director
564
565 CALIFORNIA STATE HISTORIC PRESERVATION OFFICER
566
567 BY:	 DATE 	
568 Milford Wayne Donaldson, FAIA
569 State Historic Preservation Officer
570
571
572 ADVISORY COUNCIL ON HISTORIC PRESERVATION
573
574 BY: 	 DATE 	
575 John Fowler
576	 Executive Director
577
578
579
580

N I
\

N. N.
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581 INVITED SIGNATORIES:
582
583
584 CALIFORNIA ENERGY COMMISSION
585
586 BY: 	
587 TITLE: 	
588
589 NATIONAL PARK SERVICE
590
591 BY: 	
592 TITLE: 	
593
594
595 U.S. ARMY CORPS OF ENGINEERS
596
597 BY: 	
598 TITLE: 	
599
600
601 TESSERA SOLAR L.L.C.
602
603 BY: 	
604 TITLE: 	
605
606
607
608

DATE

DATE

DATE

- DATE
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609 CONCURRING PARTIES:
610
611	 (This is a potential list only)
612 CALIFORNIA UNIONS FOR RELIABLE ENERGY
613 NATIONAL TRUST FOR HISTORIC PRESERVATION
614 ANZA SOCIETY
615 EDIE HARMON
616 SACRED LANDS INSTITUTE
617 GREG SMESTAD
618
619

'
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620
621
622
623
624 CALIFORNIA UNIONS FOR RELIABLE ENERGY
625
626 BY: 	 DATE
627 TITLE: 	
628
629 NATIONAL TRUST FOR HISTORIC PRESERVATION
630
631 BY: 	 DATE
632 TITLE: 	
633
634
635 ANZA SOCIETY
636
637 BY: 	
638 TITLE: 	
639
640
641 EDIE HARMON
642 .-
643 BY: 	 DATE
644 TITLE: 	
645
646
647
648

N

N
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649 APPENDIX A: IDENTIFICATION AND EVALUATION
650
651 I.	 IDENTIFICATION
652
653	 a) The BLM, in consultation with the Energy Commission, has authorized the proponent to
654	 carry out specific identification efforts for this undertaking including a literature search, a
655	 BLM Class III inventory, ethnographic studies, or any other studies necessary to identify
656	 historic properties that might be located within the APE. The BLM, in consultation with
657	 the Energy Commission, may require additional field investigations to ensure the
658	 accuracy of site recordation and to provide additional information to support site
659	 evaluations and the assessment of effects. The BLM and the Energy Commission,
660	 separately or together, have the right and the discretion, under this agreement, to request
661	 additional field studies.
662
663	 b) An inventory report (URS December 2009) has been submitted that includes 100 percent
664	 survey of the APE to the BLM and the-Energy Commission and is currently under
665	 review. The agencies will assess whether the report conforms with the field methodology
666	 and site description template required under BLM Fieldwork Authorization CA-670-06-
667	 07FA09 and Fieldwork Authorization CA-670-06-07FA I 0 and Energy Commission
668	 transaction number Data Requests.Set 2, Part 2#142, Docket number 08-AFC-5. Based
669	 upon the outcome of that review additional fieldwork may be required.
670
671	 c) The BLM will ensure that all cultural resources identified during Class III inventories are,
672	 recorded on new or updated California Department of Parks and Recreation Form DPR
673	 523 (Series 1/95), using the ?Instructions for Recording Historical Resources" (Office of
674	 Historic Preseryition, Marchl 995). The cultural resources contractor will obtain
675	 permanent site numbers from California Historical Resources Information System
676	 (CHRIS) regional infOrmation center. The'BLM, in consultation with the Energy
677	 Commission and the SHPO, shall - review all'site records for accuracy, adequacy of
678	 ' information, zind completeness and determine whether they are sufficient to support
679	 agency determinations and 'findings. Final approved site records shall be submitted to the
680	 CHRIS. Permanent Site \numbers , shall then be used in all final reports and other
681	 documents,prepared pursuant to the requirements of this Agreement.
682
683	 d) The BLM shall consult with Tribes, Tribal organizations or tribal individuals to identify
684	 traditional cultural-places that may exist in the APE.
685	 -..	 /-
686	 e) Previously unknown traditional cultural properties identified during Class III inventories
687	 and/or through consultations with Tribes may be recorded on the DPR Form 523 for
688	 resources in California, unless a Tribe or an individual from a Tribe objects. If such
689	 objection arises, the properties may be recorded on a form and in a manner that is in
690	 accordance with the recommendations of the Tribe or of the individual. If the traditional
691	 cultural property is also a historic or archaeological site, those components of site will be
692	 recorded on the appropriate DPR form and filed with CHRIS.
693
694
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695	 f) The BLM in consultation with the Energy Commission will ensure that the Class III
696	 inventory report is responsive to Data Requests.
697
698 II. EVALUATION
699
700	 a) Subsequent to the approval of the complete complement of Class III Reports for the
701	 present undertaking and prior to the initiation of fieldwork to evaluate the historical
702	 significance of the cultural resources in the APE, the Applicant shall submit an analysis
703	 of the cultural resources that the Undertaking appears likely to affect, as defined at 36
704	 CFR Part 800.16(i). The analysis shall detail which cultural resources that the
705	 undertaking appears to have no potential to affect, which cultural resources the Applicant
706	 commits to avoiding through the implementation of formal avoidance measures, and
707	 which cultural resources the Applicant believes will be subject to undertaking effects.
708	 Subsequent to the final approval of the analysisthe Applicant shall be responsible to
709	 formally notify the BLM and the Energy Commission of any changes in the design or
710	 implementation of the Undertaking that would alter the original results of that analysis.
711
712	 b) The Applicant, subject to the approval of the BLM and the Energy Commission, may
713	 prepare the analysis referenced here in phases that represent discrete geographic portions
714	 of the APE, provided that analyses are ultimately prepared for 100 percent of the APE
715	 and provided that the Applicant does not initiate field investigations under this stipulation
716	 for geographic portions of the /WE fOrwhich no such analysis has been prepared.
717	 ,
718	 c) The BLM shall, ovidencing consideration of the results of the analysis or analyses
719	 prepared under section L of this stipulation, authorize field investigations that the
720	 Applicant shall prepare and conduct in accordance with the evaluation protocols
721	 developed by the BLM and the Energy Commission in consideration of the site types (but
722	 not limitedto) listed below for the purpose of evaluating the historical significance of the
723	 cultural resourbesxin the Undertaking's APE.

,724	 /
,

725	 Prehistoric Archaeological Resonrces
726	 PoteUtialtake Cahuilla Shoreline District
727	 Chipped Stone Deposits
728	 Sparse Lithic Scatters	 .
729	 Chipped and Ground Stone Deposits
730	 Ceramic Deposits
731	 Archaeological Deposits that Include FAR Concentrations
732	 Trail Segments
733
734	 Historical Archaeological Resources
735	 Potential Early Twentieth Century Sand and Gravel Mining Landscape
736	 Surveying Monuments
737	 Historic Refuse Deposits
738	 Pebble and Cobble Concentrations
739
740	 Unique Archaeological Resources
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741	 Ethnographic Resources
742
743	 d) Properties formally determined eligible for inclusion in the NRHP will be treated as
744	 eligible for the CRHR.
745
746	 e) The parties to this agreement agree that isolated artifacts shall be considered not eligible
747	 for inclusion in the NRHP or the CRHR.
748	 i) Isolated artifacts are defined in accordance with OHP 	 as three or less artifacts that
749	 do not constitute a feature.
750
751	 0 Where avoidance of cultural resources within the APE can be achieved through project
752	 design, the cultural resources will remain unevaluated and BLM may treat the cultural
753	 resource as eligible for the NRHP for purpose of project management. If a cultural
754	 resource cannot be avoided it must be evaluated.
755

/756	 g) Prior to consultation with the SHPO orrthe,eligibility of any cultural resource in the APE
757	 for inclusion in the NRHP, the BLM shalt seek the views and comments as appropriate
758	 from the consulting parties on any such determination that the BLM may propose.\\	 .759
760	 h) The BLM shall consult withUndianfribes and 'seek the views and comments of Tribal
761	 Organizations and individual tribatmembers regarding places to which they attach
762	 religious or cultural significance in order to ascertairrthe status of these places relative to
763	 NRHP and CRHIkeligibility criteria..
764	 „ ,
765	 i) Where the undertaking May-affect a cultural resburce, the BLM shall apply the criteria of\766	 the NRHP and niake a determination of eligibility pursuant to 36 CFR 800.4(c)(1). The
767	 BLM will submit t& the SHPO its determinations of eligibility and the SHP() will have
768	 30 days in which to review and comment Absent comments within this time frame, The
769	 BIM may assume, andformally document ‘for,the record, that the SHP() has elected not
770	 ; to comment and concurs' with.BLM's determinations The determinations will serve as
771	 the basis for the development fthe HPTP to resolve the effects of the undertaking.
772	 .-. ..	 ,	 •
773	 j) The BLM,shall notify "all 'consulting/parties of the agency's determinations and make
774	 those av‘ailable for public inspection.
775	 ,

	

1	 i
776	 k) If cultural resources, are determined not included or eligible for inclusion on the NRHP
777	 but are eligible forthe Clu-IR, the BLM will, at the direction of the Energy Commission,
778	 provide all relevant information to and consult with the Energy Commission. The Energy
779	 Commission will coordinate its review of all submittals with the Signatories, Invited
780	 Signatories, and the Applicant. The Energy Commission has the authority to make a final
781	 determination regarding a cultural resource's eligibility to the CRHR. The consulting
782	 federal agencies may decline to participate in this review by written notification to the
783	 Energy Commission.
784

22
Tessera Imperial Valley Solar Project Programmatic Agreement-Draft-3.26.2010



785 APPENDIX B . HISTORIC PROPERTIES TREATMENT PLAN AND HISTORIC
286 PROPERTIES MANAGEMENT PLAN

787
788 I.	 HISTORIC PROPERTIES TREATMENT PLAN
789
790	 a) Prior to the issuance of a Notice to Proceed related to the implementation of the
791	 undertaking, with the exception of the process set out in Stipulation IX of the Agreement,
792	 the Applicant shall develop, in consultation with the BLM and other signatories, a IIPTP
793	 that shall include but is not limited to:
794
795	 i) A list of the Historic Properties, determined or treated as eligible for project
796	 management purposes, in the undertaking's-APE thatthe construction of the Project
797	 will unconditionally avoid,
798
799	 ii) individually specify how the Applicant will avoid, minimize, or resolve the adverse
800	 effects on particular Historic Properties,
801
802	 iii) Provide a plan for monitoring during construction, which would include the treatment
803	 of inadvertent discoveriea and the participation of tribal cultural specialists. The
804	 following should be consideredcluring development of these plans:
805

	

808	 (c) areas in the APE requiring monitoring

	

809	 (d) authority of monitors to halt work

	

.	 _

	

810	 - —(e) protective measures for historic properties
811 .--

 , (f)communication protobols
812

,
/ (g) safety and resource training

	

,	 .
813(h) procedure's upon diScovery

	

, ,	
iiiadvertent814	 \ \(i) evaluation of the inadvertent discoveries

	

815	 ,	 .,,(0 , implementatiOn of standard treatment measures

	

816	 (k) 'field protocol upon discovery of human remains
817

\ •

	

818	 iv) The proposed disposition of recovered materials and records which shall include a

	

819	 discussion of curation per 36 CFR Part 79.
820

	

821	 v) The procedures for treatment and disposition of any human remains, funerary objects,

	

822	 sacred objects, and objects of cultural patrimony in accordance with NAGPRA and

	

823	 the California Health and Safety Code 7050.5 as appropriate.
824

	

825	 vi) A research design which addresses significant themes and questions for the types of

	

826	 historic properties to receive treatment.
827

806	 (a) qualificatioffsarchaeoldgical monitors -
807	 (b) participation of tribal cultural specialists in Monitoring
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vii)A schedule for completing treatment measures, including analysis, reporting and
disposition of materials and records, as well as a schedule for completing the draft
and final data recovery report(s).

viii) In consultation with the NPS and BLM's National Trail Office, provide a plan for
treating effects to the Juan Bautista de Anza National Historic Trail corridor.

ix) A description of alternative treatments for adverse effects that are not data recovery
and that may include (but is not limited to):

(1) Placement of construction within portions of historic properties that do not
contribute to the qualities that make the resource eligible

(2) Deeding cemetery areas into open-space in perpetuity and providing the necessary
long-term protection measures 	 -

(3) Public interpretation including the preparation of a public version of the cultural
resources studies and/or education materials for local schools

(4) Access by tribes to traditional areas in property after the project has been
constructed

(5) Support by Applicant to cultural centers'in the preparation of interpretive displays
(6) Consideration of other offisite mitigation

b) The HPTP will be implemented.prior to the issuance of a Notice to Proceed for
construction in those portions of the Project addressed by the HPTP.

c) The BLM may authorize.the phased implementation of the HPTP or if appropriate the
development of indi yiduafcultural resOurces, issue oriented, or geographically focused
HPTP consistentiyith the stipulations in this section./

Ariy treatmeneplan tiered from thisAgreernCritor the HPTP shall reflect the guidance
provided in the-COtmcil 's \Treatment of Archaeological Properties (1980), Council's
Reeommended APproach for Consultation on Recovery of Significant information from
Archeological Sites (-1999), the \BIM 8100 Manual, and the Secretary of the Interior's
Standardsfor the Treatment of Historic Properties and will be focused on the treatment of
the Project effects.

e) BLM shall submitthelIPTP to all parties to this Agreement for a 30 day review period.
Absent commenfs.within'this time frame, the BLM may finalize the HPTP. BLM will
provide the parties with written documentation indicating whether and how the draft
HPTP will be modified in response to any timely comments received. If the HPTP is
revised in response to comments, the BLM shall submit the revised HPTP to all parties
for a 15 day review period. Absent comments within this time frame, the BLM will
finalize the HPTP. The BLM will provide the parties a copy of the final HPTP.

II. COORDINATION WITH CEQA

872	 a) Guidelines for implementation codified in the California Code of Regulations (CCR),
873	 Title 14, Chapter 3, Sections 15000 et seq., requires state and local public agencies to

828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
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871
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874	 identify the environmental impacts of proposed discretionary activities or projects,
875	 determine if the impacts will be significant, and identify alternatives and mitigation
876	 measures that will substantially reduce or eliminate significant impacts to the
877	 environment. Pursuant to section 15126.4(a)(1), feasible measures which could minimize
878	 adverse impacts must be described in the environmental assessment.

879	 i) Section 15221(b) provides that because NEPA does not require separate discussion of
880	 mitigation measures, these points of analysis will need to be added, supplemented, or
881	 identified before the EIS can be used as an EIR.

882	 ii) Section 15126.4(a)(1)(B) states that formulation of mitigation measures should not be
883	 deferred until some future time, but that measures may specify performance standards
884	 which would mitigate the significant effect of the project and which may be
885	 accomplished in more than one specified way:

886	 (1) Performance standards for profeasional'qualifications, documentation, and
887	 curation and provided at Stipution KVII of the Agreement-Performance standards
888	 for inventory and documentation are also provided in Appendix A(I)(c)
889	 (Identification and Evaluation) and-APpendix B(I)(e) (Historic Properties
890	 Treatment Plan and Appendix B(III) (1)5 (Management Plans).

891	 b) CEQA cultural mitigation measures, and, performanc'e standards considered within the
892	 section 106 consultation proceas , include, but are not limited to:,

893	 i) Avoidance [ProVided.for in Appendix A(I)(a)(i-and ii) above]
„

894	 (1) For cultural resources, the preferred method Of mitigation is avoidance of all
895	 culturatraources Wherever possible. Mitigation measures are normally developed
896	 to reduce imtiactarO significant cultural resources.... ... ,.

897	 iii Archaeological Data \ Recover [Provided for in Appendix A(I)(a-e) above],	 /,	 -,	 •
898 ,\ '(-1) When date'recovery through excavation is the only feasible mitigation, a data,	 ,	 •
899	 '\ 'recovery plaitwhich niakes.provision for adequately recovering the scientifically.	 ..
900	 ' consequential information • from and about the historical resource, shall be
901	 prepared and adopted prior to any excavation being undertaken.

,
902	 (2) Data recoVeryyshallinot be required for an historical resource if the lead agency
903	 determines that testing or studies already completed have adequately recovered
904	 the scientificallY consequential information from and about the archaeological or
905	 historical resource.

906	 iii) Built-Environment Resources

907	 (1) HABS/HAER Documentation (need to develop proposed mitigation
908	 measures/performance standard)

909	 iv) Properties of Sacred or Cultural Significance to Indian Tribes

910	 (1) Need to develop proposed mitigation measures/performance standard.
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911	 v) Discoveries

912	 (1) Following the discovery of significant resources, the Applicant shall ensure that
913	 the designated cultural resources specialist prepares a research design and a scope
914	 of work for any necessary data recovery or additional mitigation. The Applicant
915	 shall submit the proposed research design and scope of work to the BLM and the
916	 Compliance Project Manager (CPM) for review and approval.

917	 (2) The proposed research design and scope of work shall include (but not be limited
918	 to): a discussion of the methods to be used to recover additional information and
919	 any needed analysis to be conducted on recovered materials; a discussion of the
920	 research questions that the materials may address or answer by the data recovered
921	 from the project, and; discussion of possible results and findings.

,
922	 vi) Monitoring

,923	 (I) Prior to the start of vegetation clearance or earth disturbing activities or project
924	 site preparation, the Applicant shall provide the designated cultural resources
925	 specialist and the CPM with maps arid/or drawings showing'the footprint of the
926	 power plant and all linear facilities. Maps,provided will include USGS 7.5-minute
927	 topographic quadrangle maps. If the designated cultural resource specialist
928	 requests enlargementior'strifrmaps for linear facility routes, the Applicant shall
929	 provide them. If the footprint of the power plant or linear facilities changes, the
930	 Applicant shall provide maps and drawings reflecting these changes, to the
931	 cultural resources specialist.vvithin five days: Maps shall show the location of all
932	 areas,wheresirfacedisturbaficeMay be associated with project-related access
933	 roads and any other. project components.

,
934	 (2) The designated cultural 	 specialist shall be available at all times to.	 .,	 .,
935	 respond withm ,24 hours after pre-construction or construction activities have been
936	 i haltectduelo the discovery of a cultural resource(s). The specialist or,-,
937	 representativepf theApplicant shall have the authority to halt or redirect
938	 ' construction-activifies'if previously undiscovered cultural resource materials are
939	 N. encountered diming vegetation clearance or earth disturbing activities or project
940	 sitepreparation or construction. If such resources are discovered, the designated
941	 cultural rnsourcespecialist shall be notified and the Applicant or Applicant's
942	 repreSentative shall rhalt construction in the immediate area in order to protect the
943	 discoveryfrofil fuither damage; project construction may continue elsewhere on
944	 the project: \ ...,/

945	 vii)Qualifications

946	 (1) Prior to the start of construction-related vegetation clearance, or earth-disturbing
947	 activities or project site preparation; or the movement or parking of heavy
948	 equipment onto or over the project surface, the Applicant shall provide the CPM
949	 with the name and statement of qualifications for its designated cultural resource
950	 specialist and alternate cultural resource specialist, if an alternate is proposed,
951	 who will be responsible for implementation of all cultural resources conditions of
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952	 certification. The statement of qualifications for the designated cultural resource
953	 specialist and alternate shall include all information needed to demonstrate that
954	 the specialist meets at least the minimum qualifications specified by the National
955	 Park Service, Heritage Preservation Services.
956
957	 (2) Training
958
959	 (a) Prior to the start of vegetation clearance or earth disturbing activities or
960	 project site preparation, the designated cultural resource specialist shall
961	 prepare an employee training program. The Applicant shall submit the cultural
962	 resources training program for review and written approval. If a video is used
963	 as part of the training program, the owner shall submit the script review and
964	 written approval.
965
966	 (b) Prior to the start of vegetation clearance or earth disturbing activities or
967	 project site preparation, and throughout the project construction period as
968	 needed for all new employees, the Applicant shall ensure that the designated
969	 cultural resource trainer(s) prOvide(s) approved cultural resources training to
970	 all project managers, construction,supervisors, and workers. The Applicant
971	 shall ensure that the designated trainer provides the workers with the approved
972	 a set of procedure§for reporting any sensitive resources that may be
973	 discovered during project-related ground disturbance. In addition, the
974	 Applicant_shall communicate the,work curtailment procedures that the
975	 workers are to follow if previously undiscovered cultural resources are
976	 enCountereCiduiing construction.,
977	 ,
978 III. HISTORIC PROPERTIES MANAGEMENT PLAN
979	 - -- ---,	 '	 ,	 ,	 -.
980	 a) Allistoric.Prokerties Management Plan-(HPMP) will be developed to further manage or..,	 .	 ,_	 .
981	 ' prescribe additionaltreatMent10 historic properties within the APE during the future
982	 'operation, maintenance and deeommissioning of the Imperial Valley Solar Project and
983	 consider effects to historic properties in relation to those actions.
984	 .,
985	 b) The BLM,shall submit the IcIPMP to the consulting parties to the Agreement for a 60 day
986	 review period. 'Absent comments within this time frame, the BLM may finalize the
987	 HPMP. The EiLM willproVide the parties with written documentation indicating whether
988	 and how the draft I-IPMPWill be modified in response to any timely comments received.
989	 If the HPMP is revikd in response to comments, the BLM shall submit the revised
990	 HPMP to all parties for a 30 day review period. Absent comments within this time frame,
991	 the BLM will finalize the HPMP. The BLM will provide the parties a copy of the final
992	 HPMP.
993
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DANIEL I. CARDOZO
THOMAS A ENSLOW

TANYA A OULESSERIAN
JASON W. HOLDER
MARCO JOSEPH

ELIZABETH MUMMER
RACHAEL E. KOSS
LOULENA A. MILES
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FELLOW
AARON C. EZROJ

SACRAMENTO OFFICE

520 CAPITOL MALL. SUITE 310
SACRAMENTO, CA 956144771

TEL. (910) 444-6201
FAX 19161 444-5209

Via Entail and US Mail

Carrie L. Simmons
Archaeologist
El Centro Field Office
Bureau of Land Management
1661 S. 4th Street
El Centro, CA 92243
Carrie_Simmons@ca.blm.gov

Re: CURE Comments on the Draft Programmatic Agreement for
the Imperial Valley Solar Project, Imperial County, CA

Dear Ms. Simmons:

On behalf of the California Unions for Reliable Energy ("CURE"), this letter
provides comments on the March 26, 2010 draft Programmatic Agreement ("PA")
for the 6,500-acre Imperial Valley Solar Project, formerly SES Solar Two ("Project")
in Imperial County, California. The Bureau of Land Management ("BLM") and
California Energy Commission (TEC") may not approve the Project or grant any
permits for the Project until an adequate agreement document (e.g. programmatic
agreement ("PA")) is fully executed pursuant to Section 106 of the National Historic
Preservation Act ("NHPA") and circulated for public review and comment pursuant
to 36 CFR 800.3(d).

The CEC and BLM's Staff Assessment/Draft Environmental Impact
Statement (SA/DEIS) disclosed that a PA is to be the primary document that will
set forth mitigation measures for impacts under the National Environmental Policy
Act ("NEPA") and California Environmental Policy Act ("CEQA") and to resolve
adverse effects under NHPA. As is explained more fully below, the BLM's draft PA
does not comply with the statutory requirements or intent of NEPA, CEQA or
NHPA.
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This comment letter has been prepared with the assistance of cultural
resource expert, Claudia Niesley, whose qualifications were previously provided to
the BLM and other agencies.

I. Introduction

CURE is a coalition of unions whose members help solve California's energy
problems by building, maintaining, and operating conventional and renewable
energy power plants. Poorly designed renewable energy power plants may degrade
the environment by destroying historic resources and wildlife habitat areas, causing
noise and visual intrusion, and polluting water and soil. CURE is concerned that
the methods for cultural resource identification, avoidance and mitigation may
result in harm to irreplaceable cultural resources without adequate consideration
pursuant to the NHPA and that the methodology developed in this proceeding will
set a precedent for future fast-track power plant proposals. Additionally, union
members live in and around this community and have a direct interest in protecting
cultural and other historic resources.

Once executed, the PA will govern the treatment of hundreds of cultural
resources on the Project site, The Project, if approved, would be one of the largest
solar power plants in the world. It will be built on the fragile Colorado Desert,
resulting in loss of desert pavement, vegetation, wildlife and habitat that makes up
the natural communities sacred to local tribes. Once disturbed, desert landscapes
cannot be restored to their natural conditions; they are lost forever.

The surveys of the area of potential effect ("APE") for cultural resources have
identified over 300 known prehistoric and historic surface archeological resources
and an unknown number of buried archeological deposits. Known surface resources
include human cremation sites, habitation sites, lithic scatters, trails, ceramic
scatters, ground stone and ground features.

Additionally, the proposed Project wholly obstructs one of the most
undisturbed portions of the Juan Bautista de Anza National Trail administered by
the National Park Service. There are identified historic campsites within close
proximity to the Project site and it is known that the Anza party camped on the
Project site. There will be significant impacts to the trail and viewshed from the
proposed Project. The access to this section of the trail will be completely
eliminated and the camping and exploration of the section of the trail on the Project
site will not be possible once the Project is approved.
2218498a
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Further, the proposed Project abuts the Yuha Basin Area of Critical
Environmental Concern, an area containing both cultural resources and other
properties eligible for listing in the National Register. The industrial landscape and
operations of the proposed project will directly impact the context of the Area of
Critical Environmental Concern including visual and aural impacts.

Tribal members and local Native Americans have described other non-
archeological cultural resources within the project boundaries including biological
resources on the Project site that are sacred to local tribes and the impacts of the
Project on the viewshed of sacred areas on or near the Coyote Mountains.

The SA/DEIS disclosed that a PA is to be the primary document that will
mitigate impacts under NEPA and CEQA, and to resolve adverse effects under
NHPA. This comment will analyze the adequacy of the PA pursuant to standards
under each of these regulatory frameworks.

IL Project Alternatives Have Not Been Adequately Inventoried to
Enable Section 106 Consultation to Address Adverse Effects

While the Advisory Council's regulations allow for programmatic agreements
at 36 CFR §800.14(b)(3), it is our understanding from the available documentation,
including the SA/DEIS, LSA's Ground-Truth Report and additional information
from meetings and emails, that close to 100% of affected lands have been
inventoried for archeological resources. It is possible at this time for the BLM and
consulting parties to predict fairly accurately many of the environmental impacts
and the undertaking's adverse effects including direct, indirect and cumulative
effects on cultural resources and historic properties as defined at 36 CFR § 800.16.

With this amount of information before the agencies, it is fractious that the
BUM is even considering a PA that for all practicable purposes has one substantial
sentence in it that calls for a Historic Properties Treatment Plan (HPTP) after the
ROD has been issued. Any possible discussion among the federal agencies, tribes
and other consulting parties in regard to development of a HPTP that may occur in
the future after the preferred alternative has been selected will be unnecessarily
limited to avoidance of specific localized archeological resources. This precludes the
opportunity to avoid impacts to culturally significant landscanes so as to ',reserve 
the sense of niece and the characteristic elements of integrity, such as feeling,
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association and setting.' According to the Guidelines for Evaluating and
Documenting Historic Aids to Navigation to the National Register of Historic
Places, feeling is the quality that a historic property has in evoking the aesthetic or
historic sense of a past period of time. 2 Association is the direct link between a
property and the event or person for which the property is significant. Setting is
the physical environment of a historic property that illustrates the character of the
place.

The issuance of the ROD clearly restricts any subsequent consideration of
alternatives that would reduce these effects. The most effective consultation and
consideration of historic properties, which is what Section 106 requires, ought to
occur now and before the Final EIS and ROD are issued. With over 300
archaeological sites identified, and the Juan de Anza National Historic Trail
adversely affected, there is still an opportunity for the BLM to comply with the legal
requirements of both NEPA and NHPA.

A PA is designed to "govern the implementation of a particular program or
the resolution of adverse effects from certain complex project situations or multiple
undertakings." 36 CFR § 800.14. This provision requires that the consultation
using a PA shall follow the requirements listed in 36 CFR § 800.6 that direct an
agency to consult with all parties to "evaluate alternatives or modifications to the
undertaking that could avoid, minimize or mitigate adverse effects on historic
properties." To date, the BLM has not consulted on the alternatives or
modifications to the undertaking other than providing a bare explanation of the
alternatives in the NEPA/CEQA document. Therefore, the BLM should
immediately begin discussing the potential adverse effects (archeological and non-
archeological) on cultural resources and methods for resolution of those effects with
all consulting parties. In fact, the regulations direct the agencies to "consider their
section 106 responsibilities as early as possible in the NEPA process, and plan their
public participation, analysis and review in such a way that they can meet the
purposes and requirements of both statutes in a timely and efficient manner." 36
CFR § 800.8.

1 The National Register traditionally recognizes a property's integrity through seven aspects or
qualities: location, design, setting, materials, workmanship, feeling, and association.
2 Guidelines for Evaluating and Documenting Historic Aids to Navigation to the National Register of
Historic Places. Accessed at: www,nos.gov/historv/nr/publications/bulletins/nrb24nrb34 8.htn3 on
5/7/2009.
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Although the BLM has substantial survey information from archeological
surveys on the Project site, the BLM should begin seeking information about
traditional, religious and cultural resources on or near the Project site through
interviews with tribal members and knowledgeable individuals and entities. The
definition of historic properties in the regulations is much broader than just
archeological resources and includes properties of traditional religious and cultural
importance to an Indian Tribe that meet the National Register criteria. 36 CFR
800.16(1)(1). The BLM should conduct an ethnographic survey to study the value of
the area as it relates to traditional cultural properties. The BLM has had two years
to develop this information so that it could inform the consultation process. Now
the BLM argues that the timeframes are too tight to do more than execute a PA
prior to Project approval.

Further, the BLM has chosen to resolve the potential adverse effects of the
subject undertaking on historic properties in accordance with § 800.14(b)(1)(ii) of
the regulations where the effects of a project on historic properties cannot be fully
determined prior to approval of the undertaking. 3 While it may be true that not all
of the effects may be determined prior to the approval of the project, it is clear from
the documentation submitted by the applicant that adverse effects will occur to a
significant number of the historic properties within the APE. Adverse effects are
determined by applying the Criteria of Aduerse Effects and assessing if the
undertaking will alter, directly or indirectly, any of the characteristics that qualify
the properties for eligibility or listing on the National Register of Historic Places
"...in a manner that would diminish the integrity of the property's location, design,
setting, materials, workmanship, feeling or association." 36 CFR § 800.5(a)(1).

This determination of adverse effect should be explicitly made in the PA.
For example, the elements of integrity that define the historical significance of the
Juan Bautista de Anza Trail are setting, location, feeling and association that are
still identifiable and present today but are also characteristic of why the trail was
considered to be of national significance. A total of 30,000 reflective solar
SunCatcher dishes and the mowing and construction required to install the dishes
and associated infrastructure clearly will adversely affect and diminish the
integrity of the historic property. Examination of the various project alternatives
and whatever options might be available to scale down or decrease the adverse

3 Letter from Terrence O'Brian to Vicki Wood, October 21, 2009,
httpi/www.energy.ca.gov/aitingcasee/solartwo/documents/2009-10-
21_Letterin_Reeponee_to_Me_Wood_TN-53720.PDF.
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effects ought to be discussed now so that a good faith effort consultation may occur
among the consulting parties, including the applicant, to determine any measures
that might be feasible Once the ROD is issued and the preferred alternative is
selected, it is too late in the process to conduct any meaningful consultation that
might avoid or minimize the adverse effects to the Trail (e.g. selecting a different
alternative or a reduced acreage alternative.) The Project will also impact the
integrity of other sacred sites in the Project vicinity, but these sites have not been
documented or described in a way that would inform consulting parties and enable
them to consider alternatives and minimization in the context of the alternatives
analysis.

III. The Consultation Process Fails to Comply with the Intent of the
NHPA and the "Good Faith Effort" as Required by the
Implementing Regulations, 38 CFR Part 800

Consultation must provide Indian tribes a reasonable opportunity to identify
concerns about historic properties, advise on the identification of historic properties,
including those of traditional religious and cultural importance, articulate its views
on the undertaking's effects on such properties, and participate in the resolution of
such effects. 36 CFR 800.2. Without a well defined APE, documentation about the
resources on the site and time to review the documentation, the BLM has not
provided the Tribes and other consulting parties an opportunity to meaningfully
consult.

A. The Area of Potential Effects Has Not Been Defined

In order to identify cultural resources and historic properties for the proposed
undertaking, an APE must be clearly defined. Developing the APE is the basis from
which the consulting parties may begin to discuss the environmental impact and
the undertaking's adverse effects including direct, indirect and cumulative effects
on cultural resources and historic properties as defined at 36 CFR § 800.16(l)(1) and
(2). Since approximately 100% of the archaeological surface deposits have already
been identified, the BLM and CEC should be able to visually depict the APE on
maps and describe the APE both in the text of the technical reports, any related
documents, and in the draft PA "Whereas" clause. A visual and written description
of the APE should also be shared with the consulting parties immediately.

When BLM was asked for a map of the APE during the consultation meeting
on May 4, 2010, the consulting parties were shown a map of the Project area only,
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without any designation of the APE. An anecdotal description was provided by Jim
Stobaugh verbally to accompany the map. Mr. Stobaugh's description indicated
that the APE includes a small buffer around the Project site and linears. However,
no map has been created that depicts the APE, and no map was provided in the
SA/DEIS or the draft PA. This oversight is evidence that the consultation process
has not progressed very far in the two years that has elapsed since the BLM began
processing the application in June of 2008.

The preliminary APE described at the May 4, 2010 meeting failed to include
areas where the project may have visual, audible, or atmospheric effects on
traditional, religious and cultural resources. At a minimum, the APE must include
areas where it would have direct, indirect and cumulative impacts on the viewshed
surrounding the property. Once the APE is extended, the BLM and CEC should do
an analysis of the types of cultural properties that are located within the viewshed.
The visual resources analysis that has been developed in the SA/DEIS should be
expanded to evaluate the extent of the Project's visual impact on the surrounding
cultural resources. Some traditional cultural properties have already been
identified by Native Americans during meetings with the CEC and BLM regarding
sacred sites to local tribes in the Coyote Mountains and across I-8 in the ACEC.
The impacts of the Project on the viewshed of these historic properties should be
taken into account early in the analysis of impacts to cultural resources, pursuant
to NEPA and CEQA. Further refinements to the APE should be informed by an
ethnographic study and interviews with local Native Americans and tribal
representatives. These refinements should commence immediately to ensure
compliance with the law.

B. The Consultation Process Has Not Met the Documentation
Standards Pursuant to 36 CFR 800.11(a) and 36 CFR 800.6

In order to conduct a good faith consultation process, the BLM should provide
the technical report for all parties to review and meet and discuss effects, avoidance
and other mitigation strategies. This includes providing information regarding the
APE, including photos, maps and other documentation, as necessary and required
by NHPA regulations. 36 CFR 44 800.6(aX4) and 800.11(e). As stated in 36 CFR
4800.6, consulting parties should be able to consult on avoidance, minimization and
mitigation of adverse affects. Because the BLM is conducting this consultation
pursuant to 800.14(b)(3), the BLM must follow the regulatory requirements for
consultation related to a Memorandum of Agreement. 36 CFR 800.6.
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To date, the BLM has not provided a technical report or any information
about the resources on the Project site or in the APE, other than that provided in
the NEPA document. This document contains no Information, other than general
site descriptions that are disconnected from specific locations. In order for
consulting parties to evaluate the alternatives so as to avoid impacts and provide
preservation in place, a technical report must be provided in a timely manner that
enables consulting parties to meaningfully consult. 36 CFR § 800.6. Failure to
provide meaningful information regarding project impacts limits the consulting
parties' ability to participate in the development of the PA, in violation of the
NHPA, and limits their ability to participate in the development of Project
alternatives pursuant to CEQA and NEPA. All available documentation of cultural
resources that may be adversely affected by the Project should be shared with the
consulting parties to facilitate meaningful consultation when Project alternatives
can still be discussed and amended.

C. The Consultation Process is Truncated to the Point that it
Violates the Requirements in 36 CFR Part 800

The consultation process required in all sections of 36 CFR Part 800 is
severely truncated for this proposed project. The 30-day time frame is completely
arbitrary on the part of BUM and does not reflect the full intentions of consultation
on an agreement document to address adverse effects, particularly when there are
over 300 properties and a nationally designated historic trail on the Project site.

Consultation is to commence "...at the early stages of project planning." 36
CFR § 800.1(a). At this point, there is no finalized technical resources report, and
to our knowledge, no consulting party other than the Applicant, BLM and CEO have
been able to review the technical report. Although we finally were able to get a copy
of the report two days ago, CEC informed us that it took two months to provide a
copy of the report because the BLM asked the CEC to not provide it to us. More
importantly, the report was not provided to a consulting party until two days before
the requested deadline to provide comments on the PA. This violates NHPA's
intent to ensure meaningful evaluation of adverse impacts.

The Advisory Council for Historic Preservation ("ACHP") regulations define
"consultation" as a process wherein the agency official seeks, discusses and
considers the views of other participants. 36 CFR § 800.16(0. A mere opportunity
to comment on a draft PA, in the absence of meaningful information about the
Project already known by l3LM and CEC, does not meet the intent and definition of
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consultation as set forth in the Secretary of Interior's Standards for Federal
Agency Preservation Programs pursuant to the National Historic
Preservation Act. 36 CFR § 800.16( f ). These Standards implement Section 110
of the NHPA and cross-reference Section 106 responsibilities.

Standard 4 of the Secretary's Guidelines states a federal agency "gives
historic properties full consideration when planning or considering approval of any
action that might affect such properties." Standard 4(b) specifies "Full
consideration of historic properties includes assessment of the widest range of
preservation alternatives early in program or project planning, coordinated to the
extent feasible with other kinds of required planning and environmental review."
(emphasis added.) Standard 4(c) continues the description of full consideration as
including "...all kinds of effects on those properties: direct, indirect or secondary
effects and cumulative effects. Effects may be visual, audible, or atmospheric.
Standard 4(d) states, "Full consideration of historic properties includes an
obligation to solicit and consider the views of others in planning..." Visual, auditory
and atmospheric effects need to be discussed and given additional consideration in
this consultation process.

Standard 5 and 5(a) of the Guidelines addresses consultation: "An agency
consults with knowledgeable and concerned parties outside the agency about its
historic preservation related activities." General Principles for consultation in
Section 110 of NHPA define further that "[c]onsultation is built upon the exchange
of ideas, not simply providing information." Standard 5(c) states Iclonsultation
should be undertaken early in the planning stage of any Federal action that might
affect historic properties... there should be no hard-and-fast time limit on
consultation overall. Consultation on a specific undertaking should proceed until
agreement is reached or until it becomes clear to the agency that agreement cannot
be reached."

The BLM has failed to establish an active consultation process early on that
includes the tools parties need to adequately consult. Now the BLM is requesting
that the parties develop a PA without the benefit of a technical report, maps of the
site or a clearly defined APE in an artificially condensed timeframe. This is
unrealistic and a violation of the NHPA.

IV. The Consultation Process Is Inconsistent with Standards Set by
the ACHP
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The ACHP has issued clear guidance on how to consult with tribes in:
"Consultation with Indian Tribes in the Section 106 Review Process: A Handbook
(2008)." While the guidance is directed solely to tribes, it may also be constructively
used for other consulting parties as well. The Handbook poses the question, "What
are the appropriate consultation methods for individual undertakings?" The
answer is that face-to-face meetings and on-site visits may be the most practical
way to conduct consultation (2008:9-10). The BLM's method of emailing a draft PA
and expecting comments back in a 30-day time frame is totally arbitrary and not in
accord with the "good faith effort" as specified at 36 CFR Sec. 800.2( c)(2)(ii)(A).
Moreover, at least one THPO has commented that the draft PA has "nothing to
comment on." (Personal communication Nissley 2010). Simply calling for a
treatment plan to be developed after the project is approved does not allow for
meaningful or engaging discussion. Silence or lack of response from the tribes or
other consulting parties does not imply acceptance or approval. In this case,
consulting parties are baffled as to what they would comment on since there is no
substantive text upon which to comment.

The BLM must make a meaningful effort to consult with the consulting
parties. We request an approach whereby all of the involved federal agencies, the
tribes and other consulting parties are invited to review the draft technical report
and meet to discuss Project configuration and alternatives. Further, the consulting
parties should be given information about other non-archeological cultural
resources that have been publicly identified, such as the Project's impacts on the
viewshed of the Coyote Mountains and the Project's impacts on the biological
resources in the APE that are sacred to Native American culture in the area.

V. The PA Must Stipulate Methods and Process to Avoid, Minimize
and Mitigate Effects to Historic Properties

The proposed PA fails to stipulate to any terms of significance. The heart of
the PA lies solely with Stipulation W, the HPTP. Any effort to address an adverse
effect to cultural resources and historic properties as contained in NEPA, 43 CFR
Part 46, Section 106 of the NHPA, and 36 CFR Part 800, is wholly deferred to some
unstated date in the future prior to the BLM issuing a Notice to Proceed.

The BLM's lack of transparency with respect to acknowledging adverse
effects is troubling. A formal Finding of Effect is essential to inform the public and
guide the resolution process. Instead, the BLM appears to be relying solely on the
DEIS, a document that is inadequate because it fails to analyze all impacts on
2218-098a
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cultural resources, to propose any mitigation for those effects, or meaningfully
consider alternatives including project reconfiguration.

PAs, in general, are not mitigation documents. A PA is most useful when it is
developed in conjunction with a federal agency's program of specified and
sometimes repetitious actions such as operations and maintenance of a military
base with an adjunct Integrated Cultural Resource Management Plan; the
management of a national park as identified and developed in a general
management plan; a municipality administered federal funds for improvement
projects; a regional approach to a thematic type of historic property and consistency
of treatment procedures for the preservation of such properties. While the type of
PA chosen for the proposed project is aimed at multiple undertakings and complex
projects with adverse effects, the requirements in the ACHP regulations refer to the
development of MOAs (800.14(b)(3) and reference back to procedures at 800.6).

A MOA is generally very specific for a single project wherein it has been
determined that adverse effects will occur to historic properties located within the
APE. As such, an MOA calls for development of mitigation measures for the
irretrievable loss or damage to historic properties. The draft PA poses no measures
that would be considered "mitigation." In fact, in general practice and application of
Section 106, a management plan for historic properties is developed first and then a
PA is written to reflect and implement what is specified in the plan. The PA
references an HPTP but nothing more. It does not define what "treatments" are or
what might be included as "treatment." Are we, as consulting parties, to assume a
treatment plan actually constitutes mitigation? Or should the public, even more
removed from any discussion or explanation, assume an undefined HPTP will
include avoidance, minimization or mitigation of any identified cultural resources or
historic properties? The PA does not outline what should be contained in the HPTP
or even list any measures that might be considered as mitigation in what is known
to be a well-defined desert environment and ecosystem.

There isn't much to comment on in the draft PA as any developments that
would be expressed in a plan are deferred to a later date. This approach is counter
to the cultural resource methods utilized to develop PAs since their inception in the
ACHP's previous regulations implementing Section 106 — the 1986 final version of
36 CFR Part 800. The 2004 regulations replacing the 1986 version of the
regulations require substantive consultation with the ACHP, the SHPO, THP0s,
federally recognized tribes, other consulting parties and the public.
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Since the draft PA merely states that the undertaking "will affect historic
properties," with no further detail, the record fails to show which effects, if any,
have been "taken into account," as required by Section 106. In addition, the BLM
has not made available surveys it has prepared of archaeological or cultural
resources on which it has based its determination of effects. These serious
procedural irregularities raise substantial questions about the consultation process,
which likely cannot be reasonably resolved by the BLM's proposed signature
deadline.

VI. The PA Defers Resolution of Adverse Effects to Historic
Properties Until After Project Approval in Violation of the
NHPA

The NHPA requires early resolution of effects to historic properties. This
requirement is intended to preserve the opportunity to consider alternatives,
avoidance, minimization, and mitigation at an early stage in the process prior to
project approval.

The head of any Federal agency having direct or indirect jurisdiction over a
proposed Federal or federally assisted undertaking in any State and the head of any
Federal department or independent agency having authority to license any
undertaking shall, prior to the approval of the expenditure of any Federal funds on
the undertaking or prior to the issuance of any license, as the case may be, take into
account the effect of the undertaking on any district, site, building, structure, or
object that is included in or eligible for inclusion in the National Register. 16 U.S.C.
470f.

Additionally, both the NHPA and the ACHP's implementing regulations, 36
CFR §800.1(a), state succinctly that the purpose of Section 106 is "...to
accommodate historic preservation concerns with the needs of Federal undertakings
through consultation among the agency official and other parties with an interest in
the effects of the undertaking on historic properties, commencing at the early
stages of project planning." [emphasis added.]

BLM's proposal to defer all discussion of treatment of historic properties to a
yet-to-be-developed Historic Properties Treatment Plan (HPTP) violates the NHPA
and constitutes an improper application of the programmatic agreement provision
in the NHPA because it wholly undermines the purpose and intent of the NHPA
Section 106 consultation process.
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The approach described in Stipulation IV (a) of the PA fails to address any
treatment to avoid, minimize or mitigate adverse effects to historic properties as
required by both NEPA and NHPA until the Record of Decision ("ROD") is issued
and a final alternative has been selected. The PA at this point does nothing in
regard to addressing identified and known historic properties except to defer any
treatment, mitigation or other actions to minimize the impact to an unknown date
in the future and to rely solely on HPTP that is yet-to-be-developed. This is a
transparent attempt on the part of the BLM to avoid engaging in meaningful
consultation with regard to their federal legal responsibilities PRIOR to taking an
action that would ultimately limit and block any additional consideration of historic
properties. This approach fully undermines the direction given in the NHPA
regulations.

"The agency official must complete the section 106 process "prior to the
approval of the expenditure of any Federal funds on the undertaking or prior
to the issuance of any license." This does not prohibit agency official from
conducting or authorizing nondestructive project planning activities before
completing compliance with section 106, provided that such actions do
not restrict the subsequent consideration of alternatives to avoid,
minimize or mitigate the undertaking's adverse effects on historic
properties. The agency official shall ensure that the section 106 process is
initiated early in the undertaking's planning, so that a broad range of
alternatives may be considered during the planning process for the
undertaking."

36 CFR 800.1(c) [emphasis added].

The PA is essentially a promissory note, which violates NHPA, NEPA and
CEQA. By issuing the ROD with a PA that is promissory only and defers all
consideration of minimization, avoidance and possible alternatives to a post-
approval process, the BLM is precluding any meaningful discussion that might take
place in regard to possible options for addressing adverse effects. With one or more
HPTPs developed after the issuance of the ROD, any opportunity for productive and
legally required consultation is eliminated by the ROD's selection of a preferred
alternative.
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WI. The PA Improperly Defers Resolution of Effects to Historic
Properties Until After Project Approval in Violation of the NEPA

Section 101 of NEPA declares it is a matter of national policy to preserve
important historic, cultural, and natural aspects of our national heritage. Section
102 continues with "all agencies of the Federal Government shall" among other
listed items, "include in every recommendation or report on proposals...a detailed
statement by the responsible official on... any adverse environmental effects which
cannot be avoided should the proposal be implemented, and any irreversible and
irretrievable commitments of resources which would be involved in the proposed
action should it be implemented." 42 USC § 4332.

The cultural resources section of the Draft EIS falls short of addressing the
adverse effects to both cultural resources and historic properties. The adverse
environmental impacts caused by the proposed action to both the geological
phenomenon of desert pavement and the archaeological sites that are inherently
linked to it will be irretrievable and irreversible effects. The fragile desert
ecosystem that supported humans and their habitation patterns will be severely
compromised, and there is no effective mitigation that can truly reverse the
irreversible impacts. By not recognizing the significant environmental effects in the
DEIS and further delaying any discussion regarding these non-renewable resources,
the requirements of NEPA are not being addressed in either the DEIS or the PA.

Mitigation under NEPA includes proposals that avoid or minimize any
potential significant effects of a proposed or alternative action on the quality of the
human environment. 40 CFR § 1502.4. The definition of mitigation in the NEPA
regulation includes the development of measures that would avoid, minimize, or
rectify significant effects, progressively reduce or eliminate such effects over time,
or provide compensation for such effects. 40 CFR § 1508.20. Because properties
eligible for the national register and Indian sacred sites are being impacted, it is a
violation of the spirit and letter of NEPA to defer the resolution of adverse effects
until post-project approval.

Policy direction in BLM Manual 8100, section 8110.05D, further provides
that BLM should "[fincorporate cultural resource considerations into all aspects of
planning and decision making." The PA, as it is currently proposed, effectively
excludes the cultural resource considerations from the development and weighing of
project alternatives and mitigation.
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The purpose of an EIS is to address any major federal action significantly
affecting the quality of the human environment. 40 CFR § 1502.1. The definition of
"human environment," as defined in the NEPA regulations, "shall be interpreted
comprehensively to include the natural and physical environments and the
relationship of people with that environment" 40 CFR § 1508.14. To put off any
discussion, consultation or analysis and to simply state all of the above will be
addressed in a PA is inadequate. It does not allow the public an opportunity to
comment on any of the environmental impacts that will be occurring as a result of
the proposed construction and associated building infrastructure. There has been no
attempt to address any of the direct, indirect or cumulative effects on cultural
resources when, at this point in time, it is known that adverse effects will occur as a
result of introduction of visual, audible, atmospheric and other cumulative
environmental consequences in the reasonably foreseeable project APE.

The BLM should consult with the parties now to develop stipulations to
include in the PA regarding avoidance, minimization or mitigation plans for
impacts to non-renewable culturally significant resources, such as the nationally
significant historic trail and its' associated campsites, archaeological sites that
represent culturally significant ancestral areas of traditional religious and cultural
practice, and areas of critical ecological concern that are directly related to ancestral
and traditional use patterns and cultural practices of Native Americans.

VIII. The PA Improperly Defers Resolution of Effects to Historic
Properties Until After Project Approval in Violation of CEQA

CEQA exists to ensure that governmental decisionmakers consider the
potential significant environmental effects of proposed projects before taking action.
The lead agency is responsible for determining whether a significant adverse
environmental impact may occur and whether it can be mitigated to a level of
insignificance. When a proposed project may adversely affect a historical resource,
CEQA requires the lead agency to carefully consider the possible impacts before
proceeding. Pub. Res. Code §§ 21084 and 21084.1. Similar to the NHPA's
requirement that agencies identify historic properties, CEQA requires the
identification of historical resources. Historic properties determined eligible or
listed on the National Register are also automatically eligible for listing on the
California Register of Historic Resources ("CRHR"). The four criteria for which a
property may be eligible for the National Register are mirrored by the four criteria
for which a property may be considered eligible for the CRHR. It is the lead agency
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that must make the determination as to whether a property contains historic
resources.

The Commission's environmental review must describe mitigation measures
to minimize significant effects. CEQA Guidelines §15126.4(a). "Formulation of
mitigation measures should not be deferred until some future time. However,
measures may specify performance standards which would mitigate the significant
effect of the project and which may be accomplished in more than one specified
way." Id. The PA, as proposed, does not address any of the irreversible effects on
cultural resources in the project area nor does it address any mitigation measures.
The PA does not include any mitigation measures at all; simply stating that a
"treatment plan" will be developed prior to the Notice to Proceed, simply defers the
formulation of mitigation without providing any enforceable performance
standards. There is no assurance that feasible mitigation will be adequately
considered or that any treatment that may be suggested or devised will actually
address the adverse impacts.

Public agencies, whenever feasible, should seek to avoid damaging effects on
any historical resource of an archaeological nature. CEQA Guidelines §15126.4(b).
Further, an EIR equivalent document must first evaluate strategies for
preservation in place as the preferred mitigation. Id. Preservation in place is
recognized as the preferred option in NHPA as well. Guidance in the Secretary of
Interior Standards for Treatment of Historic Properties ("NPS") ranks preservation
in place as the first priority when evaluating treatment options. 4 If at all possible,
the agency is required to seek and identify preservation in place as the preferred
treatment option. The SA/DEIS does not even attempt to meet these standards.

IX. Conclusion

The draft PA does not comply with the requirements of the NHPA, NEPA or
CEQA. The deferral of the consideration of Project effects and impacts until after
Project approval fundamentally contradicts Section 106 of the NHPA, 40 CFR §
1502.16 of the NEPA Guidelines and §15126.4(a) of the CEQA Guidelines. BLM
must undertake a good faith effort at consultation that includes providing all
consulting parties with documentation about the Project and an opportunity to
review the documentation and respond with information about cultural resources in
the APE. Finally, if a PA is determined to be appropriate, after the consulting

4 http://www.nps.gov/history/hpapaistandguide/
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parties have been given adequate information about the APE and project effects,
the consulting parties should be given its legally required opportunity to weigh in
on the development of a PA.

Sincerely,

notafto
Loulena A. Miles

LAM:bh
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INTEGRITY

The National Register traditionally recognizes a property's integrity through seven aspects or
qualities: location, design, setting, materials, workmanship, feeling, and association. These
qualities should also be discussed under the Statement of Significance, Section 8 of the
registration form.

Location

Location is the place where the historic property was constructed or the place where the
historic event took place. Integrity of location refers to whether the property has been moved
or relocated since its construction. A property is considered to have integrity of location if it
was moved before or during its period of significance. Relocation of an aid during its active
career if the move enhanced or continued its function is not a significant loss of integrity.
For example, in 1877, the 1855-built Point Bonita Light was relocated from a high bluff to a
rocky promontory to improve its visibility to mariners. Aids to navigation relocated to serve
new purposes after being decommissioned suffer a serious loss of integrity of location, but
are not automatically precluded from listing.

Design

Design is the composition of elements that constitute the form, plan, space, structure, and
style of a property. But properties change through time. Lighthouses may be raised or
shortened; buildings may be added or removed from a light station; sound signal equipment
and optics may change to reflect advancing technology. Changes made to continue the
function of the aid during its career may acquire significance in their own right. These
changes do not necessarily constitute a loss of integrity of design. However, the removal of
equipment that served as the actual aid to navigation--a fog signal, lens and lamp, or the
distinctive daymarkings on a tower--has a considerable impact on the property. Removal of
an optic from a lighthouse, a fog horn or bell from its building, or painting over a historic
lighthouse's pattern has a serious adverse effect on its design integrity. The design integrity
of light stations is reflected by the survival of ancillary buildings and structures. The
decision to nominate a station should include an assessment of the design integrity of the
property as a complex. The loss or substantial alteration of ancillary resources, such as
keeper's quarters, oil houses, cisterns, and tramways, for example, may constitute a
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significant loss of design integrity.

Setting

Setting is the physical environment of a historic property that illustrates the character of the
place. Integrity of setting remains when the surroundings of an aid to navigation have not
been subjected to radical change. Integrity of setting of an isolated lighthouse would be
compromised, for example, if it were now completely surrounded by modern development.

Materials

Materials are the physical elements combined in a particular pattern or configuration to form
the aid during a period in the past. Integrity of materials determines whether or not an
authentic historic resource still exists.

Workmanship

Workmanship is the physical evidence of the crafts of a particular culture or people during
any given period of history. Workmanship is important because it can furnish evidence of
the technology of the craft, illustrate the aesthetic principles of a historic period, and reveal
individual, local, regional, or national applications of both technological practices and
aesthetic principles.

Feeling

Feeling is the quality that a historic property has in evoking the aesthetic or historic sense of
a past period of time. Although it is itself intangible, feeling is dependent upon the aid's
significant physical characteristics that convey its historic qualities. Integrity of feeling is
enhanced by the continued use of an historic optic or sound signal at a light station. The
characteristic flashing signal of a light adds to its integrity. While sounds themselves, such
as the "Bee-0000hhhh" of a diaphone, cannot be nominated to the National Register, they
enhance the integrity of feeling. The mournful call of fog horns on San Francisco Bay is an
integral part of experiencing life there.

Association

Association is the direct link between a property and the event or person for which the
property is significant. A period appearance or setting for a historic aid to navigation is
desirable; integrity of setting, location, design, workmanship, materials, and feeling combine
to convey integrity of association.
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United States Department of the Interior

NATIONAL PARK SERVICE
Pacific West Region

1111 Jackson Street, Suite 700
Oakland, California 94607-4807

IN REPLY REFER TO:

L7615(PVVR-JUBA)

DATE 	
RECD. MAY 04 2010

DOCKET
08-A FC75

Crstopher Meyer, Project Manager
cCalifomia Energy Commission.

1516 Ninth Street, MS-15
Sacramento, CA 05814

Mr. Jim Stobaugh, National Project Manager
USDI Bureau of Land Management
BLM Nevada State Office
P.O. Box 12000
1340 Financial Boulevard
Reno, NV 89520-0006

Re: Comments regarding Proposed Imperial Valley Solar Project Draft EIS - Impacts to Anza
National Historic Trail (CEC#: 08-AFC-5)

• Dear Mr. Meyer and Mr. Stobaugh:

The National Park Service (NPS) respectfully submits the following comments regarding the
Draft Environmental Impact Statement (EIS) prepared for the Imperial Valley Solar Project (aka
SES Solar Two Project) in Imperial County, California Our comments primarily address
potential impacts to, and mitigation for, the Juan Bautista de Anza National Historic Trail (Anza
NHT), due to NPS's responsibility to administer, preserve and enhance this component of the
National Trails System. With the exception of the concerns discussed below, we feel that the
Draft EIS adequately discloses the project's impacts to the Anza NHT. However, we are
concerned that the document does not adequately specify the mitigation needed to offset the

' project's impacts to the Anza NI-IT.

NPS is also very concerned about the cumulative effects that this and other planned renewable
energy projects will have on the California desert, and . specifically, other National Park units.
The combined effect of these projects, proposed on vast tracts of relatively undisturbed open
land, will result in fundamental changes in how the desert is -experienced by the public. The
cumulative effects of these projects will also result in substantial impacts to a wide range of
environmental resources in the California desert.

To summarize our concerns regarding the Imperial Valley Solar project, the Yuha Desert is one
of the least disturbed landscapes along the entire 1,200 mile length of the Anza NHT. This
setting would be irrevocably changed by the proposed project. Because the project would have
significant direct and indirect impacts to the Anza NHT, the NPS would prefer that the project
not proceed, or that alternatives be considered which avoid impacts to the Ann NHT.
However, should the project be approved, NPS requests that its impacts be mitigated to the
greatest extent feasible. We recommend that the final EIS incorporate a comprehensive
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approach to mitigating impacts to the Anza NHT, through the preparation of a comprehensive
Interpretive Plan and a re-evaluation of the alignment of the Anza Recreational Trail in the area.

At the end of this memo, we identify a suite of mitigation measures that could be implemented to
offset the project's impacts to the Anza NHT. We would like to work with you in reviewing each
of these measures and determining jointly which measures will be required of the applicant
should this project be approved. We make this requeat as a sister agency within the
Department, as a Cooperating Agency for the EIS, and as an Invited Signatory to the Section
106,Programmatic Agreement.

Comments on the Draft EIS

The following comments focus on specific sections of the EIS most relevant to impacts to the
Anza NHT.

B.2 - Alternatives

Alterations to the project design as proposed by the Build Alternatives (300 MW Alternative, and
Drainage Avoidance Alternatives #1 and #2) would not significantly lessen impacts to the Anza
NHT due to the scale and visual impacts of the project. Also, because the historic corridor
through the project site is an inferred alignment based on historic joumals and maps (between
the two historic campsite locations), reducing the project size or shifting its boundaries would
not necessarily avoid direct impacts to the historic corridor traveled by the expedition.
Furthermore, as noted in the EIS, approval of a project alternative could still ease the approval
of other projects in the vicinity, resulting in cumulative impacts to the Anza NHT. This would be
facilitated through the installation of infrastructure that would support additional energy
generation facilities, changing the land 'use of the area to one of energy generation, and by
degrading the existing landscape such that future projects would be considered a less dramatic
change or impact to the environment.

NPS prefers alternatives that would locate the project within or adjacent to existing disturbed
lands, either in Imperial County, or closer to metropolitan areas that would consume the energy
generated by the pr,oject. The merits of such altematives need to be fully examined in the final
EIS. Locating the proposed project on or near existing agricultural or urbanized areas in the
vicinity would avoid or minimize impacts to the natural landscape. The Mesquite Lake and
Agricultural Lands Alternatives for this project, evaluated under CEQA, would meet some of
these criteria and avoid impacts to the historic corridor of the Anza NHT. It should also be noted
that the Mesquite Lake and South of Highway 98 Alternatives would be located adjacent to the
Auto Tour Route of the Anza NHT (Highways 98 and 86), but these Alternative locations would
preferable to the proposed project site.

B.3 - Cumulative Scenario

• Section 8.3, Cumulative Scenario, identifies many other past, present, or future projects that
could impact the Anza NHT, and the California desert as a whole. Several of the wind projects
identified in the EIS, proposed west of the site near Ocotillo, would be visible from the Anza
NHT (Wind Zero, Ocotillo Express, TelStar Energies). The analysis does not identify projects •
underway or anticipated in Arizona near the Anza NHT alignment that could add to cumulative
impacts (i.e. cultural, visual, noise, recreational) and further degrade the integrity of the trail. As
a result, the cumulative impact analysis needs to be expanded in the final EIS to include such
projects and specifically address cumulative impacts to the Anza NHT corridor.

Nonetheless, the cumulative analysis makes clear that the implementation of this and other
energy projects would result in significant impacts to many environmental resources in the
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California desert and elsewhere in the west. The result will be profound changes to the visitor's
experience in these areas. NPS is very concerned about the implications of these long term
changes. To ensure that projects are sited in appropriate locations using appropriate
technologies to avoid impacts to our nation's natural and cultural heritage, it is imperative that
landscape level analyses be conducted to fully evaluate the implications of the widespread
deployment of renewable energy projects, and their associated support facilities, on the public
lands. We recommend that the final EIS include a section discussing this aspect of cumulative
impacts and efforts underway by the Bureau to address landscape level concerns.

C.3 - Cultural Resources

The Cultural Resources section adequately identifies the Ann expedition's place in history and
discusses its relationship to the site. The document correctly recognizes the Anza NHT is a
cultural resource of national significance, and that the impacts to the trail's integrity must be
considered, including the visual impacts of the project on the historic trail corridor. The Draft
EIS states:

The Juan Bautista de Ann National Historic Trail is a cultural resource of national •
significance for its association with important events in our history and its
associations with important persons in our early history, as well as for its information
potential. Staff believes that the associative values of the resource require Federal
and State agencies to more broadly consider the degree of integrity the resource
must have in order to convey its significance. This means that, in addition to
considering how the proposed action would affect the physical integrity of the spatial
relationships among any material remains of the use of the trail, the agencies need
to consider whether and how the action would visually degrade the integrity of the
setting, feeling, and association of the resource, formal aspects of integrity under
both the NRHP and CRHR programs. (Draft EIS p. C.2-132)

On page C.2-146, the EIS concludes that Condition of Certification CUL-1 would reduce all
cultural resource impacts to less than significant. CUL-1 requires compliance with the terms of
the Programmatic Agreement (PA) being prepared by BLM pursuant to Section 106 of the
National Historic Preservation Act. NPS is an Invited Signatory to the PA, which is still under
development and does not yet specify mitigation for the Anza NHT. The only provision for
mitigation in the draft PA released March 26, 2010 (for review by consulting parties) states: In
consultation with NPS and BLM's National Trail Office, provide a plan for treating effects to the
Juan Bautista de Anza National Historic Trail corridor."

NPS does not believe that the impacts to the Anza NHT can be reduced to a less than
significant level through mitigation. Implementation of this project will forever change the
landscape of this area and irreparably degrade the integrity of the Anza NHT and it will diminish
the public's experience and understanding of the historic expedition and the cultural landscape
of that period. Potential mitigation measures that should be included in the PA's treatment plan
to reduce the project's impacts tothe Anza NHT are listed beginning on page 8 below.

C.8 - Land Use and Recreation

With the exception of the reference on page C.8-7 this section does not specifically discuss the
Anza NI-IT as a recreational resource, nor does it identify impacts to the Anza NHT. There is no
analysis of impacts to the Ann NHT as a recreational resource. This omission needs to be
rectified in the final EIS and the NPS is available to assist the Bureau in doing so.

The Anza Recreational Trail is mapped and identified by BLM through signs on designated
routes-of-travel, both south of the project site in the Yuha Desert ACEC and also north of the
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project site in the Plaster City OHV area. The gap between these two segments of the Anza
Recreational Trail was intended to be connected via the 1-8 Dunaway Road overpass to an
alignment along Dunaway Road and then north of the site along Evan Hughes Highway.
Implementation of the project would interfere with this connection of the existing segments by
significantly degrading the quality of the recreational experience along the planned alignment,
due to the ccinstruction of project related infrastructure and the resulting visual and noise
impacts that would be experienced in close proximity to the project.

NPS requests that this significant impact to the Anza NHT be identified in the Final EIS and that
appropriate mitigation be provided. At a minimum, NPS recommends that the alignment of the
Anza Recreational Trail in the vicinity of the project be re-evaluated re-routed away from the
project site to avoid impacts to the recreational users. Refer to the end of this letter for a more
detailed discussion of suggested mitigation to address this impact.

C.9 - Noise and Vibration

The Draft EIS states that the primary noise sources would consist of the reciprocating Stirling
Engines (including generator, cooling fan and air compressor) utilized on each of the 30,000
Sun Catchers that make up the project. Because each individual Stirling Engine would be a
primary noise source, similar noise levels would be generated throughout the entire project site,
and the combined noise level would be significantly high in the immediate vicinity.

The analysis does not clearly describe the noise levels on or adjacent to the project site. It only
states that "based on the model estimates, operational noise levels within the Project boundary
would be similar in magnitude to comparably sized large industrial projects. Noise levels within
the Project site were modeled to be below 85 dBA within 10 feet of the substation and amongst
several SunCatcher assemblies..." which is under the exposure limit for industrial workers.
Table A2, Typical Environmental and Industrial Sound Levels, indicates that 85dBA is
equivalent to the noise level experienced 50 feet from a freight train.

The EIS does quantify noise levels at distant sensitive receptors (residential uses) located 0.6
mile or more away from the site boundaries, but does not predict noise levels at or adjacent to
the site, or from the Ann NHT. Table 8 indicates a 1 dBA increase in noise expected at the
closest residences (Painted George, 3,300 feet northwest of the site). However, this appears to
contradict page 5.12-20 of the Application for Certification, which says "the calculated increase
of ambient sound level, generated by Project operation, is calculated tote +4 dB at the closest
of two aforementioned sensitive receptors".

The Solar Energy Programmatic EIS being prepared by the Departments of Energy & Interior for
solar projects in the Western U.S. identifies the noise impacts from solar dish engine
technologies as more significant than other solar energy technologies. It suggests that a solar
dish engine facility such as the proposed project should be sited In locations with higher
background noises; for example, such as close to a well-traveled highway where the ambient
sounds partially mask the noise from the facility. Those portions of the project site closest to the
freeway and the Plaster City Gypsum plant may blend in better with ambient noise environment,
but the more distant portions of the 6,500 acre site would experience a significant increase in
noise levels.

This high noise level, more common to industrial facilities, is not what recreational visitors
expect when traveling to the desert, where the natural soundscape is very quiet. The final EIS
should clearly disclose the increase in noise levels that would be generated by the project and
experienced adjacent to the site. The final EIS-also needs to evaluate the increase in noise
levels that would be experienced by persons traveling on segments on the Anza Recreational
Trail adjacent to the site boundaries. The noise impacts to the Ann Recreational Trail may
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suggest that trail alignment be re-routed further away from site, such as west toward Ocotillo,
rather than using Dunaway Road and Evan Hughes Highway to connect the southerly trail
segment to the segment north of Plaster City.

In order to adequately disclose the project's noise impacts, the NPS recommends that the
following additional information be provided in the final EIS:

• Noise contour maps should be provided documenting ambient and with project noise
levels. We expect that these maps would visually demonstrate a significant increase in

• noise around the project site. The maps would show how the noise from the facility
would compare to the primary existing noise sources in the area: the 1-8 freeway and the
Plaster City gypsum plant.

• Existing ambient sound levels and projected solar project noise levels at specific points
along the Anza Recreational Trail in the project vicinity. Some of the same sites used for
the Anza NHT visual impact analysis could be used, in addition to locations adjacent to
the project site along Dunaway Road and Evan Hughes Highway.

The NPS also requests that additional noise mitigation measures be identified and required
should this project be approved. Due to the magnitude of noise from tens of thousands of
Stirling dish engines, a combination of noise mitigation measures is probably warranted. Noise
control solutions which can be applied to each Stirling engine are desirable, because reduction
of Stirling engine noise can translate into a reduction in project noise levels everywhere. Other
noise reduction measures that should be considered include siting of noise sources and
receivers, such as the Anza Recreational Trail, to take advantage of noise attenuation provided
by topography and distance. In addition, construction of engineered sound barriers and/or
berms has the potential to reduce some project noise at specific locations.

C.13 - Visual Resources

The EIS identifies that the project would result In significant unavoidable adverse visual impacts:

. . . the proposed project ivould substantially degrade the existing vi.sual
character and quality of the site and its surrOundings, including motorists on
Interstate 8, recreational destinations within the Yuha Desert Area of Critical
Environmental Concern and portions of the Juan Bautista Anza 'National Historic
Trail, resulting in significant impacts. Because effective, feasible mitigation
measures could not be identified by staff, these impacts are considered to be
unavoidable. (Draft EIS, p. O13-1)

The project would also impact the dark night skies of the area, which is another important
experience enjoyed by visitors to the desert. The 400-watt high-pressure sodium lights would
illuminate the roadways throughout the site, and other infrastructure components would utilize
other types of illumination. Condition of Certification VIS-2 is intended to minimize glare and
lighting to the extent feasible. While lighting would be shielded to minimize glare and would not
project directly in the night sky, reflection off the mirrored SunCatchers as well as the ground
surface would still result in significant night sky light pollution. Due to the dark night skies that
make up the lightscape of this area of the desert, this should be identified as a significant impact
in the EIS. Also, please note that lighting impacts are not addressed the CEQA discussion on
pages C.13-29 and 30.

In the eventthis project is approved, the NPS asks that a provision be included in the approval
document that requires mitigation of impacts to night skies to the maximum extent feasible. We
would like to work with the Bureau and the project applicant to identify additional mitigation to
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lower the impact of the project on night skies. The NPS has national recognized night skies
experts on staff.

Glare from the mirrored SunCatchers would also have a detrimental impact on visitors to the
area. As identified in the Draft EIS page C.13-46, VIS-8 requires a glare mitigation plan to
minimize the visibility of mirror glare to eastbound and westbound traffic on 1-8 utilizing a variety
of measures which could include 20 foot high fencing or large earth berms. Glare could also
affect distant recreational visitors to the area. The glare mitigation plan should also evaluate
visual and other Impacts resulting from the implementation of these potential mitigation
measures, as 20 foot-high fencing and berms have the potential to generate their own
environmental impacts. Once again, the NPS would like to work with the Bureau and the project
applicant on the measures to be included in the mitigation plan.

At the request of NPS, the applicant prepared a visual impact analysis for the Ann MIT, dated
January 21, 2010. Its findings are summarized on pages C.13-18 and 19. The analysis
concludes that visual impacts to the Anza Recreational Trail would be significant and that no
feasible mitigation exists to eliminate or substantially reduce the visual impacts. Condition of
Certification/Mitigation Measure VIS-5 is proposed to mitigate impacts to the Anza NHT:

VIS-5: In order to off-set unavoidable adverse impacts to visitors on the Anza
Trail and Yuha Desert ACEC, the project owner shall contribute funds to the
National Park Service (NPS) and BLM, specifically to provide improvements to
benefit visitors on the Ana Trait Such improvements could include, but not be
limited to, interpretitie displays or exhibits, improvements to use areas, mounted
telescopes, or other improvements to be determined by the NPS and BLM.

Verification: The project owner shall coordinate closely with the BLM and, NPS,
and contribute funds to mitigate for visual impacts to recreational user's of the
Ann Trait The funds will be used by the agencies to improve the recreational
experience for Ann Trail visitors through such means as interpretive signage, •
improvements to camping facilities, provision of view scopes at campsites or
vista points, or other measures as appropriate. The amount and payment of
funds will be determined by the two agencies commensurate with the loss scenic
integrity of the Ann Trail experience. The project owner shall provide funds to
the two agencies as approved by the Compliance Project Manager (CPM) within
180 days of the start of construction, and specify that the funds would be used for
the area affected by the SES Solar Two Project. The project owner shall provide
documentation to the CPM that the funds have been paid to the satisfaction of
the BLM. (Draft EIS, p.C.13-45)

NPS concurs that funds should be provided by the applicant as mitigation to offset the project's
visual impacts if earmarked for a wide range of improvements to the Anza NHT, as outlined in
the mitigation section at the end of this letter. The key question and concem to the NPS is the
amount of the mitigation fund. A guiding principle for determining the value of mitigation is that
there must be a nexus to the impact, and it should be roughly proportional to the impact.
Consistent with this, the EIS says "The amount and payment of funds will be determined by the
two agencies commensurate with the loss [of] scenic integrity of the Anza Trail experience."
NPS has consulted internally and with BLM staff regarding how such a loss of scenic integrity
would be valued. One method discussed with BLM would be to determine the cost of
purchasing a conservation easement to protect a viewshed equivalent in scale to the area
degraded by the project. An appraisal by a land trust or other conservation organization
experienced with conservation easements might provide a reasonable valuation. Another
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possible methodology would utilize surveys and focus groups to quantify the long term loss in
value to visitors of the area. This is similar to the approach used for damage assessments to
quantify the value of deliberate or accidental destruction of natural resources. NPS would like to
work with the Bureau and the applicant to determine the appropriate methodology for
quantifying the value of the mitigation fund.
With regard to the visual impacts from cumulative projects, the Draft EIS raises an important
concern about the potential for other energy projects to concentrate in the area once it has been
degraded by this project. The additional impacts of future projects would be considered less
severe once area is disturbed by the proposed project:

By substantially lowering the prevailing visual quality of its local viewshed, the
Yuha Desert/western Salton Trough, the project could have the indirect effect of
encouraging additional subsequent development of similar character in the area.
Because the relatively intact existing landscape would appear highly
compromised after introduction of the SES Solar Two Project, the incremental
additional impact of other future projects could appear to be less significant than
if they were occurring in the current, intact landscape without the project. (Draft
EIS, page C.13-22)

The analysis also raises a very significant concern regarding the potential for cumulative energy
projects in the California desert to fundamentally change the-character of this vast open
landscape.

. the potential for profound widespread cumulative impacts to scenic resources
within the southern California desert is clear. These cumulative impacts could
include a substantial decline in the overall number and extent of scenically intact,
undisturbed desert landscapes, and a substantially more urbanized character in
the overall southern California desert landscape. (Draft EIS p. C.13-36 and 37)

The scale of the cumulative impacts described above points to the need for federal land
managers to comprehensively plan and designate where energy projects should be
concentrated and where they should be avoided. Relying on the current application-driven
process for reviewing and approving energy projects continues the piecemeal approach to
development that degrades the country's remaining open lands. The Solar Energy PEIS is a
step in the right direction and provides a comprehensive approach to assessing and mitigating
the impacts of solar projects, but stronger policies or legislation is needed to direct and
concentrate energy projects into the most appropriate areas. This is a major public policy issue
that needs to be addressed upfront prior to giving authorization for the siting of projects.

Mitigation Proposed by NPS

The following is a suite of potential mitigation measures proposed by NPS to offset the project's
various impacts to the integrity of the Anza NHT if indeed this project is authorized.
Implementation of these mitigation measures would provide enhancements to the Anza NHT in
the vicinity of the project site through improved interpretation and recreation resources. We
recommend that the final mitigation measures be identified through a comprehensive
Interpretive Plan for the area. NPS has had preliminary discussions with BLM staff regarding
these proposed mitigation measures. Should this project be approved, the NPS realizes that
More in-depth discussions with the Bureau and the project applicant are needed before
finalizing these measures. •

Interpretive Plan for Anza NHT within El Centro Field Office Territory
We recommend that the NPS (or BLM in consultation with NPS) prepare an Interpretive Plan for
the Anza NHT in western Imperial and San Diego Counties. The plan would identify the existing
interpretive sites in the area and make specific recommendations for expanding the
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interpretation of the Ann Trail in the area. The mitigation measures below are some specific
ideas that might be included in the plan's recommendations.

New Interpretive Facilities
Design, fabricate, and install new interpretive facilities throughout the area, including:

1. Installation of Yuha Well wayside exhibit. The BLM has designed an interpretive panel
for Yuha Well, but doesn't have the resources to construct and install a permanent kiosk
for the panel. Due to the significance of Yuha Well at a critical Anza campsite location,
and the more modem historical resources that are extant at the site, installation of a
permanent interpretive exhibit is a considered a top priority.

2. Additional Interpretation at Ann Overlook The Anza Overlook, located along the Anza
Recreational Trail near Highway 98, contains a large stone monument and plaque 	 •
placed by BLM in 1990. The site, which is also near a designated camping area and the
Yuha Geoglyphs, affords spectacular views of the Yuha Desert. Additional interpretive
exhibits at this location, or at the existing kiosk near the Highway 98 turnoff for the
Overlook & Anza Recreational Trail (dirt road Ed-274), Would connect with many visitors
to the area and provide more insight to the story of the Anza expedition.

3. Install Interpretive exhibit at Plaster City OHV Staging Area. The Plaster City OHV area
is a busy off road vehicle area with over 20,000 vehicles per year. The Plaster City OHV
staging area is located just west of Plaster City off Evan Hewes Highway. Installation of
an interpretive facility at this location would connect with the many OHV visitors to the
area and provide more insight to the story of the Ann expedition. The historic Anza
expedition Campsite #48 is within the OHV area, and is identified as an interpretive site
in the Anza NHT management plan.	 •

4. Supplement exhibit at Sunbeam Rest Area on 1-8. The Sunbeam Rest Area, located
between Forrester & Drew Roads, six miles west of El Centro, was recently renovated
by Caltrans. New interpretive panels at the rest. area mention the Ann expedition in the
context of other early Spanish explorers. The rest area also contains a State historic
monument with misleading text that refers to the rest area as the site of Yuha Well.
There may be an opportunity to provide supplemental information about the Ann
Expedition at the rest area and to correct the record and reach the many visitors who
use the facility.

Museum Exhibit
Install an Anza-themed exhibit at a local museum. The recently constructed Imperial Valley
College Desert Museum in the town of Ocotillo sits vacant due to the college's lack of funds to.
install exhibits and to staff the museum. The BLM-El Centro Field Office has a collection of
Native American artifacts that need to be properly archived, and this museum was planned as a
repository for the collection. Due to its proximity to the project site, the vacant museum building
would be a good venue to provide interpretation of the Ann expedition in addition to the original
subjects planned for the Museum, archaeology and natural resources. The town of Ocotillo is
the southwestern access point off Interstate 8 for the Anza-Borrego State Park and the Yuha
Desert, and is a geed location to connect with visitors and increase tourism to these areas. 	 -
Additional subjects at the museum could include solar energy technology, the Jacumba
Mountains Wilderness and Anza-Borrego State Park. An alternative museum for interpretation
of the Anza NHT could be the Imperial Valley Pioneer Museum in Imperial, CA.

Ann NHT Interpretive Brochure
Prepare an interpretive brochure specific to western Imperial and San Diego Counties which
describes the Anza Trail and the expeditions' experience through the area.

Increase Accessibility of BLM's Yuha Desert Cultural History Audio Tour
In 2010 the BLM completed an excellent audio tour of the Yuha Desert that interprets the Anza
expedition and other cultural history. It discusses Yuha Well, the Ann Overlook, as well as the
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nearby Geoglyphs. The audio tour is on the BLM website as a downloadable podcast
(http://www.blmmovica/st/en/fo/elcentro/arch  cult/vuha pc.html) and on CDs distributed from
BLM's El Centro office in early 2010. The BLM's audio tour of the Yuha Desert could be made
more accessible to visitors to the desert by implementing a phone-in tour or by broadcasting it
via low-power radio. Visitors would be notified of the tour through signage at the interpretive
sites. The audio tour could also be expanded to discuss other important resources or subjects
in the area, such as San Sebastian Marsh, Native American tribes, and even modern uses of
the desert, such as the solar project.

Re-evaluate and Complete the Anza Recreational Trail
The Anza Recreational Trail currently extends south of the project site from 1-8 and Dunaway
Road toward the Anza Overlook, and north of the project site from Plaster City along the U.S.
Gypsum rail line. The Recreational Trail connecting these two points was intended to be routed
immediately adjacent to the project site via the Dunaway Road 1-8 overpass. Due to the
project's noise and visual impacts to the Anza Recreational Trail, the trail's existing and planned
alignment in the vicinity of the site would need to be re-evaluated. An alternative alignment to
more distant and/or shielded terrain should be implemented if it would substantially improve the
recreational experience on the trail by minimizing impacts from the proposed project and other
cumulative impacts. lithe relocated trail route were to cross private property, access
easements would need to be obtained: The cost of acquiring such easements could be a
mitigation measure required of the project applicant.

Historic Campsite Surveys 
Fund archaeological studies of the Anza Expedition campsites. The historic campsites #47
(Yuha Well) and #48 (north of Plaster City near Coyote Wash), are south and north of the
'project site, and have not had formal archaeological studies to identify historic artifacts left by
the Anza . expedition. It should be noted that previous archaeological studies of campsite #49,
(San Sebastian Marsh) have identified Spanish artifacts. The trail's management plan calls for
NPS to survey campsite locations and prepare record forms for listing on the National Register
of Historic Places.

Trail-wide Mitiqation Fund
Contribute a fee (amount to be determined) to a mitigation fund for trail-Wide projects (in
addition to those listed above, and not tied to immediate vicinity of project site), that the
Superintendent of the Anza NHT would have discretion to allocate for high priority projects
anywhere along the Anza NHT.

As stated above, the mitigation 'outlined above are conceptual in nature and are intended to
facilitate discussions with the Bureau and project applicant. Should this project be approved,
the final mitigation measures should be more carefully evaluated in the context of a
comprehensive Interpretive Plan for the Anza NHT in area. Feel free to contact Naomi Torres,
Superintendent for the Anza NHT (Naomi torres(ffinps.qov, 510-817-1438), or Steven Ross
(steven ross(ffinps.qov 510- 817-1400) Outdoor Recreation Planner, to discuss this letter.

Sincerely,

C4sitc
EIN

George J. urnbull
Acting Regional Director, Pacific West Region
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QUECHAN INDIAN TRIBE
Ft. Yuma Indian Reservation

P.O. Box 1899
Yuma, Arizona 85366-1899

Phone (760) 572-0213
Fax (760) 572-2102

Carrie L. Simmons, Archaeologist
El Centro Field Office
Bureau of Land Management
1661 S. 4th Street
El Centro, CA 92243

Re: Comments on Draft Programmatic Agreement regarding Tessera Solar Imperial
Valley Solar Project (formerly Solar Two)

Dear Ms. Simmons:

The Quechan Indian Tribe submits the following continents on the Draft Programmatic
Agreement Regarding the Tessera Solar — Imperial Valley Solar Project ("Draft PA"). In
summary, the Tribe believes that the Draft PA is inconsistent with the National Historic
Preservation Act (NHPA) Section 106 process, and not adequate to evaluate and mitigate effects
on cultural resources in and around the project area. The Draft PA defers a substantial majority
of the Section 106 process, including all evaluation, treatment, and mitigation until after BLM
has granted the right-of-way to the applicant. BLM has failed to adequately explain why a PA is
necessary or appropriate here. The only apparent basis for deferring the evaluation of cultural
resources, and development of an appropriate treatment plan, until after approval of the right-of-
way is the artificial timeline imposed by the applicant.

I.	 The Draft PA Is Inconsistent With Section 106 of the NHPA.

Section 106 of the National Historic Preservation Act, 16 U.S.C. § 470f, requires that
BLM "shall, prior to the approval of the expenditure of any Federal funds on the undertaking or
prior to the issuance of any license, as the case may be, take into account the effect of the
undertaking on any district, site, building, structure, or object that is included in or eligible for
inclusion in the National Register." (emphasis added). Only "nondestructive project planning
activities may be completed before completing compliance with Section 106." 36 C.F.R.
§ 800.1(c). Similar to NEPA, the NHPA is designed to ensure that federal decision-makers
thoroughly evaluate the impacts of their proposed actions on NHPA-eligible resources prior to
taking action.

Prior to the approval of a federal undertaking, the federal agency must engage in a four-
part process. First, the agency must identify the "historic properties" within the area of potential
effects. 36 C.F.R. § 800.4. Second, the agency must evaluate the potential effects that the
undertaking may have on historic properties. 36 C.F.R. § 800.5. Third, the agency must resolve
the adverse effects through development of mitigation measures. 36 C.F.R. § 800.6. Fourth,



throughout all of these processes, BLM must consult with interested Indian tribes that might
attach religious and cultural significance to properties within the area of potential effects. 36
C.F.R. §§ 800.3(0(2); 800.4(a)(4); 800.5(c)(2)(iii); 800.6(a); 800.6(b)(2), etc.

Instead of completing this required process, BLM is opting to use a programmatic
agreement to defer evaluation, mitigation, and treatment until after approval of the right-of-way.
36 C.F.R. § 800.14(b) authorizes the Advisory Council and the agency to negotiate
programmatic agreements to govern programs, complex project situations, or multiple
undertakings. 36 C.F.R. § 800.14(b)(1) specifies the circumstances under which a programmatic
agreement may be used. None of those circumstances exist in this case. Nor does the Draft PA
identify any element of 36 C.F.R. § 800.14(b)(1) that justifies the use of a PA here.

There is no reasonable basis to depart from the standard Section 106 process. There is no
valid reason why the effects on historic properties cannot be fully determined prior to approval
of this undertaking. The only apparent reason why BLM is choosing to use a programmatic
agreement is to allow the applicant to obtain its right-of-way approval before the end of the
calendar year, in an effort to qualify for federal funding. See Draft PA, p. 5. Absent this arbitrary
deadline being imposed by the applicant, there is no reason to believe that BLM could not
complete the standard Section 106 process before it makes its decision on right-of-way issuance.

To the extent that the Advisory Council regulations authorize the deferral of the Section
106 process until after approval of the undertaking, those regulations are inconsistent with the
plain language of 16 U.S.C. § 470f and invalid. The statute is clear that the agency must
consider the effect of its undertaking on historic properties prior to approval. See Corridor H
Alternatives, Inc., v. Slater, 166 F.3d 368 (D.C. Cir. 1999) (rejecting agency's use of PA to defer
Section 106 process until after issuance of ROD); City of Alexandria v. Slater, 198 F.3d 862
(D.C. Cir. 1999) (approving PA where agency only deferred identification of sites that might be
impacted by small number of ancillary activities, and distinguishing from case where the entire
Section 106 process is deferred). While the Advisory Council has discretion to determine how
the effects on historic properties are evaluated, it does not have authority to permit the approval
of undertakings prior to the completion of that evaluation. Chevron v. Natural Resources
Defense Council, Inc., 467 U.S. 837 (1984) (ruling that the judiciary must reject administrative
interpretations that are contrary to clear congressional intent).

In summary, this is not an appropriate case for use of a programmatic agreement. This
case involves a straightforward proposal to issue a right-of-way on BLM lands for a single solar
development project. There is no "program" at issue, no significant complexity, and no reason
why the standard identification, evaluation, and resolution process cannot occur prior to approval
of the undertaking. BLM must complete the cultural resource evaluation required by Section
106 prior to approving the right-of-way for this project.

II.	 BLM Has Not Fulfilled Its Government-to-Government or Section 106 Tribal
Consultation Obligations.

The NHPA and the Advisory Council regulations contain detailed requirements for
consultation with Indian tribes who attach religious and/or cultural significance to historic
properties that may be affected by an undertaking. See NHPA, Section 101(d)(6)(B). This



consultation obligation applies "regardless of the location of the historic property." 36 C.F.R.
§ 800.2(c)(2)(ii). "The agency official shall ensure that consultation in the section 106 process
provides the Indian tribe.. . a reasonable opportunity to identify its concerns about historic
properties, including those of religious and cultural importance, articulate its views on the
undertaking's effects on such properties, and participate in the resolution of adverse effects." 36
C.F.R. § 800.2(cX2)(ii)(A). "Consultation should commence early in the planning process, in
order to identify and discuss relevant preservation issues and resolve concerns about the
confidentiality of information on historic properties." Id.

There are also several federal laws that mandate ongoing government-to-government
consultation with Indian tribes where federally approved actions will affect tribal interests. See
Executive Order 12875, Tribal Governance (Oct. 26, 1993) (the federal government must consult
with Indian tribal governments on matters that significantly or uniquely affect tribal
governments); Executive Order 12898, Environmental Justice (Feb. 11, 1994) (federal
government must consult with tribal leaders on steps to ensure environmental justice
requirements); Executive Order No. 13007, Sacred Sites (May 24, 1996) (federal government is
obligated to accommodate access to and ceremonial use of Indian sacred sites by Indian religious
practitioners, avoid adversely impacting the physical integrity of sites, and facilitate the
identification of sacred sites by tribes); Executive Order No. 13084, Consultation and
Coordination with Indian Tribal Governments (May 14, 1998) (places burden on federal
government to obtain timely and meaningful input from tribes on matters that significantly or
uniquely affect tribal communities); Executive Order 13175, Consultation with Indian Tribal
Governments (Nov. 6, 2000) (the federal government shall seek to establish regular and
meaningful consultation with tribes in the development of federal policies affecting tribes).

The Advisory Council regulations make it clear that consultation with interested tribes is
to occur throughout the entire Section 106 process. 36 C.F.R. § 800.4(a)(4) requires BLM to
consult with interested tribes "to assist in identifying properties, including those off tribal lands,
which may be of religious and cultural significance to them and may be eligible for the National
Register." 36 C.F.R. § 800.5(a) requires BLM to consult with interested tribes when assessing
adverse effects. 36 C.F.R. § 800.6(a) requires BLM to consult with interested tribes when
developing and evaluating alternatives that could avoid, minimize, or mitigate adverse effects on
historic properties.

Here, BLM has not complied with the tribal consultation regulations. Since BLM is
proposing to defer the identification, evaluation, and impact mitigation until after it approves the
right-of-way, the Quechan Tribe and other tribes are being deprived of their ability to provide
meaningful input prior to BLM's decision. In addition, the Tribe has not yet received a final
cultural resources report for this project, further impairing its ability to consult.

The tribal consultation provisions in the Draft PA are also inconsistent with the Advisory
Council regulations. Appendix A, Section I(d) of the Draft PA requires BLM to consult with
tribes to identify traditional cultural places within the APE. However, this is narrower than the
regulations' requirement to consult for the purpose of identifying properties, "which may be of
religious and cultural significance." 36 C.F.R. § 800.4(a)(4). Likewise, Appendix A, Section II
of the Draft PA requires consultation with tribes in the resource evaluation phase, but only for
the purpose of determining whether or not a resource is NRHP-eligible. In contrast, the ACHP



regulations also require consultation with tribes in the assessment of effects to the properties. 36
C.F.R. § 800.5(a). The Draft PA does not provide for this phase of tribal consultation.

Appendix B of the Draft PA requires the applicant to develop a Treatment Plan in
consultation only with BLM and other signatories to the PA. Thus, if the Tribe does not sign the
PA, it loses its right to consult on the resolution of adverse effects required by 36 C.F.R.
§ 800.6(a). BLM can not condition tribal consultation on execution of a PA that the Tribe
objects to. If the Tribe declines to sign the PA, BLM and the applicant must still comply with
the tribal consultation provisions in 36 C.F.R. § 800.6(a) and consult with the Tribe in
development and implementation of the Treatment Plan. This should be made clear in the PA.

In summary, BLM has failed to comply with its tribal consultation obligations. In
addition, the Draft PA does not provide for the level of tribal consultation required by the
Advisory Council regulations. At minimum, the Draft PA should be revised to provide for tribal
consultation in a manner consistent with 36 C.F.R. Part 800. No work should be authorized until
tribal consultation on the evaluation and resolution of effects is completed

III.	 Specific Comments on Draft PA

As noted above, the Tribe believes that use of a programmatic agreement in this case
violates both the letter and spirit of the NHPA by deferring evaluation and resolution of effects
until after approval of the undertaking. In addition, the programmatic agreement is woefully
inadequate in terms of specifying appropriate mitigation measures. The following are specific
comments on the Draft PA:

• The Draft PA, page 3, states that BLM will incorporate the mitigation measures and
performance standards from the Staff Assessment/Draft EIS ("SA/DEIS") for the SES Solar Two
Project. However, the only Condition of Certification contained in the SA/DEIS is that the
applicant shall comply with the terms of the programmatic agreement. In other words, the Draft
PA and SA/DEIS simply cross-reference each other, but neither document provides any
substantive mitigation measures or performance standards.

• The Draft PA, page 6, states that BLM has determined that a "phased (tiered) process
for compliance with section 106 of the NHPA is appropriate for the undertaking." BLM fails to
explain why a phased approach is appropriate in this case. Even if a phased approach was
appropriate, there is no valid reason why BLM should not complete the Section 106 process for
at least Phase I of the Project prior to approval of the undertaking. BLM is not just deferring
evaluation of effects for Phase II of this Project, but is deferring the entire Section 106 process
for all phases until after approval of the undertaking. This is not consistent with NHPA
requirements.

• The Draft PA, page 6, asserts that BLM has "comparatively examined the relative
effects of the alternatives [in the SA/DEIS] on known historic properties." However, there has
not actually been any evaluation of the identified historic properties to date. The DEIS simply
assumes that effects on cultural resources can be adequately mitigated through the PA, but the
Draft PA lacks any actual mitigation measures or performance standards.



• The Draft PA, page 6, states that identification, determination of effects, and
consultation on mitigation will occur prior to issuance of any "Notice to Proceed." This is
misleading and inaccurate. Stipulation 1X of the Draft PA, on page 11, confirms that ELM does
intend to authorize construction activities while the Section 106 evaluations take place.
Permitting construction to proceed prior to concluding the Section 106 process (including the
identification and evaluation of affected resources) conflicts with clear language in the NHPA.

• The Draft PA, pages 6-7, notes BLM's obligation to consult with interested Indian
tribes. To date, BLM has not formally consulted on a government-to-government basis with the
Quechan Tribe. It would be inappropriate to sign the Draft PA prior to formal consultation with
the Tribe. In addition, the Tribe's ability to meaningfully consult in this matter has been, and
continues to be, impaired since it has not yet received any cultural resources report specifically
identifying the resources discovered to date. The tribal consultation requirements of Section 106
and the ACHP regulations have not been complied with.

• The Draft PA, page 7, contains a definition of "cultural resource," but then fails to use
that definition consistently throughout the document. The term "cultural resource" as defined on
page 7 should be incorporated throughout the substantive terms of the agreement.

• The area of potential effects (APE) is coterminous with the project boundary.
However, there are many other sensitive areas adjacent to the project area. It may be appropriate
to broaden the APE to consider the indirect effects that this project will have on the adjacent
areas. Further consultation with the Tribe is necessary on this issue.

• Stipulation VI discusses the need to treat Native American burials and related items
discovered during implementation of the Agreement in compliance with NAGPRA. The Tribe is
aware that cremation sites have been located in the project area, yet the Tribe has not been
consulted or provided with specific information about the nature or extent of these cremation
sites. The Tribe is very concerned with a ROD being issued until full identification and
evaluation of cremation sites in compliance with NHPA and NAGPRA takes place.

• Stipulation VIII, on page 10, states that BLM will ensure preparation and distribution
of a report to consulting parties that documents the results of implementing the evaluation and
treatment plan efforts referenced in Stipulations III and IV. This report will be circulated within
18 months after all fieldwork required by Stipulations III "or" IV is complete. This stipulation
should be modified to require the preparation of two reports; one that addresses evaluation of
resources and a second that addresses treatment. The first report, which would document
evaluation efforts, should be subject to comments of consulting parties and other interested
Indian tribes prior to preparation of a treatment plan. The evaluation report would help inform
development of the treatment plan. There should be consultation throughout the evaluation
process, and throughout the development and implementation of the treatment plan.

• Stipulation IX authorizes BLM to commence "construction activities such as grading,
buildings, and installation of Sun Catchers" prior to completion of the evaluation of resources
and the development and implementation of a treatment plan. The Tribe objects to this as
inconsistent with the requirements of the NHPA. ELM should not authorize any construction
until the evaluation of resources, and development of a treatment plan, occurs.



• Stipulation XI discusses dispute resolution in the event there is disagreement about
how the terms of the PA are being implemented. BLM's authority to revoke its right-of-way, or
to impose additional conditions on the project for failure to comply with the PA, should be made
clear in this section. If BLM proceeds with the PA, and defers the Section 106 process until after
it issues the right-of-way, it must also retain the authority to revoke or condition the project in
the event that the applicant violates the PA. The Draft PA does not contain clear language that
ensures BLM will have authority to meaningfully enforce the terms of the Agreement.

• Stipulation XII discusses termination of the Agreement, but fails to clearly state that
if the agreement is terminated, then the applicant must stop work on the project. Again, BLM is
deferring the Section 106 process through the proposed agreement. Compliance with mitigation
measures developed through the Section 106 process should be an express condition of the right-
of-way approval. In other words, it should be clear both in the PA and in the ROD that
termination of the PA, or other failure to comply with prescribed mitigation measures, means
that work must stoji pending full compliance with any unfulfilled obligations under the NHPA.

• Stipulation XIV is unclear. Section (a) states that the PA will expire if the
undertaking or the Stipulations have not been performed within five years. "At such time," says
the PA, the BLM shall either execute an MOA or request comments from the ACHP. Does this
mean that the PA will change into an MOA at the end of the five year period? If the applicant
fails to agree to the MOA, does this result in revocation of the right to continue with the
undertaking? Section (b) then indicates that the undertaking may proceed even though the PA is
terminated. This section should make it clear that, if the PA is terminated, all work must cease
until the development of a new PA or MOA.

• Stipulation XV(b) states that execution and implementation of the PA is evidence that
BLM has afforded the ACHP a reasonable opportunity to comment on the undertaking.
However, even if this is true, implementation of the PA is not evidence that BLM has satisfied its
consultation obligations to interested Indian tribes.

• Appendix A, Section I(b) states that an inventory report, containing 100% survey of
the APE, has been submitted to BLM. The Tribe has not received a copy of that report from
BLM, nor has it been consulted as to the contents of that report. This has limited the ability of
the Tribe to effectively consult and comment in this process,

• Appendix A, Section 1(d) states BLM shall consult with Tribes to identify traditional
cultural places, but does not require this consultation to occur prior to issuance of the ROD.
BLM is violating Section 106 and the Advisory Council regulations by failing to provide
meaningful consultation with the Tribes prior to issuance of the ROD in this proceeding.

• Appendix A, Section II discusses evaluation of historic properties. The Tribe
disagrees with the presumption in Section (e) that isolated artifacts may not be considered
eligible under the NRHP. The Tribe also disagrees with Section (1), which states that cultural
resources that can be "avoided" will not be evaluated. This is inconsistent with the NHPA and
the Advisory Council Regulations. BLM must evaluate all of the identified cultural resources for
NRHP eligibility. The mere fact that the project footprint will not directly damage a resource
does not mean that a resource will not be affected by the development of the project. This is
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especially true for resources that have cultural or religious significance to tribes, which can
suffer impacts from the presence of adjacent commercial developments. Development activities
may affect the cultural setting in which resources lie, even if the project does not directly impact
them. Thus, all identified resources should be evaluated for NRHP eligibility. The Section 106
process is intended to inform BLM and the public of how sensitive a project area is. An analysis
of how many eligible resources are located on the site should occur before any decision is made
to permit the project.

• Appendix B states that the treatment plan will be developed among Signatory Parties.
BLM cannot deprive the Tribe of its rights as a consulting party if the Tribe chooses not to be a
signatory party. As discussed above, the regulations require consultation with the Tribe in the
resolution of adverse effects, and the Draft PA should clarify that such consultation is required.
No work should be authorized until resources are evaluated and the HPTP is completed.

In conclusion, the Tribe objects to the use of a programmatic agreement iiithis 	
proceeding. The Section 106 process, and the evaluation of impacts to cultural resources is
being arbitrarily rushed to the detriment of tribal input and protection of the resources. To the
extent that a progranunatic agreement is adopted, the current draft is inadequate and should be
revised in accordance with the comments above. We look forward to continue working with
BLM as this process continues. Please contact me if you have any questions.

Sincerely,

QUECHAN INDIAN TRIBE

cc:	 President Mike Jackson, Sr.
Vice-President Keeny Escalanti, Sr.
Members of the Quechan Tribal Council
P—auline Jo—se, Chairperson, Quechan Cultural Committee
Kenneth Salazar Department of the Interior, Secretary of the Interior
Jim Abbott, Bureau of Land Management, Acting State Director
Teri Rami, Bureau of Land Management, California Desert District Manager
Daniel Steward, Bureau of Land Management, El Centro
Brian Turner, National Trust for Historic Preservation, Regional Attorney, Western Office
Jim Bartel, Fish and Wildlife, Field Supervisor
Michelle Mattson, US Army Corps of Engineers
Nancy Brown, Advisory Council on Historic Preservation
Chris Meyer, California Energy Commission Project Manager
Wayne Donaldson, California State Historic Preservation Officer
Dave Singleton, Native American Heritage Commission



Declaration

I, Janet M. Laurain, declare as follows:

1. I am a paralegal at Adams Broadwell Joseph & Cardozo. I make this

declaration from my personal knowledge. If called as a witness, I could testify

competently to facts stated in this declaration.

2. Exhibit 493 is a true and correct copy of the draft Programmatic Agreement

dated March 26, 2010. I downloaded and printed this document on May 10, 2010

from an email sent to me by Loulena Miles. The email originated from Carrie

Simmons at the Bureau of Land Management.

3. Exhibit 494 is a true and correct copy of the California Unions for Reliable

Energy Comments on the Draft Programmatic Agreement dated May 7, 2009. I

obtained this document from the office files at Adams Broadwell Joseph & Cardozo.

4. Exhibit 495 is a true and correct copy of the National Register Bulletin,

Guidelines for Evaluating and Documenting Historic Aids to Navigation to the

National Register of Historic Places, printed on 5/7/2010 from a website purporting

to be maintained by the National Park Service.

5. Exhibit 496 is a true and correct copy of a letter from the National Park

Service to the Energy Commission and BLM commenting on the Staff

Assessment/Draft Environmental Impact Statement, received on May 4, 2010. This

was printed on May 10, 2010 from a website purporting to be maintained by the

Energy Commission.
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6. Exhibit 497 is a true and correct copy of a letter from the Quechan Indian

Tribe, Ft. Yuma Indian Reservation, to Carrie Simmons, Bureau of Land

Management, commenting on the Draft Programmatic Agreement, dated May 4,

2010. This was sent to the Adams Broadwell Joseph & Cardozo office by Bridget

Nash of the Quechan Tribe. I obtained this document from the office files at Adams

Broadwell Joseph & Cardozo.

7. I declare under penalty of perjury under the laws of the State of California

that the foregoing is true and correct. Executed this 10 th day of May, 2010, at South

San Francisco, California.
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