ADAMS BROADWELL JOSEPH & CARDOZO

A PROFESSIONAL CORPORATION

DANIEL L. CARDOZO SACRAMENTO OFFICE
THOMAS A. ENSLOW ATTORNEYS AT LAW
TANYA A. GULESSERIAN 520 CAPITOL MALL, SUITE 350
MARC D. JOSEPH 601 GATEWAY BOULEVARD, SUITE 1000 SACRAMENTO, CA 95814-4715
ELIZABETH KLEBANER SOUTH SAN FRANCISCO, CA 94080-7037 TEL: (916) 444-6201

RACHAELE.KOSS FAX: (916) 444-6209
LOULENA A. MILES

ROBYN C. PURCHIA TEL: (650) 589-1660

FAX: (650) 589-5062
OF COUNSEL

tgulesserian@adamsbroadwell.com
THOMAS R. ADAMS

ANN BROADWELL
March 18, 2010 08-AFC-2

GLORIA D. SMITH
DATE w™aAR 182010
Via Overnight Mail

RECD. MAR 222010

CALIFORNIA ENERGY COMMISSION
Attn: Docket No. 08-AFC-2

1516 Ninth Street, MS-4

Sacramento, CA 95814-5512

Re: Application for Certification, Beacon Solar Energy Project, 08-AFC-2

Dear Docket Clerk:

Enclosed are an original of CALIFORNIA UNIONS FOR RELIABLE
ENERGY THIRD AMENDED SEQUENTIAL LIST AND ADDITIONAL
EXHIBITS, one paper copy of Exhibits 638 through 656, and 2 CDs containing
Exhibits 638 through 656. Please process the documents and return a conformed
copy of this letter in the envelope provided.

Thank you for your assistance with this matter.

Sincerely,
/sl

Tanya A. Gulesserian
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STATE OF CALIFORNIA
California Energy Commission

In the Matter of:

The Application for Certification Docket No. 08-AFC-2
for the BEACON SOLAR ENERGY
PROJECT

CALIFORNIA UNIONS FOR RELIABLE ENERGY
THIRD AMENDED SEQUENTIAL LIST AND ADDITIONAL
EXHIBITS

March 18, 2010

Tanya A. Gulesserian

Marc D. Joseph

Adams Broadwell Joseph & Cardozo
601 Gateway Boulevard, Suite 1000
South San Francisco, CA 94080
(650) 589-1660 Voice

(650) 589-5062 Facsimile
tgulesserian@adamsbroadwell.com
mdjoseph@adamsbroadwell.com

Attorneys for the CALIFORNIA
UNIONS FOR RELIABLE ENERGY

2162-085a



California Unions for Reliable Energy (“CURE”) provides the attached third
amended sequential exhibit list concerning the Beacon Solar Energy Project

(“Project”). The third amended sequential list includes CURE Exhibits 638 through

656.

EXHIBIT DATE DOCUMENT

NUMBER

638 11/9/09 Office of the Governor for the State of California, 2009
Comprehensive Water Package Special Session Policy
Bills and Bond Summary and Laurain Declaration

639 Office of the Governor for the State of California, Fact
Sheet, Governor Calls for Comprehensive Plan to Fix
California’s Water Crisis and Laurain Declaration

640 1999 Hailey J, and D Bainbridge. 1999. Desert Restoration: Do
something or wait a thousand years? [abstract] Mojave
Desert Science Symposium; 1999 Feb 25-27, Las Vegas.
USGS, Western Ecological Research Center [internet]

641 2009 US Fish and Wildlife Service. 2009. Preparing for any
action that may occur within the range of the Mojave
desert tortoise (Gopherus agassizii)

642 1992 US Fish and Wildlife Service. 1992. Field survey protocol
for any non-federal action that may occur within the range
of the desert tortoise

643 2006 Boarman WI, WB Kristan. 2006. Evaluation of Evidence
Supporting the Effectiveness of Desert Tortoise Recovery
Actions. Scientific Investigations Report 2006-5143. US
Geological Survey, Sacramento (CA)

644 2002 Boarman WI. 2002. Threats to Desert Tortoise

Populations: A Critical Review of the Literature. U.S.
Geological Survey, Western Ecological Research Center.
Sacramento (CA)
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645

646

647

648

649

650

651

652

653

2162-085a

1986

2003

6/1994

4/7/03

2004
6/2005

1972

6/2/01

3/17/10

Schamberger ML, FB Turner. 1986. The application of
habitat modeling to the desert tortoise (Gopherus
agassizil)

Klute DS, LW Ayers, MT Green, WH Howe, SL Jones, JA
Shaffer, SR Sheffield, T'S Zimmerman. 2003. Status
assessment and conservation plan for the western
Burrowing Owl in the United States. Bio Tech Pub
FWS/BTP-R6001-2003. Washington: US Fish and Wildlife

Desert Tortoise (Mojave Population) Recovery Plan, U.S.
Fish & Wildlife Service

Petition to the State of California Fish and Game
Commission and Supporting Information for Listing the
California Population of the Western Burrowing Owl
(Athene Cunicularia Hypugaea) as an Endangered or
Threatened Species Under the California Endangered
Species Act

Home-Range Size and Use of Space by Adult Mohave
Ground Squirrels, Spemophilus Mohavensis, John H.
Harris and Philip Leitner, Journal of Mammalogy 2004;
Long-Distance Movements of Juvenile Mohave Ground
Squirrels, Spermophilus Mohavensis, John H. Harris and
Philip Leitner, the Southwestern Naturalist, June 2005

Hoyt DF. 1972. Mohave Ground Squirrel Survey.
California Department of Fish and Game. Sacramento
(CA): Special Wildlife Investigations Report

CNPS Botanical Survey Guidelines, California Native
Plant Society

Current Status of the Mohave Ground Squirrel, Philip
Leitner

Declaration of Michael A. Bias Regarding Exhibits 640-
652



654 3/17/10 Los Angeles Department of Water and Power’s website for
the Barren Ridge Renewable Transmission Project and
Marcus Declaration

655 3/17/10 Email from Sudath Edirisuriya to Tanya Gulesserian and
Marcus Declaration

656 8/21/09 Edwards Air Force Base Request for Environmental
Analysis and Laurain Declaration

CURE intends to offer Exhibits 638 through 656 and declarations into evidence.

Dated: March 18, 2009 Respectfully submitted,

/sl
Tanya A. Gulesserian
Marc D. Joseph
Adams Broadwell Joseph & Cardozo
601 Gateway Boulevard, Suite 1000
South San Francisco, CA 94080
(650) 589-1660 Voice
(650) 589-5062 Facsimile
tgulesserian@adamsbroadwell.com

Attorneys for the CALIFORNIA UNIONS
FOR RELIABLE ENERGY

2162-085a



STATE OF CALIFORNIA

Energy Resources Conservation
and Development Commission
In the Matter of:

The Application for Certification for the Docket No. 08-AFC-2
BEACON SOLAR ENERGY PROJECT

PROOF OF SERVICE

I, Bonnie Heeley, declare that on March 18, 2010 I served and filed copies of the attached
CALIFORNIA UNIONS FOR RELIABLE ENERGY

THIRD AMENDED SEQUENTIAL LIST AND ADDITIONAL EXHIBITS
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
www.energy.ca.gov/sitingcases/beacon. The document has 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 via
overnight mail addressed as provided on the Proof of Service. An original paper copy and one
electronic copy, together with a CD, were sent via overnight mail to the Docket Office.

I declare under penalty of perjury that the foregoing is true and correct. Executed at South San
Francisco, CA on March 18, 2010.

/s/
Bonnie Heeley

2162-085a



CALIFORNIA ENERGY COMMISSION
ATTN DOCKET NO. 08AFC2

1516 NINTH STREET MS4
SACRAMENTO, CA 95814-5512
docket@energy.state.ca.us

BILL PIETRUCHA, PROJECT MGR
JARED FOSTER, P.E., MECH. ENG.
WORLEY PARSONS

2330 E. BIDWELL ST SUITE 150
FOLSOM, CA 95630
Bill.pietrucha@worleyparsons.com
Jared.foster@worleyparsons.com

JEFFREY D. BYRON
CALIFORNIA ENERGY COMMISSION
1516 NINTH STREET
SACRAMENTO, CA 95814-5512
jbyron@energy.state.ca.us

JARED BABULA
CALIFORNIA ENERGY COMMISSION
1516 NINTH STREET
SACRAMENTO, CA 95814-5512
jbabula@enery.state.ca.us

2162-085a

Kristy Chew

Adviser to Commissioner Byron
California Energy Commission
1516 Ninth Street MS4
Sacramento, CA 95814-5512
Kchew@energy.state.ca.us

JANE LUCKHARDT

DOWNEY BRAND ATTORNEYS LLP
621 CAPITOL MALL 18™ FLR
SACRAMENTO, CA 95814
jluckhardt@downeybrand.com

KENNETH CELLI
CALIFORNIA ENERGY COMMISSION
1516 NINTH STREET
SACRAMENTO, CA 95814-5512
kcelli@energy.state.ca.us

Jennifer Jennings

PUBLIC ADVISER'S OFFICE
CALIFORNIA ENERGY COMMISSION
1516 NINTH STREET
SACRAMENTO, CA 95814-5512
publicadviser@energy.state.ca.us

DIANE FELLMAN

DIRECTOR WEST REGION
NEXTERA ENERGY RESOURCES
234 VAN NESS AVENUE

SAN FRANCISCO, CA 94102
Diane.fellman@nexteraenergy.com

SSARA HEAD, VICE PRESIDENT
AECOM ENVIRONMENT

1220 AVENIDA ACASO
CAMARILLO, CA 93012
Sara.head@aecom.com

KAREN DOUGLAS
CALIFORNIA ENERGY
COMMISSION

1516 NINTH STREET
SACRAMENTO, CA 95814-5512
kidougl@energy.state.ca.us

ERIC K. SOLORIO

CALIFORNIA ENERGY
COMMISSION

1516 NINTH STREET
SACRAMENTO, CA 95814-5512
esolario@energy.state.ca.us

S. BUSA, K.STEIN, M.RUSSELL,
D.MCCLOUD, G.NARVAEZ

NEXTERA ENERGY RESOURCES LLC
700 UNIVERSE BLVD

JUNO BEACH, FL 33408
Scott.busa@nexteraenergy.com
Kenneth.stein@nexteraenergy.com
Meg.russell@nexteragenergy.com
Duane.mccloud@nexteragnergy.com
Guillermo.narvaez@nexteraenergy.com




STATE OF CALIFORNIA
California Energy Commission

In the Matter of:

The Application for Certification Docket No. 08-AFC-2

for the BEACON SOLAR ENERGY

PROJECT
THIRD AMENDED
CALIFORNIA UNIONS FOR RELIABLE ENERGY
SEQUENTIAL EXHIBIT LIST
Exhibit | Date Title Subject Sponsor
No.
600 11/12/2009 | Testimony of Scott Cashen On | Biological Scott Cashen
Biological Resources Resources
601 11/11/2009 | Declaration of Scott Cashen Biological Scott Cashen
Resources
602 11/12/2009 | Exhibit 1: Resume of Scott Biological Scott Cashen
Cashen Resources
603 2003 Exhibit 2: California Biological Scott Cashen
Department of Fish and Game. | Resources
Mohave ground squirrel survey
guidelines.
604 1993 Exhibit 3: Gustafson JR, State | Biological Scott Cashen
of California, Department of Resources
Fish and Game. A status
review of the Mohave ground
squirrel.
605 5/21/2008 Exhibit 4: Conference Call Biological Scott Cashen
Agenda for May 21, 2008, Resources
BSEP CEC Proceeding 08-
AFC-2.
606 02/2008 Exhibit 5: AFC, Bio Tech Biological Scott Cashen
Report: Figure 11 Resources
607 1993 Exhibit 6: The California Biological Scott Cashen
Burrowing Owl Consortium. Resources
Burrowing Owl Survey
Protocol and Mitigation
Guidelines
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608 1995 Exhibit 7: State of California, Biological Scott Cashen
Department of Fish and Game. | Resources
Staff Report on Burrowing Owl
Mitigation
609 Exhibit 8: AFC, Figure BR 78- | Biological Scott Cashen
1 Resources
610 07/17/2009 | Exhibit 9: Applicant’s Biological Scott Cashen
“Response to Select CURE Resources
Comments at CEC’s Request”
611 06/19/2008 | Exhibit 10: Memorandum from | Biological Scott Cashen
the California Department of Resources
Fish and Game to California
Energy Commission, Subject:
Beacon Solar Energy Project
Application for Certification
612 11/12/2009 | Testimony of Matt Hagemann | Soil Resources | Matt
on Soil Resources and Waste and Waste Hagemann
Management Management
613 11/12/2009 | Declaration of Matt Hagemann | Soil Resources | Matt
and Waste Hagemann
Management
614 11/12/2009 | Attachment 1: Resume of Matt | Soil Resources | Matt
Hagemann and Waste Hagemann
Management
615 1987-2008 | Attachment 2: Spill Reports — | Soil Resources | Matt
SEGS III - VII and Waste Hagemann
Management
616 11/12/2009 | Testimony of David Marcus on | Water David Marcus
Transmission Engineering and | Resources,
Water Resources and Alternatives,
Alternatives and
Transmission
Engineering
617 11/10/2009 | Declaration of David Marcus Water David Marcus
Resources,
Alternatives
and
Transmission
Engineering
618 08/2009 Exhibit 1: Resume of David Water David Marcus
Marcus Resources,
Alternatives,
and
Transmission
Engineering

2162-083a




619 2009 Exhibit 2: LADWP Barren Transmission David Marcus
Ridge Renewable Engineering
Transmission Project
620 Exhibit 3: Projection Transmission David Marcus
Engineering Statement of Engineering
Qualifications
621 Exhibit 4: NRG SCE Filing Transmission David Marcus
Engineering
622 11/11/2009 | Exhibit 5: CEC List of Siting Transmission David Marcus
Cases Engineering
623 02/01/2008 | Exhibit 6: WorleyParsons: Water David Marcus
FPLE — Beacon Solar Energy Resources and
Project Dry Cooling Evaluation | Alternatives
624 06/2009 Exhibit 7: CPUC 33% Water David Marcus
Renewables Portfolio Standard | Resources and
Implementation Analysis Alternatives
Preliminary Results
625 3/8/10 Rebuttal Testimony of Matt | Hazardous Matt
Hagemann on Hazardous Materials and | Hagemann
Materials and Waste Waste
Management Management
626 3/8/10 Declaration of Matt Hazardous Matt
Hagemann Materials and | Hagemann
Waste
Management
627 2/23/09 Attachment 1: Hazardous Hazardous Matt
Materials Business Plan, Materials and | Hagemann
February 23, 2009, Luz Waste
Solar Partners, II1-VII. Management
628 5/16/09 Attachment 2: Material Hazardous Matt
Safety Data Sheet for Materials and | Hagemann
Therminol VP-1, May 16, Waste
2009 Management
629 11/1/05 Attachment 3: Letter from Hazardous Matt
FPL Energy to RWQCB re: | Materials and | Hagemann
SEGS III HTF spill, October | Waste
21, 2005 Management
630 10/25/05 Attachment 4: Notice of Hazardous Matt
Violation, Issued by San Materials and | Hagemann
Bernardino County Fire Waste
Department to FPL Energy | Management

2162-083a




631 1/30/06 Attachment 5: Recyclable Hazardous Matt
6/10/08 Materials Reports, FPL Materials and | Hagemann
Energy to San Bernardino Waste
County Fire Department, Management
2004-2005 and 2006-2007
632 3/8/10 Rebuttal Testimony of Biological Michael A.
Michael A. Bias on Resources Bias
Biological Resources
633 3/8/10 Declaration of Michael A. Biological Michael A.
Bias Resources Bias
634 3/8/10 Adopted Declaration Biological Michael A.
Resources Bias
635 3/8/10 Exhibit 1: Resume of Biological Michael A.
Michael A. Bias Resources Bias
636 10/22/09 BESP FSA Soil and Water Water David
Resources and Alternatives | Resources and | Marcus
Alternatives
637 10/22/09 BESP FSA Alternatives Alternatives David
Confidential Appendix C Marcus
[Confidential]
ADDITIONAL EXHIBITS AND DECLARATIONS
638 11/9/09 Office of the Governor for the State of California, 2009
Comprehensive Water Package Special Session Policy Bills
and Bond Summary and Laurain Declaration
639 Office of the Governor for the State of California, Fact Sheet,
Governor Calls for Comprehensive Plan to Fix California’s
Water Crisis and Laurain Declaration
640 1999 Hailey J, and D Bainbridge. 1999. Desert Restoration: Do
something or wait a thousand years? [abstract] Mojave
Desert Science Symposium; 1999 Feb 25-27, Las Vegas.
USGS, Western Ecological Research Center [internet]
641 2009 US Fish and Wildlife Service. 2009. Preparing for any action
that may occur within the range of the Mojave desert tortoise
(Gopherus agassizii)
642 1992 US Fish and Wildlife Service. 1992. Field survey protocol for

any non-federal action that may occur within the range of
the desert tortoise

2162-083a




643

2006

Boarman WI, WB Kristan. 2006. Evaluation of Evidence
Supporting the Effectiveness of Desert Tortoise Recovery
Actions. Scientific Investigations Report 2006-5143. US
Geological Survey, Sacramento (CA)

644

2002

Boarman WI. 2002. Threats to Desert Tortoise Populations:
A Critical Review of the Literature. U.S. Geological Survey,
Western Ecological Research Center. Sacramento (CA)

645

1986

Schamberger ML, FB Turner. 1986. The application of
habitat modeling to the desert tortoise (Gopherus agassizii)

646

2003

Klute DS, LW Ayers, MT Green, WH Howe, SL Jones, JA
Shaffer, SR Sheffield, TS Zimmerman. 2003. Status
assessment and conservation plan for the western Burrowing
Owl in the United States. Bio Tech Pub FWS/BTP-R6001-
2003. Washington: US Fish and Wildlife

647

6/1994

Desert Tortoise (Mojave Population) Recovery Plan, U.S.
Fish & Wildlife Service

648

4/7/03

Petition to the State of California Fish and Game
Commission and Supporting Information for Listing the
California Population of the Western Burrowing Owl (Athene
Cunicularia Hypugaea) as an Endangered or Threatened
Species Under the California Endangered Species Act

649

2004
6/2005

Home-Range Size and Use of Space by Adult Mohave Ground
Squirrels, Spemophilus Mohavensis, John H. Harris and
Philip Leitner, Journal of Mammalogy 2004; Long-Distance
Movements of Juvenile Mohave Ground Squirrels,
Spermophilus Mohavensis, John H. Harris and Philip
Leitner, the Southwestern Naturalist, June 2005

650

1972

Hoyt DF. 1972. Mohave Ground Squirrel Survey. California
Department of Fish and Game. Sacramento (CA): Special
Wildlife Investigations Report

651

6/2/01

CNPS Botanical Survey Guidelines, California Native Plant
Society

652

Current Status of the Mohave Ground Squirrel, Philip
Leitner

653

3/17/10

Declaration of Michael A. Bias Regarding Exhibits 640-652

654

3/17/10

Los Angeles Department of Water and Power’s website for
the Barren Ridge Renewable Transmission Project and
Marcus Declaration

655

3/17/10

Email from Sudath Edirisuriya to Tanya Gulesserian and
Marcus Declaration

656

8/21/09

Edwards Air Force Base Request for Environmental Analysis
and Laurain Declaration
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STATE OF CALIFORNIA
California Energy Commission

In the Matter of:

The Application for Certification Docket No. 08-AFC-2
for the BEACON SOLAR ENERGY
PROJECT

CALIFORNIA UNIONS FOR RELIABLE ENERGY
EXHIBITS 657 and 658

March 18, 2010

Tanya A. Gulesserian

Marc D. Joseph

Adams Broadwell Joseph & Cardozo
601 Gateway Boulevard, Suite 1000
South San Francisco, CA 94080
(650) 589-1660 Voice

(650) 589-5062 Facsimile
tgulesserian@adamsbroadwell.com
mdjoseph@adamsbroadwell.com
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California Unions for Reliable Energy (‘CURE”) identifies the following
additional Exhibits that CURE intends to offer into evidence for the Beacon Solar

Energy Project (“Project”).

Exhibit 657: Rosamond Community Services District Letter of Intent dated
August 14, 2009 and posted August 20, 2009 available at:
http://www.energy.ca.gov/sitingcases/beacon/documents/other/2009-09-

14) Revised Rosamond Commnty Serves Dist Letter of Intent TN-
53088.PDF

Exhibit 658: California City Recycled Water Supply Proposal dated and
posted August 13, 2009 available at:
http://www.energy.ca.gov/sitingcases/beacon/documents/other/2009-08-
13_California_City Recycled Water Supply Proposal NT-52865.PDF

CURE reserves the right to supplement its exhibit list with additional
documents, analyses and other information at any time up to and including the

close of the evidentiary hearings.

Dated: March 18, 2010 Respectfully submitted,

/sl
Tanya A. Gulesserian
Marc D. Joseph
Adams Broadwell Joseph & Cardozo
601 Gateway Boulevard, Suite 1000
South San Francisco, CA 94080

Attorneys for the CALIFORNIA UNIONS FOR
RELIABLE ENERGY

2162-087a



STATE OF CALIFORNIA

Energy Resources Conservation
and Development Commission
In the Matter of:

The Application for Certification for the Docket No. 08-AFC-2
BEACON SOLAR ENERGY PROJECT

PROOF OF SERVICE

I, Bonnie Heeley, declare that on March 18, 2010 I served and filed copies of the attached
CALIFORNIA UNIONS FOR RELIABLE ENERGY

EXHIBITS 657 and 658
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
www.energy.ca.gov/sitingcases/beacon. The document has 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 via
email and by U.S. Mail with first-class postage thereon, fully prepaid and addressed as provided
on the Proof of Service list to those addresses NOT marked “email preferred.” An original paper
copy and one electronic copy, mailed and emailed respectively, was sent to the Docket Office.

I declare under penalty of perjury that the foregoing is true and correct. Executed at South San
Francisco, CA on March 18, 2010.

/s/
Bonnie Heeley

2162-087a



CALIFORNIA ENERGY COMMISSION
ATTN DOCKET NO. 08AFC2

1516 NINTH STREET MS4
SACRAMENTO, CA 95814-5512
docket@energy.state.ca.us

BILL PIETRUCHA, PROJECT MGR
JARED FOSTER, P.E., MECH. ENG.
WORLEY PARSONS

2330 E. BIDWELL ST SUITE 150
FOLSOM, CA 95630
Bill.pietrucha@worleyparsons.com
Jared.foster@worleyparsons.com

JEFFREY D. BYRON
CALIFORNIA ENERGY COMMISSION
1516 NINTH STREET
SACRAMENTO, CA 95814-5512
jbyron@energy.state.ca.us

JARED BABULA
CALIFORNIA ENERGY COMMISSION
1516 NINTH STREET
SACRAMENTO, CA 95814-5512
jbabula@enery.state.ca.us

DIANE FELLMAN

DIRECTOR WEST REGION
NEXTERA ENERGY RESOURCES
234 VAN NESS AVENUE

SAN FRANCISCO, CA 94102
Diane.fellman@nexteraenergy.com

2162-087a

Kristy Chew

Adviser to Commissioner Byron
California Energy Commission
1516 Ninth Street MS4
Sacramento, CA 95814-5512
Kchew@energy.state.ca.us

JANE LUCKHARDT

DOWNEY BRAND ATTORNEYS LLP
621 CAPITOL MALL 18™ FLR
SACRAMENTO, CA 95814
jluckhardt@downeybrand.com

KENNETH CELLI
CALIFORNIA ENERGY COMMISSION
1516 NINTH STREET
SACRAMENTO, CA 95814-5512
kcelli@energy.state.ca.us

Jennifer Jennings

PUBLIC ADVISER'S OFFICE
CALIFORNIA ENERGY COMMISSION
1516 NINTH STREET
SACRAMENTO, CA 95814-5512
publicadviser@energy.state.ca.us

California Unions for Reliable Energy
T.Gulesserian/M.Joseph

Adams Broadwell Joseph & Cardozo
601 Gateway Boulevard, Suite 1000
South San Francisco, CA 94080
Email only
tqulesserian@adamsbroadwell.com

SARA HEAD, VICE PRESIDENT
AECOM ENVIRONMENT

1220 AVENIDA ACASO
CAMARILLO, CA 93012
Sara.head@aecom.com

KAREN DOUGLAS
CALIFORNIA ENERGY
COMMISSION

1516 NINTH STREET
SACRAMENTO, CA 95814-5512
kidougl@energy.state.ca.us

ERIC K. SOLORIO

CALIFORNIA ENERGY
COMMISSION

1516 NINTH STREET
SACRAMENTO, CA 95814-5512
esolario@energy.state.ca.us

S. BUSA, K.STEIN, M.RUSSELL,
D.MCCLOUD, G.NARVAEZ

NEXTERA ENERGY RESOURCES LLC
700 UNIVERSE BLVD

JUNO BEACH, FL 33408
Scott.busa@nexteraenergy.com
Kenneth.stein@nexteraenergy.com
Meg.russell@nexteragenergy.com
Duane.mccloud@nexteraenergy.com
Guillermo.narvaez@nexteraenergy.com

California ISO
e-recipient.com
Email only



EXHIBIT 638



Governor Schwarzenegger -- California Water: Rebuilding Our Infrastructure

Water Management:

Governor's Home Page | Issues & Policy Home

2009 Comprehensive Water Package

H

11/9/2009

2009 Comprehensive Water Package
Special Session Policy Bills and Bond Summary

November 2009
California Department of Waler Resources

Governor Schwarzenegger and state lawmakers successfully
crafted a plan to meet California’s growing water challenges. A
comprehensive deal was agreed to, representing major steps
towards ensuring a reliable water supply for future generations,
as well as restoring the Sacramento-San Joaquin Delta and other
ecologically sensitive areas.

The plan is comprised of four policy bills and an $11.14 billion
bond. The package establishes a Delta Stewardship Council,
sels ambitious water conservation policy, ensures better
groundwater monitoring, and provides funds for the State Water
Resources Control Board for increased enforcement of illegal
water diversions. The bond will fund, with focal cost-sharing,
drought relief, water supply reliability, Delta sustainability,
statewide water system operational improvements, conservation
and watershed protection, groundwater protection. and water
recycling and water conservation programs.

Senate Bill No. 1
Delta Governance / Delta Plan

SB 1 establishes the framework to achieve the co-equal goals of
providing a more reliable water supply to California and restoring
and enhancing the Delta ecosystem. The co-equal goals will be
achieved in a manner that protects the unique cultural,
recrealional, natural resource, and agricultural values of the
Delta. Specifically, this bill:

e Creates the Delta Stewardship Council, consisting of
seven members with diverse expertise providing a broad
statewide perspective. The Chairperson of the Delta
Protection Commission is a permanent member of the
Council. The Council is also tasked with:

o Developing a Delta Plan to guide state and local
actions in the Delta in a manner that furthers the
co-equal goals of Delta restoration and water
supply reliability;

o Developing performance measures for the
assessment and tracking of progress and changes
to the heallh of the Delta ecosystem, fisheries, and
water supply reliability;

o Determining if a state or local agency’s project in
the Delta is consistent with the Delta Plan and the
co-equal goals, and acting as the appellate body in
the event of a claim that such a project is
inconsistent with the goals; and

o Determining the consistency of the Bay-Delta
Conservation Plan (BDCP) with the co-equal
goals.

e Ensures that the Department of Fish and Game and the
State Water Resources Control Board identify the water
supply needs of the Delta estuary for use in determining
the appropriate waler diversion amounts associated with
BDCP

L'.‘Share PageNo Friends OnlineUpdates Accounts

Chat with your friends

http://gov.ca.gov/issue/water-supply

2009 Comprehensive Water Plan

RELATED CONTENT:

11/17/2009
Department of Water Resources
Director Lester Snow Holds Web
Discussion

10/22/2009

Gov, Schwarzenegger Speaks at
Southern California Water Committee's
25th Annual Meeting

9/2/2009

Gov, Schwarzenegger Sends Letter
Demanding Obama Administration to
Intervene in Water Crisis

8/28/2009

Governor Schwarzenegger Issues
Statement on Federal Board's
Assistance to Fresno Drought Victims

8/24/2009

Gov. Schwarzenegger Breaks Ground
on Critical Flood Safety Project in
Sulter County

8/18/2009

Gov. Schwarzenegger Sends Letter to
Democrat Leaders Urging
Comprehensive Water Reform

8/4/2009

Governor Schwarzenegger Issues
Statement on Democratic Water
Proposal

Archive

Page 1 of 6

=
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Governor Schwarzenegger -- California Water: Rebuilding Our Infrastructure Page 2 of 6

e Establishes the Sacramento-San Joaquin Delta
Conservancy to implement ecosystem restoration
activities within the Delta. In addition to the restoration
duties the Conservancy is required lo:

o Adopt a strategic plan for implementation of the
Conservancy goals;

o Promote economic vitality in the Delta through
increased lourism and the promotien of Delta
legacy communities;

o Promote environmental education about, and the
public use of, public lands in the Delta; and

o Assistin the preservation, conservation, and
restoration of the region’s agricultural, cultural,
historic, and living rescurces,

» Restruclures the current Delta Protection Commission
(DPC), reducing the membership from 23 lo 15 members,
and tasks DPC with the duties of:

o Adopting an economic sustainability plan for the
Della, which is to include flood protection
recommendations to state and local agencies;

o Submitting the economic sustainability plan to the
Delta Stewardship Council for inclusion in the
Delta Plan.

e Appropriates funding from Proposition 84 to fund the Two-
Gates Fish Protection Demonstration Program, a project
in the cenlral Delta which will utilize op erable gates for
protection of sensitive species and managsment of waler

supply.

Senate Bill No. 6
Groundwater Monitoring

SB 6 requires, for the first time in California's history, that local
agencies monitor the elevation of their groundwater basins to
help better manage the resource during both normal water years
and drought conditions. Specifically, this bill:

# Regquires the Department of Water Resources (DWR) to
establish a priority schedule for the monitaring of
groundwater basins and the review of groundwater
elevation reports, and lo make recommendations to local
entities to improve the monitoring programs.

* Requires DWR to assist local monitoring entities with
compliance with this statute.

s Allows local entities to determine regionally how best to
set up their groundwater monitoring program, crafting the
program to meet their local circumstances.

e Provides landowners with protections from trespass by
state or local entities.

s Provides that if the local agencies fail to implement a
monitoring program and/or fail to provide the required
reports, DWR may implement the groundwater monitoring
program for that region.

e Provides that failure to implement a monitoring program
will result in the loss of eligibility for state grant funds by
the county and the agencies responsible for performing
the monitoring duties.

Senate Bill No. 7
Statewide Water Conservation

SB 7 creates a framework for future planning and actions by
urban and agricultural water suppliers to reduce California's
water use. For the first time in California’s history, this bill
requires the development of agricultural water management
plans and requires urban water agencies to reduce statewide per
capita water consumption 20

percent by 2020, Specifically, this bill:

e Establishes multiple pathways for urban water suppliers to
achieve the statewide goal of a 20 percent reduction in
urban water use. Specifically, urban water suppliers may:

o Set a conservalion target of 80 percent of their
baseline daily per capita waler use;

o Ulilize performance standards for water use that
are specific to indoor, landscape, and commercial,
industrial and institutional uses;
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o Meet the per capila water use goal for their specific
hydrolagic region as identified by DWR and other
state agencies in the 20 percent by 2020 Water
Conservalion Plan; or

o Use an alternale method that is to be developed by
DWR before December 31, 2010.

Requires urban water suppliers to set an interim urban
water use larget and meel that target by December 31,
2015 and meet the overall target by December 31, 2020.
Requires DWR to cooperatively work with the California
Urban Water Conservation Council to establish a task
force that shall identify best management practices to
assist the commercial, industrial and institutional sector in
meeling the water conservation goal.

Requires agricultural water suppliers lo measure water
deliveries and adopt a pricing struclure for water
cuslomers based at least in part on quantity delivered,
and, where technically and economically feasible,
implement additional measures to improve efficiency.
Requires agricultural waler suppliers to submit
Agricultural Water Management Plans beginning
December 31, 2012 and include in those plans
information relating to the water efficiency measures they
have undertaken and are planning to undertake.

Makes ineligible for state grant funding any urban or
agricultural water supplier who is not in compliance with
the requirements of this bill relating to waler conservation
and efficient water mana gement.

Requires DWR to, in 2013, 2016 and 2021, report to the
Legislature on agricultural efficient water management
practices being undertaken and reported in agricultural
water management plans.

Requires DWR, the State Water Resources Control
Board, and other state agencies to develop a
standardized water information reporting system to
streamline water reporting required under the law.

Senate Bill No. 8
Water Diversion and Use / Funding

SB 8 improves accounting of the location and amounts of water
being diverted by recasting and revising exemptions from the
walter diversion reporting requirements under current law.
Additionally, this bill apprepriates existing bond funds for various
activities to benefit the Delta ecosystem and secure the reliability
of the state’s waler supply, and to increase slaffing at the State

Waler

Resources Control Board to manage the duties of this

slatute. Specifically, this bill:
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Provides a stronger accounting of water diversion and use
in the Delta by removing an exemption from reporting
water use by in-Delta water users.

Redefines the types of diversions that are exempt from
the reporting requirement.

Assesses civil liability and monetary penalties on diverters
who fail to submit the required reports, and for willful
misstatements, and/or tampering with monitoring
equipment.

Appropriates $546 million from Propositions 1E and 84, in
the following manner:

o $250 million (Proposition 84) for integrated
regional water management grants and
expenditures for projects to reduce dependence on
the Delta;

o $202 million ($32 million Proposition 84 and $170
million Proposition 1E) for flood protection projects
in the Delta to reduce the risk of levee failures that
would jecpardize water conveyance;

o $70 million (Proposition 1E) for stormwater
management grants; and

o $24 million (Proposition 84) for grants to local
agencies to develop or implement Natural
Community Conservation plans.

Appropriates $3.75 million from the Water Rights Fund to
the State Water Resources Control Board for staff
positions to manage the duties in this bill relating to water
diversion reporting, monitoring and enforcement.
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The Safe, Clean, and Reliable Drinking Water Supply Act of 2010
is an $11.14 billion general obligation bond proposal that would
provide funding for California’s aging water infrastructure and for
projects and programs to address the ecosystem and waler
supply issues in California. The bond is comprised of seven
calegories, including drought relief, water supply reliability, Delta
sustainability, statewide water system operational improvement,
conservation and watershed protection, groundwater protection
and water quality, and water recycling and water conservation.

Total: $11.14 billion

Woter Recycling end
Woter Conservotion
$1.25 billion

Drought Relief - $455 million. This funding will be available for
local and regional drought relief projects that reduce the impacts
of drought conditions, including the impacts of reductions to Delta
diversions. Projects will include water conservation and waler
use efficiency projects, water recycling, groundwater cleanup and
other water supply reliability projects including local surface
water storage projecls that provide emergency water supplies
and water supply reliability in drought conditions. Funds will be
available to disadvantaged communities and economically
distressed areas experiencing economic impacts from the
drought for drought relief projects and programs. Funds will also
be available to improve wastewater treatment facilities to protect
water quality or prevent contamination of surface water or
groundwaler resources.

Delta Sustainability - $2.25 billion. This bond will provide funds
for projects to assist in maintaining and restoring the Delta as an
important ecosystem. These investments will help to reduce the
seismic risk to water supplies derived from the Delta, protect
drinking water quality and reduce conflict between water
management and environmental protection.

Water Supply Reliability - $1.4 billion. These funds would be in
addition to pricr funding provided by Proposition 50 and
Proposition 84 and would support the existing Integrated
Regional Water Management (IRWM) program. IRWM is
designed to encourage integrated regional strategies for
management of water resources that will protect communities
from drought, protect and improve water quality and improve
local water security by reducing dependence on imported water.
The bond would provide funds for water supply projects in 12
regions throughout the state and would also be available for local
and regional conveyance projects that support regional and
interregional connectivity and water management.

North Coast $45,000,000
San Francisco Bay $132,000,000
Central Coast $58,000,000
Los Angeles subregion $198,000,000
Santa Ana subregion $128,000,000
San Diego subregion $87,000,000
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Sacramento River 376,000,000
San Joaquin River 364,000,000
Tulare/Kern 570,000,000
North/South Lahontan $51,000,000
Colorado River Basin $47,000,000
Mountain Counties Overlay $44,000,000
Interregional Projects $50,000,000

Statewide Water System Operational Improvement - $3.0
billion. This funding would be dedicated to the development of
additional water storage, which, when combined with other water
management and flood system improvement investments being
made, can increase reliability and offset the climate change
impacts of reduced snow pack and higher flood flows. Eligible
projects for this funding include surface storage projects
identified in the CALFED Bay-Delta Record of Decision;
groundwater storage projects and groundwater contamination
prevention or remediation projects that provide waler storage
benefits; conjunctive use and reservoir reoperation projects; local
and regional surface storage projects that improve the operation
of water systems in the state and provide public benefits.

The bond provides that water suppliers who would benefit from
new storage will pay their share of the total costs of the project
while the public benefits of new water storage can be paid for by
this general obligation bond.

Groundwater Protection and Water Quality - $1 billion. To
protect public health, funds will be available for projects to
prevent or reduce the contamination of groundwater that serves
as a source of drinking water. Funds will also be used to finance
emergency and urgent actions on behalf of disadvantaged
communities and economically distressed areas to ensure that
safe drinking water supplies are available o all Californians.

Water Recycling and Water Conservation - $1.25 billion.
Funds will be available for water recycling and advanced
treatment technology projects that recycle water or that remove
salts and contaminants from water sources. Funds will also be
available for urban and agricultural water conservation and water
use efficiency plans, projects, and programs. These funds will
assist urban waler users in achieving water conservation targets,

Conservation and Watershed Protection - $1.785 billion.
Funds will be available, through a 50-50 cost share program, for
ecosystem and watershed protection and restoration projects in
21 watersheds throughout the state, including coastal protection,
wildlife refuge enhancement, fuel treatment and forest
restoration, fish passage improvement and obsolete dam
removal.

Coastal counties and watersheds

Wildlife Conservation Board

San Gabriel and Lower Los Angeles River watersheds
Santa Monica Mountains Conservancy

Baldwin Hills Conservancy

Santa Monica Bay watershed

Coastal salmonid restoration

Lake Tahoe watershed restoration

Farmland Conservancy Program

River parkways and urban streams restoration
Sierra Nevada Conservancy

Salton Sea restoration

Watershed climate change impacts and adaptation
Watershed education facilities

Waterfow! habitat preservation
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Forest restoration

Klamath dam removal

Siskiyou County economic development cffset
Agricultural water use efficiency research
Ocean prolection

CVPIA fish passage improvement
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Declaration

I, Janet M. Laurain, declare as follows:

1. [ 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.

g [Exhibit 638 is a true and correct copy of the Office of the Governor for the
State of California, 2009 Comprehensive Water Package, 2009 Comprehensive
Water Package Special Session Policy Bills and Bond Summary (11/9/2009). 1
downloaded and printed this document on March 15, 2010 from
http://gov.ca.gov/issue/water-supply, a website purporting to be maintained by the
State of California.

3. [ixhibit 639 is a true and correct copy of the Office of the Governor for the
State of California, Fact Sheet, Governor Calls for Comprehensive Plan to Fix
California’s Water Crisis. I downloaded and printed this document on March 15,

2010 from http://gov.ca.gov/index.php?/fact-sheet/6958/, a website purporting to be

maintained by the State of California.
4. [ declare under penalty of perjury under the laws of the State of California
that the foregoing is true and correct. Executed this _/J day of March, 2010, at

South San Francisco, California.

Crnd W Sisne

Janet M. Laurain
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Governor Calls for Comprehensive Plan to Fix California's Water Crisis :
P Gov. Schwarzenegger on Twitter

P Gov. Newsroom on Twitter
Governor Schwarzenegger 0
visited the San Luis Reservoir
in Merced County fo address herls PHOTO ESSAY
crisis watsr conditions
threughou! the state and tweet
outfine his fong-term water
strategy for California. In
January the Governor called
for a comprehensive solution
that combines conservation,
conveyarice and sforage. He ~ Share
is urging the Legislature to
move this critical plan forward.

CLICH TO EHLARGE

California is facing a long-term water
crisis. We must act now.

Since January, the U.S. Agriculture
Department has declared drought
disasters in 17 California counties. A hot summer on the heels of a dry winter is forcing communities across the
state lo take action. Some have already started mandatory rationing,

> | o000 --.-.----.-_W-un i-""""i:.-:l o asilly

JuLy

® Water officials in San Diego County ask residents to curtail unnecessary water use during daylight hours,
following a June call to cut daily water use by 20 gallonsiperson.

JUNE

e Water officials in Kings and Tulare County water districts declare a water supply emergency. Soon after
the Governor declares a water State of Emergency in Kings County.

Sonoma County water officials impose mandatory 15 percent water conservation.
s Water officials in Kern County declare a state of emergency due to the San-Joaquin Delta pump
shutdown.

e Water officials in Alameda and Contra Costa County ask customers to reduce water use by 10 percent.
The Southern California Metropolitan Water District—which provides water to 18 million people in
Southemn California—calls for users to reduce water consumption.

» Los Angeles Mayor Antonio Villaraigosa asks residents to reduce their personal water use by 10 percent.

MAY

e Tuolumne County’s largest water district puts water conservation measures into effect and cuts back
water to farmers by 20 percent.

s \Water officials in Santa Cruz impose mandatory restrictions on water imgation.

APRIL

» The San Francisco Public Utility District asks residential customers to reduce waler use by 15 percent.
This is the first water conservation action the district has taken in 15 years.

Another dry season could have disastrous results.
The Colorado River basin, which supplies water to parts of California is in its eighth consecutive year of
drought conditions. We could face a disaster if there's another dry season.
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o Wa're vulnerable now because we couldn't caplure last year's abundani rain. If the two reservoirs
proposed as part of the Govemnor's plan existed in 2006, when torrential storms resulted in flood
conditions, we could have captured 2.7 million additional acre feet of water. But we couldn’t capture this
water—which would have provided water for millions of households—because wa simply don’t have
enough surface water storage. As a result, today we're struggling to meet demand.
California’s last drought had a devastating economic impact. As a result of our last drought between
1987-1992, California’s farmers suffered an 3800 million economic loss; Californians paid $500 million
mare for energy as utilities substituted hydroelectric power with more expensive forms of energy.
Employers suffered too—the landscape and gardening industry alone lost $460 millien and cut 5,600
jobs.
© 82 percent of the state’s rangeland is currently in “abysmal” condition. “According to the National
Agricultural Statistics Services, 82 percent of California's rangeland is in poor or very poor
condition, largely due to the lack of rainfall, with some areas of the Central Valley getting as litle
as 40 percent of normal forage growth this past winter.” (Ching Lee, "Drought presses California
ranchers,” Central Valley Business Times, 6/20/07)
® Our waler system can't support California’s booming population. The existing system, built in the mid-60s,
was never designed to meet the needs of a 37-million strong population. As a result, the stale’s decision
last maonth to shut down the San Joaquin-Delta pumps for just 9 days forced communities to tap into their
emergency water supplies.

O The state's population will reach 80 million by 2050. "The number of pecple in California, already
the most populous U.S. state, will rise to 60 million by 2050 from 36 million...Califernia's
population boom will put increased strains on already overstretched public works and natural
resources.” ("California’s population to hit 60 million by 2050," Reuters, 7/9/07)

The Governor’s comprehensive water plan will keep California strong and prosperous. It

o Protects the environment. The plan will restore the Delta's delicate ecosystem and preserve this critical
water resource for the future.

e Supports our economy. The plan upgrades lo the state's water system, which supports a $300 billion
share of California’s economy.

e Preserves safe, reliable drinking water. The plan’s investment in Delta restoration will help ensure
drinking water for 25 million Californians. It will also provide new surface water storage.

e Helps communities conserve. The plan funds grants to California communities. These arants will
conserve the equivalent of water supplies for 400,000 families.

THE GOVERNOR'S PLAN FOR CALIFORNIA'S WATER FUTURE

Surface and Groundwaler Slorage: $4.5 billion

o If we can't store rainwater and snowmelt, we're more vulnerable during dry spells. The Governor's plan
invests $4.5 billion to develop additional surface and groundwater storage, so we can capture more water
from storms and snowmelt run-off and supply cities, farmers and business with water even during
drought-conditions.

® Global warming means more floods and droughts. Global warming is producing more and more severe
weather in California, meaning California’s water system must be prepared to deal with too much or loo
littie water.

Delta Sustainability: $1 billion

o The Delta’s ecosystem is on the brink. The Governar's plan invests $1 billion to protect California’s most
significant drinking water source, a vital ecosystem and animportant center of agriculture.

o Delta Vision is leading the charge, The Governor directed the Delta Vision Blue Ribbon Commission Task
Ferce to develop a Delta management plan. The task force will present its findings and recommendations
by January 1, 2008 and its Strategic Plan by October 31, 2008. The Bay Delta Conservation Plan is also
underway. The $1 billion will be used to fund their recommendations.

Restoration and Conservation: $450 million

e Conservation is a critical part of the Governor's overall plan. $250 million will support restoration projects
on the Klamath, San Joaquin and Sacramento rivers, the Salton Sea project, and the Delta. $200 million
will provide water grants to California communities to help conserve water for about 400,000 families.

On The Record:

Larry Minor, owner of Agri-Empire in San Jacinto - "We Don't Have Enough Water™: “| am not just concermed
as a farmer but as a third-generation resident,’ Miner said, 'We don't have enough water. They need to control the
growth ™ (Kimberly Trone, "Drought emergency declaration to be sought,” Riverside Press-Enterprise, 7/13/07)

Robert Twiss, UC Berkeley Environmental Planning Professor - “We Can't Maintain” Delta Long Term:
"Robert Twiss, an environmental planning professor at UC-Berkeley, says, ‘There is growing recognition that the
present layout of the levees and delivering fresh water out of the Delta is something we can't maintain long
term.” (OpEd, "It's time o reconsider peripheral canal.” Fremont Argus, 6/23/07)

Ronald Robie, Former Director, Department Of Water Resources — Delta Getting “Worse And Worse™:
“Ronald Robie, a state appellate court judge in Sacramento and a former director of the California Department of
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Water Resources, laments thal in ‘the last 25 years.. the Della has golten worse and worse. Nothing they have
done has helped.™ (OpEd, "Stop dredging this up,” Stocklon Record, 6/20/07)

Matt Byrne, Executive Vice President, California Cattlemen’s Association - Industry In Trouble *If Things
Continue” : 'I've talked to people who've sold a great number of cattle far beyond their normal amount and who
have says that if things continue as they are now, they will be completely out of the industry atieast for the time
being,” Mr. Byme says.” (Ching Lee, "Drought presses California ranchers,” Central Valley Business Times,
6/20/07)

Larry Massa, Glenn County Rancher- Drinking Water "A Real Challenge”: "For Glenn County cattle rancher
Larry Massa, who had to ship his cattle a month early to their summer pastures in Shasta County, the bigger
problem now is not having enough drinking water to keep his cattle where they are...'That's been a real
challenge,’ he says. ‘I've had to pump water all spring and all winter. Normally we'd have groundwater in ponds or
reservoirs. So it changed the way we cperated this year.”™ (Ching Lee, “Drought presses California ranchers,”
Central Valley Business Times, 6/20/07)

Riverside Press Enterprise OpEd - Delaying A Water Fix “Irresponsible And Dangerous™ “California can no
longer afford to ignore the endangered Sacramento-San Joaquin Delta. T he state needs to find a new way to
manage the Wesl Coasl's largest estuary, or reconcile itself to water shortages, environmental catastrophe and
destructive flooding...Delta issues are a complex tangle of conflicting interests. But delay in finding a solution is
irresponsible and dangerous, and the consequences of failure unacceptable.” (OpEd, "Delta danger,” Riverside
Press Enterprise, 3/15/07)

Fresno Bee OpEd - California Is Facing “Increasing Scarcity”: “The future of water supplies in California can be
described in one simple phrase: increasing scarcity. As population grows and demand increases, climale change
is almost certain to reduce supplies. That will dramatically alter the landscape, in more ways than one.” (OpEd,
“Water will be scarce; We can't ignore the looming crisis of diminishing supplies,” Fresno Bee, 3/4/07)

LA Times OpEd - "The State's Water System Is In Trouble”: "But make no mistake: The state's water system is
in trouble...The Sacramento-San Joaquin Delta provides water for 25 million Calfornians — including 60% of
Southern California's supply — and supports $400 billion of economic activity, including fishing and farming. And
demands on it will only grow. California’s population is expected to jump 30% in the next 20 years, while global
warming could reduce the state's snow pack (and the water flows it creates) by the end of the century.” (OpEd,
“Don't take the delta for granted.” LA Times, 3/2/07)

Chico Enterprise-Record OpEd - “There Has To Be A Fix™ “The status quo wil not survive. Nature has the
trump card, and it could be played at any time, whether we're ready on not. A perpheral canal might be the fix, or
some other oplion might be the fix, but there has to be a fix * (OpEd, "Bold changes needed in delta,” Chico
Enterprise-Record, 2/19°07)

Bakersfield Californian OpEd - "Best And Perhaps Last Chance” For Action: Californians cannot afford to blow
what may be our best and perhaps last chance to develop a rational water policy in California before disaster
strikes. The critical finding in the PPIC study is that geographic, environmental and population conditions have
changed so much in the past 25 years that the enlire system teeters on the brink of disaster. (OpEd, "California's
water system on brink of disaster,” Bakersfield Californian, 2117/07)

San Jose Mercury News OpEd - Delta "On Edge of Catastrophe’: "The Sacramento-San Joaquin Delta is
teetering on the edge of catastrophe, Its aging levees are failing, and the land they protect is sinking. Native fish
populations are plunging, with some in danger of extinction.” (OpEd, "Delta’s problems need action now,” San
Jose Mercury News, 02/15/07)

Stockton Record OpEd - “Radical Change” Needed: "Without some kind of radical change in the amount of
waler the state stores, California faces an uncertain date with an unpleasant destiny...Without some costly

improvements, it's nol a question of if - but when - a time arrives when there won't be enough water for
everyone.” (OpEd, “Saving water,” Stockton Record, 1/21/07)
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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 638 is a true and correct copy of the Office of the Governor for the
State of California, 2009 Comprehensive Water Package, 2009 Comprehensive
Water Package Special Session Policy Bills and Bond Summary (11/9/2009). 1
downloaded and printed this document on March 15, 2010 from
http://gov.ca.gov/issue/water-supply, a website purporting to be maintained by the
State of California.

3. Exhibit 639 is a true and correct copy of the Office of the Governor for the
State of California, Fact Sheet, Governor Calls for Comprehensive Plan to Fix
California’s Water Crisis. I downloaded and printed this document on March 15,
2010 from http://gov.ca.gov/index.php?/fact-sheet/6958/, a website purporting to be
maintained by the State of California.

4. I declare under penalty of perjury under the laws of the State of California
that the foregoing is true and correct. Executed this _Liday of March, 2010, at

South San Francisco, California.
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Janet M. Laurain
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DESERT RESTORATION: DO SOMETHING OR WAIT A THOUSAND YEARS
Jennifer Haley' and David Bainbridge®

'Resource Management Specialist
Lake Mead National Recreation Area, National Park Service
601 Nevada Highway
Boulder City Nevada 89005
Jennifer s. _haley@nps.gov

*Environmental Studies Coordinator
United States International University
10455 Pomerado Road
San Diego, CA 92131
bainbrid@usiu.edu

UNDERSTANDING DISTURBANCE

Impacts to the desert can be loosely divided into local and widespread impacts. There is rarely a
complete distinction between the two but in general the local impacts include such things as
mining, pipelines, roadways, off-highway vehicle impacts, military operations and localized
ranching impacts. Widespread impacts to the Mojave Desert include overgrazing, feral animal
grazing and trailing, the invasion of non-native plant species, urbanization and its related affects,
and the atmospheric deposition of nitrogen from pollution related dryfall. It is unfortunate, but
adverse impacts usually lead to further impacts. For example, the increase in surface nitrogen on
the desert’s surface favors the establishment of exotic plant species, and exotic plant species may
increase fire frequencies and intensities with very detrimental effects on native plant
communties.

While historical photos, written descriptions and air photos can provide a good first look at
above ground disturbance patterns, some of the most important impacts of human activities are
the often unseen effects at and below ground level. There are physical, hydrologic, chemical and
biological changes after disturbance which make conditions much less favorable for soil
microbes and plants. These changes include reduced infiltration and fertility, increased
compaction and soil strength, increased erosion and reduced biological activity.

Physical Changes

Construction activities, equipment operation, agriculture, animal trampling and off-road vehicle
operation can remove soil surface armor including crusts and gravel mulches. This can
dramatically increase wind and water erosion. These activities also degrade soil structure. Even
minimal activity can have significant adverse effects on soil structure. Loamy soils are more
sensitive to compaction than sandy soil and wet soils are much more vulnerable than dry soils.
The strength of soils that have been compacted increases much more quickly than undisturbed
soil as the soil dries out. Penetrometer resistance, a measure of soil strength, is as much as 155%
higher in single tank tracks than in adjacent, undisturbed soils, and most desert military camp



roads from WWII remain extremely compacted even after 40 years. This increase in soil strength
inhibits root growth and limits water and air exchanges at the soil/air interface.

Increasing soil strength reduces root growth and survival and adversely affects soil microbes.
The changes in soil structure can reach much deeper than might be expected. Significant adverse
changes were observed at 25 cm depth from as little as three passes with a four wheel drive
vehicle over moist soil. In some cases soil strength can be significantly increased by one pass,
but more commonly the soil strength increases with repeated passes. Values of soil strength after
10 passes of a four wheel drive vehicle on one test day all exceeded 67 kg/cm2, more than three
times the minimum amount causing serious reduction in root growth.

Hydrologic Changes

Compaction leads to the destruction of larger soil pores with related, detrimental changes in
infiltration. Compaction and tracks also reduce surface storage and often increase the rate of
runoff and gully initiation. Soil compaction and modification of the ground surface by tracked
vehicle movement and roads leads to long-term changes in drainage patterns and infiltration.
Infiltration rates were reduced 56% in a former vehicle parking lot at one desert military camp
after more than 30 years.

The removal of vegetation can also reduce infiltration as the plant mediated infiltration benefits
(stem flow, litter, etc.) are eliminated. Infiltration in dry creosote bush soil was double that of dry
bare soil and infiltration in wet creosote bush soil was almost five times higher than wet bare
soil. During intense summer rains these changes in infiltration are accentuated. Areas with good
plant cover may hold and save much of the rain that falls in intense storms while areas that have
been disturbed experience sheet flow, flash floods and severe erosion. This suggests that fine soil
particles and organic matter accumulating beneath the plant canopies improve the water and
nutrient retention capacity of desert soils.

Disturbance most commonly limits water infiltration into the soil, reduces surface roughness and
surface retention, reduces soil moisture storage for water that makes it into the soil and increases
runoff intensity and flood frequency. These can increase gully or stream cutting and lower water
tables over extensive areas. Disturbance that removes plants affects soil development and
changes soil moisture and structure for soil microbes and plants.

Chemical Changes

Disturbance can also dramatically change soil chemistry. Construction activity or severe erosion
can remove the often very thin layer of fertile topsoil, leaving subsoil that is nutrient limited.
Disturbance can also add nitrogen, changing the competitive balance between perennials and
annuals, exotics and native species. These, in turn, affect soil microbes.

Chemicals that are poisonous to many species may also be introduced. Contamination of
agricultural soils and illegal dump-sites with biocides is common. Farmlands may also have
excessive nitrate levels. Available phosphorous and other biologically mediated nutrients may be
depressed by disturbance and this may limit establishment and growth.



Biological Changes

Disturbance commonly decreases soil organic matter. In plowed field agriculture, repeated
tillage, increased soil temperatures and added nitrogen tend to burn off soil organic matter. Less
dramatic but equally important changes occur with lower intensity disturbance. Disturbance also
eliminates or reduces populations of soil burrowing organisms. Ants, burrowing lizards and
mammals may be particularly important for recovery of degraded areas. Compaction and
disturbance can also reduce soil organism populations. Total numbers of fungi, bacteria,
nematodes and arthropods are much lower on compacted soils. Pathogens were common on the
compacted soils and rarely isolated on control plots.

Removal of plants can remove symbiotic soil organisms critical for plant survival. Compaction
can also limit infection by mycorrhizae which are unable to extend hyphae into the compacted
soil. Changes in soil moisture caused by reduced infiltration and lower moisture holding capacity
may make nodulation by rhizobia difficult or impossible. Changes in soil structure and
elimination of soil burrowing organisms can limit movement of inocula in the soil.

Surface disturbances also remove cryptobiotic crusts which, when in place, reduce wind and
water erosion and evaporative water loss. Crusts also form catchment sites for seed and safe-sites
for seedling establishment.

UNDERSTANDING RECOVERY

Extreme temperatures, intense solar radiation, limited moisture and the low fertility of desert
soils combine to make natural recovery of disturbed desert sites very slow after disturbance. In
addition, conditions for plant establishment are rare and it may take 60 years to reach
predisturbance biomass and 180 years for reasonable recovery of species diversity on non-
compacted soils. Recovery times for compacted and severely disturbed soils may reach 1000
years or more.

RESTORATION DECISIONS

Often the most difficult step in restoration is removal of the source of the impact. This often
means changes in current land use patterns and can include the removal of feral animals, grazing
restriction or removal, route designation for off-highway vehicles and road closures.

Once the source of the impact has been removed, site rehabilitation can proceed. However, tough
choices have to be made in most desert restoration projects. The cost of comprehensive
rehabilitation including site preparation, seed collection, plant propagation and care, outplanting
and site maintenance may well exceed $10,000 per acre. This far outweighs the value of the land
($300/acre). Except in rare cases, the best that can be done is a modest rehabilitation to facilitate
natural recovery. This would typically include decompaction, adding weed free compost to some
spots, it may also include pitting and surface roughening, seeding with site collected seeds, and
very limited container planting with tree shelters and supplemental deep pipe irrigation (as a
future seed source and resource island). For $500 - $2000 an acre these strategies can improve
visual appearance and speed recovery.



Other restoration strategies include removal of exotic species with the use of herbicides and/or
fire and visual restoration using an artificial surficial coloring compound. However, it should be
recognized that with all rehabilitation efforts, even the most limited is costly, labor intensive and
time consuming. It is also true that even after site rehabilitation is complete it may still take
decades or longer for a site to recover all of its components and functions. For these reasons, it is
always better to prevent disturbance than to attempt to restore a damaged site.

CHALLENGES IN RESTORATION

Many organizations in the Mojave Desert have demonstrated the desire and ability to restore
damaged lands. However, desert restorationists face several significant challenges. First, there is
no complete understanding of the extent and type of disturbances that exist in the desert. Without
this information, it is difficult to assess the highest priority restoration needs. Second, there is
very limited funding available for restoration projects. Third, there are currently only a few
skilled restoration specialists in the desert either in private industry or in government
employment. Fourth, the most affective and cost efficient restoration techniques have not been
determined. Lastly, there is only a limited supply of appropriate seed and plant material for
restoration projects. Two regional working teams, the Desert Lands Restoration Task Force and
the Southern Nevada Restoration Team, are working collaboratively and across management
boundaries to address these restoration needs.
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April 2009

PREPARING FOR ANY ACTION THAT MAY OCCUR WITHIN THE RANGE OF THE
MOJAVE DESERT TORTOISE (Gopherus agassizii)

The Mojave population of the desert tortoise (Gopherus agassizii) was listed by the U.S. Fish and Wildlife
Service (USFWS) as threatened on April 2, 1990 (USFWS 1990) and by the State of California on August
3, 1989. Subsequently, proposed actions within the range of the desert tortoise fall under purview of the
Endangered Species Act 1973, as amended (ESA), in addition to State regulations, including the
California Endangered Species Act (CESA). For detailed information on the ecology of the Mojave desert
tortoise, please see USFWS (2009).

This protocol provides recommendations for survey methodology to determine presence/absence and
abundance of desert tortoises for projects occurring within the species range on Federal and non-Federal
lands, and to provide a standard method for reporting survey results. Information gathered from these
procedures will: 1) help determine the appropriate level of consultation with USFWS and the appropriate
state agency; 2) help determine the incidental take of desert tortoises resulting from proposed projects as
defined by the ESA and CESA; and 3) help minimize and avoid take.

This guidance includes:
¢ Site Assessment
o Pre-project Field Survey Protocol for Potential Desert Tortoise Habitats
e USFWS 2009 Desert Tortoise Pre-project Survey Data Sheet

This guidance is subject to revision as new information becomes available. Before initiating the protocols
described below, please check with your local USFWS and appropriate state agency offices to verify that
you are implementing the most up-to-date methods. To ensure quality and reduce the likelihood of
nonconcurrence with survey results, we recommend that the names and qualifications of the surveyors be
provided to USFWS and appropriate state agency for review prior to initiating surveys.

In Arizona:
U.S. Fish and Wildlife Service
Arizona Ecological Services
323 N. Leroux St., Suite 201
Flagstaff, AZ 86001
(928) 226-0614

In California, for Inyo, Kern, Los Angeles, and San  In California, for Imperial and Riverside Counties,

Bernardino Counties: and Joshua Tree National Park and the San
U.S. Fish and Wildlife Service Bernardino National Forest in San Bernardino Co:
Ventura Fish and Wildlife Office U.S. Fish and Wildlife Service
2493 Portola Road, Suite B Carlsbad Fish and Wildlife Office
Ventura, California 93003 6010 Hidden Valley Road
(805) 644-1766 Carlsbad, California 92009

(760) 431-9440

In Nevada:
U.S. Fish and Wildlife Service
Southern Nevada Field Office
4701 North Torrey Pines Drive
Las Vegas, Nevada 89130
(702) 515-5230

In Utah:
U.S. Fish and Wildlife Service
Utah Ecological Services Field Office
2369 West Orton Circle
West Valley City, Utah 84119
(801) 975-3330




State Agencies

Arizona Game & Fish Department
State Headquarters--Nongame Branch
5000 W. Carefree Highway
Phoenix, AZ 85086
623-236-7767

California Department of Fish and Game (CDFG)
For Fresno, Kern, Kings, Madera, Mariposa, Merced, Monterey, San Benito, San Luis Obispo,
Stanislaus, Tulare and Tuolumne Counties:
Central Region Headquarters Office
1234 E. Shaw Avenue
Fresno, CA 93710
(559) 243-4005 ext. 151

For Imperial, Inyo, Mono, Riverside and San Bernardino Counties:
Inland Deserts Regional Office
3602 Inland Empire Boulevard, Suite C-220
Ontario, CA 91764
(909) 484-0167

For Los Angeles, Orange, San Diego, Santa Barbara and Ventura Counties:
South Coast Regional Office
4949 Viewridge Avenue
San Diego, CA 92123
(858) 467-4201

Nevada: Department of Wildlife:
Southern Region
4747 Vegas Dr.
Las Vegas, NV 89108
(702) 486-5127

Utah Division of Wildlife Resources:
Southern Region
1470 N Airport Rd
Cedar City, UT 84720
(435) 865-6100
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Site Assessment

Use the below key to assess if desert tortoises may be present within or near the action area and
determine survey and consultation requirements’. The action area is defined by regulation as all areas to
be affected directly or indirectly and not merely the immediate area involved in the action (50 CFR
8402.02). The extent of the action area is not limited to the "footprint" of the action nor is it limited by the
authority of the Federal, state, or local agency or any other entity proposing the project. The
environmental baseline, the analysis of the effects of the action, and the amount or extent of incidental
take are based upon the action area. If you cannot access the entire action area during your surveys for
some reason (e.g. access to private property is unavailable), please note that in your survey report.

Is the proposed action area within No Unnecessary to contact
Recovery Unit or distribution boundaries > USFWS or state agency

for the desert tortoise (Figure 1)?

Yes or Unknown
v

Does the desert tortoise appear | Yes Pre-project survey is
on an USFWS or state agency |——¥ necessary
species list for the action area?

No or Unknown

Does the action area contain 3 or more of the following characteristics?

e Creosote bush scrub, Joshua tree woodland, Mojave-saltbush-
allscale scrub, blackbrush and/or juniper woodland communities

e Average annual precipitation from 5 to 20-cm (2 to 8-in)

o Desert flats, valleys, washes, bajadas, alluvial fans, rolling hills,
and/or low mountains

No

\ 4

Contact local USFWS and
appropriate state agency
office for further guidance

e Elevations of ~100to 1525-m (~300 to 5000-ft)
o Friable soils for digging burrows and/or caliche caves

Yes

A4

Pre-project survey is
necessary

1If determined that the proposed project is not likely to adversely affect the desert tortoise and a tortoise or tortoise sign (shells,
bones, scutes, limbs, burrows, pallets, scats, egg shell fragments, tracks, courtship rings, drinking sites, mineral licks, etc.) is found
in the action area during implementation of the proposed project, the proposed action should immediately stop and then it must be
determined whether further or formal consultation is necessary to comply with the ESA or CESA in California. It is recommended
that the USFWS and CDFG in California be notified in writing within three days of the discovery. This short notification period will
help ensure a prompt response by USFWS and CDFG to facilitate ESA and CESA compliance.
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Figure 1: Known Range of the Desert Tortoise (Mojave Population)
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Pre-project Field Survey Protocol for Potential Desert Tortoise Habitats

Objectives of survey
¢ Determine presence or absence of desert tortoises within the action area
¢ Estimate the number of tortoises (abundance) within the action area
¢ Assess the distribution of tortoises within the action area to inform take avoidance and minimization

The action area is defined by regulation as all areas to be affected directly or indirectly and not merely
the immediate area involved in the action (50 CFR 8402.02). The action area is not limited to the
"footprint" of the action or jurisdiction. Rather, it is a biological determination of the reach of the proposed
action on listed species.

Field Methods

This protocol takes into account the fact that not all tortoises within the action area are seen by the
surveyor. Provided is an equation which accounts for tortoises that are below ground at the time of
surveys and for above-ground tortoises that are cryptic and may be missed.

Number of tortoises
(observed above groundJ
Probability that Probability of
atortoiseis detecting a tortoise,
above ground (Pa) )\ if above ground (Pd)

[Estimated number of tortoisesj ~

Action area
within action area

Area surveyed

Surveys of 100% coverage, or probabilistic sampling where appropriate, should utilize this equation to
estimate the number of tortoises within the action area (see below; Table 1, P,and Py).

o Information to determine presence/absence and estimate number of tortoises within the action area
is collected during the same survey effort. Surveyed objects include all tortoises that are above
ground (both out of burrows and within burrows but still visible), as well as all tortoise sign (burrows,
scats, carcasses, etc). Record all locations of tortoises and sign encountered during the survey effort
using the USFWS 2009 Desert Tortoise Pre-Project Survey Data Sheet (attached). Please submit a
copy of the original datasheets with results of the survey to your local USFWS office.

0 Surveys should be conducted during the tortoise’s most active periods (April through May or
September through October) (Nussear and Tracy 2007; Inman 2008; USFWS 2009). Surveys
outside these time periods may be approved by USFWS, and CDFG in California (e.g., warm
weather in March or rainfall in August stimulating increased tortoise activity).

o0 Desert tortoises utilize burrows to avoid daily and annual thermal extremes (Woodbury and Hardy
1948). Therefore, surveys should take place when air temperatures are below 40°C (104°F)
(Zimmerman et al. 1994; Walde et al. 2003; Inman 2008). Air temperature is measured ~5-cm from
the soil surface in an area of full sun, but in the shade of the observer.

0 Ten-meter (~30-ft) wide belt transects should be used during surveys. For all projects, surveys which
cover the entire project area with the 10-m belt transects (100% coverage) are always an acceptable
option. For very large action areas, probabilistic sampling may also be an option, such that the
appropriate proportion of the action area is surveyed (Table 2). If probabilistic sampling is an option
for the project site, each transect should be chosen either systematically or randomly ensuring that
the entire action area has an equal probability of being included in the sample. Transects should be
completed in a random order, oriented in a logistically convenient pattern (e.g., lines, squares, or
triangles). Any sampling design other than simple systematic or random sampling must be approved
by USFWS (e.g. stratification). See Frequently Asked Questions section for a discussion of 100%
coverage and probabilistic sampling.

0 USFWS considers the results of a pre-project survey to be valid for no more than one year. If survey
results are older than one year, please contact the local USFWS office.
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Presence or absence of desert tortoises within the project vicinity

o0 Occurrence of either live tortoises or tortoise sign (burrows, scats, and carcasses) in the action area
indicates desert tortoise presence and therefore requires formal consultation with USFWS.

o If neither tortoises nor sign are encountered during the action area surveys and the project, or any
portion of project, is < 0.8 km?® (200 acres) or linear, three additional 10-m (~30-ft) belt transects at
200-m (~655-ft) intervals parallel to and/or encircling the project area perimeter (200-m, 400-m, and
6000-m from the perimeter of the project site) should be surveyed. These transects are employed
only as part of the presence/absence determination; they are not included in the estimation of
tortoise abundance. See Frequently Asked Questions section below for an explanation of why
additional surveys are needed.

o If neither tortoises nor sign are encountered during the action area surveys, as well as project
perimeter surveys where appropriate, please contact your local USFWS office. Informal consultation
with the USFWS may be required even though no desert tortoises or sign are found during surveys.

Number of tortoises within the action area

The attached Table 3 spreadsheet will estimate the number of adult tortoises (>160 mm MCL) within the
action area using the “Number of tortoises within the action area” equation from above.

Enter the requested information into the Table 3 spreadsheet, as follows:
1. Enter the total project area.

2. Enter the appropriate value from Table 1 for the term “probability that a tortoise is above ground”
(Pa).

3. Enter the number of adult tortoises (>160-mm midline carapace length) found during the survey
of the action area for the term “number of tortoises observed above ground” (n).

Table 1. Probability that a desert tortoise is above ground (P,) relative to the previous winter's
rainfall (October through March)

Use amount of rainfall from the winter preceding the pre-project survey to determine which value of
P, is appropriate for the project

To find this amount of rainfall, go to the Western Regional Climate Center site:
http://www.wrcc.dri.edu/summary/Climsmsca.html; click on your location and scroll down to “monthly

totals”
Previous Winter Rain Probability (P,) Variance(P,)
<40 mm (~1.5 inches) 0.64 0.08
>40 mm (~1.5 inches) 0.80 0.05

The estimate for the term “probability of detecting a tortoise if above ground (Pg)” is already included in
spreadsheet Table 3 (P4 = 0.63; variance = 0.011). See Frequently Asked Questions section below for
how P, and P4 and their associated variances were estimated.

See Appendix 1 for a detailed description of the method used to estimate desert tortoise abundance.
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100% Coverage or Probabilistic Sampling?

100% coverage surveys are always an acceptable option, regardless of the size of the action area. For

very large action areas, probabilistic sampling may be an additional option, such that the appropriate
proportion of the action area is surveyed as detailed below.

For the 2009 field season, probabilistic sampling is not an option for desert tortoise pre-project

surveys in California due to the requirement of CESA to avoid, minimize, and fully mitigate (CDFG

code section 2081).

Table 2. Is probabilistic sampling an appropriate option for the proposed action area?

Is your action area smaller than the area given below for the recovery unit in which the project

occurs?

Recovery Unit

Threshold Action Area to Allow Sampling

Western Mojave
Eastern Mojave
Colorado Desert
Northeastern Mojave
Upper Virgin River

7.2 km® (1777 acres)
10.8 km” (2676 acres)
6.4 km® (1573 acres)
23.3 km® (5764 acres)
2.0 km” (490 acres)

If yes: 100% coverage surveys of your action area must be completed.

If no, total transect lengths that must be surveyed are given below. 100% coverage surveys are

also an option, regardless of the size of the project.

Recovery Unit

Total Transect Length (km) to Sample

Western Mojave
Eastern Mojave
Colorado Desert
Northeastern Mojave
Upper Virgin River

719
1083
637
2333
198

7 of 16

Preparing for any action that may occur within the range of the Mojave desert tortoise (Gopherus agassizii)




Decision Tree for Pre-project Field Survey Protocol for Potential Desert Tortoise Habitats

Is the survey proposed for the desert
tortoise’s most active periods (April through
May or September through October)?

Yes / \No or Unknown

Is your action area linear or
smaller than the area given in
Table 2 for the recovery unit in

which the project occurs?

Please confer with your local
USFWS and appropriate
state agency office

Yes or No
Unknown

100% coverage surveys of your action
area should be completed, using 10-m
belt transects.

Record occurrence of live tortoises and
tortoise sign (burrows, scats, and
carcasses etc.) on the data sheet

provided.

100% coverage surveys or probabilistic sampling (outside of
California) of the action area should be completed. If
probabilistic sampling is utilized, 10-m belt transects should be
arranged such that the appropriate proportion of the action

area is surveyed as defined in Table 2.

Record occurrence of live tortoises and tortoise sign (burrows,
scats, and carcasses etc) on the data sheet provided.

/L

Were live tortoises or tortoise sign (burrows,
scats, and carcasses etc) encountered within
the action area during the survey effort?

Yes / \N:

Were any live tortoises over 160-mm
MCL encountered within the action
area during the survey effort?

Yes / w‘o

Is the project smaller | No

than 0.8 km? (200
acres) or linear?

Desert tortoise presence can
be determined
To estimate the number of
adult tortoises within the action

Desert tortoise presence
can be determined

area (>160 mm MCL), enter
the requested information into
the Table 3 spreadsheet.
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A

¥Yes

Please confer with your
local USFWS and
appropriate state

agency office

Conduct three 10-m (~30-ft) belt
transects at 200-m (~655-ft)
intervals parallel to and/or encircling
the project area perimeter.
Were live tortoises or tortoise sign
encountered during these transects?

Yes / \Nf

Desert tortoise presence
can be determined.

Please contact your
local USFWS and
appropriate state

agency office
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Frequently Asked Questions: Desert Tortoise Pre-project Field Survey Protocol

Why did USFWS revise the 1992 USFWS Desert Tortoise Pre-project Survey Protocol?

Desert tortoises occur at low densities across most of the Mojave Desert (USFWS 2006). They are cryptic
and spend much of their time underground in burrows (Burge 1977; Nagy and Medica 1986; Bulova
1994) and therefore not all animals within an area will be seen by even the best trained surveyors.
Tortoises underground in burrows, as well as individuals hidden above ground, need to be included in
estimates.

The 1992 USFWS Desert Tortoise Pre-project Survey protocol was based on a Bureau of Land
Management protocol from the mid-1970s, which utilized the best available information at the time, but
did not take into account that some tortoises will be underground and missed during the survey effort. The
data collected during the extensive USFWS range-wide monitoring program (currently <7,000-km of
transects each year; USFWS 2006) have allowed us to improve pre-project survey methods. Data about
the proportion of tortoises underground in burrows, as well as the probability that an above-ground
tortoise will be observed by the surveyor are included in the estimate of the number of tortoises within the
action area (P, and Py).

This protocol also addresses the potential for using probabilistic sampling when the action area is above
the size limits given in Table 2. 100% coverage surveys are always an acceptable option, regardless of
the size of the action area. For very large action areas, sampling may be an additional option, such that
the abundance estimates can be calculated when an appropriate proportion of the action area is
surveyed. Estimates of tortoise densities within recovery units from the range-wide monitoring program
have been used to calculate how many km? of a project site must be surveyed to produce a statistically
robust abundance estimate (Table 2).

What happened to the zone of influence transects recommended in the 1992 protocol?

This revised protocol requires that the entire action area, rather than just the project footprint, be included
in the survey effort. The action area is defined by regulation as “all areas to be affected directly or
indirectly by the Federal action and not merely the immediate area involved in the action” (50 CFR
8402.02). The action area is therefore not limited to the "footprint" of the project nor is it limited by the
Federal agency's authority. Rather, the action area is a biological determination of the reach of the
proposed action on listed species, which must, by definition, encompass the zone of influence of the
project.

How did USFWS determine the values for the “probability that a tortoise is above ground”?

The USFWS range-wide monitoring program estimated the proportion of the desert tortoise population
that is visible using telemetered animals from focal areas in spring 2001-2005 (USFWS 2006). This
probability is related to the previous winter’s rainfall, as illustrated in Table 1. The range of fall above-
ground activity is similar to spring numbers, but the variability is much higher (Nussear and Tracy 2007;
Inman 2008). Until more robust estimates of fall above-ground activity are available, spring estimates
based on the previous winter’s rainfall (October through March) are used for surveys conducted in either
active period.

How did USFWS establish the value for the “probability of detecting a tortoise, if above ground”?

For the past five years, surveyors in the USFWS range-wide monitoring program have undergone training
on established transects with artificial tortoises. Trained surveyors detected an average of ~63% of model
tortoises that were within 5-m of either side of the transect center-line (USFWS unpublished).

Why are only tortoises over 160-mm MCL used to estimate the number of tortoises within the
action area?

The values of P, and P4 used in the equation to estimate the number of tortoises within the action area
are based on USFWS range-wide monitoring data collected for adult tortoises 2160-mm MCL.
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What is the purpose of 100% coverage surveys versus probabilistic sampling?

The purpose of surveying is to determine presence/absence and estimate the abundance of desert
tortoises within the action area. For 100% coverage surveys, transects are placed across the entire action
area; thus, the entire area for which abundance is estimated is surveyed. A probabilistic sampling
approach, on the other hand, uses data from randomly or systematically placed transects to draw
inferences about locations where surveys are not conducted. All locations for which abundance will be
estimated must have an equal probability of being included in the sample.

How were the threshold project sizes calculated for determining whether 100% coverage or
probabilistic sampling is appropriate?

The validity of probabilistic sampling requires that all locations for which abundance will be estimated
have an equal probability of being included in the sample, as well as the expected sample size.
Estimating the number of tortoises within the project area using probabilistic sampling is limited by the
number of tortoises encountered during the survey effort. Therefore, whether or not the project area must
be surveyed using 100% coverage or can be probabilistically sampled is based on the area expected to
yield a survey count of 20 tortoises (Krzysik 2002). Table 2 uses tortoise densities and detection
probabilities estimated from 2001-2005 range-wide line-distance sampling efforts for each tortoise
Recovery Unit (USFWS 2006) to calculate that area of a project site that must be surveyed to produce a
statistically robust estimate. If the project area is large enough to allow the option of probabilistic
sampling, Table 2 provides the minimum transect kilometers (10-m wide) that must be surveyed.

What if the minimum length of 10-m wide transect kilometers are completed but 20 tortoises were
not found in the action area?

If probabilistic sampling is used and < 20 tortoises are found after surveying the total transect length
prescribed by Table 2, number of tortoises within the action area may be estimated using number found.

Do | keep surveying if 20 tortoises are found before the minimum transect kilometers that must be
surveyed are completed?

If probabilistic sampling was used and the transects have been completed in a random order, project area
surveys may be considered complete when 20 tortoises have been found or the specified number of
kilometers have been sampled, whichever happens first. It is okay if more that 20 tortoises are found, this
will decrease the width of the 95% confidence interval for the abundance estimate.

Why do small and linear projects where no tortoises were found have to do additional surveys at
150-m (~500-ft) intervals parallel to the project area perimeter?

Even though neither tortoises nor tortoise sign were found within the action area at the time of the survey,
the area may be part of an animal’s home range. The home range of a female desert tortoise averages
around 0.15 to 0.16 km? (35 to 40 acres), about one third the size of male home ranges, which are
variable and can be > 2 km? (O'Conner et al. 1994; Duda et al. 1999; Harless et al. In press). Therefore,
projects that are < 0.8 km? (200 acres) or linear may overlap only part of a tortoise’s home range and the
possibility that a resident tortoise was outside the project area at the time surveys were conducted must
be addressed. In these cases, USFWS recommends three additional 10-m (~30-ft) belt transects at 200-
m (~655-ft) intervals parallel to and/or encircling the project area perimeter (200-m, 400-m, and 600-m
from the perimeter of the project site). Record any tortoises or sign encountered during these surveys.
These transects are employed only as part of the presence/absence determination; they are not included
in the estimation of tortoise abundance within the project area.

What does the 95% confidence interval for the number of tortoises within the action area mean?

Confidence intervals are used to indicate the reliability of an estimate. The interval gives an estimated
range of values, calculated from a set of sample data, which is likely to include an unknown population
parameter (in this case, the true number of tortoises within the action area). A wider confidence interval
indicates that less certainty is associated with the estimate (see Appendix 2). The Table 3 spreadsheet
calculates the abundance and associated 95% confidence interval for the estimated number of tortoises
within the project area (Buckland et al. 2001).
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Appendix 1. Detailed description of desert tortoise abundance and CI estimation

The estimated abundance of adult desert tortoises within the action area is given by:

observed above ground
Probability that Probability of
atortoise is detecting a tortoise,
above ground if above ground

( Number of tortoises j

(Estimated number of tortoisesJ B

Action area
within action area

Area surveyed

which is equivalent to:

S T ) I Y
(Table2)(0.63) | (a) |’
where l\] = estimated abundance within entire action area, n = number of tortoises observed

above ground, A = total action area, and a = actual area surveyed (= total # km surveyed * 0.01).
For 100% coverage surveys, Ala = 1.

Table 3 uses the following equations to calculate the 95% confidence interval for the estimate of tortoise
abundance within the action area (Buckland et al. 2001), assuming all replicate transect lines are the
same length, 10-km.

k 2
vaf(n) = LZI{%—%J I(k -1)
i=1 i

where vaf(n) = the spatial variation in the number of tortoises detected through the total transect

length L, n; = the number of tortoises seen on transect i, |; = the length of individual transect i, and
k = total number of transects walked.

Putting the sources of variability together, the variance of density is:
~ =, var(n) var(P,) var(P
varD = D? £)+ A( ;‘)+ A(;’)
n (P,) (Fy)
Because the tortoise density sampling distribution is positively skewed, the confidence interval is

calculated using a log-distribution for density and built with division and multiplication, rather than
addition and subtraction from the mean as with a symmetrical interval (Buckland et al. 2001).

Thus, the 95% confidence interval for N is:
(Nrc, . N-cy),
where C _exp{ yvar(log, D Jand var(log, D) = log, { var(D)}

Given the simplifying assumptions in this protocol, the 95% confidence interval around the estimated
number of tortoises within the action area will be wide (e.g., the estimate of the number of tortoises
will be imprecise). While this level of imprecision would not be appropriate for recovery planning and
decision making at large scales, this protocol provides estimates at local scales that most efficiently
utilize the best information that is available to provide statistically defensible results.
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Appendix 2. Example

Project location = near Beatty, NV (within the Eastern Mojave RU)

Action area = 12 km? (3,000 acres)

According to this protocol’s Site Assessment key, the proposed action is within the known range of the
desert tortoise. The local USFWS and appropriate state agency offices were contacted and a species
list, which includes the desert tortoise, was obtained for the action area. Therefore, pre-project survey
and consultation are necessary.

The project footprint is only 10 km?, but since the project will include blasting, the reach of the proposed
action on listed species extends to 12 km?. Thus, the action area (and therefore the area which needs
to be surveyed for desert tortoises) is 12 km? (which is more inclusive than the 10 km? project footprint).

According to Table 2 of the pre-project survey protocol, the project size of 12 km? is above the threshold
project area to allow probabilistic sampling in the Western Mojave RU (10.8 km? threshold). Therefore,
at a minimum, 1,083 km of transects must be walked. For this example, 108 10-km transects (10-m
wide) were placed systematically across the project site and were completed in a random order.
Surveys of 100% coverage in which 10-m wide transects were placed across the entire 12 km? action
area would also have been acceptable.

Transects totaling 1,083 km were conducted and 19 adult tortoises (> 160 mm carapace length) were
found (as well as tortoise sign, both of which were catalogued using the USFWS 2009 DT pre-project
survey protocol data sheet). If 20 adult tortoises had been encountered before the 1,083 km of
transects were completed, and transects were conducted in a random order, then surveys could have
been considered complete after the 20" tortoise was catalogued.

Data collected from the108 transects (live animals encountered <160-mm MCL)

Number of Number of transects on which
tortoises (nj) n; tortoises were seen

0 93

1 11

2 4

Using the Western Regional Climate Center website, it was determined that the Beatty area had received
97-mm (3.8 inches) of rain in the October through March preceding the survey effort, which is above the
40-mm (1.5 inches) in Table 1. Therefore, P, of 0.80 will be used in this estimation.

Thus, from

N”{L}{%]we get rﬁ{ 19) }h(lm(mz))},or N =~ 42 tortoises

(Table2)(0.63) (0.80)(0.63) | {10.8 km?

(N . .
Density = u we getD = ﬂ , or D =~ 3.5tortoises/km?

(A)’ (12km?)
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To calculate the 95% confidence interval for our abundance estimate, we use:

K 2
vaf(n) = LZI{%—%J Ik-1),
i=1 i

2 2 2
R 0 19 119 2 19
we getvaf(19) =1080| (93)(10) — - —— | +(11)(10) —-——| +(4)10) = -—-| |/(108-1), or
getvar9) {( ) )(10 1080) (a )[10 1080J ) )[10 1080] ]( )

var(19) = 23.88

2388 0.05 0.011
2 + 2 + 2
19> 0.80% 0.63

2 A {Var(n) n var(P,) + var(P,) } orvar D = 2.107

varD=D - A , we getvarl3=3.52{
n’ (P> (P)? }

Using our log-transformation because the tortoise density sampling distribution is positively skewed,

var(log, [3) = Iog{l+ Vaé(?)}, we getvar(log, D) = Iog{1+ 2315027} , or var(log, D) = 0.15
Then,

Cy = exp[zw/var(loge [A))} , we get Cy :exp[(1.96)v0.15], or Cy =218

And,

(I\] /C,,N-C, ) we get ((42/2.18), (42-2.18)), or ~ (19, 92).

Summary

Using the Site Assessment key, it was determined that survey and consultation were necessary for the
proposed action. Thus, the pre-project field survey protocol was implemented. In this case, probabilistic
sampling with equal length transects (10-km long) was used and 19 adult tortoises and tortoise sign
were found during the sampling of the action area, indicating presence. Using the equations and data
presented in Appendix 1 of this protocol, Table 3 estimated the actual number of tortoises within the
project was estimated to be ~42, with a 95% confidence interval of ~(19, 92).
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USFWS 2009 DESERT TORTOISE PRE-PROJECT SURVEY DATA SHEET

Date of survey: Survey biologist(s):
(day, month, year)

Site description:

(project name and size; general location)

County: Quad: Location:
(UTM coordinates, lat-long, and/or TRS; map datum)

Transect #: Transect length: Type of survey:
(project area size to be surveyed; 100% coverage/probabilistic sampling)
GPS Start-point: Start time: am/pm
(easting, northing, elevation in meters)
GPS End-point: End time: am/pm
(easting, northing, elevation in meters)
Start Temp: °C  Weather:
End Temp: °C

Live Tortoises

_ ] . . Approx MCL Existing tag #
Detection GPS location . Tortoise location i
Time (in burrow: all of tortoise beneath plane of >160-mm? and color, if

number i i i i Yes, N
Easting Northing burrow opening, or not in burrow) (Uﬁinov?/n(;r present

Tortoise Sign (burrows, scats, carcasses, etc)

Detection GPS location Type of sign

b b ) . Description and comments
numbper Easting Northing (burrows, scats, carcass, etc)

1

2

Page: of

Date of survey:

Transect number:
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FIELD SURVEY PROTOCOL FOR ANY NON-FEDERAL ACTION THAT
MAY OCCUR WITHIN THE RANGE OF THE DESERT TORTOISE

The Mojave population of the desert tortoise was listed as a federally endangered
species on August 4, 1989 by emergency rule and as a threatened species by final
rule on April 2, 1990. section 9 of the Endangered Species Act prohibits the "taking"
of any federally listed threatened or endangered species without first obtaining
necessary authority from the Fish and Wildlife Service. "Take" includes "harming,
harassing, pursuing, hunting, shooting, wounding, Killing, capturing, collecting, or
attempting to engage in any such conduct” (section 3(19), Endangered Species Act
1973, as amended). Harm includes "significant habitat modification or degradation
where it actually kills or injures wildlife by significantly impairing essential behavior
patterns, including breeding, feeding, or shelter" (50 CFR 17.3(c)). "Take" also
includes modification of habitat that would result in harm to the desert tortoise.

In response to a demand for information and/or guidance on compliance with the
Endangered Species Act, the Fish and Wildlife Service has developed a protocol for
surveys within the range of the Mojave population of the desert tortoise which is
listed as federally threatened. The purpose of this protocol is to provide technical
assistance to entities to determine presence or absence of this animal and thus avoid
"take" of the desert tortoise. Where avoidance is not possible, this protocol will
provide information from which the project proponent can develop a "conservation
plan™ with guidance from the Fish and Wildlife Service. The conservation plan is the
primary component of a section 10(a) (1) (B) permit application intended to obtain
the necessary authorization to incidentally "take" a federally listed species as
specified in the Endangered Species Act.

Please note that the presence of a desert tortoise within the project boundary is not
necessary for the project to result in the take of the desert tortoise. Please see the
Survey Need section below for more information.

If part or all of the project will be authorized, funded, or carried out by a federal
agency or located on federal land, the project proponent, through the federal agency,
will need to comply with section 7 of the federal Endangered Species Act rather than
section 10. If you believe your project may have such a federal "connection”, we urge
you to contact the Fish and Wildlife Service for confirmation. Please see the "Field
Survey Protocol for Any Federal Action that May Occur within the Range of the
Desert Tortoise". If there is no federal "connection™ in any part of the proposed
project, you must ensure that your project either will not result in a "take" of the
desert tortoise or obtain a section 10(a) (1) (B) incidental take permit from the Fish
and Service prior to implementing your project.

We also recommend that you obtain a copy of "Procedures for Endangered Species
Act Compliance for the Mojave Desert Tortoise" before you begin planning your
project. This document is available from any of the five Fish and Wildlife Service
offices listed below and provides more information on sections 7, 9, and 10 of the
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Endangered Species Act.

This survey protocol is subject to revision as new information becomes available.
Before initiating the survey protocol described below, we recommend checking with
the Fish and Wildlife Service to verify that you are implementing up-to-date survey
methods.

In Arizona:

Fish and Wildlife Service
Phoenix Field Office

3616 West Thomas, Suite 6
Phoenix, Arizona 85019
(602) 379-4720

In California, for Inyo, Kern, Los Angeles, and San Bernardino Counties:

Fish and Wildlife Service
Ventura Office

2140 Eastman, Suite 100
Ventura, California 93003
(805) 644-1766

In California, for Imperial and Riverside Counties:

Fish and Wildlife Service
Carlsbad Office

2730 Loker Avenue West
Carlsbad, California 92008
(619) 431-9440

In Nevada:

Fish and Wildlife Service

4600 Kietzke Lane, Building C-125
Reno, Nevada 89502

(702) 784-5227

In Utah:

Fish and Wildlife Service

2078 Administration Building
1745 West 1700 South

Salt Lake City, Utah 84104-5110
(801) 524-4430

Survey protocol includes six parts: (1) survey need, (2) survey types, (3) survey
qguality, (4) survey time period, (5) qualifications of the surveyor, and (6) reporting
survey results.
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Survey Need: The desert tortoise may occupy numerous habitat types within its
range in the Mojave and Colorado deserts and below an elevation of 5000 feet. In
these areas there is a likelihood of encountering desert tortoises or tortoise sign.
Activities such as land clearing are likely to result in "take" of desert tortoises or
tortoise habitat, unless site specific information indicates that no take of desert
tortoises or tortoise habitat would occur.

The Fish and Wildlife Service recommends that the project proponent conduct a
Presence-or-Absence Survey for tortoises and tortoise sign over the entire project
area and the Zone of Influence adjacent to the project area. The Zone of Influence is
defined as the area where tortoises on adjacent lands may be directly or indirectly
affected by project exploration, construction, maintenance, operation, monitoring,
dismantlement, enhancement, and project abandonment. The survey information
would be part of the requirements of the federal Endangered Species Act section
10(a)(1)(B) permit application. Tortoise sign would include shells, bones, scats, limbs,
burrows, pallets, scats, egg shell fragments, tracks, courtship rings, drinking sites,
mineral licks, etc.

Depending on the type of project, a Clearance Survey immediately prior to
construction (see below) in recently occupied tortoise habitat may also be necessary.
The Fish and Wildlife Service requests that all survey results, including copies of the
completed transect forms, be submitted to the appropriate Fish and Wildlife Service
office within 30 days. This information is vital to the ongoing management for
recovery of the desert tortoise. Providing this information to the Fish and Wildlife
Service will help ensure that the survey has been correctly completed and the data
have been properly assessed. Submittal of survey results also allows the Fish and
Wildlife Service to advise you of the appropriate requirements, if any, in accordance
with the definition of "take" in the federal Endangered Species Act. This definition
includes take of habitat.

Please note that all free-roaming desert tortoises located north and west of the
Colorado River are protected under the Endangered Species Act. For example, the
desert tortoise that on occasion occurs above 5000 feet or in pinyon-juniper woodland
would be protected under the Endangered Species Act.

As mentioned above, the presence of a desert tortoise within the project boundary is
not necessary for the project to result in the take of the desert tortoise For example,
a desert tortoise may be present in the Zone of Influence and may use the project site
for feeding, breeding, or shelter. Destruction of tortoise habitat used for feeding,
breeding, or shelter is considered take under the Endangered Species Act.

Also note that planning agencies or other local or state agencies have not been
delegated authority to determine if or when a section 10(a) (1) (B) incidental take
permit is needed under the federal Endangered Species Act. The Fish and Wildlife
Service is available to answer inquiries and make determinations on the need for an
incidental take permit based on the submission of survey results.

Before initiating any activity that will result in surface disturbance within the range
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of the desert tortoise including overland driving for land surveying or other forms of
take, the Fish and Wildlife Service recommends that you contact one of the five
offices listed above to determine if your action may require a section 10(a)(1)(B)
permit.

All requirements of the Endangered Species Act should be completed prior to the
initiation of any part of the proposed project. Failure to submit survey forms to and
coordinate directly with the Fish and Wildlife Service on the proposed project may
result in delay or modification of the proposed project. We strongly suggest
coordinating with the Service early in the planning process.

Projects that would not result in take of desert tortoises or tortoise habitat are not
subject to the prohibitions of take of the desert tortoise as defined in the federal
Endangered Species Act. However, in the event that a desert tortoise or tortoise sign
(shells, bones, scats, limbs, burrows, pallets, scats, egg shell fragments, tracks,
courtship rings, drinking sites, mineral licks, etc.) are found in the project area during
construction, all surface disturbance should immediately stop. The Fish and Wildlife
Service recommends that the project proponent notify us and the local planning and
zoning department in writing within 3 days of the discovery. This short notification
period will help ensure a timely response by the Fish and Wildlife Service to facilitate
compliance with the federal Endangered Species Act and avoid unauthorized take.

If tortoise sign is found, a Presence-or-Absence Survey of the project area and a
Clearance Survey immediately prior to construction may be necessary. Please see
the discussion on Presence-or-Absence and Clearance surveys below.

Fish and Wildlife Service Survey Protocol for Desert Tortoises and Bureau of Land
Management Categories of Desert Tortoise Habitat: The Bureau of Land
Management has developed category maps for desert tortoises to assist the Bureau
in managing public lands for the tortoise within the Bureau's multiple use mandate.
Bureau maps were not developed to provide information on how to avoid take of the
desert tortoise or comply with the federal Endangered Species Act. The Bureau has
assigned three categories to their maps on desert tortoise habitat. These categories
reflect the quality of tortoise habitat, quantity of tortoises present, and the Bureau's
ability to manage these areas for the desert tortoise while minimizing resource
conflicts. For example, Category 1 is considered better for tortoises than category 2.
However, category 3 areas may contain high quality tortoise habitat and high density
of tortoises, but because of resource conflicts the Bureau has assigned the area to
category 3.

If an area is not classified on the Bureau's maps as category 1, 2, or 3, this does not
mean that this area does not contain desert tortoises or is not considered desert
tortoise habitat. The Bureau did not categorize lands that it does not manage such as
military reservations or private lands. Also, the Bureau did not categorize lands in
many areas that have densities of desert tortoises less than 20 per square mile.
Thus, if a proposed project is not located in an area categorized as category 1, 2, or 3
by the Bureau, the project may still be located in desert tortoise habitat if it is in the
desert and below 5000 feet.
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Survey Types: Two types of surveys are recommended: 1) Presence-or-Absence and
2) Clearance. Neither survey utilizes the 1.5-mile triangular transect survey method
developed by the Bureau of Land Management. The Bureau of Land Management’s
triangular transect method does not provide reliable information on the number of
desert tortoises that would be taken as a result of implementation of the proposed
project and thus is not adequate for meeting the requirements of the federal
Endangered Species Act. Alternative methods for surveying for desert tortoises and
their sign over very large areas may be submitted to the Fish and Wildlife Service for
consideration.

Presence-or-Absence Survey: This survey type is recommended for areas below 5000
feet and within the known range of the desert tortoise. The purpose of this survey is
to determine impacts of potential land disturbance activities to the local tortoise
population. This includes identifying the number and location of all tortoises and
tortoise sign that occur within a given project area and if any tortoises occur in
adjacent areas (Zone of Influence) whose home range may overlap into the project
area and thus be taken or lost by the proposed action.

The project area is defined as any area that will be cleared or partially cleared, with
vehicles on or adjacent to it, temporarily or permanently used for equipment or
materials storage, loading or unloading, or sites where soils/vegetation is damaged,
fragmented, or disturbed (e.g., driving overland).

The entire project area is surveyed using belt transects 10 yards or 30 feet wide (100
percent coverage). In some locations, belt transects less than 30 feet wide may be
appropriate (see below). In addition, the Zone of Influence is surveyed. The Zone of
Influence is defined as the area where tortoises on adjacent lands may be directly or
indirectly affected by project exploration, construction, maintenance, operation,
monitoring, dismantlement, enhancement, and project abandonment. As a minimum,
the belt transects in the Zone of Influence are located at 100, 300, 600, 1200, and
2400-foot intervals from and parallel to the edge of the project boundaries (See
Figures 1 and 2.) All tortoise sign (live tortoises, shells, bones, scats, limbs, scats,
burrows, pallets, tracks, egg shell fragments, courtship rings, drinking sites, mineral
licks, etc.) within the project area and sign located on transects within the Zone of
Influence should be mapped.

The extent of the Zone of Influence is dependent on the type of habitat
alteration/development and its proximity to other developments. The extent of the
Zone of Influence increases as the probability of increased use by domestic predators,
potential human use in the Zone, road use, littering, waste disposal, etc. These uses
result in increased take of desert tortoises through predation, collection as pets,
vandalism, road Kills, and attracting predators such as ravens, coyotes, and feral dogs
to the area.

Additional transects may be recommended at 3600- and 4800-foot intervals from the
perimeter of the project area for developments 1) located in or within one mile of
categories 1 or 2 habitats as defined by the Bureau of Land Management or 2)
associated with residential development, new or increased road use, landfills, or
projects that would result in increases in human Use or litter.
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Tirure 1. Example of a proposed transmission line including areas with full

(100 percent) survey coverage for desert tortoises (construction aresa;
and locations of transects within the Zone of Influence.
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Figure 2. Example of a proposed spatial development (e.g., residential
development, commercial development) with full (100 perzent)
survey coverage for desert tortoises and locations of
transects within the Zone of Influence.
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For example, if a project area is 640 acres or one square mile, 176 parallel transects
each one mile long and 30 feet wide would be necessary to provide 100 percent
coverage of the project area. Additional transects would be necessary to survey the
adjacent areas or Zone of Influence.

If the project area contains locations with vegetation or topography that obscures or
reduces that surveyor's ability to see tortoise sign at distances of up to 15 feet on the
ground, the width of the survey should be reduced to 10 feet, that is, 5 feet on either
side of the surveyor. Some examples of situations where a 10-foot wide transect
should be conducted instead of a 30-foot wide transect would be: 1) foothills and slopes
of mountains which contain rocks, boulders, and/or vegetation that obstruct the
surveyor's view of the ground at distances greater than 5 feet, and 2) areas in which
the vegetation density is greater than that of typical creosote or creosote/sage flats
or bajadas in the Mojave Desert such as desert wash scrub or woodlands and
ecotones between habitat types. In these areas the surveyor's view of the ground
and tortoise sign, if present, would be obstructed and a 30-foot wide transect would
not be acceptable.

When mapping tortoise sign, the recommended map scale is 1 inch = 100 feet, for
plans involving ground; disturbance and 1 inch = 1000 fee t for preliminary planning
(master-planning or specific planning). These map scales are based on those
frequently required by city or county planning departments. The map should include
locations and specific types of all tortoise sign found on the project area and Zone of
Influence including the number live tortoises, reference to the corresponding transect
form with additional information on tortoise sign found, significant landmarks, legal
description of the project area, survey dates, and the range of elevation within the
project boundaries. Please note that a federal Fish and Wildlife License/Permit is
required before a surveyor can capture, touch, or "harass" a live desert tortoise even
for the purposes of taking measurements or determining its sex. A permit may also
be required from the appropriate state wildlife resource agency (e.g., Arizona Game
and Fish Department, California Department of Fish and Game, Nevada Department
of Wildlife, Utah Division of Wildlife Resources). The Fish and Wildlife Service
emphasizes that the surveyor should only estimate the size of all live desert tortoises
encountered.

If the surveyor wishes to use a fiber-optic scope or video camera that is placed inside
a tortoise burrow instead of or in addition to a hand-held mirror to investigate the
desert tortoise shelter sites, you should contact the Fish and Wildlife Service at one of
the offices listed above. We will need information on the type of equipment you will be
using and your qualifications to use it. Improper use of such equipment may disturb
or injure tortoises, damage shelter sites, and may promote the spread of disease.
These actions may be considered as take under the Endangered Species Act. You
should refer to the Desert Tortoise Handling Protocols for information on when and
how to utilize these scopes to avoid the possible transmission of disease between
tortoises.

The following format is recommended for recording transect data. (See Figure 3.)
This format has been modified from the Bureau of Land Management's Interim
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Figure 3 - Desert Tortoise Survey Form
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Techniques Handbook for Collecting and Analyzing Data on Desert Tortoise
Populations and Habitats. One form is used for each transect where tortoise sign
occurs. Pages 1, 2, and 3 of the form would be completed for each transect in the
project site and the Zone of Influence where tortoise sign occurs. If additional space is
needed, more forms may be used for each transect and stapled together.

If no tortoise sign is located during Presence-or-Absence Surveys for a proposed
project, we recommend that the surveyor complete and submit a summary form
(Figure 4) to the appropriate Fish and Wildlife Service office listed above.

Clearance Survey: For projects located in areas with habitat used by desert
tortoises, especially those projects with a linear band of disturbance (e.g. pipelines,
roads, transmission lines), a Clearance Survey may be required as part of a section
10 (a) (1) (B) permit. The purpose of the survey would be to temporarily relocate or
salvage tortoises from the area of construction and any other areas deemed
necessary to avoid or minimize the death of desert tortoises that may be caused by
the project. A Clearance Survey would require full coverage of the project area and
would focus on locating all desert tortoises above and below ground within the project
area. The removal of tortoises would be conducted immediately prior to surface
disturbance within the project area. The survey period would be stipulated in a
section 10(a) (1) (B) permit.

Survey Time Period: Survey time for Presence-or-Absence Surveys is limited to
the following approximate activity period of the desert tortoise, March 25 to May 31.
This survey time may be extended by the Fish and Wildlife Service if tortoises on or
near the project area have been observed above ground prior to March 25 or after
May 31.

This survey window is based on the activity period for the desert tortoise throughout
its range during a typical year and equates to the period of time when a tortoise is not
brumating or aestivating. During dry years this activity period may be shorter and in
wet years it may be longer. Desert tortoises may also become active during and after
summer rains.

Surveys conducted outside this window will be subject to close scrutiny by the Fish
and Wildlife Service. The Service may consider the results of these surveys as under-
representing the number of tortoises on and use of the project site by desert tortoises.

Presence-or-Absence or Clearance surveys should only be conducted during daylight
hours. Please do not collect any desert tortoise sign. Tortoise scats may be used by
tortoises to mark or identify travel areas and shelter sites. Tortoise shells may be an
important source of minerals for reptiles and mammals.

Qualifications of Surveyor: The Fish and Wildlife Service does not endorse any
individual or company with respect to their abilities to conduct satisfactory surveys.
We recommend the following criteria for selecting someone to conduct surveys to
determine presence or absence of desert tortoises in a given area or recent use of the
area by the desert tortoise.

City of BARSTOW 1.5 BIOLOGY
General Plan 1.5.C-15 Appendix C



Figure 4 - Desert Tortoise Survey Form For Presence-or-Absence and Clearance
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As a general rule, a qualified desert tortoise surveyor is a biologist with a bachelors
degree or graduate degree in biology, ecology, wildlife biology, herpetology, or related
fields. He/she must have demonstrated prior field experience using accepted resource
agency techniques to survey for desert tortoises. Field experience may mean a
minimum of 60 days field experience searching for desert tortoises and tortoise sign.

The surveyor should have the following qualifications for the survey results to be
accepted by the Fish and Wildlife Service:

1) ability to recognize and accurately identify all types of desert tortoise sign listed
above, and 2) ability to carefully, legibly, and completely record all sign including size
of shelter sites, shells, and estimated size of live tortoises.

Reporting Survey Results (Survey Quality): To determine the accuracy of the
surveyor in locating desert tortoise sign during Presence-or-Absence Surveys for each
project area, the Fish and Wildlife Service recommends that the surveyor conduct an
intensive survey in a portion of the project area following completion of the 100
percent survey. The size of the intensive survey area is 5 percent of the size of the
project area. The intensive survey area would also receive 100 percent coverage
using transects 10 feet wide rather than 30 feet or 5 feet wide rather than 10 feet
wide. The location of the intensive survey would be plotted on the map and a
comparison made between the sign recorded in this area during the 100 percent
survey effort and the intensive survey effort. The quality or accuracy of the survey
for the project area will be determined by comparing these two data sets for this area.

If the surveyor does not meet the minimal qualifications stated below or if there is a
major difference in number of sign recorded between the intensive survey effort and
the 100 percent survey effort, the survey may not be deemed adequate by the Fish
and Wildlife Service.

If the survey results do not include the Zone of Influence, the Fish and Wildlife Service
may not concur with the survey results.
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Tortoise Fence and Barrier Design
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1. Introduction

1.1. Statement of problem

As a federally threatened species, the desert tortoise’s
(Gopherus agassizii) recovery is required under the Endangered
Species Act (ESA). According to the criteria established by the
Desert Tortoise Recovery Plan (U.S. Fish and Wildlife Service
1994) for delisting the tortoise from ESA protection, the spe-
cies as a whole will be considered recovered when tortoises
have exhibited a statistically significant upward trend for at
least one tortoise generation (25 years), enough habitat is pro-
tected to allow persistence, provisions are in place to maintain
discrete population growth rates at or above 1.0, regulatory
measures are in place to ensure continued management of tor-
toise habitat, and there is no longer reason to believe that the
species will require ESA protection in the future. Just as spe-
cies extinction can be thought of as the cumulative extinction of
all populations, species recovery can be thought of as recovery
of constituent populations; management efforts for recovery
generally are implemented and assessed at the population level.
A recent review of the Desert Tortoise Recovery Plan, includ-
ing an exhaustive literature search, has been compiled by the
Desert Tortoise Recovery Plan Assessment Committee (Tracy
et al. 2004).

Animportant step in recovery planning is to identify known
causes of mortality or reductions in fecundity, and to propose
actions that will reduce or eliminate these threats to population
persistence. Because populations change in size as individuals
are added (through births or immigration into a population) or
subtracted (through deaths or emigration out of a population),
threats are identified by establishing that they cause reductions
in births, increases in deaths, or changes in movements into or
out of a population. However, once a threat has been identified
there are several sources of uncertainty in formulating recovery
actions. First, the severity of a threat may not be well established.
For example, roads can be identified as a threat to tortoises by
observing road-killed tortoises on highways, but the amount of
road mortality observed may or may not be sufficient to reduce
populations. If road mortality is not sufficient to cause a popu-
lation decline, then reducing road mortality may have no effect
on population recovery. Second, even if a threat is known to be
sufficiently severe to cause tortoise population declines, there
may be more than one possible approach to reducing the threat.
For example, if road mortality is shown to be associated with
reduced population size, building tortoise-proof fencing along
highways is one possible (and commonly used) approach to
reducing this threat. Other approaches are also possible, how-
ever. Roads could be closed, speed limits could be reduced,
tortoise monitors could be employed to safely move tortoises
across roads, or underpasses could be constructed to allow safe
crossing. Each approach involves some investment of resources,
and some may be more effective than others. Additionally, some
approaches, such as speed limits and road closures, involve
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imposing changes on human behavior that may not be wel-
comed by the public.

Because of the diversity of possible approaches to desert
tortoise recovery, it is important to assess whether the effec-
tiveness of recovery actions is well supported. Additionally,
because every recovery action entails costs (in dollars, time,
resources, or public goodwill), it is important to evaluate
whether actions are achieving the intended benefit. It also is
important to evaluate how well managers’ needs for scientific
support are being met by the current state of knowledge. These
issues were identified by a General Accounting Office (GAO)
report in 2002, and remain issues today.

This current (2006) report was commissioned by the
Desert Managers Group (DMG) to evaluate the state of knowl-
edge about the effectiveness of desert tortoise recovery actions.
To do this, we gathered and then critically examined the best
available evidence of the effectiveness of recovery actions
related to major threats to desert tortoises. This document can
be viewed as an extension of Boarman’s (2002) report in which
the major threats to desert tortoise populations were described
based on a thorough review of the literature.

1.2. Need for scientific basis for management
actions

Population-level responses to recovery actions are in-
trinsically difficult to study in desert tortoises owing to their
long generation time and low detectability (Tracy et al. 2004).
However, recovery actions are likely to be most effective when
they are based on scientific principles and reliable data. There
are two typical situations in which knowledge about the effec-
tiveness of recovery actions would be beneficial to resource
managers. The first situation is that in which a manager must
decide among several possible recovery actions. If studies of
the effectiveness of various management options had been con-
ducted, they would provide invaluable information in making
such decisions, as well as in explaining and justifying the man-
agement action to line employees and the public. The second
situation is one in which a recovery action has already been
implemented, but the expected recovery has not occurred.
Lacking reliable information about the effectiveness of the
action, the manager cannot tell whether the action does not
work in general, or has failed in the particular context because
of other problems, such as additional threats that have not been
addressed. However, if the effectiveness of the action has been
conclusively documented, then the lack of recovery can be
treated as de facto evidence that other threats are present, and
the manager can immediately direct attention to identifying and
reducing them. For example, if fencing along a road does not
help in increasing tortoise populations (studies have shown that
fencing reduces the incidence of road kills), then it becomes clear
that other factors, such as disease, predation, or collecting, may
be derailing the recovery. To have this level of confidence in a
recovery action, however, ample supporting evidence must exist.
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The GAO drew the distinction between demonstration of
threat and demonstration of effectiveness of recovery (General
Accounting Office 2002), and pointed out that the effectiveness
of recovery actions already implemented was not known. In the
absence of this knowledge, it was not possible to know if the
limited resources were being wisely spent (General Accounting
Office 2002). The effectiveness of particular recovery actions
should be tested scientifically whenever possible. Pullin and
Knight (2001) describe the “effectiveness revolution” in the
British health-care system in which analysis of the effectiveness
of different treatment courses is advocated to improve future
decision-making. The authors point out a parallel to conserva-
tion biology, in which science and statistical analysis of the
effectiveness of historic practices should serve as a guide for
future efforts. The parallels they cite between medical and con-
servation practitioners are strong and bear repeating. Doctors
treat their patients’ critical health conditions under time pres-
sure with limited information. Treatment decisions are based
on an understanding of the relevant science (such as human
anatomy and physiology), but prior to the effectiveness revolu-
tion there often was little basis for choosing the best treatment
from among a range of possibilities. Personal experience was an
important driver of treatment choices under these circum-
stances. However, personal experience may be of little use in
detecting treatments that are ineffective because a patient’s
health can spontaneously improve, even in the absence of treat-
ment; conversely, treatments effective in a majority of cases
may fail to work for a given patient. Additionally, personal
memory can subjectively review only a limited number of cases,
which are probably an inadequate number of cases on which to
draw conclusions, especially without filtering the data through
statistical methods that eliminate biases. Similarly, resource
managers must decide which recovery actions to implement from
a range of possibilities and how to implement them, in spite of
uncertainty. Basing management decisions on sound ecological
principles is helpful, but more than one possible approach may
be defensible.

1.3. Specific questions addressed

1.3.a. How much information is available to
support recovery actions, and what kind of
information is it?

One measure of whether resource managers are receiv-
ing adequate guidance from scientists in their management
decisions is the number and type of studies that address the
effectiveness of recovery actions. We searched available litera-
ture to determine whether studies of effectiveness were being
conducted and to assess whether the information available to
managers is based on scientific evidence. In the process, we

attempted to gauge whether effectiveness evaluation and moni-
toring efforts taking place at local levels could be performed in
a manner more conducive to scientific interpretation.

1.3.b. Is the effectiveness of recovery actions
well supported by scientific evidence?

The results of well-planned scientific studies ultimately
will be more useful in guiding management actions than will
reports of an observational or anecdotal nature. Therefore, we
rated the supporting evidence for the effectiveness of recov-
ery actions and the reliability of the evidence relative to the
scientific principles outlined in sections 2.1.a—d.

2. Conceptual approaches

2.1. Variables examined

Evaluating the effectiveness of management actions is
a complicated process, with two important issues for manag-
ers to consider. The first issue to consider is the reliability of
studies used to demonstrate effectiveness, which depends on
the experimental methods employed. Before implementing an
action based on previous studies, a manager should decide if
the conclusions of the studies are justified based on the meth-
ods used to collect and analyze the data. The second issue is
can effectiveness be evaluated at different levels? On the basis
of the measures of impact that an investigator chooses, a study
can document effects at the individual level or at the popula-
tion level. The generality of the results can also be evaluated:
results can be reliable at the level of a particular project (“project
level”) and at the level of the action in general (“action level”).
If studies are to meet the needs of managers, the difference
between action and project levels should be carefully considered
at the experimental design stage, as demonstrating effectiveness
at one level does not imply effectiveness at another (see section
2.1.c, below). In other words, a management action may reduce
impacts to tortoises at a particular project site, but one cannot
assume that the action will be effective for the entire population
of tortoises that may be subject to that action.

2.1.a. Classification of kinds of information

Managers have a wide range of information available to
employ in their decision-making. Boarman (2002) classified
this information by type and by source as a guide to judging its
scientific validity and reliability. Data types, described below,
include experiments, correlations, descriptions or observations,
anecdotes, and speculations.



Experiments: Experiments involve changing one or more
variables and observing the result on one or more other vari-
ables. Experiments are widely considered to be the most reliable
form of scientific information because direct manipulation gives
the investigator greater certainty that the results are due to the
manipulation, and not to some other unknown factor. Though
experiments are the most reliable form of study, they are often
impractical or impossible at the spatial and temporal scales
required for population-level assessments and may be consid-
ered unethical or illegal for endangered species. For example,
studying mortality factors on desert tortoises experimentally
could require exposing tortoises to predators, a practice that
would be at odds with recovery goals. Furthermore, experiments
are often open to the criticism that their manipulations are not
sufficiently similar to naturally-occurring situations to allow
their conclusions to be readily applied to real populations.

Correlations: Correlational studies make observations of
sets of variables that are not under the investigator’s control,
and infer the relationships among the variables based on pat-
terns observed. Because the investigator does not make direct
manipulations of variables, it is logically impossible to
determine which variables are causing changes in others. For
example, if A and B are correlated, it is possible that A causes
change in B, that B causes change in A, or that changes in both
A and B are caused by changes in another unmeasured variable,
but have no causal relationship with one another. In practice this
limitation is dealt with by applying additional biological knowl-
edge to the system (for example, it is logical to hypothesize
that raven predation could cause a decline in tortoise population
sizes, but it is not logical to hypothesize that tortoise population
declines are causing raven predation), and by studying problems
from multiple perspectives with multiple independent data sets.
A great advantage of correlational studies is that they capture
and reflect natural variation, so that their applicability to real
populations is easy to justify. Generally, it is considered best
to conduct experiments when they are possible, to use correla-
tional studies when experiments are not feasible, and ideally to
use each to complement the other.

Description/observation: Observations are fundamental to
science, but isolated observations made outside of a designed
study are of limited value. Observations play a prominent role
in developing scientific theories and testable hypotheses, and
good, objective, detailed observations can make unique con-
tributions to the descriptive scientific knowledge base (for
example the first description of a new species). However, tests
of hypotheses require designed studies.

Anecdotes and speculation: Anecdotes are stories, usually
including both observations and conclusions about the mean-
ing of the observations. Anecdotes are intrinsically less reliable
than designed studies. Speculation is an unsupported, untested
assertion, and clearly cannot substitute for designed studies as
the basis for reliable management.
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2.1.b. Tenets of reliable study design

Whether scientific studies are experimental or correla-
tional, their reliability increases when they follow certain tenets
of study design. These include control of extraneous variables,
use of control groups, isolation of effects, and replication. Each
of these practices addresses particular problems.

Controlling extraneous variables: From a purely theoreti-
cal perspective, the ideal experimental subjects are completely
homogeneous and have identical reactions to experimental
manipulation. However, real experimental subjects differ for
a variety of reasons. At best, differences among experimental
subjects make results less clear (and require statistics to detect
experimental effects), and at worst, differences among subjects
can be inadvertently confounded with an experimental treat-
ment so that the apparent effect of the treatment is actually due
to unrelated differences among subjects. Scientists deal with
this problem by holding as many variables constant as possi-
ble, randomly assigning subjects to experimental groups, and
by measuring variables that cannot be controlled so that their
effects can be accounted for statistically. Field studies of wild
populations must compromise on several of these guidelines;
environmental variables cannot be held constant, but major
sources of variation can be controlled by the experimental
design. For example, the potentially confounding effects of
habitat differences among sites can be minimized by careful
site selection; likewise, temporal effects can be controlled by
making observations of different treatments over an identical
time frame. Environmental variation that cannot be eliminated
through design choices can often be measured and removed
statistically as “covariates” or “block effects.”

Controls: In ecological studies “control” is used inter-
changeably with the term “comparison group,” and is generally
meant to signify the group that is not subjected to an experi-
mental treatment. For example, in a study of the effects of
fencing on road mortality, areas with fences would be desig-
nated “treatment” areas, and areas without fences would be
the controls. Though this classic experimental concept of a
control can be found in some scientific studies, there are also
many variations. Sometimes it is logical to substitute “before
and after” for “control and treatment,” that is, to use the condi-
tions before a treatment is applied as the control. However, this
design does not control for changes over time, which in a tem-
porally highly-variable environment such as the Mojave Desert,
can cause problems of interpretation. Some studies have more
than one type of control; for example, making comparisons
between treated and untreated sites before and after a treatment
is applied provides a control both for spatial and temporal dif-
ferences among subjects. Finally, it is also valid to compare
subjects that have received different levels of a treatment with-
out a true untreated control.
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Isolation of effects: Just as it is necessary to control extra-
neous variables, multiple variables of interest can interfere with
one another and make results difficult to interpret. For example,
a fence that simultaneously reduces road mortality, removes
off-highway vehicles (OHVs), and removes livestock may
increase tortoise population size, but it will not be possible to
tell whether the improvement is due to the removal of one single
threat or due to some combination of the three; only a general
treatment effect can be claimed. If the desired effect is achieved
in a management context, this problem may not be viewed as
important; for example, if fencing always reduces the same set
of threats, and desert tortoises always respond positively, then
the details of how the effect was achieved may be uninteresting.
However, studies that fail to isolate effects can provide little
guidance if the action is applied and a recovery does not occur.
Additionally, when effects are not isolated, studies provide
little basis for resolving disputes among stakeholders who may
only be responsible for an unknown proportion of the overall
problem.

Replication: Different experimental subjects may respond
differently to treatments. The best way to ensure that observed
results are reliable is to apply the treatment to a number of dif-
ferent subjects, in other words to “replicate” the experiment.
Although this is conceptually straightforward, what constitutes
replication changes depending on the question being asked or
the population about which conclusions are to be drawn. This
problem was highlighted by Hurlburt (1984), who coined the
term “pseudoreplication” to describe replication at the wrong
level. For example, repeated observations (e.g., multiple tran-
sects, multiple individual tortoise home ranges, etc.) of the
effects of a single project on a population can be considered
replicates only if the conclusions are limited to the population
of individuals exposed to that particular project (i.e., “project
level”; see 2.1.c, below). However, to draw general conclu-
sions about the effectiveness of the action (i.e., “action level”;
see 2.1.c, below), the projects themselves are considered rep-
licates, and although multiple observations within a project
may increase the precision of measurement, only observations
of additional projects are truly replicates that can be used to
statistically assess the action.

2.1.c. Generality of results: Effectiveness at
action and project levels

The effectiveness of recovery actions can be demon-
strated at two levels: action level and project level. Action level
refers to the broad area in which an action is applicable (e.g.,
all tortoise habitat can be subject to an action such as removal
of grazing); project level refers to a specific place or study area
(e.g., the Pilot Knob grazing allotment). To determine effective-
ness at an action level, studies of the effects of the action must
be conducted across a variety of conditions, with the action
serving as the experimental unit (Hurlburt 1984). For example,
a study of the effectiveness of 1 cm? hardware cloth used as

a tortoise-proof fencing material can be conducted, and the
results can then be generalized to any case in which conditions
are expected to match those of the study. However, conditions
at a project site may be sufficiently different from those of the
original study so that the fencing material may work poorly;
for example, the material may degrade and develop holes too
rapidly, local populations may exhibit a different behavioral
response to the material, or the material may clog with debris
so that animals can climb over it. At a specific project level,
then, the material may prove not to be effective. Conversely,
studies of single projects can show that actions were effective
under conditions present at the site, but may not generalize
well to other circumstances. For example, studies of the effects
of fencing at a single location with a single fence type, based
on measurements of mortality at several locations within the
fenced area, can yield reliable information about the effective-
ness of that particular project, but the results may not generalize
well to fencing as an overall recovery action, and thus may be
weak evidence of effectiveness at the action level. As Pullin and
Knight (2001) point out, results from several project-level stud-
ies can sometimes be combined (using a statistical technique
called “meta-analysis”) to demonstrate effectiveness across
a variety of conditions, and collectively the results may form
strong evidence of effectiveness at an action level.

2.1.d. Ecological level of effectiveness:
Individual or population

Individuals die, mate, reproduce, and encounter barri-
ers, whereas populations increase, decrease, or remain stable.
Removal of threats that are known to impact individuals is a
logical approach to species recovery, but whether reduction in
individual impacts actually translates into increased population
size depends on multiple factors (see section 2.3). Studies of
individual impacts, therefore, can be well-designed and reliable,
but not qualify as a demonstration of effectiveness at a popula-
tion level. For example, experimental studies of effectiveness
of barrier fencing at blocking tortoise movements and reduc-
ing tortoise road mortality may be highly reliable, but without
additional data on changes in population size or demographic
health of a fenced population, such studies cannot indicate
effectiveness at the population level.

2.1.e. Sources of scientific information

Outlets for scientific information are numerous and
diverse. Following the classification used by Boarman (2002),
sources of information include (1) peer-reviewed open litera-
ture, (2) technical books, (3) theses and dissertations, (4) non
peer-reviewed open literature, (5) technical reports, (6) unpub-
lished data, (7) professional judgment, and (8) “science lore.”
The first major division among these sources of information
is between information that is based on designed scientific



studies (sources 1 to 5, possibly 6) and information that is based
on personal opinion (sources 7 and 8). Sources 1 through 6 dif-
fer primarily in the degree of peer review. Peer review is the
primary mechanism by which the quality of scientific informa-
tion is judged and controlled. Though peer review is a highly
individualistic exercise, reviewers are expected to evaluate
whether the methods employed were appropriate, the samples
sizes were adequate and the conclusions drawn follow logically
from the experimental results. Although peer review does not
guarantee quality, knowing that other experts have found the
methods to be appropriate and that the conclusions are sup-
ported by the data substantially enhances confidence in a study,
particularly if it is outside of one’s area of expertise.

2.2. Desert tortoises have a life history that
greatly complicates studies of the effectiveness
of recovery

The most definitive evidence of the effectiveness of arecov-
ery action is the demonstration that a population has recovered
after an action was implemented. Although this level of support
for recovery is desirable, desert tortoise managers frequently
either will have to accept less stringent support for an action or
be paralyzed by uncertainties. Demonstrating effectiveness of a
recovery action is complicated by the life history of the desert
tortoise. Tortoises are slow-growing and have delayed sexual
maturity (Woodbury and Hardy 1948). Mortality, fecundity
(summarized by Doak et al. 1994), physiology (Naegle 1976),
and movements (Coombs 1977, Berry 1978) are all age and
size dependent, yet younger, smaller tortoises are notoriously
difficult to study (Berry and Turner 1986). Viability analysis
requires large amounts of data, but the necessary parameters
are rarely available for single populations that are exposed to
a recovery action (Doak et al. 1994). Sensitivity of population
growth to changes in demographic parameters varies by size
class, and in desert tortoises, survival of older, reproductive
individuals is most important for population growth (Doak et
al. 1994). Consequently, reducing a threat to juveniles may
have little effect on population recovery unless accompanied
by a reduction in adult mortality (Congdon et al. 1993). Finally,
tortoise populations grow slowly, and thus population-level
responses to recovery actions may not be observed until many
years after the action is taken, which is in sharp contrast with
studies documenting threats (Boarman 2002). Many threats to
tortoises, such as mortality and habitat damage, can be docu-
mented as they are occurring. It is often possible to observe
immediate changes in levels of a threat after a recovery ac-
tion is implemented (for example, tortoise-proof fencing
should immediately reduce road mortality), but to document
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population-level recovery, data must be collected and analyzed
for longer time periods. In this sense, it is intrinsically more dif-
ficult to measure the effectiveness of recovery actions on desert
tortoises than it is to identify threats.

Another reason that documenting the effectiveness of
recovery actions for desert tortoises is difficult is that they are
subject to multiple threats simultaneously in many parts of their
range, making the effectiveness of actions designed to address
single threats difficult to gauge (Tracy et al. 2004). When mul-
tiple threats are affecting a population, removing a single threat
will not increase the population size if other limiting factors
remain; removing a single threat may be necessary to increase
population size, but it alone may not be sufficient. As Leibig’s
Law of the Minimum (Huston 2002) states, a population will
increase only to the point that the most limiting factor allows;
consequently, removing a threat that is not the limiting factor will
not increase the population size. Under these circumstances, the
effectiveness and necessity of removing a single threat would
be masked. For example, desert tortoise populations have con-
tinued to decline in the Desert Tortoise Natural Area (DTNA)
in spite of perimeter fencing, with disease possibly being the
leading cause of the decline (Berry 1997). The lesson from the
DTNA is not that perimeter fencing was an unnecessary action,
but that it was not sufficient in the face of other uncontrolled
threats to the population. Similarly, the concept of compensa-
tory mortality is commonly used in wildlife population biology
to explain how mortality from harvesting can be sustained with-
out reducing population size in a density-dependent population
(Nichols et al. 1984). Under this paradigm, when animals die
from human causes that would have died anyway from density-
dependent natural causes, human-caused mortality is considered
“compensatory” and will not reduce population size. Applied
in the context of population recovery, compensatory mortality
implies that if one mortality factor is removed there may be no
net gain if other factors remain in place. Under both Leibig’s
Law and compensatory mortality, it is conceivable that a
recovery action could reduce a threat without recovering the
population. In either case, known threats should not be left in
place. Multiple threats should be addressed simultaneously
and as many threats as possible removed to affect population
recovery.

Table 1 lists recovery actions that are commonly used
or that have been proposed for use for desert tortoises. Many
actions, such as fencing, affect multiple threats simultaneously
(e.g., vehicle traffic and grazing), whereas other actions, such as
predator control, are targeted at specific threats. For still other
threats, such as disease, there currently are no recovery actions
available to remove the threats, though preventative measures,
such as safe handling procedures and public education, may
be implemented (Berry 1997). Finally, threats may interact,
such that removing anthropogenic threats could hypothetically
reduce disease mortality by reducing stress on the tortoises.
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Table 1. Recovery actions and the threats that these actions are

expected to reduce or eliminate.

Action

Threat

Fencing (for animals)

Grazing, wild horses and
burros, road mortality, wild
dog or coyote mortality,
utility corridors

Stocking level reduction

Grazing

Closures (to humans, seasonal or
permanent)

OHVs, mining, military
operations, agriculture,
recreation, waste disposal,
poaching, utility corridors,
noise and vibrations

Habitat restoration

Grazing, OHVs, construction,
mining, recreation, wild
horses and burros, utility
corridors, invasive plants,
drought

Reduction of vehicle speed limits

Construction, mining,
recreation, waste disposal

Translocation

Construction, mining, low
population size or local
extirpation, disease, military
activities

Choosing prescribed burn season

Fire-caused mortality

Predator control

Mortality from feral dogs,
ravens, or coyotes.

Feral animal control

Wild horses and burros, feral
dogs

Law enforcement

Poaching, handling, collection,
unauthorized OHVs

Culvert installation

Road mortality, population
fragmentation

Land acquisition

Inadequate protection from
many of the threats listed
above

Taken together, the slow response of desert tortoise popu-
lations to recovery actions, along with the compounding effects
of having multiple threats acting in concert or multiple recovery
actions implemented simultaneously, make the effectiveness of
individual recovery actions difficult to discern. These complex-
ities should be taken into account when interpreting data, with
sophisticated statistical methods used to isolate effects.

2.3. Demonstration of effectiveness and tortoise
recovery relationships

It is important to define the goals of recovery actions
so that their effectiveness can be assessed. For example, the
recovery action of fencing the perimeter of the DTNA, which
provides protection from OHVs and grazing and habitat
destruction, is meant to maintain existing, fairly healthy popu-
lations. Successfully implementing actions and maintaining
closed areas may be sufficient for success in this instance. In
contrast, other recovery actions, such as habitat restoration and
individual animal translocation, are meant to increase the size
of a previously reduced population, and in these cases, success
is judged by whether the population increases in response to
the action.

Pullin and Knight (2001) describe a hierarchical system
of judging the reliability of evidence of effectiveness based on
study design criteria. For this current study, in addition to con-
sidering design issues, we also considered whether previous
studies addressed individual-level effects or population-level
effects. Table 2 identifies the necessary assumptions in con-
sidering a result to be a demonstration of effectiveness of a
recovery action, by combining both the reliability of studies and
the level (individual vs. population) at which effectiveness is
assessed. To illustrate, the intended outcome of fencing a road
with hardware cloth designed to exclude tortoises is to increase
the tortoise population by reducing road mortality. If the fence
is constructed but the effects are not monitored, then confidence
that the action is effective depends on (1) the assumption that
road mortality is a real threat to tortoise populations; (2) that
this mortality is the primary factor limiting a local tortoise pop-
ulation increase; and (3) that this recovery action effectively
removes or reduces the limitation (Table 2, rows 2 and 3). If
a declining incidence of road mortality is observed by follow-
up monitoring, then fewer assumptions are needed to consider
the fence effective. The action of fencing thus represents a step
toward recovery only if road mortality was previously known,
or can be assumed, to reduce the tortoise population in the first
place (Table 2, row 3). If road mortality has been demonstrated
to be associated with reduced tortoise populations, then confi-
dence that reducing road mortality is necessary for recovery is
increased (Table 2, row 4). However, this step alone may not
be sufficient if other threats are limiting population recovery.
Adding information about population size behind the fence
increases confidence that the action has released the popula-
tion from a limiting factor (Table 2, row 5). However, increases



in population size could be due to changes in movements and
immigration rather than to changes in mortality rates.
Demographic monitoring can demonstrate that local mortal-
ity rates have declined, and estimates of the expected effects
on population growth rate can be estimated (Table 2, row 6).
The assumptions necessary to conclude that the fence has been
effective become much less stringent, but might include the
assumption that improvements in local demographic per-
formance are contributing to local recruitment rather than to
increasing emigration rates. If increased demographic perfor-
mance is coupled with increased population sizes, then the only
remaining assumption would be that the population is viable
(Table 2, row 7). Finally, if the assumption that the population
is viable is supported by a population viability analysis, this
confirms that the population has recovered as a result of the
action taken (Table 2, row 8).

Table 2. Relationship between observations of measures of
effectiveness and the assumptions made.

[The rows are arranged in order of increasing reliability. Each
successive row includes additional observations that more
strongly support the effectiveness of an action. See section 2.3
for further explanation]

Observation Assumptions needed to conclude

action was effective

An action is implemented
to address a putative
threat, but effect is not
observed

Putative threat is really a threat, is
the limiting factor, and the action
removes the limitation.

An action is implemented
to address a known
threat, but effect is not
observed

Threat is the limiting factor, and the
action removes the limitation.

Putative threat is a real threat and is
the limiting factor.

Reduction or elimination
of a putative threat

Reduction or elimination
of a known threat

Threat is the limiting factor.

Increased numbers are due to im-
proved demographic performance,
rather than re-distribution of tor-
toises, changes in observability, etc.

Increased population size

Improved demographic
performance

Assumes that the change in survival
and/or fecundity will increase the
population, rather than increasing
emigration, etc.

Improved demographic
performance and in-
creased population size

Assumes that the improvements create
a viable population.

Improved demographic
performance, increased
population size, and
viable population
(Population Viability
Analysis, PVA, obser-

None (recovery is observed)

vations over time)
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3. Methods

3.1. Kinds of information collected

Information was collected from a variety of sources. We
searched peer-reviewed journals and books for studies that dealt
with the effects of recovery actions on desert tortoises or with
the effectiveness of recovery methods in general that might be
applied to desert tortoise recovery. These included title and key-
word searches in the BIOSIS Previews database (which covers
materials published from 1969 to the present), and Web of
Science searches for articles that cited papers dealing with des-
ert tortoise recovery (coverage from 1975 to the present). We
looked through all proceedings of symposia published by the
Desert Tortoise Council, which is the primary source of scientific
information about desert tortoise management. Additionally,
Ed LaRue (U.S. Bureau of Land Management) visited biolo-
gists’ offices at the U.S. Bureau of Land Management (BLM),
the U.S. Fish and Wildlife Service (USFWS), the National
Park Service (NPS), the California Department of Parks
and Recreation, the U.S. Marine Corps, and the U.S. Navy,
which are located throughout the Mojave Desert in California
(Table 3). During these visits, biologists’ files were examined,
and two kinds of documents were obtained. The first type of
document reported on scientific studies that could be used
as support for the effectiveness of recovery actions. These
included published articles, unpublished reports, and monitor-
ing reports that were based on a designed sample (as opposed
to qualitative observations). Reviewers of drafts of this current
report suggested additional documents that could be used for
support. These documents were assessed for reliability (see
section 3.2 below). The second type of document detailed mon-
itoring efforts at a particular management unit, such as memos
and internal reports of permit compliance. These documents
were not assessed individually, but were used as a measure of
the observation effort expended on desert tortoises across the
region. Ed LaRue also interviewed representatives at each office
to determine whether any additional monitoring was conducted
that would be useful that had not been documented or that was
documented elsewhere (for example, by independent research-
ers conducting studies within the management unit). The entire
bibliographic database of these documents is available in the
U.S. Department of Interior, BLM files.
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Table 3. Offices visited by E. LaRue for document collection, and

key personnel providing assistance and verbal input.

Agency, City

Key Personnel Providing Input

Bureau of Land Management,
Barstow

C. Sullivan, A. Chavez, C. Burns

Bureau of Land Management,
Needles

G. Meckfessel, K. Allison, L.
Smith

Bureau of Land Management,
Ridgecrest

J. Aardahl, B. Parker, J. McEwan

California Department of
Parks and Recreation

M. Faull

U.S.Marine Corps, Marine
Corps Air-Ground Combat
Center

R. Evans, B. Husung

U.S. Navy, China Lake T. Campbell

U.S. Air Force, Edwards Air | M. Hagan
Force Base

U.S. Army, Fort Irwin M. Quillman

National Park Service, Joshua
Tree National Park

A. Fesnock, C. Collins

U.S. Fish and Wildlife
Service, Carlsbad

M. McDonald, D. Miles

U.S. Fish and Wildlife
Service, Ventura

R. Bransfield

3.2. Document assessment

For each document collected, we recorded the kind of
action taken, following categories described by Boarman (2002),
and the findings and conclusions of the study. Documents
reporting on designed studies were evaluated for reliability and
on whether the individual study assessed the “project” or the
“action” level of effectiveness. Reliability of the study results
was assessed by determining whether the following tenets of
experimental design were included in the study: experimen-
tal manipulation, use of controls, and replication. The level of
effectiveness assessed by a study was determined by observ-
ing the replication level (project, action) and the level at which
the observations were made (e.g., individual tortoises, tortoise
populations, tortoise habitat). Some documents reported on
more than a single measure of effect (e.g., effects of grazing
on diet breadth and on population size), and thus the number
of documents evaluated was less than the number of studies.
Multiple documents could be produced from studies of a single
population over time. To avoid inflating the document count,
we evaluated only final reports, when available, or the most
recent draft reports from long-term studies. Follow-up studies
were considered separate studies (for example, studies at graz-
ing exclosures in the Ivanpah Valley that were separated by 10
years were considered two different studies).



3.3. Kinds of information not evaluated

We concentrated on studies related to changes following
a recovery action so as not to repeat Boarman’s (2002) analy-
sis of threats; thus, reports of tortoise mortalities due to known
threats were not evaluated. Furthermore, we did not evaluate
popular articles, information circulars, and pamphlets because
they were intended as interpretive tools for the general public
and therefore did not present new results that would be useful to
our efforts. Finally, for logistic reasons, we limited our search
of offices to California. Although documents were collected
regardless of study location, papers and reports from Nevada,
Arizona, and Utah are underrepresented in our sample.

4. Results

4.1. Kinds of information available

Of the 395 documents obtained in our search of biologists’
files and published literature, 151 were directly relevant to
recovery actions. Of these, 45 were reports of designed stud-
ies and 104 were other kinds of relevant information (Table 4),
such as permit compliance reports, letters, memos, and other
materials that dealt with implementation of recovery actions.
Several of these 45 documents addressed more than one treat-
ment or more than one measure of effectiveness, such that we
assessed 54 measures of the effectiveness of recovery actions
(Table 5). Although not designed as an exhaustive enumeration
of the individual study materials found, collected data indicate
little information on implementation of recovery actions arising
from designed scientific studies. This impression was further
reinforced by interview data that showed that many agency
biologists knew that recovery action implementation was
occurring without any follow-up monitoring.

On the basis of Boarman (2002), we selected several sig-
nificant issues related to desert tortoise recovery. These are
listed in sections 4.2 through 4.9 below, along with (1) a de-
scription of the related management actions; (2) an assessment
of the strength of the evidence that the actions are effective in
reducing threats; and (3) a discussion of the limits to our current
knowledge on the subject.

Results
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Table 4. Numbers of documents found in biologists’ files pertain-
ing to recovery actions that were either designed studies, or

other forms of information.

[See Table 5 for list of documents of designed studies]

Topic Other Designed Total
documents study
Construction compliance 30 4 34
Grazing 15 5 20
Guzzlers 1 1
Habitat change 1 1
Habitat restoration 7 2 9
Headstarting 1 1
OHV closure 14 3 17
OHV route marking 8 14 22
Perimeter fence 8 1 9
Predator control 1 1 2
Reserve establishment 3 3
Road closure 1 1
Shooting 1 1
Tortoise fencing 2 5 7
Translocation 15 6 21
Total Result 104 45 149
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Table 5. Characteristics of assessed documents.

Explanations of terms are in text. OHV = off-highway vehicles, Observ. = Observation, Exper. = Experimental]

Author Action Measure Finding | Studytype | Replication | Replication level Control
Avery 1998, Avery and Exclude Habitat Positive Exper. Replicated Project Yes
Neibergs 1997 grazing
Exclude Tortoises | Positive Exper. Replicated Project Yes
grazing
Baxter 1986 Translocation Homing Negative Exper. Replicated Project No
Berry et al. 1999 Fencing Population | Positive Observ. | Replicated Project Yes
reserve
Boarman and Sazaki 1996 Tortoise Tortoises | Positive Exper. | Replicated Project Yes
fencing
Tortoise Population | Positive Exper. Replicated Project Yes
fencing
Bowser et al. 1997 Restore Habitat Positive Exper. Unreplicated No
habitat
Brooks 1995 Fencing Habitat Positive Exper. Replicated Project Yes
reserve
Burge 1986 Post routes Habitat Negative Observ. | Replicated Project Yes
Bury and Luckenbach 2002 OHV Habitat Positive Observ. | Replicated Project Yes
OHV Tortoises | Positive Observ. | Replicated Project Yes
Campbell 1981, 1985 Fencing OHV use | Positive Observ. | Replicated Project Yes
reserve
Fencing Shooting | Positive Observ. | Replicated Project Yes
reserve
Fencing Hunting Positive Observ. | Replicated Project Yes
reserve
Circle Mountain Biological Post routes Tortoises | Positive Observ. | Replicated Project No
Consultants 1994
Post routes Burrows Positive Observ. | Replicated Project No
Post routes Habitat Positive Observ. | Replicated Project No
EnviroPlus Consulting 1995 Tortoise Tortoises | Positive Exper. | Replicated Action Yes
fencing
Everett et al. 2001 Predator Capture Negative Exper. | Replicated Project No
control rate
Field et al. 2002 Translocation Survival | Positive Exper. | Replicated Action Yes
Translocation Tortoises | Uncertain Exper. Replicated Project Internal
Fusari et al. 1981 Tortoise Tortoises | Positive Exper. Replicated Action No
fencing
Goodlett and Goodlett 1993 Post routes OHV use | No effect Observ. | Replicated Project Yes
Guyot and Clobert 1997 Tortoise Tortoises | Positive Exper. | Replicated Project No
fencing
Translocation Tortoises | Positive Exper. Replicated Project No
Kazmaier et al. 2001 Exclude Population | No effect Exper. | Replicated Action Yes
grazing
Exclude Tortoises | No effect Exper. Replicated Action Yes
grazing
Kutiel 1999 OHV Habitat Positive Observ. | Replicated Project Yes
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Table 5. Characteristics of assessed documents—Continued.

Expramations of termsare i text R =off-highway vetittes, Observ.="0bservation, Exper=—Expermemntat}

Author Action Measure Finding | Studytype | Replication | Replication level Control
Larsen et al. 1997 Exclude Habitat Uncertain Exper. Replicated Project Yes
grazing
LaRue and Dougherty 1999 Construction Tortoises | Positive Observ. | Replicated Meta analysis No
Medica 1994a Post routes Habitat Negative Observ. | Replicated Project Yes
Medica 1994b Post routes Habitat Negative Observ. | Replicated Project Yes
Medica et al. 1982, Turner Exclude Habitat Uncertain Exper. | Replicated Project Yes
et al. 1981 grazing
Exclude Tortoises | Positive Exper. Replicated Project Yes
grazing
Miller-Allert 2000 Post routes Habitat Mixed Observ. | Replicated Project No
Miller-Allert 2001 Post routes Habitat Mixed Observ. | Replicated Project No
Morafka et al. 1997 Protect Hatchling | Positive Exper. Replicated Project Yes
hatchlings survival
Mullen and Ross 1996 Translocation Tortoises | Positive Exper. Replicated Project Yes
Musser 1983 Post routes Habitat Positive Exper. Replicated Project No
Nicholson and Humphreys Exclude Habitat Negative Observ. | Unreplicated Yes
1981 grazing
Olson 1996 Construction Tortoises | Uncertain Observ. | Unreplicated No
Olson et al. 1992 Construction Survival | Mixed Observ. | Replicated Project No
Ruby et al. 1994 Tortoise Tortoises | Positive Exper. | Replicated Action Internal
fencing
Sazaki et al. 1995 Tortoise Tortoises | Positive Observ. | Replicated Project No
fencing
Stewart 1993 Translocation Weight Positive Exper. Replicated Project Yes
change
Translocation Survival Positive Exper. Replicated Project Yes
Stewart and Baxter 1987 Translocation Survival Positive Exper. Replicated Project No
BLM 1984 Post routes Habitat Mixed Observ. | Replicated Project No
Walker and Mastin 1999 Post routes Habitat Positive Observ. | Replicated Project Internal
BLM 2000a Post routes Habitat Mixed Observ. | Replicated Project No
BLM 2001b Post routes Habitat Mixed Observ. | Replicated Project No
BLM 2002 Post routes Habitat Mixed Observ. | Replicated Project No
Woodman 1986 Post routes Habitat Negative Observ. | Replicated Project No
Post routes Tortoises | Positive Observ. | Replicated Project No
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4.2. Reserves

4.2.a. Actions

Dedicated reserves are areas in which public access is
controlled or eliminated, and in which management is directed
solely to protection of the desert tortoise. Establishment of
dedicated reserves provides increased protection for tortoise
populations against multiple threats (e.g., OHVs, mining,
military operations, agriculture, etc.; Table 1). The 1994
USFWS Desert Tortoise Recovery Plan emphasized effectively
protecting large areas containing healthy tortoise populations
as a significant recovery action. Protecting habitat is perhaps
the least controversial action from an ecological perspective,
in the sense that a species’ dependence on suitable habitat for
persistence is true by definition. However, design of a reserve
is a complex issue, requiring a great deal of basic information
on life history, ecology, and population genetics of the spe-
cies. A great deal of research effort has been expended to build
the necessary knowledge base for successful reserve design;
reviewing this information was beyond the scope of this report.
Landscape-scale planning is proceeding (Tracy et al. 2004),
but the effectiveness of an entire reserve network ultimately is
judged by the recovery of a species. At a finer scale, the effec-
tiveness of a reserve network depends on the effectiveness of its
components at maintaining populations, and at this scale, data
on effectiveness are available.

Before completion of the recovery plan, the DTNA
(established in 1980) was the only dedicated reserve for des-
ert tortoises and has been the focus of intensive study. Much
is known about the tortoise population, habitat, and behavior
there (Berry 1997, Brooks 2000). Reserve fencing and patrol-
ling of the DTNA perimeter has reduced human use of the area,
and thus reduced threats such as shooting and unauthorized
OHYV travel within its boundaries (Campbell 1981). Fencing
of the reserve has also reduced unauthorized livestock grazing
and improved tortoise habitat characteristics (Brooks 2000). In
addition, it has increased (1) annual and perennial plant bio-
mass, cover, and diversity of natives, (2) soil seed biomass,
(3) nocturnal rodent density and diversity, (4) breeding bird
abundance and species richness, and (5) lizard abundance and
species richness (Brooks 1992, 1995, 1999a, 1999b). Fencing
also has decreased (1) biomass of alien annual plants, and (2)
an abundance of black-tailed hares (Lepus californicus). The
DTNA perimeter fence is not tortoise-proof, so individuals that
move outside of the reserve are still subject to impacts.

The DTNA illustrates two vexing points about measuring
the effectiveness of recovery. First, it is impossible to assess
the relative effects on tortoises of each of the several changes
that occurred in the DTNA as a result of establishing it as a
reserve. A change in population size could be attributed to the
“treatment effect” of fencing, but the relative contribution of
factors such as reduced grazing versus reduced OHV use could
not be determined without additional studies that isolate these
effects. Second, although there are no known detrimental
effects of establishing reserves, the tortoise population in the
DTNA has, in fact, declined (Berry et al. 1999). Uncontrolled
threats, such as disease, drought, and predation, may explain
this paradoxical outcome (Berry 1997). Similarly, following
establishment of the Red Cliffs Desert Reserve within the
Upper Virgin River Recovery Unit, Utah, in 1996, tortoise pop-
ulations were stable for several years (McLuckie et al. 2002).
However, after a drought year in 2002, tortoise populations
declined by 40%. This population has also been subject to URTD
infection, which may have contributed to the decline in numbers
(K. Berry, pers. comm.). These two well-studied cases dem-
onstrate the complexities of studying population responses to
multiple factors. These declines in the tortoise population have
made it difficult for researchers to use the DTNA as evidence of
the general importance of establishing reserves.

4.2.b. Limits to our knowledge

Of all of the recovery actions taken, establishing reserves
is the one most likely to receive unanimous agreement among
biologists as an appropriate measure to undertake. Experiences
at the DTNA and Red Cliffs have shown that even the best-
supported practices can fail to produce the expected result if
other threats are not controlled. Reserves theoretically have
the advantage of simultaneously reducing multiple threats, but
inferences about the importance of particular threats and the
effects of implemented actions to address these threats can be
difficult. Furthermore, whether desert tortoise reserves protect
isolated populations and/or function as part of a network of
interacting populations is not currently known.
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Table 6. Possible threats to desert tortoises (from Boarman 2002), strength of the supporting evidence, and best-supported possible

impacts.

[OHV, off-highway vehicle; NA, not available]

Individual threats Strength of evidence Best supported possible impact

Agriculture Weak Habitat loss

Collecting Weak Direct mortality'

Construction Strong Habitat loss, burrow damage, direct mortality

Disease Weak Direct mortality

Drought Weak? Dehydration, predation®

Energy and mineral developments Strong Habitat loss, direct mortality during construction

Fire Strong Habitat loss, habitat degradation, direct mortality

Garbage and litter Weak Direct mortality

Handling and deliberate manipulation Weak Water loss

Invasive plants Strong Habitat degradation®

Landfills Strong Direct mortality®

Livestock grazing Strong Direct mortality®, burrow damage’, habitat
degradation®, food competition

Military operations Strong Habitat loss, direct mortality

OHV Strong Reduced tortoise density, habitat degradation, direct
mortality, soil compaction, soil erosion

Predation/raven predation/subsidized predators Strong’ Direct mortality

Non-OHYV recreation’ NA NA

Roads, highways, and railroads Strong Habitat loss, habitat degradation, direct mortality,
population fragmentation

Utility corridors Strong Habitat loss, direct mortality, increased predation
risk!'”

Vandalism Strong'! Direct mortality

Wild horses and burros Unstudied

'Removal of animals from the population (functional mortality, if not actual mortality).
Tortoises are expected to be adapted to drought, but it may make them more susceptible to other stressors.
3Coyotes may increase predation on tortoises as preferred prey become less common.
“That grasses are less nutritious than forbs is well established, but the effects of introduced grasses on tortoise habitat quality and population size is less well
studied.
SIncreased raven numbers and increased risk of raven predation are well-established. Consequences of raven predation to tortoise population size are less
well-studied.
®Few mortalities observed, but damage to styrofoam tortoise models indicates rates can be high.
Rates of burrow damage depended on tortoise size, with juvenile and immature burrows more susceptible to damage than adult burrows.
8Changes in soils and in vegetation structure and composition.
9Largely unstudied as a group, though several possible activities (such as target shooting) are included in other categories.
Transmission towers may facilitate raven population growth in areas previously lacking nesting substrates.
That tortoises are killed is well supported, but the population-level consequences are not known.
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4.3. OHV use

4.3.a. Actions

Boarman (2002) identified several studies that measured
impacts of OHVs on desert habitat; he cited the study by Bury
and Luckenbach (1986) as the best evidence of the impacts of
OHVs on tortoise density. This work has now been published
(Bury and Luckenbach 2002). Although both habitat damage
and direct mortality may occur, habitat damage is the most
strongly established effect (Boarman 2002). Evidence that
OHVs are a threat to desert tortoises is therefore considered
strong because of well-documented alterations to tortoise habi-
tat (Table 6). The relative importance of direct mortality and
habitat alteration is not well understood, however, and can-
not be inferred from Bury and Luckenbach (2002). Studies of
response by desert tortoise populations following the exclusion
of OHV use from an area were not found.

If habitat damage is the primary cause of reduced densi-
ties of tortoises in these referenced instances, then the slow
recovery of desert plant diversity (Lovich and Bainbridge 2003)
may make such studies impractical. Habitat restoration may be
applied in damaged areas, however. Recent applied restoration
strategies are showing promise in accelerating desert vegeta-
tion recovery, such that post-restoration tortoise responses may
be observed in experimentally tractable time periods (T. Egan,
pers. comm.).

Although we did not find studies of the before and after
effects of OHV closures on tortoises, several studies were found
that examined the relative effectiveness of Federal agency
permitting and relevant resource management plan (RMP)
requirements, such as vehicle route designation, for minimiz-
ing impacts of competitive races on tortoise habitat (Musser
1983; Woodman 1986; Burge 1986; U.S. Bureau of Land
Management 1984, 2000a, 2001a; Goodlett and Goodlett 1993;
Circle Mountain Biological Consultants (CMBC) 1994; Medica
1994a,b; Walker and Mastin 1999; Miller-Allert 2000, 2001;
Sullivan 2002). These studies are only indirectly related to the
effects of OHV “free-play” areas, but they provide examples of
a before/after design that yielded detailed information about im-
pacts of OHVs on these areas. Although only Woodman (1986)
and Circle Mountain Biological Consultants (1994) stated that
they searched for dead desert tortoises, all the referenced studies
were conducted in a way that such mortalities could have been
detected (i.e., either pre- and post-event surveys were done, or
monitors were present on race day). Although the experience
of personnel monitoring tortoise habitat for these studies varied
considerably, no injured or dead tortoises were detected. All
the studies assessed habitat damage, in the form of either route
widening, new OHV track formation, or damage to vegetation
adjacent to established routes.

Although some form of damage was observed in all studies,
the actual amount reported differed substantially. For exam-
ple, Federal agency monitoring of the 1983 Barstow to Vegas
motorcycle race (U.S. Bureau of Land Management 1984)
showed minimal change in vegetation occurring in 22 plots. In
contrast, Medica (1994a) found approximately one damaged
shrub per 60 m of race event course in one transect, for an esti-
mated 225 shrubs damaged during one particular event. Course
widening and new tracks along posted routes were commonly
observed in all reports evaluated. Explanations for race entrants
straying from the designated route included (1) poor route
marking (particularly at sharp turns or at unauthorized trails
connected to the official race event); (2) lack of race monitors;
(3) race vehicle passing; and (4) “silt avoidance” by event riders,
who moved to more solid, outer portions of a route once its inte-
rior became unstable. Several referenced reports cited problems
with permit compliance by event spectators (Medica 1994b).
Compliance with event-use limitations generally was good
when vehicle routes were well-posted and the Federal agency
established some form of presence. Problems reported for the
most recent events (U.S. Bureau of Land Management 2000a)
were similar to those reported for earlier events. Interpretation
of damage resulting from race events was completely subjec-
tive, based only on authors’ personal judgment (that is, they did
not refer to a standard for how much damage is acceptable; to
our knowledge, no such standard exists).

The effectiveness of route network reductions, area clo-
sures and completed route designations as a means of reducing
inappropriate OHV traffic has also been studied. One such
study, conducted in Israel (Kutiel 1999), involved comparing the
development rate of vehicle and pedestrian tracks in protected
and unprotected areas over a 50-year period; the comparison
was based on air photo interpretation techniques. Reported
results indicated that the rate of change in track length per
square kilometer was four times greater in the unprotected area
than in the protected area. The number of “area cells”, or habi-
tat areas between tracks, increased in number geometrically
in the unprotected area but increased linearly in the protected
area, indicating rapid habitat fragmentation in the unprotected
area. Consequently, the number of area cells in the unprotected,
non-designated area increased with time as their size decreased.
A similar approach was taken by Matchett et al. (2004) in a
study of the Dove Springs Open Area in the western Mojave
Desert, although comparisons were limited to change over time
with no comparison with the closed area. Matchett et al. (2004)
reported that track densities continued to increase from the
1960s through the 2000s within this area of unlimited OHV use.
This increase was highest between 1965 and 1982 when OHV
recreation began to dramatically increase; the increase contin-
ued through 2001. The total length of OHV routes increased
from 49 to 576 km between 1965 and 2001, and the amount
of land exhibiting some form of OHV disturbance increased
from 7 to 30%. In addition, heavy OHV use did not stop at the



boundaries of the Open Area, but spread into surrounding public
land managed as “limited use,” where vehicles were supposed
to stay on designated routes. The most concentrated OHV use
occurred near large washes and utility rights-of-way.

In another study of route network formation conducted
within desert tortoise habitat, Goodlett and Goodlett (1993)
found that posted, but unrestored closed areas in Rand Mountain
and Fremont Valley, Calif., had similar numbers of new vehicle
tracks as the unposted areas closed to vehicle use. In addition,
the number of OHV tracks observed increased with proximity
to open vehicle-use areas, suggesting that posted vehicle route
closures alone were not effective at eliminating all unauthor-
ized OHV use. In contrast, the regularly maintained perimeter
fence at the DTNA has been effective at reducing OHV use
(Campbell 1985). It should be noted, however, that the rela-
tively longer-term effectiveness along the DTNA fence-line
came about only after an initial period when vandalism was high
and that maintenance of the fence continued until the vandalism
problem subsided. Further, all the above instances were aimed
at understanding route network development, and whether the
level of the threat or impact could be reduced; the effects of
threat reduction on wildlife populations were not assessed.

Restoration of routes may further reduce unauthorized
use of closed areas by obscuring the route from view (Egan
2000). A rapid, inexpensive process called “vertical mulch-
ing” has been proposed (U.S. Bureau of Land Management
2001b) for closed route restoration in desert tortoise and other
special status species’ habitats (National Applied Research
Science Center 2000). Vertical mulching involves placement
of boulders and vegetation (living or dead) across a closed
route so that it visually blends in with the surrounding land-
scape. The West Mojave Route Designation, Ord Mountain
Pilot Unit, Biological Resource Screening Components (U.S.
Bureau of Land Management 1997) identified route closure as a
high-priority objective, and the U.S. Fish and Wildlife Service
(2001) concurred with the BLM that vehicle route designation
and closed route restoration using “vertical mulching” as out-
lined above would not adversely affect, and might benefit, the
federally listed desert tortoise and the Ord-Rodman Critical
Habitat Unit. Egan (2000) reports that the BLM has demon-
strated that this technique can be economically implemented,
although tests of its effectiveness were not cited.

4.3.b. Limits to our knowledge

Although it is logical to conclude that excluding or
restricting OHV use will reduce damage to tortoise habitat and
that higher-quality habitat will promote healthier populations,
we did not find any studies that removed only OHV use before
measuring responses of a desert tortoise population. Several of
the studies we identified may be prime candidates for further
research by removing OHVs then measuring tortoise responses,
particularly since a number of years have passed since actions
were initiated in these areas such as the actions at the Ord
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Mountain Project (U.S. Bureau of Land Management 2000b,
2001b).

There is correlative evidence that OHV use and dirt road
densities promote exotic plant invasions (Brooks 1999b, Brooks
and Esque 2002, Brooks and Berry accepted), but whether
excluding OHVs prevents invasions in impacted areas has not
been studied. Studies comparing the rates of exotic plant inva-
sion in open areas, in impacted areas that have been closed,
and in areas that have not been impacted by OHV use would
be valuable.

We also did not find any studies that tested whether mea-
sures reducing OHV use, short of complete area closures, are
effective at recovering desert tortoise populations. It is rela-
tively well-established (Boarman 2002) that unrestrained OHV
use over time reduces tortoise densities; however, no studies
were found that test how much habitat loss to OHV use can
be sustained by the species, or whether limited vehicle use is
less destructive than unrestricted use to desert tortoise habitat.
Lacking such studies, it is difficult to extrapolate what is cur-
rently known to a population level. For example, monitoring
requirements for race events have produced a relative wealth
of information about the effectiveness of vehicle route marking
for protecting tortoises and habitat. However, although some
degree of habitat damage was observed in all cases, different
investigators reached different conclusions about the extent and
acceptability of the damage. Population-level studies would be
needed to determine how much damage a tortoise population
could withstand if objective criteria for acceptable damage are
to be devised.

4.4. Grazing

4.4.a. Actions

Boarman (2002) identified several ways in which cattle
grazing impacts tortoise habitat, particularly near water sources
(Table 6). Sheep grazing, on the other hand, has hardly been
studied (Nicholson and Humphreys 1981). Direct impacts of
livestock grazing to tortoises have not been well-documented,
and little research has been conducted on the effectiveness of
grazing restrictions on tortoise populations. We found only one
case (in the Ivanpah Valley of California) in which researchers
removed cattle and then tracked changes in tortoise populations
(Turner et al. 1981, 1985; Avery and Neibergs 1997). Turner et
al. (1981, 1985) found no differences in plant species composi-
tion within and outside an exclosure in the 2 years following
cattle removal. Plant biomass was greater in grazed areas than
in ungrazed areas. No differences in home range size or number
of clutches between tortoises in grazed and ungrazed areas were
found in this instance, suggesting that cattle grazing has no
effect on tortoises or tortoise habitat. However, there are three
reasons to be cautious about this literal reading of Turner
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et al.’s results. First, this study utilized only one exclosure and
one comparison plot, which makes comparisons at the level of
the action tenuous. Second, the above study was conducted over
the 2-year period following exclosure, and although they did
concentrate on measurements that would be expected to respond
quickly to removal of cattle, such as cover of annuals and tortoise
reproductive output, the study duration may have been too short
for a slowly recovering vegetation type and a slowly growing
population of tortoises. Third, this study reported that graz-
ing intensity declined substantially as the exclosure was being
established, so that the grazed plot was not heavily grazed at
any time during the study. It is thus questionable as to whether
their findings can be applied to real-life allotments where graz-
ing levels may be consistently high for extended periods.

Between 1991 and 1993 Avery and Neibergs (1997) and
Avery (1998) studied the same cattle exclosure established
10 years earlier by Turner et al. (1981, 1985). This more
recent study found greater cover of Hilaria rigida, a palat-
able perennial grass, where cattle were excluded, as well as
increased desert dandelion (Malacothrix glabrata), whereas
grazed areas had more compacted soils. In addition, 50% of
actively-used burrow entrances were damaged by grazing cattle,
which contributed to a 2.5-fold increase in tortoises remaining
above ground overnight. Although predation rates were not
measured, burrows are thought to provide tortoises protection
from predators, and predation risk may have been greater in
grazed areas as a consequence. Dead or dormant Ambrosia du-
mosa were more common in grazed plots. Unpalatable shrubs,
such as Hymenoclea salsola and Larrea tridentata were favored
by grazing; L. tridentata had greater canopy areas, aboveg-
round volumes, and estimated biomass, and H. salsola was also
more abundant in grazed areas. Furthermore, diet composition
overlapped between tortoises and cattle in the late spring when
forage dried out, suggesting that these two herbivorous species
may compete for food at these times. Conclusions drawn in
Avery and Neibergs’ study are similarly restricted because of
a lack of replication at the action level. Although the study did
extend the timeframe for recovery from 2 to 12 years, they still
were not certain that enough time had passed for plant or animal
population recovery to be detected.

Larsen et al. (1997) studied exclosures that had been
established for long periods. Two exclosures were located at an
abandoned gunnery range (time of closure not reported); a third
exclosure had been closed since the early 1940s. Livestock
grazing outside of the exclosures was reported to be “light” to
“moderate,” though the moderate livestock-use sites had been
recently rested for 2 to 6 years. Changes in vegetation were
small and idiosyncratic, with no clear, consistent effect of live-
stock grazing apparent. No differences in soil compaction or
abundance of tortoises or tortoise sign were observed. Although
the study included replicate sites, grazing intensity was not
quantified, and site-specific differences dominated the results.
Additionally, these results were preliminary, and the authors
considered definitive conclusions to be unwarranted.

Studies at the DTNA provide some insight into the
effects of sheep grazing. Although fenced exclusions of livestock

also excluded OHV use of the area, the observed increases in
annual plant biomass (Brooks 1995, 1999b) and soil seedbank
densities (Brooks 1995) inside of the DTNA were likely due to
protection from forage utilization by livestock.

Livestock activity and their effects are often concentrated
around watering sites. In a study of nine watering sites at the
Pilot Knob Grazing Allotment in the central Mojave Desert,
Brooks et al. (accepted) documented patterns of vegetation
responses that are useful in developing management plans for
watering sites. These authors found that absolute and propor-
tional cover of alien annual plants increased with proximity to
watering sites, whereas cover and species richness of native
annual plants decreased. Not all alien species responded the
same: the alien forb Erodium cicutarium and the alien grass
Schismus spp. increased with proximity to watering sites,
whereas the alien annual grass Bromus madritensis ssp.
rubens decreased. Perennial plant cover and species richness also
declined with proximity to watering sites, as did the structural
diversity of perennial plant cover classes. Significant effects of
livestock activity were focused within 200 m of the watering
sites, suggesting that efforts to control alien annual plants and
restore native plants should optimally be focused within the
central part of the disturbance gradient.

4.4.b. Limits to our knowledge

Livestock grazing-related impacts to desert tortoise habitat
are well-established, but whether there is a threshold stocking
level below which tortoise populations are unaffected is not
known. Larsen et al. (1997) did not find grazing effects at three
sites with light to moderate cattle grazing, but without more
careful quantification of the grazing level this result should be
considered suggestive rather than confirmatory. The question
—whether there is a threshold stocking level—-is complicated
by the fact that impacts of livestock presumably vary annually
with changes in precipitation and primary productivity (Avery
1998). When tortoise populations are low and forage is abun-
dant, livestock grazing may have little or no effect on tortoises.
But, when forage is less abundant, livestock and tortoises may
be forced to compete. Additional research is needed to establish
whether limited livestock grazing can be done without detri-
mental effects on desert tortoises. Studies of other species may
be of limited use for desert tortoise management. Kazmaier et
al. (2001) studied the effects of grazing on the Texas tortoise and
found no effects of grazing on growth or survival of this spe-
cies. However, they expressed reservations about extrapolating
the results of their study to desert tortoises and the more arid,
low-productivity environments of the Mojave Desert. A recent
synthesis of the grazing literature by The Nature Conservancy
reached similar conclusions (The Nature Conservancy 2005)
about the lack of information needed to set environmentally safe
grazing regulations in the Sonoran Desert, and recommended
more research into the efficacy of ephemeral allotments, based
on seasonal patterns of rainfall and plant growth.



4.5. Road mortality and barrier fencing

45.a. Actions

Tortoise mortality along unfenced roads has been well-
documented (Boarman 2002). Reduced densities of tortoises
along roads suggest that road mortality is sufficient to affect
population sizes (von Seckendorff Hoff and Marlow 2002).
The size classes of tortoises killed by traffic include larger,
reproductive individuals (Boarman et al. in prep.) which are
most important for population viability in this species (Doak
et al. 1994). Support for considering roads a threat to desert
tortoises, therefore, is strong at the individual and population
levels (Table 6).

Boarman and Sazaki (1996) compared fenced and unfenced
sections of Highway 58 and found that fencing with tortoise-
proof materials reduced the number of road-killed tortoises by
93% (Boarman and Sazaki 1996). Radio-transmittered tortoises
making long-distance movements were not able to cross the
fence (Sazaki et al. 1995), supporting the interpretation that
reduced road kill was due to the reduction in tortoises
crossing the road, rather than to a difference in population
density between fenced and unfenced areas. A similar reduc-
tion in the incidence of road kill was observed in a study of
the Hermann’s tortoise in southern France (Guyot and Clobert
1997), which further supports the overall effectiveness of
fencing for reducing tortoise mortality.

The major criticisms of fencing are that it fragments popu-
lations into smaller units that are more prone to local extinction,
and it genetically isolates tortoise populations. Isolation is a
risk to long-term viability as it may reduce the genetic diver-
sity within the species. As a solution to this problem, culverts
have been used in combination with fencing to allow tortoises
to disperse safely (7Table I). Fusari et al. (1981) and Fusari
(1985) found that tortoises use culverts made of corrugated
steel or panelboard in combination with barrier fences under
experimental conditions. Boarman et al. (1998) found that
desert tortoises use existing culverts running under Highway
58 that are associated with fenced sections of highway. It is
unlikely that tortoises preferentially use culverts in the absence
of barrier fencing, but in concert with fencing projects they may
prove effective at allowing some degree of movement across
roads without excessive risk of mortality.

Effectiveness of different kinds of fencing materials
has been studied under controlled experimental conditions
(Fusari 1985, Spotila et al. 1993, Ruby et al. 1994, EnviroPlus
Consulting 1995). These studies generally support the use of
1-cm hardware cloth as fencing material (EnviroPlus Consulting
1995 recommended 1X2 inch welded wire). Tortoises were less
likely to fight against this material than materials with larger
mesh sizes because they were able to see that the hardware cloth
formed a barrier. Solid barriers also prevented tortoises from
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struggling against the fence, but discouraged them from mov-
ing along the barrier to find openings. Hardware cloth appeared
to balance the need to provide a visual stimulus to encourage
searching for passage through the fence, and the need to pre-
vent tortoises from wasting time trying to breach, and possibly
becoming ensnared in, the barrier.

4.5.b. Limits to our knowledge

Fencing reduces the incidence of tortoise road kills, but it
is not known whether this protection is sufficient to recover the
population. Analysis of distances of marked tortoises from a
fenced section of Highway 58 (Boarman, unpubl. data) reveals
that tortoise numbers near the road increased slightly between
1991 and 1997, but then declined again in 1998. Whether this
was the beginning of a full recovery is not known, as insufficient
time had elapsed to draw such a conclusion. Also, interpreta-
tion of results is complicated by other possible effects of roads
that are not controlled by fencing, such as increased predation
risk and exotic plant invasion. Future studies should attempt to
quantify these effects to properly account for them in judging
the success of individual recovery efforts. Furthermore, fenc-
ing is expected to isolate populations compared with unfenced,
roadless areas, but it is not known whether fences increase
isolation of tortoise populations compared with unfenced sec-
tions of road. Roads, particularly heavily traveled ones, are
already a barrier to movements, so this is an empirical, not a
theoretical, question. Mortality is logically expected to increase
with traffic volume and vehicle speeds, but this has not been
tested with tortoises. The thresholds for which roads become
safe for tortoise populations are not known.

The culverts that are put in place to alleviate the isolating
effects of fences and roads may carry their own element of risk
to tortoises. Culverts are used not only by tortoises, but by a
variety of species, including those that are potential threats to
tortoises (e.g., dogs, coyotes, people; Boarman unpubl. data).
Additional research is necessary to determine whether the risk
of predation is elevated at culverts, as well as to quantify the
population-genetic benefits of culverts so as to determine if any
such benefits are outweighed by risk of mortality. At this time,
no studies of population-level effects of culvert use have been
conducted that would help select roads needing culverts and the
culvert densities required.

Roads can also have direct local, indirect local, and dis-
persed landscape effects on ecosystems (Brooks and Lair 2005).
Most studies of the effects of roads on desert tortoises have
focused on their direct effects (e.g., mortality), whereas most
management decisions related to roads (aside from fencing) are
focused on determining acceptable densities per unit area as it
related to habitat fragmentation. Future research on the ecologi-
cal effects of roads needs to focus on their dispersed landscape
effects to best match the needs of land managers.
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4.6. Mortality from construction activities

4.6.a. Actions

Construction activities have a variety of effects on individ-
ual tortoises, tortoise habitat, and tortoise populations (Boarman
2002; Table 6). Direct habitat loss, mortality, burrow damage,
and fugitive dust have all been identified as possible problems
(Boarman 2002). As part of their compliance with the Federal
ESA, agencies and entities that are undertaking construction
projects where desert tortoises are likely to be killed operate
under the provisions of section 7(a)(2) consultations or sec-
tion 10(a)(1)(B) permits; in both cases, project proponents are
required to report any tortoises that are killed during construc-
tion operations. These reporting requirements have generated
information about both the impacts of construction and the
effectiveness of terms and conditions.

Actions designed to minimize the impacts of construc-
tion activities are specified in biological opinions (BOs), along
with required compliance reporting. Measures imposed are a
heterogeneous mix and include fencing of construction areas
and roads, physically moving tortoises out of harm’s way,
conducting on-site biological monitoring, implementing reduced
vehicle speed limits at construction sites, and others. These mea-
sures are primarily aimed at preventing tortoise mortality during
construction (7able I). Biological opinions and incidental take
permits attempt to anticipate the number of desert tortoises that
may be killed during implementation of the project, and the
number of animals killed during construction is reported by the
permittee. LaRue and Dougherty (1999) analyzed 171 BOs that
had been implemented in California or Nevada, and found a
small fraction of the number of tortoises that could have legally
been killed (1,096 anticipated) were actually killed (59, or 5.4%
of allowable take). LaRue and Dougherty (1999) concluded that
the terms and conditions attached to construction permits by
BOs were effective at protecting desert tortoises because the
actual take was well below anticipated take. Although not a
formal meta-analysis, this study addressed effectiveness at an
action level across many independent projects, and is a posi-
tive step in the direction of effectiveness evaluation. Confidence
in the study would increase to the extent that BO compliance
reporting could be shown to be a reliable method of data collec-
tion. Additionally, the conclusion that tortoises were adequately
protected was based on the assumption that anticipated take
numbers specified in BOs are harmless to tortoise populations,
an assumption that, to our knowledge, has not been tested.

Linear construction projects, such as pipelines, fiber
optic cable lines, and transmission lines, have the potential
to impact large numbers of tortoises, as they stretch across
many hundreds of miles of tortoise habitat and may intersect
many different tortoise populations (Olson et al. 1992, Olson
1996). The effectiveness of tortoise protection measures during
construction was assessed by comparing the number of

tortoises killed (29 on the 646 mile-long Kern River pipeline,
and 9 on the 384 mile-long Mojave pipeline) with the total num-
ber that were moved out of harm’s way (401 on the Kern River
pipeline, 158 on the Mojave pipeline), under the assumption
that some large, but unknown, fraction of the tortoises would
have been killed if they had been left in the construction zone.
Gas pipelines have a wider construction impact zone than fiber
optic lines, such that gas pipelines are expected to have greater
impacts. Conclusions about the reduction in impact are diffi-
cult to evaluate because the number of tortoises that would have
been killed is not known (that is, the study lacks a control).
Additionally, the fate of the tortoises moved is not known, and
whether they later died or impacted other tortoises was not stud-
ied, though these problems have not been found in translocation
studies (see section 4.9, “Translocation”).

Not all linear construction projects impact tortoise popula-
tions in the same way. Comparisons among project types show
that gas pipelines kill more tortoises than fiber optic lines or
transmission lines, a fact attributed to differences in construc-
tion practices among the project types (Olson et al. 1992). As
in the example above, the number of tortoises that would have
been killed if none were moved is unknown; although increased
mortality is a reasonable assumption, the amount of increased
mortality cannot be measured.

4.6.b. Limits to our knowledge

Available studies demonstrate that direct mortality to
individual tortoises is reduced by adherence to permitting
requirements. Although comparing mortality with allowable
take is straightforward, setting allowable take numbers is not. It
is generally best to consider allowable take to be a hypothesis,
rather than a definitive statement, about the amount of mortality
that a population can withstand. Because this hypothesis has
always been assumed and not tested, no studies on the effec-
tiveness of measures for protecting tortoise populations from
construction activities have been performed.

Linear construction projects may also be a source of habi-
tat fragmentation. Although the footprint of the construction
may persist for long periods, it is not known whether popu-
lations are subdivided as a result. Whether such projects have
long-term effects on the genetic structure of a population or the
probability of extinction is not known.

4.7. Habitat restoration

4.7.a. Actions

A recent review of natural recovery and habitat restora-
tion in southern California deserts is available from Lovich and
Bainbridge (2003). They found that revegetation efforts have



been attempted at small spatial scales, but that most efforts
have had limited success and are labor-intensive and expensive.
Some natural recovery has been observed in protected areas
(Brooks 2000) in which grazing and OHV's have been removed.
In contrast, unrestored tank tracks from military maneuvers
have persisted for more than 55 years (Belnap and Warren
2002). The need for revegetation thus depends on the sever-
ity of impact. Natural recovery of severely degraded habitat is
expected to occur over centuries, not decades (Belnap and
Warren 2002). Restoration may be facilitated by placement of
vertical structure (National Applied Research Science Center
2000), even in severe situations, which may help prevent
additional degradation. It is not known whether this type of
restoration leads to re-formation of soil crusts and recovery of
natural nitrogen cycling.

4.7.b. Limits to our knowledge

Successful revegetation has been demonstrated in the
Mojave Desert over the years in a wide variety of studies,
resource notes, and pipeline/transmission line project rec-
lamation plans (Clary 1983, University of California Davis
Agronomy and Range Science Department 1977, 1978,
University of California Davis Cooperative Extension 1990).
Some restoration approaches are unlikely to be practical at
large spatial scales, because of the cost or logistical difficulties
involved (Lovich and Bainbridge 2003). It is also not known
whether revegetated areas provide high-quality habitat for
desert tortoises, or what degree of restoration is necessary to
achieve success.

4.8. Translocation

4.8.a. Actions

We did not find any published studies that used translo-
cation to re-introduce tortoise populations, although ongoing
studies by Field et al. (e.g., Field et al. 2000, 2002) are inves-
tigating whether pet tortoises can be repatriated to the wild to
augment existing populations. For example, Field et al. (2002)
compared survivorship between released tortoises that were
formerly pets to tortoises that were wild caught and found no
difference in survival. Nussear et al. (2002) found no difference
in survival or reproduction between resident and translocated
tortoises in Nevada. Rainfall increased survival and reproduc-
tion in both groups. Stewart (1993) also reported no substantial
differences in survival between wild and translocated tortoises,
although differences were not statistically tested. Field et al.
(2000) found that removal of ad-libitum water prior to release
also had no effect on survival, but that males given supplemental

Results 19

water prior to release moved more than twice as far in their first
season post-release. Translocated tortoises had more variable
movements in their first year post-release, but not their second
(Nussear et al. 2002). Thus, the initial experiments indicate that
translocations and repatriations can be done without negative
impacts to wild populations (Tracy et al. 2004).

Several studies followed tortoises that had been moved out
of construction zones to assess their survival and movements.
For example, Mullen and Ross (1996) reported that relocated
individuals (guests) had similar condition index values (a mea-
sure of mass corrected for differences in length) to individuals
that had not been moved. Furthermore, “residents” that did not
have tortoises introduced to their area and “hosts” that did have
tortoises released in their area had similar condition index val-
ues, suggesting that translocating tortoises did not negatively
impact hosts. Irrigation increased the condition index for tor-
toises during the driest period of the 3 years of the study. High
mortality rates in translocated tortoises were attributed to a
lower initial pre-release condition index (mortality rate was
not reported). This study, which focused on an index of health
of individual tortoises, supported the contention that tortoises
can survive translocation without impacting tortoises already
present at the release point.

4.8.b. Limits to our knowledge

Studies by Field et al. (2000), Nussear et al. (2002), and
Mullen and Ross (1996) have shown that tortoise translocation
can work and that resident tortoises are not negatively impacted
by the practice in the short term. Moving tortoises out of harm’s
way at construction sites generally involves shorter displace-
ments that may not even remove tortoises from their home
ranges; whether this practice has the same effects as longer-
range translocations is not known. Whether releasing tortoises
augments long-term population size also is not known, but
may depend on characteristics of the site (e.g., habitat quality,
tortoise population density, etc.). Releasing pet tortoises and
handling tortoises is considered a risk factor because of the
potential for disease transmission (Berry 1997). Translocation
efforts, therefore, would need to observe rigorous protocols to
avoid harming target populations (for example, testing for an
immune response to Mycoplasma agassizii prior to release to
avoid release of infected but asymptomatic individuals; Tracy
et al. 2004). It is not known how many individuals would need
to be released to establish new populations or to have a positive
effect on extant populations. Population-level effects would be
expected to be greatest for releases of sexually mature individu-
als, given that population growth is most sensitive to changes
in this age class (Doak et al. 1994). Headstarting programs
show promise for protecting hatchlings (Morafka et al. 1997),
but would probably have a smaller positive impact on tortoise
population growth.
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4.9. Predator control

4.9.a. Actions

Both native predators, such as common ravens, coyotes,
and mountain lions (P. Medica, unpubl. data), and exotic preda-
tors, like feral or domestic dogs, have been implicated as threats
to desert tortoises (Boarman 2002). Predator control is con-
troversial and has not been attempted on a large scale. Raven
control is notoriously difficult because they are believed to
learn quickly to avoid most lethal control methods. Breeding
pairs and large aggregations of non-breeding ravens at landfills
and other resource sites are threats to tortoises (Kristan and
Boarman 2003). Changes in landfill management can reduce
raven abundance at the landfill site (Boarman et al., in prep.),
but effects on breeding pairs and regional population size are
not known. Targeting breeding pairs can be problematic because
removing one individual alerts the other, and shooting gener-
ally is effective at removing only one member of a breeding
pair (Boarman, unpubl. data). In Iceland, 9 years of removing
ravens has not reduced population abundance (Skarphédinsson
et al. 1990). Local reductions in predation risk, however, may
be achievable (Boarman 2003).

Pilot efforts to live-trap feral dogs have had limited suc-
cess, with only a single individual trapped during a pilot
program at the Marine Air Ground Task Force Training
Command,Twentynine Palms, Calif. (Everett et al. 2001).
During the 158 six-hour trapping periods conducted, 1 coyote
and 6 kit foxes were also captured, raising concerns about non-
target species impacts. Shooting was offered as an alternative,
humane removal method, but without supporting data.

4.9.b. Limits of our knowledge

Both the extent and importance of raven predation on
juvenile tortoises is not fully understood. Raven predation on
juvenile desert tortoises alone may have little effect on the
population levels of tortoises compared with other sources
of mortality (Ray et al. 1993, Doak et al. 1994). However, in
declining populations, reducing juvenile mortality may be
very important in promoting recovery (Congdon et al. 1993,
Boarman 2002).

Raven populations are not uniformly distributed across the
desert tortoise’s range, thus predation risk is mixed (Kristan and
Boarman 2003). Where ravens are abundant, the risk of preda-
tion approaches 100%, but areas of great raven abundance are
restricted to sites of human resource subsidies where groups
of primarily non-breeding individuals aggregate. Breeding
ravens are also a threat, and though they distribute more evenly
over open desert, they still aggregate near human develop-
ments (Kristan and Boarman, in prep.). The regional effects
of ravens on population levels of desert tortoises is not fully

understood, and thus it is not yet known whether raven control
should be expected to be an effective recovery action. The most
effective methods for raven population control have not been
well-studied. Predators of adult tortoises, such as feral dogs
and coyotes, are expected to have a larger impact on population
levels than that of ravens, but no data are available to test this
hypothesis. Effects of canid removal on tortoise populations
were not found.

4.10. Other threats

Boarman (2002) found that some commonly accepted
threats to tortoises have not been studied sufficiently to estab-
lish them as such, and we found that the effectiveness of actions
to control these unproven threats also has not been studied. For
example, competition for forage between tortoises and wild
horses and burros may occur, but its impact on tortoises is
unknown. Several threats treated as separate categories by
Boarman (2002) all led to habitat loss or degradation (e.g.,
military maneuvers, agricultural development, construction).
Habitat loss is clearly a threat to desert tortoises, but there
are many practices that fall short of causing complete habi-
tat destruction. It is likely that their effects on tortoises vary
depending on their intensity, but we did not find any studies
that undertook an assessment of how varying degrees of habitat
degradation affect tortoises. Finally, several possible or demon-
strated threats to tortoises, such as disease and invasive exotic
plants, are not currently under direct control of resource man-
agers (although this may change with future research) and so
are not addressed here. Indirect effects and synergistic effects
of threats on tortoise populations were also not specifically
addressed by Boarman (2002), but are interesting and important
areas for further research. For example, as one reviewer of this
current report (P. Medica) suggested, predation on tortoises may
depend on an abundance of alternative prey, such as rodents and
rabbits, which in turn are strongly affected by drought. Drought
conditions may thus increase the intensity of threats to tortoises,
thus impacting them in both direct and indirect ways. Although
drought is not under the control of managers, managing threats
so that tortoises can withstand drought conditions may be
necessary and will require additional research.

4.11. Summaries of interviews with desert
managers

As part of the search for documents at field offices of desert
tortoise managers, Ed LaRue interviewed key personnel (listed
in Table 3) who had firsthand knowledge of management activi-
ties in their resource areas. Although these interviews have to
be treated as anecdotal, they indicate that many recovery actions
are currently being implemented and that unpublished monitor-
ing data exists that may be useful in assessing the effectiveness
of these actions at reducing tortoise threats.



One example of a recovery action is livestock fences,
which were reported to be in use by most of the units we vis-
ited (BLM, U.S. Navy, U.S. Marine Corps, U.S. Army, and
U.S. Air Force). Many of these fences also serve as boundary
fences, meant to exclude trespassing by OHVs and livestock.
Monitoring levels at Ridgecrest, a BLM site, varied from rou-
tine maintenance of fences to periodic vegetation monitoring
and photograph documentation. Fencing generally is viewed as
effective at keeping livestock out of sensitive areas, provided
that the fences are in good repair and gates are kept closed.
Smooth wire fence, used at the BLM Needles site because of
concerns about harm to native ungulates, is less effective than
barbed wire, as cattle are reported to cross over and under it
(K. Allison, pers. comm.). Two-strand barbed wire fencing is
reported to be less effective than four-strand wire fencing at
keeping sheep off of Edwards Air Force Base (M. Hagan, pers.
comm.). However, no cattle have entered Fort Irwin National
Training Center from the Cronese Lakes Allotment since a two-
strand wire fence was completed (M. Quillman, pers. comm.).
An 11 mile, three-strand wire fence has been effective at keep-
ing livestock and burros from entering China Lake Naval Air
Weapons Station from the Grass Valley area (T. Campbell, pers.
comm.).

Another action that has been recommended by managers
for implementation across the desert is emergency closures of
OHV-use areas, enforced and not, as well as a variety of proj-
ects on restoration of closed routes. Managers reported that
area closures are difficult to maintain, although livestock fenc-
ing can help to discourage OHV use (A. Chavez, pers. comm.).
Areas closed to OHV use with only simple barbed-wire fencing
often are subject to vandalism. Cut fences have allowed ini-
tial trespass access by OHV users into closed areas, followed
by unrelated subsequent vehicle trespass, as evidenced at Red
Rock Canyon State Park (M. Faull, pers. comm.). Similarly, the
perimeter fence at EAFB, in proximity to the El Mirage OHV
Use Area, has been breached in several spots and trespassing
by OHV users occurs often there (M. Hagan, pers. comm.).
In contrast, solid barrier fencing along roads, construction
sites, or other hazards has been used frequently, and appears
to work well in these applications. For example, at EAFB, tor-
toises were occasionally found in mine shafts before fencing,
but not after (M. Hagan, pers. comm.). Along U.S. Highway
395, areas lacking “K-rail” tortoise barriers during 1990s high-
way expansion work resulted in the take of desert tortoise on at
least one occasion, whereas areas with barriers placed between
potentially-occupied tortoise habitat and work activity did not
(T. Egan, pers. comm.).

The frequently-recommended management action of
vehicle route rehabilitation appears to have had mixed results.
For example, vehicle route rehabilitation in the Kingston Range,
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the Shadow Valley area of the east Mojave Desert, has appar-
ently had positive results, though quantitative data have not been
collected (L. Smith, pers. comm.). At Red Rock Canyon State
Park, rehabilitation with one particular technique has resulted
in minimal natural recruitment of shrubs along closed routes
(M. Faull, pers. comm.). Vehicle routes in the Kramer Hills of
the west Mojave Desert also have been rehabilitated, but no fol-
low-up data are available (C. Burns, pers. comm.). However,
the rate of native plant establishment and closed vehicle route
compliance garnered just 4 years after the technique of “verti-
cal mulching” was first applied in the Ord Mountain (National
Applied Research Science Center 2000) is promising (T. Egan,
pers. comm.). Many of these formerly used vehicle routes are
no longer visible, and contain native plant communities. Similar
success has been observed by National Park Service route
restoration efforts in Death Valley and Joshua Tree National
Parks.

5. Conclusions

5.1. Few studies have been designed
specifically to evaluate the effectiveness of
recovery actions

Given that the early emphasis in desert tortoise research
has been on characterizing threats, filling gaps in knowledge
of desert tortoise ecology and life history, and estimating the
population status and trends, it is not surprising that relatively
few studies have been conducted to evaluate the effectiveness
of recovery actions. Studies of threats are useful for directing
recovery efforts, but they may not be helpful for selecting the
best recovery action to implement. For example, knowing that
road mortality is a threat to desert tortoises does not provide
information to managers about how to alleviate the problem.
Once fencing is selected as a preferred method, it is still nec-
essary to decide how much road must be fenced, the kind and
spacing of culverts needed to allow passage across the road,
and how much maintenance is needed to preserve the fence’s
effectiveness. Additionally, although it may be possible toisolate
the single effects of threats through careful experimental de-
sign, recovery actions usually have multiple effects and may be
exposed to multiple confounding variables that prevent tortoise
population response. Because of these complicating factors,
studies of threats may not provide much guidance to managers
seeking the best way to recover tortoise populations.
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5.2. Recovery actions are necessary, but may
not be sufficient

Recovery actions must be done in the face of uncertainty
about which threat, or threats, are limiting. Although removal
of a single known threat does not guarantee recovery, it is most
conservative to assume that a population cannot recover until
all known threats are removed. Short of removing all threats,
as many known threats as possible should be eliminated. In this
sense, removal of each known threat is supported as a necessary
condition for recovery, although removing single threats may
prove to be insufficient. Theoretically, one of the most com-
prehensive recovery actions is to set aside a dedicated reserve,
but as the DTNA has demonstrated, the tortoise population
can still decline if threats remain after a reserve is established.
Consequently, lack of recovery because of disease, drought, or
predators does not prove that excluding OHVs and livestock
was unnecessary. If this level of certainty is desired, studies of
these individual effects must be conducted.

5.3. Strengths and weaknesses of available
information

This report compares desert tortoise research with an
experimental ideal. It would be difficult to find an ecological
field study in any publication that met all the criteria of an ideal
study. For example, lack of random allocation of subjects to
treatment and control groups is extremely common, and replica-
tion becomes difficult as the spatial scale of the study increases.
Because we did not expect to find ideal studies, we identified
the assumptions necessary to apply the results from a variety of
studies to populations of wild tortoises (7able 2). This approach
is meant to encourage prudent interpretation of studies, rather
than to dismiss those that failed to match the ideal.

The rows in Table 2 are arranged in ascending order
of reliability, with each successive row adding additional
observations that more strongly suggest the effectiveness of
an action. For example, removing wild horses or burros from
desert tortoise habitat without any follow-up monitoring would
fall into the first row because competition with wild horses and
burros has not been established as a threat to tortoises (although
it is a logical extension of related work on cattle), and if no
information was collected about the effects of the removal, there
is little to support a conclusion that this was a successful recov-
ery effort. If the threat has been well-established, such as the
threat of mortality along an unfenced road, then observations of
a reduction of the threat is an indication of success. The latter
does not, however, imply that the action is sufficient to recover
the population. Most of the studies we reviewed were those in
which an assessment was conducted following implementation
of a management action taken to reduce a threat. We did not find
many examples of assessment of population-level responses to
recovery actions, probably because a reduction in threat often

can be assessed immediately following implementation of an
action, whereas population responses can be assessed only over
longer time periods. There may be no easy solution to this prob-
lem because the final test of effectiveness of recovery actions is
whether these actions result in an increase in population size,
which is a slow process for this long-lived species.

Most of the previous studies of effectiveness took place in
concert with construction activities or recreational vehicle racing
events or after area fencing of tortoise habitat. Because of this,
most of these studies were a form of field experiment, the most
reliable type of scientific evidence. However, these studies were
aimed at measuring the effect of a single project, so they were
not replicated at the level of the recovery action. Generalizing
results becomes difficult under these circumstances, and such
studies would be difficult to publish in peer-reviewed outlets.
One approach to this problem is to analyze results from a number
of project-oriented studies to evaluate action-level effective-
ness. When done using formal, rigorous statistical procedures,
this is called “meta-analysis” (Pullin and Knight 2001). LaRue
and Dougherty (1999) attempted an informal, non-statistical
version of this type of analysis, but formal attempts to integrate
results across studies have not been reported.

In addition, most of the studies that we examined also
lacked formal peer review or were not widely available to the
managers who would benefit from their findings. Publishing
studies in peer-reviewed outlets not only encourages high-
quality work, it increases the availability of the work. The
large amount of information found in biologists’ files that is
unpublished, and thus not widely available, suggests that
opportunities to improve implementation of recovery actions
are being missed.

5.4. The absence of proof of effectiveness is not
proof of ineffectiveness

Pullin and Knight’s (2001) analogy between studies of the
effectiveness of conservation efforts and medical treatments
for humans suggests that the effectiveness of the methods used
will improve if an effectiveness evaluation is approached with
a critical eye, using scientifically rigorous methods. However,
given that such a system is not currently in place, it is important
to bear in mind that the current practice of making decisions
based on established conservation principals is much better
than using no scientific input whatsoever. By analogy, the fact
that medical treatment of humans has improved by quantita-
tively testing effectiveness is encouraging, but it does not show
that medical treatments were ineffective before the program
was implemented. We assert that the same is true of desert tor-
toise recovery actions: they are based on logical applications
of principles of ecology and population biology, and, although
we have concluded that recovery actions can improve with
better information, current practices should not be considered
baseless.



6. Recommendations

6.1. Implement more scientifically-based
monitoring of actions

Actions that lack effectiveness monitoring will be dif-
ficult to defend, particularly if they cannot be assumed 100%
effective. Scientific monitoring allows the effectiveness of par-
ticular actions to be demonstrated quantitatively at the project
level, and repeated, consistent demonstration of effectiveness at
the project level can collectively establish effectiveness at the
action level. Additionally, greater emphasis on population-level
responses will ultimately yield the most definitive answers, al-
though these studies are the most difficult, require the greatest
commitment of time and money, and have the greatest chance
of failure. The need for ongoing effectiveness monitoring may
decline as certainty of an action’s effectiveness increases.

6.2. Coordinate monitoring activities among
projects to facilitate meta-analysis of
effectiveness

Follow-up monitoring of recovery actions should be a
routine part of implementation. Monitoring efforts are gener-
ally site-specific and unreplicated at the level of the action,
and thus are difficult to publish. To make maximal use of the
information, it should be collected using standardized meth-
ods, and then submitted to a central location where it can
be incorporated into formal statistical analysis using meta-
analysis methods. The recently established Desert Tortoise
Recovery Office (Tracy et al. 2004) could coordinate data
collection from follow-up monitoring.

6.3. Pursue peer-reviewed publication of

effectiveness studies

Studies that have relevance to effectiveness of recov-
ery action should be published in peer-reviewed outlets. Peer
review is important to increase reader confidence in the work,
and publication increases accessibility of the results. Electronic
indexing and document availability has had the positive effect
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of making papers published even in regional journals with small
readerships available, but it may also decrease the likelihood
that unpublished work will be found.

6.4. Commission studies to assess tortoise
population responses to recovery actions

Recommendation 6.1 in this report is intended to improve
our ability to learn from our collective experience with desert
tortoise management. However, this recommendation would
not eliminate the need for carefully designed studies of effec-
tiveness, given that projects often produce complex “treatment
effects” that can be confounded by uncontrolled variables like
drought, disease, and predation. The desert tortoise research
community has appropriately concentrated on establishing the
status and trend of the species and on identifying threats to its
persistence. However, a study of threats does not necessarily
provide managers with guidance about how best to recover
populations. Studies should be commissioned that specifically
address the effectiveness of protective measures in recovering
the desert tortoise population in question. The DTRPAC report
(Tracy et al. 2004) includes detailed recommendations for data
needs along these lines.
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INTRODUCTION

Decisions in resource management are generally based on a combination of
sociopolitical, economic, and environmental factors, and may be biased by personal
values. These three components often contradict each other resulting in controversy.
Controversies can usually be reduced when solid scientific evidence is used to support or
refute a decision. However, it is important to recognize that data often do little to alter
antagonists positions when differences in values are the basis of the dispute. But,
supporting data can make the decision more defensible, both legaly and ethically,
especially if the data supporting all opposing viewpoints are included in the decision-
making process.

Resource management decisions must be made using the best scientific
information currently available. However, scientific data vary in two important measures
of quality: reliability and validity. The reliability of the datais a measure of the degree to
which the observations or conclusions can be repeated. Validity of the data is a measure
of the degree to which the observation or conclusion reflects what actually occurs in
nature. How the data are collected strongly affects the reliability and validity of
ecological conclusions that can be made. Research data potentialy relevant to
management come from different sources, and the source often provides clues to the
reliability and, to a certain extent, validity of data. Understanding the quality of data
being used to make management decisions helps to separate the philosophical or value-
based aspects of arguments from the objective ones, thus helping to clarify the decisions
and judgements that need to be made.

The West Mojave Plan is a multispecies, bioregional plan for the management of
natural resources within a 9.4 million-acre area of the Mojave Desert in California. The
plan addresses the legal requirements for the recovery of the desert tortoise (Gopherus
agassizii), a threatened species, but also covers an additional approximately 80 species of
plants and animals assigned special status by the Bureau of Land Management, U. S. Fish
and Wildlife Service, and California Department of Fish and Game. Within the planning
area, 28 separate jurisdictions (counties, cities, towns, military installations, etc.) seek
programmatic prescriptions that will facilitate stream-lined environmental review, result
in expedited authorization for development projects, and protect listed and unlisted
species into the foreseeable future to avoid or minimize conflicts between proposed
development and species conservation and recovery. All of the scientific data available
concerning the biology and management of these approximately 80 species and their
habitats must be evaluated to develop a scientifically credible plan.

This document provides an overview and evaluation of the knowledge of the
major threats to the persistence and recovery of desert tortoise populations. | was
specifically asked to evaluate the scientific veracity of the data and reports available. |
summarize the data presently available with particular focus on the West Mojave Desert,
evaluate the scientific integrity of those data, and identify major gaps in the available
knowledge. | do not attempt to provide in-depth details on each study or threat; for more
details | encourage the reader to consult the individual papers or reports cited throughout
this report (many of which are available at most university libraries and at the West



Mojave Plan office in Riverside, California). | also do not attempt to characterize or
evaluate the past or present management actions, except where they have direct bearing
on evaluation of threats, nor do | attempt, for the most part, to acquire, generate, or
evaluate new or existing, but uninterpreted data.

Two I mportant Caveats

Lack of scientific evidence supporting a purported impact should not be confused
with automatically supporting the alternative, that there is no impact, and vice versa. Or
as it is sometimes said: “absence of evidence is not evidence of absence.” It may just
mean that credible or definitive studies testing the hypothesized effects have either not
been conducted or not been reported adequately.

Additionally, when | critique a particular study | am neither criticizing the
scientist’s ability or intent. Often, studies have inherent weaknesses that are completely
or largely out of the control of the researcher. For example, as discussed below, it is
often very difficult to have a proper control for a study in nature and it is often too
expensive or impossible to adequately replicate a natural study. Rather than abandoning
the questions atogether, scientists forge ahead with the study in spite of its limitations
and collect data that hopefully are useful for managers. | point out the weaknesses here
so managers will understand the limitations of such data, not to criticize the researchers
not to render the studies useless. Virtualy all studies have some inherent value, but their
utility falls at different points on the continuum of risk to managers depending in part on
how they were conducted and reported.

USE OF DATA TO MAKE MANAGEMENT
DECISIONS

Scientific investigations follow an orderly, repeatable process. Many such
investigations begin with anecdotes from ranchers, recreationists, or casual observers of
nature. These might include issues of concern to managers, such as “I’m seeing fewer
tortoises these days’ or “tortoises and cattle can coexist.” Anecdotes are useful for
pointing out to researchers what critica problems may need to be solved through
scientific investigation. Most scientific research follows up anecdotes that seem plausible
with more craftily constructed hypotheses and direct observation by experienced
observers. If such observations warrant further investigation, scientificaly based
observational studies are initiated. Most studies pertaining to desert tortoises fall into this
category. However, observational studies may have problems, such as lack of adequate
controls, insufficient sample sizes, or researcher bias in study design or interpretation. In
a few cases, experiments are used to objectively test hypotheses that were developed
from anecdotal or observational data. Experiments or carefully designed observational
studies may lead to development of conceptual or mathematical theories that can then be



used to predict responses of valued resources to management actions. Theory can then be
tested with further experimentation or well-designed observations. Very little theory has
been applied to problems related to land-management practices in the Mojave Desert.

Types of Data

The quality of data depends on how the questions were formulated and how the
data were collected. Research questions in tortoise biology and management rarely
employ a standard scientific method called “strong inference” (Platt 1964). For strong
inference, progress is generally made by devising clear, falsifiable alternative hypotheses
and conducting experiments designed to test competing predictions of these hypotheses.
The strongest support for one alternative comes from experimental results that exclude
other alternatives. Studies that test only one hypothesis are weak because they fail to
show that the same results cannot be explained by other hypotheses. In tortoise research
we generally see studies that are designed to support a pre-determined “ruling theory” or
“working hypothesis’ (Chamberlin 1965) or to ssimply describe nature. Such studies do
little to explicate the phenomenon and to truly advance the management objectives
supported by the research.

There are several types of studies that vary by how the data were collected. These
categories are listed below in descending order from those generally providing the
strongest, most valid conclusions to those providing the weakest, least reliable
information. Value specifically refers to the level of risk a manager is taking when
making a decision based on the data. The lower the value, the higher the risk. The actual
conclusion may be right on target, but if it is from a risky type of data collection, the
manager runs a higher risk of making an unsound decision.

Experiment

The strongest scientific data, those demonstrating cause and effect relationships,
are generated via well-controlled and replicated experiments (Hairston 1989, Lubchenco
and Real 1991). Such experiments involve manipulating one variable (treatment, such as
presence of cattle) while holding all other variables constant (such as tortoise density or
soil type). Such a design must have a control (or reference site) wherein ideally the only
difference is the lack of the treatment. Any resultant change in the treatment area is
likely to be caused by the particular treatment. However, one of many uncontrollable
factors may occur that could result in a change independent of the treatment. These
uncontrollable features, called random error, can fatally compromise the results. To
reduce the effects of random errors (or chance), a properly designed study must have
replicates - two or more sites that serve as control and two or more sites that serve as the
treatment sites (Hurlbert 1984). The more replicates there are, the lower the chance that
differences observed between treatment or control sites can be caused by random error.
Another source of eror that is mitigated by replication is uncontrollable (or
unrecognized) differences among study sites (e.g., soil type, grazing history, and slope).



Any experiment that fails to have an adequate number of replicate treatment and control
sites fails to satisfy an essential requisite for strong inference. Admittedly, it is often
difficult or even impossible in natural settings to establish true control sites where the
only difference is the lack of a treatment, not to mention have multiple replicates of the
treatment and control. But having a proper control is an important feature and
conclusions drawn from studies that lack a control suffer as aresult.

Furthermore, the strength of any experiment, its ability to be broadly applicable,
is bolstered by sample size. However, when comparing a given treatment with a given
control, the sample size is the number of replicate study sites, not the number of
measurements taken within each site. It is all too common for studies, particularly non-
peer reviewed ones, to artificialy inflate their sample sizes thus often reporting a
significant effect (i.e., difference between treatment and control caused by the treatment
factor) when in fact one did not occur or when the study was inadequately designed or
carried out to discern a difference if one indeed existed. For example, when studying the
effect of a factor like off-road vehicle (ORV) activity on desert habitat, it is common to
measure number of plants and plant species within an ORV area versus outside of the
area. If the researcher measured number of plants and plant species along ten transects
within asingle plot inside and ten transects within a single plot outside, the sample size is
not 10 (nor 20) rather it is 1, because there is only one pair of plots being compared. Any
differences observed may actually be caused by other factors such as different elevation
or vegetation type. To avoid the random error of non-replication, multiple plots should
be studied and these should be inside and outside of several ORV areas.

Correlation

Many studies in natural environments measure how a given factor (e.g., animal density)
varies at different levels of some treatment (e.g., intensity of cattle grazing). This type of
experiment can only show a correlation between the two factors. It provides no evidence
that one factor causes a change in the other. Any correlation may just as well be from
some unmeasured feature of the environment that affects both factors measured or it may
be caused by chance. A cause and effect relationship can only be demonstrated if it can
be shown that varying one factor (the independent variable) causes a predictable and
consistent change in the other factor (dependent variable). Unfortunately, thisis often the
only means we have to study phenomenain the natural environment.

Description/Obser vation

Many studies simply describe a particular physical state or phenomenon (e.g.
amount of trash or number of tortoises in a study area). The description can be smply
gualitative (e.g., “alot” or “many”) or may be quantitative involving complex statistics
(e.g., means, standard deviations, confidence intervals). Such studies may provide
excellent descriptions, but cannot test for cause and effect relationships.



Anecdote

Generally, a non-quantitative description limited in scope (usually a single
observation of the given phenomenon) and depth of detail is considered an anecdote. An
example of an anecdote is: “in 1978 | saw a tortoise eat a balloon.” Anecdotes usually
lack any formal documentation and are most often made by untrained, casual observers,
but professionals often report anecdotal observations. Sample sizes are extremely
limited. Anecdotes are highly risky for basing management decisions because of their
lack of rigor, repeatability, and objectivity.

Anecdotes need to be properly evaluated using sound scientific methodology.
They can often form the basis for more formal observations, hypothesis development, or
experimentation. Occasionally, there are attempts to legitimize anecdotes by compiling
many into a single report and attempting a quantified or statistical treatment. These are
misguided attempts because the extreme weakness and subjectivity of the basic data limit
entire analyses. the anecdote. An appropriate expression is “the plural of anecdote is not
data’ (Green 1995).

Speculation

People will often make guesses about possibilities for which there are no hard
data. When those guesses are based on clearly stated and well-founded assumptions, the
guesses are called hypotheses and can help to direct future conceptual and experimental
pursuits (Resnik 1991). When assumptions are weak or unstated the guesses are
speculations. An example of a speculation is that fallout from nuclear testsin Nevadain
the 1950s is responsible for the prevalence of disease in tortoises today. There is no
evidence that fallout from nuclear testing can cause the diseases harming tortoises and no
reports detailing the amount of fallout that occurred in tortoise habitat. There are no
attempts to correlate probable fallout amounts with incidence of disease. The assertion is
strictly a speculation because, on the face of it, it makes some sense.

Speculations may be seductive; often they present a series of progressively
dependent statements that have an internal logic of their own. The logic may appear
compelling and is often bolstered by attempts to provide "proof” through analogies. Such
argumentation often collapses when primary assumptions are nullified or when they are
tested against real data, but too often the test is never made. Although they may
sometimes form the basis for hypotheses and experiments, speculations are risky to base
management decisions on because there is essentially no way to evaluate them and their
predictive value is low.

Source of Data

Data sources fall into severa categories with varying probabilities of adequate
reliability and validity. The source of data provides some indication of its quality.
However, it is possible that a particular conclusion based on data from a less reliable



source is more true or accurate than one from amore reliable source, but the likelihood of
this being the caseislow. Thusit islessrisky to base judgements on data obtained from
more reliable sources. The basic sources of data follow, in order of increasing risk to
management (i.e., decreasing reliability):

Peer Reviewed Open Literature

Open literature refersto articles readily available in university and public libraries
and published in professional, publicly available outlets. Easy availability allows anyone
to obtain and evaluate the data on which decisions are made.

Peer review is a cornerstone of the scientific process. Rigorous peer review has
two essential components. 1) thorough review by two or more scientists (generally
anonymous) knowledgeable on the topic and 2) the possibility of rejection if the report
does not meet generally accepted scientific standards. The latter component is an
important feature that is lacking in less reliable data sources. The review process helpsto
ensure (but does not guarantee) that: 1) only reliable data with valid conclusions are
published because the reviewers make certain that data are presented in sufficient detail
to alow adequate evaluation of the conclusions; 2) the collection and analysis methods
followed modern scientific standards and were appropriate for making the tests reported,
3) were reported in sufficient detail to allow someone to adequately evaluate and repeat
the study; 4) the conclusions follow logically from the data; and 5) relevant related data
(e.g., peer-reviewed publications), whether supporting or contradicting the study’s
conclusions, are cited. Most professional scientific journals (e.g., Ecology, Range
Management, Journal of Wildlife Management, Herpetologica, Bulletin of the Wildlife
Society) are peer reviewed. The Desert Tortoise Council is now implementing an
external review process for its annual symposium proceedings.

Technical Books, Theses, and Dissertations

Most technical books are peer reviewed, but often without the true possibility of
rejection. They are often reviewed by an in house editor or panel of editors who may or
may not be expertsin the particular field. Opinions differ on whether master's theses and
doctoral dissertations should be considered peer reviewed. They do not undergo the same
blind review that papersin scientific journals do, but they probably receive a much higher
level of scrutiny than most papers. Furthermore, there is much more at risk if the thesis
or dissertation fails review: the student is not awarded the Masters or Ph.D. In this
report, they are treated as technical books being reviewed by a panel (i.e., the student's
graduate committee).

Non-peer Reviewed Open Literature

Articles from this source are often used to support decisions or recommendations
probably because there are many of them available, the sources are widely available, and



the fact that they have been published adds a perception of respectability. However, there
are often risks of using this type of data source. The authors and editors may not be
specialists in the field they are writing about or are not scientists. Additionaly, there is
often no attempt at a logical, unbiased, rationally supported presentation. Occasionally,
specia interest groups that are pushing a specific interest and land ethic (e.g., Audubon
Society, Rangelands, Desert Tortoise Council) publish outlets cited.

By definition, non-peer reviewed sources do not follow the established methods
of peer review: there is usually no independent, objective evaluation of the data
presentation and no guarantee that articles will be rejected if they fail to meet accepted
scientific standards. Often missing is information necessary to alow the reader to
evaluate the reliability of data collection and anaysis. Statements such as “many
tortoises were killed by vehicles’ or “tortoises depend on cow dung for nutritional needs’
are made without details about how the author determined if a vehicle killed a tortoise,
how often tortoises actually eat cow pies, or what are the nutritional needs of tortoises.

Most proceedings of meetings (e.g., past issues of the Proceedings of the Desert
Tortoise Council Symposium -) as well as abstracts from meetings are incompletely or
not peer reviewed, and contents are usually printed verbatim with little or no editing and
no possibility of rejection. Proceedings papers and abstracts often contain preliminary
analyses of data and conclusions may change following the final complete analysis and
rigorous peer review. The same criticisms holds for many official bulletins and
newsletters of professional societies (e.g., Bulletin of the Ecological Society of America,
Rangelands).

Technical Reports

Technical reports are generally written by agency and contract scientists and
biologists and sometimes individuals untrained in the practices of science and biology.
Technical reports are probably the most commonly used source of data for basing
management decisions. Many agency biologists do not have the time, opportunity,
encouragement, need, or training to publish their data. Sometimes reports are generated
for the purpose of providing a quick analysis for management decisions that cannot wait
for the one to two years often necessary to become published in a peer reviewed outlet.
Such reports may not be subjected to review by competent scientists and are rarely
rejected. “Draft” reports may never be finalized and become widely used even though
they may be incomplete or fatally flawed. Because they do not appear in the open
literature, refutations or critiques of the reports are rarely available. Finally, they may be
difficult to locate, which prevents independent evaluation of their findings.

Reports by government biologists and biological consultants are variable in
quality. Many are well designed, researched, and written and draw adequately on the
existing body of scientific knowledge. Others demonstrate a lack of knowledge of
tortoise biology and common management practices; fail to properly cite previous
studies, particularly when contrary to the conclusions or recommendations being made in
the report; make recommendations that are untested or unwarranted; and have not been



peer reviewed. Such reports form the basis of many management decisions that have or
are being made and may result in implementation of non-standard mitigation measures
and specul ative conclusions that were not tested for their efficacy.

Unpublished Data

There are many data sets (e.g., raw data, tables of compiled data, GIS maps, etc.)
that are cited and used even though they may not have been checked for errors, analyzed,
or adequately documented (e.g., data collection methods may be unknown). Reliance on
such data for making decisions is risky particularly when there is no documentation (e.g.,
metadata) of how the data were collected and limitations of the data are not discussed.

Professional Judgement

When the proper research has not been conducted or completed, or time or
expertise is not readily available, managers often rely on the professional judgement of
staff biologists or other scientists. Reliance on professional judgement requires managers
to use data that are unreliable if only because they cannot necessarily be independently
evaluated or examined. The judgement may involve unsupported speculation, data that
have been improperly or incompletely analyzed, or may involve faulty recall of the facts.
On the other hand, professional judgements may be very sound, reliable, and based on an
objective evaluation of the information available. The manager may not be able to
separate good from poor judgements because there is generaly too little information to
evaluate. Judgements solicited from several competent professionals is advisable when
possible. Also, the professionals chosen to provide input should provide citations and
critical analyses of the data they are using to make the judgement. They should clearly
state where the strengths and weaknesses in their judgements lie. Following steps like
these can help to ensure the value of professional judgement.

SciencelLore

Science lore, best defined as being the collective knowledge of the scientific,
resource professional, or layperson community, is often based more on observation,
assumption, and speculation than on scientifically-collected and analyzed data. Facts
entrenched in science lore are not necessarily incorrect. They are unreliable because the
connection between the hard data and the interpretation may be unknown. Common
sources of Science Lore include Television programs, hobbyist journals, newsgroups, and
casual conversations with professionals and laypersons.

A common example of Science Lore is the statement that “tortoises live to be 100
years old or more.” This may be true, but in fact the oldest tortoises for which any
documentation exists were two captive animals; one was at least 67 years old and maybe
in its mid seventies and the other was probably at least 74 and maybe older (the former
was adult-sized when first captured 52 years earlier, Jennings 1981; and the later was



adult-sized when captured and grew little in the 59 years before it died, Glenn 1986). No
one has followed marked animals in the field long enough to know the average or
maximum longevity. In the pair of studies usualy cited as evidence for long life, six
marked tortoises, recorded as adults by Woodbury and Hardy (1948) in the early 1940’s,
were refound still living in the 1960’'s (Hardy 1976). They may have been over 100 or
perhaps as young as 30 - 50 years when refound. Since they were of unknown (or
unreported) age at the time of capture, we do not know their true age. Using scute annuli
(age rings), Germano (1992) estimated that most desert tortoises live 25-35 years, but
some live more than 40 years. The cohort of tortoises reported on in Turner et al. (1987a)
is still being followed; these known-aged animals are now 40-41 years old (Medica pers.
comm.).

The onus is on the scientific community to identify statements that fall into this
category. Researches should then investigate the underlying assumptions, find or collect
supporting or refuting data and publish the results. Then, fact-based science lore can be
elevated to known facts, and unsound lore can be modified or dropped from our lexicon
of apparent facts.

This report identifies the quality of the data available on the major threats
confronting desert tortoise populations in the hope that the scientific-based components
of the final decisions can be clearly separated from the value-based components.

Two Final Caveats

The citation of draft reports or completed but unpublished ones is not normal
scientific practice. Because thisis a critique of all data that may be relevant to decision
making for the West Mojave Plan, draft and incomplete reports are cited. This was done
because such documents are often relied upon heavily for making management decisions.

Second, this report includes some papers and observations that are highly
speculative or made by laymen, sometimes only in casual conversation. These were
included here because they are often pervasive parts of the lore of the tortoise or desert
communities and deserve some evaluation even if they were not made in scientific
literature.

DESERT TORTOISE BIOLOGY

Knowledge of many characteristics of the basic biology of an organism is
essential for making informed decisions concerning the management of that organism.
Many aspects of tortoise biology are well known. The reader isreferred to the following
papers for general summaries of what is known: Berry (1978), Hohman and Ohmart
(1980), Bury (1982), Bury and Germano (1994), USFWS (1994), Ernst et al. (1994),
Grover and DeFalco (1995), and Boarman (2002). No comprehensive critical summary



of tortoise biology exists and is sorely needed. A recent summary of anthropogenic
impacts to desert habitat is Lovich and Bainbridge (1999).

SPECIFIC THREATSTO TORTOISE
POPULATIONS

Threats occur under two major categories, direct and indirect, although they are
not necessarily mutually exclusive. Direct threats are those that affect the survival or
reproduction of tortoises (e.g., road mortality, illegal collecting, disease, predation).
Indirect threats affect tortoise populations through their effect on other factors, primarily
habitat (e.g., drought, habitat alterations from livestock grazing, recreational activities,
global warming, etc.). Direct threats are usually more easily measured and therefore
more easily evaluated than indirect effects.

To determine the impact of a specific threat on tortoise populations, it is
insufficient to measure the threat solely (e.g., number of cars or density of mines in an
area) One must determine the effect the threat has on some aspect of tortoise
reproduction or survival. Many parameters of tortoise biology can be measured when
attempting to determine impacts of threats. Sometimes, the easiest and most intuitive
response is mortality. It is difficult to deny that a motorized vehicle killed a fresh,
smashed tortoise found on a paved highway. When tortoises die they leave behind a shell
that can last for four years or more (Woodman and Berry 1984). Often that shell bears
evidence of the cause of death (e.g., tooth marks, conchoidal fractures, fracture from
blunt trauma, etc.). However, interpreting these signs is subjective and little scientific
work that can aid interpretation has been conducted (but see, Berry 1985, 1986a) and
most assumptions made in interpreting the evidence are not reported. Reproduction is
more problematical, but at least clutch size and frequency can be measured with x-rays or
sonograms or by locating nests and monitoring hatching success (Gibbons and Greene
1979; Turner et al. 1986, 1987b; Rostal et a. 1994). Survival of the young is an essential
component to understanding the effect of threats on tortoise populations, but is very
difficult to measure (e.g., Turner et al 1987b, Morafka 1994). Growth (Medica et al.
1975, Germano 1988, Turner et al. 1981, Patterson and Brattstrom 1972), behavior (Ruby
and Niblick 1994, Ruby et a. 1994), and physiology (Nagy and Medica 1986, O’ Connor
et al. 1994a, Christopher et a. 1994) vary with environmental conditions and may be
useful parameters for measuring the effect of impacts, but their efficacy at doing so has
yet to be demonstrated. Modeling population demography (i.e., age-specific survival and
reproduction), when using accurate measures from the population, can be an excellent
way of evaluating the effects of threats and management actions on population growth
(Congdon et a. 1993, Heppell 1998).
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Relative | mportance of Threats

The rating of relative importance of different threat factors is a challenging
undertaking for several reasons. Firgt, it is very hard to determine the cause of death of
animals and it is even harder to determine how much decline is really attributable to the
various indirect causes of mortality (e.g., habitat alteration). Educated guesses can be
made about causes of death (Berry 1984, 1985, 1986a, 1990 as amended), but most of the
methods used have not been described or subjected to experimentation, independent
evaluation, or peer review. Second, not enough is known about several potential threats
to evaluate their absolute or relative impact. For example, it has been suggested that
toxic chemicals may be responsible for a disease of the shell affecting some populations.
However, it is not known if chemicals are the causative agent, which chemicals are the
problem, or the source of chemicals. Also, little is known about neither the epidemiology
of the disease nor how much mortality is actually caused by it. Third, which mortality
factors are functioning is very site specific. Highway mortality is an important factor for
populations along highways; it may drain populations two miles or more away (von
Seckendorff Hoff and Marlow 1997). On the other hand, for populations away from
highways, this may be a very low or non-existent threat. Regional differences occur, also.
Urbanization and development are major factors in portions of the west Mojave, but are
probably relatively unimportant in much of the east Mojave (outside of the Las Vegas
and St. George areas). Finally, as discussed above, factors that caused the declines (e.g.,
disease) may not be the same factors that are preventing recovery (e.g., genetic or
demographic consequences of small populations, fragmentation, and raven predation).
For al of these reasons the controversial and subjective task of ranking impacts was
avoided here.

Specific threats are easy to discuss and identify, but more pervasive problems
often exist when multiple threats interact to make for larger environmental problems.
The three largest of these broader impacts affecting tortoise populations are habitat 10ss,
degradation, and fragmentation; urbanization and development; and access by humans to
tortoise habitat. | will first focus on specific threats then discuss three broader, more
cumulative types of threats. There are virtually no published studies looking specifically
at the effect of these general factors on tortoise populations.

Agriculture

Probably the greatest affect agriculture has on tortoise populations is through loss
of habitat: when tortoise habitat is converted for agricultural use it becomes mostly
unusable by tortoises for foraging or burrowing. Indirect impacts could include
facilitation of increases in raven population, drawdown of water table, production of
fugitive dust, possible introduction of toxic chemicals, and introduction of invasive plants
along corridors and when the fields go fallow.

| found no substantiated references in the literature indicating that desert tortoises
use agricultural fields, although alfalfa, with its high nitrogen content, could be a healthy
source of food for tortoises (Bailey, 1928, provides an anecdotal account from untrained
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observers of “tortoises eagerly eating afalfa”). Berry and Nicholson (19844a) cited one
anecdotal report from an individua with unreported credentials as evidence that
“tortoises are known to enter...afafafields’ (p. 3-21). Disking, plowing, mowing, and
baling would destroy burrows and kill tortoises (as they do the marginated tortoise, T.
marginata, in the Mediterranean region; Stubbs 1989). There are no reports of desert
tortoise burrows in agricultural fields.

The Common Raven, a predator on juvenile desert tortoises, makes considerable
use of agricultural fieldsin the west Mojave Desert (Knight et al. 1993, 1999, Knowles et
al. 1989). Agricultural fields probably are important sources of food (i.e., insects,
rodents, and seeds) and water for ravens during times of the year when those resources
are generaly in low abundance elsewhere, thus resulting in more ravens surviving the
summers and winters (Boarman 1993, unpubl. data). See “Predation,” below, for more
discussion.

Pumping of ground water for irrigation can result in a mgjor change in vegetation
or habitat type. Koehler (1977) reported that the drawing of water for irrigation from
Koehn Dry Lake, near Cantil in the Western Mojave, lowered the water table by 240 ft
between 1958 and 1976. Berry and Nicholson (1984a) state that this lowering of the
water table has approached the Desert Tortoise Natural Area (DTNA) and imply that it
may affect tortoise habitat, although no data were presented to support the implication.
Closer inspection of the maps provided in Koehler (1977) show that the water-level
decline is lower (30 - 180 ft) near tortoise habitat south and southeast of Koehn Dry
Lake. There are no data to indicate what effect this lowering of the water table has on
mesquite, other vegetation, or tortoise habitat in the area, but there are data on the effect
water table lowering has on mesquite in other arid regions (Nilsen et al. 1984).

Agricultural fields cause dust storms, called fugitive dust (Wilshire 1980).
Fugitive dust coats plants, which in turn may reduce photosynthesis and water-use
efficiency (Sharifi et al. 1997). The end result is lower productivity of forage plants.
Their study did not specifically look at agricultural dust, but the results are probably
generalizable.

The finding of “hundreds of...tortoise shells’ (with no indication of how long the
tortoises had been dead) was reported anecdotally and second hand by Berry and
Nicholson (1984a) and was correlated with application of an unspecified pesticide to kill
jackrabbits in a nearby (distance unspecified) alfalfa field. Aside from this single
unsupported speculation, there are no references to possible toxic effects on tortoises of
pesticides, herbicides, and other chemicals used in agriculture. Pesticide use, particularly
aerial applications apparently are now very limited in the desert.

Collecting by Humans

Humans collect turtles and tortoises for severa reasons, and these activities are
responsible for population declines in several of the threatened and endangered species
throughout the world (Stubbs 1991). Collecting desert tortoises for pets was probably a
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major activity in the recent past (Berry and Nicholson 1984a), although most evidence is
anecdotal in nature. Since 1961, it has been illegal under State law to collect tortoisesin
Cdlifornia and since 1989 collecting has been a Federal offense (USFWS 1994). The
Desert Tortoise Recovery Plan (USFWS 1994) cites severa documented instances of
illegal collecting more recent than those in Berry and Nicholson (1984a), including the
unauthorized removal of marked study animals from known study areas. It must be
cautioned that some of the examples cited in the Recovery Plan are circumstantial or
speculative. For instance, Stewart (1993) reported one strongly supported (tortoise found
in acar in ldaho) and one speculative (transmitter and human footprints found on ground
and tortoise was missing) example of poaching. Berry (1990 as amended) gives purely
speculative and circumstantial evidence for poaching (namely, marked drop in estimated
density on a study plot over a 5-year period with relatively few carcasses being found
coupled with observations of possibly human-excavated burrows nearby and other
evidence for poaching severa miles away). The available evidence suggests that
collecting for petsis still occurring, but perhaps at alevel lower than previously, although
this statement is speculative at present. Evaluating the extent of the problem is very
difficult because of the cryptic nature of the activity.

A newly documented problem is the collection of wild tortoises by recent
immigrants for cultural observances (USFWS 1994, Berry et a. 1996). Berry et al.
(1996) reported that 7.7% of tortoise burrows found showed evidence of being excavated
by humans and that the number of such burrows is greater near versus far from dirt roads.
Their study suggests that poaching tends to occur near roads, even lightly maintained
ones, thus the presence of roads may help to facilitate poaching. However, there was no
statistically significant difference in distance from roads for disturbed versus undisturbed
burrows and the method for determining if a burrow was excavated was circumstantial
and subjective.

The bottom line is that there is little evidence to suggest that illegal collecting is
currently awidespread problem, but there is also little evidence to the contrary.

Construction Activities

Construction activities here refer specifically to the generally short-term effects of
actual construction (clearing land, movement of heavy equipment, presence of
construction crews, etc.). The lasting effects of the constructed facility, once in place, are
discussed in “Urbanization and Development,” “Energy and Mineral Development,”
“Utility Corridors,” and “Habitat Loss, Degradation, and Fragmentation” sections below.
In many ways, most construction projects have similar impacts on tortoises and their
habitat, regardless of what is being constructed. Those impacts may include: loss of
habitat by the project footprint; incidental destruction of habitat in a buffer area around
the footprint; damage to soil and cryptogams on the periphery; incidental death of unseen
tortoises along roads, beneath crushed vegetation, or in undetected burrows; destruction
of burrows; handling of tortoises; entrapment of tortoises in pits or trenches dug for
transmission or fiber optic lines, water, and gas pipelines and other utilities; attraction of
ravens and facilitation of their survival by augmenting food or water; and fugitive dust
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(Olson et a. 1992, EG& G 1993, Olson 1996). There are little data on the extent of these
potential impacts. But, Olson (1996) reported that a construction of a natural gas pipeline
had the greatest impact on tortoises and habitat, construction of a transmission line had
intermediate impacts, and a fiber optic line was the most benign. The differences are
largely related to the scale of the project, ability of crews to avoid disturbing burrows,
and timing of construction to avoid peak activity periods of tortoises (e.g., spring). Inan
analysis of 171 Biological Opinions issued by the USFWS in California and Nevada,
Circle Mountain Biological Consultants (1996, see also LaRue and Dougherty 1999)
found that the majority of tortoise mortality occurred along linear construction projects
(e.g., pipeline, fiber optic, and transmission lines) with the extensive Mojave-Kern
Pipeline causing the greater number of deaths (38). Tortoise mortality also occurred on
mining, landfill, and military projects. The total humber of deaths reported on the
projects was well below the level authorized by the USFWS (59/1096 = 5.4%). This
study was strictly an evaluation of known tortoise mortalities occurring during projects
authorized by the USFWS under Section 7 of the Endangered Species Act. It therefore
likely underestimates actual tortoise mortality (e.g., tortoises buried during construction
or otherwise not found, accidentally killed but not reported, etc.) that occurred.

Disease

Disease in genera is a norma and natural phenomenon within wild animal
populations. Diseases can weaken individuals, reduce reproductive output, and cause
mortality. Epidemic outbreaks of some diseases can become catastrophic, particularly in
small or declining populations (Dobson and Meagher 1996, Biggins et al. 1997, Daszek
et al. 2000). Sometimes disease can be controlled by wildlife managers by attacking the
pathogen; isolating diseased from non-diseased individuals, populations, or species,
immunizing healthy individuals, or facilitating habitat conditions that increase
individual’s immune systems. Other times there may simply be nothing a manager can
do. It is important to understand disease etiology and epidemiology before effective
management actions, if any, can be determined.

Two diseases have been identified as possibly affecting the stability of some
desert tortoise populations: Upper Respiratory Tract Disease (URTD; Jacobson et al.
1991) and cutaneous dyskeratosis affecting the shell (Jacobson et a. 1994). A third
disease, a herpesvirus, was recently identified and may have population-level
consequences, but very little is known about it (Berry et al. 2002, Origgi et a. 2002).
URTD has been found in several populations that have experienced high mortality rates,
including some in the west Mojave (Jacobson et a. 1996, Berry 1997). Much is published
in peer reviewed journals about the etiology of this disease, which has been found in
captive turtles of this and several other species (Jacobson et al. 1991) and in wild
populations of the gopher tortoise (Gopherus polyphemus; Jacobson 1994). Brown et al.
(1994a) showed definitively that URTD can be caused by a bacterium, Mycoplasma
agassizii. It is likely transmitted by contact with a diseased individua or through
aerosols infected with M. agassizii. The organism attacks the upper respiratory tract
causing lesions in the nasal cavity, excessive nasal discharge, swollen eyelids, sunken

-14-



eyes, and in its advanced stage, lethargy and probably death (Jacobson et al. 1991,
Schumacher et al. 1997, Homer et al. 1998, Berry and Christopher 2001). It must be
noted, however, that some of these clinical signs may also be characteristic of other
health condition such as dehydration, allergy, or infection with herpesvirus or the bacteria
Chlamydia or Pasteurella (e.g., Pettan-Brewer et al. 1996, Schumacher et al. 1997).

Malnutrition is known to result in immunosuppression in humans and turtles
(Borysenko and Lewis 1979) and is associated with many disease breakouts. It is
possible that nutritional deficiency in tortoises caused by human-mediated habitat change
and degradation may be partly responsible for the apparent spread of URTD and its
perceived impact on tortoise populations (Jacobson et a. 1991, Brown et al. 1994a).
Short-term droughts may temporarily reduce immune reactions and increase
susceptibility to URTD (Jacobson et al. 1991), although this is speculative. Whereas
animals may become debilitated by chronic immune stimulation, no biochemical
indicators of stress have been identified in diseased compared to non-diseased turtles
(Borysenko 1975, Grumbles 1993, Christopher et al 1993, 1997).

Although evidence indicates a correlation between high rates of mortality and
incidence of URTD within populations (Berry 1997), there is little direct evidence that
URTD is the cause of the high rates of loss. In two preliminary analyses (Avery and
Berry 1993, Weinstein 1993), animals exhibiting clinical signs of (both studies) or testing
positively for (latter study) URTD were no more likely to die over a one year period in
the west Mojave than were those not exhibiting signs or testing positive. This may be
because factors other than disease caused much of the mortality or many animals not
showing clinical signs of disease in the field were till infected. A serological test for
presence of antibodies against M. agassizii has been developed and is now being used to
document presence and spread of the disease (Schumacher et al. 1993). But, the test, an
enzyme-linked immunosorbent assay (ELISA) does not indicate present infection, only a
probability of past exposure. A polymerase chain reaction (PCR) test, which has been
developed for M. agassizii is more effective for determining active infection (Brown et
al. 1995). Lance et al. (1996) reported that infected tortoises had significantly lower
testosterone and estradiol levels and that diseased females tended to lay eggs less often.
Finally, there is some evidence that animals at the DTNA, where URTD breakout has
been particularly intense, may recover from infection (Brown et a. 1994a, b).
Interestingly, Berry (2002) reported that none of 119 wild tortoises tested at 9 locations
throughout the California deserts in 2000 and 2001 tested positive for URTD. No
discussion of this result was provided. A thorough epidemiological study is badly needed
to identify the factors involved in the incidence, spread, and virility of the disease in wild
populations (D. Brown pers. comm.).

A shell disease, cutaneous dyskeratosis (CD), has been identified in desert tortoise
populations (Jacobson et al. 1994). CD consists of lesions along scute sutures of the
plastron and to a lesser extent on the carapace. Over time, the lesions spread out onto the
scutes. This disease may be caused by the toxic effect of chemicals in the environment,
but evidence is lacking to test this hypothesis. Naturally-occurring or human-introduced
toxins such as selenium, chlorinated hydrocarbons, organophosphates, nitrogenous
compounds, and alkaloids have al been implicated (Homer et al. 1998), but there are no
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data showing a direct link. The disease may aso be caused by a nutritional deficiency
(Jacobson et al. 1994). It is not known whether or not CD is caused by an infectious
pathogen or if secondary pathogens act to enhance the lesions (Homer et al. 1998, Homer
pers. comm.). It isunclear if the disease is actually lethal or responsible for declines in
infected tortoise populations (Homer et al. 1998). Only one documented case of CD from
the West Mojave Desert was found in the literature (Homer et al. 1998).

If the shell diseases are toxicoses, toxic responses to environmental toxins (e.g.,
heavy metals, chlorinated hydrocarbons, organophosphates, and selenium), then there
may be a direct link between these diseases and human activities unless the toxin is a
natural component of the physical environment. Chaffee et al. (1999) found no significant
correlation between elevated levels of metals in organs of ill tortoises and in the soil
where the tortoises came from. If thereisalink to human activities, then we can consider
solutions that would reduce levels of input of the toxic chemical. However, this link is
currently highly speculative.

There is some recent, albeit weak, preliminary evidence linking heavy metals to
disease in tortoises. In necropsies of 31 mostly ill tortoises, Homer et al. (1994, 1996)
found elevated levels of potentially toxic metals and minerals in the liver or kidney of
one or more of the animals. Since most of the animals were ill to begin with, an
association was made between the presence of the toxicants and presence of the disease.
However, that study is strictly correlative, and fails to demonstrate a cause and effect
relationship. Berry (1997) clams that “the salvaged tortoises with cutaneous
dyskeratosis had elevated concentrations of toxicants in the liver, kidney, or
plasma...and/or nutritional deficiencies.” However, closer examination of the data
presented in Homer et al. (1994, 1996) and cited in Berry (1997) reveals a remarkably
low association with only 1 out of 12 tortoises with CD having at least one toxicant
concentration greater than two standard deviations above the mean. Four other animals
also had unusually high levels of at least one toxicant, but did not suffer from CD.
Furthermore, Homer et al. (1994, 1996) identified abnormally high levels as being those
concentrations that are greater than two standard deviations from the average
concentration found in the 31 tortoises. In a normally distributed set of 20 randomly
selected values, 1 will, by definition, fall outside of 2 standard deviations from the mean,
because 2 standard deviations is defined as including only 95% of the samples. So if 100
comparisons are made, then 5 levels will be considered abnormally high or low just by
chance. In the study, 689 values would be reported, thus 34 (or 95%) would be expected
to be greater than twice the standard deviation from the mean just by chance. In fact, 32
were identified as falling outside this range of two standard deviations. These data are in
need of a thorough statistical analysis. Homer (pers. comm.) has found significantly
higher levels of iron (in liver) and cadmium (in kidneys and liver) of tortoises with
URTD compared to those in a control group. It is not known if the levels identified by
Homer et al. (1994, 1996, pers. comm.) as being abnormally high are biologically
significant. Homer (pers. comm.) has found significantly reduced levels of calcium in the
livers of tortoises with CD, which suggests a nutritional deficiency may be involved in
the disease.
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Several other diseases and infections have been identified in desert tortoises
(Homer et a. 1998). These include a poorly known shell necrosis, which can result in
sloughing of entire scutes; bacterial and fungal infections; and urolithiasis, a solid ball-
like deposition of urate crystals in the bladder (i.e., bladder stones, Homer et al. 1998).
There is no evidence to suggest that any of these diseases are at this time widespread,
threatening population stability, or hindering population recovery.

Beyond taking precautions to avoid spreading the disease when handling many
animals (Rosskopf 1991, Berry and Christopher 2001), educate the public against
releasing potentialy-diseased captive animals (Berry 1997), include only healthy
individuals in trandocation efforts (Brown 1994a), the practica management
implications of the disease data are unclear. Tully (1998) states, without explanation,
that URTD infections are not likely to be controlled by immunizations. Improving
habitat conditions may help reduce stress-induced immunosuppression (Brown 1994a),
but the link between stress from poor habitat quality and susceptibility to URTD is only
speculative.

Drought

A drought is an extended period of abnormally low precipitation. Unlike
kangaroo rats and some other desert vertebrates, tortoises acquire much of their water,
and maintain and overall positive energy balance, from standing sources (Peterson 1996).
O’ Connor et a. (1994a) showed that water deprivation in a group of semi-wild tortoises
caused higher levels of physiological stress (using several blood assay profiles) compared
to a group of semi-wild tortoises with water supplements and a group of free-ranging
tortoises. Peterson (1994a) recorded abnormally high levels of mortality in two tortoise
populations (west and east Mojave) during a three-year period of an extended drought.
The deaths in one population (lvanpah Valley) were attributed to drought-induced
starvation and dehydration and occurred in the third year of study. Ken Nagy (pers.
comm.) has stated that tortoises can probably survive 1-2 years without drinking water
but will start dying of dehydration after that. The primary source of mortality, which
occurred throughout the three-year study, at the DTNA was coyote predation. The
coyotes may have switched to the less desirable tortoises following hypothesized
drought-induced reduction in coyotes normal prey (black-tailed jackrabbits; see aso
Jarchow 1989). Alternatively, tortoises may have been in a weakened condition due to
URTD, but Peterson (1994a) found little evidence of disease in his study animals. Low
rainfall can also reduce reproductive output with tortoises producing fewer eggs or
suspending egg-laying altogether in low-rainfall years (Turner et a. 1984, Lovich et al.
1999). Avery et a. (2002) documented higher survival and reproduction among females
at higher elevation site that received more rain than a lower one in lvanpah valley.
Tortoises may survive drought periods by eating less nutritious cacti and shrubs (Turner
et al. 1984, Avery 1998).

Much of the desert experienced short-term drought conditions in the late 1980s
(Corn 19944, Hereford 2002), a period when rapid declines and high mortality were
reported in some tortoise populations (Berry 1990 as amended, Corn 1994a, Peterson
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1994a). However, Corn (1994a) reported that, between 1977-1989 there was no
correlation between winter precipitation and relative abundance of large (E 180 mm
median carapace length [MCL]) or small (<180 mm MCL) tortoises, but there was a
significant correlation between summer precipitation and relative abundance of small
tortoises. Some reports exist of dehydrated and emaciated tortoises being found (Berry
1990 as amended, Peterson 1994a, Homer et al. 1996).

Drought is anormal phenomenon in the Mojave Desert (Peterson 1994a, Hereford
2002). Desert tortoises have lived in the Mojave Desert for over 10,000 years and
probably have evolved under similar boom-bust conditions (Peterson 1994 ab, 1996;
Henen 1997; Nagy and Medica 1986). It is possible that drought can cause episodic
mortalities punctuated by periods of low mortality during years with more abundant
rainfall. It is reasonable to speculate that drought-induced stress in concert with other
threats (e.g., disease, predation) resulted in significant mortality (Peterson 1994a), but
there are little data to test this hypothesis. An epidemiological study is needed to
evaluate the effect drought has on tortoise populations.

Energy and Mineral Developments

Energy and mineral development includes: presence of utility lines, transmission
lines, and gas pipelines; development of land for oil and gas |eases; geothermal and solar
energy generation; and digging exploratory pits for and extraction of minerals. Impacts
from energy and mining developments can include habitat destruction and direct
mortality from off-road travel to explore and access sites, habitat loss to road and
development construction, leachate ponds, tailings, rubbish, etc.; introduction of toxins;
fugitive dust and soil erosion; and urban-type developments to support large mining
operations. The extent of area directly affected by energy and mining is difficult to
assess because the data are not readily available. According to Luke et a. (1991), as of
1984, 41% of high density tortoise habitat rangewide was leased or partially leased for oil
or gas and 2% was directly impacted by mining operations or leased for geothermal
development. However, no indication was given for how these figures were obtained.
Most mining operations are point sources of disturbance with potentially little effect
beyond the immediate site of development. The greatest effect may come from the
cumulative impact of many relatively small mining-related disturbances combined with
facilitation of rural or urban development (e.g., Randsburg) to support the mining
operations in agiven area. However, large-scale operations that depend on frequent haul
trucks to transport excavated minerals may also present vehicle-related impacts such as
increased road killsand air pollution.

There are few data on the effects of energy and mineral development on tortoise
populations. Mortalities have occurred in association with mining activities (LaRue and
Dougherty 1999). Hard rock mining, particularly pit mining and operations in dry
lakebeds, can be a major source of fugitive dust (Wilshire 1980). Loss of habitat and soil
and vegetation disturbance can be substantial and major, depending on the size of the
area. Although illegal, cross-country travel to drill and access test pits, stake claims, and
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evaluate mineral potentials still occur (pers. obs.) and needs to be properly documented
and evaluated.

Energy development has similar impacts, particularly direct and indirect loss of
habitat, fragmentation of habitat and population, and effects of access roads, which are
likely to be relatively light once construction has ended (Brum et al. 1983). Construction
of transmission lines requires grading of new roads for construction of towers and
maintenance of the lines, and clearing or terracing of habitat for tower placement. Not
only is habitat lost (0.16 to 0.24 mi? per mile of transmission line; Robinette 1973, cited
in Luke et al. 1991), but the new road may help to fragment the population and provide
access to areas for other human-related impacts (see “Utility Corridors’ section, below).
The access roads are also an important source of windblown dust and attendant erosion
(Wilshire 1980). The presence of new utility lines, necessary to distribute the electricity,
may help facilitate nesting by ravens in specific areas they did not nest in before, if those
areas did not have adequate nesting substrates before the new towers were erected
(Boarman 1993, Knight and Kawashima 1993). For more discussion, see “Utility
Corridors’ section, below.

Aside from loss of habitat and other consequences associated with access roads
and transmission lines, there is little evidence that energy generation negatively impacts
tortoise populations. If designed and managed properly, wind generation may be
compatible with tortoise populations (Lovich and Daniels 2000). Tortoises made
extensive use of wind turbine pads for burrow cover and, by restricting access, the wind
park served as a de facto reserve that minimized several other harmful human activities
such as ORV travel, vandalism, and illegal collections. The only study found on solar
energy impacts showed that here were only very small changes in air temperature, wind
speed, and evaporation rates downwind from a solar power plant in the western Mojave
Desert (Rundel and Gibson 1996). They did not study impacts to tortoise populations.

Fire

Fire, once considered a rare event in the Mojave Desert (Humphrey 1974), now
occurs with ever-increasing frequency causing a greater threat to tortoises and their
habitat (USFWS 1994, Brooks 1998). Fire frequency has increased with the proliferation
of introduced plants, particularly the grasses, red brome (Bromus rubens) and split grass
(Schismus barbatus and S. arabicus), which provide fuel for fires (Brown and Minnich
1986, Brooks 1999b). These plants help to spread fire because they are often common,
tend to grow in large relatively dense mats, and fill the intershrub spaces, which are
largely devoid of native vegetation (Brown and Minnich 1986, Rundel and Gibson 1996,
Brooks 1999b). Fires cause direct mortality when tortoises are burned or inhale lethal
amounts of smoke, which can happen both in and out of burrows. Documented cases of
tortoises being burned by fires are uncommon, but do occur (e.g., Woodbury and Hardy
1948 - circumstantial, secondhand account of 14; Homer et al. 1998, reports 1; Esgue et
al. in press, reports 5, which is 4-13% of the study population; Lovich, pers. comm.,
found 1). Fires are probably most hazardous to tortoises when they occur during the
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active season for tortoises (e.g., spring in the West Mojave). Previoudly rare, frequency
of spring fires are now on the increase (Brooks 1998).

There are severa possible indirect impacts of fires. Fires remove dry and some
living forage plants. They facilitate proliferation of non-native grasses (Brown and
Minnich 1986, Brooks and Berry 1999). The effect this has on tortoises is as yet
unresolved. There is some evidence that tortoises may selectively avoid exotic grasses
(Jennings 1993, Avery 1998), but Esgque (1994) showed that tortoises may choose to eat a
majority of non-native plants, particularly in drier years. The physiological consequences
of foraging on non-native grasses is also not entirely known, but, in a manipulative study
with semi-captive tortoises, Nagy et al. (1998) showed that grasses, native and non-
native) provided tortoises with much less nitrogen than did forbs and tortoises tended to
loose water when eating them. Avery (1998) also showed that tortoises eating only split
grass lost weight, assimilated less protein, and were in a negative nitrogen balance,
whereas those that were fed a native forb (Camissonia boothii) maintained their weight
and experienced a positive nitrogen balance. Those tortoises that fed on both plat types
maintained their weight but experienced a net loss of protein. By removing vegetation,
fires may alter the thermal environment by increasing temperature extremes experienced
by seeds, plants, and burrowing tortoises (Esque and Schwalbe 2002). Soil erosion is
enhanced by the loss of stabilizing vegetation, roots, and cryptogamic crusts (Ahlgren
and Ahlgren 1966). Fires fragment tortoise habitat by creating patches of unusable
habitat, at least over the short term. There is some evidence of an increase in availability
of nitrogen and other nutrients for a short while following fires (Loftin 1987), but none
demonstrating that plant growth is stimulated by this nutrient flush. Overall effects on
vegetation are variable, and may depend in large part on the intensity of the fire,
characteristics of the plants, and post-fire precipitation (Esgque and Schwabe 2002).
Brown and Minnich (1986) found an increase in annual vegetation following afire during
an unusually rainy period. On the other hand, O’Leary and Minnich (1981) found no
difference during adrier year.

The structural characteristics of vegetation in years following fires has been
studied. Following burns in creosote scrub community in the Colorado Desert, Brown
and Minnich (1986) found 23% higher cover by annual forbs, most of which were
exotics. Cover by some native forbs, including ones preferred by tortoises, were also
higher in burned vs. unburned areas. They also found that perennial plants, particularly
creosote bush, were damaged and exhibited low levels of stump sprouting and
germination following more intense fires. A change in dominant shrub type resulted, but
the study only reported on 3-5 years post-burn; no data were presented on possible long-
term successional changes or recovery. Dense cover by annuals, particularly introduced
grasses, provides higher fuel loads, which results in more fires that are also hotter (Brown
and Minnich 1986, USFWS 1994, Brooks 1999D).

The amount of tortoise habitat burned by recent fires is relatively low, but
increasing. For example, between 1980 and 1990, 243,317 acres burned in the Mojave
Desert in California, which is an average of 38 mi? per year (USFWS 1994). The increase
in number of fires per year over the ten-year period was statistically significant. Tracy
(1995) reports that fires occur much more frequently near roads and towns, but no data
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were presented in this abstract. Duck et al. (1995) reported that tortoises may be killed
by fire-fighting activities, including by large fire trucks driving off of roads in tortoise
habitat, and recommended training and fire management techniques to reduce the
problem.

Through its destructive effect on woody shrubs, fire has been used to manage
(i.e.,, improve for cattle foraging) desert grasslands. In desert grassland of southern
Arizona, fire removed 9-90% of targeted shrubs (i.e.,, mesquite, Prosopsis juliflora;
burro-weed, Aplopappus tenuisectus, prickly pear cactus, Opuntia occidentalis, and
cholla, Opuntia sp.; Reynolds and Bohning 1956). This work was not conducted in
tortoise habitat and the efficacy of using fire in similar ways has not been tested in the
Mojave Desert nor has its effectiveness at improving habitat for tortoises been tested.

Garbage and Litter

Garbage illegally dumped in the desert is unsightly, may cause local habitat
alteration, and may affect individual tortoises. Indeed, in a popular article, Burge (1989)
cited an instant of atortoise losing its leg after getting it caught in the string of a disposed
balloon. She also reports finding foil and glass chips in tortoise scat. No details were
provided. There are no data to suggest that litter is a widespread or major problem for
tortoise populations. The relationship between organic litter and raven predation on
tortoises is covered under “Predation,” below.

[llegal dumping of hazardous wastes is an increasing problem in the California
deserts (John Key, pers. comm.) Toxins are known to cause a myriad of problems for
wildlife (Jacobson et a. 1994), and presumably elevated levels (see “Disease” section,
above) of certain metals (e.g., cadmium, copper, molybdenum, mercury, lead) have been
found in the tissues of desert tortoises (Homer et al. 1994, 1996, 1998). The distribution
and limited size of illega dumps and hazardous spills suggests that this is a minor
problem for tortoise populations as a whole, but they may be of concern on a localized
basis. Metals and other pollutants may enter the environment from other sources
including mining and air pollution, but their effects on tortoise populations remain
speculative.

Handling and Deliberate Manipulation of Tortoises

Handling and deliberate manipulation of tortoises includes curious members of
the public picking them up and sometimes removing them from the wild, biologists
relocating and translocating them to new sites, pet owners releasing captive tortoises into
the wild, and researchers manipulating tortoises for scientific experimentation. The
effects can be manifold, depend on the type of handling, and remain largely unstudied.

Members of the public will sometimes pick up tortoises when they find them on
roads or alongside trails. They do so out of curiosity or to remove the anima from
harm’s way (Ginn 1990; picking up a tortoise to cause harm is covered in the

-21-



“Vandalism” section, below). Any such handling or even disturbance of a tortoise is
illegal under the Endangered Species Act, athough it is unlikely that USFWS would
prosecute a person who moves a tortoise out of harm’'sway (pers. obs.).

There are several possible effects of this type of well-meaning handling, but most
of them fit into the realm of speculation or science lore. First, when tortoises are handled
they sometimes void the contents of their bladder, which may represent loss of important
fluids and it is thought this loss could be fatal (Averill-Murray 1999). Averill-Murray
(1999) provided some evidence that handling-induced voiding may jeopardize
survivability, although usually relatively small amounts of fluid are discharged. Smaller
animals were more likely to void, but, if the animal was recaptured at a later date, its
growth was not inhibited as a result of voiding previously. The statistical significance of
his results may be compromised by his decision not to adjust the level of significance to
account for making multiple tests (a problem similar to that noted about Homer 1994,
1996, in the “Disease” section above). Nonetheless, the results suggest there may indeed
be a trend towards voiding affecting tortoise survival, particularly in drought years, and
this should be followed up with more experimentation.

Other problems with handling tortoises can occur. Diseases might be transferred
between tortoises if people handle more than one tortoise without sterilizing their hands
or using different clean or sterilized gloves for each handling (Rosskopf 1991, Berry and
Christopher 2001). It is claimed that turning over a tortoise to look at its underside will
harm its internal organs, break eggs, or cause shock (Rosskopf 1991), but there is no
evidence to support this contention. It may be detrimental to a handled tortoise if it is
released outside of its home range, far from known burrows, or away from shade (e.g.,
Stewart 1993). This could be particularly hazardous during hot, dry weather or late in the
afternoon, but again no data exist to support this likely speculation. Finally, the
disruption of behavior by handling or just approaching the tortoise could be harmful if the
disruption causes the animal to withdraw into its shell long enough to prevent it from
being able to eat, drink, or retreat to a safe cover site (e.g., burrow, pallet, or shrub) for
the night, thus leaving it exposed to predators or harsh environmental conditions. The
probability of this disruption being hazardous to the tortoise is likely low, unless
disruptions occur extremely frequently. Tortoises can go many months without eating or
drinking (Peterson 1996), so a few minutes of disruption is not likely to alter their
nitrogen, energy, or water balance. All of these claims need further study to substantiate
their validity.

Relocation of animals to a new area is frequently recommended, and is
occasionally implemented to save tortoises from construction and other ground disturbing
activities. Possible problems with translocation efforts include increased risk of
mortality, spread of disease, and reduced reproductive success. There have been a few
studies of the effectiveness of relocation efforts, and most of the relocations generally
have been marginal to unsuccessful. A study summarized in Berry (1986b) found that
22% (13/43) of the animals translated 16 to 88 km from their capture sites stayed at their
relocation sites for more than several days, but only five remained for 15 months to 6
years. Few mortalities were observed, but many disappearances from unknown causes
occurred; these animals may have died or wandered away. In another relocation effort,
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91% (10/11) stayed within the relocation area, which was only about 450 m from where
they were moved, for at least 3 months and at least 36% (4/11) were present after 16
months (Stewart and Baxter 1987). In a third effort, 56% (9/16) of relocated tortoises
stayed in the area (5.6 km from their original home ranges) for at least 1.5 years (Stewart
1993). At least 25% (4/16) died within about 2.5 years. A fourth relocation effort was
conducted in Nevada. Several tortoises were moved to an areaimmediately adjacent to a
development site (Corn, 1994b, 1997). These 13 animals were moved to areas 2 km
away, which was still within or very close to their pre-translocation home ranges. There
was no difference in survival, but displaced animals had larger home ranges than did the
residents. A preliminary analysis of a fifth study showed that mortality was significantly
greater among guests (tortoises moved to a pen immediately adjacent to their capture
sites) than hosts (resident tortoises; Weinstein 1993). All of these relocation studies
covered short time periods and only measured movements and survival. None of them
looked at reproductive success or long-term survival, two of the most important measures
of success.

An ongoing project translocating tortoises many miles from their capture site
apparently is showing success, but no reports or publications (other than abstracts) are
available. Apparently, survivorship and reproduction are equivalent between relocated
tortoises and resident tortoises (Nussear et al. 2000). Relocated tortoises did move more
during their first year in the new site, but after that their movements were not
significantly different than those of resident tortoises. Tortoises released in Utah also
moved more than did resident tortoises there (Wilson et al. 2000). Both of these studies
need further analyses and complete presentations before their results can be adequately
evaluated. The success of desert tortoise relocations probably depends on distance of
relocations, habitat quality, density of host population, rainfall, and health condition of
the relocated and host animals.

Probably tens of thousands of desert tortoises are held in captivity throughout
southern California, Nevada, and el sewhere, some were taken from the wild, others were
reared in captivity. There are severa documented cases of captive tortoises being
released into the wild (Howland 1989, Ginn 1990), an activity that is now illegal.
Release of captives may be detrimental to both captives and resident tortoises. Released
captive tortoises may die (Berry et al. 1990) because they do not know how to fend for
themselves in the wild; will not initially know where to find cover sites, good forage,
sources of water, or essential minerals; and may not have genetic adaptations necessary to
survive in the particular area. However, 25 formerly-captive tortoise were released in
Nevada (Field et a. 2000). The animals were equipped with radio transmitters and
followed for 14 months. The unpublished results indicate that movements and weights
did not differ between released and resident tortoises. No adults died (released or
resident) and 2 (out of 8) released juveniles died compared to neither of the two residents
studied.

Of greater concern for the stability or recovery of tortoise populations is the
possible impact of the released captives on resident (host) tortoises. The greatest likely
effect is the introduction of disease to the wild population. URTD, the disease presently
believed by many to have detrimental effects on severa wild tortoise populations (see
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“Disease” section, above), is commonly found in captive tortoises (Berry et a. 2002,
Johnson 2002). Releasing into the wild tortoises that are infected with URTD may
introduce the disease-causing bacterium, Mycoplasma agassizii, to previously uninfected
individuals and populations. There is some evidence that the incidence of disease is
greater in areas of known releases of captives and around urban areas where release or
escape of captivesis likely to be relatively frequent (Jacobson 1993, Berry pers. comm.).
However, data on the rangewide incidence of disease have not been peer reviewed and
are not generally available, so it is not possible to evaluate this hypothesis.

Desert tortoises have been manipulated in many ways as part of scientific studies.
They have been probed, stuck with needles, affixed with transmitters, implanted with
transponders, weighed, measured, pulled and sometimes dug out of burrows, tom name a
few. All manipulative research involving desert tortoises must be permitted by USFWS
to ensure that risk of harm to the tortoises is minimized. USFWS closely evaluates
methods and qualifications of researchers before issuing a permit. There is very little
written on the effects of research manipulation. In apreliminary analysis from one study,
Weinstein (1993) reported that significantly fewer animals whose blood was sampled on
aregular basis subsequently died compared to those whose blood was not sampled. In an
evaluation of the possible effects of one research tool, Boarman et al. (1998) summarized
from the literature on possible impacts to turtles of different ways of attaching radio
transmitters. They concluded that there is little evidence of negative impacts of
transmitters on turtles and particularly tortoises. Their concluded this partly because of
paucity of published accounts of problems experienced. There are a few undocumented
reports of individual animals dying from excessive bleeding following blood extraction
and possible excessive mortality of animals that had blood extracted 3-4 times per year
for several years, but none of thisis reported in the literature and thus remains anecdotal.
Kuchling (1998) hypothesized that X-rays, used to measure reproductive success, are
hazardous to turtles. Using empirical data, Hinton et al. (1997) argued that x-rays are
safe when extremely low dosages of radiation are employed, which can be accomplished
with use of rare earth screens.

| nvasive Plants

The introduction and proliferation of invasive plants is a continuing and
increasing problem in the desert. The most common invasive plants found in tortoise
habitat in the west Mojave Desert are cheatgrass (Bromus tectorum), red brome (foxtail
chess, Bromus madritensis rubens), split grass (Schismus barbatus, and S. arabicus),
redstem filaree (Erodium cicutarium), Russian thistle (tumbleweed, Salsola tragus),
Sahara mustard (Brassica tournefortii), and fiddleneck (Amsinckia tessellata; Kemp and
Brooks 1998). Fiddleneck is a native species to the U. S., but others are natives to
Eurasia, Africa, or South America (Kemp and Brooks 1998, Esque et a. in press). By
one estimate, alien annuals comprised 9-13% of al annual plant species but 3 species
(red brome, split grass, and redstem filaree) comprised 66% of all annual plant biomassin
one wet year (Brooks 1998, 2000). Other less common weedy species are listed in
USFWS (1994, p. D21) and Kemp and Brooks (1998).
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Invasive grass species (e.g., split grass) tend to have thin, filamentous roots that
spread quickly and easily through shallow compacted soil where the surface crust has
been broken (Adams et al. 1982a, b). The root structure allows plants with filamentous
roots to quickly take advantage of small amounts of water in the soil following light rains
and may alow them to outcompete native, non-weeds, which often grow slower, have
thicker tap roots that are less efficient at pushing through dense, compacted soil (Adams
et al. 1982a, b). There is some empirical evidence that split grass and red brome inhibit
or prevent the growth of native plants, including fiddleneck (Brooks 2000), indicating
that competition may be occurring and that the native plants are less available to foraging
tortoises. However, in Nevada, Hunter (1989, cited in USFWS 1994, p. D22) found no
correlation between native plant density and density of red brome.

In general, invasive plants tend to proliferate in areas of disturbance (Hobbs
1989), but the effect of disturbance may be weak compared to that of rainfall and soil
nutrient levels. Density or biomass of weedy plants in the Mojave Desert may be higher
in areas disturbed by ORVs (Davidson and Fox 1974), livestock (Webb and Stielstra
1979, Durfee 1988), paved roads (Frenkel 1970, Johnson et al. 1975), and dirt roads
(Brooks 1998, 1999a). In a strictly correlative study, Brooks (1999a) found that the
biomass of two annual exotic plants was weakly associated with levels of disturbance
(disturbance was from ORV's and sheep grazing). Biomass of the introduced plants was
also positively associated with soil nutrient levels and the proportion of total biomass and
species richness (number of species in a given area) comprising exotic species was
negatively associated with annual rainfall (i.e., relative proportion of exotic annuals was
greater in years with low annual rainfal).

An additional factor that may facilitate proliferation of alien plants is increased
nitrogen deposition from airborne pollutants (Allen et a 1998). Nitrogen, in the form of
nitric acid and nitrate from automobile exhaust, deposits on plants and soil downwind
from urban areas (Fenn et a. 1998) and perhaps from roads. Brooks (1998) has shown
experimentally that the addition of nitrogen to west Mojave soil increases the biomass of
brome and split grass thereby potentially increasing their competitive advantage over
native plants (Eliason and Allen 1997). The effect ORV-based exhaust has on desert
vegetation has not been established.

It is often stated that non-native plants are of lower nutritional quality than native
species preferred as forage by tortoises, but thisis not always the case. The differencein
nutritional quality may have more to do with the type of plant (e.g., grass versus forb,
Nagy et a. 1998) or annua differences in nutritional quality related to precipitation
(Oftedal 2001). For example, the non-native split grass, which is often eaten and
sometimes preferred by tortoises (Esque 1994), has been shown empirically to deplete
tortoises of nitrogen and phosphorus and water and cause weight losses (Avery 1998,
Nagy et al. 1998, Hazard et a. 2001), but so does the native Indian rice grass
(Achnatherum hymenoides, Nagy et al. 1998). Avery (1998) also demonstrated that split
grass was lower in overal quality, crude protein, essential amino acids, water, and
vitamin concentrations and higher in fiber and heavy metal concentrations than three non-
grass species measured (one introduced and two native forbs). The introduced forb,
redstem filaree, had higher aluminum and iron concentrations, but was otherwise similar
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to native forbs. Where lower-quality weedy grasses can outcompete preferred higher-
quality forbs (Brooks 2000), forbs may be less available to tortoises, tortoises would have
to eat the lower quality invasives, and they would then suffer from a nitrogen and
phosphorus (or other nutrient) deficiencies (Hazard et al. 2001). This speculation
requires further testing.

Mechanical injury from invasive grasses has been observed with instances of the
sharp awn of Bromus rubens being stuck in the nares of tortoises as well as impacting the
food in the upper jaws of the tortoises (Medica, pers. comm.). The interactive effect that
invasives and fires have on tortoises was discussed in the "Fire" section, above.

Landfills

There are approximately 27 authorized sanitary landfills and an unknown number
of unauthorized, regularly used dumpsites in the California deserts. In the West Mojave
Desert, there are 11 authorized landfills. The potential impacts landfills have on tortoise
populations include: loss of habitat, spread of garbage, introduction of toxic chemicals,
increased road kills from vehicles driving to or from the landfill, proliferation of
predatory raven populations, and possible facilitation of increases in coyote and feral dog
populations. Other than for raven predation, there are virtually no data to evaluate most
of these possible threats.

Loss of habitat to landfills is relatively minor except when viewed in the context
of habitat degradation and fragmentation caused by the myriad of human developments
that are proliferating in the desert. Spread of garbage probably poses a very small
problem for tortoise populations (see “Garbage and Litter” section, above), but there are
no data available to evaluate this. The possible effect of toxic chemicals in general is
treated in the “Disease” section, above, but toxins from sanitary landfills are likely to
have very little effect on tortoise populations. Modern sanitary landfills are designed to
prevent the seepage of toxic chemicals and present a very low level (or probability) of
risk, and any seepage from these or less optimally operated landfills would probably
affect a very small proportion of tortoises. Landfills do generate methane gas, but
because desert landfills are so dry, the generation of methane is extremely low and not
likely to affect tortoises. Fugitive dust is probably a localized problem and generally
minimized through frequent sprinkling of the dirt. Increase in road kills is probably
proportional to the level of traffic, speed of vehicles, density of tortoises, and length of
road. For most landfills, these factors are relatively low, so the impact of road kills on
tortoise populations from vehicles going to landfills is probably relatively minor, but they
do happen (LaRue and Dougherty 1999). However, severa landfills are dated to be
closed and converted to transfer or community collection stations. The garbage would be
deposited into dumpsters or large compactors at these stations, then transported to a small
number of larger regional landfills. This activity could increase the amount of traffic at
these fewer landfills thereby increasing the number of road kills.

The greatest potential impact landfills have on tortoise populations is through
their probable role in facilitating increased predation by ravens, and perhaps coyotes.
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Ravens make heavy use of landfills for food (Engel and Young 1992, Boarman et al.
1995, Kristan and Boarman 2001). The food eaten probably helps ravens to survive the
summer and winter, when natural sources of food are in low abundance (Boarman 1993,
in prep.). As aresult, more ravens are present at the beginning of their breeding season
(February - June) to move into tortoise habitat, nest, raise young, and feed on tortoises.
Healthier ravens are more likely to raise chicks successfully, who in turn will move to the
landfills and experience higher than normal levels of survival, and the cycle continues.
Predation by ravens is probably relatively low immediately around landfills where
tortoise populations are relatively low, but increase as ravens disperse to distant nest sites
(Kristan and Boarman 2001). See the “Predation” section, below, for more details.

Livestock Grazing

Grazing by livestock (cattle and sheep) is hypothesized to have direct and indirect
effects on tortoise populations including: mortality from crushing of animals or their
burrows, destruction of vegetation, alteration of soil, augmentation of forage (e.g.,
presence of livestock droppings, and stimulation of vegetative growth or nutritive value
of forage plants), and competition for food.

Reduce Tortoise Density

There are very few data available to determine if grazing has caused declines in
tortoise populations. The Beaver Dam Slope, Utah, was grazed heavily by sheep until
1950's and cattle are still grazing there today (Oldemeyer 1994). Tortoise populations on
the Beaver Dam Slope were estimated at 150 tortoises/mi? (Woodbury and Hardy 1948),
but, using very different methods, the population apparently dropped to 34-47/mi? in
1986 (Coffeen and Welker 1987, cited in Bury et al. 1994). The reductions have been
attributed to grazing, but another cause may include the potential spread of disease from
captive tortoises released in the area (Luke et al. 1991). High mortalities and population
declines in Piute Valley, Nevada, have also been attributed to grazing (Mortimer and
Schneider 1983, and Luke et al. 1991), but 1981 was a drought year and a high level of
recent mortalities may have occurred. Such was the case in Ivanpah Valley where 18.4%
of radio-transmittered tortoises died (Turner et al. 1984). It is interesting to note that
there appeared to be more tortoise mortalities in the section of the Piute Valley study area
that experienced lower levels of recent cattle grazing (Mortimer and Schneider 1983), but
the data are insufficient to make a definitive judgement. No population trends in
California have been attributed with hard data to livestock grazing.

An alternative hypothesis, proposed by Bostick (1990), is that tortoise population
declines paralleled declines in cattle grazing throughout the West that began in 1934 with
the implementation of the Taylor Grazing Act. Unfortunately, there are no reliable data
to test this hypothesis. But its underlying assumption, that tortoises depend on cattle
dung for protein, has no empirical support (see “Cow Dung as a Food Source” section,
below).
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Direct | mpacts

CRUSHING TORTOISES

Some observations of tortoises being crushed by livestock exist in the literature,
but often with little or no data to allow in-depth evaluation. Berry (1978, p. 28) stated
that “smaller tortoises can be crushed easily by cattle or sheep,” but provided no data to
support the statement. Berry (1978, pp. 19-21) also reported that “a small two-to-three-
year old tortoise with a hole through its shell was found near atemporary watering trough
near the DTNA. It appeared to have been killed by sheep within the last few days; the
hole in the shell was about the size and shape of a sheep’s hoof.” Ravens also peck holes
in the shells of young tortoises; insufficient information was provided to know if the hole
was inconsistent with raven predation. Ron Marlow (pers. comm., cited in Berry 1978)
described the disappearance of a marked juvenile tortoise and its small burrow by the
trampling by sheep. Apparently the marked tortoise was never observed again, so
Marlow determined the sheep killed it. The tortoise may have been killed when sheep
trampled the burrow. However, marked juveniles are often never seen again, so the
tortoise either survived or died from one of many causes. Any one of these anecdotes
may be a true indicator of the nature of tortoise-cattle interactions, but the information
provided is inadequate to allow for rigorous evaluation and are very susceptible to
alternative explanations.

Sheep and cattle may not step on tortoises because they are very cautious of
stepping on uneven ground (rocks, bushes, etc.) for fear of losing their footing. This
view is supported by the paucity of documentation of tortoises being crushed by cattle
and sheep. One published paper (Balph and Malecheck 1985) reported a test of arelated
hypothesis: cattle will avoid stepping on clumps of bunchgrass because the clumps form
an uneven surface that may cause the cow to trip. Cattle significantly avoided crested
wheatgrass (Agropyron cristatum) tussocks, avoidance was independent of cattle density,
and taller tussocks were less apt to be trampled than short ones. Out of 288 hoofprints
recorded, 15 (5%) were on tussocks. This well designed study lends support to the
contention that cattle will try to avoid stepping on tortoises, at least large tortoises, but
clearly tortoises are not grass tussocks. However, this speculation can be countered by
the equally plausible contention that the study's results only shows that cattle will avoid
stepping on food; they have no bearing on the propensity for sheep to step on non-food
items (e.g., juvenile tortoises).

Sheep, on the other hand, may step on many juvenile tortoises, but appear to
avoid stepping on subadult and adult tortoises. Tracy (1996) provides an analysis of data
from an aborted BLM study. Without providing details of methods, Tracy (1996)
reported that 20% of the Styrofoam model juvenile tortoises placed in natural habitat
were trampled by sheep, 87% of those trampled models were crushed. Sheep damaged
only about 3% of the subadult models and about 2% of the adult models.
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CRUSHING BURROWS

No one has rigorously evaluated whether livestock crush a significant proportion
of tortoise burrows. Few cases in the literature document livestock trampling actual
burrows and a small number of studies shows increased number of collapsed burrows
following grazing. Nicholson and Humphreys (1981) measured impacts of sheep grazing
immediately after a band of 1000 sheep passed through their West Mojave study site for
12 days. Sheep trampled and partly collapsed a burrow with an adult female inside;
apparently the tortoise was unharmed. Sheep completely destroyed the burrow of a
juvenile tortoise while the animal was inside; the field workers extracted the unharmed
tortoise. The burrow of an adult male was damaged probably with no tortoise inside. On
re-examination of burrows found prior to grazing, 4.3% (7/164) were totally destroyed
and 10% were damaged after sheep grazed in the area. Most damaged burrows (86%)
were in moderate to heavily grazed areas and were relatively exposed. Most burrows
placed beneath shrubs escaped damage (Nicholson and Humphreys 1981). This was an
observational study. Webb and Stielstra (1979) reported observing crushed tortoise
burrows on the south slope of the Rand Mountains in the western Mojave, but gave no
data or additional details. In areport on grazing near the DTNA, Berry (1978) reported
that sheep trampled most shallow burrows and pallets that were in the open (no numbers
were given), and they also crushed and caved in those near the edges of or within shrubs.
Berry (1978) also reported that “cattle and sheep frequently trample shallow tortoise
burrows,” but provided no data. She further speculated that damage to burrows might be
deadly to a tortoise that reaches it on a hot morning only to find it unusable. Thisisa
reasonabl e expectation based on tortoise behavior and thermal ecology, but no supporting
data are available. Avery (1997) found significantly more damaged burrows outside of a
cattle exclosure versus inside and also found that tortoises outside the exclosure spent
more nights in the open, presumably because many of their burrows were collapsed.
There is one account of a tortoise burrow being collapsed by a cow in Utah (Esque pers.
comm.). A tortoise was found crushed inside.

Tracy (1996) provided an analysis of data from 2 unpublished BLM studies on the
effects of sheep grazing on tortoise burrows. the Tortoise and Burrow Study (TABS
study) and Styrofoam model tortoise study (Goodlett unpubl.). The TABS study (cited in
Tracy 1996) evaluated the condition of tortoise burrows before and after grazing inside
and outside of areas grazed by domestic sheep in the Mojave Desert. They found that
2.5% (8/315) of the tortoise burrows were completely destroyed, which was significantly
more than before grazing and more than were destroyed outside the grazing area. In the
Goodlett study (unpubl.; cited in Tracy 1996), 3.7% (36/969) of the artificial burrows dug
to look like desert tortoise burrows were destroyed after grazing. Significantly more
juvenile and immature burrows were destroyed compared to adult burrows and
destruction was greatest in the open spaces between shrubs. The proportion of burrows
destroyed in these two studies and Nicholson and Humphreys (1981) were not
significantly different (Tracy 1996).
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I ndirect Effects

A commonly held assertion is that the Mojave desert plant species and
communities evolved in the presence of, and are probably adapted to, a rich fauna of
Pleistocene herbivores (Edwards 1992a, 1992b). Therefore, the argument continues,
livestock grazing is compatible with present day plant assemblages, in part because
Mojave plants respond to grazing by producing more vegetative material, thus becoming
more vigorous in the presence of grazing. This argument has several flaws. First, most
large herbivores that coexisted in the Mojave desert region 10,000-20,000 years ago
likely primarily browsed leaves from woody shrubs, they did less grazing of grasses and
herbaceous annual vegetation, like cattle, sheep, and tortoises primarily do (Edwards
1992a). Second, the mammals of the Late Pleistocene and Early Holocene Mojave
existed under considerably different vegetative and climatic conditions ago (Van
Devender et a. 1987). A major climatic and vegetative transition occurred between
11,000 and 8,000 years ago. It was more mesic and the area was not a desert. The present
vegetation assembly, dominated by creosote shrub, did not arrive in the Mojave Desert
region until approximately 8000-10,000 years ago (Van Devender et a. 1987). Third, no
one has any idea what density the Pleistocene grazers existed at, so grazing intensity is
completely unknown. Thus, there is little justification for arguing that tortoises evolved
in the presence of grazers and their survival is thus dependent on cattle, as a surrogate for
their coevolved grazing species.

SoiL COMPACTION

Grazing can affect soils by increasing soil compaction and decreasing infiltration
rate, the capacity of the soil to absorb water. A lower infiltration rate means less water
will be available for plants and more surface erosion may occur. In areview of studies
investigating the hydrologic effect of grazing on rangelands, Gifford and Hawkins (1978)
concluded that grazing at any intensity reduces the infiltration rate of the soil. Heavy
grazing reduced infiltration rate by 50% and light to moderate intensities reduced
infiltration by 25% over ungrazed; the differences are statistically significant. Contrarily,
Avery (1998) found significantly greater compaction at a livestock water source, but no
difference between protected and grazed areas away from the water source.

Soil compaction affects vegetation by reducing water absorption (thereby
availability to plants) and making it more difficult for plants to spread their roots,
particularly tap roots (Adams et al. 1982a, b). Growth and perhaps spread of split grass
(Schismus barbatus and S arabicus) is facilitated by compaction because of root
structure. This may lead to a conversion in the vegetation community type and increased
fire hazard. Although, fire spreads slowly and discontinuously with split grass compared
to Bromus grasses (Brooks 1999b).

Empirical evidence shows that infiltration is higher in grazed areas. , Rauzi and
Smith (1973) conducted a comparative experiment in the central plains of Colorado.
They demonstrated that infiltration rate was significantly reduced by heavy grazing (vs.
moderate and light grazing). Infiltration rate was significantly correlated with total plant

-30-



material on the surface (standing crop) in two of the three soil types tested. Species
composition was different. Experimental water run-off tests showed moderate grazing
areas had 7 times the runoff of light grazing areas and heavily grazed areas had 10 times
the runoff as lightly grazed areas. In the Mojave Desert of Nevada and Arizona, signs of
increased soil compaction were evident in grazed areas compared to ungrazed areas
between highway and highway right-of-way fences (Durfee 1988). Avery (1998)
measured soil type, bulk density, and infiltration in an exclosure that cattle were excluded
from for approximately 12 years and compared them to grazed areas outside the
exclosure. He demonstrated that soil in heavily trampled areas near water tanks was
coarser, had higher bulk density, greater penetration resistance, and lower infiltration
rates (all are measures of compaction) than in the protected area.

Although they did not measure compaction or infiltration, Nicholson and
Humphreys (1981) quantified the proportion of soil disturbed after a band of 1000 sheep
spent 12 days foraging and bedding within a 1.6 km? study plot. They estimated that
80% of the soil in bedding areas was disturbed, 67% in watering areas, 37% in grazing
areas, and 5% in areas not used by sheep. Soil was considered disturbed if the surface
crust was broken or missing and was independent of cause. This non-replicated
observationa study had a control, did not document what effect the measured disturbance
had on vegetation or soil parameters, but did suggest the extent of surface disturbance
caused by the grazing.

In a comparison of soil conditions following sheep grazing in the Western
Mojave, Webb and Stielstra (1979) noted disruption of soil crusts in intershrub spaces
and on the coppice mounds of creosote bushes. Surface strength (a measure of
compaction) was significantly greater in grazed vs. ungrazed areas, particularly in the
upper 10-cm of the soil. Bulk density and moisture content did not differ, perhaps
because of the high gravel content of the soil or compaction in both areas from grazing
activity in previous years.

CHANGESIN SOIL TEMPERATURE

Another potential indirect effect of livestock grazing on tortoise habitat is
alteration of soil temperature due to change in vegetation structure or soil compaction.
Steiger (1930 cited in Luke et al. 1991) measured a significant increase in soil
temperature at depths of 2.5, 7.5, and 15 cm in clipped versus unclipped plots. Browsing
of shrubs may also alter soil temperature, but in unexpected ways. Using models that
accurately duplicated the thermal profiles of desert tortoises, Hillard and Tracy (1997), a
graduate student from University of Nevada, Reno, found that soils were cooler beneath
shrubs with sparse and open undercanopies and hotter when the undercanopy was entirely
closed. Apparently, the open undercanopy allowed cooling by both shade and wind,
whereas closed undercanopies trapped hot air. Hence, if livestock browse, graze or
otherwise reduce density of the undergrowth of a shrub while leaving the canopy with
intact shading properties, then soil temperatures may be reduced. Alternatively, if
grazing also reduces the shrub’s canopy, then soil temperatures may increase. It is
unknown what effect grazing-induced changes in soil temperature might have on
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tortoises. The temperature during incubation (Spotila et al. 1994) determines sex of
tortoises: incubation temperatures above 89.3°F result in females, and below result in
males. Although this has not been tested in the field, it is possible that significant
increases in soil temperature resulting from grazing-induced vegetation changes may
significantly skew the sex ratio of the tortoise population in favor of females and vice
versa. Also, Spotila et al. (1994) found that hatching success was highest for eggs
incubated between 78.8°F and 95.5°F.

CHANGES IN VEGETATION

Grazing by cattle can alter vegetation in several ways. damage from trampling,
change in species composition perhaps resulting in type conversion (change in plant
community type), and introduction of invasive plants.

TRAMPLING OF VEGETATION AND SEEDS

Livestock may cause direct damage to vegetation when they step on or push into
shrubs and herbaceous annuals, and this impact was measured in a few studies. In the
west Mojave Desert, none of the perennials on plant transects where sheep grazed were
trampled, whereas 17% found in the bedding area were trampled (Nicholson and
Humphreys 1981). Webb and Stielstra (1979) reported that sheep trample creosote bush
when seeking shade to bed in. Annuals, which are prevalent on coppice mounds beneath
creosote, were also trampled or eaten. As noted above, Balph and Malechick (1985)
provided empirical evidence that cattle usually avoided stepping on clumps of crested
wheatgrass, but still stepped on them 5% of the time.

Trampling by livestock may help to bury seeds and improve germination through
their trampling action. In sagebrush scrub of northern Nevada, Eckert et al. (1986) found
that light trampling increased germination of perennial grasses, but not perennial forbs,
and heavy trampling decreased emergence of perennial grasses while increasing
emergence of sagebrush and perennial forbs. Cattle grazing in Chihuahua Desert
grassland enhanced revegetation by non-native grasses, but rain may have confounded
the results (Winkel and Roundy 1991). Unfortunately, no similar studies from the Mojave
Desert are available. However, biomass of seeds in the soil seed bank was significantly
higher inside compared to immediately outside the DTNA, a 38 mi? fence enclosed
preserve, where sheep grazing and ORV's had been excluded for 15 years (Brooks 1995);
this in spite of there being more seed-eating rodents inside the DTNA. The biomass of
annual vegetation, including the introduced species, was also greater inside the DTNA,
but the total biomass of natives was proportionally higher inside than outside. Several
other uses occurring outside the DTNA were absent from inside the preserve, thus the
differences cannot be attributed solely to grazing. However, the changes noted are the
expected effect of removal of surface disturbance from the reserve.

Near the DTNA, sheep trampled and uprooted perennial shrubs, such as
burrobush (Ambrosia dumosa), goldenhead (Acamptopappus sphaerocephalus), and
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Anderson thornbush (Lycium andersoni). “Even large creosote bushes (Larrea
tridentata) were uprooted” (Berry 1978, p 512). “In many areas near stock tanks [in
Lanfair Valley, California] the ground is devoid of vegetation for hundreds of meters.
Trailing is heavy and damage extensive within 4.6 to 6.4 km of the tanks’ (Berry 1978, p.
512). These reports are anecdotal; no data or additional details were provided.

PLANT COMMUNITY CHANGES

As early as 1898, range scientists observed that cattle ranges in the southwest
were becoming overgrazed and urged that restorative actions were necessary (Bentley
1898). Since then, several studies have documented vegetation changes over the past
century by comparing photographs or field notes taken in both centuries (Humphrey
1958, Humphrey 1987). The dominant change was a conversion from grass- to shrub-
dominated communities (type conversion). Whereas livestock grazing has been
implicated as an important cause for these changes, separation of the effect of grazing
from the effects of fire suppression, rodents and other herbivores, competition, and
climate changes is difficult (Humphrey 1958, 1987). Severa studies compared grazed
areas to nearby ungrazed areas particularly in southeast Arizona. They generally show a
similar reduction in grass species in the grazed areas. Unfortunately, none of these
studies occurred in the Mojave Desert and, because the grass-dominated ecosystem of
southeast Arizonais very different from the non-grass deserts of California, thereislittle
value in extrapolating from one to the other.

In 1980, the BLM created a 672-hectare cattle exclosure in lvanpah Valley,
eastern Mojave Desert of California, to determine the effects of cattle grazing on desert
tortoises and their habitat. In the study establishing baseline data for a long-term
comparison, Turner et al. (1981) found no significant differences between plots in
biomass of annuals, weight or length of tortoises, proportion of reproductively active
females, and tortoise home range sizes. Sex ratios and size classes of tortoises were
comparable between the two plots. The lack of differences could be attributed to: (1) low
use by cattle of the non-excluded area in both years of the study; 2) tortoise and
vegetation recovery, if they are to happen, are likely to take much longer to be
observable; and (3) sample size (n=1) too small to detect differences. Changesin tortoise
weight with time, estimated clutch sizes, and concentrations of some nutrients in some
plant species differed between plots, indicating that some differences existed between
control and treatment at the start of the study. Over so short atime frame, differences are
likely due to prior spatia differences in habitat or populations rather than grazing
treatment. There was a similar level of differences between control and treatment plots
oneyear later (Medicaet al. 1982).

Avery (1998) conducted a follow up study at the Ivanpah study plot in the early
1990’'s. Avery (1998) compared vegetation inside and outside the exclosure. Compared
to the ungrazed exclosure, the grazed area had significantly larger creosote bushes, more
dormant or dead burrobush, Ambrosia dumosa (a perennia shrub), fewer and smaller,
galleta grass, Pleuraphis [=Hilaria] rigida (a native, perennial grass) representing less
biomass, more of the disturbance-loving shrub, Hymenoclea salsola, and lower diversity
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of winter annuals. They found significantly more desert dandelions (Malacothrix
glabrata), a plant preferred by both cattle and tortoises, and a greater increase in basal
area but not density of the native perennial galleta grass, P. rigida, in the protected area.
P. rigida did increase in basal area over a 12 year period in the grazed area, indicating
that level of grazing (0.31 - 2.60 animal unit months) does not cause mortality in P.
rigida. Biomass, cover, density, and species richness of annuals did not differ. Recovery
of Mojave Desert vegetation following alteration by cattle grazing could be very slow
(Oldemeyer 1994), so 12 years of exclusion may be insufficient to detect a more
significant effect.

A recent study compared soil characteristics, vegetation, and tortoise density
within and around three exclosures in the Mojave Desert, including 2 in the west Mojave
(Larsen et al. 1997). They reported finding few differences between “grazed” and
“ungrazed” plots in percent canopy cover, and the differences found were relatively
minor. Grazing reduced native forb density and increased soil compaction. Numbers of
live tortoises, tortoise carcasses, and tortoise burrows were no different between grazed
and ungrazed areas. Details provided were insufficient to adequately evaluate the
methods or results and virtually no statistical analyses were provided.

Durfee (1988) compared structural features of the plant community between
ungrazed areas along fenced highways and grazed areas outside of the right-of-way
fences. A greater proportion of introduced plants, more bare ground, fewer perennial
grasses, and lower spatial heterogeneity in species composition occurred in the grazed
areas (see also Waller and Micucci 1997).

As cited above, Brooks (1995) found significantly higher annual plant and seed
biomass in the DTNA, an area protected from sheep grazing, compared to an area outside
the preserve. Berry (1978) characterized the qualitative effect of sheep grazing near the
DTNA: “sheep removed almost all traces of annual forbs and grasses; the desert floor
appeared more devoid of herbaceous growth than in drought years.” No further data
were provided in the latter report.

In al of these studies, spatial differences obtained in soil, weather, and vegetation
may be independent of cattle grazing. Furthermore, the size of exclosures may be
insufficient to allow the ecosystem to function independent of grazing activities outside
the exclosure (which is probably not a big problem at the DTNA, studied by Brooks
1992). Furthermore, many of the above studies, particularly the older and observational
ones, were reporting on the effects of long-term heavy grazing, whereas grazing regimes
being implemented today are generally much lighter (Oldemeyer 1994).

Water for cattle is usualy provided at specific points, at either springs or troughs.
Because they will only wander a certain distance from the water source, affect of cattle
on the environment will be greatest immediately around the water source and will
decrease with distance (e.g. Avery 1998). Fusco (1993), Fusco et al. (1995), Bleecker
(1988), and Soltero et al. (1989) recorded significant increases in biomass and density of
grasses and other species with distance from water sources. Changing the location of
water sources would have the effect of reducing the intensity of impact around each water



source, but may increase the impacts at other sites. It is unknown if impacts would be
below the (unknown) threshold for significant effect on the environment.

The impact of sheep grazing has been studied only once. In an observationa
study, Nicholson and Humphreys (1981) noted that areas not grazed by sheep had 2.3
times more cover and 1.6 times higher frequency of annual plants than in sheep bedding
areas and 1.8 times more cover and 1.3 times higher frequency than grazed areas. Annual
plant cover decreased by 70% in a heavy-use area compared to 50% in a light-use and
40% in a non-use area before grazing versus after grazing one month later. They aso
found a 96-99% reduction in annual plant cover between April and June in areas
receiving heavy and light grazing by sheep. None of the perennials on plant transects
where sheep did not graze showed damage after sheep left the area; 18% in the grazed
area were damaged and 91 to 99% in the bedding areas were damaged. Apparently,
trampling caused most of the damage in the bedding areas whereas most in the light-use
area was from browsing. However, differences may be caused by other factors such as
soil that may have differed between the sites independent of grazing pressure. Rather
than using exclosures, the sheep and herder were allowed to select the areas they grazed.
Hence, the sheep avoided ungrazed treatments for this study. This may have biased the
results since there may be inherent differences in these areas that caused the sheep to
avoid them.

An often cited benefit of grazing is “compensatory growth,” growth of plant
tissue following clipping, removal, or damage to plants resulting in increased growth or
vigor (e.g., Bostick 1990, McNaughton 1985, Savory 1989). The concept is
controversial, has gained little empirical support in semi-arid grasslands and ranges
(Detling 1988, Bartolome 1989, Weltz et al. 1989, Wilms et a. 1990), may only be viable
in wet, fertile, monocultural environments (Painter and Belsky 1993), and has not been
tested in the Mojave Desert (e.g., Painter and Belsky 1993). What little evidence exists
from the Mojave Desert fails to support the compensatory growth hypothesis. Avery
(1998) found that Pleuraphis [=Hilaria] rigida, a native grass consumed by both cattle
and desert tortoises, was significantly smaller in grazed versus ungrazed areas. More
Ambrosia dumosa, which is sometimes eaten by cattle in drought years (Medica pers.
comm.), was found dead or dormant in the grazed compared to ungrazed plots. Creosote
(L. tridentata) was larger in grazed areas, but is consumed by neither cattle nor tortoises
(Avery 1998).

INVASIVE PLANTS

Grazing has been implicated in the proliferation of invasive plants in the Mojave
Desert (Mack 1981, Jackson 1985, Brooks 1995). Webb and Stielstra (1979) noted that
Schismus and Erodium densities remained unchanged between a grazed and ungrazed
area probably because they have an adaptive tolerance to environmental disruption such
as soil compaction thus giving them a competitive edge over many native annuals. Berry
(1978) reported that the heavily grazed Lanfair Valley “now contains a high percentage
of weedy, invader, perennial species typical of overgrazed desert lands,” but provided no
data. Bostick (1990) argued that cattle grazing helped tortoise populations by aiding the
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spread of cacti. Some evidence from outside the Mojave suggests that grazing does aid in
the spread of cacti, but the evidence is equivocal. Also, tortoises do eat cacti, which may
be an important source of water and nutrition during drought periods (Turner et al. 1984,
Avery 1998). But, the evidence in support of Bostick’s hypothesisis weak.

COMPETITION

An important effect livestock grazing may have on tortoise populations is
competition for food. Because of the enormous differences in size and energy
requirements of the two species, the competition, if it occurs, is likely to be heavily
asymmetric, with cattle affecting the tortoise populations, but probably not the converse.
Three conditions must be met for asymmetric competition to occur: overlap in use of
some resource (e.g., food), the resource must somehow limit or constrain one or both
species in question, and use of the resource by one species must negatively affect the
other species (Begon et al. 1990). Some data exist to help determine if competition for
forage exists between cattle and tortoises, but less exist for sheep.

Many studies provide qualitative insights into forage species of tortoises
(Woodbury and Hardy 1948, Burge and Bradley 1976, Hansen et a. 1976, Hohman and
Ohmart 1980, Luckenback 1982, Nagy and Medica 1986) and three major studies
quantified diet and forage selection in desert tortoises (Jennings 1993, Esque 1994, and
Avery 1998). Tortoises primarily eat annual herbs in the spring and switch to grasses,
perennial succulents (cacti), and dried annuals later in spring and early summer (Avery
1998). Tortoises are active again in the late spring and early fall as temperatures cool.
As aresult of localized late summer rains, sporadic green up of the vegetation can occur.
At this time annuals germinate and bunch grasses (e.g., Hilariarigida) green up and set
seed. Cattle then eat the bunch grasses (Medica et al. 1992). In a drought year, tortoises
in lvanpah Valley consumed little food other than cacti during the latter part of the season
(Turner et a. 1984). Thus, cacti may serve as a reserve supply of energy, more
importantly as a potential source of water.

Four studies quantified plant foods eaten by cattle in the Mojave Desert (Coombs
1979, Burkhardt and Chamberlain 1982, Avery and Neibergs 1997). Avery and Neibergs
(1997) followed cattle on horseback in the eastern Mojave Desert. By recording the
species of plant and number of bites taken by the free-ranging cattle they found that foods
chosen by cattle varied with season. In winter cattle primarily ate the perennia grass, big
galeta grass (Pleuraphis [=Hilaria] rigida) and dried annuals from the previous spring
(Medica et al. 1982, documented that cattle and tortoises eat perennia grasses in fall).
Contrarily, Burkhardt and Chamberlain (1982) found perennial shrubs to predominate the
diet of cattle in winter, annual grasses and green forbs did so in spring. Coombs (1979)
found that cattle in the eastern Mojave of Utah particularly ate Bromus sp.,
Ephedranevadensis, and Eurotia lanata and ate perennial grasses considerably more
often than expected based on their relatively uncommon presence. All of these studies
illustrated that cattle in the desert eat diverse foods and that the foods eaten vary with
season, locality, and availability.
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Severa studies provided evidence that tortoise and cattle diets overlap (Coombs
1979, Sheppard 1981, Medica et al. 1982, Avery and Neibergs 1997, Avery 1998), three
of which did so quantitatively. Coombs (1979) and Sheppard (1981) used fecal samples,
which are biased because they overestimate food items that contain large undigestible
parts (e.g., silica-containing stems of grasses) and underestimate items that are highly
digestible (e.g., moist forbs). Sheppard (1981) showed that plaintain (Plantago
insularis), filaree, and Schismus experienced the highest levels of overlap , but overlap
varied considerably between months and years. Coombs (1979) found that overlap
existed, but neither study provided a species-by-species comparison or an explanation of
how overlap was calculated. Camassonia boothii, Malacothrix glabrata, Rafinesquia
neomexicana, Schismus barbatus, and Sephanomeria exigua were major forage items of
both cattle and tortoises in Ivanpah Valley (Avery and Neibergs 1997, Avery 1998). Diet
overlap between the two herbivores was greatest in early spring (38% Vs 16% in late
spring, Avery and Neibergs 1997, Avery 1998).

Three studies provide data on forage overlap between sheep and tortoises. Webb
and Stielstra (1979) reported that in the western Mojave Desert, sheep primarily ate
herbaceous vegetation from the coppice mounds around the base of perennial shrubs. By
comparing biomass of plants in a grazed area versus a nearby ungrazed area, they
determined that three species were primarily removed: Phacelia tanacetifolia,
Thelypodium lasiophyllum, and Erodium cicutarium.. Shrubs browsed by the sheep
included Ambrosia dumosa, Grayia spinosa, Haplopappus cooperi, and Acamptopappus
sphaerocephalus. Cover, volume, and biomass of these shrubs were significantly lower
in grazed vs. ungrazed areas. However, because measurements were not taken before
grazing it is possible that some differences may have existed before grazing commenced.
Hansen et a. (1976) estimated that 15% of sheep diet in the western Mojave was
composed of grasses and 52% of desert tortoise diets was composed of grasses.
Nicholson and Humphreys (1981) reported several species of plants, particularly
flowering annuals and burrobush (Ambrosia dumosa), that were highly used by sheep, but
provided no quantitative data. Several species eaten by sheep were also eaten by
tortoises including: split grass (Schismus arabicus), checker fiddleneck (Amsinckia
tessellata), desert dandelion (Malacothrix glabrata), filaree (Erodium cicutarium),
Fremont pincushion (Chaenactis fremontii), Parry rock pink (Stephanomeria parryi),
chickory ((Rafinesquia neomexicana), snake's head (Malacothrix coulteri), red brome
(Bromus rubens).

Only two studies directly tested for competition between tortoises and livestock.
In an extensive study, Avery (1998) showed that cattle and tortoise diets overlap (38% in
early spring, 16% in late spring). He also demonstrated that tortoise foraging was altered
in the area where both species co-occurred. In late spring in the absence of cattle,
tortoises primarily ate herbaceous perennials (91% of diet), whereas in the grazed areas,
tortoises primarily ate annual grasses (59%) followed by herbaceous perennials (21%).
The species of herbs aso differed: in the exclosure tortoises preferred desert dandelion
(Malacothrix glabrata), whereas in the grazed areas they ate primarily the exotic grass,
splitgrass (Schismus barbatus). The availability of desert dandelion was significantly
higher in the ungrazed area, which indicates a response to grazing, and of splitgrass was
equivalent in the two areas. In one dry year, tortoises spent significantly more time
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(approximately three times more) foraging in the grazed than in the protected areas,
presumably in search of nutritionally-adequate food to fill up on. Thus, two of the three
conditions necessary to confirm that cattle compete with tortoises for food were clearly
supported empirically. The fina condition, that one species must negatively impact the
other, was also demonstrated, but more indirectly. In a separate, independent study,
tortoises eating primarily Schismus barbatus have been shown to be put in a negative
water and nitrogen balance (Nagy et a. 1998), which could increase mortality
particularly during periods of extended drought (Peterson 1994a, Avery 1998).
Furthermore, Henen (1997) demonstrated that lower nitrogen intake reduces reproductive
output in female tortoises. A long-term comparison of differential survival and
reproductive success of tortoises within and outside an exclosure would be an excellent
empirical test of the effect cattle grazing has on tortoise popul ations.

Tracy (1996) found that in years of very low annual productivity, tortoises lay
fewer eggs. They also found that cattle foraging reduced tortoise forage abundance
enough to cause tortoises to lay fewer eggs than normal. The conclusion is that, in low
rain years, cattle may remove enough forage to reduce tortoise reproductive output, thus
competition occurs in those years. The authors did not track hatchling success to
determine if the fewer eggs still resulted in the same number of successful hatchlings.

Cow DUNG AS A FOOD SOURCE

Bostick (1990) argued that declines in tortoise populations is caused by a
reduction in the availability of cow dung which has declined with the reduction in
numbers of cattle grazing in the southwest. He argued that cow dung is an important
source of food for tortoises. However, Avery (1998) studied tortoise foraging behavior
where tortoises coexisted with cattle. He observed over 30,000 bites of items and
observed only 231 bites of cow dung. Esque (1994) also observed over 30,000 bites on
food objects. He reported that 107 of them were of feces, but none were from livestock.
Furthermore, Allen (1999) evaluated the nutritional quality of cow dung and found it to
be deficient for tortoises. In fact, even when cow pies were their only choice of food for
one month, most tortoises (71%) refused to eat. Those that did eat, assimilated virtually
none of the nitrogen. Thus, whereas Bostick (1990) presented an intriguing alternative
hypothesis for tortoise population declines, there is no empirical support for its basic
assumptions.

Summary

Surprisingly little information is available on the effects of grazing on the Mojave
Desert ecosystem (Oldemeyer 1994, Rundel and Gibson 1996, Lovich and Bainbridge
1999). Differences in rainfall patterns, nutrient cycling, and foraging behavior of
herbivores and how these three factors interact make applications of research from other
areas of limited value in understanding the range ecology of the Mojave Desert. The
paucity of information is surprising given the controversy surrounding grazing in the
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Mojave and the importance of scientific information for making resource management
decisions affecting grazing. Studies mostly from other arid and semi-arid regions tells us
that grazing can alter community structure, compact soil, disturb cryptogamic soils,
increase fugitive dust and erosion. Some impacts to tortoises or their habitat have been
demonstrated, but the evidence is not overwhelming.

Military Operations

The California deserts were used for military exercises as far back as 1859 when
Fort Mojave was first built (Krzysik 1998). The most extensive use was for World War
1 training when 18400 mi? (47105 km?) in California and Arizona were designated as the
Desert Training Center and used extensively for training with tank and armored vehicles.
Today, four major, active military installations occur within the West Mojave and
comprise a total of 4165 mi® (10663 km?): Naval Air Weapons Station (“China Lake;”
1731 mi?, 4432 km?), National Training Center (“Fort lrwin;” 1016 mi?, 2600 km?), Air
Force Flight Training Center (“Edwards Air Force Base;” 476 mi? 1218 km?), and
Marine Corp Air Ground Combat Center (“MCAGCC” or “Twentynine Palms;” 943 mi?,
2413 knv).

As outlined in the Recovery Plan (USFWS 1994), impacts to tortoise populations
come from four basic types of military activities:

“(1) construction, operation, and maintenance of bases and support
facilities (air strips, roads, etc.); (2) development of local support communities,
including urban, industrial, and commercia facilities; (3) field maneuvers,
including tank traffic, air to ground bombing, static testing of explosives, littering
with unexploded ordinance, shell casings, and ration cans; and (4) distribution of
chemicals.” (USFWS 1994, p. D14)

A fifth potential impact is above ground nuclear weapons testing, which took
place in Nevadain the 1950s and 1960s.

Construction, Oper ation, and M aintenance of Bases and Support Facilities

All four major military bases in the west Mojave Desert each have facilitated the
growth or development of large internal support communities. The development of these
communities destroyed tortoise habitat and likely brought with them all of the other
impacts generally associated with large human settlements (fragmentation, ORV's, release
of disease, facilitation of raven population growth, domestic predators, etc.), each of
which are discussed elsewhere in this report. There is some evidence that the tortoise
population around China Lake declined within four decades following development of
the base at China Lake (Berry and Nicholson 1984a). However likely this conclusion
probably is, the data used were based solely on anecdotal observations (Bury and Corn
1995); and the data only show a correlation, not a cause and effect. Removal
(translocation) of tortoises from construction sites, runways, and other heavy use areas to
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other parts of the desert occurs and may affect the tortoises moved (Berry and Nicholson
1984a; see "Handling and Deliberate Manipulation” section, above). Another impact is
the fragmentation of the habitat by the apparent haphazard placement of facilities
throughout major portions of habitat (pers. obs.).

Development of L ocal Support Communities

The four major military bases in the west Mojave Desert have facilitated the
growth or development of large external support communities. Ridgecrest, Barstow,
Lancaster, Pamdale, and Twentynine Palms, which each have problems for tortoises
typical of large suburban areas in the desert (see "Urbanization and Development”
section, below).

Field Maneuvers

Tank maneuvers cause some of the most drastic and long-lasting impacts to the
Mojave Desert habitats. Extensive tank training operations were conducted in the 1940's
and in 1964 over 17,500 mi? of desert (Lathrop 1983, Prose and Metzger 1985, Krzysik
1998) and even more intensive maneuvers are currently taking place within an 819 mi?
area on Fort Irwin (Krzysik 1998) and on MCAGCC (Baxter and Stewart 1990). Direct
mortality to tortoises is relatively rare or not often reported, but does occur (Stewart and
Baxter 1987, Quillman pers. comm.). Tanks damage vegetation, compact soil, cause
fugitive dust, and run over tortoise burrows and tortoises. The results are largely denuded
habitat, and atered vegetation composition, abundance, and distribution (Wilshire and
Nakata 1976, Lathrop 1983, Baxter and Stewart 1990, Prose et al. 1987, Krzysik 1998).
Natural recovery can take along time; 55 year old tank tracks can still be seen throughout
many parts of the desert (Wilshire and Nakata 1976, Krzysik 1998). Krzysik (1998)
reported a significant reduction in tortoise densities (62-81% over six years) in active
training areas of Fort Irwin and no change or increases in densities in areas with light and
no activity. The effect of tank maneuvers was highest in valey bottoms and
progressively less in high bajadas, talus slopes, and rugged mountain ranges where
training activities were considerably lower.

Bombing and other explosive ordinance cause impacts in some areas, but no
documentation was found of their effect on tortoise populations or habitat.

Distribution of Chemicals

It has been suggested that diseases affecting tortoise shells may be caused by
residua chemical remains left over from military operations, but the evidence is highly
speculative (See “ Disease” section, above).
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Nuclear Weapons Testing

Between 1951 and early 1963, the U. S. Atomic Energy Commission detonated 100
atomic devices above ground at the Nevada Test Site, Nevada (U. S. Department of
Energy 1994). From mid 1960s to early 1990s only underground tests were conducted.
Resource Concepts Inc. (1996) argued that radiation released into the atmosphere during
these tests might explain tortoise declines. They cited two anecdotal accounts, one of
many sheep getting sick near Cedar City, Utah, and another of high Geiger counter levels
around the mouth of a cow in the same area. They suggested that nuclear fallout might
explain the presence of disease in tortoise populations. Beatley (1967) found only very
low levels of radiation at a plant study plot 8 km east of a below-ground test blast and
attributed vegetative defoliation to dust from heavy vehicular traffic on a nearby dirt
road.

The University of California, Laboratory of Nuclear Medicine and Radiation
Biology conducted experimental radioecology research studies in Rock Valley located
along the southern boundary of the Nevada Test Site. These irradiation studies involved
the chronic exposure of plants and animals from a centrally located 137 cesium source
located atop of a 50-ft tower within a 21-ac fenced plot. Rundel and Gibson (1996)
provided a brief summary of the results of the Rock Valley irradiation experiment.
Beyond direct mortality from the test blasts, there was very little persistent effect of
radiation on the surrounding lizard populations. Little long-term effect on the pocket
mouse, Perognathus formosus, was found (Turner 1975). On the other hand, female
lizards at Rock Valley were found to be sterile several years after the experiment began
(Turner 1975, Turner and Medica 1977). There were five adult tortoises present
throughout most of the study and four still remained in 2001 (Medica pers. comm.).

| could find no data that bear directly on the potential effects of nuclear weapons
testing on tortoise populations. The map in Gallagher (1993) suggests that fallout was
nearly nonexistent in the west Mojave (which is consistent with predominant wind
patterns), where URTD is rampant (Berry 1997). Therefore, if there is an effect from
testing, it probably cannot be a universal explanation for rangewide declines nor can it
explain the markedly high losses and levels of disease documented in the west Mojave.

Noise and Vibration

The following is largely paraphrased from my contribution to the Desert Tortoise
Recovery Plan (USFWS 1994). Anthropogenic noise and vibrations may impact tortoises
in several ways including: disruption of communication, and damage to the auditory
system. A body of peer reviewed scientific literature exists demonstrating how
background noise may mask important vocal signals in insects and amphibians (e.g.,
Bushcrickets, Conocephalus brevipennis, Bailey and Morris, 1986; Green Treefrogs,
Hyla cinerea, Ehret and Gerhardt, 1980). Hierarchical social interactions, hearing, and
vocal communication have all been identified in desert tortoises (Adrian et al. 1938,
Campbell and Evans 1967, Patterson 1971, 1976, and Brattstrom 1974, Bowles et al.
1999). Patterson (1976) identified eleven different classes of vocal signals used by desert
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tortoises in various of social interactions, but he did not demonstrate that animals who
hear the signals react or change their behavior in any way, a necessary component in
identifying communication. The signals are relatively low amplitude, have fundamental
frequencies 200 Hz or lower, and harmonics that reach as high as 4500 Hz (Patterson,
1976).

The portions in the following excerpt from USFWS (1994) pertaining to desert
tortoisesis purely speculative with no direct empirical support for desert tortoises:

“ Many anthropogenic noises, such as automobile, jet, and train noises,
cover awide frequency bandwidth. When such sounds propagate through the
environment, the high frequencies rapidly attenuate, but the low frequencies
may travel great distances (Lyon, 1973). The dominant frequencies that
remain after propagation correspond closely to the frequency bandwidth
characteristic of desert tortoise vocalizations. Therefore, masking of these
signals may significantly alter an animal's ability to effectively communicate
or respond in appropriate ways. The same holds true for incidental sounds
made by approaching predators, masking of these sounds may reduce a
tortoise's ability to avoid capture by the predator. The degree to which
masking by noise affects tortoise survival and reproduction depends on the
physical characteristics (i.e., frequency, amplitude, and short- and long-term
timing) of the noise and the animal signal, propagation characteristics of the
sounds in the particular environment, auditory acuities of the tortoises, and
importance of the signal in mediating social or predator interactions. There
are no studies to test the masking effect of noise on tortoise behavior, but the
effect is likely to be relatively low given that voca communication is
probably not extremely important in mediating social interactions and that
noises loud enough to mask sounds important to tortoises are generally
uncommon and short in duration. The only place the noise would be
continuous enough may be alongside heavily traveled roads, where tortoise
abundance is generally quite low.

"Loud noises (and associated vibrations) may damage the hearing
apparatus of tortoises. Little research has been performed on tortoise ears, but
it is clear that tortoises are able to hear, and the relatively complex vocal
repertoires demonstrated by tortoises suggests that their hearing acuity is
similarly complex. Brattstrom and Bondello (1983) experimentally
demonstrated that off-highway vehicle noise can reduce the hearing thresholds
of Mojave Fringe-toed Lizards (Uma scoparia). Relatively short, single
bursts (500 sec) of loud sounds (95 dBA at 5 meters) caused hearing damage
to seven test lizards (Brattstrom and Bondello, 1983). Comparable results
were obtained when desert iguanas (Dipsosaurus dorsalis) were exposed to
one to ten hours of motorcycle noise (Bondello, 1976). It is likely that
repeated or continuous exposure to damaging noises will cause a greater
reduction in auditory response of these lizards. It is not unreasonable to
expect loud noises to similarly impact the auditory performance of desert
tortoises.”

-42-



A study conducted by Bowles et al. (1999) showed very little behaviora or
physiological effect on tortoises of loud noises that simulated jet over flights and sonic
booms. They also demonstrated that tortoise hearing is fairly sensitive (mean = 34 dB
SPL) and was most sensitive to sounds between 125 and 750 Hz, well within the range of
the fundamental frequency of most of their vocalizations. The authors concluded that
tortoises probably could tolerate occasional exposure to sonic boom level sounds (140 dB
SPL), but some may suffer permanent hearing loss from repeated long-term exposure to
loud sounds such as from ORVs and construction blasts.

ORV Activities

Like most other threats, off road vehicle (ORV) activities may affect tortoise
populations in multiple ways. direct mortality by crushing tortoises on the surface or in
burrows, or indirect mortality through habitat alteration from soil compaction, vegetation
destruction (direct or indirect via dust), or toxins from exhaust. However, different types
of ORV activities will likely have different effects on tortoise populations. There are
basically four categories of activity that may have very different impacts. free play
where vehicles are not restricted to designated routes and cross travel or off-road and off-
trail activity probably occurs regularly; non-competitive recreational uses outside of free
play areas are limited to designated roads and trails with any driving off of those routes
being illegal; competitive events are organized races that are restricted to designated open
areas; and unauthorized cross-country travel for recreational or commercial (e.g., mining
exploration) purposes. Hence in thisreport, ORV refers to motorized vehicle travel off of
paved and graded dirt roads whether they are on ungraded dirt roads, trails, or cross
country driving. ORV's can include dirt bikes, sport utility vehicles, all-terrain vehicles,
sand rails, and any other type of motorized vehicle that travels such roads.

Reduce Tortoise Density

A number of reports document ORVs may directly kill tortoises (see below),
however the data are insufficient to evaluate the extent of its overall impact on tortoise
populations. We must rely more on other measures such as differences in tortoise
densities between areas used by ORV's and those free from such activity. For example,
Bury and Luckenback (1986) compared tortoise densities inside and outside of an ORV
free-play area. They found 3.8 times more tortoises in a control area lacking ORV
activity compared to a nearby open area and the animals were significantly heavier
(p<0.01) in the control area. They also found 2.8 times the number of burrows, more of
which were active, in the control area. Most of the burrows in the ORV area were in the
section most lightly used by vehicles. The denser vegetation in the control area made
searching much slower, hence 3.6 times more effort was spent searching the control area.
The differences in number of tortoises are not likely to be a consequence of differencesin
search time because identical and consistent methods were used to sample each area
(Bury and Luckenbach 1977). Asthis study was unreplicated (only one control, and one
treatment area were surveyed), it is conceivable that the differences detected are due to



causes other than ORV activity (e.g., soil or habitat differences or natural patchiness of
tortoise populations).

Berry et a. (1986) compared tortoise populations inside of the DTNA and
immediately outside where heavy ORV activity occurs. Using methods that are of
guestionable validity (Corn 1994a), they noted that significant declines occurred over a
six-year period among juveniles and immatures in both areas, but that the declines were
significantly greater in the adjacent area with more ORV activity.

Berry et al. (1994; for published abstract see Berry et a. 1996), compared
evidence of human activity and tortoise sign (i. e., number of tracks, scat, and burrows,
which is positively correlated to tortoise density; Turner et al. 1985) along 100 transects
conducted in 1977-79 and 150 in 1990. They found that vehicle trails in 1990 were
positively associated with areas classified as having low to medium densities of tortoises,
but that numbers of vehicle trails and tracks were not directly correlated to actual number
of tortoise sign. In one area, ORV activity had been stopped by BLM one year prior to
the study, so vehicle tracks had been obliterated or were aged and did not accurately
reflect the level of ORV activity the tortoise population had experienced over the past
several years. Furthermore, the study lacked an adequate control site, but it is difficult to
have good controlsin a broad field study like this.

Anindirect piece of evidence that ORV s reduce tortoise population density comes
from Nicholson (1978). She reports on the findings of sets of transects walked at varying
distances from the edges of several paved roads and highways in the Mojave desert. The
study was designed to measure the effects of paved roads, not dirt roads or ORV travel on
tortoise populations, thusis of little relevance to evaluating ORV impacts. She found that
counts of tortoise sign increased with distance from paved roads. However, aong
Shadow Mountain Road, she found a reduction in tortoise sign 880 meters from the road
edge, in an area with “excessive ORV use.” She provided no statistical analysis of this
observation, nor did she comment on the presence or absence of ORV activity along any
of the 39 other transects she walked.

Direct Effects
CRUSHING TORTOISES AND BURROWS

Several accounts occur in the non-scientific literature of tortoises being crushed
by ORVs, but most of these are anecdotal or unique incidents. In a popular account of
ORV impacts to the desert environment, Luckenbach (1975) states: “I have personally
found horned lizards, whiptails, zebratails, sand lizards, and tortoises crushed by
ORVs;” no documentation or quantification was provided. Similar anecdotal statements
were made in Berry and Nicholson (1984a) and Bury and Marlow (1973).

Berry and Nicholson (1984a) observed dead tortoises that were crushed in
burrows that were apparently collapsed by ORV's, but no data or details were provided.
Bury and Marlow’s (1973) popular article about general impacts of ORV's on tortoises
also makes the claim that burrows are crushed by ORVs, but provide no data. Fifteen



burrows found in 1976 and 1977 in an ORV-use area were collapsed in 1985, their
collapse being “related to ORV activity from trails through the area’ (Bury and
Luckenback 1986), although they gave no further indication of how they determined the
cause of collapse. Woodman (1986) and Burge (1986) found no crushed burrows
following the Parker 400 and Frontier 500 races, respectively.

Four studies quantified vehicle-related mortality on study sites with frequent ORV
traffic. In her preliminary analysis of 1357 tortoise carcasses found on 14 permanent
study plots for studying tortoise populations, Berry (1990 as amended) attributed
approximately 57 (4%) to vehicles (some of the data were presented in Berry et a. 1986).
It must be noted that 787 (58%) of the shells were not evaluated or were unclassifiable
either because they bore no diagnostic characteristics or were too fragmented to analyze.
Campbell (1985) found 2 vehicle-killed tortoises, one apparently killed by a 4-wheel
vehicle on a dirt road inside the preserve and another killed outside the preserve by a
sheep watering truck. In their comparative study of ORV impacts, Bury and Luckenback
(1986) indicated that one immature tortoise was found crushed in a motorcycle trail. Ina
review of tortoise population dynamics, Marlow (1974) states that “nine recently crushed
tortoises were observed in an area supposedly closed to ORVs. From tracks surrounding
most of the carcasses there was little question as to the cause of their deaths.”

It is the correspondence between tortoise and ORV enthusiasts' habitat preference
that is likely responsible for some of the conflicts between the two. Jennings (1997)
showed that tortoises spent significantly more time in washes, washlets, and on small
hills. Thisis because their preferred food plants occurred in these habitats and they tend
to burrow and travel more in washes and washlets than in other habitats. Jennings (1997)
claims these habitats are also preferred disproportionately by ORV recreationists, but
presented no supporting data.

I ndirect Effects

COMPACTION OF SOIL

Soil becomes compacted, at least temporarily, when a motorized vehicle passes
over it, and that compaction changes with the weight of the vehicle, soil type, and
moisture content of the soil (Webb 1983). But, the affect this compaction has on tortoise
populations depends on the lasting effect of compaction, its effect on vegetation and
burrow digging abilities, how widespread the compaction is, and the respective effects on
tortoise survival and reproduction.

Davidson and Fox (1974) investigated the effect a motorcycle dual sport race had
on Mojave vegetation and soil. The soil, which was of similar type at both sites, was
significantly denser and less porous at a pit area and alongside atrail than at a control site
severa hundred meters away. Significantly fewer plant species, fewer individuals, and
less cover were found in impacted areas compared to the control site. However, the study
was unreplicated. An increase in bulk density of the soil was measured in an evaluation
of the impacts of the 1974 Barstow to Vegas Race (BLM 1975). However, many of the
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measurements were taken one week after arain, so, because compaction is intensified on
wet and moist soil (Webb 1983), the results may be unreliable.

Babcock and Sons (1973) found 10% or more increase in bulk density in
disturbed versus undisturbed sites in aluvial wash, aluvial fan, and desert flat areas, but
only a 3% increase in compaction in disturbed sand. Similarly, Wilshire and Nakata
(1976) found sand dunes to be more resistant to compaction than playas or aluvial fans.
Compaction was relatively light in heavily used dry washes and heavy in well used
alluvia fans. Dry playas, which dry out fast after rains, resist compaction more than do
wet playas (Wilshire and Nakata 1976), which are moist on or near the surface.
Compaction on wet playas was measurable down to 15 cm or more.

In their manipulative experiment on the effect of vehicle type, number of passes,
soil type, and soil moisture, Adams et a (1982a, b) measured soil compaction with a
penetrometer. They found that compaction by a SUV was greater than that of a
motorcycle. The SUV compacted wet soil significantly after only one pass on wet soil
and after five passes on dry soil. The motorcycle compacted wet soil after 20 passes.
Single passes by motorcycles on wet soil and SUVs on dry soils did not differ significant
from the controls. The great variability in environmental conditions makes it difficult to
make unambiguous generalizations.

Greater temperature extremes occurred in more compacted soils in heavy ORV
use areas, probably from removal of vegetation and changes in soil characteristics from
compaction (Willis and Raney 1971, Webb et a. 1978). This possible effect on soil
temperature not only affects plant germination and growth, but may have interesting, if
unexplored, implications for tortoise growth, development, and morphology. A further
likely, but untested potential impact of soil compaction may be to make it difficult for
tortoises to burrow, which would not only affect tortoises directly but would also reduce
tortoises' role in reducing compaction through soil turnover (Prose et al. 1987).

Infiltration rate is a measure of the soil's ability to absorb moisture. More
compacted soils have alower infiltration rates so less water is available for plants (Webb
1983). Babcock and Sons (1973) found much lower infiltration rates on disturbed versus
undisturbed desert sites, except in very sandy areas (dunes and washes). Webb (1983)
measured 73% lower infiltration rate compared to a control site after 200 vehicle passes
over wet sandy loam. The greatest decrease occurred after the first few passes.
Infiltration rates of sands and clays are least affected by compaction, whereas |loamy
sands and gravelly soils are with amixture of particle sizes are most affected.

DESTRUCTION OF CRYPTOGAMIC SOILS

Cryptogamic soils are important for reducing soil erosion, controlling water
infiltration, regulating soil temperatures, fixing (catching and converting) atmospheric
nitrogen, and accumulating organic matter (Cline and Rickard 1973, Pauli 1964, Rogers
et al. 1966). Cryptogamic soils are collections of mostly symbiotic bacteria, agae, fungi,
and lichen that live on or dightly below the soil surface and create a semi-permeable soil
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surface. They often occur in the open spaces between desert shrubs and help to facilitate
seedling establishment and plant growth (St. Clair et al. 1984, DeFalco 1995).

ORVs, livestock, and other surface disturbances easily damage cryptogamic soils
(Belnap 1996). Damage from compaction, even minor, can greatly reduce nitrogen
fixation by the crust, an effect that sometimes increases rather than decreases with time
since compaction (Belnap 1996). It isnot certain how tortoises are affected by damage to
cryptogamic soils and a 1980 review of the effects of ORVs on desert soils was
inconclusive (Rowlands 1980). DeFalco (1995) found that, in the one season studied,
tortoises selectively avoided foraging on plants growing on crusts. Although crusts fix
nitrogen and the nitrogen can then be transferred to plants growing in close proximity to
the crusts (Maryland and Mclntosh 1966), concentration of nitrogen in tortoise forage
plants were generally lower on cryptogamic soils (DeFalco 1995). However, many other
nutrients are important to tortoises, and it is unknown if their concentrations are
augmentated by cryptogams in associated tortoise forage plants. In non-tortoise habitat
in southwest Utah, Belnap and Harper (1995) showed that nitrogen, phosphorus,
potassium, calcium, magnesium, and iron concentrations were higher in some plant
species growing on encrusted soils compared to those growing where there were no
crusts. The primary importance of cryptogamic soils to tortoise populations could be in
stabilizing the soils against wind and water erosion (Belnap and Gardner 1993, DeFalco
1995), but more research is clearly needed.

CHANGES IN VEGETATION

Severa studies measured the effect ORVs have on vegetation; most of them
evaluated damage from competitive events. Burge (1986) described how many perennial
shrubs were damaged along the edge of the Frontier 500 competitive race. She counted
1170 uprooted or crushed shrubs (no species identified) after the race. Davidson and Fox
(1974) measured plant diversity, number of individuals, and amount of cover in a pit area
(where vehicles were parked), alongside a dual sport race trail, and “several hundred
yards away” (i.e., control ared). They found significantly lower values for all three
parameters in the pit area, moderate values alongside the trail, and the highest values at
the control site. Woodman (1986) recorded the destruction of several creosote and
burrobushes around the periphery of the pit area for the 1981 Parker 400 race. A BLM
report detailing damage to vegetation caused by the 1974 Barstow to Vegas Motorcycle
Race (BLM 1975) showed that 0 to 76% of the plants, particularly seedlings and small
shrubs, were damaged in each of 26 sites.

Berry et al. (1990) measured habitat changes over a six-year period inside and
outside of the DTNA where ORV non-race activity occurred. They found a 23% increase
in habitat loss around a staging/pit area and that ORV trails increased in width by 130%
and 157% in area.

Vegetation is clearly degraded by heavy ORV activity. Bury and Luckenback
(1986) compared vegetation inside (treatment) and outside (control) an ORV use area
south of Barstow. There were 1.7 times the number of live perennials on control, and 2.4
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times number of dead ones (mostly Ambrosia dumosa ) on the treatment area. Plant
cover was 3.9% higher in the treatment area. This study suffers from a lack of
replication. Comparing aerial photographs taken at the same points 19 to 25 years apart
in six different locations in the Mojave and Colorado Deserts, Lathrop (1983) measured
an average of 49% reduction in shrub density in ORV areas. Ground-based transects in
control and treatment (disturbed) sites yielded 48-97% reductions in perennial plant cover
inthe ORV use areas. Thirty-four to 46% reductions in density resulted from single race
events at two separate locations (Lathrop 1983). Luckenbach (1975) reports, that "in one
Hounds-and-Hare race, an estimated 140,000 creosote bushes (Larrea tridentata), 64,000
burro-weed (Franseria dumosa), and 15,000 Mojave yuccas (Yucca schidigera) were
destroyed or severely damaged over a stretch of 100 miles." No additional details were
provided.

Rowlands et al. (1980) and Adams et a. (1982b) conducted one of the only
mani pulative experiments on ORV effects on Mojave desert vegetation. They studied the
effect that different numbers of passes over the same area by a motorcycle and a 4-wheel
drive sports utility vehicle (SUV) had on plant growth. They also looked at the
interactive effects of soil moisture and soil type. Plant density, biomass, and cover
generally were reduced following any level of disturbance with motorcycles requiring a
greater number of passes to equal the reduction caused by the SUV. Grama grass
(Bouteloua barbata), appeared to respond positively to light disturbance, but less so to
heavy disturbance. The introduced weed, split grass (Schismus barbatus), was
significantly more abundant within tracks than in control areas, probably because the
fibrous nature of their roots allowed them to become better established than more tap-
rooted natives in compacted soil.

Vollmer et al. (1976) found annual plant density to be significantly lower within
experimentally created tracks from two 4-wheel drive vehicles compared to the hump
between the tracks and in an area randomly covered by the same vehicles. No difference
in density occurred between the randomly driven area compared to the control site.
Shrubs in the regularly driven area (42 passes by vehicles) suffered twice as much
damage as those in the randomly driven area.  This study lacked replication and proper
controls, but data collection and analysis were well executed.

Kuhn (1974, cited in Lathrop 1983) reported a reduction in plant density of 24%
and plant cover of 85% in ORV-disturbed plots compared to undisturbed controls in
foredunes at Kelso Dunes. Similarly, comparing aerial photographs taken 21 years apart,
Lathrop (1983) measured a 50% reduction in shrub density in the same foredunes.

EROSION AND LOSS OF SoIL

ORV activity can increase erosion, which removes soil nutrients and soil that is
penetrable to roots (Adams and Endo 1980a, Wilshire 1980). ORVs modify various
features that help to stabilize the soil against erosion including surface crusts, coarse
particles, desert pavements, and vegetation (Hinckley 1983). They also alter the
configuration of the ground surface thus affecting water runoff patterns (Hinckley 1983).
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The net loss of soil at specific ORV-use areas has been documented. Wilshire
and Nakata (1976) estimated 150 metric tons of dirt were lost to erosion from one 68-
meter long western Mojave hillside trail with a 44-58% slope. Total estimated loss for
the portion of hill used for an unspecified number of years was 11,000 metric tons.
Snyder et a. (1976) estimated that 150-230 mm of soil was lost per year along transects
in an ORV use area over two to five years at Dove Canyon. That amount is compared to
estimates of natural erosion rates of 1.0 to 4.6 mm per year in arid areas (reported in
Hinckley et al. 1983). No control or low-impact reference sites were established in this
study. Webb et al. (1978) reported a loss of 0.3 to 3.0 metric tons per m? from an ORV
trail in arid land at a heavily used ORV park in central California. They further reported
that erosion was greatest on sand loam and gravelly sandy loam and least on clay and
clay loam.

In artificial rain trias, Iverson (1979) found greater sediment yield (soil runoff) in
vehicle-disturbed versus undisturbed slopes from loosening of soil and alteration of flow
patterns. The difference was thought to be from increased water flow velocity and more
channeling of the flow, not from reduced filtration. Consequently the effect would be
more pronounced during intense thunderstorms than during more mild winter frontal-type
storms. Also using artificia rain, Eckert et al. (1977) looked at infiltration and
sedimentation rates at two Mojave desert sites in Nevada following single and multiple
passes of truck and motorcycle. Single passes made no measurable difference. Multiple
passes increased rates of infiltration and sedimentation, particularly in interplant spaces
versus beneath plants. However, the artificial rainfall rates were similar to rare very
heavy thunderstorms; they were unlike the winter cyclonic rainfall that is more typical of
the western Mojave desert. Furthermore, Reicosky (1979) suggested that movement of
water towards vehicle tracks compensates for decreased infiltration rates. Hinckley et al.
(1983) suggested that water erosion would be the least in areas that are relatively flat,
experience short, low-intensity storms, and have a coarse (gravelly) surface.

Fugitive dust, dust blown from the ground by wind and vehicle activity, can
potentially be a problem for desert tortoises. Fugitive dust is related to vehicle speed,
surface texture, surface moisture, and probably vehicle type (with heavy four-wheel drive
vehicles causing the most dust followed by light four-wheel drive vehicles followed by
motorcycles, Adams and Endo 1980b). The threshold velocity for wind erosion (TV), the
lowest wind speed necessary to create dust, is highest for desert pavement and areas with
hard surface crusts. Soils with a large proportion of fine particles will be more
susceptible to wind erosion. Disturbances that lower the TV will increase the incidence
of dust storms. Disturbance of sand dunes and sandy washes does not ater their TV.
Areas protected by cryptogamic soils and desert pavement had greatest reduction in TV
following disturbance, and more so with siltier versus sandy soils (Adams and Endo
1980Db, Gillette and Adams 1983). Winds of 20-30 mph at 6 ft above ground caused
fugitive dust in these areas. Erodibility also varies with width of disturbed area up to
about five meters (Wilshire pers comm., cited in Adams and Endo 1980a)

Satellite images taken on January 1, 1973, captured dust storms from Santa Ana
wind conditions (Bowden et al. 1974, Wilshire 1980). Many of the dust plumes, which
were 10 to 30-km long and covered 300 kn?, originated in areas of intensive ORV
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activity in the western Mojave. BLM (1975) measured three to five times more
suspended particulate density for fugitive dust during the 1974 Barstow to Vegas race site
compared to before the race.

The main effect of wind erosion on productivity is removal and redistribution of
surface nutrients, not reduction in soil depth. Loss of soil nutrients found in the top 5 to
10 cm of soil significantly reduced perennial cover in a similar arid environment in
Australia (Charley and Cowling 1968). Sharifi et al. (1997, 1999) showed that
photosynthesis and plant productivity are hampered by dust on the leaves of desert
shrubs, but that the effect may be ameliorated by heavy summer rainfall.

LIGHT ORV UsE

Most of the foregoing discussion relates specifically to competitive events and
heavy use like what now occurs within open use or freeplay areas. They are of limited
applicability to understanding the effect of lighter travel in areas where traffic is legally
restricted to designated routes (i.e., dirt roads). Indeed, very little data are available to
evaluate these impacts primarily because the focus of most research has been on the
effects of heavier ORV use. There are a few studies that demonstrated that occasional
vehicles riding off of roads (including for parking or camping within 100 ft of roads,
which is currently permitted, Bureau of land Management 1980), can damage the soil and
vegetation, the amount of damage being less than heavier off road travel. Webb (1983)
found that the greatest increase in compaction occurred the first few time a motorcycle
crossed an area and compaction increased with more crossings, but at a lower rate.
Similarly, Adams and Endo (1980a) discovered that just a few passes by an SUV were
sufficient to significantly increase compaction and a single pass did so in some wet soils.
Vollmer et a. (1976) found that there was damage to plants in an area subjected to
random four-wheel drive activity, but that damage was higher in areas that were
repeatedly driven over. Bury and Luckenbach (1977) reported little difference in the
number of creosote shrubs in moderate use versus undisturbed plots, but did find that half
were broken or damaged in the moderate use area. Likewise, a “sparsely” used ORV
area within the Jawbone Canyon Open Area showed 35% less perennia plant cover than
an unused control area (Lathrop 1978). Finaly, just stepping on cryptogamic crusts can
damage and decrease nitrogen fixing activities of the crusts (Belnap 1996).

All of these studies indicate that some damage is likely to occur when vehicles
stray off of established roads. Goodlett and Goodlett (1993) demonstrated that ORV
enthusiasts will not always obey signs indicating routes are closed, nor do they always
stay on designated routes. However, their study was conducted in an area that had
recently changed from an open free play area to a limited use one. Although it is likely
that number of tracks will be highest in close proximity to roads (e.g., LaRue, pers obs.),
no studies have tested for this pattern. Many of the problems associated with light ORV
use likely relate to increased human access the roads and trails afford (see "Human
Access to Tortoise Habitat" section, below).
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Summary

Although each study comparing tortoise densities inside and outside of ORV
areas has limitations, they al lend evidence to reductions in tortoise population densities
in heavy ORV use areas. The causes for these declines are less certain. Tortoises and
their burrows are crushed by ORVSs, although it is difficult to evaluate the full impact this
activity currently has on tortoise populations, partly because there are probably relatively
few tortoises in most open use areas. ORV's damage and destroy vegetation. Density,
cover, and biomass are all reduced inside versus outside of ORV use areas, particularly
following multiple passes by vehicles. Split grass (Schismus barbatus), a weedy
introduced grass, in particular appears to benefit from ORV activity. Very light, basically
non-repeated, vehicle use probably has relatively little long-term impact. Soil becomes
compacted by vehicles. The compaction increases with moisture content of the soil,
weight of vehicle (particularly high weight to tire surface area ratio), and soil type.
Cohesionless sand, such as in sand dunes and washes, are largely immune to compaction
while moist soils are much more susceptible than dry ones. Compaction, lower
infiltration rates, loss of plants and cryptogamic soils all contribute to increased wind and
water erosion and fugitive dust, particularly when such areas are several meters in width.
More research is needed to understand the effect light ORV use has on tortoise
populations and habitat.

Predation/Raven Predation/Subsidized Predators

Desert tortoises have severa natural predators including: coyotes, kit foxes, feral
dogs, bobcats, skunks, badgers, common ravens, and golden eagles. The dominant
predator probably varies temporally, spatially, and with size of the tortoise (Berry 1990
as amended). Few studies have attempted to quantify or estimate the relative proportion
of mortality attributable to the various predators at specific sites, and none attempt to
characterize it regionaly.

One of the earliest publications reporting that ravens are potentially important
predators on desert tortoises was Campbell (1983). He found 140 shells of juvenile
tortoises (36 to 103 mm MCL) at the base of fence posts along the 30.5 miles of fencing
surrounding the DTNA. He attributed 136 to raven predation, but gave no indication
why. Berry (1985) evaluated 403 juvenile tortoise shells found on 27 desert tortoise
study plots throughout the Mojave Desert. She determined that ravens killed 35%. Her
evaluation was based on circumstantial evidence because the reference collection was
shells found beneath perch sites that may have been used by other predators or
scavengers. Although the patterns of shell damage she used are consistent with the
patterns Boarman and Hamilton (in prep.) obtained from 266 shells collected from
beneath raven nests. Also, ravens are scavengers as well as predators, so some of the
shells attributable to raven predation may actually have been found and eaten after death
(Boarman 1993).

During the first 5 to 7 years of life, the tortoise shell isincompletely ossified; it is
soft and easy to puncture and rip open. When pecked open by a raven, the soft shell will
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bend then dry in place leaving parts of the shell pushed in or pulled out. Carcasses found
in this condition were likely pried open when the tortoise was alive or shortly after death.
The shell soon dries after death. Once this happens the shell will fracture when pecked
open, giving a different appearance. Although based on sound knowledge of the biology
of tortoises, this scenario has not been subjected to quantification or controlled
experimentation.

Woodman and Juarez (1988) reported finding 250 shells, probably killed over a
four year period, dead beneath one raven nest near the Kramer Hills. Some of the
carcasses found were of young animals found alive and individually marked by the same
researchers several weeks earlier and apparently in healthy condition. This provided the
first hard evidence that ravens almost certainly were killing some tortoises, not just
scavenging them. Since that time, several observations have been made of ravens
carrying away live juvenile tortoises (Boarman 1993). One researcher reported finding a
tortoise eviscerated, but till alive, beneath a raven nest (R. Knight pers. comm.). These
reports al remain anecdotal, but, because observing the act of predation by a predatory
bird is notorioudly difficult, it is unlikely we will ever be able to acquire an adequate
number of good hard data on the phenomenon. One published account evaluated food of
ravens in the Mojave desert by looking at pellets, indigestible portions of food that were
coughed up at their nests (Camp et al 1993). They found tortoise remainsin only 1.3% of
the pellets. However, they did not report the 19 shells they found at several of those nests
because they only reported on pellet contents (Camp pers. comm., Boarman pers. obs.);
shell fragments usually are not found in pellets. They aso did not establish whether all
nests studied were in tortoise habitat.

The fact that ravens do kill some tortoises does not alone indicate that the losses
are serious enough to warrant management action. We must understand the extent of
predation and if it is having an impact on tortoise populations. Evauating raven
predation is perplexing because of the difficulties in finding small carcasses over such a
large area of desert and in monitoring small, hard to find young tortoises (Berry and
Turner 1986, Shields 1994). The extent of predation can be estimated by evaluating
juvenile tortoise carcasses found throughout the desert. Berry (1985) and Boarman and
Hamilton (in prep) analyzed the characteristics of 150 and 266, respectively, juvenile
tortoise shells found in the deserts of California. Their reports indicate that primarily
animals less than 100 mm MCL (less than approximately 5-7 years old) are taken
throughout most portions of the desert in California. Beneath 23 transmission towers in
Nevada, McCullough Ecological Systems (1995) found the remains of 78 juvenile
tortoises, many showing signs consistent with raven predation.

A common argument made against raven predation being of management concern
is that we must concentrate on protecting adult female tortoises (Doak et al. 1994). This
is partly because adult females are the ones actualy reproducing, thus contributing most
to the persistence of the population and partly because juvenile animals typically
experience high mortality, so losses to ravens are natural and the population can sustain
the losses. Thisis a correct prediction from life history theory for many animal species,
but not for long-lived ones that first reproduce later in life (approaching 20 years), like
the desert tortoise (Congdon et al. 1993, 2002). Life history theory predicts that stable
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populations of such animals can sustain annual mortality of juveniles of 25%. However,
when adult populations are declining, juvenile mortality must be reduced to
approximately 5% to ensure recruitment of new individuals into the breeding population
(Congdon et al. 1993). This finding is based on well developed life history theory.
Therefore, in tortoise populations that are experiencing overall declines, additional losses
of juveniles to ravens may decrease the stability or at least prevent recovery.

A survey of tortoise remains found beneath raven nests was recently completed
(Boarman and Hamilton in prep.). It showed that ravens prey on tortoises throughout the
Mojave Desert in California, but probably not all ravens nesting in tortoise habitat ate
tortoises. The most shells found at one nest in one year between 1991 and 1997 was 28,
which were found beneath each of two nests in the eastern Mojave Desert. The results
are preliminary and conservative because they pertain only to remains dropped beneath or
near the raven nests. Many shells are found at locations well away from nests. During
the raven breeding season, however, most foraging is probably done near the nest
(Sherman 1993) and most food is likely brought back to or near the nest, so the results are
probably relatively accurate if conservative.

There are little data available to determine the effect other predators might have
on desert tortoise populations. For example, finding shells chewed by mammals,
probably canids, and tortoise remains in coyote scat, Berry (1990 as amended) reported
evidence of canid or felid predation at four out of twelve study plots in California
Proportion of deaths attributable to mammalian predators over all 12 plots was 53.%
(ranged = 1.8% to 45.3% among the 4 plots where mammal-related mortality
determined). Turner et al. (1997b) determined that most tortoise nests that failed were
dug up by coyotes or kit foxes, but no data were presented. In 1998 and 1999, 47% and
12%, respectively, of nests studied at Twentynine Palms (MCAGCC) were dug up,
probably by kit foxes (Bjurlin and Bissonette 2001). Bjurlin and Bissonette (2001) also
believed that feral dogs cause a significant amount of mortality among adult tortoises in
the area, but presented evidence for only one such death. They did report a high
incidence of canid-like shell damage to live tortoises and the presence of feral dogs and
dog packs within their study site. The effect that feral dog predation has on tortoise
populations appears to be an emerging problem that warrants further documentation.

Non-ORV Recreation

Non-ORV recreation in the Mojave Desert includes camping, nature study, rock
collecting, sight-seeing, hunting, horseback riding, mountain biking, and target practice.
There are no studies concerning their impacts on tortoise populations. hence, there may
or may not beimpacts. Likely impactsinclude handling and disturbance of tortoises; loss
of habitat to campgrounds, picnic areas, scenic pull outs, vandalism, and other support
facilities; increase in road kills; and support of ravens when organic garbage is left
behind. There could also be soil compaction and damage of vegetation and cryptogamic
crusts from off-trail travel by mountain bikes, horses, and hikers. All of these impacts are
related to the problems with increased access to tortoise habitat (discussed in "Human
Access to Tortoise Habitat" section, below). Given the increased interest in non-
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motorized recreation in the deserts, this is an important area for future research. There
are no studies that directly measured the impacts of non-motorized recreation on tortoise
populations or their habitats and only one that showed that hiking off of trails can
significantly damage cryptogamic crusts (Belnap 1996).

Hunting and target practicing are two additional recreational activities that may
impact tortoises. One of the primary anthropogenic causes for wildfire in the desert is
from bullets striking rocks (R. Franklin, BLM Fire Management Officer, pers. comm.),
which can occur while hunting or target practicing. The California Department of Fish
and Game has constructed an array of small- and big—game guzzlers to help facilitate
growth of game species populations. Not only can ravens sometimes access water at the
big game guzzlers, but tortoises can get caught and die in some types of small game
guzzlers. Hoover (1996) found the remains of 26 tortoises in 89 of the upland game
watering devicesin California. Finally, people target practicing, which is avery different
activity than hunting, might also illegally use tortoises as targets (Berry 1986a, see
“Vandalism,” below).

Roads, Highways, and Railroads

Roads, highways, and railroads have several impacts on desert tortoises and their
habitat. Direct impacts may include mortality through road and train kills and destruction
of habitat (including burrows). Possible indirect effects include degradation of habitat
because they serve as corridors of dispersal for invasive plants, predators, development,
recreation, and other anthropogenic sources of impact. Roads, highways, and railroads
aso serve to fragment the habitat and populations (see “Habitat Degradation,
Fragmentation, and Destruction,” below).

Many tortoises fall victim to road kills. For instance, Boarman and Sazaki (1996)
reported finding 115 tortoise carcasses along 28.8 km of highway in the west Mojave.
This represents a conservative estimate of 1 tortoise killed per 3.3 km of road surveyed
per year. This source of mortality primarily affects subadults and adults, although the
results are partially skewed by the difficulty of finding smaller carcasses and their
quicker loss to scavengers and decay. The figures cannot be extrapolated to all roads and
highways to estimate total losses to road kills in the desert because mortality rate likely
depends on traffic speed and volume, density and demography of surrounding tortoise
population, and perhaps width and age of road. The results aso cannot be applied to
lightly traveled paved or dirt roads because of a four-way relationship between tortoise
density, road conditions, traffic volume, and road kill rate. A tortoise depression zone
exists along highway edges and extends to 0.4 km or further (Nicholson 1978, Berry and
Turner 1987, Berry et a. 1990, LaRue 1993, Boarman and Sazaki 1996, von Seckendorff
Hoff and Marlow 1997, cf. Baepler et al. 1994). The cause is probably primarily road
kills, but illegal collections, noise, and other factors may also contribute although there
are no data to evaluate their likely or relative effects.

A common mitigation for the impacts of roads and highways is a barrier fence,
which has been shown to be highly effective at reducing mortality in tortoises and other



vertebrates in the west Mojave (Boarman and Sazaki 1996). However, fences only
increase the fragmenting effects of roads. Preliminary results of an eight-year long study
indicate that culverts are used by tortoises to cross highways (Boarman et al. 1998), but it
is unknown whether their use is sufficient to ameliorate the fragmenting effects of fenced
highways (Boarman and Sazaki 1996).

Roads are aso major attractants for common ravens, which are predators on
juvenile tortoises (Knight and Kawashima 1993, Boarman 1993). Ravens, being partly
scavengers, are known for cruising road edges in search of road kills (Boarman and
Heinrich 1999), but risk of predation is not increased near roads (Kristan and Boarman
2001).

The flush of vegetation that grows alongside roads (Frenkel 1970, Johnson et al.
1975) as a result of rainwater runoff and collection may benefit tortoises by providing a
more consistent source of food over a more extended period of time, even in relatively
dry years (Boarman et a. 1997). Alternatively, the abundance of food may bring them
into harms way if (1) they wander onto the road, (2) vehicles pull onto the vegetated
shoulder of the road, (3) grading or mowing activities occur during times of tortoise
activity, (4) herbicides are applied to control growth of weeds along the road shoulder, or
(5) they are seen and caught by passers-by. Brooks (1998) found a significant positive
correlation between number of alien annual plant species near roads and density of dirt
roads., and the species richness and biomass of alien annuals is higher near roads than
away from them (Brooks pers. comm.).

Railroads may also impact tortoise populations through train kills and perhaps by
tortoises getting caught between the rails (Mount 1986). No published studies were
found that looked for train-killed tortoises along extensive sections of railroad tracks.
However, Ron Marlow (pers. comm.) found eight carcasses between the rails along
approximately 100 km of railroad tracks in the eastern Mojave. Noise or vibration may
also affect tortoises that live alongside railroads, but has not been studied (see “Noise and
Vibration,” above). Railroads provide a positive benefit: tortoises regularly build
burrows in railroad berms that are not covered with gravel. It isnot known if train noise
negatively affects the behavior, audition, or reproductive success of these tortoises.

Utility Corridors

Corridors formed by utility and energy rights-of-way cause linear impacts to
populations and may have levels of impacts well beyond those of many point sources of
impacts. In a retrospective evaluation of results of 234 Biologica Opinions issued by
USFWS in California and Nevada (LaRue and Dougherty 1999), 80% (47/59) of the
tortoises reportedly killed in California and Nevada were killed along utility corridors.
Most of those were along the Kern-Mojave Pipeline (Olson et al. 1993, Olson 1996).
Considerable habitat destruction or ateration occurs when pipelines and transmission
lines are constructed and the impacts are repeated as maintenance operations or new
pipelines or power lines are placed along existing corridors. Trenches opened for laying
or maintaining pipes may serve as traps for tortoises and other animals (Olson et al.
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1993). Dirt roads used for maintenance-related access create dust (Wilshire 1980) and
provide access to less disturbed habitat (Brum et al. 1983). The habitat conversions
during early stages of post-construction succession along pipeline corridors (Vasek et al.
1975) not only may suppress regular use by tortoises, but may function to reduce
dispersal across the corridor thus effectively fragmenting a previously intact population
(this view is speculative).

The presence of transmission towers in areas otherwise devoid of other raven
nesting substrates (e.g., Joshua trees, palo verdes, cliffs), may introduce heavy predation
to an area previously immune to such predation (Boarman 1993). Most raven predation
on tortoises appears to occur during the raven breeding season (April - May, pers. abs.).
By one estimate, ravens probably do most (75%) of their foraging within 400 m of their
nest (Sherman 1993) and raven predation pressure is notably intense near their nests
(Kristan and Boarman 2001). Therefore, ravens nesting on transmission towers, where
no other nesting substrate exists within about 800 m, may significantly reduce juvenile
tortoise populations within 400 m of the corridor, but this effect is quite localized.
However, recent unpublished data on the distribution of raven depredated juvenile
tortoises suggests that not al ravens nesting within tortoise habitat actually eat tortoises
(at least they do not bring the shells back to the nest; Boarman and Hamilton in press).

Data collected along paved highways indicate that road kills can substantially
reduce tortoise populations within at least 0.4-0.8 km of such roads (see “Roads,
Highways, and Railroads’ section, above), and their impact is likely lower along newer
and more lightly traveled roads (Nicholson 1978). But, there are no data on the impact of
lightly traveled dirt roads (e.g., utility maintenance/access roads) on tortoise population
densities.

Vandalism

Vandalism is the “purposeful killing or maiming of tortoises” (Luke et al. 1991, p.
4-61). Reports of tortoises being vandalized include shooting, crushing, running over,
chopping off heads, and turning them over (Berry and Nicholson 1984a, Berry 1986a,
Bury and Marlow 73). Most reports of specific incidents are anecdotal, but sometimes
substantial. The most quantitative accounts are for gunshot deaths (Berry 1986a, 1990 as
amended), but are mostly based on postmortem forensic analysis. Berry (1986a) found
91 tortoises carcasses (14.3% of those collected at 11 sites) showing evidence of being
shot. The proportion of carcasses showing evidence of gunshots was significantly higher
from west Mojave sites (20.7%) than from east Mojave (1.5%) and Colorado (2%) desert
sites. Eleven of the 58 (19%) tortoise found dead on the Beaver Dam Slope, Utah,
showed signs of traumatic injury. This category included individuals exhibiting gunshot
wounds. These ranged from pellet wounds through .22 caliber holes to one individua
exhibiting a .44 caliber bullet wound.
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Wild Horses and Burros

Wild burro and tortoise ranges overlap in some places, but the overlap is quite
low in the West Mojave. No published studies were found that investigated the impact
burros or horses (neither of which are native to North America) have on tortoise
populations. The primary effect is likely to be habitat alteration through soil compaction
and vegetation change. Burro populations are probably not extensive enough in most
areas to pose amajor threat to tortoise populations, but thisis speculative.

CUMULATIVE THREATSTO TORTOISE POPULATIONS

Human Access to Tortoise Habitat

Perhaps the most important general threat to tortoise populations relates to actual
human presence in tortoise habitat and thus refers primarily to access. Many of the
individual threats discussed above relate to the level of access to tortoise habitat afforded
to people. For instance, law enforcement officials have documented illegal collecting of
tortoises for food or cultural ceremonies on a few occasions (USFWS 1994). One study
supported the intuitive impression that poaching occurs close to roads (Berry et al. 1996),
but the methods employed were not very precise (counting burrows that appeared to have
been dug up with shovels) making the results weak at best. Since roads likely provide
access to poachers, a logical conclusion of their study is that a larger proportion of the
tortoise population will be under the risk of being poached where more roads intrude on
tortoise habitat.

The presence of a road poses potential harm to tortoises and their habitat and the
more roads there are the greater is the proportion of the tortoise population that is under
the threat of illegal off-road activity. Boarman and Sazaki (1996) demonstrated that
tortoises regularly die from collisions with automobiles and Nicholson (1978) showed
that the rate of mortality probably increases with traffic volume. So, road kill is probably
proportionally lower on lightly traveled dirt roads, but may still exist. However, because
tortoise populations are probably less depressed alongside lightly traveled roads
(Nicholson 1978) and if tortoises are less inhibited from crossing narrower, dirt-covered
roads (for which there are no data), we may speculate that proportionally more tortoises
may cross lightly traveled roads. The possibility does exist that ORVsS may crush
tortoises or their burrows on or off of roads (Marlow 1974, Bury and Luckenbach 1986,
Berry 1990 as amended).

Mortality on roads is not the only type of vehiclerelated impact; ORVs
sometimes drive off of established routes, including within 100 ft to camp and park
(Bureau of Land Management 1980). One study has supported the hypothesis that off-
road activity is high near dirt roads even in an area that was heavily signed (Goodlett and
Goodlett 1993). For example, they counted an average of one track every 31 feet along
transects walked perpendicular to authorized routes. As expected, the density of tracks
decreased with distance from the road from an average of 2.1 per 20 ft near the road to
0.5 per 20 feet 250 to 300 feet away. No statistical analyses were made. Goodlett and
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Goodlett (1993) aso demonstrated that ORV recreationists ignored BLM signs indicating
trails and roads were closed to vehicles in the Rand Mountains. An average of 11.5 new
tracks was counted along 17 trails 6 to 7 days after the trails were raked. An average of
10.0 tracks was found along 20 unmarked routes (again, no statistical analyses were
provided), which suggests that the signs were essentially ineffective at preventing people
from riding on closed trails. The motorcycle activity occurred over Thanksgiving
weekend, 1991.

Furthermore, there is ample evidence that occasional driving off of roads
compacts soil and damages vegetation (Vollmer et al. 1976, Webb 1983, Adams et al.
19823, b, see also “ORV” section, above). The greatest increase in compaction can occur
after a single or very few passes by a vehicle over unimpacted soil (Webb 1983), or at
least soil strength (a measure of compaction) is significantly increased after a very few
passes by an SUV (Adams et a. 1982a, b). Any driving or even waking over
cryptogamic crusts damages the crust (Belnap 1996). As discussed in the "ORV
Activities' section, above, there are very little data to indicate how these habitat
alterations might affect tortoise populations. ).

Other potentially harmful activities that likely occur in greater numbers near roads
include: mineral exploration, illegal dumping of garbage and toxic wastes, release of ill
tortoises, vandalism, anthropogenic fire, handling and harassing of tortoises, and trailing
of sheep (Berry and Nicholson 1984a). Invasive plants also proliferate near roads and
where road densities are higher (Brooks 1995, 1999a). The threat posed to tortoise
populations by all of these factors likely increases with increased access afforded by the
proliferation of roads, even very lightly traveled ones. Furthermore, some of these
individual threats may be relatively low, but their cumulative impact may be great. Berry
(1990 as amended, 1992), presents data that suggests a correlation between tortoise
population declines and density of roads, trails, and tracks on tortoise study plots, but the
results have not been treated to statistical analysis. This important association between
access and tortoise wellbeing needs further study.

Habitat L oss, Degradation, and Fragmentation

One of the most pervasive problems for desert tortoise populations is also among
the most difficult to evaluate: habitat loss, degradation, and fragmentation from the
myriad activities that take place in the desert. Thisis the cumulative result of several of
the individual threats discussed above.

Habitat loss is generally quite apparent (e.g., loss of useable habitat when paved
for a parking lot or plowed for agriculture), but is sometimes less than obvious (e.g., a
given area may be rendered unusable by tortoises after soil is heavily compressed and
vegetation is destroyed after many vehicles drive over the area). Previously useful
habitat may be rendered unusable, but may appear superficially similar to useable habitat.

Habitat degradation consists of human-mediated changes in habitat characteristics
that render an area less valuable to, but still potentially usable by, tortoises. The
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degradation may be manifested in atered soil structure, increased exotic plants, lower
abundance of preferred forage plants, reduced availability of effective cover sites, or a
combination of these traits. The degradation may not directly cause increased mortality
in tortoise populations, but may reduce reproductive output or cause some animals to
leave the area in search of less degraded habitat. Although these responses have been
hypothesized, there have been no studies on tortoise habitat choice or preference patterns
changing as aresult of habitat changes.

Many of the impacts discussed above fit easily into the category of habitat
degradation that may significantly reduce habitat quality for tortoises. A single vehicle
driving over a section of ground may have little impact by itself (Adams et al. 19804, b),
but when that is added to a pile of trash nearby, compaction from grazing (Avery 1998),
and reduced primary productivity of plants because of dust from a nearby dirt road
(Sharifi et a. 1997), the cumulative habitat degradation may significantly reduce quantity
or quality of forage for tortoises. The cumulative effects of factors leading to habitat loss
and habitat degradation have been implicated as causes in the extirpation and drastic
reductions in tortoise populations from the Antelope, Searles, and Indian Wells valleys,
and in the vicinity of several other communities in the West Mojave (e.g., Barstow,
Mojave, and Victorville; Berry and Nicholson 1984a, Feldmeth and Clements 1990,
TierraMadre Consultants 1991, USFWS 1994).

Fragmentation is the process by which solid blocks of habitat and populations
depending on the habitat are broken up into smaller subunits with limited dispersal
between habitat blocks (Meffe and Carroll 1997). Rivers, mountain ranges, major
changes in soil or habitat type al represent natural causes of fragmentation. Highways,
railroad tracks, towns, and other developments, isolated and conglomerated, are examples
of anthropogenic factors that fragment desert tortoise habitat in the West Mojave Desert.
Smaller populations are more susceptible to local extinctions as a result of both genetic
and demographic (population) processes. A smaller population has fewer individuals
available for interbreeding, which may result in genetic deterioration: inbreeding
depression and loss of genetic diversity within the population (Frankham 1995). Genetic
deterioration can result in the inability to adapt to short- or long-term environmental
changes, which makes the population more vulnerable to extinction. Small populations
are also susceptible to extinctions from random fluctuations in birth rate, death rate, age
distributions, and sex ratios (Opdam 1988). Small populations suffer from the Allee
Effect, the fact that it is harder to find a mate when there are fewer individuals in a
population (Allee et al. 1949). Finaly, smaller populations are more vulnerable to
catastrophic events (e.g., disease epidemics, earthquakes, and floods) and random
environmental fluctuations in such things as food resources. These processes (genetic
deterioration and demographic consequences of small populations) are theoretical
possibilities, but have not been documented empirically in desert tortoises populations
(see USFWS 1994 for atheoretical analysis).

An additional problem associated with fragmentation is that the negative effects
of habitat edges are increased considerably (Murcia 1995, Meffe and Carroll 1997).
Edges, or boundaries, are problems for ecosystems because the microenvironment in the
edge is different than in the interior: temperature, humidity, light, chemical inputs, etc.,
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may all differ in edge regions. The distribution and persistence of many plant and animal
species are often strongly affected by these microenvironmental conditions, so the
communities are usualy different along edges. Furthermore, edge conditions often
facilitate the introduction, establishment, and spread of exotic species that may become
predators or competitors with plants or animals in the interior (Janzen 1986, Wilcove et
al. 1986). For desert tortoises, the edge effect is a theoretical possibility, but it has not
been well documented in tortoise populations. Furthermore, some edge effects may only
function over relatively short distances (e.g., tens of yards) or not at all (Ratti and Reese
1988, Murcia 1995).

There are little data that directly test this hypothesized cumulative effect of
multiple impacts on tortoise populations. Berry and Nicholson (19844a) do cite anecdotal
evidence of the loss of previously-existing populations in now heavily-populated areas of
Antelope, Lucerne, and Yucca valleys. Berry et a. (1994) present correlative data
showing that declines in tortoise populations in the Rand Mountains and Fremont Valleys
correlate with increases in a suite of human impacts. The Desert Tortoise Recovery Plan
(USFWS 1994) provides data that show significant declines occurred in populations
exhibiting high rates of human-caused mortality.

Urbanization and Development

Whereas construction activity (treated as an individual threat, above) has impacts
specific to the activities of building new structures (e.g., temporary compaction of
vegetation and soil, fugitive dust, disturbance and possible death of tortoises), these
impacts largely cease once construction has been completed (although for some impacts,
such as soil compaction, thereis aresidua effect caused by delayed recovery, Lovich and
Bainbridge 1999). The result of the construction activity is the presence of new
structures, which are called here "developments,” and which have its attendant impacts.
These impacts include long-term or permanent loss or ateration of habitat, impacts from
maintenance activities, disruption of tortoise behavior, and road kills (Berry and
Nicholson 1984a, Luke et a. 1991).

Developments may be relatively isolated from each other, but “Urbanization”
refers to cumulative effects of multiple and nearly contiguous developments including
construction of permanent residences that cover large areas. Urbanization has severa
impacts associated with the presence of many people in the area, not, all of which are
well documented. Urbanization results in considerable fragmentation, loss of habitat, and
habitat alteration to the point of being largely useless to tortoise populations (Berry and
Nicholson 1984a, Feldmeth and Clements 1990, Tierra Madre Associates 1991, section
titled “Habitat Loss, Degradation, and Fragmentation”). Some recreational activities may
emanate directly from urban areas. Wild dogs may be more prevaent (e.g., Bjurlin and
Bissonette 2001) and collecting, handling and vandalism of tortoises could increase
where there are more people. Captive tortoises, potentially infected URTD (see
"Disease” section, above), are more likely to escape and help spread disease to the native
population (Jacobson 1993, Berry pers. comm.). Illegal dumping is prevalent (pers.
obs.), raven populations are larger (Knight et al. 1993), and exotic plants predominate
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(Humphrey 1987, Brooks 1998) around urban developments. Urban areas and associated
flood control channels in the desert are often the source of much fugitive dust (Wilshire
1980). Many of these impacts may be relatively minor by themselves, but their
cumul ative effects on nearby tortoise populations may be great.

There is some evidence that tortoise populations can persist in the presence of
light industrial developments. In the 1980s 460 wind turbines and 51 electrical
transformers were erected in tortoise habitat at Mesa, California. Approximately 10-20
years later, there were till tortoises living and reproducing in the same area; some
burrow beneath and rest upon concrete support pads for the turbines (Lovich and Daniels
2000). Reproductive output is higher than at any other site studied to date (Lovich et al.
1999). However, there are no data available to determine if the population has increased,
decreased, or remained stable since construction. Tortoises may persist in this area
because of the relatively low level of actual human activity in the wind park and the high
productivity in the area, which is in the ecotone between creosote scrub and coastal sage
scrub habitat.
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ABSTRACT: Habitat modeling offers an approach to understanding some management problems
of desert tortoises (Gopherus agassizii) and to focusing new research efforts. Modeling can provide
(1) a method to organize existing information, (2) a means to identify whether physical habitat or
some factor outside the scope of the habitat model is limiting populations, (3) a method to integrate
habitat into resource development planning, and (4) a mechanism for focusing research on missing

species-habitat information.

Key words: Desert tortoise; Gopherus agassizii; Habitat quality; Habitat model; Suitability

graphs; Planning; Impact assessment

THE relationship between desert tor-
toise (Gopherus agassizii) abundance and
habitat quality is an important factor in
making decisions that influence tortoise
populations or habitat. A system that dis-
criminates between favorable and inferior
tortoise habitats is useful for project plan-
ning. For example, when selecting desert
areas for human use, it is better to avoid
areas of high tortoise abundance or high
habitat potential. Occasions also arise when
appropriate management could improve
habitat quality. In such instances, it is nec-
essary to know which environmental fac-
tors are limiting tortoise habitat so that
appropriate management measures can be
initiated to improve habitat quality.

Another consideration is the California
Energy Commission’s recommendation to
study the feasibility and effectiveness of
moving tortoises from power plant sites to
other areas. This tactic creates problems,
including genetic mixing and possible
complications associated with homing be-
havior by relocated individuals. A related
problem is the identification of areas that
are underpopulated and capable of sup-
porting additional animals. Tortoise relo-
cation raises several related questions. (1)
What factors interact to provide high
quality tortoise habitat? (2) Can differ-
ences in tortoise habitat quality be iden-
tified? (3) What relationships exist be-
tween habitats of different quality and

tortoise abundance? (4) How will the tor-
toise respond to changes in specific habitat
conditions? (5) Can this information be
used in making decisions about where to
place facilities?

One method of answering questions of
this nature is to use a habitat model. A
model uses existing information about
critical variables to generate predictions
and, using simplifying assumptions, pro-
vides testable hypotheses. A good model
eliminates extraneous information that
could inhibit, rather than contribute to,
the development of sound management
decisions (Overton, 1977). Model objec-
tives must be established in any modeling
exercise. If predictions of animal numbers
are desired, a population model rather
than habitat model should be developed.
There are different kinds of habitat
models. One type predicts the presence or
absence of a species, whereas other habi-
tat models provide information about
habitat suitability over a range of habitat
conditions.

Habitat suitability models can be struc-
tured in ways based on life requisites, life
stages, seasonal habitats, or other criteria.
One could develop separate habitat models
for (1) habitat for adult tortoises, (2) hab-
itat requirements of reproducing tortoises,
or (3) the habitat of immature tortoises.
In this paper, we discuss the type of hab-
itat model that is capable of ranking hab-
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itat quality of adult desert tortoises over a
range of habitat conditions. We define a
set of variables that are important in de-
termining habitat quality and provide il-
lustrations to show how habitat quality can
be scaled as a function of those variables.
This discussion is based on relationships
beween habitat features and the distribu-
tion, occurrence, and abundance of adult
tortoises. We recognize that very young
tortoises may have other habitat require-
ments. The approach is heuristic and is
intended to promote thought and help fo-
cus research on habitat relationships of
desert tortoises.

Relationships between abundance and
habitat structure are apt to be clouded by
factors that may not be considered as part
of the habitat model (Schamberger and
O’Neil, in press). For example, in undis-
turbed areas, one would expect to find an
equilibrium between tortoise numbers and
the environment. However, the short-term
effects of fire, predation, disease, or rain-
fall could result in short-term changes in
abundance that may be unrelated to hab-
itat potential. In addition, grazing, urban-
ization, road construction, mining, off-road
vehicles, trails, and human depredation all
have changed the tortoises’ habitat and
have reduced tortoise density. Thus, hab-
itat models are not intended to be instan-
taneous predictors of animal abundance,
but they attempt to focus on physical en-
vironmental factors that may influence
habitat quality.

HABITAT SUITABILITY INDEX MODELS

The concept and use of Habitat Suita-
bility Index (HSI) models have been de-
scribed and used to model habitat rela-
tionships for numerous species (U.S. Fish
and Wildlife Service, 1981). For example,
the gray squirrel occupies forest commu-
nities in the eastern United States. Squir-
rels consume a variety of plants during
the spring and summer, but they subsist
almost entirely on nuts during fall and
winter. Requirements for cover and re-
production are provided by trees. One un-
derlying assumption in the evaluation of
squirrel habitat is that fall and winter food
supply always is most limiting. A model

by Allen (1982) illustrated how percent
canopy closure of trees producing nuts
(V,), tree species diversity (V,), percent
tree canopy closure (V,), average diame-
ter of overstory trees (V,), and percent
shrub crown cover (V) are believed to in-
teract to describe the quality of squirrel
habitat. A suitability index was developed
for each of these five variables. Two life
requisites that represent habitat quality for
the squirrel, food and cover, were scored
on the basis of the five suitability index
values:

Winter food = (V, x V,)*
Cover and
reproduction = (V; x V,)* x V;

The geometric mean (parenthetical
expressions) is but one of several methods
used in computing measures of suitability
so that if either of two necessary compo-
nents is zero the combined variable also is
zero. In this example, the HSI for the gray
squirrel is taken as the lowest value for
the winter food or cover/reproduction
components. This prevents a high score
for one component from offsetting a de-
ficiency in another limiting environmen-
tal requirement.

ELEMENTS OF AN HSI MODEL FOR
DESERT TORTOISE HABITAT

The ensuing discussion is designed to
show how an HSI model might be devel-
oped and applied to the evaluation of des-
ert tortoise habitat in California. General
thoughts as to how various environmental
factors interact to influence tortoise abun-
dance were illustrated by Luckenbach
(1982). He based his conclusions on obser-
vations along 137 transects (each 6.4 km
in length) in southeastern California.
Luckenbach discussed qualitative rela-
tionships between elevation, soil types,
denning potential, vegetation, rainfall,
species richness of perennial plants, and
productivity of annual plants as related to
tortoise habitat quality. Luckenbach’s il-
lustration indicated that the most favor-
able habitats were at elevations ranging
from approximately 300-900 m, with
sandy loam or light gravel-clay soils (good
denning potential), a diversity of peren-
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nial plants, and a high production of
ephemerals. Optimal habitat was domi-
nated by creosote bush scrub (Larrea tri-
dentata) in areas having 50-200 mm of
annual rainfall. Luckenbach (1982) pre-
sented his data in a multi-axis illustration,
not as a habitat model. However, some of
these data are suitable for use in the HSI
model approach.

Data from Luckenbach (1982), Berry
(1984), and Turner et al. (1984) were used
to structure a draft HSI model based on
three model components (Fig. 1). Not all
variables are related to tortoise distribu-
tion and abundance in the same way. Some
are of broad scope and probably control
the geographic distribution of the species
with little effect on local patterns of oc-
currence. Others might be expected to ex-
ert site-specific influences. The habitat
variables discussed below are related to
food and water, cover, and reproductive
requirements. Water is important to des-
ert species because it provides free water
following rainstorms and because the
vegetation cycle, and consequently the
availability of food and cover, follows pre-
cipitation patterns. The variables suggest-
ed in this paper are not intended to be a
definitive list required to thoroughly de-
scribe tortoise habitat. Additional research
may identify more useful variables.

Food and Water

Tortoises subsist almost entirely on plant
material, which provides energy, min-

erals, and water. The following variables,
some of which are interrelated, describe
the food and water value of a site: net
production by annual plants and grasses
(V,), water content of plants consumed
(V,), nutrient quality of food (including
necessary minerals and caloric content)
(V,), and annual rainfall (V,). Tortoises in
some areas eat dirt, which may be a sign
of a mineral deficiency in their diets
(Marlow and Tollestrup, 1982). Calcium
is an element required by tortoises for shell
development and for synthesis of egg

shells.

Cover

Tortoises rely both on shrubs and bur-
rows for cover. Important vegetation vari-
ables that may be useful in a habitat mod-
el include the species of dominant or
co-dominant shrubs as indicated by vege-
tation type (V,) and total cover by peren-
nials (V). In Arizona, tortoises often are
found associated with rocky outcrops and
may live in holes in or beneath rocks
(Burge, 1978). In California, tortoises usu-
ally excavate burrows in soil. Hence, as
indicated by Luckenbach (1982), soil type
(Vs) has an important bearing on the qual-
ity of tortoise habitats in California. Fre-
quency and extent of heavy washing by

floods (V,) also may be an important vari-
able.

Reproductive Potential

The energy costs of reproduction are
related to the same variables important in
determining food value. Requirements for
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nests are the same as those relating to bur-
rows, because tortoises establish nests at
the bottom of burrows (Turner et al.,
1986). Of lesser importance may be the
size and spacing of shrubs, which might
have some effect on courtship, if tortoises
find each other by visual cues.

Model Variables and Habitat Quality

The foregoing text has identified eight
variables believed to be important in de-
scribing desert tortoise habitat quality. The
relationships between variables and habi-
tat suitability need to be quantitatively
defined. The typical HSI model uses
mechanistic curves to define ranges of op-
timum or suboptimum habitat for habitat
variables. Figure 2 illustrates how annual
rainfall (see Luckenbach, 1982) might be
scaled as a conventional HSI variable. The
decline in habitat suitability as annual
rainfall increases beyond about 20 cm/yr
presumably reflects other features such as
higher elevation or latitude. Figures 3-5
illustrate possible scalings of three other
variables: yearly production of annuals,
soil type, and vegetation type. Sometimes
such relationships can be found in existing
literature. Other times the relationships
can only be estimated until more defini-
tive research can be conducted.

Once the variables defining desert tor-
toise habitat quality are identified and re-
lated to habitat suitability, the next step is
to determine a method to estimate overall
habitat suitability. The simplest approach
is to use the lowest value of all variables

F1G. 4.—Suitability index graph depicting the pos-
sible relationship between soil type and habitat qual-
ity for the desert tortoise (from Luckenbach, 1982).

or the lowest life requisite value as the
HSI value for the species. Although nu-
merous methods are available, the method
used must accurately represent the habitat
relationships between the species and the
variables.

DiscuUssION

Habitat models are useful for habitat
evaluations, impact assessments, develop-
ment of management and mitigation
plans, and directing research. Actions that
would influence one or more of the model
variables can be simulated to determine
the possible impact on tortoise habitat. For
example, if food abundance was deter-
mined to be limiting habitat at a site,
management options could be developed
to increase the abundance of grasses and
annual plants, thus increasing the food
value of the site and increasing habitat

quality.
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F1G. 5.—Suitability index graph depicting the pos-
sible relationship between vegetation type and hab-
itat quality for the desert tortoise (from Luckenbach,
1982).
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Research can be focused by use of the
habitat modeling approach. The abun-
dance of grasses and annual plants has
been reported by Luckenbach (1982) as a
factor influencing tortoise habitat quality.
Research results could quantitatively re-
late the abundance of grasses and annual
plants to habitat quality. This information
would reduce subjectivity of habitat as-
sessments, provide quantitative informa-
tion that relates habitat to species well-
being, and identify criteria for habitat as-
sessment and management.

Previous discussion has emphasized the
relationships between single environmen-
tal factors and habitat quality. Interac-
tions between variables are more difficult
to ascertain and model. How elevation,
rainfall, soil type, and vegetation jointly
affect tortoise habitat quality is not known.
In addition, habitat factors may vary re-
gionally. Earlier discussions by Nagy and
Medica (1986) and Turner et al. (1986)
showed how rainfall, plant production, and
tortoise habitat relationships may vary
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Executive Summary

The Western Burrowing Owl (Athene cunicularia
hypugaea) is a grassland specialist distributed
throughout w. North America, primarily in open
areas with short vegetation and bare ground in
desert, grassland, and shrub-steppe environments.
Burrowing Owls are dependent on the presence

of fossorial mammals (primarily prairie dogs and
ground squirrels), whose burrows are used for
nesting and roosting. Burrowing Owls are protected
by the Migratory Bird Treaty Act in the United
States and Mexico. They are listed as Endangered in
Canada and Threatened in Mexico. They are
considered by the U.S. Fish and Wildlife Service
(USFWS) to be a Bird of Conservation Concern at
the national level, in three USFWS regions, and in
nine Bird Conservation Regions . At the state level,
Burrowing Owls are listed as Endangered in
Minnesota, Threatened in Colorado, and as a Species
of Concern in California, Montana, Oklahoma,
Oregon, Utah, Washington, and Wyoming.

Burrowing Owls historically bred from sc. and sw.
Canada southward through the Great Plains and w.
United States and south to c. Mexico. Although the
historical breeding range is largely intact, range
contractions have occurred primarily at peripheral
regions, in s. Canada, the ne. Great Plains, and parts
of California and the Pacific Northwest. Burrowing
Owls winter in the sw. and sc. United States,
throughout Mexico, and occasionally as far south

as Panama.

Populations of Burrowing Owls have declined in
several large regions, notably in the ne. Great Plains
and Canada. However, estimates of population
trends in many regions are generally inconclusive
due to small samples sizes and high data variability.
Population trends as determined from North
American Breeding Bird Survey (BBS) data were
inconsistent, with some regions exhibiting positive
trends and other regions exhibiting negative trends.
When taken as a whole, the BBS indicated an area
of generally declining populations in the northern
half of the Great Plains, and generally increasing
populations in the interior U.S. and in some
southwestern deserts. The Christmas Bird Count
indicated a significant population decline in
California (1966-1989). Local surveys have detected
declining populations and/or range reductions in
California, Iowa, Kansas, Minnesota, Nebraska,
New Mexico, North Dakota, Oklahoma, Oregon,
South Dakota, Texas, Washington, and throughout
the range of the species in Canada.

Primary threats across the North American range
of the Burrowing Owl are habitat loss due to land
conversions for agricultural and urban development,
and habitat degradation and loss due to reductions
of burrowing mammal populations. The elimination
of burrowing mammals through control programs
and habitat loss has been identified as the primary
factor responsible for declines of Burrowing Owls.
Additional threats to Burrowing Owls include
habitat fragmentation, predation, illegal shooting,
pesticides and other contaminants. The types and
significance of threats during migration and
wintering are poorly understood.

The preservation of native grasslands and
populations of burrowing mammals is ultimately
critical for the conservation of Burrowing Owls.
Efforts to maintain and increase populations of
burrowing mammals through reduction of lethal
control programs and landowner and land manager
education should be undertaken. Burning, mowing,
and grazing may be employed to maintain suitable
habitat structure for nesting Burrowing Owls,
although additional research is needed. Efforts to
reintroduce or relocate Burrowing Owls should be
critically reviewed to determine efficacy and best
methods. Current large-scale monitoring efforts
are generally inadequate. Effective programs to
better determine actual population trends and
demographics of Burrowing Owl populations should
be developed and implemented.
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Taxonomy

Two subspecies of Burrowing Owl (Athene
cunicularia) oceur in North America: the Western
Burrowing Owl (A. c. hypugaea) and the Florida
Burrowing Owl (A. c. floridana). Although this
status assessment is focused on North American
populations of the Western Burrowing Owl
(henceforth Burrowing Owl), a state summary for
the Florida Burrowing Owl is included in this
document (Appendix A) to provide complete
information on the species in the United States. The
Florida state summary is an update of information
included in Millsap (1996).

Class: Aves

Order: Strigiformes

Family: Strigidae

Genus: Athene

Species: A. cunicularia

Subspecies: A. ¢. hypugaea, A. c. floridana
Authority: (Molina, Subspp. Bonaparte)

Originally named Strix cunicularia by Molina in
1782, the Burrowing Owl received several taxonomic
changes until placed in the genus Speotyto and now
Athene (Clark et al. 1997, AOU 1998). A. cunicularia
occurs as a breeding and/or wintering species
throughout w. North America, Central America, and
extensive portions of South America with disjunct
populations in Florida and the Caribbean Islands. A.
c¢. hypugaea occurs in North America to the eastern
limits of the Great Plains and from s. British
Columbia to Manitoba and into Central America as
far south as Panama (Haug et al. 1993). This
subspecies occurs primarily in prairies, grasslands,
shrub-steppe, desert, and agricultural areas in
North America (Haug et al. 1993). A. c. floridana
occurs in Florida north to Madison and Duval
counties (AOU 1998).



Legal Status

United States

From 1994-1996, the Western Burrowing Owl was
designated by the U.S. Fish and Wildlife Service
(USFWS) as a Category 2 species for consideration
to be listed as a threatened or endangered species.
In 1996 the Category 2 designation was
discontinued. The Burrowing Owl currently is
federally protected by the Migratory Bird Treaty
Act (1918) in the United States and Mexico. The
Western Burrowing Owl is listed by the USFWS as a
National Bird of Conservation Concern (U.S. Fish
and Wildlife Service 2002). It is also listed as a Bird
of Conservation Concern in USFWS Regions 1
(Pacific Region, mainland only), 2 (Southwest
Region), and 6 (Mountain-Prairie Region) as well as
in Bird Conservation Regions (BCR) 9 (Great
Basin), 11 (Prairie Potholes), 16 (S. Rockies/Colorado
Plateau), 17 (Badlands and Prairies), 18 (Shortgrass
Prairie), and U.S. Portions of BCR 32 (Coastal
California), 33 (Sonoran and Mojave Deserts), 35
(Chihuahuan Desert) and 36 (Tamaulipan
Brushlands) (U.S. Fish and Wildlife Service 2002).
The Burrowing Owl is listed as Endangered,
Threatened, or as a Species of Concern in 9 states
and 4 Canadian provinces (Table 1). It is given a
Global Heritage Status Rank of G4 (apparently
secure globally though it may be quite rare in parts
of its range) and is listed as a Convention on
International Trade in Endangered Species
(CITES), Appendix IT species (NatureServe
Explorer 2001).

Canada

In 1979, the Western Burrowing Owl was listed as
“Threatened” based on Wedgwood (1979),
reconfirmed in 1991 (Haug and Didiuk 1991), and
changed to “Endangered” in 1995 (Wellicome and
Haug 1995).

Mexico

In 1994, Burrowing Owls were listed as a federally
Threatened (Amenazadas) species (Secretaria de
Desarollo Social de Mexico 1994 in Sheffield 1997a).

4 Status Assessment and Conservation Plan for the Western Burrowing Owl in the United States



Table 1. Legal status and natural heritage status of Burrowing Owls in the United States, Canada, and Mexico

Area Legal status Natural Heritage status?®
United States None Apparently Secure
Arizona None Vulnerable
California Species of Concern Imperiled
Colorado Threatened Apparently Secure
Idaho None Vulnerable/Apparently Secure
Towa Accidental breeder Unranked
Kansas None Vulnerable
Minnesota Endangered Critically Imperiled
Montana Species of Concern Vulnerable
Nebraska None Vulnerable
Nevada None Vulnerable
New Mexico None Apparently Secure
North Dakota None Unranked
Oklahoma Species of Concern Vulnerable
Oregon Species of Concern Imperiled
South Dakota None Vulnerable/Apparently Secure
Texas None Vulnerable
Utah Species of Concern Vulnerable
Washington Species of Concern Vulnerable
Wyoming Species of Concern Vulnerable
Canada Endangered Vulnerable
Alberta Endangered Vulnerable
British Columbia Endangered Critically Imperiled
Manitoba Endangered Critically Imperiled
Saskatchewan Endangered Imperiled
Mexico Threatened Unranked

3—(Global status = Apparently Secure

Legal Status 5



Description

The Burrowing Owl is a small owl (19.5-25.0 cm,
~150 g), with long slender tarsi covered with short
hair-like feathers that terminate in sparse bristles
on the feet. The head is rounded, lacks ear tufts, and
is chocolate in color with white streaking or spotting.
There are buffy-white margins around the eyes and
a white throat patch. Eyes are lemon-yellow and the
beak is pale horn-colored. The wings are relatively
long and rounded, the tail is short, and both are
brown with buff-white barring. The undertail
coverts are white. The dorsal area including head,
back, and scapulars are heavily spotted with buffy-
white. The belly of adults is buffy and heavily barred
with brown on the sides. Juveniles are similar to
adults but are unstreaked to lightly streaked, light
to brownish buff below, and have more pale
secondary coverts (Haug et al. 1993). The Burrowing
Owl is the only North American strigiform not
exhibiting reversed size dimorphism (Haug et al.
1993).
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Distribution

Breeding

In Canada, the historical breeding range of the
Burrowing Owl includes se. British Columbia, s.
Alberta, s. Saskatchewan, and sw. Manitoba (F'ig. 1,
Haug et al. 1993, Wellicome and Holroyd 2001). In
the United States the historical breeding range
includes e. Washington and Oregon, s., c. and e.
California, c. and e. Montana, s. Idaho, Utah,
Nevada, Arizona, Wyoming, Colorado, New Mexico,
North Dakota, South Dakota, Nebraska, w. and c.
Kansas, w. and c¢. Oklahoma, w. Minnesota, nw. Iowa,
and most of w. Texas (F'ig. 1). The breeding range
has contracted primarily on the eastern and
northern edges (Wellicome and Holroyd 2001).
Anecdotal observations suggest accidental breeding
may have occurred in Wisconsin (R. Domalgalski,
pers. commun.). Migrants or vagrants have been
documented in Louisiana (B. Vermillion, pers.
commun.), Missouri (Haug et al. 1993), Arkansas
(James and Neal 1986), and Illinois (Illinois Natural
History Information Network 2000). The breeding
range extends south to c. Mexico (Fig. 1, Fig. 2)

(Enriquez-Rocha 1997, Wellicome and Holroyd 2001).

Migration

Little information exists on migration routes and
times. Burrowing Owls migrate north during March
and April, arriving the first week of May in
Saskatchewan (Haug et al. 1993). The majority of
Burrowing Owls that breed in Canada and the n.
United States are believed to migrate south during
September and October.

Burrowing Owls banded in British Columbia,
Washington, Oregon, and California migrated
southward along the Pacific coast. Burrowing Owls
banded in Alberta, Saskatchewan, Manitoba,
Montana, and North Dakota migrated southward
through Nebraska and Kansas into Texas. One
Burrowing Owl from Manitoba was recovered in the
Gulf of Mexico. Burrowing Owls banded in
Wyoming, South Dakota, Nebraska, Colorado,
Kansas, and Oklahoma have been recovered in
Arkansas, Oklahoma, Texas, and Mexico. Recoveries
indicate that some Burrowing Owls will winter in
California and Baja California, Mexico. Burrowing
Owls breeding in North and South Dakota are
believed to winter in Texas.

Winter

The small number of banding recoveries (n = 27,
1927 through 1990) provides little information
regarding wintering areas (Haug et al. 1993).
Burrowing Owls winter regularly from Mexico (Fig.
2) to El Salvador and are casual to accidental to w.
Panama (AOU 1998). They are recorded on the
Christmas Bird Count (CBC) in Arizona, California,
New Mexico, Oregon, Texas, and Mexico (F'ig. 3;
James and Ethier 1989). They will also winter north
of these states, particularly in Oklahoma and
Kansas, in very low abundance. They will also winter
in low abundance in sc. Nevada (Hall et al. In
review).

Little information exists on Burrowing Owls in
Mexico and breeding and wintering areas have not
been well described. Based on museum specimens,
the Burrowing Owl is the third most common owl
species in the country and sixty-three percent of
museum specimens (n = 279) from Mexico were
collected in the non-breeding season (Enriquez-
Rocha 1997); however, it is unlikely that these
collections reflect true relative abundance. These
collections documented a wide distribution,
occurring in 28 of the 32 Mexican states. Non-
breeding data were from the Pacific region, some
central states, and from the se. Gulf of Mexico
(including the Yucatan Peninsula). Both breeding
and nonbreeding records document Burrowing Owls
in n. Mexico, Baja California, and some states from
the Gulf of Mexico.
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Fig. 1. Current and historical ranges of the Western Burrowing Owl in North America; modified from the
Birds of North America species account (Haug et al. 1993), North American Breeding Bird Survey
distribution map (Sauer et al. 2001), individual papers from the Proceedings of the Second International
Burrowing Owl Symposium (Journal of Raptor Research 35(4) 2001), and personal communications with
local experts. Historical range (pre-1970’s) taken from Zarn (1974), Wedgwood (1978), and from personal
communications with local experts. In states that lacked detailed distributional data, Burrowing Owls were
presumed to be absent from areas of forest or rugged mountains. The historical range is unknown for
Mexico (from Wellicome and Holroyd 2001).
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Fig. 2. Burrowing Owl distribution in Mexico during the breeding (16 April —15 October) and non-breeding
(16 October — 15 April) seasons as determined from 279 museum specimens and literature documentation
(Enriquez-Rocha 1997).
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Natural History

Breeding

Phenology— Burrowing Owls are generally found on
the northern breeding grounds from mid-March
through September (Haug et al. 1993). Courtship
and pair formation occur in March and April in most
areas (Grant 1965, Butts 1973) but may begin as
early as late December in California (Thomsen 1971).

Incubation lasts 28-30 days and is performed by the
female (Coulombe 1971, Thomsen 1971, Haug et al.
1993). The young begin feathering out at two weeks
of age. The young run and forage by four weeks of
age and are capable of sustained flight by six weeks.
Burrowing Owl families often switch burrows every
10-15 days when the young are three to four weeks
old and remain as a loose-knit group until early fall
when the young may begin to disperse to nearby
burrows (Haug et al. 1993, Dechant et al. 1999).

Diet—Burrowing Owls are opportunistic feeders,
primarily taking arthropods, small mammals, birds,
amphibians and reptiles (Haug et al. 1993). Seasonal
variability in food habits occurs, with vertebrates
occurring more commonly in the winter diet and
arthropods occurring more frequently in the
summer diet (Haug et al. 1993).

Foraging—Burrowing Owls forage in a variety of
habitats, including cropland, pasture, prairie dog
colonies, fallow fields, and sparsely vegetated areas
(Butts and Lewis 1982, Thompson and Anderson
1988, Desmond 1991, Haug et al. 1993, Wellicome
1994). Vegetation >1 m tall may be too tall for
Burrowing Owls to locate or catch prey (Haug and
Oliphant 1987, 1990; Wellicome 1994).

Productivity—Burrowing Owls are capable of
breeding at one year of age. However, some females
may not breed the first year after hatching, or may
breed away from the natal site the first year after
hatching and then return to the natal site in their
second year after hatching (Lutz and Plumpton
1999). Second broods have rarely been documented
in the Burrowing Owl (Haug et al. 1993). Average
clutch size over the range of the species was 6.5 eggs
(range 4-12; Haug et al. 1993). In Canada, percent
successful reproduction ranged from 45-97% and
mean fledging rate ranged from 2.1 to 6.3 young/
successful nest (Hjertaas et al. 1995). In British
Columbia, 58% (n = 12) of nesting attempts were
successful and produced 31 young with a mean brood

size of 4.1 + 1.3 young/successful nest and 2.6 young/
attempt (Hjertaas et al. 1995). In Manitoba, average
brood size was 5.1 young and overall productivity
was 3.4 young/nesting pair (De Smet 1997). In New
Mexico, Burrowing Owls produced 3.33 + 1.49
nestlings and 2.55 = 1.49 fledglings in human-altered
habitats and 1.05 = 1.23 nestlings and 0.68 += 0.98
fledglings in natural habitats (Botelho and Arrowood
1996).

Territory—Burrowing Owls generally stay close to
the nest burrow during daylight and forage farther
from the nest between dusk and dawn (Haug 1985,
Haug and Oliphant 1990). Nesting-territory size was
4.8-6.4 ha in Minnesota (n = 2) and 4-6 ha in North
Dakota (n = estimated 5-9 pairs) (Grant 1965).
Average diurnal ranges of Burrowing Owls in e.
Wyoming encompassed 3.5 ha (number of foraging
areas not given) (Thompson 1984). Foraging-areas
are considerably larger than nesting-areas. In s.
Saskatchewan, mean foraging territory size for
males ranged from 14 to 481 ha (mean = 241 ha;n =
6) (Haug 1985, Haug and Oliphant 1990). In a heavily
cultivated region of s. Saskatchewan, foraging
territories for males averaged 35 ha (n = 4) (Sissons
et al. 2001).

Aggregations—In ne. Colorado, mean inter-nest
distances for Burrowing Owls nesting in black-tailed
prairie dog colonies was 101 m (n = 8) (Plumpton
1992). Mean nearest-neighbor distance for
Burrowing Owls nesting in 20 American badger
excavations in w. Nebraska was 240 m, compared to
mean nearest-neighbor distances of 105 m for 118
non-clustered nests in small prairie dog colonies and
125 m for 105 nest clusters in large prairie dog
colonies (Desmond 1991, Desmond et al. 1995,
Desmond and Savidge 1996). Available excavations
may be limiting to Burrowing Owls nesting outside
of prairie dog colonies

Within prairie dog colonies, Burrowing Owls have
been observed to aggregate their nests into clusters.
Mean densities of Burrowing Owls within clusters in
larger colonies (= 35 ha) were 1.2-1.3 individuals/ha
(n = 21). In smaller colonies (<35 ha) with random
distributions, mean densities of Burrowing Owls
ranged from 1.7 to 5.8 individuals/ha (n = 26).
Clustered nest distributions may reduce depredation
risks by allowing individuals to alert one another to
potential predators (Butts 1973, Desmond 1991,
Desmond et al. 1995, Desmond and Savidge 1996).
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Fig. 3. Winter distribution of Burrowing Owls in the United States from Christmas Bird Count (CBC) data
(1966-1989). Shading represents the species relative abundance (birds/100 party hours) averaged for each
CBC circle and smoothed over the species distribution (Sauer et al. 1996).

In ne. Colorado, 27 prairie dog colonies with
Burrowing Owls ranged in size from 1.9 to 167.6 ha
(Hughes 1993). In w. Nebraska, fledging success
rates were positively correlated with the size of
prairie dog colonies (Desmond 1991).

Mortality and Predation—The annual mortality
rate in Oklahoma was estimated at 62% (adults and
young combined) (Butts 1973). At two sites in s.
Saskatchewan, adult female survival (s) (s = 0.62, n
=12 and s = 1.00, n = 2) was higher than survival
for adult males (s = 0.48, n =11and s = 0.38,n = 5)
or juveniles (s = 0.45,n = 21 and s = 0.48, n = 25)
(Clayton and Schmutz 1999).

Predators of Burrowing Owls include badger,
domestic cat, weasel, skunk, domestic dog, coyote,
Swainson’s, Ferruginous, Red-tailed, and Cooper’s
hawks, Merlin, Prairie, and Peregrine falcons, Great
Horned Owl, American Crow (Haug et al. 1993),
snakes, bobcats and Northern Harrier (Leupin and
Low 2001).

Site and Burrow Fidelity—Individual Burrowing
Owls have moderate to high site fidelity to general
breeding areas, prairie dog colonies, and even to

particular nest burrows. Of 31 adults banded in
Colorado in 1990, 39% returned in 1991, whereas only
5% of 369 Burrowing Owls banded as nestlings prior
t0 1994 returned in one or more years after hatch
(Plumpton and Lutz 1993, Lutz and Plumpton 1999).
Eight of the remaining 12 returning adults (66%)
reused the same prairie dog town as the prior year
(Plumpton and Lutz 1993). Adult males and females
returned at similar rates (19% and 14%, respectively)
(Lutz and Plumpton 1999). Adult males and females
nested in formerly used sites at similar rates (75%
and 63%, respectively). In Albuquerque, New
Mexico, all returning males selected the same
burrow they had previously inhabited unless the
burrow had been destroyed (n = 9, Martin 1973). In
Manitoba, 7% of failed nests (n = 57) were reused in
consecutive years but 23% (n = 122) of successful
nests were reused (De Smet 1997). Burrow fidelity
has been reported in some areas; however, more
frequently, Burrowing Owls reuse traditional
nesting areas without necessarily using the same
burrow (Haug et al. 1993, Dechant et al. 1999).
Burrow and nest sites are re-used at a higher rate if
the bird has reproduced successfully during the
previous year (Haug et al. 1993).
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Habitat

Breeding

Burrowing Owl nesting habitat consists of open
areas with mammal burrows. They use a wide
variety of arid and semi-arid environments, with
well-drained, level to gently sloping areas
characterized by sparse vegetation and bare ground
(Haug et al. 1993, Dechant et al. 1999). Breeding
habitats include native prairie, tame pasture,
hayland, fallow fields, road and railway rights-of-
way, and urban habitats (e.g., campuses, airports,
and golf courses) (Dechant et al. 1999). Burrowing
Owls do not occupy all apparently available habitat
(i.e., prairie dog or ground squirrel colonies).
Unused colonies have been documented in
virtually all states within the current range

of the Burrowing Owl.

Burrowing Owls require a mammal burrow or
natural cavity surrounded by sparse vegetation.
Burrow availability is often limiting in areas lacking
colonial burrowing rodents (Desmond and Savidge
1996). Burrowing Owls frequently use burrows of
black-tailed prairie dogs. They nest less commonly
in the burrows of Douglas’ ground squirrels, white-
tailed prairie dogs, Gunnison’s prairie dogs, yellow-
bellied marmots, woodchucks, skunks, foxes,
coyotes, and nine-banded armadillos (Dechant et al.
1999). Where mammal burrows are scarce,
Burrowing Owls have been found nesting in natural
rock and lava cavities (Gleason 1978, Gleason and
Johnson 1985, Rich 1986).

Burrowing Owls may use “satellite” or non-nesting
burrows, moving chicks at 10-14 days presumably to
reduce risk of predation (Desmond and Savidge
1998) and possibly to avoid nest parasites (Dechant
et al. 1999). Successful nests in Nebraska had more
active burrows within 75 m of the nest burrow than
unsuccessful nests (Desmond and Savidge 1999).
Observations made at 15 burrow sites by James and
Seabloom (1968) revealed that family units in sw.
North Dakota used from one to three satellite
burrows, although a few family units used from two
to ten satellite burrows. In e. Wyoming, most (actual
number not given) nesting areas contained between
two and 11 available burrows (Thompson 1984).
Three Burrowing Owl families in Towa used from
one to five satellite burrows (Scott 1940). In
Oklahoma, black-tailed prairie dog colonies
appeared to be the only habitat with a sufficient
density of burrows to provide satellite burrows for
Burrowing Owls (Butts and Lewis 1982).

Migration

No information is available on migration habitats.
They are presumed to be similar to breeding
habitats (Haug et al. 1993).

Winter

Little is known about wintering habitat
requirements beyond what the species uses during
the breeding season, but there seems to be increased
use of agricultural fields with culverts in some areas
(Haug et al. 1993, W. Howe, pers. commun.). In
Louisiana, in winter, Burrowing Owls are typically
found in dune vegetation or near woody debris on
beaches, in pastures, and in agricultural fields (B.
Vermillion, pers. commun.). In sc. Nevada, burrows
used in winter were the same as those used during
the breeding season (Hall et al. In review).
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Populations

Population Estimates and Trends

Breeding Bird Survey—The Breeding Bird Survey
(BBS) revealed a mixture of population trends
throughout the Burrowing Owl breeding range in
North America (Table 2, Fig. 4) (Sauer et al. 2002).
BBS trends for Burrowing Owls are largely limited
by small sample sizes and the species is not
adequately sampled over a large part of their
breeding range. Trends in nearly all regions are
limited by important or potential deficiencies (Sauer
et al. 2002). However, when taken as a whole,
generally declining populations are present in the
northern half of the Great Plains, and generally
increasing populations are present in the northwest
interior and in some southwestern deserts of the
United States (Table 2, Fig. 4).

Christmas Bird Count—Burrowing Owl abundance
is poorly monitored by the CBC. Most Burrowing
Owls from the Great Plains winter in Mexico where
CBC coverage is poor. On the Gulf Coast of Texas,
wintering Burrowing Owls are difficult to detect and
samples sizes are small. The effort to locate
wintering Burrowing Owls has increased in recent
years (G. Holroyd, pers. commun.). A significant
decreasing trend was observed only in California;
trends for other areas were non-significant (Table 3)
(Sauer et al. 1996). James and Ethier (1989) detected
stable populations in most wintering areas in New
Mexico, Louisiana, and Mexico for 1955-85. There
were no significant changes in Arizona, New Mexico,
Texas, and Louisiana from 1954-86, or in Mexico
between 1974 and 1985 (James and Ethier 1989)

Other Surveys, United States—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). Populations in w. Nebraska
declined 58% (91 to 38 nesting pairs) between 1990-
1996 (Desmond and Savidge 1998). Populations in
New Mexico have exhibited mixed trends: stable or
increasing populations were associated with the
presence of suitable habitat and increased
precipitation and food availability while decreasing
populations were associated with loss of suitable
habitat (Arrowood et al. 2001). In Wyoming, only 11%
of 86 historical sites were occupied in 1998; however,
the importance of this finding is uncertain due to the
tendency for Burrowing Owl colonies to move
(Korfanta et al. 2001). The Wyoming Game and Fish
Department’s Wildlife Observation System showed
populations generally increasing between 1974-80
and then decreasing between 1981-97 (Korfanta et al.
2001). In North Dakota, Burrowing Owls have
disappeared from the eastern third of the state and
is uncommon to rare in the best habitats north and
east of the Missouri River (Murphy et al. 2001). In
sw. North Dakota the current population trend is not
clear, but is probably closely tied to populations of
prairie dogs (Murphy et al. 2001). Based on
questionnaires, literature searches, personal
contacts and field observations, Brown (2001)
concluded that Burrowing Owls are widespread but
uncommon in Arizona. In Oklahoma there are an
estimated 800-1000 breeding Burrowing Owls,
restricted primarily to the panhandle of the state
(Sheffield and Howery 2001). In a survey of National
Grasslands, Sidle et al. (2001) found higher
occupancy of active prairie dog towns in the
southern Great Plains (93%) than in the northern
Great Plains (59%).
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Fig. 4. Breeding Bird Survey trends for Burrowing Owls in the United States and Canada (1966-96, Sauer et
al. 2002). These trends do not necessarily reflect statistical significance (see Table 2).

Table 3. Christmas Bird Count trends, sample sizes (n), 95% confidence intervals (Cl), significance levels (P),
and relative abundance (RA) for the Burrowing Owl in areas with sufficient data for analysis, 1959-1988

(Sauer et al. 1996).

EES limit

Percent Change per Year

Less than -1.5
-1.5 10 -0.25

-0.2hito +0.25
+0.261t0 +1.5
Greater than +1.5

State Trend? n 95% CI P RAP
Arizona 0.2 16 -1.7 2.1 >(0.10 0.10
California -1.2 97 -2.3 -0.1 <0.05 0.29
Texas 1.2 52 -1.3 3.8 >0.10 0.23
Survey-wide 0.2 240 -15 1.9 >0.10 0.13

4—Mean percent change per year.

b_Mean number of birds per 100 party hours.
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Field-based, quantitative population estimates do
not exist for most states (Table 4). However, James
and Espie (1997) submitted surveys to state
biologists in 1992 to determine approximate total
breeding populations of Burrowing Owls, based on
expert opinion and not necessarily based on field
investigations of true population levels. Additional
population estimates have been made for California,
Colorado, Kansas, Montana, and Oklahoma

(Table 4).

Other Surveys, Canada—Burrowing Owls declined
in Canada from the mid-1970s through at least the
early 1990s (Kirk et al. 1994/95) with up to 50%
declines in some areas (Dundas and Jensen 1994/95).
No complete censuses have been conducted in
Canada, but a variety of studies show widespread
range contraction and declining density (Hjertaas et
al. 1995). Burrowing Owls declined in Alberta,
Saskatchewan, and Manitoba at over 20% per year
over the past decade (Wellicome and Holroyd 2001).
Skeel et al. (2001) documented a 95% decline in
Burrowing Owls reported by landowners in
Saskatchewan for an average annual decline of 21.5%
from 1998-2000. They are effectively extirpated from
Manitoba with one pair nesting every second year
since 1999 (K. De Smet, pers. commun.). Shyry et al.
(2001) reported a significant decrease in the density
of Burrowing Owl nests near Hannah, Alberta
between 1991 and 2000. The density of nests near
Brooks, Alberta did not significantly change from
1991 to 2000.

Based on a survey of biologists, the total breeding
population for Canada was estimated as
approximately 2,000-20,000 pairs, with the major
populations occurring in Alberta and Saskatchewan
(Table 4) (James and Espie 1997). In Alberta, the
population estimate dropped from 1,500 to 800 birds
(47% decline) from 1978-1990 (Wellicome 1997).

Other Surveys, Mexico—Burrowing Owls breed in
much of Mexico but the population is unknown. In
nw. Chihuahua they occurred on 62% (n = 34) of
surveyed prairie dog colonies for a total of 87 owls.
Numbers ranged from 0-16 owls/prairie dog colony
and 0.00-7.69 owls/ha (VerCauteren et al. In review).
Two BBS routes in the same area of nw. Chihuahua
average 19 and 32 Burrowing Owls per route
between 1998 and 2001. As many as 26 adults were
visible from a single point on one occasion (W. Howe,
pers. commun.).

Densities

In Nebraska, total numbers of Burrowing Owls
increased, but density decreased with increasing size
of prairie dog towns (Desmond and Savidge 1996). In
large (>35 ha) prairie dog towns, distribution was
found to be less dense but clumped, and clumping
was not related to burrow availability (Desmond et
al. 1995). Burrowing Owl density in black-tailed
prairie dog colonies was negatively correlated with
the density of inactive burrows (Desmond 1991). The
density of Burrowing Owls in prairie dog colonies in
ne. Colorado was positively related to the
percentage of active burrows (Hughes 1993). At least
50% of the burrows were active in 26 of 27 occupied
colonies. For prairie dog colonies with over 90%
active burrows, mean density was 2.85 owls/ha, and
for those with 70-80% active burrows, mean density
was 0.57 owls/ha.

Changes in Breeding Season
Distribution

United States—The Burrowing Owl has been nearly
extirpated from all former breeding range in w.
Minnesota, most areas east of the Missouri River in
North Dakota, e. Nebraska and Oklahoma, e. and c.
Kansas, in large portions of the San Francisco Bay
area in California, and in the Rogue Valley in sw.
Oregon (DeSante et al. 1997, Martell et al. 2001,
Murphy et al. 2001, Sheffield and Howery 2001,
Wellicome and Holroyd 2001).

In California, the Burrowing Owl has been
extirpated as a breeding species during the last 10-15
years from approximately 8% of its former range (J.
Bareclay, pers. commun.). They were apparently
extirpated as breeding birds during the past decade
from Sonoma, Marin, Santa Cruz, and Napa
counties, and only one breeding pair apparently still
existed in San Mateo County in 1991. The population
around the north end of San Francisco, San Pablo,
and Suisun Bays was also reduced to a very small
remnant. Breeding in central California has been
reduced to only three isolated populations: a
moderate but declining population of about 720 pairs
in the Central Valley; about 143 pairs in the lowlands
around the southern arm of San Francisco Bay
between Alameda and Redwood City; and a very
small, isolated population of about 10 pairs in the
Livermore area (DeSante et al. 1997).

In a comparison with historical distributions,
Murphy et al. (2001) found that Burrowing Owls
were greatly reduced or completely extirpated from
nw. and c. North Dakota. Declines in Burrowing
Owls may be related to loss of grassland habitat and
burrowing rodents in the state (Murphy et al. 2001).
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Table 4. Burrowing Owl population estimates for states, provinces, and countries. James and Espie (1997)
surveyed state/provincial biologists in 1992 to determine approximate total breeding populations. Other
populations estimates are presented only for statewide/province-wide estimates; additional local population
estimates can be found in Appendix A: State Summaries of Burrowing Owl Status.

Area James and Espie (1997)? Other statewide/province-wide estimates (source)
United States 20,000-200,000
Arizona 100-1,000 None
California 1,000-10,000 9,266 pairs (1991-1993; DeSante et al., unpubl.)
Colorado 1,000-10,000 15,796-20,408 individuals (Hanni 2001)P
Idaho 1,000-10,000 None
Towa <10 None
Kansas 100-1,000 1,000-10,000 pairs (W. Busby, pers. commun.)
Minnesota <10 None
Montana 100-1,000 644 + 114 pairs (Atkinson 2000)°
300 pairs (Holroyd and Wellicome 1997)
Nebraska 100-1,000 None
Nevada 1,000-10,000 None
New Mexico 1,000-10,000 None
North Dakota 100-1,000 None
Oklahoma 100-1,000 800-1,000 individuals (Sheffield and Howery 2001)
Oregon 1,000-10,000 None
South Dakota 100-1,000 None
Texas >10,000 None
Utah 1,000-10,000 None
Washington 100-1,000 None
Wyoming 1,000-10,000 None
Canada 2,000-20,000
Alberta 1,000-10,000 800 birds (in 1990; Wellicome 1997)
British Columbia <10 <10 pairs (Leupin and Low 2001)
Manitoba 10-100 10-20 pairs (K. De Smet, pers. commun.)
Saskatchewan 1,000-10,000 None
Mexico Unknown

4—numbers of breeding pairs

b_estimates are only for e. Colorado, which represents the majority of breeding habitat in the state.

‘—estimate is based on surveys of known prairie dog colonies.
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In w. Minnesota, Burrowing Owls were considered
common in the 1920’s; however, significant declines
had occurred by the 1960’s (Martell et al. 2001).
During 1965-1985 only 10 breeding records were
recorded. A reintroduction program was attempted
from 1986-1990; however no successful nesting has
been recorded since 1992.

Canada—The Burrowing Owl has been extirpated
from the northern portions of the range in
Saskatchewan and Alberta, and all former range in
Manitoba and British Columbia (Wellicome 1997,
Shyry et al. 2001, Wellicome and Holroyd 2001).
Extirpation from all of Canada may occur within a
few decades (Wellicome and Haug 1995).

Mexico— Unknown.

Re-occupancy Rates

Of 292 nest burrows that had been occupied in some
previous year (1976-83), 39.4% were re-occupied in
Idaho in some subsequent year (up to seven years
later) (Rich 1984). Burrows in rock outerops were re-
used 48.9% of the time (n = 113) compared to 31.4%
(n = 159) for nests in soil mounds. OQutcrop sites also
were used more often in consecutive years; 23 were
used for two years, and 12 were used for three
consecutive years. Fifteen mound nests were used
for two years, five were used for three years, and one
was used four consecutive years. Greater reuse of
outcrop sites could be related to their stability as no
burrows in outerops were destroyed. However, nests
in old badger burrows were destroyed by plowing,
cattle trampling, drifting sand, dredging, and other
unknown causes (Rich 1984).

In Colorado, 90% of 18 prairie dog towns and 25% of
four nesting burrows were reused between 1990 and
1991 (Plumpton and Lutz 1993). In sc. Idaho in 1994-
95, 50% (n = 30) of individual burrows were reused
in a subsequent year (Belthoff and King 1997). Of 10
burrows that fledged young in 1994, 70% were
reused at least once. Conversely, burrows tended to
remain unoccupied in years following nest failures;
six nests remained unused in 1995 and 1996 after
failing in 1994 (Belthoff and King 1997). In sw. Idaho,
low nest reoccupancy was documented (11% from
1991 to 1994, and 42% from 1993 to 1994) (Lehman et
al. 1998).

Korfanta et al. (2001) estimated 17% reoccupancy
(range: 8-28%) of historic breeding sites in e.
Wyoming. The average age of sites reoccupied by
Burrowing Owls in 1998 (12.4 years; n = 10) was not
significantly different from the average age of all
historic observations (13.1 years, n = 86) (K