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EXECUTIVE SUMMARY

The western Burrowing OwRAthene cunicularia hypugga one of 18 New World
Burrowing Owl subspecies, only 2 of which are foumdorth America (Haug et al.
1993). ltis listed by the U .S. Fish and Wildl8ervice as a Bird of Conservation
Concern in every USFWS Region it occurs in andnenNational list (USFWS 2002,
Klute et al. 2003). It is listed as threatene@mdangered in several U.S. states and has
been listed as a species of special concern irités &.S. states, including California
(Remsen 1978, James and Espie 1997, Sheffield LBFWS 2002). The Imperial
Valley of California supports the largest concetdraof Burrowing Owls in its range
(Desante et al. 2004), and is the site for the hmpérigation District’s (IID —
Operational Headquarters, 333 E. Barioni Blvd., énmgd, CA 92251) Colorado River
Water Conservation and Transfer Project (Final EIR/ dated June 2002). In response
to requirements in the draft Habitat Conservatitan®PHCP) and other authorizations
associated with the Water Conservation and Trafsfgect, the IID issued a request for
proposals (Qualifications Request 531) to desighianplement a Burrowing Owl
population investigation. The overall objectivesta estimate the relative abundance
and distribution of Burrowing Owls throughout thenasubmerged portions of the
500,000-acre HCP Study Area, which encompasseagtteultural matrix of the

Imperial Valley. These surveys for Burrowing Owlighe HCP Study Area were to
focus on the IID’s rights-of-way and service artest parallel irrigation canals, drains,
and ditches, including the All American Canal, &edconsidered as the initial phase of a
3-phase “Effective Monitoring” strategy describadsection 4.5.2 of the HCP.

The proposal for this work was submitted underrégngaship between Peter H. Bloom of
Bloom Biological, Inc (13611 Hewes Avenue, SantaAGalifornia 92705), Jeffrey A.
Manning of Manning Biological Research (1868 CoogatRd., Moscow, Idaho 83843),
and Jeff Lincer of the Wildlife Research Instituig;. (18030 Highland Valley Road,
Ramona, California 92065). On February 1, 2006 ,th awarded Bloom Biological,
Inc. a contract to further design and conduct ppsed stratified random sampling mark-
recapture survey methodology for Burrowing Owlsealeped by Jeffrey A. Manning.
The scope of that work entailed the developmentimupdementation of detailed survey
and sampling methods during 2 consecutive springaes, from which to provide
estimates of population size and a validated metbadirvey for Burrowing Owls within
the HCP Study Area in subsequent years. This atas damended by the Water Transfer
Implementation Team (IT) on March 20, 2006 to idgwa pilot study during April and
May, 2006, prior to implementing the originally pased 2-year effort. The objective of
the pilot study was to assess probabilities ofd&te and determine the best survey
method (mark-recapture versus removal), times gf @ad minimum number of repeat
sampling occasions that would be necessary to talaccuracy of abundance estimates
with effort (cost) during the 2-year populationcstu

This final report was developed in accordance witlidance from the IT, the
requirements of the HCP and other Water Transfate@ authorizations, and includes
findings from a series of retrospective studies fagld experiments (including a pilot
study) conducted on Burrowing Owls during dayligbtirs in the HCP Study Area.
These studies were conducted during the prehatge $April) of the Burrowing Owl
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breeding cycle in 2006, 2007, and 2008. Retrospestudies and their associated
analyses followed rigorous scientific methods basedpplying the information
theoretic approach with multiple working hypothe@@kamberlin 1890, 1965; Burnham
and Anderson 2002), novel techniques that weredestd validated, random sampling
or complete censuses, and/or bootstrapped simuogatiBield experiments involved
experimental controls, randomly assigned treatmeatsiom sampling, and replication.

All surveys were conducted by biologists with a minm of a bachelor’s degree in
biology or related field, formal training in theisctific method>1 years experience
conducting avian surveys, or demonstrated abild@xslucting wildlife population
surveys. All field biologists received extensivassroom and field training in order to
standardize the collection of survey data.

The topics presented here correspond to thosd listihe detailed study approach titled
“Final Detailed Buow Study Approach Section 5.2Z3® 531,” included in the 1ID’s
Work Order No. 2 (8100000664jated January 31, 2007, as amended.

The primary objectives were to:

1. Provide accurate annual estimates of relativedsving Owl abundance and
distribution in the HCP Study Area over a 2-yeadgtperiod.

2. Develop and validate a repeatable sampling aatysis methodology that
optimizes the accuracy of annual estimates of o abundance and
distribution while minimizing costs.

Amendments to the approaches used to achieve tive albjectives were made after
independent peer reviews were provided by Dr. WulG{New Mexico State University,
Las Cruses; January 8, 2007) and B. Manly (West,@ieyenne, Wyoming; August 22,
2007) and as new information was made availablees& amendments include:

1. Use of a grid with a standardized 3x3-Km grid s&tk to evaluate spatial
autocorrelation in abundance of owls in lieu oéhn IID right of ways. These
grid cells would also represent standardized samgplnits for all subsequent
analyses. This approach was approved by the Weadesfer IT on May 9, 2007,
and the size of grid cells approved by Brad Norbfghe [ID on August 22, 2007
and also by the IT in September 2007.

2. Use of a 110-m buffer to surround point-coordinaased Burrowing Owl
locations for estimating unbiased estimates of rBaleowing Owl population
sizes from point-coordinate-based closed captwaptere data. The approach to
examine the most appropriate buffer size was aggrdy the IT on May 9, 2007,
and the 110-m buffer size was approved by Bradihpdf the [ID on August 22,
2007 and (by email) by the IT on Sept 17, 2007.

3. Use of remote sensing crop data as a correlateatsf Burrowing Owl territory
abundance. The initial approach of analyzing rensenhsing crop data was part

\Y
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of the approved detailed study approach, but fipgplroval to use the results to
predict abundance was emailed by the IT on Septefrhe2007.

4. Disturbance experiment approved by Bruce WilcokhefIID, April 2008

5. Comparison of double and single drain surveysdsponse to requests made by
the IT and Dr. W. R. Gould’s independent review astbmmendation, dated 8
January 2007 and the IT’s request).

6. Use of summed estimates of local population aburekato validate long-term
stratified sampling monitoring design (in respots®r. W. R. Gould’s
independent review and recommendation, dated 8&3a2007).

This report is divided into 20 chapters, with suhsant chapters building upon
information from former chapters. Due to the nuoasrnovel scientific approaches
applied by individual experts here, the formatto$ treport follows that widely used and
accepted by the scientific community, includingséing of authors under each chapter
heading (e.g., see Barclay et al. 2007. Procesdihthe California burrowing owl
symposium, November 2003. Bird populations monplgsaNo. 1. The Institute for Bird
Populations and Albion Environmental, Inc., PoietyBs Station, CA).

In Chapter 1, | provide a general introduction eatives, and description of the study
area. In Chapters 2-9, | focused on the developofean efficient survey method that
produced unbiased, precise estimates of abund&itapter 10 involved the calculation
of maximum likelihood estimates of local male Buving Owl territory abundance for
each 3x3 km grid cell across the study area in 200 TChapters 11-13, | identified
correlates of abundance and occupancy with thatiote of evaluating the efficacy of
using those correlates as surrogates of abundans&tifying the HCP Study Area
prior to subsequent population surveys. In Chapldrl9 | developed, tested, validated,
and recommended a stratified random sampling metbgy with the survey method
embedded into it to improve precision of populatstimates and reduce costs. Chapter
20 provided a brief list of recommended future aeske directions divided into two
sections: 1) those intended to improve the accuaadyreduce costs of population
monitoring, and 2) those intended to improve theéeaustanding of the status of the
Burrowing Owl population and factors that poteryidiimit or regulate it.

Key points from this study include the following:

1. Diurnal home ranges of male Burrowing Owls rahfyem 0.01 to 2.14 hectares
(to 5.30 acres), with an average of 0.32 +/- 0. 8&dre (~0.80-acre). Males
restricted 97% of diurnal movements to less thahrhifrom their burrow site.
Diurnal home ranges were distinct and non-overiagpi

2. Auvailability of Burrowing Owls (which differs &m the probability that an owl

was detected, given that it was available for deirgwas best explained by
temperature, with “availability” decreasing as tergiure increased.

Vi
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3. We recommend single-stop car surveys over t@p-sar surveys (surveying both
sides of drain feature) or foot-based surveys.v&ung from one side of a drain
is recommended over surveying from both drain sideshe latter produces no
substantial reductions in bias over the formert{liwd about 20% bias range).

4. We recommend a three-pass (e.g., 3 survey aryadosed population capture-
recapture approach over the four-pass approachinaéd7 and 2008: the fourth
pass provided only limited additional power, andas justifiable given the
additional effort required. Survey passes are gotatl on separate days.

5. Of many potential environmental correlates of abundance investigated, the
best-fit model (i.e., best correlates) included benof available burrows and
presence of alfalfa three years prior to the 2Q0Vey effort. Based on these
results, we initially recommended that these twaaldes could be used to
stratify the study area in future survey effortdowever, after additional analyses
in the later chapters, we concluded that it wowdtibe advantageous to use these
two variables in stratifying the HCP Study Aread gmovided an alternative.

6. Abundance of Burrowing Owls in the study ares wstimated at 3,557 male owl
territories (= breeding pairs) in 2008. This regergted a 27% decline from the
2007 estimate of 4,879 territories. These numaersonsiderably lower than
prior estimates by other researchers (e.g., Desdratle 2004 estimated
approximately 6,000 territories). The decline lnuadance between 2007 and
2008 was detected in most (n=206, 75%) of the ZB4kdn grid cells used to
estimate local abundances across the study ardzstaditial abundance declines
(>50%) between 2007 and 2008 were detected in208r of the grid cells.

7. We present the minimum number of grid cellstépdl n=274 in Imperial Valley)
to be sampled in future burrowing owl surveys ttedea targeted percent-change
in abundance. For example, the abundance estnesitting from surveying 119
randomly-selected grid cells would produce estim#tat would be within 10%
of the true population size. This would allow thetection of a change in
abundance as small as 20% between survey peribolsever, stratified random
sampling improved the ability of detecting a chatmas low as about 10%.

8. The stratified random sampling methodology respithat the study area be re-
stratified prior to each population survey. Thetbaethod to stratify is based on
BUOW abundance, which can be obtained by a vallejgwingle-pass census of
owls just prior to selecting a random sample to glete capture-recapture
surveys. After this single census, the sampleriofgells to be surveyed (e.qg.,
119) could be randomly selected and surveyed with » additional passes. By
combining census data with the data from the 2tewhdil passes, a total of 3
survey passes (occasions) would occur in the rahydsatected grid cells. With a
sample of 119 grid cells, this could produce amregte that would enable
detection of a 10% change in between-year abundzfmoale Burrowing Owl
territories.

Vii
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Chapter 1

GENERAL INTRODUCTION AND STUDY AREA

JEFFREYA. MANNING
GENERAL INTRODUCTION

The western Burrowing OwRAthene cunicularia hypugégss listed by the U .S. Fish and
Wildlife Service as a Bird of Conservation Concerevery USFWS Region it occurs in
and on the National list (USFWS 2002, Klute e2803). It is listed as threatened or
endangered in several U.S. states and has beeth dista species of special concern in 16
other U.S. states, including California (Remsen8l9ames and Espie 1997, Sheffield
1997, USFWS 2002). The Imperial Valley of CalifianUSA (32 58’ N, 115 31’ W)
supports the largest concentration of Burrowing ©wlits range (Coulombe 1971,
Desante et al. 2004), and is the site for the Impérigation District’s (IID —
Operational Headquarters, 333 E. Barioni Blvd. IngdeCA 92251) Colorado River
Water Conservation and Transfer Project (Final EIR/ dated June 2002). As part of
that project, a draft Habitat Conservation Plan fli@as prepared, and the Burrowing
Owl was included as a covered species in the HCP.

The HCP specified measures to avoid, minimize,cmdpensate for potential impacts to
Burrowing Owls resulting from the IID’s activitieand specified Burrowing Owl
monitoring requirements. However, the status aslds in the Burrowing Owl
population within the HCP Study Area are largelknown. Only one study has
estimated the size of the Burrowing Owl populaiiothis region (Desante et al. 2004).
They surveyed 6% of the Imperial Valley, and estadahe population to be between
3,405 and 7,795 pairs. Because accuracy of abuadsstimates is important for
species-specific monitoring plans (Atkinson e2&l04) and making well informed
adaptive management decisions, increased acciwwaeeded in estimating the
Burrowing Owl distribution and population size hetHCP Study Area.

Prior to initiating a long-term population monitogi program for Burrowing Owls along
the IID’s rights-of-way and service areas that pararigation canals, drains, and

ditches within the non-submerged portions of tregppsed 500,000-acre HCP area (HCP
Study Area), a standardized sampling design thaimizes the required sample size,
optimizes the allocation of survey effort, and regkicosts while maintaining high levels
accuracy at all stages of the survey is needethoAgh range-wide surveys have been
recommended (Holroyd et al. 2001), no statisticafiprous broad-scale Burrowing Owl
population estimation has been conducted, excepat $tatewide survey by Desante et al.
(2007). Guidelines for conducting standardizedi@isurveys prior to development in an
area have been developed by numerous non-goverahoeganizations and regulatory
agencies across the southwest (California Burrowing Consortium 1997, Arizona
Game and Fish Department 2007, New Mexico Depaittwie@ame and Fish 2007), but
these guidelines are not suitable for determiniegappropriate level of sampling and
surveying needed to minimize cost while maintairacguracy in a large area with a high

Manning, J. A. 2009. Burrowing Owl populationesin the Imperial Valley, California: survey andrgding
methodologies for estimation. Final report to li@erial Irrigation District, Imperial, CalifornidJSA, April 15, 2009. 1
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abundance of owls like that found in the HCP StAdsa. Additionally, factors that
affect detection of owls during the breeding sedsare been reported for populations in
the northwest and central United States (Conway. &008), but because the range of
environmental conditions determined to be imporiarnhat study differ dramatically
from that found in the Imperial Valley, these réswghould not be inferred to the HCP
Study Area. Additionally, while Conway and Sim@®Q3) provide a rigorous
comparison of detection probabilities among threghmds of surveying for Burrowing
Owls, other survey methods are available, and pipcability of using these survey
methods in the HCP Study Area has yet to be evaduat

Two sources of error that influence the precisibpapulation estimates are
measurement error and sampling error (Cochran 19viéasurement error occurs when
an observer fails to detect an animal that wadaai for detection during a survey, also
referred to as detection probability (Diefenbachle2007). This source of error can be
attributed to habitat and/or environmental condisicanimal behaviors, observer fatigue,
and survey methodology, among numerous other fctdiethods of estimating
abundance commonly adjust raw counts by an estéhtEgection probability
(Diefenbach et al. 2007), but lower detection plolitées coincide with lower precision
of abundance estimates. Measurement error caedoeed by implementing a variety of
techniques, including the use of skilled observapglication of standardized survey
protocols, selection of survey times to maximizghility and minimize misidentification
of target animals, training to increase consisteray accuracy, and use of field
instruments with high accuracy.

Sampling error is associated with experimentalgteand sampling of a population
(Kuehl 1994). Time and money limitations typicatignstrain population surveys to a
sample of areas that represent a fraction of the accupied by the population of
interest. Here, each area represents an arealisgrapit, and sampling error refers to
the variability in abundance of animals among thessapling units. In these situations, a
carefully selected experimental design can redaogsng error and improve statistical
power (Kuehl 1994). Designs such as cluster samgptandomized block design, and
stratified random sampling reduce sampling erroclagsifying sampling units according
to their similarity or dissimilarity and estimatidpundance in each class separately.
These designs generally assume that population€gusample units are without
measurement error, which is why it is still impaoitéo reduce measurement error when
using them.

Steidl et al. (1997:274) provide an elegant exartiaeillustrates the gains in power
when an efficient experimental design and approgpstatistical model for analysis are
used. The remainder of this paragraph is an ek&emn that paper. “The effect of
recreation on breeding bald eagles ... was investijay measuring brood behavior of
eagles with people camped at distances of 500 @@anlfrom nests (Steidl 1995).
Assuming these data were collected with a complesgidomized design, the null
hypothesis of no difference in the percent day daales spent brooding with people
camped at these 2 distances could not be rejectddowever, power to detect a 20%
effect with this design ... was low ..., indicating thiae results were inconclusive.

Manning, J. A. 2009. Burrowing Owl populationesin the Imperial Valley, California: survey andrgding
methodologies for estimation. Final report to li@erial Irrigation District, Imperial, CalifornidJSA, April 15, 2009. 2
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Eagle nesting behavior changes rapidly as nestimgjsire (Steidl 1995), and [the]
completely randomized design [above] did not actéamthis known source of

variability. Instead, a crossover design was {dedes and Kenward 1989), where both
treatment and control were applied in successidghd@ame experimental unit (nest).
This design eliminated variability due to nestlamge between nests. The null hypothesis
of no difference in behavior between distances ppewere camped] was rejected with
this approach ..., indicating that eagle behaviongled when people camped near
nests.”

Because abundance of owls is expected to be unegistitibuted across the HCP Study
Area, a simple random sample of areas would liledyl to imprecise population
estimates of male Burrowing Owl territories (Cawyhl977:27; Williams et al.
2002:247). An accurate estimate of population s@ebe obtained with sampling
designs that account for the size, shape, numbédmlacement of sampling units across
areas where abundance is unevenly distributed (@eyd977:27; Williams et al.
2002:247). This is a critical issue in populatmoaonitoring because increased precision
translates to an increase in the ability to dethaenhges in population size. Imprecise
estimates only allow for detection of large chaniges population.

A commonly used design to estimate the size oflifielgpopulations in large areas where
abundance is unevenly distributed is stratifiedlcam sampling (Caughley 1977:27,;
Williams et al. 2002:249). The area supportingttital population of interest is
subdivided into areal sampling units, and thesecaregorized according to their
similarity in animal abundance (e.g., low, mediand high). These categories are
referred to as strata, and a random sample of isntiawn separately from each stratum.
Animals are counted in the randomly sampled umitbtae strata abundances are
summed to estimate a total population size. TiadiScation of units into similar
abundances reduces sampling error within stratarendstimated total population
estimate.

This report provides the results from a serieetbspective and experimental studies
conducted over a 3-year period in the HCP StudyAbpeginning with a pilot study in
2006. Our general objective was to develop andiasd a repeatable stratified random
sampling and analysis methodology that optimizesattcuracy of annual estimates of
population abundance and distribution while minimgzcosts. Secondarily, we provide
unbiased estimates of local and HCP-wide Burrovdmg abundance and distribution
and demonstrate an application of these estimatesliculating annual rates of
population change over the last 2 years of theystlitkcept where otherwise
emphasized, this study focused on observationsddfidual owls, with inference drawn
to nests and territories where appropriate. FRpospective and survey-based analyses,
my general approach was to use the informationrétiecapproach to test multiple
working hypotheses (Chamberlin 1890, 1965; Burnhadh Anderson 2002); but, in
some cases where inferential statistics were appdied eP-value of <0.1 was used for
determining significant differences. Field expegints used inferential statistics wittPa
value of <0.05, unless otherwise stated.
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This study was funded by the 11D, with oversightyaded by the IT. Bloom Biological,
Inc. held the contract with the IID, establisheb@antracts with Jeff Manning and the
Wildlife Research Institute, Inc., and providedamhation on the natural history of owls.
Jeff Manning developed the study designs, fieldquols, and methods of data collection
(with reviews and recommendations by W. R. GouldVBnly, and others), was the
principle field investigator, performed all analgq&vith the collaborating coauthors of
respective chapters), and authored all reportsalstemanaged purchases and the budget
and selected, trained, and supervised field bistegiThe Wildlife Research Institute,
Inc. hired the selected field biologists, provideput during the pilot study, and assisted
in the training of field biologists. Their senioiologists also assisted in the collection of
data during the pilot study.

GENERAL DESCRIPTION OF STUDY AREA

This study was conducted in the agricultural madfihe Imperial Valley of California,
USA (3258’ N, 115 31’ W), an important region for Burrowing Owls ttsupports the
largest population in North America (Coulombe 199&sante et al. 2004). Specifically,
the HCP Study Area included all non-submerged postiof the 500,000-acre HCP Study
Area, and surveys were conducted where the lIQiststof-way and service areas
paralleled irrigation canals, drains, and ditclesluding the All American Canal.

Extensive landscape change occurred in this desesystem during the 9@entury,

with a large portion of the Imperial Valley cultkeal for agricultural production with
irrigation water supplied by the Colorado River {Bga1994). During this study, fields
were intensively managed year-round for irrigatgdcaltural production, with alfalfa
(Medicago sativg Sudan grassSprghum bicoloy, Bermuda grasCiyondon dactylon
and wheatTriticum spp.) as the dominant crops. Agricultural fielgse routinely flood
irrigated, irrigation drains, canals, and ditchesevdredged and maintained for water
conveyance, and access roads were graded. \Whikiagricultural landscape during the
course of this study, Burrowing Owls nested alnswgirely within or along irrigation
drains, canals, and ditches.
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Chapter 2

SPACE USE AND AVAILABILITY OF BREEDING MALE
BURROWING OWLS DURING DIURNAL POPULATION SURVEYS

JEFFREYA. MANNING, CAREN S. GOLDBERG, PETERH. BLOOM, AND SCOTT E. THOMAS

ABSTRACT. Formulating a baseline understandingBafrowing Owl space
use during the day in the HCP Study Area and thpligations of this
information on conducting diurnal surveys is impoit Here, we showed that
male Burrowing Owls occupied small, spatially disti diurnal home ranges,
restricted 97% of their activities to <110 m frolne thest, and remained closest to
their nest burrow during mid-afternoon while fenzalgere in the burrow. We
also found that an increase in nest density co@ttidith a decrease in diurnal
home range size and that diurnal home ranges rechaatially distinct (i.e., no
change in the level of inter-home range overlapenvithe density of nests
increased. We also found that their availability fletection decreased on the
mid-day. We concluded that these patterns in diuspace use would minimize
the risk of double counting owls or pairs duringirdal population surveys
conducted in the prehatch stage of the breedinkp @rd that surveys should be
avoided in the mid-day until an estimator of aburwa that incorporates
availability becomes available.

INTRODUCTION

Like many highly mobile species, Burrowing Owldliag various locations across their
home ranges throughout a 24-hr period. This vanathould be identified and
accounted for to improve the accuracy of estimdézsed from population surveys. For
example, the probability of being available foregion (which differs from the
probability that an animal is detected, given that available for detection) throughout
the day (e.g., due to being in a burrow) is likebt to be constant; depending on when a
survey is conducted, this variation can bias pdmnaestimates (Diefenbach et al. 2007).
Many of the current methods used to estimate ptipuk like distance sampling,
double-observer, and sightability (Williams et2002), assume that the probability that
an animal is available for detection is 1.0. Thofrmation on the availability of
individuals for detection and home range use aratlap can be useful in developing
standardized survey protocols that increase theracg of population estimates, as is
specified under the HCP.

Burrowing Owls use their nest burrow as a centiatgy with activities emanating
outward like that of a central place forager (Osiand Pearson 1979, Schoener 1979).
During the breeding season, male Burrowing Owlw/alst defend the immediate vicinity
of the nest during the day (Coulombe 1971, Thonmi€ati, Martin 1973, Moulton et al.
2004) and expand their space use at night, withunoal home ranges measured at 45 to
184 ha (Gervais et al. 2003, Rosenberg and Halé$)20_ow detection probabilities
during nocturnal surveys (Haug and Didiuk 1993, @ayand Simon 2003) may be due
to these extensive movements, as owls may be atveanthe area being surveyed. This
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is a concern for population monitoring because di@tection probabilities decrease
precision of population estimates (Seber 1982).

Surveys conducted while owls are occupy small dilihome ranges may avoid these
issues and produce highly accurate population astsnf movements of individual owls
are short and home ranges show little overlap. é¥@w the probability that an owl is
available for detection throughout the day may geamvhich can bias estimates
(Diefenbach et al. 2007). For example, low avdlilglof Burrowing Owls during mid-
afternoon surveys in northern California biasedypaion counts 90% below the known
population size (Thomsen 1971). Due to these hetgsampling throughout the day in
northern latitudes, as recommended by Conway €2@08), may not provide reliable
estimates of population size if this variabilitynist accounted for.

In this chapter, we focused on formulating a bagelinderstanding of Burrowing Owl
space use and the implications of such on condystinveys in the HCP Study Area.
We estimated the size and level of overlap of dilBurrowing Owl home ranges during
the prehatch stage of the breeding cycle and exghlloow these parameters varied with
nest density. We further estimated the availabditBurrowing Owls throughout the
day, and demonstrated how availability can infleepopulation estimates derived from
diurnal sampling.

METHODS
Data Collection

Spatial use of diurnal home ranges

We surveyed resident male Burrowing Owls duringliteeding season from 1 April to 1
May 2007. We chose these dates because theyponeed with the prehatching stage
of the nesting cycle, when males move little andam sentinel around the nest entrance
while females incubate (Martin 1973, Plumpton antzLl1993). We randomly selected 5
linear areas along the irrigation system that doethneighboring owl nesta € 40

nests). We counted all active burrows in eaclnefi areas that contained sign of
Burrowing Owl use (e.g., an owl that retreats aoslfles from burrow, regurgitated pellets,
feathers, nest lining, whitewash, or footprintshraan absence of cobwebs; Conway et al.
2008). We considered the burrow entrance wittgtieatest amount of sign in the
vicinity of each male to be the primary burrow antre, and recorded its Geographic
Positioning System (GPS) location. We used thiadee between nest burrows that
were at each end of a sampling area to estimateethgty of nest sites.

We captured 94 resident owls with noose carpetsCBatris traps, Havahart traps, and
mist nets (Collister 1967, McClure 1984, Bloom 19Blbom et al. 2007; Federal Bird
Marking and Salvage permit 20431 and Californige8ific Collector’'s Permit 801176-
02). Each owl was fitted with metal U.S. Fish aMddlife Service and colored plastic
polyvinyl chloride, alphanumeric leg bands. Wedides apparent absence of brood
patches to assign sex to each banded owl, ande¢ktifat the male at each nest site was
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banded by conducting visual surveys the followiag @hen we anticipated that females
would be incubating eggs in the nest burrow. Wazukis information and that from
counting active nests to derive a true number tt@anests. We were unable to capture
and band owls in eight nests, but we retained tfaesgbservations because they were
situated between nests with banded owls, thus egal$ to distinguish them.

We continuously tracked each male for 13 conseeutours between sunrise and sunset
and mapped perch locations every 15 minutes. @atens were conducted with
binoculars and a spotting scope, range finder, eas\pand GPS unit. Observations were
made from vehicles parked at a distance that wievssl would not disturb owls (ca. 160
m). We recorded the GPS location of the obsemdnesed the distance and bearing to
the owl to map 15-minute owl locations, which wdetermined during a pilot study to

be accurate to <3 m. The flat agricultural langgcanabled us to maintain sight of owls
even when they traveled far distances. But, iblaserver was unable to locate or verify
identification of an owk1 minute before or after a 15-minute time stame |tication

was not recorded.

Availability throughout the day

We conducted time budget surveys of resident BumgwW®@wils in the vicinity of eight
randomly selected, individual active nests durimg prehatching stage of the nesting
cycle, from 7-17 May 2006. We surveyed continupfisim 06:30-19:30 (PDT), except
between 12:30 and 13:30, and recorded the numbeamaftes within each hour wheri
owls were available for detection (e.g., not inuarbw). Again, due to the flat
agricultural landscape, we were able to maintammtinaous sight of owls even when they
traveled far distances.

We examined the relative importance of ambientesiperature, wind speed, and time of
day on the probability that Burrowing Owls were itadale for detection. We included

the 2 weather variables because past authors gsadgbat they reduce detection
probability (Shyry et al. 2001, Conway et al. 2008)e recorded ambient temperature
(°C) and wind speed (km Ty frequently throughout each survey hour with atkas

3000 Pocket Weather Monitor, from which we computedrly averages throughout the
day. Arr:lbient temperature varied from 17 to 419 wind speed varied between 0 and
17 km hr.

Diurnal population surveys

To examine how availability of owls throughout theey may affect estimates of
population abundance, we counted the number ofoBumng Owl pairs in 12 randomly
selected linear areas along the irrigation systetwden 16 April and 20 May 2006.
These areas were independent from those useddssagsace use in 2007. Each area
was approximately 6.5 km long and was surveyed ¢et@ly during each hour
throughout the day (06:30-18:30 (PDT), except #80-13:30). Surveys were
completed by one observer and one driver in a leHiat traveled 11 km Hr We used
the same make and model vehicle during all suneaays positioned vehicles so the
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observer had an unobstructed view of the nestibgdta. We followed the same path
and direction during each hourly survey. To reddaeable counting owls, the observer
maintained a field of view in the direction of ted\and did not look behind the vehicle.
We stopped the vehicle at each owl and mappedtation with a GPS unit. Because
females and males typically remain close the bumanng this period of the nesting
cycle (Thomsen 1971, Martin 1973), we considerets a2 m apart to be a nesting pair
and recorded them as a single observation.

Statistical Analyses

Spatial use of diurnal home ranges

We measured the distance between an owl’s primasyburrow and its 15-minute
locations using ArcGIS 9.2 (ESRI, Redlands, CAQ evaluate distance moved through
time of day, we divided these values by the fattdetance an owl moved. We fit a
95% fixed kernel home range utilization distributiim each owl’s set of 15-minute
locations (Worton 1989), and considered these wasal home ranges. We used
likelihood cross validation smoothing because & baen shown to be a better procedure
for small sample sizes and for obtaining more ateuand consistent estimates in high
use areas (Blundell et al. 2001, Horne and Gard@6R

We assessed the proportional difference in sizkushal home ranges relative to
nocturnal use areag € 45.3 + 18.2 ha) measured within our study aResénberg and
Haley 2004). We also computed the probability #rabwl would cross into a
neighboring home range as %2 of the volume of opdrktween neighboring diurnal
home ranges. To examine if distinct boundariedgiwinal home ranges were maintained
at various densities, we used unpaired, two-tediedient’s-tests to determine if the size
of diurnal home ranges or the probability of crogsnto a neighboring home range
differed when density of home ranges increasedidy4d (7 owls krit vs. 15 owls krit).
Statistics were computed using R (lhaka and Geiatte®96) P-values <0.1 were
considered significant, and estimates are presen®do confidence limits.

Availability throughout the day

We computed the proportion of each hour tilabwls were available for detection in a
home range throughout the day, and applied anrasgsiare root transformation. We fit
sevema priori linear mixed effects models to these data, and A&aike’s Information
Criterion (AIC) to evaluate the relative strengttishe models (Akaike 1973, Burnham
and Anderson 2002; Table 2.1). Statistics wereprdged using R (lhaka and Gentleman
1996).

Diurnal population surveys

We used the raw counts to compute the proportidgheofargest number of nesting pairs
observed in the corresponding area during eachyhsurvey. Estimates are presented +
95% confidence limits.
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RESULTS
Spatial Use of Diurnal Home Ranges

We recorded 1401 diurnal locations of 40 male Buing Owls during the prehatch
nesting stage in April 2007. Diurnal home rand¥s$4 fixed kernel) ranged from 0.009
to 2.14 haX = 0.32 + 0.09 ha; Figure 2.1), and averaged <17186 size of nocturnal
use areas previously reported in our study areale Murrowing Owls moved short
distances through the day, with the shortest oowyim mid-day (e.g., 12.0 + 3% as far
as the maximum diurnal distance moved) and thedsingjose to sundown (Figure 2.2).

The probability that an owl was present at incregsiistances from its nest burrow
followed the pattern of a central-place foraged eeached almost 100% at 110 m from a
nest burrow (Figure 2.3). Overlap among neighlgpdiurnal ranges was minima €
<0.001 + 0.000001 ha), and did not differ wheresitgrof burrows was doubled
(Student'sts = 1.34,P = 0.20). However, the size of diurnal ranges whdnsity was

high (0.38 = 0.30 ha) was only 39% of that wheredbnsity was low (0.98 + 0.65 ha,
Student'st;g = 1.82,P = 0.08).

A\

Figure 2.1. Male Burrowing Owl diurnal ranges dx¢pd as 95% fixed kernel utilization
distributions along linear irrigation drains (ligittey) paralleling dirt roads (white)
during the prehatch stage of the nesting cyclaéenimperial Valley, California, April
2007. Solid grey polygons represent agricultusdds.
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Availability Throughout the Day

We recorded 142 time budget records in eight hanges from 16 April 20 May 2006.
The best mixed effects model predicted the prolighiiat> one owls was available for
detection during a given hour of the day in a diifrome range as a negative function of
temperature [availability = (sin(2.13 — 0.03 x tefm:'nuregi R’ = 0.34, Table 2.1]. The
next best modeWAIC = 3.6 predicted availability as d“degree polynomial function of
time of day. Availability decreased in mid-afteomp was lowest (58%) between 1530
and 1630h, and increased to 92% by 17:30 (Figure 2.

Diurnal Population Surveys

We counted 93 pairs of Burrowing Owls during howgilyveys in 12 6.5-km nesting
areas. Numbers of pairs declined with increasemgperature (Figure 2.4a), which also
roughly corresponded with that predicted by out besdel for availability throughout
the day (Figure 2.4). Numbers of pairs also fodvavailability throughout the day,
declining to the lowest numbers in the mid-aftem@@igure 2.4b).

Table 2.1. Linear mixed models predicting the prtipn of time> one Burrowing Owl

is available for detection at a nesting territosyaaresponse to time of day or weather in
the Imperial Valley, California April 16-May 20, 26. Time budget surveys were based
on 11-hr observations of 8 nesting home rangesgehamges were considered random
effects, and availability was arcsin square roag$formed.

Model # Parameters  AAIC.
Linear trend (temperature) 2 0

2" degree quadratic (time of day) 3 3.6
Linear trend (time of day) 2 5.4
Linear trend (temperature + wind) 3 6.9
Linear trend (wind) 2 7.0
Linear trend (time of day + wind) 3 12.1
2"%degree quadratic (temperature) 3 12.7
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Figure 2.2. Distance (distance/maximum distaricaf thale Burrowing Owls moved

from their nest burrows through time of day durihg prehatch stage of the nesting cycle
in the Imperial Valley, California, April 2007. Rentages are from 15-minute
observations(= 1,401) of 40 male owls recorded during 13 cardgirs hours (0600-
1900). Error bars represent 95% CI.

CONCLUSIONS AND RECOMMENDATIONS

Spatial use of home ranges by Burrowing Owls wdsindorm throughout the day. As
suggested by other studies (Thomsen 1971, Mouttah 2004), male Burrowing Owls

in our study occupied small, spatially distincyrial home ranges. During the day,
males restricted 97% of their activities to <11@ram the nest, and remained closest to
their nest burrow during mid-afternoon while fensabgere in the burrow. Diurnal
activities were confined to <1% of nocturnal useaagras measured in a previous study on
Burrowing Owls in this area (Rosenberg and Hale§430 Our results support Moulton
et al.’s (2004) findings that male Burrowing Owlgrithg the breeding season appear to
defend a relatively small portion of their nocturfaaaging areas during daylight hours.
The small diurnal home ranges we observed may bealmales remaining close to their
nest burrows to protect their mate from predatioth lom unmated males (Thomsen
1971). An alternative explanation is that nestdws in agricultural landscapes like the
Imperial Valley may function as a primary sourceestape cover against aerial
predators, as we occasionally observed owls emgéhnigir burrows when aerial predators
(Buteo, Falco, or Circuspp.) were present.
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Figure 2.3. Probability that a male Burrowing Qwds present at increasing distances
from its nest burrow throughout the day duringphehatch stage of the nesting cycle in
the Imperial Valley, California, April 2007. Prduéties are from 95% fixed kernel
estimates computed with 15-minute observatiors {,401) of 40 male owls recorded
during 13 continuous hours (0600-1900). Error bepsesent 95% CI.

Although previous studies reported that the nunatb@eighboring nests did not account
for the size of nocturnal home ranges during tleeting season (Gervais et al. 2003),
we found that an increase in nest density coincwliéid a decrease in diurnal home range
size, as suggested by Haug et al. (1993). Wedufttund that diurnal home ranges
remained spatially distinct (i.e., no change inlthel of inter-hnome range overlap) when
the density of nests increased. Similarly, Thom({@&71) reported that Burrowing Owl
pairs in northern California with the shortest diste to another nesting pair had the
smallest home ranges. Although we did not invastigvhether the density of breeding
home ranges translated to density dependent deplugnates, we suspect that the
spatially distinct diurnal home ranges and high<s&0 m from nests we observed may
maximize reproductive fitness, as nests <110 m fneighboring nests in Oregon were
shown to have lower reproductive success than ferster apart (Green and Anthony
1989).

Because many population estimation procedures asthamhthe probability that an
animal is available for detection is 1.0 (Otis letl@78, Diefenbach et al. 2007), it is
important to identify and account for probabilitefsavailability not otherwise accounted
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for when conducting population surveys. EstimateBurrowing Owl abundance from
previous studies have been based on detectionlglitiea where the probability that an
owl was observed was confounded with the probatitiat an owl was available for
detection (e.g., Rosenberg and Haley 2004, Contvaly 2008). We found that the
availability of Burrowing Owls in home ranges thghwout the day in the HCP Study
Area was best explained by a temperature, althougimext best model predicted it as a
2"%degree polynomial function of time of day, butrhevas no support for wind..
Avalilability was highest when temperatures were (avainly in the morning and late
afternoon), and declined as the temperature inedea8vailability declined to its lowest
level (58%) when it reached the hottest temperatgemerally in mid-afternoon. The
proportion of the population counted during ourapdndent surveys followed this
pattern with temperature and time of day closeiglidating that probabilities of
availability <1.0 throughout the hotter afternoaripds bias estimates of Burrowing
Owl population abundance based on counts. Likewisemsen (1971) reported that
availability declined to its lowest level in thedrafternoon, and that surveys during that
time estimated only 10-25% of the population.

Burrowing Owls maintain small, distinct, non-oventeng diurnal home ranges at various
densities during the prehatch stage, when theynast readily surveyed. However,
population estimates derived from surveys condudtethg the hotter afternoon period
will be biased low, as owls are least availabledietection during this relatively hot
period. We recommend that surveys of Burrowing ©sther incorporate appropriate
correction factors for this variability or be comted in the morning and late afternoon
during the prehatch stage to produce the most atecastimates of population size.
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detection (e.g., not in their nest burrow) and hpaverage number of breeding pains (
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Figure 2.4b. Hourly proportion of maximum Burrogi®wl pairs ( = 93) counted
throughout the day from automobile-based surveytoas a function of temperature
during the pre-hatch nesting stage in the Imp&fadley, California. Dashed line depicts
the best linear mixed model predictions of avallgbfavailability = (sin(2.13 — 0.03 x
temperature}) derived from independent time budget surveysmferature is arcsine
square-root transformed.
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Chapter 3

EFFECTS OF SURVEY METHODS ON BURROWING OWL
BEHAVIORS

JEFFREYA. MANNING AND ROBB S.A. KALER

ABSTRACT. Information on the behavioral responséBurrowing Owls to
various methods of surveying in the HCP Study Aneauld be useful for the
development of survey protocols. As part of Ameadid, we compared the
effects of 4 survey methods against an experimeotatol (no survey) on short-
term behavioral responses of Burrowing Owls dutimg prehatch stage of the
breeding cycle. The 4 survey methods includedcar2that drove by an owl
twice and stopping both times, representing thebliowided drain surveys
described in the HCP. Another involved a car tirave by and stopped once,
representing the method we used for conductingpttygulation surveys. We
found that an owl was 5 times more likely to beptiised by a passing survey
car, 15 times more likely to be displaced by a wajlsurveyor, 16 times more
likely to be displaced by a single car survey st 27 times more likely to be
displaced by a double car survey stop. We recordntie& single car stop for
conducting population surveys across the HCP Sfudg because they are more
efficient than walking and may reduce short-tersponses compared to double
car stops, which may help minimize bias associaféu double counting.

INTRODUCTION

Due to the large extent of the HCP Study Area, vepased that surveys be conducted
from slow moving (7 mph) vehicles. This approacbmales an efficient sampling
method because burrowing owls nest and forageronadsides (Brenckle 1936, Ratcliff
1986, Plumpton and Lutz 1993), with the majoritynebts in the HCP Study Area
occurring <15 m from the banks of water conveyastogctures that parallel roads
(Desante et al. 2004, Rosenberg and Haley 200dilitidnally, the HCP made reference
to surveying both sides of drains (essentially iag a vehicle to pass on both sides of a
water conveyance structure). However, there isesewdence that locomotion and
alertness of Burrowing Owls are correlated withigelar traffic (Plumpton and Lutz
1993). Thus, multiple passes by a vehicle coutudd owls by flushing them (Plumpton
and Lutz 1993), which may increase the probabdftinter-territorial overlap we
reported in chapter 2. Such disturbances coultltteanintended double counting of
unmarked owls, resulting in a positive bias in dapan estimates.

There is a paucity of studies in the literatureardng the effects of various survey
methods (e.g., surveyors with or with vehicles,igiels that stop versus not stopping
when owls are detected) on behaviors of owls. rimédion regarding how owls respond
to various population survey methods can help datei possible sources of bias
associated with estimates of population size. 8umethods that minimize disturbance
may reduce movements, which should reduce doubieticy and its associated
influence on bias while also reducing stress ahdragcologically important rates (e.g.,
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predation by aerial predators or energy expendiforeowls. This chapter presents the
results from a field experiment we conducted inH@&P Study Area, where we
compared the effects of 4 survey methods againskparimental control (no survey) on
short-term behavioral responses of Burrowing Owisrdy the prehatch stage of the
breeding cycle.

METHODS
Data Collection

We conducted a field experiment with 1 control movey) and 4 methods of surveying
owls as experimental treatments (Table 3.1). Betw&pril 25-May 1, 2008, we

randomly selected 395 owls along lID-maintainedevabnveyance structures across the
HCP Study Area and randomly assigned one of theealddreatments or control to each
of the owls, following a balanced design< 79 for each treatment group and control).
We chose this period because it corresponded hétiptehatching stage of the nesting
cycle, when females incubate and males remainrsdutside the nest entrance (Martin
1973, Plumpton and Lutz 1993).

Eight survey teams of 3 biologists in 2 vehicleplegal treatments and recorded
behavioral responses. One vehicle was designatdteadobservation’ vehicle and
included a single observer. The second vehicledeagnated as the ‘treatment’ vehicle
and included two surveyors. With the exceptiocabr, all vehicles were identical and
were required to keep lights off and windows rollgdduring treatments.

Upon locating a randomly selected owl, the obsepesitioned their vehicle along the
right-of-way at a vantage point ~50 m from the ondl gsignaled (via punctuated
illumination of the vehicle’s taillights) to the meyors in the treatment vehicle
positioned >150 m behind to move to ~100 m behedabservation vehicle. Based on
previous observations, we believed that theserdisgawould minimize disturbance to
the owl. After the treatment vehicle was in pasitiboth vehicles remained stationary
for a 5-minute pre-treatment period to allow thd timacclimate to the observer vehicle.
If during the 5-minutes pre-treatment period thgeaowl appeared to be disturbed by
the presence of the vehicles (head bobbing, melflghts, repeated looking in the
direction of the vehicles), then that owl was exeld from the study.

At the end of the 5-minute pre-treatment period,ttkatment vehicle applied the
randomly selected treatment. After the surveydletdeparted, the observer remained in
the other vehicle for up to 20 minutes and recottiedocation of the perch that was at
the maximum distance the owl was displaced fromoriginal perch where the treatment
was first applied. If the owl returned to <10 rarfr its original perch <20 minutes after
the treatment was applied, we also recorded the itinvas displaced and that it returned
to its original perch. If the owl did not returnthin the 20-minute post-treatment period,
the observer recorded the location of the percbcated with the maximum distance

and time (20 minutes) displaced and ended obsenstilf an owl departed from the
observers view during the treatment or 20-minutg-{@atment period and could not be
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Table 3.1. Survey methods (treatments) randondigasd to Burrowing Owls in the
HCP Study Area, May 2008.

Survey Method Description

Control No surveyors or vehicles present; obseoxeldfrom observation
vehicle (see below).

Car pass Vehicle traveled 7 mph and paused fomRites where owl was
located before traveling away at 7 mph; the engineained on
and surveyors remained inside vehicle.

Walk A single surveyor walked along the right-ofynsurveying for
owls with binoculars.

Single car stop  Survey vehicle traveled 7 mph aligigt-of-way, stopped at owl,
and two surveyors exited the vehicle to recordtiooadata for 2
minutes, then resumed driving away from the owl.

Double car stop This treatment represented theld@uovey pass initially
proposed in the HCP; survey vehicle traveled 7 aiphg right-
of-way, stopped at owl, and 2 surveyors exitedvitacle to
record location data for 1 minute, followed by theparture of the
vehicle with the surveyors and the subsequentnatiithe vehicle
within a few minutes to repeat the above for 1 nenvegardless
of the owl had moved), at which time the vehicle anorveyors
resumed driving away from the owl.

resighted, the observation was abandoned and edfuom the study. If the owl
traveled out of the observer’s view by going intoweirow, the observation continued
until the owl (if ever) reappeared from the burrawto 20 minutes, whichever was
shorter. For the control, there was no treatmehtole and the observer recorded the
maximum displacement location of the owl duringan2inute observation period. In
addition to above-ground locations, we considetaddng on the ground, at burrow
entrances, or in burrows as perch locations. g&ation data were recorded using a
Trimble GeoXM, range finder, and compass, with <&eouracy.

Statistical Analyses

We used ArcGIS 9.2 (ESRI, Redlands, CA) to meatheenaximum distances that owls
were displaced. We used a logistic model withreimial response (displaced, no
response) to assess whether the probability thaidmwas displaced differed among
survey methods. We used the area under a reageeating characteristic (ROC) curve
to assess how well the model parameters predidhesh &n owl would be displaced
(Hanley and McNeil 1982, Heagerty et al. 2000). Wged odds ratios to compare how
much more likely it was for an owl to be displadBdone survey method over another
(Hosmer and Lemeshow 1989).
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We used analysis of variance (ANOVA) to assedsdfduration of time or distance that
an owl was displaced differed among treatmentscamatontrol. We log(x + 0.1)
transformed distance displaced. When the ANOVAcaied aP<0.1 difference among
treatments, we used Tukey-Kramer HSD multiple camspa tests based on alpha = 0.05
to determine which treatments differed between @dlclr or the control.

We also conducted a post-hoc analysis to asseas ¢olor had a differential affect on
the distance or time an owl was displaced by agarey pass. We lg¢x + 0.1)
transformed both variables.

All statistical analyses were performed using PaogdMP 7.0.1 (SAS Institute, Inc.,
Cary, N.C.).

RESULTS

The probability that an owl being displaced durangurvey differed among survey
methods (whole model tesfs = 82.2,P<0.0001). The model performed fairly well at
predicting when an owl would be displaced (areaeutide ROC curve = 0.74). Odds
ratios indicated that, compared to the control gr@an owl was 5 times more likely to be
displaced by a passing survey car, 15 times mke#ylto be displaced by a walking
surveyor, 16 times more likely to be displaced lsygle car survey stop, and 27 times
more likely to be displaced by a double car sursteyp. A double car survey stop was
1.7 times more likely to displace an owl than aylgrcar survey stop, a single car survey
stop and walking surveyor were equivalent, butr@es more likely to displace an owl
than a passing survey car. Raw data for the ptigmoof owls displaced during each
treatment are shown in Figure 3.1.

The time an owl was displaced differed betweeneyinethodsK, 395=10.84,

P<0.0001), with owls responding to the control andmass equally and at a shorter
duration than that due to the remaining 3 survethous that involved the presence of a
surveyor (Tukey-Kramer HS®<0.05; Figure 3.2).

The distance an owl was displaced also differed/éen one or more treatments
(F4390=19.63,P<0.0001), with owls responding to the control aadgass equally, but at
a shorter distance than that moved in respondeeteetnaining 3 survey methods
(Tukey-Kramer HSDP<0.05, Figure 3.2).

Car color did not have a differential affect on timee or distance an owl was displaced
(F474=2.26,P =0.07,F474 = 2.41,P = 0.06, with Tukey-Kramer HSD not detecting any
differences aP<0.05).

CONCLUSIONS AND RECOMMENDATIONS

Compared to the control and car pass, the presdraceurveyor outside of a vehicle was
the common factor among the 3 survey methods éaitid significant increases in the
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probability of owls being displaced as well as ditance traveled and time spent while
displaced. Double car stops increased the prabathibt owls would be displaced, as
well as the median distance traveled by the digolavl (although the latter was not a
statistically detectable difference due to higrelewf variation). Surveys based on the
car pass method could minimize disturbance ancedserbias associated with accidental
double counting of due to movements, however, ately recording an owl’s location
and surroundings from inside of the vehicle woudpboblematic. We recommend
single car stops for conducting population sunay®ss the HCP Study Area because
they are more efficient than walking and may redsluart-term responses compared to
double car stops, which may help in minimizing kaasociated with double counting.
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0.6 -
0.5 ~
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0.3 A

Proportion of owls displaced

0.2
0.1 4

o [

No treatment Car pass Walking Single car stop Double car stop

Survey method

Figure 3.1. Proportion of owls displaced from acpe<20 minutes after a survey method
was applied during the prehatch stage of the bngeciicle; no treatment represented an
experimental control, Imperial Valley, Californi@@s.
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Figure 3.2. Average time and median distancedivd were displaced by a survey
method during the prehatch stage of the breedintpcimperial Valley, California 2008.
Vertical bars are 95% confidence intervals.
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Chapter 4

SINGLE VERSUS DOUBLE SURVEY PASSES
JEFFREYA. MANNING

ABSTRACT. Information on the reliability of surveyconducted from single
versus double survey passes can aid in makingidesishat balance cost and
accuracy of population estimates. In response rtee#dment 5, | present the
results from a study that compared estimated ptipalasizes, magnitudes of
bias, and levels of precision between single antblidgopass surveys along water
conveyance structures containing a known numbeactifve Burrowing Owl
territories in the HCP Study Area. | showed evimethat there is no appreciable
difference in detection rates or abundance estsnbgdwveen 1 versus 2 survey
passes. Because the cost of 2 survey passes Wweubgarly twice that of a
single survey pass and restricted access to bd#s ©if humerous drains and
canals across the HCP Study Area would lead toualdgvels of effort when
using the 2 survey pass method, which would inttedan unknown level of
error in population estimates that may fluctuatéveen grid cells and years
based on access and maintenance, | concluded thatvéy pass provides an
adequate and consistent method of surveying foe fafrowing Owl territories
in the HCP Study Area

INTRODUCTION

The IT requested that we evaluate the differeefif@cts of single versus double survey
passes on bias and precision of population estandtechapter 3, Manning and Kaler
compared short-term behavioral responses by Bungp@iwls to 4 methods of surveying
owls and an experimental control. In that studg,used double car stops along the same
side of the drain as a surrogate for two surveggmsvhere each would occur on either
side. We found that although not statisticallyngigant, double car stops at Burrowing
Owls during the prehatch stage of the breedingecy@re shown to increase the
probability and distance of displacement. We codet! that these increases could lead
to accidental double counting of owls, which caashpopulation estimates high. In this
study, single and double pass surveys along waterayance structures containing a
known number of active Burrowing Owl territoriesneconducted during the prehatch
stage of the breeding cycle. From these datanpcted population estimates,
magnitude of bias, and level of precision betwémsé 2 survey methods.

METHODS

| randomly selected 4 irrigation drains (Rice, GahtStrout, and Date drains) in the
southern portion of the HCP Study Area (Figure 4ahy conducted point-coordinate
capture-recapture surveys (see chapter 7 for ddtdéscription of survey method) along
a randomly selected 4-km length (route) of 11D tgybf-way along each drain. | focused
on that portion of the HCP Study Area due to lagadtconstraints, but believe that the
results can be inferred to irrigation drains thitoogt the HCP Study Area because
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environmental conditions, habitat characterisées] owl numbers and distribution
appear to be similar along drains in the north south portions. Surveys were
completed during the prehatch stage of the breediolg, between 26 April and 2 May,
2007, which lies within the period previously recoended for conducting population
surveys.

Each drain route was surveyed on both sides al@dhgghts-of-way in opposing
directions 3 times (occasions), following the syragethods described in chapter 7 along
the same path. When a survey was completed osidegthe surveyors waited >15
minutes at the end of the survey route to allowsawlresume normal behaviors and
perching that may have been disturbed by thedirstey pass. This produced the first,
third, and fifth survey passes in the same direatio the same side of a drain, and the
second, fourth, and sixth passes on the opposiiegasid direction of the corresponding
drain.

| combined the first, third, and fifth survey paka (which were in the same direction)
along a route, and considered these to repres@ngl® pass survey occasions. | further
combined the first and second passes that wengpasing directions along each route,
and considered these as the first double passysaoeasion, and applied this to the
remaining 2 groups of opposing passes to produeg'ttand & double pass survey
occasions. These groupings enabled me to devefupre-recapture encounter histories
from single pass surveys and separately for dopds surveys along the same randomly
selected drains.

| used estimated the abundance of owls from siagtedouble pass surveys in each drain
separately. | fit 2 maximum likelihood, multinorhialosed-population models to these
data with a sin link function using Program MARK:{t{©et al. 1978, White et al. 1982,
Cooch 1999, White and Burnham 1999). One assummestant detection probabilities
and the other assumed that detection varied amangysoccasions. | applied an
information theoretic framework (Burnham and Ander2002) to select the best model
for each drain separately because the goal wastéanathe most reliable estimates of
abundance.

Additionally, | pooled the 4 routes into 16 km eirgeyed irrigation drain, and pooled the
resulting encounter histories into 2 groups basesdiingle and double pass surveys. | fit
maximum likelihood, multinomial, closed-populatiorodels with a sin link function
available in Program MARK (Otis et al. 1978, Whateal. 1982, Cooch 1999, White and
Burnham 1999) to these data, and applied an infioméheoretic framework (Burnham
and Anderson 2002) to assessing differences betaiegle and double pass surveys. |
developed am priori set of multiple working hypotheses that involvedikarities and
differences in detection probabilities and/or atamags between single and double pass
surveys, and constructed a separate model fortegmthesis. | used Akaike’s
Information Criterion adjusted for small sampled@4 with a cutoff of 2.0 and the
principle of parsimony to determine the best m¢dé&hike 1973, Burnham and
Anderson 2002). | assessed the lack-of-fit ofitest model here and in the prior closed-
population analyses to the data by examining aqgdlds deviance residuals. A
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symmetric and narrow pattern of deviance residdalse to zero would suggest a good
fit to the data, whereas a wide pattern around wenadd suggest poor fit due to extra-
binomial variation.

To estimate the true number of male Burrowing (astitories along the survey routes, |
used all nest locations from the surveys that Werated >40 m apart. | chose this
distance because owls occupy non-overlapping ditnarae ranges and spend >80% of
the time within 40 m of their nest (as shown in Giiea2). | assumed that nest locations
closer together than 40 m represented additionmabivs in a complex occupied by a
single pair.

RESULTS

Based on our count of owl nests that were >40mtaieare were a total of 57 male
Burrowing Owl territories in the 4 drain routes. shgle survey pass produced estimates
of abundance for each drain route that was 5 to Bi&ed below the true number of
territories believed to be present (Figure 4.2)exes the bias associated with 2 survey
passes ranged from -7 to 12% (Figure 4.2). Populastimates from 2 survey passes
produced less bias in each of the 4 drain routessingle survey pass was consistently
below the true number, and both survey methods siargar in their precision (i.e., the
range in bias for the 1 survey pass was 20% arftlZasurvey passes was 19%).

The comparison of multiple closed-population modi¢l® the larger dataset that was
created by pooling the 4 replicate drain routes¢e® competing models that best
explained the variation in the dat®X1C.<2.0; Table 4.1). Based on the principle of
parsimony, the simplest of those 3 models [p=c(.)|Xepresented the hypothesis that
capture and recapture probabilities did not diffetween 1 and 2 survey passes and the
estimated abundances also did not differ betweem thBased on AlQweights, that
model had the highest level of support, and thexg 0% more evidence for it being the
best model over replicated datasets compared toetkiebest model (Table 4.1). This
model fit the data well (deviance residuals folloM&enarrow and symmetric pattern
surrounding zero), and the model estimated captuderecapture probability for both
methods to be 0.77 (SE = 0.03) and the abundanicea¢ss were 49 (95% CI. 48-56) for
1 survey pass and 55 (95% CI: 55-59) for 2 sunasses.

CONCLUSIONS AND RECOMMENDATIONS

The comparison of multiple working hypotheses itk information theoretic approach
over the combined dataset provided evidence tleag tis no appreciable difference in
detection rates or abundance estimates betweersdsv2 survey passes. When the data
was analyzed individually for each survey routsu®rey passes produced less bias in
estimated abundance for each of the 4 drain rouftes.2 survey pass method produced
estimates that were sometimes positively and somestnegatively biased, while the
single survey pass was consistently below therttueber when drains were analyzed
surveyed.
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One explanation for the difference in bias betwten2 levels of survey effort when
examining the data at the level of short drainesuhay be due to the poor performance
of capture-recapture models with small sample dikeghose present in each drain
route. In this situation, the estimator did notreot for visibility bias efficiently with the
small observed samples to adequately correct estlihadundance. This is especially
important for the single pass data because therggn is that all territories are not
counted in every pass, but that this will be cagddor by the capture-recapture model.
For the 2 survey pass method, the number of couatetbries should be closer to the
true number present, and the capture-recapturelmbdeld not inflate the estimate as
much. The analysis with the pooled data is likalyre representative of the results that
may be obtained when sampling 3x3 km grid cellsuager areas in the HCP Study Area.
The similar levels of precision from 1 and 2 surpagses suggests that both may be
adequate for monitoring changes in the size opthmulation or relative differences
among grid cells in the HCP Study Area.

Some other differences between conducting 1 anoh2g passes that were not
examined here include cost and consistent leved$foit across the HCP Study Area in
order to obtain comparable estimates of abundamom@ local areas or grid cells. Cost
would approximately double if two survey passesensmducted instead of one.
Additionally, restricted access to both sides ahewous drains and canals across the
HCP Study Area would lead to unequal levels ofreffd@his would introduce an
unknown level of error in population estimates timaty fluctuate between grid cells and
years based on access and maintenance. For dasems, it is reasonable to conclude
that 1 survey pass provides an adequate and cemsisethod of surveying for male
Burrowing Owl territories in the HCP Study Area ithgr the prehatch stage of the
breeding cycle. Although this method may slighthderestimate the number of
territories along large drains, this bias shoulsipall and consistent between years,
allowing for accurate detection of changes in papaoh size.
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HCP Study Area boundary
Survey irrigation drain

Figure 4.1. Locations of four randomly 4-Km lergythf irrigation drain where point-
coordinate capture-recapture surveys were conddictadale Burrowing Owl territories

using 1 and 2 survey passes in the HCP Study Amrgzerial County, California, 26
April - 3 May, 2007.
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Figure 4.2. Abundance (A) and associated perdast(B) of estimated male Burrowing
Owl territories from 1 or 2 survey passes alongrdomly selected 4-Km lengths of
irrigation drain in the HCP Study Area, Imperialuy, California, 26 April - 3 May,
2007.
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Table 4.1. Maximum likelihood closed-populationdets applied to point-coordinate
capture-recapture data of male Burrowing Owl teryitencounter histories to assess
differences in detection [capture (p) and recapfc)jeprobabilities as well as abundance
between single and double survey passes duringréiatch stage of the breeding cycle
in the HCP Study Area, Imperial County, Califorrizé, April - 2 May, 2007. Models
were constructed with the sin link function in Prarg MARK, and model syntax
followed Otis et al. (1973) and White and Burnhdr@99).

No. of
AlCc Estimated
Model AAICc  Weight Likelihood Parameters Deviance
N(.) p=c*(.) 0.00 0.31 1.00 2 21.70
N(survey type) p=c(survey type) 0.72 0.22 0.70 3 20.38
N(.) p=c(survey type) 0.84 0.21 0.66 3 20.50
N(survey type) p=c(.) 2.03 0.11 0.36 3 21.69
N(.) p=c(t) 2.36 0.10 0.31 4 19.97
N(survey type) p=c(t) 4.42 0.03 0.11 5 19.96
N(survey type) p=c(survey type X t) 7.12 0.01 0.03 7 18.49
N(.) p=c(survey type X t) 7.23 0.01 0.03 7 18.60

! capture and recapture probabilities were modeldubtequal
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Chapter 5

POINT-COORDINATE CAPTURE-RECAPTURE TECHNIQUE TO
PRODUCE UNBIASED CLOSED CAPTURE-RECAPTURE
ESTIMATES OF MALE BURROWING OWL TERRITORY

ABUNDNANCE

JEFFREYA. MANNING AND CAREN S. GOLDBERG

ABSTRACT. Due to the extent of the distributiondahigh abundance of
Burrowing Owls in the HCP Study Area, an efficiantd reliable method of
surveying is needed. Here, we address Amendmeah@ present the results
from developing a closed-population capture-reaagptsurvey technique that
relied on a swift recording of each Burrowing Owlbgation. We developed this
method to provide a cost effective method of sungywls in the HCP Study
Area, where other methods of surveying could bé&lycos hampered by the high
density of owls. We formalized, tested, and vaédathe technique, showing
that it produced unbiased estimates of male Bumgv@wl territory abundance.

INTRODUCTION

Many methods used to obtain abundance estimateslttife populations involve some
form of closed-population capture-recapture sangp(iilliams et al. 2002). Capture-
recapture methods stem from a strong statisticaklaeoretical foundation and long
history involving mobile animals (Petersen 1896s@t al. 1978, Williams et al. 2002).
The general principle of capture-recapture meth®ts uniquely tag individuals in a first
capture occasion and record the proportion of tdgg&ividuals in subsequent recapture
occasions, with information about the detectabiityprganisms obtained from the
recapture information of individuals (Williams dt 2002). However, the intensive effort
required to capture and tag individual animals.(esge Seber 1982:93 for a list of
methods) can render capture-recapture methodpausbitive in some cases (Otis et al.
1978, Pollock et al. 1990, Petitt and Valiere 200@preover, these techniques may be
impractical in instances where tagging is difficadtwhen the population is widespread
or abundance spatially variable, and the disturbaficapture activities may be
incompatible with conservation strategies for sresspecies (Royle and Nichols 2003,
Royle 2004). Alternatives to physically capturemd tagging animals in capture-
recapture studies may reduce effort and cost,e¢habling conservation and management
programs, such as that proposed for the Burrowwgi©the HCP Study Area, to
conduct annual population monitoring.

As an alternative to physically marking Burrowingvl® in the HCP Study Area, we
proposed collecting point coordinates of burrowings during multiple occasions to
generate capture-recapture encounter historiesi¢8ex2 of Qualification Request
#531: Final Detailed Study Approach for a Burrowldgl Population Study). This
novel approach does not require that individualsavé physically marked, but rather
their point coordinates recorded and used to gémaraw’ captures and recaptures. A
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primary concern with this technique is the effeianisidentifying individual owls

because owls move within their home ranges amonggwccasions. Here,
misidentification consists of 2 types of errorrugion by neighbors and misidentifying
recaptures as ‘new’ individuals. However, Kenda99) found that closed-population
methods are robust to completely random movemeimdiyiduals in and out of a study
area, and that estimates remain unbiased undesadario. Equivalently, if the types of
misidentification associated with using point capnates are random, unbiased estimates
of burrowing owl abundance may be attainable froxwoenter histories generated from
point-coordinate-based survey data in the HCP Studg.

We assessed the effects of these sources of migickion on population estimates
obtained from capture-recapture analyses compubed point-coordinate-based
encounter histories. The objective of this stu@g\wo assess the probability that a
'recapture’ was recorded when a pair was not setire ibuffer and effects of buffer size,
detection probabilities, and owl density on theskaad precision of population estimates
computed using encounter histories developed fromtyzoordinate data. We were
particularly interested in identifying a standastizuffer width that could be used to
surround each point coordinate to generate capaoapture encounter histories.

We thank Dr. Bryan Manly (West, Inc., 2003 Cen&aénue, Cheyenne, WY 82001,
bmanly@west-inc.com) for his review and suggesttongerform simulations, which
greatly improved the analysis. He also providéetter to Brad Norling of the Imperial
Irrigation District, dated August 22, 2007, conchglthat the recommendations provided
in this chapter represent the best approach.

METHODS

1. Collected field data between April 11-May 2, 2007

2. 40 individual burrowing owls from 40 breeding téuries (Figure 5.1).

3. Individuals were believed to be males because weg visible much of the time

during the peak period when females were anticthtide on eggs.

Leg-banded most, but not all, individuals with uregnumbers before April 11.

Conducted 13-hr continuous observations (0600-1B@idual.

Recorded point coordinates of owl perch locatiorery 15 minutes when visible

(n=1,400) using a Trimble GeoXM GPS, rangefindad eompass with <3m

accuracy. The flat agricultural landscape enabketb maintain sight of owls

even when they traveled far distances.

7. Considered the burrow entrance with the greatesuatof sign (e.g., excrement,
pellets, feathers, tracks) in each territory tdhi®eprimary burrow entrance,
recorded its GPS location, and used ArcGIS 9.2 (ER&dlands, CA) to measure
the distance between each owl’'s location and itegny nest burrow entrance.

8. Computed 95% fixed kernel home range utilizatisstributions for each owl,
based on likelihood cross validation smoothing beedikelihood cross-
validation has been shown to be a better procddursmall sample sizes and for
obtaining more accurate estimates in high use dheasother methods (Horne

o gk
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and Garton 2006). This was intended to asseds\bEof overlap among
neighboring owls.

9. Created 15 Monte Carlo datasets (each containsugvey occasions) by
bootstrapping the original field sample to mimia aatual 4-occasion survey
effort across the HCP. We decided on using 15asupkes rather than the
originally proposed 30 because variances with 1&ewafficiently small. We
applied a constant detection probability (0.7) daasn the average probability
during diurnal periods (see Chapter 2), by randamahgoving 12 of the 40
observations from each occasion.

10. These bootstrapped data were used to create captiagture encounter histories
by buffering point coordinates with various buffadii, generating centroids for
each individual, and using the buffer radius spedifo assign the latter
occasion’s point coordinates as existing or newiddals by the following rules:

a.

b.

Owl point coordinate locations recorded on occadievere considered as
new individuals.

Owl locations from occasion 2 were determined todoaptures if they
were the closest location of a location in occadi@nd buffers from each
location overlapped. All other owls from occasibwere considered as
new individuals.

We computed a center location (centroid) for oWkt tvere observed in
both occasions.

Owl locations from occasion 3 were determined todoaptures if they
were the closest location to a centroid or a locatiom occasions 1 or 2
that were captured only once and buffers from tlegipus and new
location overlapped. All other owls were considet@ be new
individuals.

We computed a centroid for all owls that were cegatun 2 or more
occasions.

Owl locations from occasion 4 were determined todoaptures if they
were the closest location to a centroid or locatrom occasions 1, 2, or 3
that were captured only once and buffers from tlegipus and new
location overlapped. All other owls were considet@ be new
individuals.

11. Calculated the probability that encounter histoviesild contain misidentified
owls (owls identified as their neighbor due to tHecation and neighbor’s non-
detection).

12. Computed closed-population, capture-recapture agtsnof population size\)
for each bootstrapped sample using the standar@lstdcture [N(subsample)
p=c(.)]; models were developed using the closed cagtorodel with the sin link
function available in Program MARK (Cooch 1999, \fé¢heind Burnham 1999).

13. Computed mean estimates of population size and@s#tdence intervals for
each buffer size and compared them to true (knowmbers.

14.Conducted additional simulations to test for thfeat of detection probability on
population estimates given the optimal buffer size.

15. Tested the effects of owl density on point-coortBn@apture-recapture population
estimation using additional Monte Carlo simulatiovith the same parameters as
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for the full dataset for 2 survey routes of difigrdensities (7 owls/km and 15

owls/km).
-
N e[| S .
L
N ] -
A el
Eiss
025 5 10 15 20
o™ ™ s ™ e [ FE R )

Figure 5.1. Point coordinate locations (n=1,400)®individual bUrroWing owls at 8
randomly selected locations, Imperial Valley, Gaimfia 2007.

RESULTS

The mean maximum distance between all locatioreoh owl was 89.2 m (95% CI:
66.9 to 111.5 m), the mean maximum distance moviddIM) from a nest was 58.4 m
(95% CI: 46.2 to 70.5), and densities ranged freibd hests/km.

Likelihood Cross Validation Fixed Kernel Home RangeSizes of Burrowing Owls
and Volume of Overlap by Neighboring Owls

We used the 15-minute diurnal locations to comfineal kernel home ranges, from
which we assessed volume of home range overlapeighboring owls. We found that
on average, the amount of overlap that occurs letweighboring territorial Burrowing
Owils is negligible (Mean = 0.8%, 95% CI = 0-1.9%uch a low level of overlap
suggests that misidentification of neighboring owtsle using the point-coordinate-
based closed capture-recapture approach used lagraanoccur often in the Imperial
Valley agricultural matrix.

However, portioning the 2 sources of misidentifizatout into its constituent parts
showed that the probability that a correct owl. (itee owl actually occupying the
territory being sampled) is present for detectimpialy decreased with distance from its
nest burrow, and that probability approximated zrh10 m from the burrow (Figure
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5.2). As expected, the probability that a wrond @w., neighboring owl) is present for
detection in the territory being sampled increagils distance from the correct owl’s
nest (Figure 5.2). In other words, the closerwhwas to an active burrow when
detected, the higher the probability that it was ¢brrect owl and the lower the
probability that the owl was the wrong owl, as segjgd by the utilization distributions
presented in chapter 2.

This expected interaction between these 2 soufoessalentification with buffered
point-coordinates was the impetus for the followlraptstrapping analyses.

Probability that a Recapture is Recorded when the Beding Pair is Unavailable for
Detection in the Buffer

Given a constant buffer radius approximately equaihe MMDM (55 m), a constant
detection probability (0.7), 4 encounter occasi@ams] 40 original owls, there were 48
instances in each Monte Carlo simulation wheresadiing pair was unavailable for
detection.

Monte Carlo simulations indicate that the mean phility that a 'recapture’ would be
recorded when a pair is not available for detectigimen the simulation conditions, is
0.085 (N =15, SE =1.1). This occurred when threect owl was not observed, but a
neighboring owl was falsely identified as the rmgsowl. Overall, for a survey under
these conditions, the probability of this form asidentification occurring is 0.025 (N =
15, SE = 0.3) for each observation.

0.9 - correct owl ’
0.8 - — — -wrong owl s
0.7
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Figure 5.2. Probabilities that the correct andngranale Burrowing Owls are present
and available for detection at increasing distdnm® the correct owl’s nest, Imperial
Valley, California, April 2007.
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Effects of Buffer Size on Population Estimates

Monte Carlo simulations with a constant detectiorbpbility of 0.7 indicated that the
buffer radius that produced highly precise and asdxi population estimates was 55 m,
approximately equal to the MMDM (Figure 5.3). Taessults also suggest that the
effect of misidentification of individual owls agighbors is minimal on population
estimates relative to effects of misidentifyingeaapture as a ‘new’ individual.

60 T
7 i :
. Figure 5.3. Effects of buffer
451 £ size (radius) surrounding
o . burrowing owl capture-recapture
3 b S L point coordinates on closed-
§ 357 population estimates, Imperial
§307 MMDM from nest Valley, California. Dottgd line
S 51 represents true N. Vertical bars
S 0l are 95% Cl. Estimates are from
5l closed-capture models [N(rep)
p(.)=c(.)]; data bootstrapped
107 from 15-min locations (with p-
57 hat=0.7) recorded consecutively
0 A from 0600-1900 for 40 male
0 4 8 12 16 20 24 28 32 36 40 44 52 56 60 64 68 72 78 breeding burrowing owls from
Buffer radius (m) April-May, 2007.
5 Figure 5.4. Effects of buffer
184 size (radius) surrounding
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m 1.2 standard error of closed-
s 17 population estimates, Imperial
§ 0.8 Valley, California. Vertical
0.6 1 bars are 95% CIl. Estimates
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0.2 - models [N(rep) p(.)=c(.)];
0 ‘ ‘ i ' data bootstrapped from 15-
0 10 20 30 40 50 60 min locations (with p-
Bufferdras (m) hat=0.7) recorded
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Effects of Detection Probabilities on Population Bimates

We found that the high level of accuracy obtaingdbffering point coordinates with a
buffer radius equal to the MMDM was robust to vagydetection probabilities between
0.6 and 0.9, yielding relatively unbiased, preesemates of male Burrowing Owl
territory abundance (Figure 5.5). Detection praliiggs near 0.6 may produce slightly
biased low (~1%) population estimates and 0.9 slighased high (~1%) from the true
number, but the true number fell within all 95% (F&gure 5.5).

70 +
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0.6 0.7 0.9
Detection probabilityl)

Figure 5.5. Effects of detection probabilitieskanrowing owl population estimates
based on a 55 m buffer surrounding capture-recatoint coordinates, Imperial
County, California 2007. Dotted line representetN. Vertical bars are 95% CI.

Effects of Density on Population Estimates
The following results are based on a fixed buffé&5=m and a constant detection
probability (0.7) and used a Monte Carlo simula@smabove to create datasets

representing 4 capture survey occasions along theseates.

Low density (6 adjacent owls where the linear dgrsi7 owls/km)
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Mean N =6.1, 95% CI: 5.8 t0 6.5

This N approximates the true N = 6 with reasonably gaegipion that
encompasses the true N.

High density (7 neighboring owls where the lineansity = 15 owls/km)

MeanN =7.1,95% CI: 6.8 to 7.5

This N approximates the true N = 7 with reasonably gaedipion that
encompasses the true N.

CONCLUSIONS AND RECOMMENDATIONS

We found that buffering burrowing owl point coordtas with a 55 m radius circle
yielded relatively precise, unbiased estimatesuofdwing owl abundance that we
believe are adequate for estimating annual burrgwul abundances across the HCP on
an annual basis. The 55 m radius circle essgngatbled us to identify locations from
subsequent survey occasions that were the clostét w10 m from previous locations
as recaptures, which corroborates with the repudtsented in figures 2.3 and 5.2. Our
results suggest that the misidentification errars tb using point-coordinate-based
encounter histories in capture-recapture analysesaadom and therefore do not
introduce bias into estimates of population abundgKendall 1999). This is because
when a neighboring owl is misidentified as a reasptn its neighbor’s buffer when its
neighbor is undetected, the misidentified pair nex®a 'zero' in its encounter history,
thereby maintaining the constant probability ofedéibn for the cohort in that occasion.

This technigue produces encounter histories tratige unbiased, precise population
estimates from currently available capture-recaptnodels. Consequently, in
combination with the low level of measurement eassociated with acquiring point-
coordinate locations (see Appendix Il for detaigg, believe this approach is well suited
for population-level analyses. However, use ohpooordinates recorded by observing
vagile species like owls leads to shifting of enteus among neighboring individuals in
an occasion, which can lead to unreliable estimaitégtection probabilities at the level
of individual animals. Thus, we (and Dr. Bryan Mamersonal communication) do not
advocate the use of point coordinate capture-recagncounter histories for estimating
parameters in individual-based analyses (e.g.ptiswlividual covariates).

This point coordinate technique is suitable foveymg Burrowing Owls in the HCP
because it:

1. produces: A. unbiased, precise estimates ofdanae,

2. isrobust to: A. variable probabilities of dgten among encounter histories and
B. variable densities, and
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3. assumes: A. high probabilities of detection §}0.

The Imperial Valley agricultural matrix supportsnciitions that meet these assumptions.
Thus, we believe that the point-coordinate captaoapture technique is an efficient
technique to obtain unbiased estimates of maledsung Owl territory abundance in
that area.
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Chapter 6

NUMBER OF SURVEY OCCASIONS
JEFFREYA. MANNING AND CAREN S.GOLDBERG

ABSTRACT. Cost benefit information is always beoedl in designing
population monitoring programs. We evaluated theimum number capture-
recapture survey occasions needed in the HCP Rtely to calculate accurate
estimates of population size. We found clear evidethat a minimum of 3
survey occasions were necessary when using thet-gmandinate capture-
recapture technique to achieve an acceptable tdvatcuracy in estimating the
abundance of male Burrowing Owl territories. Theemvey occasions nearly
doubled the precision of population estimates cosgbato using only 2
occasions, and a retrospective power analysis shévet>4 occasions provided
little improvement over the 3, indicating that amcrease in the number of
surveys beyond 3 did not appreciably improve powed doing so would only
be at an unnecessary expense.

INTRODUCTION

To ensure accuracy of estimated owl abundancdeirlCP Study Area while
minimizing costs, it is essential that detectioalqabilities, level of effort, and
sampling/analysis methods be carefully selectear poi starting the formal population-
level study. To reduce cost while maintaining aacy, it is important to determine the
minimum amount of effort necessary to achieve aepiable level of accuracy.

One type of field sampling effort associated wite pproach we proposed for
estimating abundance relates to the number of tepsarveys (occasions) needed to
obtain accurate estimates of population size eaah yAs described in the original
proposal, repeated survey occasions are a necgsaanf the proposed closed
population capture-recapture method. The origimaposal called for 2 occasions.
However, further insight into the existing litereglon Burrowing Owls led to
recommending alternatives to using only 2 occasiasslescribed in the letter from
Bloom Biological Inc. to Bruce Wilcox dated Febry@4, 2006, one of which was the
addition of a pilot study.

We conducted a pilot study of point-coordinate aegtecapture surveys of Burrowing
Owls across approximately 412 randomly selecteakiD right-of-way in the HCP
Study Area to assess the minimum number of sampliggsions required to obtain
accurate estimates of population size. This whewed by prospective power analyses
to elucidate the statistical power behind the murimmumber of repeat sampling

occasions that we identified. We assessed theamcof population estimates Ny

their corresponding coefficients of variation (C\)ﬁN The CV(AI\) reflects precision, and
an acceptable level of precision for reliable stfenstudies is considered to be 0.1
(White et al. 1982).
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These initial analyses were based on 20-m buffarrat each owl location to generate
capture-recapture encounter histories, followedithyig maximum-likelihood, closed-
population models (Cooch and White 2006) to eaphuca-recapture encounter history
dataset. These preliminary analyses led us taligiconclude that 4 capture-recapture
survey occasions were necessary to achieve redg@worate estimates of male
Burrowing Owl territory abundance. However, angpdndent peer reviewer raised
several concerns regarding this buffer size, wimshigated our development of the
Monte Carlo simulations of the point-coordinatetcag-recapture technique in 2008, as
described in Chapter 5.

In order to determine the minimum number of regaatpling occasions required to
achieve accurate estimates of population sizdnisnchapter, we reanalyzed the 2006
data using the new analytical point-coordinate wagptecapture technique, with the
mean maximum distance moved (55m) as the buffénsgdee Chapter 5 for details).

METHODS
Field Surveys

We conducted diurnal, capture-recapture surveyB@iorowing Owls from April 16-May
20, 2006 using the following detailed methods:

1. Randomly selected 64 replicate survey routes (eapphoximately 6.4 km in
length; Figure 6.1).

2. Conducted surveys for approximately 1-hour in eaglicate route at
approximately the same time of day (between 063&B18xcluding 1230-1330)
for 6 consecutive days (occasions).

3. Used 1 vehicle/route (each having a driver and mieseto conduct visual
surveys at 7 mph. Vehicle was positioned so olesemas closest to drain/canal,
observer surveyed passenger side of vehicle, anergirovided incidental
observations from in front of vehicle.

4. Stopped at everyl Burrowing Owl(s), and recorded the following infaation:

A. Date
B. Time
C. Location, based on:

I.  GPS coordinates (Trimble GeoExplorer XM with GPesl set
halfway to balance productivity with precision gmaktprocessed
differential correction)

ii.  Compass heading to owl/nest from observer (SuuatwHeld
Directional Compass)

iii.  Distance to owl/nest from observer (Opti-Logic LLaRangefinder
with £1 m accuracy)
E. Type of location (nest burrow, no nest, flying, grezd)
F. Number of owls (1, 2, 3, ...n)
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5. Avoided errors in detection by not looking past tiedicle after stopping at an
owl (except to track an owl that moved in ordeatoid double counting) and not
backtracking route.

Data Processing and Analyses

Processing and analyses of Burrowing Owl closediation capture-recapture data
entailed 3 general steps:

1. Development of capture-recapture encounter hisgorie

A. We used the point coordinate technique with a 5&aius buffer (which
corresponds to the mean maximum distance movedJ(sagter 5))
B. Created 5 individual encounter histories from the@utes:
i. Encounter history dataset 1: First 2 occasions
ii. Encounter history dataset 2: First 3 occasions
lii. Encounter history dataset 3: First 4 occasions
iv. Encounter history dataset 4. First 5 occasions
v. Encounter history dataset 5: First 6 occasions

2. Closed population modeling

A. Fit maximum-likelihood, closed-population modelofch 1999) to each
capture-recapture encounter history dataset.

B. Used the sin link function to link model coefficterito matrices because it
allows for better estimation of the number of esiite parameters and of
the shape of the log-likelihood function at its nmaxm, while
constraining its parameter to be within 0-1 (Wlaitel Burnham 1999).

C. Used deviance plots to heuristically assess maidel f

3. Minimum number of repeat sampling occasions ne¢gledhieve accurate
estimates of population size

A. Computed coefficients of variation (CV) for eaclpptation estimate and
plotted them against the number of survey occagiéigsire 6.2).

B. Determined the minimum number of repeat survey siooa necessary
for obtaining reliably precise estimates by idemti§ the number of

survey occasions needed to achieve aAQ‘a_f(N.l. We chose this cutoff

because “reliable scientific studies ... should toyd CV(N) < 0.1”
(White et al. 1982:50).

C. Performed retrospective power analyses (Kuehl 188idl and Thomas
2001) with a specified range of effect sizes (clesng annual population
size) to assess the relative statistical poweetéating a change in
population size between the 5 encounter historgssas (2, 3, 4, 5, and 6
occasions). We used a one-tailed test (becauggiaeamanagement
would be triggered only when the population woudglthe), ar=0.05,
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and empirically based estimates of population ags®ciated with the 5
encounter history datasets. We chose a rangepulgtton changes to
yield power curves that would illustrate differea@mong sampling
design scenarios and various changes in annualgimpusizes since an
acceptable level of population change has yet ebermined for the
demographic study (section 4.5.3 of the HCP PlatedlJune 2002).

RESULTS

Capture-recapture Results

We successfully computed C\A/IslandAN; for 300 of the 320 possible encounter
histories (1 encounter history file for 2, 3, 4ahd 6 repeat sampling occasions x 64
routes). The 20 that were not estimated were géyéhose corresponding to low
numbers of occasions (and hence low effective sasipks), preventing the convergence
of model likelihoods. The average detection prdighvas 0.63.

Minimum number of repeat sampling occasions needet achieve accurate
estimates of population size

1. Minimum number of repeat survey occasions to acehi:e@V(M <1 was 3.

2. Statistical power of detecting a change in the 8uing Owl population increases
with an increase in survey occasions; there waarked increase in power from
>2 occasions (Figure 6.3A).

3. Statistical power began to asymptote at 3 occagieigsire 6.3B).

CONCLUSIONS AND RECOMMENDATIONS

We found clear evidence that a minimum of 3 suilvegasions are necessary when using
the point-coordinate capture-recapture techniqueder to achieve an acceptable level
of accuracy in estimating the abundance of maledving Owl territories in the HCP

Study Area. Three survey occasions nearly doutblegbrecision ofAN:ompared to using
only 2 occasions. This high level of precisiomsteed from our using 3 capture-
recapture occasions on a species with high deteptiababilities. For example, given
the average detection probability/occasion we fouere (0.63), the probability of that
we didnotdetect a territorl times during the 3 occasions was 5.0% [i.e.,.6BYY;
thus, the probability that we diktect a territoryl times over the 3 occasions was
95.0% [i.e., 1-(1-0.63Y.

Our prospective power curve analyses showed tbat&sions provided a marked
increase in statistical power to detect a changkdrannual Burrowing Owl population
size compared to using 2 occasions. For exantpmepawer curve associated with 2
occasions consistently provided the least poweetect a change at any level, and the
addition of 1 more survey occasion increased pdyers much as 11%. Coinciding
with this increasez4 occasions provided little improvement over 3j¢ating that an
increase in the number of surveys beyond 3 dicappteciably improve power, and
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doing so would only be at an unnecessary expefifeete Additionally, we advise
against the use of only 2 occasions because Weltdé effort does not allow for the
complex testing of assumptions and subsequenttgglexdf a model from which to
obtain unbiased estimates. Furthermore, the powses began to asymptote at 3
occasions, substantiating the minimum number reduiv obtain the highest power to
detect a change in abundance.

Prospective power analyses like these can aideiniévelopment of future Burrowing

Owl capture-recapture sampling designs becauseptioeyde a probability that a
specified change in annual population change cbeldetected (Peterman 1990). Based
on our results, we conclude that all vehicle-bgsadt-coordinate capture-recapture
surveys of Burrowing Owls (following our protocoig)the HCP should conduct 3
consecutive occasions. Fewer than 3 may provide gccuracy and more than 3 may be
an unnecessary expense.
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Figure 6.1. Routes where 6 consecutive days ehdiucapture-recapture surveys were
conducted for Burrowing Owls in the HCP Study Areaperial County, California.
Points represent individual owl locations, Apriti/&y 20, 2006.
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Figure 6.2. Coefficients of variation of populatisize as a function of the number of
repeat survey occasions for male Burrowing Owities in the HCP Study Area,
Imperial County, California, April 16-May 20, 2006Reliable scientific studies ...

should try for a CV(N< 0.1” (White et al. 1982:50).
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Figure 6.3. Retrospective power curves for variaiss of Burrowing Owl population
change (indexed by changes in population sizd)erHCP Study Area, Imperial County,
California, April 16-May 20, 2006. Power curveg an vertical order listed in legend.
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Chapter 7

CLOSED-POPULATION CAPTURE-RECAPTURE SURVEYS IN
2007

JEFFREYA. MANNING

ABSTRACT. In this chapter, | present the resuttsrf conducting a complete
census of male Burrowing Owl territories in the HSRidy Area during the
prehatch stage of the breeding cycle in 2007 udiegpoint-coordinate capture-
recapture technique.

INTRODUCTION

Closed-population, capture-recapture methodologygdewerful approach for estimating
the abundance of male Burrowing Owl territorieshia Imperial Valley. This technique
is based on marking and recapturing animals dugpgated survey occasions. Repeated
surveys are required to increase probabilitiesetécting male owl territories and
accuracy of population estimates (Otis et al. 197T8@nerally, greater numbers of survey
occasions increase the accuracy of population angsd(Otis et al. 1978, White et al.
1982). There is an optimal number, beyond whiditamhal surveys would not improve
accuracy appreciably and thus would constitute edbstfort. Based on preliminary
analyses from a pilot study in 2006, we initialbggested that 4 occasions were
appropriate; we therefore completed 4 survey oooasn 2007. However, as we
reported in Chapter 6, a recent reanalysis ofdhtt led us to recommend that the
application of the point-coordinate capture-recepsurvey technique to estimate the
size of the owl population in the HCP Study Areguiees only 3 survey occasions to
achieve an optimal level of effort when followingresurvey protocols.

Achieving accurate population estimates from clgseplulation sampling methods
depends on meeting the critical assumption of g closure (no emigration,
immigration, births, or deaths) (White et al. 1982)Ye met this assumption
demographically by conducting point-coordinate sysvin a brief period30 days from
April 2-May 3), which coincided with the prehatdlage of the breeding cycle, when
females incubate and males remain sentinel outs&laest entrance (Martin 1973,
Plumpton and Lutz 1993). This period began aftigramt owls were thought to have
departed from the Imperial Valley, ended priordsident owls fledging young, and
coincided with minimal movements of resident maesy from burrows. The majority
of resident females should have already been maiddéd with males by the start of this
period, and have been spending the majority of tirae in the burrow. Thus, we
minimized the risk of biasing estimates of male tavtitories in the HCP Study Area by
avoiding migrant and fledgling owls and surveyingem males were expected to exhibit
minimal movements away from nest burrows while flesavere unavailable for
accidental double counting.
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METHODS

We conducted diurnal, capture-recapture surveyB@iorowing Owls from April 2 —
May 3, 2007 using the following detailed methods:

1. Conducted 4 point-coordinate survey occasions ¢asion/day) along every 11D
right-of-way that paralleled an aboveground waterveyance structure (canal
and/or drain) in the HCP Study Area. During eastvey occasion, the vehicle
traveled one side of an isolated drain or canahek&>2 water conveyance
structures paralleled multiple access roads wihsingle right-of-way and the
field of view could be compromised by distance leswthe water conveyance
structures (roughly60 m) or topography, a survey was conducted onf:#ieo
roads to ensure complete survey coverage of the-oigway while care was
taken to not survey the same water conveyancetsteutwice (i.e., each water
conveyance structure was surveyed from only one) sid

2. Conducted diurnal, visual surveys by travelingghme direction during all 4
surveys.

3. Conducted the 4 surveys at approximately the sameedf day (¥2-hr after
sunrise to 1130 and 1600 to ¥2-hr before sundowayédid issues with reduced
availability of owls during midday:

April 2-11: 0700-1130 and 1600-1830
April 12-23: 0650-1130 and 1600-1845
April 24-May 3: 0640-1130 and 1600-1850

4. Randomly partitioned the HCP Study Area into 6 esytwhere a consecutive
number of survey occasions completed along a mwageconsidered to be a
survey sessiorfigure 7.2), and completed each session with iclefeach
having a driver and observer) traveling 7 mph oegs (e.g., 4 survey
occasions/route). Vehicles were positioned sotserver was closest to
drain/canal, observer surveyed passenger sidehadlgeand driver provided
incidental observations towards the front of vehicl

5. Stopped at everyl Burrowing Owl(s), and recorded the following infaation
(in <2 minutes) for the*lowl detected at that stop and separately for avifs
>20 m from the first owl detected or in additiom first 2 owls seen:

A. Date
B. Time
C. Location of burrow entrance <20m from the owtf&t contained the
highest number of signs of activity (e.g., an dvdttretreats or flushes
from burrow, regurgitated pellets, feathers, niestd), whitewash, or
footprints with an absence of cobwebs; Conway.2@08) or the closest
burrow if multiple burrows revealed an equal amaafrgigns of activity.
Location of owl, if no burrow is evident within 20.
i.  GPS coordinates (Trimble GeoExplorer XM with GPiflesl set
halfway to balance productivity with precision and
postprocessed differential correction)
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ii.  Compass heading to owl/nest from observer (SuuattdHeld
Directional Compass)

iii.  Distance to owl/nest from observer (Opti-Logic Liase
Rangefinder with +1 m accuracy)

D. Detection method
E. Observed behavior (Flush/flying)
F. Fate
G. Type of location (nest burrow, no nest, flying)
H. Number of owls (1 or 2)
I.  Type of perch:
i. At burrow entrance -- within the burrow entrance
ii.  On bare ground -- on bare ground (with no veg trride
-- on cement liner (with no veg or debris)
iii.  Flying only -- never seen on the ground (wingpiag)
iv.  On pppwdfh -- on fence post or stake
-- on horizontal pipe
-- on utility pole

-- on utility or fence wire

-- on debris pile (cement, dirt, gravel, other)
-- on farm equipment

-- on head gate

v. Inoron vegetation --in live or dead vegetation
-- on live or dead vegetation

vi. In agricultural field -- in vegetated agricultufadid
vii.  On hay bale(s) -- on hay bale(s)
viii. ~ Other -- any other structure or substrate, deedrib

J. Texture within an approximated 8-degree radiudeicentered on the
detected owl from observer’s view. This was based 6-m radius
circle surrounding an owl at 21 m from the obsebegrause many
vantage points for detecting owls were approxinya2dl m from where
owls often perched (across the water conveyanuaetste).

K. Vegetation cover in the same circle used for meaguexture:

i. 0%
i. 1-25%
iii.  26-50%
iv. 51-75%
V. 76-100%
vi.  No vegetation because owl was silhouetted aboviedror
vii.  No vegetation because owl was detected in flight
L. Leg band status:
i. Banded
ii.  Unbanded
iii.  Unknown
M. Number of squirrels detected since previous owdtion
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6. Avoided errors in detection by not looking past Wledicle after stopping at an
owl (except to track an owl that moved in ordeatoid double counting) and not
backtracking route in order to obtain detectionsprily from the moving
vehicle. If an owl was detected while not in thewing vehicle, the above
information was recorded and a note that it wasdetected from the moving
vehicle.

7. Standardized observations by having the vehicledigff, windows rolled up,
come to a stop after passing detected owl to alasthing it forward into areas
yet to be surveyed, and engine turned off uponpstgp also required all field
biologists to participate in extensive training diedd exercises; did not use cell
phones, radio, and cameras while surveying.

This survey method essentially ‘marked’ or ‘captli@ach territory on the first date
observed using global positioning system (GPS)dioates. ‘Recaptures’ were
successive recordings of GPS coordinates duringesjuent sampling occasions,
identified using the method described in Chapter 5.

RESULTS

We conducted 4 capture-recapture survey occaslong 8,960 Km of IID right-of-way
that paralleled an above-ground irrigation canalandrain. We observed 3,461 male
Burrowing Owl territories on the first capture-rpbare occasion; on the second, we
observed 3,685, the third 3,737, and the fourth3y@d8 (Figure 7.1). Owl locations by
survey session are portrayed in Figure 7.2.

Obstacles that led to delays in our traveling altineglID right-of-ways included locked
gates, farm equipment, piled hay bales, erosiom, m@nd, and restricted access to
private property.
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Figure 7.1. Point coordinate locations of malerBwing Owls during capture-recapture
survey occasions 1, 2, 3, and 4 from April 2-Mag@07.
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Figure 7.2. Locations of male Burrowing Owl tesries coded according to 6 separate 4-
occasion survey sessions during the prehatch sfape breeding cycle across the HCP
Study Area, Imperial County, California, 2007.
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CONCLUSIONS AND RECOMMENDATIONS

These surveys of 3,960 Km of IID right-of-way tipairalleled above-ground water
conveyance structures during 6 4-day survey sessioer a 30-day period demonstrates
that a complete census of the HCP Study Area duhiegrehatch stage of the breeding
cycle is possible. The successful completion eséhsurveys was largely due to the
absence of significant delays or postponementsigirintensive preplanning and
training, and the cooperation and support of tBestiaff. The IID staff informed private
landowners in advance and during our surveys o$tineey effort, provided gate keys
upon our encountering locked gates, and sharedi@uali support. Such collaboration
would be essential for the success of any futur®@e census.

We conducted these 4 survey occasions prior taegheinformation we presented in
chapter 6, which suggested that only 3 survey oaeasire necessary to compute reliable
estimates of population size in the HCP Study Ar€lae first 3 survey occasions of
Burrowing Owl point-coordinates presented here gi®vhe basis for constructing point-
coordinate capture-recapture encounter historgedeacribed in Chapter 5, that will be
used in chapter 8 to compute maximum likelihoothesties of male Burrowing Owl
territory abundance in the HCP Study Area.
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Chapter 8

MAXIMUM LIKELIHOOD ESTIMATE OF MALE BURROWING
OWL TERRITORY ABUNDANCE IN THE HCP STUDY AREA IN
2007

JEFFREYA. MANNING

ABSTRACT. Maximum likelihood estimates of poputati size are widely
considered to be the most reliable estimates attenby wildlife scientists.
Here, | present a maximum likelihood estimate ofen2urrowing Owil territory

abundance in the HCP Study Area using the dataepted in Chapter 7. The
data were pooled into a single capture-recaptureowerier history and
categorized according to six separate periods when3 survey occasions
occurred. In the absence of sampling error or $ampnits, this analysis
estimated the population to be 4,998 (95% Cl=494061).

INTRODUCTION

The HCP specified the need to obtain annual estisnaitthe population of male
Burrowing Owl territories in the HCP Study Arean&®approach to achieve this would
be to sample the HCP Study Area and extrapolatethesults to the remainder of the
area that was not sampled. Alternatively, a cotepgtensus could be used to estimate a
single estimate. The latter approach is not dbsttve on an annual basis. But,
because our approach to develop a validated sumegtyod relied on 2 consecutive years
of complete censuses, we had the unique opporttmiitilize those data to compute
annual estimates for those years. This chaptsepts the estimated population size of
male Burrowing Owl territories during the prehastage of the breeding cycle along the
[ID’s rights-of-way in the HCP Study Area in 2007.

METHODS

| combined the encounter histories from all malerBwing Owl territories across the
entire HCP into a single encounter history datas®, stratified it by 6 survey sessions,
as described in Chapter 7. | used the closed-mapapture-recapture models with the
sin link function available in Program MARK to Btmaximum likelihood models to
these data (Table 8.1, Otis et al. 1978, Whitd.€t%82, Cooch 1999, White and
Burnham 1999). All models estimated abundancé@portion of the HCP Study Area
that was surveyed in each session, and assumeditieation and recapture probabilities
were equal and either constanitf € (.)], vary across occasion$ [ ¢ (t)], vary among

sessions p = € (session)], or vary by the interactive effectsegsion and occasions
(p=C(session x t)). | used Akaike’s Information Criter adjusted for small sample

sizes (AIG) to determine the most parsimonious model andidered this to be my best
model (Akaike 1973, Burnham and Anderson 20023)btained estimates of abundance

for each sessio(INIS) from this model, and considered the sum of thendance
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6 ~
estimates for the sessio(mE N.) as the approximate true population size of male

i=1
Burrowing Owl territories in the HCP Study AreaApril 2007. | assessed the lack-of-
fit of this model to the data by examining a plbtte deviance residuals. A symmetric
and narrow pattern of deviance residuals closeto would suggest a good fit to the
data, whereas a wide pattern around zero wouldestiggor fit due to extra-binomial
variation.

Although I had initially proposed to include indilial covariates (e.g., percent
vegetation and texture) into the models, our apgrad using buffered point coordinates
restricted their use at this stage of analysisiegsribed under the conclusions and
recommendations in Chapter 5.

RESULTS

The most parsimonious model showed that detectiobgbilities varied through time
differently within each session (Table 8.1). Timedel fit the data well (deviance
residuals followed a narrow and symmetric pattemnasinding zero), and estimated a
total of 4,998 (95% CI1=4,946-5,081) male Burrow{dg! territories in the HCP (Table
8.2).

Table 8.1. Closed-population capture-recaptureetsaiit to male Burrowing Owl
Territory encounter histories and their correspng@AlIC -values, Imperial Valley,
California, April 2007.

AlIC. No. of
Model Syntax AAIC. weight Parameters Deviance
p = & (session x timg 0 1.00 24 298.628
p = C(session) 23453  0.00 12 557.218
p=C(time) 276.98  0.00 9 605.68
p=C() 294.78  0.00 7 627.487

! Time refers to days (n=3), as a survey occasicnroed on each of 3 days.
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Table 8.2. Estimates of detection and abundanceaté Burrowing Owl territories

during the prehatch stage of the breeding cyctaertHCP Study Area, Imperial County,

California, 2007. Estimates are from the bestarggopulation model in Table 8.1.
Detection and recapture probabilities (p=c) (SE)

Session® Occ. 1 Occ. 2 Occ. 3 N (95% CI)
1 0.71 (0.02) 0.67 (0.02) 0.79 (0.01) 897.4 (890.3 - 909.2)
2 0.68 (0.01) 0.69 (0.01) 077 (0.01)  1161.4 (1152.5 - 1175.1)
3 0.58 (0.02) 0.62 (0.02) 072(001)  1102.1(1088.2 - 1121.5)
4 0.64 (0.02) 0.78 (0.01) 0.52 (0.02) 985.7 (974.1 - 1002.6)
5 0.70 (0.02) 0.68 (0.02) 0.68 (0.02) 758.4 (749.9 - 771.8)
6 0.60 (0.05) 0.71 (0.05) 0.70 (0.05) 92.8 (90.7 - 100.4)
Entire HCP Study Area 4998.0 (4948 - 5081)

! Refers to 3 consecutive survey occasions in @mifft geographic portions of the HCP Study
Area.

CONCLUSIONS AND RECOMMENDATIONS

Based on the closed-population point-coordinatéuragrecapture estimation procedure
used there, the estimate of 4,998 (95% Cl=4,948413,best approximates the true
population size of male Burrowing Owl territoriesthe HCP Study Area in April 2007.

Manning, J. A. 2009. Burrowing Owl populationesin the Imperial Valley, California: survey andrgding
methodologies for estimation. Final report to li@erial Irrigation District, Imperial, CalifornidJSA, April 15, 2009. 54



Jeffrey A. Manning April 15, 2009

Chapter 9

EVALUATION OF SPATIAL AUTOCORRELATION IN MALE
BURROWING OWL TERRITORY ABUNDANCE AND THE
DETERMINATION OF A STANDARDIZED SAMPLING GRID

JEFFREYA. MANNING AND STACIE ROBINSON

ABSTRACT. A standardized sampling grid acrossHiGP Study Area would
standardize a population of sampling units thatacbe sampled annually for
estimating and comparing Burrowing Owl populaticzes. We present the
results on an analysis of spatial autocorrelatioovil abundance to identify an
appropriate resolution of a standardized samplirdjigtended for use in
sampling the HCP Study Area for Burrowing Owls ubsequent years. In
accordance with Amendment 1, and based on the éélds analytical survey
and sampling methods, we determined that a 3x3rancgll resolution was
appropriate for establishing a standardized grid.

INTRODUCTION

The original HCP document required that the retatitbundance and distribution of owls
be determined (section 4.5.2.2). In order to eataluelationships between correlates and
abundance, a standardized unit to measure abundaneeded. Such sampling units
should be independent from one another. Sincdd@idBurrowing Owl abundance are
believed to vary across the HCP Study Area, weestigpat abundance may be spatially
auto-correlated, in which case independence hpateascomponent to it. Fortunately,
spatial statistics can be used to evaluate at vaisatution spatial independence of male
Burrowing Owl territory abundance may occur in H@P Study Area. We initially
proposed using the linear distance of the IID’&tsgof-way for this analysis, but later
proposed and received approval for an amendmehtsg¢see executive summary),
which entailed the evaluation of grids of variouglgell sizes to evaluate spatial
autocorrelation. The intent of such an analysisldide to determine a standardized
sampling grid.

A standardized sampling grid would standardize pufation of sampling units that serve
the purpose of making comparisons between annypallgiion estimates over the 75-
year permit of the HCP. Data currently availabid auitable for an evaluation of grid
cell sizes comes from the owl surveys presentedarprevious chapter. These data are
from a census of the HCP Study Area, the methods therough and standardized, and
they provide an opportunity to assess possibleioalships in spatial patterns of owl
abundance. Because these data are empiricalugeeromes with the assumption that
they are from a population of owls that exhibitagaproximate distribution and pattern of
local abundances typical to that expected to bsgmteover the life of the HCP.

Spatial patterns provide information about the psses that affect ecological
communities (Fortin and Dale 2005), as well asnmi@tion to best model systems where
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data are not spatially random (Haining 2003). Asbgy spatial autocorrelation is a
basic, but critical, step in assessing data stra@und describing spatial patterns. Spatial
autocorrelation describes the degree to which amtylin data values is dependent on
spatial proximity (Haining 2003). The extent otipl dependence can be used to
describe ecological structure and define the exdehiological communities (Fortin

and Dale 2005, Heywood 1991). The definition ajlegical neighborhoods based on
the extent of spatial autocorrelation has even lsed to define units for conservation
and reserve design (Diniz-Filho and Telles 2002).

Sampling designs and distributions of selected sagpnits can affect the spatial
pattern observed in the data, and may influen@s@archer’s ability to infer the true
spatial structure in an ecological system (Tobi@40 This is especially true of complex
ecological systems like the Imperial Valley, whatenerous environmental factors may
combine to affect the spatial distribution of Bwing Owls (Legendre and Fortin 1989).
The census of owls across the HCP Study Area theg wonducted in the 1ID’s rights-
of-way (see previous chapter) does not represesatrgle and therefore should not affect
the spatial pattern we observe. We are confideattthe data enables us to capture the
true patterns in the distribution of male Burrowidw/l territories.

In looking at the abundance of male Burrowing Oavtitories across the Imperial
Valley, we needed to decide on an areal unit ofyarsin which to compute abundance.
The definition of analysis units and the scalepatsl analysis can substantially affect
the extent and intensity of spatial pattern obsg Jeirner et al. 1989, Wiens 1989). The
manner in which we divide the study area into samgplnits to assess abundance could
therefore influence the spatial patterns (i.e.dbgree of spatial autocorrelation) we
observe. We chose square sampling units becaegddve smaller perimeter lengths
per unit area than rectangular units and therdés® potential for error in including
individuals in a unit. Square units are generaligier to map out than rectangular ones.
Square units can also be used to easily subdiveledy area into non-overlapping areas
without excluding areas, which is not the case witbular units.

It has long been established that spatial analfsesld be carried out at multiple scales
to get the most accurate picture and to detectocofing influences of scale on spatial
patterns (Mead 1974). In order to assess scaetefand decide upon an areal unit of
analysis for computing owl abundance, we perforsptial analyses at multiple
resolutions using variable grid cell sizes to pianti the study area.

METHODS
Autocorrelation — Moran’s | Correlogram

1. Used the maximum number of owls observed duringttbecasions for grid cell
counts.

2. Grid cell sizes were 1x1 km, 2x2 km, 4x4 km, 8x8,Kiroix10 km, 11x11 km and
12x12 km.

3. Computed density of owls in grid cells as countdnilD linear right of way.
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4. Constructed Moran’s correlogram.

A. Moran’s| provides an autocorrelation measure that is sirtola
Pearson’s correlation coefficient, and ranges frborto 1 (Moran 1950).

B. A negative Moran’d would suggest that similar densities were over-
dispersed, or spread farther than expected at nando

C. A positive Moran’d would indicate that similar densities were clustier
or closer together than expected at random.

D. The correlogram is a graph of the Morahtoefficient calculated at
multiple distance thresholds (i.e. Morah's first calculated according to
all pairs of nearest neighbors, then all pairs"8o2der neighbors, then
3 4" etc.). In this way we graphed the decay of shdépendence
between neighbors as the distance separating tiheeeased (Fortin and
Dale 2005, Haining 2003, Rangel et al. 2006).

5. Used program SAM — Spatial Analysis for Macro-eggigRangel et al. 2006)

A. Number of distance classes used coincided withn8Qtke approximated
longest distance across the HCP divided by gridsts (i.e., the number
of neighbors expected to span the maximum distaoasss the HPC)].

B. Used Queen’s adjacency scheme (included neighlmoadl sides and
corners)

Autocorrelation - Variogram

1. Constructed semivariograms (refered to as variogyam

2. The variogram plots variance between sampled pgamst distance

3. The variogram can be seen as a compliment or iaadrhe correlogram — where
as the correlogram shows the breakdown in coroelatt increasing distance, the
variogram graphs the increase in variance betwaepled pairs as the distance
between them increases (Cressie 1991, Fortin atedl2D&5, Haining 2003,
Ribeiro et al. 2003)

4. The variogram curves upward as long as the varibatgeen samples increases
with distance, at some point the curve levels dféve distance no longer
influences the variation between samples — thistpsicalled the sill

5. Calculated variograms using geoR (Ribeiro et al30a package in the R
statistical environment (Ihaka and Gentleman 1996)

6. Both classical and modulus models were used fopteteness (Cressie 1991)

Determination of a Standardized Sampling Grid

We received a joint assessment of our results th@mabove analyses by Dr. Manly
(WEST, Inc., Laramie, WY). His assessment requihedfurther analyses at
intermediate grid cell sizes (Figure 9.2). In tigihthe need to establish a grid that would
be appropriate for stratified random sampling, #isessment was based on the
following issues:

1. Large enough to support reasonably sized numbeyw/isffor capture-recapture
modeling.
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2. Large enough to support a range of abundancesi@img) zero) for estimation
purposes.

3. Small enough to support a large population of aedsessary for stratified
random sampling.

4. Small enough to reduce washing out variation iraciaes of abundance.

We developed a standardized sampling grid in Arc&ES(ESRI, Redlands, CA) based
on the assessment from Dr. Manly and laid it okerHCP Study Area. In doing this,
some grid cells along the border of the HCP StutBafencompassed non-HCP Study
Areas; to avoid inclusion of these areas, we refitne geographic extent of that grid by
clipping it to the boundary of the HCP Study Ard4owever, clipping led to non-square
cells along the boundary. In order to maintaim gells of approximately equal size
(which is advantageous for survey logistics andhwhe stratified random sampling
framework described in Chapter 15), we combinedesofthese individual cell
fragments that contained IID water conveyance #iras to approximate the size of the
standardized cell size. We removed cells thatddany 11D water conveyance
structures, as these were not surveyed duringthdy.

RESULTS

We found that the abundance of male Burrowing Qvds spatially autocorrelated
across the HCP at all grid cell resolutions we exanh (Figure 9.1). Based on the
subsequent assessment with Dr. Bryan Manly (Fi§Ltg it was determined that the 3x3
km grid cell provided a fairly large number of sefh = 274), which contained
reasonable numbers of owls for capture-recapturdetimg and should be sufficient for
stratified random sampling. This size reflectdzhlance of assessed issues; larger cell
sizes reduced the number of cells available fatiszation and smaller cells reduced
sample sizes for capture-recapture modeling. Ta, frefined, standardized sampling
grid produced 274 grid cells, with some clipped aadhbined cell fragments along its
border approximating the 9 Kroell size (Figure 9.3).

CONCLUSIONS AND RECOMMENDATIONS

Based on the presence of spatial autocorrelatitimeimbundance of male Burrowing

Owl territories across the HCP Study Area, we aitlfind a grid cell size that eliminated
the autocorrelation among sampling units. Recaggithe need to establish a
standardized grid from which to sample owls frontemparable estimates can be made
in subsequent years, we chose to focus on theiaa@ineeds to adequately stratify the
HCP Study Area. Based on Dr. Manly’s assessmentamclude that a 3x3 km grid cell
would be appropriate for performing the currentlgses and future surveys and analyses
of male Burrowing Owl abundance.

This grid is intended for use in future survey®tigh the 75-year period of the HCP,
from which a new random sample of grid cells shdaddbtained each year. This
conclusion is based on our analyses of empiricaldata collected in 2007, and assumes
that the data represent the typical distributioth abundance of owls across the HCP in
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subsequent years. As recommended by Dr. Manhausecspatial autocorrelation is
inevitable, it needs to be assessed and accoumtdiaef final model used to estimate
abundance of male Burrowing Owls in the HCP StudgaA
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Chapter 10

MAXIMUM LIKELIHOOD ESTIMATES OF LOCAL MALE
BURROWING OWL TERRITORY ABUNDANCE IN 2007

JEFFREYA. MANNING

ABSTRACT. Individual grid cells across the HCP @tuArea can be used to
adequately represent local Burrowing Owl territabyundances for comparisons
across the area and annually. | calculated maxifikelihood estimates of local
male Burrowing Owl territory abundance for each &r3 grid cell in 2007. To
satisfy Amendment 6 and provide a total populatestimate that could be
compared as an approximation to the true populaios to estimates calculated
from sampling the data (as done in later chaptérsymmed the abundances
among the grid cells. Local abundances varied feB% territories, and the
approximated true population size was 4,879 (95% @K 7 - 5,387).

INTRODUCTION

The HCP specified the need to obtain annual pojpul&stimates of male Burrowing
Owl territories in the HCP Study Area. A compleansus conducted annually could be
used to obtain annual population sizes. Howewmh sin extensive annual effort would
be cost prohibitive and would still have to accolamterrors attributable to detection
below 100%. A more practical and cost effectiverapch commonly applied by
wildlife scientists would be to randomly sample tpmrs of the HCP Study Area and
extrapolate those results to the remainder of tea #hat was not sampled. This is
because a random selection of sample units froavaitable population of units can
yield statistically and biologically reliable poptilon estimates. It is important to note
that the population of Burrowing Owils is not thengaas the population of grid cells
referred to here for sampling. In order to hay®pulation of sampling units to draw
random samples from and compute local abundancesaly, we developed the grid of
3x3 km cells in the previous chapter.

The goal to develop a validated long-term survethaoaology (as proposed in Tasks 5
and 6 under Objective 2 of the final detailed stpthn, dated January 31, 2007) relied on
the acquisition of empirical estimates of populataundance (i.e., local abundance) in
each grid cell. Iintended to repeatedly draw camédamples of cells from the 2007
census of grid cells to determine an optimal leel allocation of sampling that could be
used in subsequent surveys to achieve a populesibmate that would approximate that
which could be obtained from a census of all geliisq(as presented in Chapter 15).

The power of such a sampling approach dependseosuitcessful reduction in
measurement error while surveying for owls in grdls. This is because the analytical
tools available for analyzing stratified random géad data assume perfect counts in
sampling units (no error in counts). Those toltsyever, do account for the variation in
abundance among grid cells, which is referred teaagpling variance. Thus, an
important objective in surveying owls for the puspmf determining local abundances

Manning, J. A. 2009. Burrowing Owl populationesin the Imperial Valley, California: survey andrgding
methodologies for estimation. Final report to li@erial Irrigation District, Imperial, CalifornidJSA, April 15, 2009. 63



Jeffrey A. Manning April 15, 2009

must be to minimize measurement error during swvéortunately, the field methods
presented in Appendix Il can be used with the poodrdinate capture-recapture
analytical technique presented in Chapter 5 toesehinegligible levels of measurement
error in estimates of local abundance. Here, $gmemaximum likelihood, point-
coordinate, capture-recapture estimates of locé Barrowing Owl territory abundance
in 3x3 km grid cells across the HCP Study Area disduss their associated estimates of
measurement error. Per amendment 6, | also used thata to calculate an approximate
true number of Burrowing Owl territories in the HSRudy Area that is appropriate for
comparing HCP Study Area-wide abundance estimaegad from random samples
drawn from the population of grid cells.

METHODS

| considered a single survey pass along an IIDttodtway on a single day as a survey
occasion, and consecutive occasions as a surveipségs.g., see Chapter 7). Thus, each
of the 6 survey sessions described in Chapter & w@mnprised of a distinct set of survey
occasions (i.e., 6 survey sessions, each in adigiortion of the HCP Study Area,
comprised of 4 single-day occasions = 24 days nfeys). Because the 6 sessions also
corresponded with 6 different portions of the HGRdS Area that were surveyed at
different days, | tested for time effects sepayaitelgrid cells according to each session.

Because the stratified random sampling approadeveloping a long term survey
protocol for owls is reliant on reducing measuretregror when survey for owls inside
grid cells, | used the point-coordinate captureaptare technique (presented in Chapter
5) in analyzing owls survey data. | used the fellgy methods to compute local,
maximum likelihood, closed-population estimatesnaile Burrowing Owl territory
abundance:

1. Applied the point-coordinate capture-recapture negplre to the first 3 survey
occasions, using the 55 m radius MMDM buffer recanded in Chapter 5. My
use of only the first 3 occasions was based omnetlts presented in Chapter 6.
This technique developed centroids associatedindgividual, point-coordinate-
based, capture-recapture encounter histories.

2. To meet the HCP’s requirement to estimate the adrelof breeding male
territories and because | showed that owls in t6@&Ibtudy Area have a high
probability of being detected during our surveys%® Chapter 6), | removed
individual encounter histories from the datasetwleesingle owl was observed
on only 1 of the 3 occasions and without a nesbi@40.1). This is because owls
had a high probability of being detected near thests (see results, this chapter),
and | assumed that such observations were of needbrg owls that were not
maintaining breeding territories at the time of survey, or owls that were away
from their territories at the time of observatidrnconsidered the remaining
centroids established above to be those of tealitorales.
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3. Overlaid the grid of 274 cells (see Figure 9.3dnd details) onto the centroids of
male Burrowing Owl territories and associated cegtecapture encounter
histories determined above, and assigned each eterdustory to its
corresponding grid cell. | therefore used the BxBgrid cell as the areal unit to
calculate local abundance estimates.

4. Determined in which of the 6 sessions the majafitg grid cell was surveyed,
and grouped grid cells by the 6 sessions, andegpplosed-population models
with the sin link function available in Program MKROtis et al. 1978, White et
al. 1982, Cooch 1999, White and Burnham 1999) ¢t ggid cell and tested for
time effects (among occasions) separately amon§ tgvey sessions. Within
each session, | fit models to each cell’'s set cbanter histories that assumed
that detection and recapture probabilities wereabgnd constantl‘{] (grid cell)

p=¢(.)] or varied through timeNl (grid cell) p = ¢&(time)], where time referred

to occasions 1, 2, and 3. | used Akaike’s InforaraCriterion (AICG; Akaike

1973, Burnham and Anderson 2002) to determine & parsimonious model
for a grid cell, and considered it to be the bestlat for that cell. | assessed the
lack-of-fit of the model to the data by examininglat of its deviance residuals.

A symmetric and narrow pattern of deviance resslaldse to zero would suggest
a good fit to the data, whereas a wide patternrat@ero would suggest poor fit
due to extra-binomial variation.

5. Added the associated estimates of abundance amthstberror from the best
models into the corresponding grid cell in the @il layer. Here, the standard
error was a measure of precision that represehtedrtor attributed to the point-
coordinate capture-recapture surveys, which caappeopriately referred to as
measurement error.

Although I initially proposed the inclusion of indilual covariates (e.g., percent
vegetation and texture) in models, the point-cawath capture-recapture technique
restricted their use at this stage of analysisiessribed under the conclusions and
recommendations in Chapter 5.

In order to have an estimate of the total poputatoy comparisons with estimates
obtained from sampling, | summed the local estisméiam all 274 sample grid cells.

RESULTS

Raw counts during single survey occasions ranged 8,451-3,726 (Table 10.1). The
best capture-recapture models for most survey@essepresented the hypothesis that
detection probabilities varied through time (dagple 10.2), and most of these models
fit the data fairly well (deviance residuals folled a fairly narrow and symmetric pattern
surrounding zero). Estimates of male Burrowing @mtitory abundance ranged from 0
to 53.96/3x3 km grid cell (SE = 1.26), and thosthvai lower estimated abundance
tended to be from smaller samples of owls and nsda@Ving relatively greater spread in
the deviance residuals. The mean abundance @f7éheells was 17.8 owl territories (St
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Dev = 13.2), and 18 cells were estimated to notainrowls during our surveys (Figures
10.1 and 10.2).

The majority of local abundance estimates had sstatidard errors, indicating small
measurement errors. Nearly half of the grid céfisse cells where abundance was
estimated to bg20 territories, contained very low standard erreuggesting either
negligible measurement error or poor performandbd@tapture-recapture models fit to
those cells (Figure 10.1).

By summing the local abundances obtained fromrtathod, we estimated the total
population of male Burrowing Owl territories in thRECP Study Area in 2007 at 4,879
(95% ClI: 4,847 - 5,387).

Table 10.1. Number of Burrowing Owl detectionssoyvey
occasion during the prehatch stage of the breeziolg in the
HCP Study Area, Imperial County, California, 200@wls
detected once and without a nest were removed therdata.
Survey Occasions

Type of detection 1 2 3
Once without nest 165 221 232
All other detections 3,286 3,447 3,494
Mean/celt 9.8 10.7 10.6
Standard deviation/céll 12.6 13.4 13.6

! Calculated with total detections from all 274 3«8 grid cells.

Table 10.2. Best closed-population capture-receptwodels and
detection estimates by session. These best moaet2\AIC -values
= 0; their AlG-values that are not comparable to each other kecau
AIC. was used to select each of them from another nsmpelrately
for each session, and those models are not inclo€eed

Survey Occasion

Session Best model 1 2 3
1 p=c¢@ime) 0.71(0.02) 0.70(0.02) 0.79 (0.01)
2 p=C(time) 0.69(0.01) 0.70(0.01) 0.78(0.01)
3 p=C(time) 0.61(0.02) 0.67(0.02) 0.73(0.01)
4 p=C(time) 0.67(0.02) 0.76 (0.01) 0.58 (0.02)
5 p=C() 0.70 (0.01) 0.70(0.01) 0.70 (0.01)
6 p=C() 0.76 (0.06) 0.76 (0.06) 0.76 (0.06)

! Time refers to days, as a survey occasion occameshch of 3 days.
CONCLUSIONS AND RECOMMENDATIONS

The use of 3 closed-population point-coordinatdwaprecapture survey occasions
resulted in a high probability (97.6%) of detectangrale Burrowing Owl territoryl
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times over the 3 occasions, which is similar td teported in Chapter 6. Specifically,
given the average detection probability over oarasiand session(= 0.71), the

probabijlsity that a territory was detectetl times over the 3 occasions was 97.6% |[i.e., 1-
(2-0.71)].

This approach did not allow for modeling effectsrafividual covariates (e.g., amount of
vegetation or type of drain or canal bank) on detagrobabilities (see Chapter 5 for
further details). However, given the high ovehaglh detection probability from 3
survey occasions, such an analysis, if possiblg,nmoaihave provided a marked
improvement in bias or precision.

The low standard errors associated with estimateseverritories numbered <20/grid
cell (Figure 10.1) were likely due to the perforroamf the closed-population capture-
recapture models that were fit to the data in RiogMARK. Although this may lead to
slightly biased low abundances when the numbems ¢ small within a grid cell,
capture-recapture methods produce encounter tastfot each individual owl, even if
they are missed on all but one of the occasioaslihg to a 97.6% chance that each
territory will be accounted for. Unlike captureeapture, which utilizes these repeated
occasions to increase the number of individualeaet and thereby account for
imperfect probabilities of availability when numbeare high enough, other survey
methods which can minimize measurement error dwestbility bias (e.g., distance
sampling, point counts, and sightability) do notreot for availability bias. This is
problematic with species where availability mayw#moughout the day like the
Burrowing Owls in the HCP Study Area (i.e., seeurgy2.4). Variation in availability
among days can also be a problem, as we foundhthaaw counts associated with the
capture-recapture occasions conducted here weisbieaamong days. Given the
standardized and constant levels of effort apphielgt days apart during the owl surveys,
it is unlikely that the 6% difference in counts argdhe 3 occasions was due primarily to
visibility bias, but rather also imperfect availilyiof individuals among the days.
Currently, capture-recapture is one of the moregrwy methods to estimate abundance
from species like the Burrowing Owl where visilyiland availability bias affects
measurement error, and hence population estimatesl advances are made with
methods that rely on a single survey occasionwtilatorrect for imperfect availability

as well as detectability while producing precisahiased estimates, capture-recapture
methods are recommended for estimating local almgesain the HCP Study Area.

Closed-population models in Program MARK are widatgepted in wildlife science,
and they allow for evaluating variable detectioahabilities. The program also
incorporates the ability to compare models usimgitifiormation theoretic approach.
One alternative to using Program MARK while mainiag the use of capture-recapture
methods with such small sample sizes would be éahes model developed by Chao
(1989). This model is unavailable in Program MARurrently, | am unaware of any
statistical-based closed-population platforms theltide the Chao estimator, other than
Program CAPTURE, which does not have a reliableehselection procedure. Thus,
applying the Chao (1989) model would preclude miodelariable detection
probabilities or comparing multiple working hyposies, which in itself could lead to
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imprecise, biased estimates. It also does nobparés well as other closed-population
models with larger samples.

In order to accomplish the proposed objective afl@ating the level of bias associated
with various sampling methods and randomly drawngdas (to be completed in
Chapters 15 and 17), an estimated abundance thiadm@roximates the true total
population size in the HCP Study Area is needelihoigh we provided a maximum
likelihood estimate of male territories in the HSRidy Area in Chapter 8, that estimate
was calculated by pooling the complete censusidaia single dataset and partitioning
and analyzing it by survey session without consndethe standardized sampling grid.
Those data and analytical methods differ from thtbaewill be used in future surveys,
which will rely on surveys in grid cells that acetie randomly drawn from the
standardized sampling grid. As suggested by DrRWGould (New Mexico State
University, Las Cruses) in his independent revidated January 8, 2007, those
differences preclude using the estimated populdttal from Chapter 8 as a basis for
comparing estimates obtained from sampling the IS@lly Area. Because the sampling
grid is intended for future surveys and will be Hasis for drawing random samples in
simulations intended to test different samplinghoes and levels of random sampling in
Chapters 15 and 17, the sum of the local 2007 ano®s in grid cells [4,879 male
Burrowing Owl territories (95% CI: 4,847 - 5,38713]an appropriate estimate of the true
population size for comparing with the simulatechpke estimates.
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Figure 10.1. Estimates of local male Burrowing @avtitory abundances in 3x3 Km
grid cells in the HCP Study Area, Imperial Cour@glifornia, 2007. Data are presented
according to increased abundances. Vertical barstandard errors.
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Figure 10.2. Closed-population point-coordinateteee-recapture estimates of local
male Burrowing Owl territory abundance in 3x3 kndgeells in the HCP Study Area,
Imperial County, California, April 2007. Stippledeas were not surveyed due to the

absence of above-ground water conveyance structures
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Chapter 11

DATASETS OF POTENTIAL CORRELATES OF LOCAL MALE
BURROWING OWL TERRITORY ABUNDANCE IN 2007

JEFFREYA. MANNING

ABSTRACT. Knowledge of potential environmental mdates of Burrowing
Owl abundance is important in the development a¥esy protocols because
using such correlates to stratify the HCP StudyaAregor to future surveys could
reduce logistical effort and costs by improving theecision of population
estimates. Here, | describe spatial datasets wircemmental and biological
variables intended for comparing their individuaidaadditive potential as
correlates of local male Burrowing Owl territoryusddlance. These datasets
included soils, IID maintenance activities, numbérsuitable nesting burrows,
type of water conveyance structure, and agriculttnaps.

INTRODUCTION

The identification of factors (i.e., habitat chagmistics and IID maintenance activities)
that may be suitable correlates of Burrowing Owdradance was based on existing
biological information and on availability of dataat extends across the HCP Study
Area. The latter basis was important becausentieeded purpose of suitable correlates
was to stratify the HCP Study Area in order to matily allocate future annual survey
efforts. Thus, suitable correlates must be measeiend available across the entire HCP
Study Area each year prior to conducting owl susvey

Several factors have been hypothesized as impartarglates of Burrowing Owl nest
burrows, and hence possibly abundance of maledees. These include solls,
maintenance activities, sympatric fossorial (buirgy mammals, surrounding
vegetation (in the HCP Study Area, this referredddy to agricultural crops), and type of
bank (cement-lined or earthen) along water conveyatructures. We obtained data on
each one of these factors in order to incorpofraentinto our analyses to test for their
relative importance in predicting owl abundance

METHODS

Soils

Soft, friable, loamy soils have been hypothesizelg an important correlate of
Burrowing Owl nest burrows (MacCracken et al. 198fen 1983). Thus, soils that
deviate from this soil type are anticipated to cade with fewer numbers of owls.

Soil information was obtained from the USDA Naturasource Conservation Service

(NRCS) geodatabase of soils (NRCS 2005). Thesevdate derived from a digital soll
survey developed by the National Cooperative Sail/8y, and was the most detailed
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level of soil geographic data available. It waspgared by digitizing maps, compiling
information onto a planimetric-correct base andtidigg from it, and/or revising
digitized maps using remotely sensed informatioR@$ 2005). National Cooperative
Soil Survey standards and procedures were usdé idassification of soils, design and
name of map units, and location of special soiluess in this dataset (NRCS 1993,
NRCS 1995, NRCS and NSS undated current issue).

These data were clipped from: "Categorical rankihgoils in the Imperial Valley,”
California according to their suitability for bummng owls. We measured the following
soil classes in each 3x3 km grid cell for use asetates (Figure 11.1):

proportion of poorly suited soils (continuous vaieg

proportion of suitable soils (continuous variable)

proportion of well suited soils (continuous varigbl

proportion of suitable and well suited soils (canbus variable)
dominant soil class (poorly suited, suitable, vgelited; ordinal variable)

arwnE

Imperial Irrigation District’s maintenance activiti es

Section 4.5.2.2 of the HCP specified that “the Bwing Owl population data will be
linked to or combined with spatial information dretlID’s maintenance activities...”
This is because maintenance of water conveyangetstes (i.e., dredging) is believed to
possibly affect nest burrows. Thus, the locaty@ar, and type of maintenance activities
should also be assessed as possible determinamtd abundance.

| met with maintenance personnel at the 11D in ApG07 and obtained Microsoft Excel
spreadsheets and GIS vector features of mainterseniogies that occurred over the past
4 years. In most cases, the data were not def@lgd not specific to a location on a
canal, but rather named the entire canal, or argedefinition for a maintenance activity
was used). | counted the frequency of specificeaiance activities performed by the
Imperial Irrigation District along irrigation canahd drain right-of-ways within each 3x3
km grid cell by year. Original drain and canaladatere obtained by CH2M Hiill,
Sacramento, California. These data were furthduged to 12 general types of
maintenance activity that were anticipated to gmgsmpact burrowing owls (as
classified by the IID):

W03 = Concrete lined channel repair

W04 = Concrete lined channel brush and weed cobyrohachine
WO06 = Drain brush and weed control by machine

W08 = Earth channel machine clearing

W11 = Concrete canal structure maintenance

W12 = Drain structure maintenance

W13 = Earth canal structure maintenance

W17 = Concrete channel bank maintenance-road ggadin
W18 = Drain bank maintenance-road grading

10 W19 = Earth channel bank maintenance-road grading

CoNooOrWNE
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11.W28 = Flood control
12.W29 = Pipeline maintenance

These general types of activities were summeddoh €anal or drain (vector), and
divided by the total length of that water conveyastructure (across grid cells); this was
multiplied by the total length of that structuregiach cell, and summed across all water
conveyance structures in the cell to produce gelblevel estimates (Figure 11.2).

Availability of potential nest burrows

The presence of sympatric, fossorial mammals has lekentified as an important
correlate of Burrowing Owl nests (Thomsen 1971, tM&t973, Zarn 1974, Wedgwood
1978, Haug 1985, Haug et al. 1993, Klute et al.3200his is because Burrowing Owls
depend on the burrows from these mammals for resiarious species of fossorial
mammals occupy the HCP Study Area, including thi@aia ground squirrel
(Spermophilus beechgyround tailed ground squirreébpermophilus tereticaudysand
Antelope ground squirreAfnmospermophilus leucunusThe number of burrows dug by
these mammals along the 1ID’s right-of-way may biable for predicting the
abundance of owl territories.

A complete count of burrows that were ‘potentiaiytable’ as nest burrows for
Burrowing Owls was conducted along the IID’s righfsway. A burrow/hole was
considered to be potentially suitable if it enter@d an earthen surface, space within a
debris pile, or pipe with an entrance between B.%athes in diameter that was flush
with the ground. All burrows/holes that met thigeria were counted, even if occupied
by a small mammal, and burrows/holes <20 m apamt wensidered as a single count
because these data were intended to predict theerushmale Burrowing Owl
territories, and a single Burrowing Owl can occepgh a complex.

Vehicle-based surveys for potential burrows wemageted from March 23-27, 2007,
days before capture-recapture surveys were coraiémté&urrowing Owls, following
these procedures:

An observer and driver surveyed by vehicle

Vehicles were positioned so observers were cldeattains/canals

Traveled at 10 mph

Observers visually detected burrows while travelmthe vehicle, and used a
handheld tally counter to record the number of dus/complexes.
Observers set the Trimble GeoExplorer XM to reamdtinuous vectors in
order to map linear segments of the IID’s rightaaty traveled in association
with burrow counts.

6. Vehicles stopped every 0.5 miles to discontinuendiog each previous
vector, recorded the number of tallied burrowshie Trimble GeoExplorer
XM data dictionary for each vector.

PwpNPE

o
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| summed the tallied number of burrows in eachrife within each 3x3 km grid cell in
the GIS layer (Figure 11.3), and considered thimsreed count as a continuous variable
in our correlative analyses of Burrowing Owl abumcia

Surrounding agricultural crops

The type of vegetation surrounding Burrowing Ows$tneurrows may be correlated with
abundance of male territories (Rich 1986, Greenfamttiony 1989, Haug and Oliphant
1990, Plumpton and Lutz 1993), and thus may ajtédicting the abundance of owls
across the HCP Study Area. For example, an intemaidio-tracking study of a small
sample of owls in the Imperial Valley found 9 citypes were used, and that owls
selected for barren ground near (<1,980 ft) andfaag>1,980 ft) from nests (Rosenberg
and Haley 2004). Furthermore, section 4.5.2.2iipdc¢hat “the burrowing owl
population data will be linked to or combined w#batial information on ... crop types
in the HCP Study Area.”

Relating crops to Burrowing Owl abundance is ctmgedl by how and when owls tend to
establish and maintain territories. Like many oaptBurrowing Owls tend to establish
territories and then occupy them for years, barmagnajor disturbances or nest failures.
This complicates using current crop informatiomtedict the current distribution of owl
abundance because abundances may have been dop tgpes present in the past. For
example, older owls in the current population kkstlected their territories farther back
in the past than younger owls. If older owls repre the larger age class in the current
population, and may have selected sites basedoms that are not currently present at
those sites, a pattern between current crops amentwwl| abundance across the HCP
Study Area may not emerge. In the absence of deapbgr data, methods to ascertain
patterns between crops and current estimates odlbwidance warrant a multiple
working hypotheses (Chamberlin 1890, 1965) appré@asied on comparisons of annual
crop information (e.g., over the previous 5 years] local estimates of abundance across
the current Burrowing Owl population.

| took a retrospective approach to determine whai(s) and how many years in the past
the dominant age class in the current owl poputati@y have selected their territories.

If successful, this method could also possibly mewan indirect measure of the
dominant age class in the Burrowing Owl populationing the 2007 owl surveys. It

may also be valuable in identifying the type offcemd how many years previous from a
proposed population survey crops should be examimetder to adequately stratify the
HCP Study Area and efficiently allocate survey gfmver the 75-year HCP permit.

This remote classification of the agricultural csap presented separately in Appendix
lll. Here, those results were further used togasai crop-related value to each 3x3 km
grid cell separately each year. | computed theness (number) of unique crops in a grid
cell, and the proportion of each grid cell in tbddwing cover types (Figure 11.4):

1. Level ll grass
2. Level Il bare ground and fallow
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Level Il broadleaf
wheat

fallow

Sudan

alfalfa

Bermuda

bare ground

©CoOoNOO AW

These specific cover types were chosen becauseiofsuggested importance in the
literature (e.g., Rosenberg and Haley 2004) or ebgolesimilarity to those suggested to
be important.

Type of water conveyance structure bank

Abundance of owl nests is anticipated to diffemstn canals, drains, and interceptors
(Rosenberg and Haley 2004). Because a singlembioation of these water
conveyance structure(s) can occur within any dtrefdhe IID’s rights-of-way, | had
initially proposed to assign one of up to 10 diéietr categories to each right-of-way.
After reviewing the I1ID’s canal and drain GIS feaulayers, | was able only to assign
only 2 categories (cement lined or earthen). tubkese data to assign the proportion of
cement-lined right-of-way to each 3x3 km grid ¢€ligure 11.5).

RESULTS

The following figures display the GIS-based spalatiasets of selected environmental
variables intended for use in assessing their piateas correlates of Burrowing Owl
abundance.

CONCLUSIONS AND RECOMMENDATIONS

The resulting datasets were used in the followimagpter to assess their relative
importance as correlates of male Burrowing Owlitery abundance.
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Figure 11.1. Proportion of (A)
poorly suited, (B) suitable, (C)
well suited, (D) suitable and
well suited soils, and (E)
dominant soils for Burrowing
Owls in the HCP Study Area,
Imperial County, California.
Dominant soil categories in E
where: 1=poorly suited soils,
2=suited soils, and 3=well
suited soils. Stippled areas
were not surveyed due to the
absence of above-ground
water conveyance structures.
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Figure 11.2. Frequency of the IID’s maintenandevdies in (A) 2003, (B) 2004, (C)

2005, and (D) 2006, Imperial County, CalifornidipBled areas were not surveyed due
to the absence of above-ground water conveyangetstes.
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Figure 11.3. Number of potential Burrowing Owl tiesrrows in the HCP Study Area,
Imperial County, California, April 2007. Stippledeas were not surveyed due to
absence of above-ground water conveyance structures
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Figure 11.4. Proportion of crop class level Ifaéh in the HCP Study Area, Imperial
County, California, 2004. This figure also is regpgntative of the numerous other crop
datasets generated. Stippled areas were not sghekie to absence of above-ground
water conveyance structures.
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Figure 11.5. Percent cement-lined 11D water coawveg structures, Imperial Valley,
California, 2007. Stippled areas were not surved@glto absence of above-ground
water conveyance structures.
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Chapter 12

THE RELATIVE IMPORTANCE OF POTENTIAL CORRELATES
OF MALE BURROWING OW L TERRITORY ABUNDANCE

JEFFREYA. MANNING AND CAREN S. GOLDBERG

ABSTRACT. Given the large number of potential etmte datasets of
Burrowing Owl abundance presented in the previdapter, it is advantageous
to assess their relative importance as correlatesrder to consider only the
strongest correlate(s). Here, we present modelsglts from evaluating the
relative importance of the potential correlatesv@le Burrowing Owl territory
abundance in 2007. We intended that the resuttorgelative model could be
used to estimate the abundance of owls from itgate variable(s) reasonably
well enough to stratify the sampling grid accordindroad ranges of abundance
because stratification would aid in improving tlee@acy of sample estimates of
abundance. We used the information theoretic @gbravith multiple-working
hypotheses to compare 74 models, where each megetsented one of the
working hypotheses. The best model predicted rBaleowing Owl territory
abundance as a function of the linear length ofl@ter conveyance structure,
available burrows in 2007, and the proportion ofi@gdtural crops in alfalfa
production in 2004. We found that spatial autoglation was significant up to 2
nearest grid cell neighbors out, and a spatial tateaterm added to the model
improved the model’s predictive ability.

INTRODUCTION

An important part of the long-term stratified randsampling survey method we
proposed is to produce a model with environmerdablbles that can be used in
subsequent years to determine which strata (lowdjung and high abundances of male
Burrowing Owl territories) a grid cell belongs tdqy to a given population survey. This
stratification would be used to randomly selectl gells to be surveyed. Due to the
dynamic nature of the system in the HCP Study Atreapuse of this model to assign grid
cells to specific strata is designed for re-styatd grid cells each year.

Our objective here was to develop a model, usiegetivironmental variables gathered
and presented in Chapter 11, of the relative bmselates of male Burrowing Owl
territory abundance in the HCP Study Area. We ehoause the estimate of local
abundance in each independent sampling unit froapte 10 as the response variable in
linear models outside of a closed-population dteéikplatform (e.g., program MARK;
Cooch 1999, White and Burnham 1999) because thenalpallocation of effort proposed
under our stratified random sampling approach reglua large number of standardized
sampling units (274 grid cells). This large numbkunits would lead to over-
parameterized models in such platforms. Furtheenttoe extrapolation of results from
future stratified random sampling to a full popidatestimate is currently unavailable
within such a platform.
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METHODS

Each single or combination of correlate(s) constdua hypothesis represented by a
statistical model, with owl abundance as the resppbased on the 3x3 km grid as
sampling units. Because the error surrounding ahcndance estimate was expected
not to be constant, we fit weighted least squageassion models (Cleveland 1979,
Cleveland and Devlin 1988) to the data. Weigheadi squares regression is an efficient
method to provide easily interpretable statistioctdrvals for estimation, prediction,
calibration and optimization. In addition, the madvantage that the weighted least
squares method has over other methods is theyatilitandle regression situations
where the data points vary in quality. If the aage of the random errors in the data is
not constant across all levels of the explanatanable(s), the use of weighted least
squares can yield relatively precise parametemasés.

Model structures followed that of simple linearnesggion (Table 12.1). We restricted
additive structures to those factors that have lséewn or suggested to be important for
Burrowing Owls (e.g., alfalfa, bare ground, anddalfields; Rosenberg and Haley
2004). Because the Burrowing Owl abundance dagadah cell were dependent on the
linear length of [ID-maintained water conveyancedures, we standardized this effect
by including a term for linear length of these stues as the baseline in every model we
fit to the data. The inclusion of this variablealhmodels precluded the need to scale
other explanatory variables by linear length ofevatonveyance structures.

We compared the relative fit of each model follogvanmultiple-hypothesis testing
framework, based a model-selection procedure wi@ Akaike 1973). This

information theoretic approach (Burnham and Andei2@02) was intended to determine
the best correlates of male Burrowing Owl territabundance that we measured by
identifying the most parsimonious model. Sucheates are necessary to develop strata
classes associated with low, medium, and high admces of male Burrowing Owl
territories in the HCP Study Area for the developia a long-term sampling
methodology.

We tested for spatial autocorrelation in the resislof the best model using the Moran’s
| spatial statistic in Program Geoda95 (Spatial ysialLaboratory, University of

lllinois, Urbana-Champaign, IL). This test was dise assess spatial autocorrelation in
owl abundance that explanatory variables did nobvat for in the model. We used a
weight matrix based on Queen’s adjacency schenueiify how far out from a given
cell (i.e., to what degree of neighboring cellsjiatbance was autocorrelated. We then
accounted for this spatial covariance structuredigg this distance to incorporate a term
in the best model, thereby allowing the model tineste the spatial coefficient, which is
similar to methods used with mixed models (Laird &viare 1982). This approach was
recommended by Dr. Bryan Manly in his letter, dalade 5, 2007. We considered this
model, which included the spatial autocorrelatiem, as our ‘best’ model.

We validated the assumptions underlying the besteioy performing graphical
analyses of residuals. We plotted the innermtsidfivalues from the best model against
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observed values of the response variable to prauidaverall summary of explanatory
power of the model, how much variation is explairnealv much remains, and evidence
of lack of fit. We also plotted the innermostdittvalues against the innermost residuals
to assess the assumption of correct model structure

We also used a version lefold cross validation [leave-one-out cross valiolat

Devijver and Kittler (1982)] to validate how wellé model parameters from our best
model could predict abundance in a grid cell. Maikdation approach involved using a
single observation from the original sample asvdleation data, and the remaining
observations as the training data. This was repesich that each observation in the
sample was used once as the validation data. Werped these analyses in Program R
(Ihaka and Gentleman 1996).

Table 12.1. Linear regression models (presentguicagam R code). Model names are
to the left of ‘<-* and refer to a model’s explaoat variables. Definitions of model
syntax are provided at the bottom of the table.

03grass.Im <- Im(Nhat ~ TotLength + 03grass, datawh weights=Nhatwt)
O3barefallow.Im <- Im(Nhat ~ TotLength + 03barefal data=buow, weights=Nhatwt)
03broadleaf.Im <- Im(Nhat ~ TotLength + 03broadjetta=buow, weights=Nhatwt)
O4grass.Im <- Im(Nhat ~ TotLength + O4grass, datawh weights=Nhatwt)
O4barefallow.Im <- Im(Nhat ~ TotLength + O4barefal data=buow, weights=Nhatwt)
O4broadleaf.Im <- Im(Nhat ~ TotLength + O4broad|eita=buow, weights=Nhatwt)
05grass.Im <- Im(Nhat ~ TotLength + 05grass, datawh weights=Nhatwt)
O5barefallow.Im <- Im(Nhat ~ TotLength + O5barefali data=buow, weights=Nhatwt)
O5broadleaf.Im <- Im(Nhat ~ TotLength + O5broad|eita=buow, weights=Nhatwt)
06grass.Im <- Im(Nhat ~ TotLength + 06grass, datawh weights=Nhatwt)
O6barefallow.Im <- Im(Nhat ~ TotLength + O6barefal data=buow, weights=Nhatwt)
O6broadleaf.Im <- Im(Nhat ~ TotLength + 06broad]etta=buow, weights=Nhatwt)
07grass.Im <- Im(Nhat ~ TotLength + 07grass, dat@wh weights=Nhatwt)
O07barefallow.Im <- Im(Nhat ~ TotLength + O7barefali data=buow, weights=Nhatwt)
07broadleaf.Im <- Im(Nhat ~ TotLength + 07broad|eita=buow, weights=Nhatwt)
03wheat.Im <- Im(Nhat ~ TotLength + 03wheat, datessh, weights=Nhatwt)
O3fallow.Im <- Im(Nhat ~ TotLength + 03fallow, dadauow, weights=Nhatwt)
03sudan.Im <- Im(Nhat ~ TotLength + 03sudan, datawh weights=Nhatwt)
O3alfalfa.Im <- Im(Nhat ~ TotLength + 03alfalfa,tdabuow, weights=Nhatwt)
03bermuda.lm <- Im(Nhat ~ TotLength + 03bermudaadbuow, weights=Nhatwt)
03bareground.Im <- Im(Nhat ~ TotLength + 03baregdywdata=buow, weights=Nhatwt)
O4wheat.Im <- Im(Nhat ~ TotLength + 04wheat, datessh, weights=Nhatwt)
O4fallow.Im <- Im(Nhat ~ TotLength + O4fallow, dadauow, weights=Nhatwt)
O4sudan.Im <- Im(Nhat ~ TotLength + O4sudan, datawh weights=Nhatwt)
Odalfalfa.Im <- Im(Nhat ~ TotLength + 04alfalfa,tdabuow, weights=Nhatwt)
O4bermuda.lm <- Im(Nhat ~ TotLength + 04bermudaaduow, weights=Nhatwt)
O4bareground.Im <- Im(Nhat ~ TotLength + 04baregdywdata=buow, weights=Nhatwt)
05wheat.Im <- Im(Nhat ~ TotLength + 05wheat, dataswh, weights=Nhatwt)
O5fallow.Im <- Im(Nhat ~ TotLength + O5fallow, dadauow, weights=Nhatwt)
05sudan.Im <- Im(Nhat ~ TotLength + 05sudan, datawh weights=Nhatwt)
O5alfalfa.Im <- Im(Nhat ~ TotLength + 05alfalfa,tdabuow, weights=Nhatwt)
O5bermuda.lm <- Im(Nhat ~ TotLength + 05bermudaaduow, weights=Nhatwt)
O5bareground.lm <- Im(Nhat ~ TotLength + O5bareghuwdata=buow, weights=Nhatwt)
O6wheat.Im <- Im(Nhat ~ TotLength + 06wheat, datessh, weights=Nhatwt)
O6fallow.Im <- Im(Nhat ~ TotLength + O6fallow, dafauow, weights=Nhatwt)
06sudan.Im <- Im(Nhat ~ TotLength + O6sudan, datawh weights=Nhatwt)
O6alfalfa.Im <- Im(Nhat ~ TotLength + O6alfalfa,tdabuow, weights=Nhatwt)
0O6bermuda.lm <- Im(Nhat ~ TotLength + 06bermudaadbuow, weights=Nhatwt)
O6bareground.lm <- Im(Nhat ~ TotLength + O6bareghudata=buow, weights=Nhatwt)
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07wheat.Im <- Im(Nhat ~ TotLength + 07wheat, dataswh, weights=Nhatwt)
O7fallow.Im <- Im(Nhat ~ TotLength + O7fallow, dafauow, weights=Nhatwt)
07sudan.Im <- Im(Nhat ~ TotLength + 07sudan, datawh weights=Nhatwt)
O7alfalfa.Im <- Im(Nhat ~ TotLength + O07alfalfa,tdabuow, weights=Nhatwt)
07bermuda.lm <- Im(Nhat ~ TotLength + 07bermudaaduow, weights=Nhatwt)
07bareground.lm <- Im(Nhat ~ TotLength + 07bareghudata=buow, weights=Nhatwt)
03CrpRch.Im <- Im(Nhat ~ TotLength + 03CrpRch, ddtaow, weights=Nhatwt)
04CrpRch.Im <- Im(Nhat ~ TotLength + 04CrpRch, ddtaow, weights=Nhatwt)
05CrpRch.Im <- Im(Nhat ~ TotLength + 05CrpRch, ddtaow, weights=Nhatwt)
06CrpRch.Im <- Im(Nhat ~ TotLength + 06CrpRch, ddtaow, weights=Nhatwt)
07CrpRch.Im <- Im(Nhat ~ TotLength + 07CrpRch, ddtaow, weights=Nhatwt)
031IDMnt.Im <- Im(Nhat ~ TotLength + 03IIDMnt, datBuow, weights=Nhatwt)
0411DMnt.Im <- Im(Nhat ~ TotLength + 041IDMnt, datBuow, weights=Nhatwt)
051IDMnt.Im <- Im(Nhat ~ TotLength + 05IIDMnt, datduow, weights=Nhatwt)
061IDMnt.Im <- Im(Nhat ~ TotLength + 061IDMnt, datBuow, weights=Nhatwt)
TotlIDMnt.Im <- Im(Nhat ~ TotLength + TotlIDMnt, da=buow, weights=Nhatwt)
PPSoil.Im <- Im(Nhat ~ TotLength + PPSoil, data=bhuweights=Nhatwt)
PSSoil.Im <- Im(Nhat ~ TotLength + PSSoil, data=bhuweights=Nhatwt)
PWSoil.Im <- Im(Nhat ~ TotLength + PWSoil, data=hyaveights=Nhatwt)
PSWSoil.Im <- Im(Nhat ~ TotLength + PSWSoil, datasty, weights=Nhatwt)
DomsSoil.Im <- Im(Nhat ~ TotLength + DomSaoil, datartw, weights=Nhatwt)
07Brrws.Im <- Im(Nhat ~ TotLength + 07Brrws, datamlw, weights=Nhatwt)
PCementlined.Im <- Im(Nhat ~ TotLength + PCemestlindata=buow, weights=Nhatwt)
TotLength.Im <- Im(Nhat ~ TotLength, data=buow, gregs=Nhatwt)

07Brrwsplus03alfalfa.Im <- Im(Nhat ~ TotLength +Bws + 03alfalfa, data=buow, weights=Nhatwt)
07BrrwsplusO4alfalfa.Im <- Im(Nhat ~ TotLength +Bws + O4alfalfa, data=buow, weights=Nhatwt)
07Brrwsplus05alfalfa.lm <- Im(Nhat ~ TotLength +BYfws + O5alfalfa, data=buow, weights=Nhatwt)
07Brrwsplus06alfalfa.lm <- Im(Nhat ~ TotLength +BYfws + O6alfalfa, data=buow, weights=Nhatwt)
07Brrwsplus07alfalfa.lm <- Im(Nhat ~ TotLength +BYfws + O7alfalfa, data=buow, weights=Nhatwt)

07BrrwsplusO3barefallow.Im <- Im(Nhat ~ TotLengtl®#Brrws + 03barefallow, data=buow, weights=Nhatwt)
07Brrwsplus0O4barefallow.Im <- Im(Nhat ~ TotLengtl®#Brrws + O4barefallow, data=buow, weights=Nhatwt)
07BrrwsplusO5barefallow.Im <- Im(Nhat ~ TotLengtl®#Brrws + O5barefallow, data=buow, weights=Nhatwt)
07BrrwsplusO6barefallow.Im <- Im(Nhat ~ TotLengtl®#Brrws + O6barefallow, data=buow, weights=Nhatwt)
07Brrwsplus07barefallow.Im <- Im(Nhat ~ TotLengtl®#Brrws + O7barefallow, data=buow, weights=Nhatwt)

Bareground referred to the proportion of a gridimare ground condition (i.e., no
vegetation), barefallow was the proportion of algell in a bare ground and fallow
conditions, CrpRch was crop richness (count) imiéggell, Brrws was the number of
suitable burrows counted in a grid cell in 2007 ieahately prior to the population
surveys, PCementlined was the proportion of abaoeergl water conveyance structure
in a grid cell that was cement-lined, TotLength weestotal length of above-ground
water conveyance structure in a grid cell, and IiRMas the frequency of 1ID’s
maintenance activities in a grid cell (as calcudatethe previous chapter). Numeric
values preceding model names referred to year.

RESULTS

The best model predicted male Burrowing Owl teryitabundance as a function of
available burrows in 2007 and the proportion of@gdtural crops in alfalfa production in
2004, with the next model having\AIC = 1.62 (f = 0.37, F270= 53.7,p<0.001; Tables
12.2 and 12.3). The difference between this maddla competing one was the year of
alfalfa production. Because both models had theesaumber of parameters and alfalfa
production between any 2 years is likely to bea@ated, we considered the model with
the smalleAAIC as the best for stratification purposes.
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We used the residuals from the best model aboaedess spatial autocorrelation in
Burrowing Owl abundance, and found that spatiabemtrelation was significant up to 2
nearest grid cell neighbors out (Table 12.4).

We constructed an additional model that includegatial covariate term that accounted
for the mean abundance of male Burrowing Owl teryibbundance out to 2 nearest grid
cell neighbors away (Table 12.5). The additiothig spatial autocorrelation term
improved the fit of the model, with the original ded having aAAIC = 59.74. The
adjusted 7 for this model was 0.51 {Bgo= 67.22,p<0.001; Table 12.5), aridfold cross
validation indicated that the correlates in the gladere not biased (slope in Figure 12.1
= 1) and explained 53% of the variation in gridseked for validation, which were
independent from the cells used for training theleho

Table 12.2. Models of abundance in grid cells AAHC values. All models included
the total length of 11D water conveyance structinraddition to the parameters listed.

Model Parameters AAIC
Burrows in 2007, alfalfa in 2004 0
Burrows in 2007, alfalfa in 2003 1.62
Burrows in 2007, alfalfa in 2006 5.38
Burrows in 2007, alfalfa in 2005 6.21
Burrows in 2007, bare and fallow in 2007 9.82
Burrows in 2007, bare and fallow in 2006 10.09
Burrows in 2007, bare and fallow in 2003 10.54
Burrows in 2007, bare and fallow in 2004 12.48
Burrows in 2007, alfalfa in 2007 13.16
Burrows in 2007 27.53
Grass in 2006 27.94
Burrows in 2007, bare and fallow in 2005 29.31
Bare/fallow in 2004 30.06
Bermuda grass in 2007 30.46
Alfalfa in 2004 31.03
Alfalfa in 2003 33.29
Fallow in 2007 35.71
Fallow in 2006 40.07
Fallow in 2003 40.19
Grass in 2007 40.70
Alfalfa in 2006 40.92
Bare/fallow in 2007 42.13
Fallow in 2005 43.90
Sudan grass in 2006 43.92
Alfalfa in 2005 44.21
Proportion cement-lined water conveyance structures 44.57
Bare/fallow in 2006 45.14
Bare/fallow in 2003 46.28
Grass in 2004 47.05
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Bermuda grass in 2003 47.14
Bare/fallow in 2004 48.13
Grass in 2003 49.01
Broadleaf in 2003 50.27
Bermuda grass in 2004 52.69
Bermuda grass in 2005 52.83
Alfalfa in 2007 52.90
Bermuda in 2006 53.19
Broadleaf in 2004 55.69
Grass in 2005 57.38
[ID Mainenence in 2006 58.56
Proportion suitable soils 59.59
Broadleaf in 2006 59.82
Broadleaf in 2007 60.06
Sudan grass in 2004 60.22
Total IID Maintenance activities, 2004-2007 61.14
Proportion suited and well-suited soils 61.39
Wheat in 2004 61.96
Crop richness in 2006 62.03
Wheat in 2003 62.50
Crop richness in 2005 62.52
[ID Maintenance in 2005 62.70
Proportion well-suited soils 62.75
Wheat in 2005 63.04
Bare/fallow in 2005 63.87
Crop richness in 2003 64.34
Proportion poorly-suited soils 64.37
Length of water conveyance structures 64.40
Bare ground in 2004 64.60
Dominant soil category 64.69
Crop richness in 2004 64.74
Wheat in 2006 65.01
[ID Maintenance in 2004 65.44
Sudan grass in 2003 65.67
Broadleaf in 2005 65.72
Bare ground in 2005 65.72
Sudan Grass in 2007 65.79
Bare ground in 2007 65.83
Wheat in 2007 65.97
[ID Maintenance in 2003 66.23
Bare ground in 2006 66.32
Crop richness in 2007 66.35
Bare ground in 2003 66.39
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Table 12.3. Summary of best linear regression ineilkout a spatial covariate.
TotLength is the total length of 1ID water convegarstructure (km) in a grid cell,
07Brrws is the number of available burrows courieal grid cell in 2007, and 04Alfalfa
is the proportion of a grid cell covered by alfalfiethe spring 2004.

Parameter EstimateStd. Error t-value Pr(>|t])
Intercept -3.63719 2.19056 -1.66 0.09
TotLength 0.45289 0.13106 3.456 <0.001
07Brrws 0.16371 0.02784 5.881 <0.001
O4Alfalfa 22.87477 4.12668 5.543 <0.001

Table 12.4. Results from Morar’sainalysis of spatial autocorrelation, using program
GeoDa.

Nearest Neighbors Moran's p-value

1 0.3011 0.001
2 0.1314 0.001
3 0.0040 0.355

Table 12.5. Summary of best linear regression mwile a spatial covariate. TotLength
is the total length of IID water conveyance struet(km) in a grid cell, 07Brrws is the
number of available burrows counted in a grid teR007, 04Alfalfa is the proportion of
a grid cell covered by alfalfa in the spring 208dd MNhat2NN is the mean abundance
of male Burrowing Owl territories out to 2 nearaestghboring grid cells (Queen’s rule).

Parameter EstimateStd. Error t-value Pr(>|t])
Intercept -12.5436 2.23862 -5.603 <0.001
TotLength 0.27721 0.11923 2.325 0.0208
07Brrws 0.16018 0.02492 6.427 <0.001
O4Alfalfa 10.46895 3.9885 2.625 0.009
MNhat2NN 0.83916 0.10177 8.245 <0.001
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Figure 12.1. Results frokfold cross validation of the best least squareiged
regression with a spatial covariate of owl abunegi@wl territory abundance =
TotLength + 07Brrws + O4alfalfa + MNhat2NN) for pliieting abundance of male
Burrowing Owl territories, Imperial Valley, Califoia 2007.

CONCLUSIONS AND RECOMMENDATIONS

The model representing the best correlates of Bateowing Owl territory abundance in
the HCP Study Area contained the number of avalabirows and the proportion of
alfalfa in grid cells three years prior to the aurvey. The competing model in our
initial analysis contained alfalfa four years priorthe survey, and the four models
containing only alfalfa and burrows had the best Adnkings of all the models tested.
This was not surprising given thaettype of vegetation surrounding Burrowing Owl
nest burrows has been suggested by others to besébfe predictor of owl abundance
(Rich 1986, Green and Anthony 1989, Haug and Oliph8a0, Plumpton and Lutz
1993). Of the Trop types found to be used by a small sampladibrtagged
Burrowing Owls in the Imperial Valley (Rosenbergldtialey 2004), owls selected for
barren ground near (<1,980 ft) and hay far (>1,88fom nests. Our results provide
evidence of the importance of alfalfa as a coreetdtowl abundance in the HCP Study
Area.
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Although the addition of a spatial covariance témproved the fit of our best model, this
model explained only 51% of the variability in |bcavl abundance across the HCP
Study Area. This may be due to a variety of fagtorcluding the resolution of the
standardized grid cells, temporal variation in¢berelates themselves (e.g., crops were
rotated during our owl surveys), accuracy of thaote sensing analyses that we used to
derive the crop estimates, and quality of the otloerelates we used. For example, the
[ID’s maintenance data were only available for eeahal or drain as a whole, with no
specific location. Because some of these strustwere very long and maintenance
activities are often locally concentrated (Ty Mylérs. comm.), the spatial resolution of
the data was not fine enough to determine with higduracy the amount of maintenance
each grid cell received. The categorization offteaiance activities also necessitated
that we pool among categories because specificigesi were often referred to in the
database under more general terms. Because ief@mntation suggested that
maintenance activities can directly influence Bwiray Owl survival and dispersal (e.qg.,
Catlin and Rosenberg 2006), we suspect our gepatialn of that data may have diluted
its accuracy, which in turn reduced our abilityattequately assess the relative
importance of the 1ID’s maintenance as a corredéteoundance. Based on our initial
objective to identify the best correlates of owialance for use in stratifying the HCP
Study Area prior to future population surveys, lfiertinvestigations into correlations
between specific [ID maintenance activities and aldndance may prove beneficial.

The best model identified the variables that weostngorrelated to owl abundance,
which is a widely accepted method of choosing \desithat can be used to construct
strata for stratified random sampling (Cochran 1928). Because it did not explain all
of the variation in owl abundance and its corrg@apower may not be stable over time
(e.g., farming practices change or local owl abmeda become limited by other factors),
the efficacy of using this model for constructinigata needs to be tested. A validation of
this correlative model with an independent datasessential because if the correlation
between these variables and owl abundance doesmain constant or increase over
time, then the stratification will become ineffinoteand the precision of the resulting
population estimates will be reduced (Cochran 1B00=102). In light of these concerns,
chapter 17 provides a comparison of this modelregailternatives to stratifying the
HCP Study Area, and a recommended alternativeoisged.
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Chapter 13

POTENTIAL CORRELATES OF AREA OCCUPANCY BY MALE
BURROWING OWLS

JEFFREYA. MANNING AND CAREN S. GOLDBERG

ABSTRACT. The Burrowing Owl population surveys deised in previous
chapters could provide information on rates of pecicy in local grid cells,
which could provide valuable information for consgion and management and
elimination of areas from future surveys. In tlisapter, we focused on
identifying potential correlates of area occupabgymale Burrowing Owls. We
used the information theoretic approach to complaeefit of various logistic
occupancy models to the data, where each modedtsteuincluded a different
potential correlate and/or assumed variable or teohgetection probabilities.
We found that >95% of the 3x3 grid cells in the HEiBdy Area were occupied,
and that none of the models fit the data well, préing us from identifying a
correlate of occupancy.

INTRODUCTION

In our detailed study plan, dated 18 January 2@@/proposed to use the Burrowing Owl
survey data and datasets of potential correlatietofs collected for Tasks 1 and 4 under
Objective 1 to estimate the probability that samgplunits (grid cells) were occupied by
>1 owl territories. This information was intendedsupplement the distribution of owl
point locations obtained from conducting the cortgtensus under Objective 1 of the
study plan. It was also to provide a GIS polygayel of independent sampling units
with probabilities of occupancy categorized acaogdio either low and high probabilities
of occupancy. This GIS layer could also be views@ probabilistic distribution map,
and was anticipated to be generated each yeaq bashe correlative factor(s)
determined to be the most strongly correlated eb@bilities of occupancy. Here, we
present the findings from this approach.

METHODS

For this study, we used the original territory lb@as derived from the 3 point-coordinate
capture-recapture survey occasions determined tiher2007 census of 3x3 km grid cells
in the HCP Study Area. We used these data to artst multinomial occupancy
encounter history for each grid cell, where a gigad cell was considered occupied (1)
on a given survey occasiorsil owl territories were detected and unoccupiedf (00
territories were detected. We applied these biabdgcisions for each survey occasion.

We fit occupancy models to the occupancy encoumstory using Program PRESENCE
2.2 (Hines 2006), with the goal of determining toerected estimate of the proportion of
3x3 km grid cells occupied in the HCP Study Ar&de applied an information theoretic
framework to testing multiple working hypothesesitham and Anderson 2002),

developed a set of 28priori hypotheses, and constructed an occupancy modeatdr
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hypothesis. Our base modél (.) p(.)] represented the hypothesis that the ptapoof
occupied grid cellsy ) did not vary according to an environmental coatariand the

probability of detecting occupancp)(was constant among occasions. We further
constructed models that differed in the environrakevariable (soils, fallow land, alfalfa,
maintenance activities, water conveyance strudaungth and type, burrows, and crop
richness) hypothesized to be a potential correlhtecupancy of grid cells. We
constructed simple linear models, and included sirlgle covariates that we suspected
may be important or previously reported in therditare to be important for Burrowing
Owls. Because our sampling methodology involvegteying different portions of the
HCP Study Area at different times over the 30 dayg., we would conduct 4
consecutive occasions in one portion before comuydt occasions in another portion,
and we divided the area into 6 separate portiams)ooled the data across the different
portions to create our 4-occasion encounter hissoriro avoid problems with the
possible confounding of time and portion of the H&tRdy Area surveyed, we assumed
that detection was constant in our models. We As@dke’s Information Criterion
(Akaike 1973) to determine the most parsimoniousl@hand considered it to be our best
model. We assessed the fit of our global modéi¢coccupancy encounter history data
using 1,000 bootstraps for Mackenzie and Baileyoe@hess-of-fit test (Mackenzie and
Bailey 2004).

RESULTS

We observed1 male Burrowing Owl territories duririgl survey occasions in 261
(95%) of the 274 grid cells in the HCP Study Areainlg the 2007 surveys. We did not
detect territories in the remaining 5% (13) of gnel cells, making the naive (empirical)
estimate ofyy = 0.95, which differs from the modeled estimate/ofind can be
interpreted as the probability that any grid in ti@P Study Area is occupied. The
model with the smalle®tAIC hypothesized that occupancy was a functiorhef t
dominant type of soil in grid cells, and there weoecompeting models (the next best
model had @aAIC = 181). This model estimated a very high detecprobability ) of
0.97 (SE = 0.18).

Our best model (equivalent to a global model imumber of parameters) fit the data
poorly (Goodness-of-fix? = 57.2,P = 0.001), predicting an unconditionglthat was
equal to the naive estimate (0.95, SE = 0.01)enlthgrid cells where we did not
observe territories. When conditioned on the entarhistories, this model predicted no
occupancies that we did not detect.

Given the poor performance of this model and theeabe of competing models, we also
examined the fit and ability to correctly prediccapancy from various models with
covariates that we constructed and found similabl@ms, with none passing the
Goodness-of-fit test. Although there was littlg@gart for our base model containing no
covariates (/AIC = 1058.94), its estimatgawas also high (0.97, SE = 0.005), and it also
predicted the proportion of occupied sites equah#onaive estimatey( = 0.95, SE =

0.01).
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CONCLUSIONS AND RECOMMENDATIONS

Given the high probability of detecting the presen€male Burrowing Owl territories in
grid cells, and the high rate of occupancy, mog®f grid cells in the sampling grid

were occupied. The discrepancy between the 18cgtid found in chapter 10 to contain
zero territory centroids and the lower number {8nd here to be unoccupied was due
to our use of owl locations in estimating occupanBgcause of the 2-dimensional nature
of owl territories, locations of owls that occumyritories straddling grid cell boundaries
can occur ire2 grid cells, and this edge effect led to clasedyb of the grid cells

without territory centroids as occupied during thasalyses.

The failure of our global model to fit the data nstgm from a variety of sources,
including: 1) that the size of our grid cells, ctegowith high detection probabilities,
ensured a high rate of observed occupancy, paatigudiven the density of the owl
population in 2007, 2) the owl population was saienl (but see Chapter 19), 3) our set
of hypotheses were not comprehensive enough wioigll dave incidentally led us to
not measure the biologically correct correlativeatae(s), 4) or our model structures
may not have adequately accounted for additive dtipficative biological processes
that influenced occupancy. A reduced owl popufatio smaller grid cells would
produce more variability among grid cells and mayehyielded a different result, but
our objective was to use the existing standardgretlintended for drawing random
samples from prior to subsequent surveys.

The prediction of high occupancy rates (0.95) leyliest model in grid cells where
territories were not detected was likely due tohtgh rate of occupancy that essentially
produced a homogeneous sampling grid of occupiksl cghis extremely low number of
unoccupied grid cells, compared to the large nurobeccupied cells, provided an
extremely imbalanced dataset from which to estimateipancy rates with our models,
and explains the source of the poor fit. Furtheemthis may also explain why dominant
soil type was the best correlate. Dominant sodsexclassified into only 3 types, and
suitable soils was the dominant soil type in getiscacross the HCP Study Area (Figure
7.1E), including all of the grid cells where we didt detect owls, producing a nearly
homogeneous distribution similar to that of occuparates. Thus, the response and
correlate variables lacked adequate variabilityessary to model a range of occupancy
rates, and unoccupied grid cells were assignedltiml (naive) probability of
occupancy.

Manning, J. A. 2009. Burrowing Owl populationesin the Imperial Valley, California: survey andrgding
methodologies for estimation. Final report to li@erial Irrigation District, Imperial, CalifornidJSA, April 15, 2009. 92



Jeffrey A. Manning April 15, 2009

Chapter 14

ELIMINATION OF AREAS DURING FUTURE SURVEYS DUE TO
THE UNLIKELIHOOD OF BEING OCCUPIED BY MALE
BURROWING OWL TERRITORIES

JEFFREYA. MANNING

ABSTRACT. Balancing cost and logistical effort @ways a priority in
developing long-term wildlife population monitoripgograms. Here, | provide
a brief discussion on how to prioritize survey e@fotowards grid cells in the
HCP Study Area with high probabilities of being oped to reduce costs.
During the establishment of the standardized samgpijrid, several grid cells
were removed because they lacked any above-groindvater conveyance
structures. There removal was necessitated bganducting surveys only along
water conveyance structures. Due to the high ofteccupancy among the
remaining grid cells, dynamic changes in numbem@a$ that can occur, and the
robust ability of the sampling methodology develbpethe following chapter to
account for cells that are unoccupied during armiservey, no other cells were
removed.

INTRODUCTION

| originally proposed to use the 2007 census daatketermine if any and which grid cells
in the HCP Study Area should be eliminated fromgampling grid (see detailed study
design, dated 8 January 2007). | proposed to rmaéle a determination on a cell by cell
basis using the estimated local abundance fromt€hap and occupancy rates from
Chapter 13. The approach involved eliminating gatls where estimated abundance
and occupancy rates were simultaneously low. Wass intended to prioritize survey
efforts towards areas with high probabilities oiigeoccupied and coincidently improve
the accuracy of population estimates.

As part of the development of the standardized siagpgrid of 3x3 km cells in Chapter
9, several grid cells were removed because thé&gthany 11D water conveyance
structures. The remaining grid cells containedraye of abundance estimates from 0 to
57 male Burrowing Owl territories, as reported ima@ter 10. The discrepancy between
the 18 grid cells we reported in Chapter 10 to awntero territory centroids and the 13
reported to be unoccupied during our occupancy tiraglen chapter 13 was due to our
use of owl locations in estimating occupancy rathan centroids. Because of the 2-
dimensional nature of owl territories, the locatai owls along grid cell boundaries can
occur in multiple grid cells, and this edge effeah lead to classifying cells without
territory centroids as occupied. Nonetheless, @s stown in chapter 13, occupancy
rates were consistently high across the HCP Studg.AThe absence of variability in
occupancy rates compromised the originally propestt to use them for making
decisions on the selective elimination of cellsiirthe sampling grid.
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Several of the 18 grid cells where we did not deteeitory centroids in 2007 were
dominated by urban developments, but they did com@taove-ground water conveyance
structures maintained by the 1ID. Such structumesr other urban areas in the HCP
Study Area did support territories during this stperiod. For these reasons, grid cells
dominated by urban development that contain abovargl water conveyance structures
may still contain suitable nesting habitat and ddug occupied in future years. In light
of the dynamic changes in the numbers and distabudf territories during the breeding
season (see Chapter 19), it would not be prudgm¢timanently remove these grid cells
from future surveys. Furthermore, because théifstichrandom sampling methodology
presented in the following chapter is reliant ow,lonedium, and high owl abundances
among grid cells, the few grid cells where we syedeand did not detect occupancy in
2007 can be appropriately included into the lowralance stratum, thereby making them
available for random selection in future surveyghen these grid cells are randomly
selected, the resulting abundance estimates diiiatan be used to appropriately
calculate the overall estimate and sampling ewptife low abundance stratum.
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Chapter 15

DEVELOPMENT OF A STRATIFIED RANDOM SAMPLING
METHODOLOGY TO SURVEY FOR AND ESTIMATE MALE
BURROWING OWL TERRITORY ABUNDANCE

JEFFREYA. MANNING AND CAREN S. GOLDBERG

ABSTRACT. As with any long-term population monitgy program, a
standardized sampling design that minimizes thaired sample size, optimizes
the allocation of survey effort, and reduces cegige maintaining high levels
accuracy at all stages of the survey is neededuoreying Burrowing Owils in
the HCP Study Area. Here, we present a stratiraddom sampling
methodology for estimating the abundance of malerddving Owl territories.
The method involved identifying a range of minimueguired sample of grid
cells needed to achieve estimates with specifiedldeof precision. It also
determined the optimal allocation of grid cellsthee corresponding strata by
accounting for differential variances in owl abunda and costs associated with
surveying each strata (i.e., based on our starmtdiampling protocols, more
owls equated to more stops that required more @m@ higher costs). We
demonstrated how this sampling methodology greiatiyroved precision, and
recommended its use.

INTRODUCTION

Prior to initiating a long-term population monitogi program for Burrowing Owls in the
HCP Study Area, a standardized sampling desigmtin@itnizes the required sample
size, optimizes the allocation of survey effortgd aaduces costs while maintaining high
levels accuracy at all stages of the survey is eedVildlife monitoring programs such
as these generally involve choosing a desired lefvéétectable change in the population.
Many decisions made in the early planning stagiseince the power and cost of
conducting surveys intended to detect that desénegl. A well designed sampling
approach can reduce costs while maintaining théytm detect the desired level of
population change. As described in the generaddliction, reducing measurement and
sampling errors can increase the accuracy of patalilation estimates. Reducing these
errors essentially increases statistical power,samdpling design is an important
mechanism by which to accomplish this objectivéatiStical power can be increased by
(1) establishing homogeneous strata, (2) measgaongomitant information, and (3)
selecting an efficient sampling design (Kuehl 1994)

With the proper sampling design, empirical estirmatiepopulation size can be used to
compute finite rates of annual population growthwith a level of precision needed to
achieve a desired level of detecting a changedrBtirrowing Owl population. Because
the HCP specified that “the appropriate signifiatevel for ... A] will be determined

by a statistician,” a range of sample sizes thatldvbe required to achieve a desired
level of precision surrounding population estimgtesdistance from the true population
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mean) would be advantageous prior to making swt#termination. The desired
precision is important because it is a functiosarple size (or visa versa) which
corresponds to the level of survey effort and castrger sample sizes (e.g., more grid
cells surveyed) are more precise, which increasealfiity to detect a smaller change in
the population between years than from smaller $ssnput at a greater financial cost.
Because management actions involve a balance bewese and reliability of biological
data, determining how many grid cells would be nexglito attain a particular level of
precision (and detectable level of population clednig a practical and efficient method
to establish the annual level of survey efforthe HCP Study Area. This method of
computing a population growth rate would also eadbé IT to immediately assess the
stability of the Burrowing Owl population and detene if adjustments to the Burrowing
Owl Conservation Strategy are needed prior to tisebor completion of the
demographic study referenced in section 4.5.3@HEGP.

Time and money limitations typically constrain population surveys to a sample of areas that represent a
fraction of the area occupied by the population of interest. Here, each area is represented by a 3x3 km grid

cell, and sampling error refers to the variability in abundard male Burrowing Owl
territories among these sampling units. In thésasons, a carefully selected sampling
design can reduce sampling error and improve statipower (Kuehl 1994). Designs
such as cluster sampling, randomized block, aradifsd random sampling reduce
sampling error by categorizing sampling units adow to their similarity or
dissimilarity and estimating abundance in eachscteparately.

Because abundance of owls was shown to be unevenly distributed across the HCP Study Area (see Chapter
10), a simple random sample of areas would likely lead to imprecise estimates of the total size of the

population (Caughley 1977:27, Williams et al. 2002:244 accurate estimate of population size

can be obtained with sampling designs that account for the size, shape, number, and placement of sampling
units across areas where abundance is unevenly distributed (Caughley 1977:27, Williams et al. 2002:247).

A commonly used design to estimate the size oflifelgpopulations in large areas where
abundance is unevenly distributed is stratifiedlcan sampling (Caughley 1977:27,
Cochran 1977:87, Williams et al. 2002:249). Theaasupporting the total population of
interest is subdivided into areal sampling unitg] these are categorized according to
their similarity in animal abundance (e.g., low,dien, and high). These categories are
referred to as strata, and a random sample of isntiawn separately from each stratum.
Animals are counted in the randomly sampled umitbtae strata abundances are
summed to estimate a total population size. TinadiScation of units into similar
abundances reduces sampling error among stratthamdstimated total population
estimate (Cochran 1977:88). As with the otherglesmentioned above, this sampling
design assumes that population counts in sampts are without measurement error.
Because measurement error probably cannot be ctalypédiminated (Steenhof and
Kochert 1982, Fraser et al. 1983) and is not adeablior in these methods, it is very
important to reduce measurement error when usiegbthese designs.

In this chapter, we present the results from diiga random sampling design we
developed for sampling and estimating the totalutetpon size of male Burrowing Owl
territories in the HCP Study Area. As part of teifort, we calculated a range of sample
sizes that would be required to achieve a deseeel bof statistical precision surrounding
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population estimates (or distance from the trueupgin mean), from which a
determination of the desired level of change cahds®d. We accomplished this with
the local abundance estimates from 2007, and thigrdeclies on survey methods that
minimize measurement errors, such as the pointdooaie capture-recapture survey
technique presented in Chapter 5 and used in progitize local abundance estimates.

METHODS
Minimum Required Sample Size

We determined the size of random samples of gtid tteat would be required to be
surveyed in the HCP Study Area to achieve an estisnaopulation mean at specified
levels of precision (or distance away from the fpopulation mean; Williams et al.
2002:64). Here, the population refers to the 27d ¢ells from which a random sample
would be drawn from and surveyed each year, anthden refers to the mean owl
abundance in grid cells. We based this analysisaompling without replacement (e.g., a
grid cell would be surveyed once per populatiorveyy, with an adjustment for the
influence of the finite population of 274 grid cellvailable for sampling, using the
following equations:

2
n =(%CVJ Equation 15.1

wheren is the sample size neededl,is the level of statistical significance,,, is the

uppera /2 point of the standard normal distributi@his the specified distance in
multiples of the population mean, aB¥ is the population coefficient of variation, which
we calculated from the estimated abundance in 8a8tkm grid cell. The finite
population adjusted n was then computed with

n'=n/(1+n/N) Equation 15.2
whereN is the total population of grid cells (274) availfor sampling.

This approach is commonly used in wildlife scietmweetermine a minimum required
sample size, and negates the bootstrapping thatigieally proposed.

Stratum Boundaries

Stratification of a study area into relatively hageaeous subunits can improve the
precision of population estimates (Cochran 19&tyatification increases efficiency in
sampling effort and is commonly used to improvephecision of wildlife population
estimates. We determined the numerical boundafi8sstrata (low, moderate, and high
owl abundances) using the cumulative of the squastef the frequency method, which
should provide an efficient stratification (CochrE®77:127-132). For this analysis, we
used frequencies of owl abundance in incremenfs &e then used these numerical
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stratum boundaries to post-stratify each grid @etbss the HCP Study Area by the
estimates of Burrowing Owl abundance in 2007. Ysims same method, stratum
boundaries can be recalculated prior to each sules¢gurvey using owl abundance or a
correlate of it, and should yield relatively precestimates.

Optimal Allocation of Survey Effort among Strata

Optimal allocation of the minimum required sampiesamong the predefined strata
improves precision and survey efficiency. We dateed the optimal allocation of effort
among strata by taking into account stratum vagansampling costs, and stratum size
(Williams et al. 2002:65-67). Sampling costs wieased on cost constraints in each
stratum according to the mean length of surveyeramd mean number of owls per grid
cell in a stratum. This approach allocated samglesach stratum in a manner that
minimized stratum variances given an overall cosistraint C that equaled

C.n, +..+Cn, for n=n, +...+n, available samples of grid cells. This constrained

optimization had an optimum solution of

(N; xa,)/14/C,

n=n Equation 15.3

B CRTANC)

where N; is the total number of grid cellg; is the standard deviation, ad@ is the

cost constraint [§ km of survey routex 0.19 minutes/km) +X number of owlsx 2
minute stop/owl)] associated with stratiim

Precision of Burrowing Owl Territory Abundance Estimates by Stratified Random
Sampling

When applied appropriately, stratified random sangphearly always results in greatly
improved precision of estimated means or totals that obtained from a comparable
simple random sample (Cochran 1977:98). To demateshow well stratified random
sampling improved the precision of our estimates @mple random sampling with the
same level of survey effort, we repeatedly samghiedestimates of abundance in the 274
grid cells from the entire 2007 dataset, therebsetigping a series of simulated sample
datasets from the original data. For each samptiethod, we conducted 1,000
simulations by subsampling the grid cells, withmglacement. For these simulations,
we chose to use the minimum required sample sibe twithin 10% of the true
population size that was approximated in Chaptdnyl®umming the local abundance
estimates from the 2007 census. For stratifiedoansampling simulations we also
applied optimal allocation of effort among the Gt determined above.
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Unbiased simple random sampling estimates of pdipulaize()ZSR) for the HCP Study

Area were calculated by multiplying the total numbggrid cells by the ordinary sample
mean(Xgz) in the HCP Study Area:

Xer=NxXge =N x> /n, Equation 15.4
=1

where X is the abundance estimate associated witfthh@ndomly selected grid ceil
We calculated the variance of each simple randonpbag estimate @;S ) with a finite
population adjustment:

2
G2 =N?x>_(1-n/N) Equation 15.5
n

Xsr

where s? is the usual sample variance. We then used #riance to calculate 95%
confidence intervals.

Following Steel et al. (1997:595-597), we calcudat@biased stratified random sampling
estimates of population siz(e)z s7) as:

Xsr =D N, xX  Equation 15.6
i1

where N; is the total number of grid cells in tith stratum andx; is the mean
abundance estimate associated withitihetratum.

The variance of the estimated population mean fasstratified random sample was
calculated as:

13 s :
o7 _Wz N (N, =) % Equation 15.7
< i

We used this variance to calculate 95% confidentsvals surrounding the mean of
each simulated stratified random sample and midtghe upper and lower bounds Ny
to obtain the intervals surrounding each populaéistimate.

To compare between the two sampling methods, vweileded the 95% confidence
interval width (CI ) for each bootstrapped population estimate, condpilite mean of

those confidence interval width{é?l) separately for each sampling approach, and
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assessed the difference in this measure of precigh analyses were performed in R
(Ihaka and Gentleman 1996).

RESULTS

We present a range of minimum required numberx®fkBn grid cells to be randomly
sampled and surveyed to achieve specified levgtseafision (Table 15.1). A minimum
of 119 grid cells (43% of the HCP Study Area) wonékd to be surveyed using a simple
random sampling approach to ensure that the populastimate is within 10% of the
true population size, and 44 grid cells would bsureed for 20% (Table 15.1; Figure
15.1). These levels of precision also specifyrtineimum detectable level of annual
population change under simple random sampling biiphying them by 2; but,
stratification and optimal allocation of effort caurther improve these levels of precision
and narrow the statistically detectable level gfydation change.

Our analysis of numerical boundaries for the 3tatwee selected determined the
following ranges in abundance: 0 - 14.9 in the &wndance stratum, 15.0 - 29.9 in the
moderate, and 30 - 54.9 in the high (Table 15.gufg 15.2). Based on these stratum
boundaries, there were 123 grid cells in the lownalance stratum, 95 in the moderate,
and 56 in the high.

The optimal allocation of effort among the 3 strats 50.4% of the low, 32.6% of the
moderate, and 48.2% of the high abundance strataléT.5.3).

For our assessment with the simulated samples tbaoped from the census of all grid
cells, we used the minimum required sample sizeired to be within 10% of the true
population size (119 grid cells; Table 15.1). #os selected sample size, the optimal
allocation was determined to be 62 grid cells im bbbundance stratum, 31 in the
moderate, and 27 in the high. Based on these ations, the precision of estimated

Burrowing Owl territory abundance was improved batified random samplinga=
352.7 male owl territories (95% CI: 351.8 - 353.d9npared to simple random sampling

[(Cl =977.6 (95% CI: 975.0 - 980.2)]. Ti& obtained from simple random sampling
represented almost 20% of the true total populaina of 4,879 estimated in chapter 10
(or 10% on either side of the estimate), whereasftbm stratified random sampling was
7% of the true total population size.

CONCLUSIONS AND RECOMMENDATIONS

The minimum required sample of grid cells to achispecified levels of precision and
rates of change in population size we present\were based on the survey protocols and
analytical methods presented in Chapters 5, 7,1l@ndOur results provide basic
information needed to choose a desired level adalable change in the population by
considering the statistical precision of the popafaestimates. Once a minimum level

of change is chosen, the minimum required sampkan be determined from Table
15.1. The smallest rate of change that can beetevith 95% certainty from simple
random sampling is approximately 20% (2 x 10% efdistance each sample estimate
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would be from its true population size) by sampl3$o of the HCP Study Area. As an
example of such a change, a 20% decline wouldatethe loss of 999 of the 4,998 male
territories detected in 2007. However, stratifieddom sampling can improve this level
of precision and narrow the level of detectable mitchange.

To apply the stratified random sampling methodo)abg optimal level of effort in each
stratum would need to be determined for the mininnequired sample size chosen.
Once an optimal level of effort was determinedjropt allocation would be recalculated
following the re-stratification of the sampling @prior to each population survey.
Based on our assessment with our simulated santhbgssame sample size (119; but,
stratified, optimally allocated, and surveyed fallng our methods) should provide
estimates of population size that4i8.5% from the total population size that would dav
been estimated if all grid cells in the HCP Studg#were surveyed. This represents a
186% gain in precision over an equal level of semandom sampling.

In theory, a stratified random sample of 119 getiscwould enable the IT to detect a
>7% change in with 95% statistical confidence. However, our tified random
sampling methodology assumed no measurement arrmigdsurveys in our grid cells,
although we believe our standardized survey prdscmad number of point-coordinate
capture-recapture occasions minimized it to a gewgé level (Steenhof and Kochert
1982, Fraser et al. 1983). Furthermore, this sengphethodology was based on the
construction of strata from the empirical frequen€pwl abundance, which was the
ideal variable for stratification (Cochran 1977:10@lthough this currently was the best
biological information available to construct s#aits application in subsequent surveys
would assume that local owl abundances would chhtige The next best alternative to
using owl abundance would be to use a variableishabsely correlated to it (Cochran
1977:128), which is why we developed the correlativodel in Chapter 12. That model
determined the group of variables that were mosetated with abundance of owls in
2007, and in Chapter 17, we compare its use ttfgtthe HCP Study Area prior to an
independent survey to other possible methods afifstation. Because that correlative
model did not explain all of the variation in ovdundance and its correlative power may
not be stable over time (e.g., farming practiceange or local owl abundances become
influenced by other factors), we expect that thexision presented here may be higher
than realized in subsequent surveys (Cochran 1007102). Thus, it is important to
consider the results in Chapters 17 and 18 befdeeting the final method to stratify the
HCP Study Area prior to each subsequent surveyhadsing the minimum required
sample size for a specified level of detectable aditchange.
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Table 15.1. Size of a simple random sample (ngridfcells) required to ensure a
population size within a specified distance froma ttue number of owls.

Distance from true mean (%) Finite adjusted sarajzle
0 274
10 119
20 44
30 22
40 13
50 8
60 6
70 4
80 3
90 3
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Figure 15.1. Graphical representation of Tabld 1&ize of a simple random sample (no.
of grid cells) required to ensure a population svithin a specified distance from the true
number of owls and minimum detectable populaticange. Dotted lines demarcate the
level of simple random sampling effort (number 88Xm grid cells) required to detect a
minimum change of 20%, which can be improved thhostgatification and optimal
allocation.
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Table 15.2. Determination of sampling strata ba@uies of Burrowing Owl abundance
during the prehatch stage of the breeding cyclegudie cumulative square root method
(Cochran 1977:127-131), Imperial Valley, Califori2907. These strata were developed
as part of a long-term stratified random samplingysy method.

No. of cells Cells
Abundance range f(y) 2 AT Strata Range (N)
0-4.99 52 7.21
5-9.99 34 13.04
10-14.99 37 19.12 1 (low) 0-14.99 123
15-19.99 37 25.21
20-24.99 39 31.45
25-29.99 19 35.81 2 (moderate) 15-29.99 95
30-34.99 23 40.61
35-39.99 16 44.61
40-44.99 7 47.25
45-49.99 6 49.70
50-54.99 4 51.70 3 (high) 30-54.99 56
Stratum Boundaries
maxy {f(y)/3= 17.23
2xmax21/ f(y)/3= 34.47
3xmax) / f(y) /3= 51.70

Table 15.3. Optimal allocation of survey effort@mg 3 strata of estimated local
abundance for estimating the annual population@izeale Burrowing Owl territories in
the HCP Study Area, Imperial County, Californiaséa on data from 2007x indicates

mean.
Optimal
Number of Average length Cost sample size
owls of survey route  constraint  Total of Total cells
Strata (X) (X km) (X minutes) cells (%)
Low 6.03 12.24 76.46 123 50.4
Moderate 21.07 15.82 125.39 95 32.6
High 38.13 16.96 165.56 56 48.2
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Figure 15.2. Post-stratification of Burrowing Oaldundance during the prehatch stage
of the breeding cycle, Imperial Valley, Californ2Q07. These strata were developed as
part of a long-term stratified random sampling syrmethod.
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Chapter 16

MAXIMUM LIKELIHOOD ESTIMATES OF LOCAL MALE
BURROWING OWL TERRITORY ABUNDANCE IN 2008

JEFFREYA. MANNING

ABSTRACT. Validation of models or statistical metls often includes testing
those resulting tools with a dataset that is indepat from the original data used
to develop the tool. To validate the stratifiechdam sampling strategy for
Burrowing Owils in the HCP Study Area and the catiege model constructed
for constructing sampling strata, an independetasda was needed. | computed
maximum likelihood estimates of local male Burrogvidwl territory abundance
in 3x3 km grid cells from an independent datasdlected in 2008. These
estimates were from point-coordinate capture-rezaptsurvey occasions
completed along the same IID rights-of-way surveye®007, and following the
same survey and analytical methods. By summing dghd cells, the
approximated true population size in 2008 was 3t&5Ttories (95% CI: 3,218-
3,895).

INTRODUCTION

To validate the sampling methodology developedhagier 15, an independent and
comparable dataset was needed. In this chapgtegsént the estimated local abundances
calculated from a complete census of the 1ID’s tsgbf-way in the HCP Study Area in
2008.

METHODS

Between 28 March - 30 April, 2008, four point-coote capture-recapture survey
occasions were completed along the same IID rightgay surveyed in 2007. Surveys
and analytical methods followed those describedhapters 5, 6, 7, and 10. The
resulting male Burrowing Owl territory data fromditensus was used to compute local
abundance estimates across the same standardizdan3sesolution sampling grid
applied to the 2007 census data. The sum of graseells was used to provide an
approximated true population size in 2008.

RESULTS

Raw counts during single survey occasions rangaed #.403-2.966 (Table 16.1), and
the number of single detections without nests wadas to that found in 2007. Based
on a sum of the population estimates in grid callstal of 3,557 (95% CI: 3,218-3,895)
male Burrowing Owl territories was estimated topbesent in the HCP Study Area
during the prehatch stage of the breeding cycROBB. Local abundances within grid
cells ranged from 0-55 territories, and the nundiagrid cells where no territories were
detected increased to 21 (3 more) compared to geiQudre 16.1).
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Local abundances were lower on average than thatfo 2007 (Figure 16.2), with 75%
of the cells containing an estimate20 territories (Figure 16.3). These low estimates
abundance coincide with counts in those cells asd@ated low standard errors that
approximate zero (Figure 16.3), suggesting nedbgilbeasurement error or poor
performance of the capture-recapture models tindse cells.

CONCLUSIONS AND RECOMMENDATIONS

| estimated the population size in 2008 to be 385P6 Cl: 3,218-3,895) male
Burrowing Owl territories. This estimate was derdwy summing the local abundances,
and can be used as the approximated true popukdtierfor comparing against sampled
estimates in the following chapter.

This population size represented a marked decbngpared to that estimated from the
2007 census. This coincided with slightly lowerdbabundances on average than that
found in 2007 (see Chapter 10), and an increaseteuof apparently unoccupied grid
cells.

Our survey protocols, level of survey effort, amdlgtical methods were standardized in
both years, and all but one survey team in 2008ah&ehst 1 member from the survey
teams used to complete surveys in 2007. Theretfuigedifference was not due to
differences in measurement error between the Zyddecause a census was completed
both years, this difference also cannot be atteitbtio sampling error. Furthermore, field
biologists were asked to provide anecdotal repmrtthe presence of owls detected
outside of the IID’s rights-of-way in both yearsdathat information suggested that very
few owls were outside of our survey areas durinty lyears. Thus, this difference is
largely due to a change in the total number of rBaleowing Owl territories present in
the HCP Study Area.

The intended use of the 2008 census data wasiadependent dataset for validating the
survey methodology developed from the census aalacted in 2007. That
methodology was derived from a standardized grisaofipling units that were
predominantly 3x3 km. This resolution was chosdter communications with Dr.

Bryan Manly, to balance the needs for an adequateoer of territories in grid cells for
capture-recapture modeling and a sufficient nunobeampling units from which to

draw random samples from each year. That decwsambased from the best biological
information available at that time, the census @iata 2007. By using that empirical
data with the intention of developing a standardliged to be used for sampling in
subsequent years, the sampling grid that was establ assumed that the population data
from 2007 was representative of that anticipateldetpresent in subsequent years.
Thus, the unanticipated marked change in the pmpiilation size and local abundances
between the 2007 and 2008 breeding seasons maya@misp the validation of that
methodology.
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Table 16.1. Number of Burrowing Owl detectionssoyvey
occasion during the prehatch stage of the breediolg in the HCP
Study Area, Imperial County, California, 2007. Qwletected once
and without a nest were removed from the data.

Survey Occasions

Type of detection 1 2 3
Once without nest 123 233 203
All other detections 2,279 2,733 2,731
Mean/celt 8.8 10.9 10.8
Standard deviation/céll 7.5 8.9 9.1

! Calculated with total detections from all 274 3«8 grid cells.
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Figure 16.1. Closed-population point-coordinatgteee-recapture
estimates of local male Burrowing Owl territory ablance in 3x3 km
grid cells in the IID’'s HPC area, Imperial CounBalifornia, April
2008. Stippled areas were not surveyed due talieence of above-
ground water conveyance structures.
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Figure 16.2. Linear relationship in the abundamicemale Burrowing Owl territories in
3x3 km grid cells during the preatch period of tineeding cycle between 2007 and 2008
in the HCP Study Area, Imperial County, California.
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Figure 16.3. Estimates of local male Burrowing @svtitory abundances in 3x3 km grid
cells in the HCP Study Area, Imperial County, Galifia, 2008. Data are presented
according to increased abundances. Vertical barstandard errors.
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Chapter 17

VALIDATION OF STRATIFIED RANDOM SAMPLING
METHODOLOGY TO SURVEY FOR AND ESTIMATE MALE
BURROWING OWL TERRITORY ABUNDANCE

JEFFREYA. MANNING AND CAREN S.GOLDBERG

ABSTRACT. Long-term population sampling methodswdd be validated to
assess reliability in estimating population sizdere, we validate our stratified
random sampling methodology and compare the pedica of our correlative
model (intended for constructing strata) againsrahtive methods of stratifying
the HCP Study Area. Our sampling methodology walglated nicely with the
independent population data in 2008. We found thatcorrelative model was
not efficient at constructing strata. However, emsus comprised of a single
survey occasion prior to sampling, but during thens prehatch stage of the
breeding cycle provided a relatively efficient madhof stratifying and greatly
improved the precision of the stratified random glamg methodology.

INTRODUCTION

A primary reason for sampling a population is toiduwhe relatively high cost of
conducting a complete census. We developed theailbt allocated stratified random
sampling methodology in Chapter 15 using the fregyelistribution of empirical
abundance estimates from our census in 2007. Bas#tbse empirical data, we also
showed that our methodology can improve the prewcisf population estimates 186%
from that which could be obtained from an equabrffising simple random sampling.
In Chapter 12, we developed a model that deterntimedroup of variables that were
most correlated with abundance of owls in 2007chSamodel could be used to stratify
the HCP prior to conducting subsequent stratiftiom sampling of the owl population
by completing a census of the surrogate variablies fp each survey. Prior to
considering this model for such use, it needs tedielated with an independent dataset
and its performance compared to other potentiaicesuof information that could be
used to construct strata.

There are various sources of information that magdnsidered for constructing strata,
and we focused on those that may prove to be seaddilable, affordable, and
statistically efficient (e.qg., providing high premn). In Chapter 15, we discussed why
the ideal variable for constructing strata is theable itself (Cochran 1977:100), and in
our case, that was the abundance of owls. If adrelremained spatially stable through
time, at least for several years, then a prac#ltarnative to using our model from
Chapter 12 would be to use local abundance estinfiaan a prior census (Cochran
1977:100-101). However, if the population doesreatain stable, the stratification
would become inefficient and precision of populatestimates would decrease (Cochran
1977:100-102). We originally proposed to develmtratified random sampling
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methodology from data collected during the 200'€beg season, so it assumed a stable
population. Given the changes in the owl poputati@ reported in Chapter 16,
abundance from a prior census may be an ineffisianéble to stratify the HCP Study
Area (Cochran 1977:100-102). Thus, a comparisgopfilation estimates derived from
constructing strata with this source of informatiorthose from our correlative model
may elucidate the relative efficiency of our model.

A third source of information that should be coesatl for constructing strata in the HCP
Study Area comes from a full single survey at thgibning of the breeding season,
immediately prior to sampling. As the populatioaul likely be stable between this
census and the subsequent sampling, this alteenadwid produce an extremely efficient
method to construct strata from each year, posgitdyiding the most precise estimates
of abundance (Cochran 1977:100-102). After thigrmation is used to stratify the area,
a cost-effective approach would involve conductingy 2 subsequent point-coordinate
capture-recapture occasions in the randomly selapid cells. Those 2 occasions could
be combined with the original survey informatiorthiwse cells, and this would constitute
the 3 occasions recommended in chapter 6.

Our objectives here were to use an independenseldia validate our stratified random
sampling methodology and to compare the performahoer correlative model against
these alternative methods of stratifying the HClRI$tArea.

METHODS

To determine the most effective method of stratifyihe HCP Study Area prior to future
population sampling, we compared the precisiorbohaance estimates derived from
simple random sampling and 3 methods of stratiboadpplied with our stratified
random sampling methodology across the HCP Stuég AiWe accomplished this using
an independent dataset of local abundance estirfiatesa subsequent census of the
population of grid cells in 2008 presented in Ckaf6. The 2008 census took place
during the same period of the breeding cycle aidied the same survey routes,
protocols, and analytical methods used to estimitmdance in grid cells in 2007. The
methods of constructing strata that we considerexw

1. Our correlative model -- this model was the linesgression model with the
spatial correlation coefficient that we determinedbe best at predicting
abundance from ancillary environmental variable® (fable 12.5), and was used
in our development of a stratified random samptmgthodology in Chapter 15.
We used this model to assign 3x3 km grid cells th#o3 strata (low, medium,
and high owl abundance) reported in Chapter 15mific how this model could
be applied to stratify grid cells for future surgewe predicted abundance in each
cell by applying the best model in Table 12.3 (ishdoes not have a spatial
covariate term) to the data on required data (o¢al length of 11D water
conveyance structures, proportion of a grid ceR@5 in alfalfa production, and
number of burrows immediately prior to the intendedvey in 2008). Next, we
used those predicted abundances to estimate the muezber abundance out to 2
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neighboring grid cells from each grid cell, andiinted this as the spatial data for
fitting the best model with the spatial autocortiela coefficient in Table 12.5.

2. A prior year’'s capture-recapture abundance estsnat@e used the point-
coordinate capture-recapture estimates of locah@ce from the 3 survey
occasions to assign grid cells to the 3 strata.

3. A census comprised of a single survey occasiomn pgisampling, but during the
same prehatch stage of the breeding cycle -- we theefirst survey occasion
from our 2008 census of owls across the HCP Stuew Ao stratify individual
grid cells to the 3 strata.

For simple random sampling and each method of nactstg strata, we simulated
random sampling of grid cells by bootstrapping 0,0atasets from the complete
population grid cells containing abundance estismatan the 2008 census without
replacement. The total sample size for each sitmunlavas 119, which was based on the
minimum number of grid cells required to obtainestimate <10% from the true
population estimate. For each method of stratifice we used the method of
determining strata boundaries and optimal allocagipplied in Chapter 15. For th€ 3
method of stratifying the HCP Study Area listed\adyove mimicked how this method
can be applied in future population surveys by gigie first occasion to stratify and as
the first of the three occasions in the randomigad grid cells.

For each method, we calculated the average andc®b¥idence interval for each
simulated population estimate. We compared theageeof these simulated abundance
estimates among the 4 methods and to the appraedghtiate population size [3,557 (95%
Cl: 3,218-3,895)] reported in Chapter 16. We a@ampared the 95% confidence widths
from each method to that surrounding the approxech&iue population size.

RESULTS

Simple random sampling and all 3 methods of constrg strata produced equivalent
and unbiased estimates of the approximated truelgogn size calculated from the
independent census in 2008 (Figure 17.1). Stedtifandom sampling of strata
constructed from a census comprised of a singhegurccasion prior to sampling, but
during the same prehatch stage of the breeding cgobduced the most precise
population estimates (Figure 17.1). The precigiom this method of stratification
(average 95% CI: 3,380-3,737) corresponded to gksagnerror of 5% (approximately
178 territories) on either side of an unbiased petpn estimate, and translated to a 10%
minimum detectable change in the population.

The precision of population estimates from stratiffandom sampling of strata
constructed with a prior year’s capture-recaptimenaance estimates was lower than
that of the previous stratification method (aver8geéo Cl: 3,325-3,788; Figure 17.1).
This level of precision represented a samplingresf@% on either side of an unbiased
population estimate and a 15% minimum detectabkd@gé in the population.
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Stratified random sampling from strata construet&ti our correlative model that used
alfalfa, available burrows, and spatial structur@vjled the poorest precision among the
3 methods of stratification (average 95% CI: 3,302t1). The 10% precision on either
side of the unbiased population estimate wouldxaldld@20% minimum detectable change
in the population.

Simple random sampling provided the poorest pregigrigure 17.1). Its level of
precision (95% CI: 3,174-3,949) represented 11%r&m either side of an unbiased
population estimate, which would provide a 22% mimm detectable change in the
population.

Strata constructed from a census comprised ofghesgurvey occasion prior to sampling,
but during the same prehatch stage of the breexjiclg or from a prior year’s capture-
recapture abundance estimates provided a markadwepent in precision over that
attainable from simple random sampling or usingcireelative model to determine
strata membership (Figure 17.1).

CONCLUSIONS AND RECOMMENDATIONS

Our results validate our optimally allocated sfrati random sampling methodology
developed in Chapterl5. We demonstrated thatribitiodology can greatly improve
the precision of unbiased population estimatesaerBurrowing Owl territories in the
HCP Study Area, given the use of an efficient médtbbconstructing strata. We also
showed that this precision improved the statisficaler of detecting a change in the
population, thereby allowing a smaller minimal legedetectable change.

We further demonstrated that the performance ottratified random sampling
methodology is dependent on the efficiency of tihata constructed prior to a population
survey. A prior year’'s capture-recapture abundastienates provided 15% minimal
detectable change in the population. Althoughlngl of change may appear
reasonable, it is unrealistic to expect that dadenfcapture-recapture surveys would be
available for all grid cells from the year preceglgach annual survey when the overall
objective is to conduct capture-recapture surveymiy a sample of the grid cells each
year. Additionally, given the change in the popiolathat we reported in Chapter 16, it
would be unreasonable to consider information fsuth a census from2 years prior

to a population survey.

The poor performance of our correlative model famstructing strata may have been due
in part to the low amount of variation in owl abande that the model explained (see
Chapter 12). The inefficiency of this stratifiatimethod indicated that the variables in
the model inadequately predicted local owl abundama the 2008. This was surprising
given its predictive ability we demonstrated witle k-fold cross validation procedure in
Chapter 12. One reason for this poor performanag mave been the marked change in
the population, which was of a degree that likeblated the assumption of a relatively
stable population. Nonetheless, its poor perfogramith the independent dataset
suggests that factors other than those in the nmodglbe regulating or limiting the local
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abundances of Burrowing Owls. Thus, given the lafdkformation on this subject at
this time, we also suggest that it is currenthppr@priate to consider surrogates of owl
abundance for stratifying the HCP Study Area.

Strata constructed from a census comprised ofgdesgurvey occasion prior to sampling,
but during the same prehatch stage of the breexjiclg, provided the most precise
estimates and smallest level of detectable changeeipopulation (10%). As we
described in the introduction, the information restb achieve this efficient method of
constructing strata would originate from a fullg@asurvey, constituting a census, prior
to, but during the same breeding season of theipated sampling. We believe this
would provide the most reliable population estirsatethe most cost-effective manner
because the results from a prior census could && insthe following ways: 1) to stratify
the HCP Study Area, as no other methods of stragfgre as reliable or efficient, 2) as
the first of 3 required occasions (see Chapten &é randomly selected grid cells, 3) to
calculate the growth rates of local populationscdbed in Chapter 19, as no other data
would be available for calculating such rates, e basis for estimating the relative
distribution and abundances across the HCP Studg,And 5) to map out the exact
locations of nests throughout the HCP Study Anedhé absence of the complete survey,
our optimally allocated stratified random samplimgthodology will become less
efficient each year, lowering the minimum deteatdblvel of change. Because it would
represent the only source of information to prodineeresults described under points 3-
5, its absence would prevent the acquisition asefresults which are important for
understanding where to direct adaptive managenudnitees across the HCP Study
Area.
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Figure 17.1. Mean simulated population (A) and 3$#fidence interval width (B)
estimates under 3 methods of stratifying grid cafid simple random sampling in the
HCP Study Area. Datasets were simulated sampletstoapped from the complete 2008
survey data. Dotted line represents true populatipe approximated by summing the
point-coordinate capture-recapture abundance emfilom the entire the population of
274 grid cells. All estimates assume negligiblasugement error.
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Chapter 18

RECOMMENDED SAMPLING METHODOLOGY WITH OPTIMAL
ALLOCATION OF EFFORT TO SURVEY FOR AND ESTIMATE
MALE BURROWING OWL TERRITORY ABUNDANCE

JEFFREYA. MANNING

ABSTRACT. In this chapter, | provide recommendasiofor the sampling
methodology with optimal allocation of effort torsay for and estimate male
Burrowing Owl territory abundance. For conductisgrveys in grid cells, |
recommended that: 1) the point-coordinate captecapture technique should be
used, 2) point locations of owls should be record@tbwing the methods
previously described while avoiding the relativalyt afternoon period, 3) three
point-coordinate capture-recapture survey occassbosld be completed, and 4)
a single survey pass on one side of all above-grainains and canals should be
conducted during each point-coordinate capturepteicea occasion.  For
sampling, | recommended that: 1) sampling shouldvothe optimally allocated
stratified random sampling methodology develope€lapter 15 and validated
in Chapter 17, 2) samples should be drawn fronmstardardized sampling grid
of 274 grid cells, 3) strata should be construdtech a census comprised of a
single survey occasion prior to sampling, but dyiine same prehatch stage of
the breeding cycle, 4) a minimum required sampte should be determined
from Table 15.1, and 5) stratum boundaries andvgtallocation of sampling
units should be determined based on equations apt€h 15 once a sample size
is chosen and the single survey census complefdte construction of strata
from a census comprised of a single survey occapmr to sampling, but
during the same prehatch stage of the breeding ayak shown to produce the
most precise estimates and smallest level of ddictthange in the population
(10%) compared to other methods. The informatieeded to achieve this
efficient method would not only provide the modiatgle population estimates,
but could also be used: 1) to stratify the HCP $tlicea, as no other methods of
stratification are as reliable or efficient, 2)the first of 3 required occasions (see
Chapter 6) in the randomly selected grid cellgo3jalculate the growth rates of
local populations described in Chapter 19, as heralata would be available for
calculating such rates, 4) as the basis for estigdhe relative distribution and
abundances across the HCP Study Area, and 5) tooaoiadpe exact locations of
approximately 70% of nests throughout the HCP Siua.

INTRODUCTION

The success of a long-term population monitorirggpam depends on an efficient
sampling design that minimizes the required samale, optimizes the allocation of
survey effort, and reduces costs while maintaitigi levels accuracy at all stages of
the survey. Monitoring programs across large laapss generally involve sampling
areas from a larger population of areas suitablef@ccupied by the species of interest
and surveying for the species in each of the ssdeateas. Sampling error occurs when
areas are randomly sampled from the populatiovaifable areas (e.g., a different
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random sample of areas at the same time could giditferent estimate and level of
precision) and measurement error occurs during\egwf a selected area (e.g., animals
were available but undetected or present but ulabla). Only monitoring programs

that are based on known levels of measurement ansampling error can yield
reliable population estimates for making informeanagement decisions.

In the previous chapters, | considered these impbdspects of monitoring programs. |
developed retrospective studies, field experimesitsylations, and validations with
independent datasets to elucidate various aspeBisrmwing Owl natural history in the
HCP Study Area and to examine the statistical ptegseof population estimates from
various survey and sampling methods. Based orethdts from those studies, | provide
the following recommended sampling methodologynh@nitoring the Burrowing Owl
population in the HCP Study Area.

CONCLUSIONS AND RECOMMENDATIONS

Surveys

An accurate estimate of population size can be obtained with sampling designs that account for the size,
shape, number, and placement of sampling units across areas where abundance is unevenly distributed

(Caughley 1977:27; Williams et al. 2002:247), like that of owls in the HCP Study Area. These designs
generally assume that population counts in sampts are without measurement error.
Because measurement error probably cannot be ctatypédiminated (Steenhof and
Kochert 1982, Fraser et al. 1983), it is criti¢a@ttmeasurement error is minimized
during surveys. Measurement error can be redugeing standardized protocols,
trained and skilled observers, reliably accurateespimethods, careful timing to reduce
problems with availability, and reliable analyticaéthods.

Based on the importance of minimizing measurement,d recommend the following:

1. The point-coordinate capture-recapture techngipoelld be used to conduct
surveys and construct encounter histories in gglts.c In Chapter 5, this
technique was shown to produce accurate estimajespalation size and be cost
effective when many owls are present. Howevedissussed in Chapter 10, the
performance of capture-recapture is slightly redusgh small sample sizes
(small numbers of owls within grid cells). A caffective alternative that may
not have this problem would be a single surveynapke that corrects for
visibility and availability biases, but such a teifue has not yet been developed
for Burrowing Owls. Until such techniques are deped and proven to produce
reliable population estimates, the point-coordirgtpture-recapture technique is
the most cost-effective method of producing estanatith negligible error.

2. Point locations of owls should be recorded foiftg the methods described in
Chapter 7 and Appendix Il, including the avoidantsurveying during the
relatively hot afternoon period and surveying framehicle of same make and
model (Ford Escape). The methodology assumeshtatthis is the only make
and model of vehicle used for conducting survelsis is because the number of
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occasions, and other aspects of the survey metiwldased on empirical
information derived from observations from the vigined afforded by that
vehicle. Use of an alternative vehicle for conthgsurveys may compromise
the accuracy and reliability of population estinsaa@d their associated levels of
precision.

3. Three point-coordinate capture-recapture suogegsions should be completed
in each grid cell to estimate abundance of malédeies. In Chapter 6, this
number of occasions was demonstrated to the minimumber needed to
produce unbiased estimates. As shown in Chapteadying 3 survey
occasions with this technique should detect apprately 98% of the owls. The
capture-recapture models should correct for theaneimg 2%.

4. A single survey pass on one side of all abowexgd drains and canals should be
conducted during each point-coordinate capturepteca occasion. This is based
on the findings in Chapters 3 and 4. However, @h@rwater conveyance
structures parallel multiple access roads withsingle right-of-way and the field
of view could be compromised by distance betweenthter conveyance
structures (roughl60 m) or topography, a survey pass should be caadumn
>1 of the parallel roads to ensure complete sucesgrage of the right-of-way
while care is taken to not survey the same watevegance structure twice (i.e.,
each water conveyance structure should be sunfeyedonly one side). Care
should also be taken to note the location of owlected on the first pass to
ensure that the same owl is not double counteahgtiie 2 pass in the right-of-
way.

Sampling

Because abundance of owls is expected to be unevenly distributed across the HCP Study Area, an accurate
estimate of population size can be obtained using sampling designs that account for the size, shape,
number, and placement of sampling units (Caughley 1977:27; Williams et al. 2002:247). This is a critical
issue in population monitoring because increased precision translates to an increase in the ability to detect
changes in population size among years. Imprecise estimates only allow for detection of large changes.

Based on the needs to minimize sampling error addae costs, | recommend the
following sampling methodology for each populatgmvey:

1. Sampling should follow the optimally allocated sfrad random sampling
methodology developed in Chapter 15 and validategdhapter 17.

2. Samples should be drawn from the same standardaegling grid of 274
grid cells established in Chapter 9.

3. Strata should be constructed prior to sampling$ggithe equations in
Chapter 15 with data from a census comprised ofglessurvey occasion
prior to sampling, but during the same prehatchests the breeding cycle.
In Chapter 17, this method of stratification waswsh to provide the most
precise estimates and smallest level of detectdidage in the population
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(10%) compared to other methods. As describedandhapter, the
information needed to achieve this efficient methadild not only provide
the most reliable population estimates, but it ks represent the most cost-
effective source of information that could be usednswer numerous
guestions that need to be answered to achieveaequopulation estimates.
As such, this single dataset could be used: liyadify the HCP Study Area,
as no other methods of stratifying are as reliablefficient, 2) as the first of
3 required occasions (see Chapter 6) in the randseiécted grid cells, 3) to
calculate the growth rates of local populationscdbed in Chapter 19, as no
other data would be available for calculating statks, 4) as the basis for
estimating the relative distribution and abundarasess the HCP Study
Area, and 5) to map out the exact locations of axprately 70% of nests
throughout the HCP Study Area. The use of thisrimition as the first of 3
occasions will lead to a few-week time lag betwtenfirst and second
occasions, and this differs from how the data veetkected originally in
developing the point-coordinate capture-recaptecarnique. Although we
suspect that this technique should be robust & shich time lags may
introduce changes in the space use of individuats the course of surveys,
and may introduce an unknown level of error inte derived estimates,
although we expect that this error would be small.

4. Due to edge effects (i.e., Burrowing Owls occupyleaanges that can be
bisected from grid cell boundaries), tH€ &nd 3 surveys must be extended
110 m beyond the boundary of all sampled grid cells

5. Minimum required sample size should be determimeohfTable 15.1.
Because the choice of a minimum detectable leveMalue judgment that
defines an acceptable level of risk and deternmiimesost of surveys, it is
difficult for a statistician to make such a reconmai&tion. In lieu of
providing a recommended level, | provided a ranfgetatistically reliable
estimates of minimum detectable levels of poputatibbange related to levels
of sampling across the HCP Study Area. Thesesttatily reliable estimates
enable the IT to determine the appropriate leveslampling for their chosen
minimum detectable level of population change.|ogkg) as the sampling
effort corresponding to a chosen level of changmmpleted the same way
each time, the results between population survegald be comparable and
statistically reliable (as described in Chapter. I7}that level of change is
maintained in all subsequent population surveygandiess of the level of
change that is decided on, the methodology recordeteabove will still be
valid.

An important assumption associated with using tii@rmation in Table 15.1
to determine the minimum required sample size fdn@sen level of
population change is that the variability in abumoaamong the 274 grid
cells in the following population survey is equieal to or smaller than that
found in 2007 (see Chapter 10). This is becausealculations used to
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create that table were derived from the empiriedhdollected in 2007. If

this assumption is not met (i.e., the variabilityagiven year is larger), the
finite adjusted sample sizes listed in Table 15llproduce population
estimates that can be farther from the true meam e distances listed in the
table. Essentially, increased variability will lemthe power of a given finite
adjusted sample size.

The assumption described above should be testedtprihe next population
survey by calculating a measure of variability. #gsessment of the
variability before the next population sampling ¢enattained from the single
survey occasion prior to sampling, but during thme prehatch stage of the
breeding cycle (referenced under C above). Simeg@opulation of grid cells
will always remain constant at 274 cells, a staddgaviation is sufficient,
which was also provided for the 2007 data in Tdldld (high St. Dev during
a single survey occasion = 10.7). The single suprer to the next
population survey can be used to estimate the atdrakviation among grid
cells and comparing it to from 2007. If the stawddeviations remain
relatively similar, the relationships between #n#djusted sample sizes and
distance from the true mean in Table 15.1 will berect and the sample size
chosen for 2007 can be applied to that samplirgteffif the variability is
greater, than new a table of minimum required sarsges will have to be
created by recalculating those estimates usingdlweilation presented in
Chapter 15. If the standard deviation does ineéaisany subsequent
population survey, the sample size would have tddtermined from either a
newly created table or one of the previously cartdéd tables associated with
an equivalent standard deviation. This shoulddveex out prior to each
subsequent survey, thereby adjusting the sampendienever the variance
changes.

Applying this important part of the sampling metbtmtyy prior to each
subsequent population survey will result in sanges that may vary some
among years, but the power of detecting a deseneel bf change between
population estimates would remain constant. Tdtitet point is critical to
ensure reliable and comparable estimates for dietecihanges in the
population.

6. Once the sample size and stratum boundaries a@edatd, the optimal
allocation of sampling units should be based oretigations in Chapter 15.

The above recommendations should be implementtifollowing sequence:
1. Single survey of entire HCP Study Area

2. Strata determined from 1
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3. Determine the minimum required sample size. Teha first calculate the
standard deviation determined from 1. if the stidesimilar to that from a
previous survey, use the table from that survéyot, recreate table.

4. Determine optimal allocation based on new straga; sample size, and new
strata-specific variances

5. Randomly sample grid cells according to 4
6. Conduct surveys

7. Create point-coordinate capture-recapture encotnigtaries for all randomly
selected grid cells using:

a. All 3 survey occasions (including the first one s@ting of the
complete survey

b. The point-coordinate capture-recapture analyticat@dures
described in Chapter 5, including the use of therbfadius MMDM
as the buffer, to construct territory centroids andounter histories

c. The sampling grid to assign centroids to theiregponding grid cells
(only for those centroids that lie within the boangof a sampled grid
cell)

8. Compute stratified random sampling estimates oliadn size and
associated level of precision

The above recommendations for sampling should peempfor each population survey
e.g., each year). They also are based on usingpihécoordinate capture-recapture
technique, which is dependent on completing 3 suoeeasions to attain a single
population estimate. This multiple number of syreecasions provides the opportunity
to conduct a complete single occasion as the barsgonstructing strata (as described
above), from which to draw a stratified random sknffpm the standardized sampling
grid. However, if a reliable survey technique éveloped that can correct for visibility
and availability bias from a single survey occasibnould be embedded into these
methods in lieu of the point-coordinate captureapgare technique. If this is done, the
stratification method presented here will be uniatde because a prior complete survey
will not be available for constructing strata. Ehin order to ensure that such an
alternative approach would continue to be ablectect the desired minimum level of
population change, it would warrant revisiting gampling methodology.

2007 and 2008 Population Estimates for ComparisonuPposes

Although we conducted complete censuses of the S108y Area in 2007 and 2008,
future surveys are anticipated to be completedabyming the population. To provide
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estimates for these previous years that are corbleai@those from future surveys, |
provide estimates of abundance with measures ainae based on the recommended
sampling and survey methods. The two estimateshwhere obtained from the
bootstrapped stratified random sampling of the @7d cells, are:

2007: 4,879 territories (95% CI: 4,692-5,065)
2008: 3,557 territories (95% CI: 3,370-3,743)

This sampling used the recommended minimum reqeiaedple size and optimal
allocation. These abundance estimates were cltisds approximated true population
size derived from summing all 274 grid cells, andstrepresent sufficient samples. But,
they provide confidence intervals that were estaddtom the sampling variance that is
comparable to those to be obtained from future samp
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Chapter 19

DEMONSTRATED USE OF ABUNDANCE ESTIMATES FOR
CALCULATING LOCAL FINITE RATES OF POPULATION
CHANGE

JEFFREYA. MANNING

ABSTRACT. | provide a demonstration on the uséooél abundance estimates
for calculating local finite rates of populationacige that could be used to direct
adaptive management actions to specific areaeifl@P Study Area.

INTRODUCTION

Two fundamental goals of the HCP are to deternmtieeabundance and distribution of
Burrowing Owls and to monitor the population’s aahgrowth rate in order to make
decisions on when adaptive management actionschake place. In the event that a
marked decline is detected, it is equally importardetermine where to strategically
apply management actions in the HCP Study Areae &aproach would be to
strategically target local areas in the HCP toiatiae highest ecological benefit to the
Burrowing Owl population for a given expenditureeffort and cost.

Here | propose such an approach that capitalizedoondance estimates and the spatial
variability in owl abundance across the HCP Studgalrather than demographic
information. When a marked decline is detectdukrzeficial use of local estimates of
abundance would be to evaluate Burrowing Owl pdmnagrowth rates in local areas
across the HCP. Population growth rates are tifpieatimated using demographic
(fecundity and survival) or census data over tiRiblf et al. 2003:12). Censuses of
high-density populations have greater statistioaVgr of detecting a population decline
than demographic studies (Taylor and Gerrodett&J19Because these two methods of
estimation can give similar values, as shown idistiof the spotted ows(rix
occidentalis caurinaLande 1988, Burnham et al. 1996), the use of &urng Owl
abundance estimates can satisfy the need to mahé&gropulation’s rate of change
during the interim until the results from the demagghic study required under the HCP
become available. | demonstrate how abundanaaasts from point-coordinate
capture-recapture estimates of local abundanca gorgle survey occasion as
recommended in Chapter 18) can be used to caldolzépopulation growth rates for
Burrowing Owls in the HCP Study Area and discuss Bach local rates can be used for
identifying priority areas within the HCP Study Aro strategically direct adaptive
management actions.

METHODS

Given the data collected in 2007 (Chapter 10) &d@BZChapter 16), it is evident that the
local abundances have shifted in the HCP Study #feure 19.1). Such temporal
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variation among local areas between the 2007 affl Beeding seasons can be used to
calculate and compare local growth rates. | coegpatfinite rate of changa)(in the
population of male Burrowing Owl territories betwethe 2007 and 2008 breeding
seasons in local areas (3x3 km grid cells) in t#Hstudy Area. Following Caughley
(1977:51), | calculated as:

N :
A :N;”. Equation 18.1

RESULTS

Under the hypothetical example that a marked declirmale territory abundance was
detected in the HCP Study Area, | calculated firdties of change across the HCP Study
Area to assess the local changes, and these rénoge® to 7.0 (Figures 19.2 and 19.3).
The abundance of male Burrowing Owl territorieslitec in 75% (206) of the 274 local
grid cells, with 23% (62) of them declining >50%d#tres 19.3 and 19.4).

CONCLUSIONS AND RECOMMENDATIONS

The reliable estimates of abundance that can kst from the recommended survey
and sampling methodology can provide accurate rdtksal population changes in the
HCP Study Area. By using the local 3x3 km grids&b calculate local rates of change,
| demonstrated how to identify differences in timaportant demographic rate across the
HCP Study Area. Such spatially explicit informatican help facilitate the application of
management actions by quickly identifying geograg@reas according to a specific rate
of change. | provided the example of identifyinigese local population rates declined
>50%. If that cutoff was chosen for targeting ngeraent actions, the locations for such
priority areas would be readably attainable from pheviously collected population
abundance data.

Manning, J. A. 2009. Burrowing Owl populationesin the Imperial Valley, California: survey andrgding
methodologies for estimation. Final report to li@erial Irrigation District, Imperial, CalifornidJSA, April 15, 2009. 126



Jeffrey A. Manning April 15, 2009

2007

0o

@

Olo
8o

tg ..
PN
%
]
A
agali
i
;4 '..'l
i T

5
241
J.O
s S
=04
\-.w
L) Qb
£

B00P 4y
‘ot @
i o .
o0y
o. , 2
et
8 ®
=
il LI
-« ob
z:"r?é'.'?"'.o:a
oﬂ. L%
& & :
44,
o> 9 .‘
.f‘.‘§
é.:"og .
i

ee

Figure 19.1. Locations of male Burrowing Owl taries in the 2007 and 2008 breeding seasons,niieted from 3 point-coordinate
capture-recapture survey occasions in the HCP Sively, Imperial County, California.
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Figure 19.2. Finite rates of annual change.{) in abundance of male Burrowing Owl
territories in local areas (3x3 km grid cells) bétHCP Study Area between the 2007 and
2008 breeding seasons. Stippled areas were nay&d due to absence of above-
ground water conveyance structures.
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Figure 19.3. Frequency of local grid cells accogdio their finite rate of chang&{ca)
in the population of male Burrowing Owl territoriestween the 2007 to 2008 breeding
seasons in the HCP Study Area.
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Figure 19.4. Example of finite rates of changeéwaitcutoff = 0.5, demonstrating the
locations of local areas where the lowest negatites occurred between the 2007 and
2008 breeding seasons in the HCP Study Area, lap@dunty, California. Stippled
areas were not surveyed due to absence of abovedjmater conveyance structures.
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Chapter 20

RECOMMENDED FUTURE RESEARCH DIRECTIONS

JEFFREYA. MANNING

INTRODUCTION

The following is a brief list of recommended futwesearch directions divided into two
sections: 1) those intended to improve the accuaadyreduce costs of population
monitoring, and 2) those intended to improve theéaustanding of the status of the
Burrowing Owl population and factors that poteryidiimit or regulate it.

Recommended Research to Improve the Accuracy and BRece Costs of Population
Monitoring

1. Design and validate a single-survey method thab@awts for visibility and
availability bias (e.qg., sightability) and can puce precise, unbiased estimates of
male territory abundance in the HCP.

2. Investigate the effects of variable space use twer between the single survey
census at the beginning of the season and subgezppuare occasions on the
accuracy of point-coordinate capture-recapturenegts.]

3. Investigate more refined predictors of abundanceti@tification purposes
a. More accurate and specific maintenance data
b. More accurate crop data

Recommended Research to Improve the Understanding the Status of the
Burrowing Owl Population and Factors that Potentialy Limit or Regulate it

1. Continued annual monitoring, particularly given tienge in owl abundance we
identified between 2007 and 2008.

2. Investigate age-specific demographic rates (meytghroductivity) in the HCP
Study Area, to direct adaptive management (Cunyetité population estimates
presented in this report can only direct managereatspecific grid cells, but
not to a targeted age class or causal factorscaf tteclines).

3. Determine what portion of the breeding populat®migratory.
a. If migrants comprise a biologically significant cponent of the breeding
population, a study of mortality in their winteriagd migration areas is
needed.

4. Determine the southern extent of this breeding fadjaun (e.g., does it extend
across the International Border with Mexico).
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a. If the breeding population extends into Mexico edetine the rate of
exchange across the International Border.

5. Investigate spatial and temporal patterns in thmerical response of owls to crop
activities and 11ID’s maintenance activities.

6. Investigate the effects of changes in agricultpraktices (due to reduced water
sources) on the fitness of owls.

Recommended citation

Manning, J. A. 2009. Burrowing Owl populationesin the Imperial Valley,
California: survey and sampling methodologies f&timeation. Final report to thg
Imperial Irrigation District, Imperial, CalifornidJSA, April 15, 2009.
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Appendix |

FIELD BIOLOGISTS

Name Position Name Position
Aaron M. Viducich Field biologist Julia Harnad Field biologist
Alexa DeJoannis Field biologist Kara Butler Field biologist
Amy Musante Field biologist Kate Dalley Field biologist
Andrew Davenport Field biologist Katie Kauffman Field biologist
Andrew Stephens Field biologist Kevin Dickinson Field biologist
Anne Bloomfield Field biologist Kevin O'Brian Field biologist
Ashley C. Persinger Field biologist Laurel Anne Ferreira  Field biologist
Beth Dirksen Field biologist Laurel Genzoli Field biologist
Bill Trione Field biologist Lauren MacFarland Field biologist
Carla Mingione Field biologist Leah Kenney Field biologist
Caroline Poli Field biologist Malcolm Grant Field biologist
Cassidy Gratten Field biologist Malia Volke Field biologist
Cassie Waters Field biologist Matthew Dresser Field biologist
Chris Chutter Field biologist Melinda Conners Field biologist
Craig Moran Field biologist Michele Kuter Field biologist
Dan Burnett Field biologist Nate Richardson Field biologist
Daniel G. Burnett Field biologist Pierre J. Goulet Field biologist
Dave Bittner Field biologist Robb S. A. Kaler Field biologist
Deborah Sharpe Field biologist Robert C. Fowler Field biologist
Elias A Elias Field biologist Samantha Burrell Field biologist
Elizabeth Donadio Field biologist Sarah Malick Field biologist
Emily Kackorek Field biologist Sarah Sells Field biologist
Gabrielle Gareau Field biologist Sean Row Field biologist
Gabrielle Robinson Field biologist Shawn Carroll Field biologist
Greg Levandoski Field biologist Shelly Vogel Field biologist
Inger Marie Laursen Field biologist Sherri Kies Field biologist
Jacob Cowan Field biologist Steve Borrego Field biologist
James M. Field Field biologist Steve Tucker Field biologist
Jeff Lincer Field biologist Tara Eisenhower Field biologist
Jim Luttrell Field biologist Valerie Eurs Field biologist
John Konecny Field biologist Whitney Menu Field biologist
John Warzybok Field biologist William R. Trione Field biologist
Julee Shamhart Field biologist Zachary Wallace Field biologist
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Appendix Il

ACCURACY OF POINT LOCATIONS AS LOCATIONS OF
BURROWING OWLS

JEFFREYA. MANNING
INTRODUCTION

Closed-population methods provide a powerful toablhtain accurate estimates of
annual Burrowing Owl population sizes in the HChese methods require that every
newly captured animal is uniquely ‘marked,” recaptuanimals are recorded as
‘recaptures,’” and sampling be completed in a lpefod to ensure the population is
closed during sampling (White et al. 1982). Howeeapturing, handling, marking, and
recapturing animals is labor intensive, thus makitege methods difficult to accomplish
for studies of large populations across vast ar@asause the HCP encompasses the vast
agricultural matrix of the Imperial Valley, andasticipated to support an estimated
5,600 pairs of breeding Burrowing Owls, and as masy,795 (Desante et al. 2004), we
developed the point-coordinate capture-recapturtdadepresented in Chapter 5) to
allow surveys to be accomplished in a timely manm@&rder minimize violations of the
assumptions associated with close-population theory

The point-coordinate capture-recapture technigliesren owl locations (coordinates) as
‘marks’ and ‘recaptures.” Each time an owl wasestsd, its coordinates were recorded.
The first time a coordinate was recorded duringaisurveys, it was considered the first
mark of an individual Burrowing Owl, and subsequembrdinates were considered
recaptures. This novel approach to mark-recagamgpling minimizes time spent
marking and recapturing individuals, thus making tost effective method for sampling
the large population of Burrowing Owls across theRH It also eliminates behavioral
responses elicited by using bait and/or capturimyteandling (Otis et al. 1978, White et
al. 1982). However, using this technique leadsotarces of measurement error described
in Chapter 5. To minimize the intrusion of fiel&easurement error into the analytical
and sampling errors (which scale up to the overadir that bounds a population
estimate), it is important to record accurate fraleasurements of owl locations.

Here, | assessed the accuracy of our field equipareh method of recording point
coordinate locations. My objective was to asskessatcuracy of our methods to ensure
that they met the 3-m accuracy we proposed in agmal proposal and complied with
Section 4.5.2.2 of the HCP, which specified thal @ritories were to be recorded
<30m.

METHODS
| followed the field protocols used to record oatétions in Chapter 7. Those methods

included obtaining a hand-held global positioniggtem (GPS) location of where
observers stood, and using compass directionalitg,range finder distance to estimate

Manning, J. A. 2009. Burrowing Owl populationesin the Imperial Valley, California: survey andrgding
methodologies for estimation. Final report to liln@erial Irrigation District, Imperial, CalifornidJSA, April 15, 2009 143



Jeffrey A. Manning April 15, 2009

the coordinates of each individual or pair of oyifpserved. Because we anticipated
that numerous field crews would be required to cahgdurveys each year, | arranged for
10 different biologists to collect the data. Theldygists:

1. used a Trimble GeoExplorer XM GPS with £1m accuraeg with the GPS
slider set halfway to balance productivity with gisgon and postprocessed
differential correction to acquire GPS coordinate405 randomly selected
locations across the HCP (Figure 11.1). These werssidered as ‘known’ points,

2. randomly selected5 positions/known point at various distances (<13om
the known points (totaling 630 positions), and

3. used a Trimble GeoExplorer XM, Suunto Handheld &iomal Compass, and
Opti-Logic Laser Rangefinder with £1m accuracy éonpute new coordinates
that estimated each ‘known’ location from the ramdmoints where observers
stood.

| used the distance between known and estimatedidos as the dependent variable and
the distance (the observer was) from the knowntioicas the independent variable in a
simple linear regression model. | considered distebetween estimated and known
points as an index of accuracy, where shortermistreflected higher accuracy. | used
the resulting linear model equation to predictriieximum distance an observer can be
from an owl when measuring/recording owl locatitmattain an average error of 3 m.

Results

1. Distances from the known point that were sampleded from 0.12-15.2 meters
from known point (Figure 11.1).

2. The observer distance from a known point when tbadce between the
estimated and known points was the required maxirf8im) was 36.3 m
(3/0.0826) (Figure 11.2).

3. Distances <36.3m produced estimated locations avidmage errors <3 m (Figure
1.2).

CONCLUSIONS AND RECOMMENDATIONS

My results showed that hand-held GPS locations pa@® directions, and range finder
distances are suitable for estimating locationslpécts like Burrowing Owls with
reasonable accuracy. With increased distance beataleservers and known points,
estimated distances were less accurate (i.e.gfairtbm known points). These field
methods are sufficient for use in producing averesgamated coordinate8 m of
Burrowing Owls or their nests as long as obseraezs36.3 m from their target.
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\—,1 Methodological Testing

Known fixed points = 105
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Figure I.1. Locations of known fixed points udedest the accuracy of field
sampling techniques to estimate Burrowing Ow! lmoat (derived from a
combination of GPS, range finder, and directiomathpass) in the HCP Study
Area, Imperial County, California, April 16-May 2R006.
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Accuracy of Methods

E(Accuracy) = 0.0826(Distance from known point)
F=1691, df=1,629, R* = 0.729, P=0.000
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Figure I.2. Distance between estimated and knpueints as a function of observe
distance from a known point in the HCP, ImperialGty, California.
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Appendix 1l

REMOTE CLASSIFICATION OF CROP AND LAND COVER
TYPES

JEFFREYA. MANNING AND MIKE FALKOWSKI
INTRODUCTION

Burrowing owls have been reported to use spegipes of crops in Imperial County,
California (Rosenberg and Haley 2004). Knowledfeetationships between owl
abundance and specific types of crops would befllalpdeveloping survey protocols

for burrowing owls in this region, but such knowgeds dependent on availability of

crop and owl data. Owls were surveyed acrossrtipetial Irrigation District’s (11D)
right-of-ways in the spring of 2007, but data (insable format) on when, where, and
what types of crops are present are currently ulabla. This is due to the large extent
of the Imperial Valley and high number of propestyners, diversity of crops, and
frequency of crop rotation. In particular, thegarmextent and numerous landowners pose
challenges for mapping crops during brief periads,(spring). Furthermore, in order to
test hypotheses regarding relationships betweerabumdance and crops, a spatial, time
series dataset of crops is required, and suchagdateomplex and impractical to attain
from ground surveys. We evaluated the efficacyatéllite remote sensing for large-area
crop type classification in the IID’s Habitat Consstion Planning (HCP) Area and
mapping crop assemblages and individual crop typsthe intent that these data may
be suitable for assessing relationships betweens amd crops.

For the past 20 years, satellite remote sensingpéas used to map, inventory, and
monitor land cover type®(g, Haack 1987, Vogelmaet al.2001, Falkowsket al.

2006), including agricultural crops (Bauer 1985ti0et al. 1997). Remotely sensed data
acquired by space-borne sensors are ideal for gaghenapping, and monitoring
information on land surface and vegetation charesties across large regions such as the
agricultural matrix comprising the HCP. The Lartdaanily of sensors was designed
specifically with such information needs in mince(® and Gessler, In Press).

There are numerous benefits to using satellite tersensing data for such a task. For
instance, remotely sensed data provide a timeiefiti@pproach for mapping crops
because it can be automatically processed in dyimanner. Landsat imagery can
produce maps measuring a variety of landscapertsalike land cover and crop type.
Compared to traditional field-based mapping techesy maps produced via remotely
sensed data require a relatively small amountetd filata, resulting in reduced sampling
effort. Lastly, it provides complete coverage asrtarge areas as well as a long-term
data archive.

Methods of using Landsat imagery to classify laagscfeatures and vegetation continue
to evolve, leading to increased accuracy. For g@nndividual crop types have been
successfully classified from single date Landsatgery. But, recent studies found
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increased accuracy through the incorporation otirdalte imagery (Oettegt al.2000).
This is because different crops have unique ph@motoajectories (e.g., stages of
development and growth patterns) that can be detedh a time series of remotely
sensed data (Oettat al.2000). Thus, multi-date imagery series would Ipeederred
approach to classifying crops across the HCP.

Another approach that can improve accuracy is oljased classification. Typically,
remote sensing classifications are pixel-basednimgdhat each pixel is classified as a
specific type of land surface or vegetation indejger of conditions in neighboring
pixels. Because landsat image pixels are 30 x a@mgultural fields are comprised of
numerous pixels. Variable crop conditions (e.ggss of development) and soil types
among pixels within a field leads to variation lire tclassification of pixels in a field.

This variably is represented by a salt and pepppearance in pixel-based classification
maps (Figure 1A). This within-field variably caeduce accuracy of classifying fields
correctly. A solution is to use fields as objdotan object-based classification, which
guantitatively groups similar contiguous pixelsgiiiie 1B), thereby using within-field
frequency distributions to classify individual agritural fields. Object-based
classifications have been successfully appliedherdarge-scale areas such as forested
environments (Desclest al. 2006). Because object-based techniques may iraphey
accuracy of classifying crops at the resolutioagricultural fields rather than pixels
within fields (Descleet al. 2006), this approach is preferred for the agrnoaltmatrix
comprising much of the HCP.

OBJECTIVES

The overall objective was to produce reasonablyi@te maps of crop types intended for
use in assessing relationships between owl abuedamt crops and developing future
burrowing owl population surveys. Specific objees were to:

1. Incorporate a time series of Landsat data to dlasegetation and crops types
each Spring from 2003 to 2007.

2. Assess the efficacy and accuracy of an object-beseadification technique in the
Imperial County agricultural environment.

3. Produce a GIS polygon layer of agricultural fiekd¢h attribute information
specifying crop type in each polygon each springf2003 to 2007.

METHODS

Ground Reference Data Collection

Ground reference data were collected at 420 rangtwoéted agricultural crop fields
across the 500,000-acre HCP from March 31-AprilZI)7. At each random field, a

point location was randomly selected, and the tymé stage of development (bare
ground, sprout, mid-stage, mature, abandoned, dyahgbble) were visually identified
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by a crop specialist and recorded at that poimntldFlata were recorded using a Trimble
GeoXM GPS. Sample sizes for each crop type rafrged 3 to 52 (Table 6.1).

Landsat Image Acquisition and Processing

We acquired 3 Landsat images (30 x 30 m resolufmm@ach spring from 2003 to 2007
(totaling 15 images) from the United States Gedalalgburvey (USGS). The image
acquisition dates (Table 6.1) coincided with thiembion of ground reference data.

We originally proposed to classify crops with Laads imagery. However, due to large
amounts of cloud cover during March and April itsnveecessary to use a combination of
Landsat 5 and Landsat 7 data to avoid contaminatidime data by clouds (i.e., if a
particular Landsat 5 image was contaminated byddpwe used a cloud free Landsat 7
image acquired within a similar time frame). Thisategy provided imagery coverage
during the desired time frame for each of the Gybéatween 2003 & 2007, inclusive.

Although there was a potential disadvantage ofgusandsat 7 data for this study (e.g.,
the Landsat 7 sensor scan line corrector (SLG3dadn July 1%, 2003, resulting in the
raw imagery having systematic gaps in the datauf€iga)), remedies were available.
For example, the USGS has developed an interpaolatiethodology to fill in missing
data values based upon neighboring scan linesr@&h). Also, the SLC error is more
pronounced toward the edges of a Landsat scene$2BG7), but since the Imperial
Valley Region is approximately at the center ofamdlsat scene, the interpolated products
produce seamless data for the HCP. Lastly, thecbtyased classification approach
implemented in this project (described below) sbdaé relatively unaffected by any
interpolated values within a Landsat 7 scene dineelassification rules rely upon
distributional statistics within each individualragltural field. Therefore, we believe
this Landsat processing approach is comparabtetiguperior, to the originally
proposed approach.

We systematically processed each image to comecafliometric and geometric errors
via a streamlined image processing methodologyldped by Beck and Gessler (In
Press). This was accomplished by geo-reregisténmd\pril 2007 image to high-
resolution digital orthophotos, acquired by theiblal Agriculture Imagery Program
(NAIP), spanning the HCP. The remaining 14 Landsapes were then co-registered to
the April 2007 image. This geo-registration pracessured that each Landsat scene had
a geo-location accuracy of < 15 m on the ground.

Following geometric correction, each image wasaamtrically calibrated and converted
from raw digital number to percent reflectanceegmations and coefficients developed
by Markhan and Barker (1986), Chander and Markn2003), and Williams (2004).

This process removed radiometric errors and engtegceach image was directly
comparable to another image within the time seregggrdless of acquisition date and/or
radiometric differences between the Landsat 5 aartlkat 7 sensorsd., this process
allows the direct comparison of Landsat 5 and Lah@dsmages). Following radiometric

Manning, J. A. 2009. Burrowing Owl populationesin the Imperial Valley, California: survey andrgding
methodologies for estimation. Final report to liln@erial Irrigation District, Imperial, CalifornidJSA, April 15, 2009 149



Jeffrey A. Manning April 15, 2009

calibration, we also removed atmospheric effeetg.(haze and dust) via the COST
atmospheric correction model (Chavez 1996).

Creation of Image Objects for Object-based Classifiation

We initially proposed using a technique referreddamage segmentation to create a GIS
polygon layer that would outline individual agritwdal fields for an object-based
classification. However, we later chose to use @om Land Units (CLUs; U.S.
Department of Agriculture, Farm Service Agency,iAePhotography Field Office, Salt
Lake City, Utah; www.apfo.usda.gov) as objectscHE@LU represents an agricultural
field. Thus, the CLU layer was intersected witklehandsat image to create groups of
pixels representingmage objects (hereafter referred to as agriculfiglals).

Distributional statisticsg.g.,mean, standard deviation, range, minimum values and
maximum value of pixels) were calculated for eaehdsat band within each agricultural
field. This process created a GIS layer contaitivegaforementioned distributional
statistics for each agricultural field across tHeRHfor each of the 5 years in the Landsat
time series (Figure 3). The resulting GIS layermtamed approximately 7,000 individual
polygons (representing agricultural fields withire tHCP), each containing 35 different
data attributes quantifying the distributional stits of Landsat pixels within each
agricultural field. Following this process, fieldampled during data collection were
separated out of the 2007 GIS layer and used iasigadata in the classification, as
described below.

Distributional statistics were also calculatedtfoe Normalized Difference Vegetation
Index (NDVI), which is sensitive to living plantdmass (Tucker 1979). These metrics
provided an opportunity to improve our classifioatof individual crops in the HCP
because individual crops display distinct variatiomheir spectral responses over time
(phonologic trajectories; e.g. http://rst.gsfc.ngea/Sect3/Sect3_1.html). For example,
Sudan grass fields in our study area showed lownrieaV| values in late March, and
these rise through April, corresponding to plamaleésshment and growth during this
time period (Figure 4). Sugar beet fields dispthgedecreasing trend in the mean NDVI,
which is mostly likely related to a gradual senestcthis crop (Figure 4), and the NDVI
for alfalfa fields remained relatively constantatgh the time series (Figure 4).

Image Classification

Crops were hierarchically classified as groups @léicrops) and individual species
(Level 1l crops, Table 6.2) and using the Brein@utitler classification (BCC) algorithm
(Breiman 2001), also known as randomForest. Th€ BIgorithm is a classification and
regression tree (CART) technique that has achiexedllent results in classifying
remotely sensed imagery (Lawrence et al. 2006 B@C algorithm develops
classification rules by growing numerous (> 1,00l@ssification trees from random
subsets of training data, and randomly selectshwbiedictor variables (e.g., percent
reflectance) to use for each decision rule. Theect classifications, or predictions, are
then determined by selecting the most common detisile at each node within the
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group of multiple trees (Breiman 2001, Prasadl. 2006, Lawrencet al. 2006). As the
algorithm runs, bootstrap error estimates are tatied with the training data not used in
the random selection process. The algorithm presipcecise, unbiased decision rules,
and does not overfit the training data (Breiman1d0®ecause the BCC’s bootstrapped
error estimates are very accurate, researchersraeemmended that it is unnecessary to
estimate error from an independent dataset (llegr@nd reference data can be used to
develop classification rules (Breiman 2001, Laweegical. 2006)).

Accuracy Assessment and Classification

We used 2 separate methods of applying the BCQitigoto assess accuracy of the
level 1l crop classification: 1) with all of thground reference data and 2) with 25% of
the ground reference data held back for an indegrgratcuracy assessment. We
performed these 2 methods of assessing accuramybscause we originally proposed
the latter approach, but later decided that theanéwrapproach may be more reliable
(Breiman, 2001, Lawrencst al.2006).

Preliminary results from the 2 methods of assessing (BBC and 25% of the ground
reference data held back for an independent referassessment) were similar (Level lll
species-level classification error was 68.6 % a0% % for reduced and full datasets,
respectively). Based on these comparable resuitshee conclusions of Breiman (2001)
and Lawrencet al. (2006), we used the full set of ground refererata énd their
associated classification rules developed by th€ B{gorithm to classify all of the time
series data in lieu of using the originally propbseethod.

We also used kappa statistics (KHAT; Cohen, 196@etermine if our classifications
were significantly better than that expected bynclea(i.e. a random result) (Congalton
and Green 1999). Kappa statistics are the mostraonty used method of assessing the
classification of subjects into categorical grogsin The kappa coefficient is an index
that compares the agreement against that whichtrbegbxpected by chance. ltis
considered as the chance-corrected proportionakaggnt, and possible values range
from +1 (perfect agreement) via 0 (no agreemenvealtioat expected by chance) to -1
(complete disagreement). In other words, it ctséor chance agreement and tefis
how much of the possible agreement over and abloaece each classification achieved.
Generally, kappa values >0.75 are considered te haugh degree of agreement beyond
chance, values <0.40 have a low degree of agreeamhivalues between 0.40 and 0.75
represent a fair to good level of agreement beyirashce alone.

Once accuracy was assessed, the results from Hgeintassification were used to
generate 5 separate GIS polygon layers of pred@tgultypes in agricultural fields
present in the HCP from late March to early Apmii003, 2004, 2005, 2006, and 2007
(Appendix A).

Classification Assumptions
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Retrospectively classifying agricultural crops ptio 2007 assumes that the types of
crops cultivated in the Imperial Valley from 200885 were not drastically different than
the crops present in 2007. In addition any futlassifications will only be valid if the
types of crops in cultivation reaming consistent.

RESULTS

The level Il crop classification had an overall@eacy of 84%, with the accuracy of bare
ground = 66.76 %, grass crop = 81.41 %, and breafdother crop = 88 % (Table 6.2).
The level Il classification, classified 31 indiwdl crops, and had an overall accuracy of
69.05%, with individual class accuracies rangiragrfro % to 100 % (Table 6.2). There
was a good degree of agreement beyond chance (&impea statistics = 0.71 and 0.67)
for level Il and level Il classifications, respaely,

In the level 1l classification, five crops (articke, asparagus, cauliflower, cilantro, and
parsley) were classified with 100% accuracy, falia{fa, sugar beets, watermelon, and
triticale) were classified with 80-99% accuracyg aix others (corn, potato, radish,
Bermuda grass, Sudan grass, and wheat) with 70-&& pepper, broccoli, carrot,

kline grass, lettuce, mixed flowers all had classusacies >50 %, while the cabbage,
citrus, sugar cane, and wild oat classes eachdr@dacies of 0 %. Errors of omission
and commission for the level Il and level Il cldgstion are listed in Tables 6.3 and 6.4,
respectively.

According to the level Ill classification, the tbtand area each crop occupied in the
study area varied annually (Table 6.5). Alfalfasvtae most common crop in cultivation,
occupying about 45,000 — 70,000 ha of the HCP betvidarch and April from 2003 to
2007. Sudan grass, Bermuda grass, and wheat@apied large tracts of land between
2003 and 2007. Some of the least common cropgliivation included potato, radish,
bell pepper, and watermelon, among others.

DISCUSSION

The overall goal of this project was to use remposeinsed data to classify crop
assemblages and individual crop types in ordessess their importance to burrowing
owls across the HCP. We employed an object-ba§#d &assification algorithm to
classify 31 different crop types with a 3-date tigegies of Landsat data (March — April),
and achieved reasonably high accuracy, given tige laumber of crop categories
classified.

Many of our level Il individual crop categorieschaccuracies 25 %; and overall, our
approach achieved accuracies equal to or highardinailar studies. For example,
Akbari et al.(2006) classified Landsat imagery into 20 differerttp categories and
attained an accuracy of 62 %, while Belward andd$aiL986) classified Landsat
imagery into 8 different crop categories and a#dian overall accuracy of 64.8 %.
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Lower numbers of crop categories can yield higlteueacies, as seen in our
classification level Il, but such groupings may wield enough detail for relating crops
to burrowing owl abundance in localized areas withie HCP. In fact, other studies
have reported slightly higher accuracies (e.g.ssam 1992 and Turker and Arikan 2004
attained 81 % accuracy), but this is likely duelassifying only 7 to 11 crop types,
respectively. Given the relatively high numbercaips classified in this study, which is
important in order to assess their relative impuaréato burrowing owls, the accuracy is
reasonably high.

The approximate 20% decline in overall accuracyben level Il and 1l classifications
was expected given the increased number of cléstegen the 2 categories. The GIS
polygon layers produced by the level Il classifioa predicted individual crop types
with reasonable accuracy, given the 69.05% ovacailiracy, and should be suitable for
relating individual crops to burrowing owl abundanc

Of particular interest are the accuracies of baoeirgd (level Il = 66.67%, level Il =
41.17%) and grass crops (level Il = 81.41%, leltehlfalfa=88.46%, Bermuda
grass=70%, Sudan grass=76.09%, triticale=80%, drechta77.78%) because the results
from one study suggest that owls may use bare grmore than other cover types near
nests and hay crops more than other types at detaway from nests (Rosenberg and
Haley 2004). The high levels of accuracy for thos®ps from these analyses should
produce a dataset suitable for assessing theirrtanuee as correlates of owl abundance.

Table 6.1. Acquisition dates and sensor of Landat used.

Year Acquisition Date Sensor
2007 28-Mar Landsat|5
13-Apr Landsat b
29-Apr Landsat b
2006 1-Mar Landsat|7
10-Apr Landsat b
26-Apr Landsat b
2005 30-Mar Landsat|7
7-Apr Landsat 5
15-Apr Landsat ¥
2004 27-Mar Landsat|7
12-Apr Landsat ¥
20-Apr Landsat b
2003 25-Mar Landsat|7
10-Apr Landsat ¥
26-Apr Landsat
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Table 6.2. Crop classes and associated classa@oesir Overall accuracies for the level
Il and Level lll classifications are 84 %and 69%5respectively.

Level | Level Il % Accuracy Level lll Sample Size % Accuracy
Agriculture | Broad Leaf Crops / Other 88.00 Alfalfa 52 88.46
Artichoke 4 100.00
Asparagus 4 100.00
Bamboo 4 50.00
Bell Pepper 5 40.00
Broccoli 9 44.44
Cabbage 4 0.00
Cantaloupe 13 61.54
Carrot 7 42.85
Cauliflower 4 100.00
Cilantro 4 100.00
Citrius 3 0.00
Corn 27 74.07
Cotton 6 66.67
Lettuce 7 42.85
Mixed Flowers 4 25.00
Onion 23 69.56
Parsley 4 100.00
Potato 4 75.00
Radish 4 75.00
Sugar Beets 33 93.94
Sugar Cane 4 0.00
Watermelon 5 80.00
Grass Crops 81.41 Bermuda Grasg 50 70.00
Fox Tail Grass 3 0.00
Kline Grass 11 36.36
Sudan Grass 46 76.09
Triticale 4 80.00
Wheat 36 77.78
Wild Oat 6 0.00
Bare Ground / Fallow 66.67 Bare Soll 17 41.17
Fallow Field 13 53.85
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Table 6.3.Level Il crop classes and associated errors of omission@ndéssion

Level Il % Omission Error % Commission Error
Broad Leaf Crops / Other 11.96 13.81
Grass Crops 18.59 15.33
Bare Ground / Fallow 33.33 35.48

Table 6.4.Level lll crop classes and associated errors of omission@ndhéssion.

Level Ill % Omission Error % Commission Error
Alfalfa 11.54 25.81
Artichoke 0.00 20.00
Asparagus 0.00 0.00
Bamboo 50.00 0.00
Bell Pepper 60.00 0.00
Broccoli 55.56 55.56
Cabbage 100.00 100.00
Cantaloupe 38.46 38.46
Carrot 57.14 0.00
Cauliflower 0.00 20.00
Cilantro 0.00 0.00
Citrius 100.00 100.00
Corn 25.93 53.49
Cotton 33.33 33.33
Lettuce 57.14 25.00
Mixed Flowers 75.00 50.00
Onion 30.43 5.88
Parsley 0.00 20.00
Potato 25.00 0.00
Radish 25.00 0.00
Sugar Beets 6.06 24.39
Sugar Cane 100.00 100.00
Watermelon 20.00 0.00
Bermuda Grass 30.00 30.00
Fox Tail Grass 100.00 100.00
Kline Grass 63.64 20.00
Sudan Grass 23.91 36.36
Triticale 25.00 0.00
Wheat 22.22 20.00
Wild Oat 100.00 100.00
Bare Soil 58.82 58.82
Fallow Field 46.15 50.00
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Table 6.5. Total area (hectares) in Level lll dopm a yearly basis.

Level lll 2007 2006 2005 2004 2003
Alfalfa 54019.28 45084.26 58967.96 61656.46 70045.57
Artichoke 836.39 3860.93 410.76  955.77 1445.97
Asparagus 80.79 3.52 19.42 32.30 18.79
Bamboo 174.04 59.95 172.40 100.87 19.50
Bell Pepper 32.73 0.00 0.00 1.58 2.77
Broccoli 588.93 1039.94 576.68 667.59  504.58
Cabbage 112.66 105.76 63.13 8.04 112.34
Cantaloupe 3131.67 1422.76 4333.37 1677.43 2753.94
Carrot 1305.15 2397.77 1394.95 2147.18 1745.02
Cauliflower 104.68 5.97 14.57 7.71 14.55
Cilantro 53.12 18.92 170.37 167.58  258.25
Citrius 242.05 107.96 107.65 0.00 160.61
Corn 7793.99 12033.17 10736.31 7733.00 7830.94
Cotton 602.29 23.52 766.88 30.99 76.15
Lettuce 1092.11 1634.90 402.66 559.38  295.38
Mixed Flowers 24.78 0.00 23.07 3.82 17.66
Onion 4642.11 4548.52 4997.87 5777.00 6228.1(
Parsley 133.09 88.25 99.96 177.46 4.67
Potato 23.09 14.32 0.00 0.00 0.00
Radish 43.27 0.00 1.21 2.62 0.00
Sugar Beets 9449.51 9061.19 10272.95 16770.93 13345.1
Sugar Cane 116.91 200.53 238.36 226.13 69.6
Watermelon 80.33 0.00 0.00 108.93 109.2
Bermuda Grass 30153.542318.60 29766.65 24178.47 17775.6
Sudan Grass 20608.2241135.88 11646.85 18126.97 13928.8
Kline Grass 2940.99 848.37 269.93 1662.74 1188.2
Triticale 226.40 30.58 0.00 9.34 0.0
Wheat 18508.90 12096.07 16877.82 18142.11 25131.6
Wild Oat 1600.12 647.29 167.54 51.73 5724
Bare Soil 9281.53 6470.37 19233.90 8089.26 5743.6
Fallow Field 11505.73 14305.72 7853.73 10491.60 10165.6
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Figure 1. Pixel-based (A) and object-based (B)
classifications
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Figure 2. Landsat 7 Image with SLC error
uncorrected (A) and corrected via
interpolation (B). Image courtesy of the U.S.
Geological Survey.
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Figure 3. Distributional statistic GIS layer color coded Imetmean (A), maximum (B)
and standard deviation (C) of a single Landsat band
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Figure 4. Phenologic trajectories for three selected crops.
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APPENDIX A

(a)Level Il Crops - 2007
a Lewvel IIT Crop
R alfalfa
K-..-_— artichoke
. asparagus
M bamboo
M bare ground
B bell pepper
M bermuda
broccoli
[ cabbage
M cantaloupe
B carrak
caulifloveer

2 cilankro
~ citrus

M corn

B cotkon

M fallow
Kine grass

0 lettuce

8 mixed Flowers
anicn

B parsley
sudan

7 sugar beet
sligar cane
watermelon

B wheat
wild oak
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(b)Level lll Crops - 2006

o
; T ';EE

Level ITII Crop
alfalfa
artichoke
" asparagus

M bamboo

B bare ground

M bell pepper

M bermuda
broccoli

0 cabbage

B cantaloupe

M carrat
cauliflower

7 cilantra

. citrus

M con

B cotton

I rallow
kline grass

B lettuce

M ried flowers
anian

M parsley
sudan

0 sugar beet
sugar cane
watermelon

M wheat

wild nak
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(c)Level lll Crops - 2005

Level 11T Crop
alfalfa
artichoke
| asparagus

M barmboo

M bare ground

B bell pepper

M bermoda
broccoli

[ cabbage

M cantaloupe

B carrot
cauliflover

0 cilantra

~ citrus

0 corn

B cotton

M rallow
Hine grass

B0 lettuce

M riixed flowers
anian

B parsley
sudan

0 sugar beet
SlIgar cane
watermelon

B wheat
wild oak
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(d)Level Ill Crops - 2004

Lewvel IIT Crop
alfalfa
artichioke
¥ asparagus

M bamboo

M bare ground

B bell pepper

M bermuda
broccoli

[ cabbage

M cantaloupe

B carrak
caulifloveer

0 cilantrao

~ citrus

M corn

B cotkon

M fallow
Kine grass

0 lettuce

8 mixed Flowers
anicn

B parsley
sudan

7 sugar beet
sligar cane
watermelon

B wheat
wild oak
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(e)Level lll Crops - 2003

Level ITII Crop
alfalfa
artichoke

7 asparagus

M bamboo

B bare ground

M bell pepper

M bermuda
broccoli

0 cabbage

B cantaloupe

M carrat
cauliflower

7 cilantra

0 citrus

M con

B cotton

I rallow
kline grass

B lettuce

M ried flowers
anian

M parsley
sudan

0 sugar beet

. sugat cane

watermelon

M wheat

wild nak
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Appendix IV

INCIDENTAL OBSERVATIONS OF DEAD BURROWING OWLS IN
2006, 2007, AND 2008

JEFFREYA. MANNING
INTRODUCTION

Incidental observations recorded during a populatiensus can prove to be valuable for
elucidating general patterns that can facilitatielN® management, conservation, and
research objectives. The locations of incidentaligerved dead animals may be
valuable in helping direct future studies of caapeeific mortality to particular areas
where mortality is known to occur and be readilsorelable. The standardized survey
effort used to conduct the extensive Burrowing @uogulation censuses in the HCP
Study Area provides a unique opportunity to prekeoivn locations of dead Burrowing
Owls.

METHODS

The locations of dead Burrowing Owls were recorheitiental to conducting capture-
recapture population surveys during the prehatatesof the breeding cycle (April) in
2007 and 2008. During the pilot study in 2006,als® conducted similar surveys along
412 Km of the 1ID’s rights-of-way in April. Duringach year, a capture-recapture survey
included 4 repeated occasions along asphalt ahdbduls paralleling water conveyance
structures within the 11D’s rights-of-way. The sgjfec survey methods were described in
chapter 7. We also recorded information on deaddsung Owls observed along
primary roads and highways we used to access g flights-of-way. We traveled
primary roads repeatedly throughout a field seasohye traveled along some more
than others to gain quick access to the IID’s ggbftway. Thus, while our level of
survey effort on the rights-of-way was constantwitand between the 2007 and 2008
censuses, they were not equal among primary roBle.location coordinates of each
dead Burrowing Owl were recorded with a hand-heRBGinit.

RESULTS

A total of 33 incidental observations of dead Bwirtg Owls were recorded over the 3
years (Table 1V.1). Their locations were spatiaistributed across much of the HCP
Study Area (Figure IV.1).

CONCLUSIONS AND RECOMMENDATIONS

The HCP Study Area is over 2,000 Krdominated by agricultural activities, and

encompasses a variety of urban, suburban, andhunan developments. Burrowing
Owls in this system nest along irrigation draind aanals that border highways and
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maintenance roads where vehicular activities canidge and maintenance activities
frequent. Vehicle collisions have been cited astantially significant source of
mortality (Haug et al. 1993, Clayton and Schmut@7)9and the risk of vehicle
collisions is likely greater in developed areaswadénse human populations or along
areas where owls nest predominately near roadsexample, f[gher post-fledging
mortality from vehicle collisions occurred in arnriggltural landscape with >90% of land
area under cultivation compared to an unfragmeraedeland with <20% cultivation
(Clayton and Schmutz 1997).

Inadvertent nest destruction from road maintenaotietées in the HCP Study Area
have been shown to effect survivorship of bree@ogowing Owls in natural burrows
along above-ground water conveyance structuresiiGaitd Rosenberg 2006).

However, the causes of mortality in this diverssaaare likely to be numerous. The
incidental observations presented here do not septexa complete set of locations where
mortality occurs because the data collected hefaal include the locations of dead
owls outside of the IID rights-of-ways or thosetthere unavailable for detection during
visual surveys from vehicles (e.g., inside burroggsicealed in vegetation like
agricultural crops, or removed by predators, scgees) or people).

Table IV.1. Count of dead Burrowing Owls by year
in the Imperial Valley, California, 2006-2008. Rat
from 2006 are from a partial survey.

Year Count of dead Burrowing Owls
2006 10
2007 15
2008 8
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Figure IV.1. Locations of dead Burrowing Owls hetimperial Valley, California, 2006-
2008. Data from 2006 are from a partial surveglidlack circles are locations of dead
owls observed in 2006, solid grey circles are f@007, and hollow circles are from
2008. Thin lines represent irrigation drains.
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Appendix V

LOCATIONS OF BANDED OWLS IN 2006, 2007, AND 2008
JEFFREYA. MANNING

INTRODUCTION
There were 2 sources for reporting banded owle fifket was recording the locations of
owls we banded during our various studies at tne tve banded them. The second was
locations of all banded owls (those we and otharslbd) incidentally detected while
conducting standardized population surveys in 28¥2008. We detected no banded
Burrowing Owls and did not band owls during the @@dlot study.
METHODS
See Chapters 2, 7,and 16 for details on bandinganeying methodologies.
RESULTS
We banded 94 Burrowing Owls in 2007 (Figure V.1bl€aVv.1).
In 2007, we incidentally detected 39 banded Burngwdwls during the 4 survey
occasions, and with equal survey effort during tzahe period in 2008, we detected 26
(Figure V.2, Tables V.2 and V.3).
CONCLUSIONS AND RECOMMENDATIONS

None.
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Figure V.1. Locations of Burrowing Owls bandedhe HCP Study Area, Imperial
County, California, 2007. Coordinates provided able V.1.
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Table V.1. Coordinates of Burrowing Owls bandethia HCP Study Area, Imperial
County, California, 2007.

Date Bander Name Color Band Band No. X Y
2/16/2007 Jeff Kidd Red 1 623713 3619031
2/16/2007 Jeff Kidd Red 2 623811.7 3619034
2/16/2007 Jeff Kidd Red 3 623959.4 3619036
2/17/2007 Jeff Kidd Red 4 625182 3619001
2/17/2007 Jeff Kidd Red 5 625182.4 3619000
2/17/2007 Jeff Kidd Red 6 624828.3 3617379
2/17/2007 Jeff Kidd Red 7 624972.6 3617380
2/17/2007 Jeff Kidd Red 8 624829.3 3617379
2/17/2007 Jeff Kidd Red 9 625105.9 3617383
2/17/2007 Jeff Kidd Red 10 624663 3617402
2/17/2007 Jeff Kidd Red 11 624867.9 3617402
3/3/2007 Jeff Kidd Red 15 647949.6 3623291
3/3/2007 Jeff Kidd Red 18 647948.7 3623287
3/3/2007 Jeff Kidd Red 16 648302.2 3623288
3/3/2007 Jeff Kidd Red 13 648357 3623289
3/3/2007 Jeff Kidd Red 14 648356.7 3623289
3/3/2007 Jeff Kidd Red 17 648542.9 3623293
3/3/2007 Jeff Kidd Red 20 648542.8 3623293
3/3/2007 Jeff Kidd Red 19 648428.9 3623295
3/3/2007 Jeff Kidd Red 12 649153.1 3623363
3/3/2007 Jeff Kidd Red 41 647324.3 3623279
3/3/2007 Jeff Kidd Red 42 647814.7 3623282
3/3/2007 Jeff Kidd Red 43 647814.6 3623282
3/3/2007 Jeff Kidd Red 44 647397.2 3623281
3/3/2007 Jeff Kidd Red 45 647394.5 3623280
3/9/2007 Jeff Kidd Red 46 641029.8 3637478
3/9/2007 Jeff Kidd Red 47 641029.7 3637557
3/9/2007 Jeff Kidd Red 48 641035.6 3636840
3/9/2007 Jeff Kidd Red 50 641032.7 3637176
3/9/2007 Jeff Kidd Red 51 641035.3 3637036
3/9/2007 Jeff Kidd Red 52 641038 3636838
3/9/2007 Jeff Kidd Red 49 641028.9 3637559
3/9/2007 Jeff Kidd Red 53 641035.8 3637037
3/9/2007 Jeff Kidd Red 54 640507.9 3636976
3/9/2007 Jeff Kidd Red 55 641032.8 3637175
3/9/2007 Jeff Kidd Red 56 641039.3 3636759
3/9/2007 Jeff Kidd Red 57 641039.4 3636759
3/10/2007 Jeff Kidd Red 58 640660.3 3637789
3/10/2007 Jeff Kidd Red 59 640660 3637788
3/10/2007 Jeff Kidd Red 59 640564.6 3637787
3/10/2007 Jeff Kidd Red 91 640203.3 3637784
3/16/2007 Jeff Kidd Red 92 625054.5 3617377
3/16/2007 Jeff Kidd Red 93 624971.3 3617378
3/16/2007 Jeff Kidd Red 94 625426.9 3617402
3/17/2007 Jeff Kidd Red 95 625426.3 3617403
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3/17/2007 Jeff Kidd Red 96 625311.7 3617400
3/17/2007 Jeff Kidd Red 97 625313.5 3617400
3/17/2007 Jeff Kidd Red 98 624574.3 3617394
3/17/2007 Jeff Kidd Red 99 624575.2 3617394
2/17/2007 Scott Thomas Red 40 624668.4 3619012
2/17/2007 Scott Thomas Red 21 625285.2 3619000
2/18/2007 Scott Thomas Red 30 625335.1 3618983
2/18/2007 Scott Thomas Red 28 629692.3 3630666
2/18/2007 Scott Thomas Red 31 629692.3 3630666
2/18/2007 Scott Thomas Red 25 629566.2 3630789
2/18/2007 Scott Thomas Red 22 629837.9 3630523
2/18/2007 Scott Thomas Red 29 629526.5 3630827
3/4/2007 Scott Thomas Red 23 629573.1 3630790
3/4/2007 Scott Thomas Red 72 629612 3630749
3/4/2007 Scott Thomas Red 27 629508.7 3630845
3/4/2007 Scott Thomas Red 35 629527.2 3630828
3/4/2007 Scott Thomas Red 38 629839.5 3630521
3/4/2007 Scott Thomas Red 36 629936.1 3630449
3/4/2007 Scott Thomas Red 32 629936.5 3630447
3/4/2007 Scott Thomas Red 73 629352.6 3630951
3/4/2007 Scott Thomas Red 70 629302.8 3631043
3/4/2007 Scott Thomas Red 61 629241.2 3631047
3/5/2007 Scott Thomas Red 65 629509.3 3630845
3/5/2007 Scott Thomas Red 75 629516.9 3630842
3/5/2007 Scott Thomas Red 80 629432.1 3630917
3/5/2007 Scott Thomas Red 62 629375.1 3630972
3/11/2007 Scott Thomas Red 77 629615.5 3630748
3/11/2007 Scott Thomas Red 79 629378.5 3630970
3/11/2007 Scott Thomas Red 74 629906.1 3630413
3/11/2007 Scott Thomas Red 73 629353.2 3630949
3/11/2007 Scott Thomas Red 71 629626.3 3630691
3/15/2007 Scott Thomas Red 64 629943 3630315
3/15/2007 Scott Thomas Red 76 628795.8 3631898
3/19/2007 Scott Thomas Red 78 629760.6 3630598
3/19/2007 Scott Thomas Red 69 629947.6 3630063
3/19/2007 Scott Thomas Red 66 629947.8 3630128
3/19/2007 Scott Thomas Red 69 629948.1 3630126
4/6/2007 Scott Thomas Red 89 649807 3625701
4/5/2007 Pete Bloom Red 81 649359.2 3625726
4/5/2007 Scott Thomas Red 84 648733.1 3625721
4/5/2007 Scott Thomas Red 83 648183.3 3625702
4/5/2007 Scott Thomas Red 87 649223 3625720
4/5/2007 Scott Thomas Red 90 649067.2 3625714
4/5/2007 Scott Thomas Red 82 649067.3 3625716
4/5/2007 Scott Thomas Red 88 649185.6 3625722
4/11/2007 Scott Thomas Red 85 649807 3625701

Proj Coord Sys: NAD_83_UTM_Zone_11N; Proj: TranseerMercator; False_Easting: 500000.00000000; Rdlse_
0.0000; Central_Meridian: -117.00000000; Scale_¢ta€t9996; Lat_Of Orig: 0.0000; Linear Unit: Met&eog
Coord Sys: GCS_N._Am_83; Datum: D_N._Am._1983; erivterid: Greenwich; Ang. Unit: Degree.
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Figure V.2. Locations of banded Burrowing Owlsidentally detected during 4 survey occasions inH# Study Area,
Imperial County, California, April 2007 and 20080ordinates provided in Table V.2 and V.3.
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Table V.2. Coordinates of banded Burrowing Owtgdentally detected during 4
survey occasions in the HCP Study Area, Imperialr@®p California, April 2007.

Date X Y
4/13/2007 626143.9 3660471
4/17/2007 624625.1 3660246
4/11/2007 621292.5 3661131
4/10/2007 621286.5 3661137
4/10/2007 620439 3660210

4/3/2007 648014.3 3663108
4/16/2007 624371.7 3629942
4/2/2007 626709.7 3631777
3/30/2007 625936.9 3631667
4/16/2007 624332.3 3630938
4/2/2007 625936.8 3631666
4/3/2007 625400.5 3619003
4/3/2007 625185.5 3619018
4/5/2007 625936.8 3631667
4/5/2007 627541.8 3629430
4/9/2007 629761 3630600
4/9/2007 629841.6 3630522
4/9/2007 629907.7 3630411
4/9/2007 629637.3 3630660
4/10/2007 629762 3630598
4/10/2007 629840.9 3630522
4/10/2007 629907.5 3630413
4/10/2007 629639.9 3630658
4/10/2007 629537.3 3630930
4/11/2007 629303.8 3631044
4/11/2007 629378.6 3630971
4/11/2007 630157.4 3630208
4/11/2007 629639.3 3630658
4/4/2007 625936 3631666
4/10/2007 630302.6 3632004
4/18/2007 641037.6 3636758
4/3/2007 625611.8 3618963
4/5/2007 637334 3647406
4/10/2007 628798.7 3631897
4/16/2007 649066.7 3625714
4/16/2007 648732.2 3625710
4/16/2007 647815.8 3623283
4/16/2007 647946.8 3623287
4/16/2007 649043 3625693

Proj Coord Sys: NAD_83 UTM_Zone_ 11N; Proj: TranseeMercator; False Easting:
500000.00000000; False_N.: 0.0000; Central_Meridiat7.00000000; Scale Factor:
0.9996; Lat_Of Orig: 0.0000; Linear Unit: Meter; &geCoord Sys: GCS_N. Am_83;
Datum: D_N._Am._1983; Prime Merid: Greenwich; Akfnit: Degree.
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Table V.3. Coordinates of banded Burrowing Owisdentally detected during 4 survey occasions @ HRCP Study Area, Imperial
County, California, April 2008.

Date Recorded by C COL MARK C COL CODE C CODE C _LEG M_CODE M LEG X Y
4/3/2008 Scott Thomas none none none none not read L 622283.89 3658990.45
4/3/2008 Elias Elias red white FO R 0934-28519 L 630751.55 3672046.22
4/3/2008 Elias Elias red white A5 R 0934-28518 L 630770.85 3671792.06
4/9/2008 Scott Thomas red white 64 R 0804-42929 L 629943.84 3630314.54
4/9/2008 Scott Thomas red white 74 R 0804-42925 L 630157.64 3630203.55
4/3/2008 Jim Luttrell none none none none not read R 626359.23 3629912.22
4/3/2008 Jim Luttrell red white 1A L 0844-80354 R 625937.19 3631537.48
4/4/2008 Scott Thomas none none none none 0934-26583 L 630764.48 3672384.55
4/4/2008 Scott Thomas red white A6 R 0934-28516 L 630770.46 3671867.23

4/10/2008 Scott Thomas red white 32 R 0804-42913 L 629957.59 3630446.81
4/10/2008 Scott Thomas red white 25 R 0804-42907 L 629580.75 3630776.25
4/10/2008 Scott Thomas red white 78 R 0804-42932 L 629760.46 3630597.18
4/4/2008 Jim Luttrell red white E9 L not read R 625937.53 3631605.71
3/31/2008 Jim Luttrell red white 2K L not read R 623898.86 3631131.45
4/11/2008 Scott Thomas red white 36 R 0804-42911 L 629935.88 3630450.91
4/8/2008 Scott Thomas none none none none not read L 621453.64 3658495.59
4/14/2008 Scott Thomas none none none none 0804-06603 L 634942.72 3670977.96
4/7/2008 Mary Coolidge Red White 1 Left not read Right 623960.93 3619037.43
4/7/2008 Mary Coolidge Red White 5 Left not read Right 624939.11 3618985.12
4/8/2008 Mary Coolidge Red White F4 Right not read Left 636113.57 3632078.82
4/11/2008 Mary Coolidge Red White 18 Left not read Right 647951.20 3623269.17
4/11/2008 Mary Coolidge Red White 43 Left not read Right 647818.17 3623267.20
4/11/2008 Mary Coolidge Red White 42 Left not read Right 647817.59 3623266.34
4/18/2008 Mary Coolidge Red White 82 Left not read Right 649122.42 3625714.18
4/23/2008 Mary Coolidge Red White 1A Left not read Right 625938.45 3631530.67
4/24/2008 Mary Coolidge Red White E9 Left not read Right 625935.92 3631626.01
Proj Coord Sys: NAD_83 _UTM_Zone_11N; Proj: TranseeMercator; False_Easting: 500000.00000000; Rdls€.0000;
Central_Meridian: -117.00000000; Scale_Factor: @9%at_Of Orig: 0.0000; Linear Unit: Meter; Geogdzd Sys:
GCS_N._Am_83; Datum: D_N._Am._1983; Prime Meride@iwich; Ang. Unit: Degree.
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Appendix VI

SELECTED COMMENTS AND REVIEWS

PETER BLOOM (Bloom Biological, Inc., Santa Ana, Caifornia)

Received report on December 10, 2008

From: phbloom1@aol.com <phblooml@aol.com>
Subiject: IID BUOW report

To: manningbiological@yahoo.com

Date: Thursday, December 11, 2008, 8:17 AM

Jeff, ... A most impressive document and sometincan all feel proud of, thanks to you and the
team you managed. ...

JEFF TUPEN (CH2M Hill, Sacramento, California)

Received report on December 10, 2008

From: "Jeff. Tupen@CH2M.com" <Jeff. Tupen@CH2M.com>

Subject:Draft IT notes from 12/11 meeting

To: andrew_thompson@fws.gov, BTippets@sdcwa.ornigdu@iid.com,

carol_a roberts@fws.gov, guy wagner@fws.gov, jmgie@hid.com,

Jeff. Tupen@CH2M.com, jsheridan@dfg.ca.gov, KNICOig@d.gov,
skeeney@dfg.ca.gov, sgibson@dfg.ca.gov, tshieldsi@in

Cc: manningbiological@yahoo.com, PHBloom1@aol.comacNair@dfg.ca.gov
Date: Tuesday, December 23, 2008 1:37 PM

2008 12-11 IT Meeting Notes draft.doc (55KB)

With respect to the Draft Report submitted by tleB team:

Overall, | think the document is very well doned amcredibly scholarly. It undoubtedly forms aidol
basis for future BUOW survey efforts. This writtBe suggest the following changes for Bloom team
consideration (please feel free to add to, or reba suggestions):

1. Define the Study Arezarly in the document, and use this term instéadledyHCP areaor HCP.
HCP Plan Area, Imperial Valley, and IID Serviceearall come to mind as related terms, but | think
Study Area, once defined, is the better term fisreffort and deliverable.

2. Re-write/re-format the Executive Summtarynore clearly communicate the important
outcomes/results of the effort. Currently, itstirenethod-heavy. I'm thinking something simitar t
the way that I've crafted the IT notes from thetinge The current ES is 6.5 pgs...l suggest it
can/should be pared to something less than 2.

3. | suggest reformattingp a more-traditional report format, and away frahe thesis structure
currently used. Pool all refs in single Referensestion. Separating chapters is ok, but no need f
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individual chapter authorship. If chapter authoisis important to others, this can be communicated
in an Acknowledgements section of Forward sectlahink this reorganization will improve the flow
and readability of the document.

4. Cover sheethould reflect the contracted team effort. | gjgPrepared by Bloom Biological,
Inc., in association with Manning Biological Reselaiand Wildlife Research Institute”. | suspect Jef
Manning did the lions share of writing on this deliable, but re-tooling the cover page ties this
deliverable to IID contracting requirements morepisely.

5. Delete word "guise" globally from this documette same is true for any other technically
correct, but distracting terms. I'll defer to otsdor ferreting other terms out during review.

ANDREW THOMPSON (U.S. Fish and Wildlife Service, Calsbad, California)

Received report on December 10, 2008

From: Andrew_Thompson@fws.gov [mailto:Andrew_Tham@fws.gov]

Subject: RE: Draft IT notes from 12/11 meeting

To: Tupen, Jeff[SAC

Cc: Carol_A_Roberts@fws.gov

Date: Friday, February 06, 2009 5:00 PM

Comments on the Imperial Valley Burrowing Owl Papioh Study 2006 v2.doc (27KB)

AttachmentComments on the Imperial Valley Burrowing Owl Papioh Study 2006 v2.doc (27KB)
Comments on the Imperial Valley Burrowing Owl Papioh Study 2006-2008

Jeff Manning and the Bloom Team have conductedhsixtesurveys in the Imperial Valley with the
overriding goal of developing a protocol that acately and cost-effectively samples burrowing owls
in the future.

The report, overall, was excellent. They usedbst up to date statistical methods to account for
effects of sampling and methodological variabitityestimates of owl population size. Their results
provide clear guidance for an optimal strategy engrate acceptable levels of confidence around
abundance estimates for a future sampling protocol.

One issue that was not completely resolved in myg mvas the use of the spatial coordinates to
generate capture histories. This method assunastten if an owl is misidentified results will roet
biases because detection probability will cometbatsame for the entire population. A potential
problem with this assumption occurs if there is\tdlial heterogeneity in the detection probabibity
owls. For example, if there is a proportion of fhapulation that naturally has a lower detection
probability, then assuming misclassification cobids the results. If there individual heterogeyeit
does not occur and misclassification is randomnttie results would be unbiased.

It may be possible to resolve this issue by comagiet limited mark-recapture survey where owls are
actually banded. Then, you could use model seletti determine whether a model that includes
individual heterogeneity is selected over those ek individual heterogeneity. If there is no
evidence of individual heterogeneity, then we wauwlieve greater confidence in the use of spatial
data in lieu of actual mark-recapture data. Giwbat they did band some owls to examine movement
and site fidelity, maybe this data set could belifse such an evaluation.

Manning, J. A. 2009. Burrowing Owl populationesin the Imperial Valley, California: survey andrgding
methodologies for estimation. Final report to liln@erial Irrigation District, Imperial, CalifornidJSA, April 15, 2009 180



Jeffrey A. Manning April 15, 2009

As mentioned above, | agree with the recommendatomen by the Bloom Team for measuring owl
abundance in the future. One aspect we need ik #thhout, however, is how to better establish the
types of management activities that could allevistpulation declines. The report showed that there
was an appreciable decline in owl abundance betvi28€)Y and 2008 and tells us what we need to do
to be able to detect changes in the future. uinknown what caused this decline, however, and thus
the results do not provide guidance for manageraetibns. Given that even the most highly selected
models described only a small (yet significant)gandion of the variation in owl abundance, therais
need to more precisely explain potential causgsopiilation fluctuation. It is possible that the
covariates collected by the Bloom Team were toossoand thus operated at a different spatial scale
than what affects the owls. Itis also possibl the decline was caused by something that went on
outside of the Imperial Valley. Our task is nowd&germine whether factors within our control are
impacting owls and provide guidance for how manag@nan minimize detrimental factors.

A first step might be to evaluate the relationstfigovariates to owls in 2008. The strongest nsdel
from 2007 identified the current number of burrdBsirrows in 2007) and alfalfa 3 and 4 years prior
as correlating with owl abundance. Based on timding, an expectation would be that alfalfa in 800
would more strongly correlate with 2008 owls th&®?2 owls. Is this the case? To further the gdal o
understanding how to adaptively manage this spetig#l be necessary to evaluate further the dffec
of covariates on burrowing ow! distribution and afdance.
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