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ABSTRACT

Wind energy development is a fast growing renewahirgy sourceDespite the
mary benefits of wind power, there are some concerns regarding the environmental
impact of wind turbingssuch as habitat loss, habitat disturbance, soil disturbance and
possible erosionjegetatiorioss, promotion of invasive species, noise pollytemd
cadlision-related avian mortalityBird and bat collisions with turbines and other
infrastructure are possible direct hazards. Habitat loss, habitat fragmentation, avoidance
of structures and other behavioral changes, and increased predation becausas#dnc
perching and nesting structurfes raptorsare some of the potential indirect hazards
Wind farms likely have varying risks and different magnitudes of hazards depending on
placement of the facility, topography, weather, wildlife habitat needsswédlife
migration patternsimprovements in wind farm placement and new repellant
technologies may help reduce mortality at wind faciliti€eese wildlife impact issues
along with the great potential for wind energy development in the Great Régins
increasd the need for preonstruction assessments and mitigation to lessen the potential
impacs of wind energydevelopment My intentwas togaina better understanding of
grassland bird communities in the TeRamhandle.l examined avian flight hghts to
identify possible species at greater risk of collisions with wind turbines exahiined
aviandiversity and dengjtpatternghrough the year. Understanding differences in avian
diversity betweemrovertypes will helpwildlife managers and windnergy developers
identify areas that may be importanta@anconservation.l compared the effectiveness
of point-countsandline-transecd to help researchers plavian surveysor futurepre-
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construction assessments

During October 2008August2009, | recorded flight heights of 65 species at a
future wind farm irthe Texas High Plaind. observed average flight heights2¥
species were within the potential rotor swept zd¥®4; 32 124 m). Of those species,
werelisted as speciesf concen for the Texasligh Plains region by Texas Parks and
Wildlife Department. | found that the species=(14)with >25% ofobserved flight
heights within the RSZ were composed of 21% raptors/vultures, 50% wetland associated
species, and 29% passerine/otmecies. As indicated by flight heights, | found raptor
and waterfowl groups were at greatest risk of collision with wind turbines in the central
Texas Panhandle. Turbine placement should be avoided in areas with high
concentrations of trees which prdeinesting habitat for many raptor species. Turbine
placement should also be avoided in areas of high raptor prey densities where raptors
may concentrate to feed. For wetland associated species | recommend that turbine
placement should be avoided neayal wetlands where these species concentrate to
feed, roost, and nest stratified our sites into 8over types (agriculture, breaks, plateau
grasslands, playa wetlands, and prairie dognomys ludoviciangsowns | calculated
Shannon an dverSity imdicesdon gach sitgvertype, and season.found
the breaksovertype( HO = s2 0.80@7) clo$2st to historic native grassland, had
the highest avian diversity and plateau grasslands, primaripatve, had the lowest
aviandiverdy ( H6 = s2 0.24®4) | d&ected the most avian spedies 95)in
agriculture but the lack of nesting habitat in agriculture may reduce its importance to
conservation of native grassland birdsobserved moderate avian diversity at playa
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wetlands and prairie dog towns. Diversity indices, often considered indicative of
ecosystem health, are an important component in the assessmplaicement of wind
facilities. Based on diversityrecommend wind energy developers avoid construction of
wind energy facilities on the breaks, playa wetla@adsl prairie dog townovertypes.
Breaks, playa wetlands, and prairie dog tmexertypes provide habitat to unique
segments of the avian community in this region such as declining grassland atirdhor
populations.

| estimated density using Program Distance 6.0 for 32 of the 163 species
observed. While lin¢ransects took more effort they resulted in a greater number of
species detected (23 species with pemints and 29 species with lHransects). This is
likely because more area was covered and birds flushed as observers walked along the
line. However, differences between survey techniques depended on season and species.
For example, noibreeding season sparrows were detected bettetimatiransects,
likely due to flushing of secretive birds. On the other hand, if surveying breeding season
sparrows, either survey technique worked well. | recommendriamsect surveys be
used when surveying grassland species anebnegding seasasurveys. | recommend
pointcount surveys when survey effort is limited. Potential impacts on wildlife can be
reduced during the development phase wfral facility by relying onpre-construction
site assessmesntin the Central Panhandle of Texas laetwnend placement of wind
turbines be avoided near playa wetlands and raptor nesting areas and focused more in
agricultural areas. Also, during ndaneeding season surveys or when surveying

grassland birds, the better survey technique isttenesects.
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CHAPTER |

INTRODUCTION

Wind energy is a quickly growing renewable energy source in the Upitgds
and around the world (Arnett et al. 2007, Kunz et al. 200¥})he United States
government incentives such as federal tax credit progthm#&merican Recovery and
Reinvestment Act of 200@nd other programs have helpadate aenableecononical
climate forwind energy developmeiriNational Research Council 2007, U.S.
Government Printing Office 2009)or wind energy production to be economically
feasible at a sitgverage wind speeds ®82 km/hr are needed (Pimentel et al. 2002).
Wind erergy resource adequate fguotentialdevelopment can be found in 46S.
states.Since most states only have voluntary guidelines regarding wind facility
placement, few regulations exist for wind energy development (National Research
Council 2007). Cusently, Texas is the leader in the number of turbines and wind energy
productionin the U.S(National Research Coun@D07). Texas consists almost entirely
of private lands in which there are no regulations for wind engegglopmen{National
ResearclCouncil2007, Boydston 2008 Texas also has a large transmission line project
underway that will bring even more wind energy facilities to the $§Bgdston 2008)
Currently there is not adequate transmissiapacityto distribute the electricity
gererated by wind farms to the metropolitan areas where it is néBdetic Utility
Commission of Texas 2009).

Wind energy and other renewable energies/ide an opportunity for reduced
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dependence diossilfuels (Evans et al. 2009). Wind energy has ploéential ofreducing
someaspects omining activities (habitat loss, land scarring, soil erosion, run off, and
water pollution), air pollution, and greenhouse gas emississsciateavith non

renewable energy sources (National Research Council 28@djtionally, wind

turbines only take upi%®% of the land needed to operate the turbine so the surrounding
unoccupied land can be used for grazing, crops, or other purposes (Pimentel et al. 2002
National Research Council 200 Hlowever, influences on wdlife may not be confined

to areas in the immediate vicinity of turbines. For example, avoidance patterns have been
observed in some species which results in reduced available habitat fospghoss

(Osborn et al. 199&rickson et al. 2003 earceHiggins et al. 2009, Smallwood et al.

2009) In Washington and Oregograsshopper sparrowArimodramus savannarjim

and western meadowlarkSt(rnella neglectashowed decreadeise of aresnear a wind
facility (Erickson et al. 2003). Similarly, Peaseigggins et al. (2009) found 7 of 12
breeding bird species had lower frequency of occurrence at a wind facility in the United
Kingdom.

Despite the many benefits of wind power, there are some concerns regarding the
environmental impact of wind turbinesuch ashabitat loss, habitat disturbance, soil
disturbance and possible erosion, vegetation loss, promotion of invasive species, noise
pollution, and collisionrelated mortalityNational Research Council 2007tach of
these may impact populationshofds, bas, and other wildlifespeciegNational
Research Council 2007). The effects of wind farms on wildlife have been published in a
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few European and Americauientific studies, bt the bulk of information oeffectswas
documented in unpublished repaatsd other gray literature (Arnett et al. 2007, Kuvlesky
et al. 2007).

Theimpacts of wind poweon wildlife can be both direct and indirect. Bird and
bat collisions with turbines and other infrastructure are possible direct hazards of wind
power (Pimenteét al. 2002, Hoover and Morrison 2005, Arnett et al. 2007, Kuvlesky et
al. 2007). Habitat loss, habitat fragmentation, avoidance of structures and other
behavioral changes, and increased predation because of increased perching and nesting
structures areome of the potential indirect hazards (Osborn et al. 1998, Hoover and
Morrison 2005, Piorkowski 2006, Kuvlesky et al. 2007, Lammers and Collopy 2007).
Wind farms likely have varying risks and different magnitudes of hazards depending on
placement of théacility, topography, weather, wildlife habitat needs, and wildlife
migration patterns (Jain 2005, Arnett et al. 2007, Kuvlesky et al. 2007).

Early wind development in Californi@sulted inalarge number of birds,
especially raptordeing killed each yer due to collisiorandelectrocution aB major
wind facilities, Altamont Pass, San Gorgonio, and Tehachapi Wind Resource Areas
(Howe and Noone 1992, Thelander et al. 2003). Reported raptor casualties compiled by
the California Energy Commission aathe research at these wirfiacilities found that
eagles, burrowing owlsAthene cunicularig hawks, especially rethiled hawks Buteo
jamaicensiy and Americarkestrels Falco sparveriuy were at greatest risk of collisions
with turbine blades (Estep 1989owe and Noone 1992, Thelander et al. 2003,
Smallwood and Karau 20094t a wind farm in CaliforniaThelander et al. (2003)
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documented 50% of bird fatalities were raptofis wind farm ha,400 turbines
operating at the time of the study. Keder et al. (2006) also reported 50% of bird
fatalities atanotherCaliforniafacility were raptors.

Otherstudies have suggested possible reasons for the excessive collision and
electrocution mortality in raptor species. These included placement ofdsrtin ridges
in a raptor migration corridor, older lattice style towers that encouraged perching and
nesting, smaller blade diameters that rotategreaterevolutions per minutenaking it
hard for raptors to avojgplacement in high prey density areasd high densities of
turbines (Estep 1989, Howe and Noone 1992, Thelander et al. 2003, Kunz et al. 2007,
Smallwood and Karau 2009).

Smallwood and Karau (2008xaminedhow updating older wind turbine designs
and technology at Altamont Pass Wind Resoéea could reduce collision fatality
rates. They concluded thatm83%reductionin raptor fatalities andn87%reduction in
overall bird fatalities could be mitigated througkoing with newer generation turbine
technology. Studiesxaminingnewer gneration wind facilities in California and other
sites in the westn U.S.have found avian fatality rates, especially rapteeremuch
lower than older generation wind facilities in California (Erickson et al. 2000, 2003,
2004 National Research Couh@007). Redtailed hawks and American kestrels
comprisedhe greategproportionof raptor fatalities in these California stud{&sickson
et al. 20002003 2004). However, unlike the high proportiong@ptorfatalities at
Altamont Passcollision fatalities at a windarm bordering Washington and Oregmere
primarily passerines (50% residents and 25% migrd&riskson et al.2004). Overall,

4



mortality rates (1.89 birds/mega watt [MW]/year) at this wind farm were lower than that
of the AltamontPass facility (7.52 birds/MW/year)A Wyoming studyalsofound

raptosto be a small portion of overall collisionortality rate which was 1.99
birds/MW/year {foung et al. 2008 This studyfoundaneven greater portion of collision
fatalities to be passines (92%jhan was found in Washington and Ore@¥oung et al.
2003).

Similar to the newer generation wind facilities of the westéf, studies atvind
facilities of Canada anithe mdwesternU.S. have found passeria#o be thegreatest
portion ofcollision fatalities (Piorkowski 208 Howe et al2002, Brown and Hamilton
2004, Jain 2005, Brown and Hamilton 2006). Séstudieslso found that raptor deaths
were a small portion of overall deaths but also found thataiésti hawks and American
kedrels were the most susceptible to collisiofrs southwestern Minnesota, Osborn et al.
(1998) found Americakestrels and rethiled hawks often fly at heights within the rotor
swept zone but found no American kestrel ortagbbd hawk mortalitiegluring post
construction surveys. They thought this was likely due to low densities of the 2 species
and differences associated with newer generation turbines (Osborn et al. 1998).
Additionally, wind energyfacilitiesin the estern US. have low raptor fatéles (on
average 6% of mortalities)Studies of these facilities repbigh passerine fatalities
(<76%), with nocturnal migratig passerine0%) being of special concern (Kerns and
Kerlinger 20@, Nicholson et al. 2005, Fielder et 2007, Jain et aR007, National
Research Council 2007).

Across North Americadocumentedbird mortality rates have rangé&om 0.04
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9.59 fatalities per turbine per year (National Research Council 2007). The National
Research Council (2007) compiled avian mortadiitisticsfrom studiesacrossheU.S.
and found that for all regions 74% of the fatalities were passerines, 11% game birds, and
6% raptors and vulturesAlthough the rates of raptor fatalities do&, many raptor
species havwer reproductive ratesurther amplifyingimpacs of turbine collisions to
their populations (Pimentel et al. 2002, Kuvlesky et al. 2007, National Research Council
2007). Many raptor species are longer lived and have lower reproductive rates leading to
low population growth rate®imentel et al. 2002, National Research Council 2007).
These species will likely undergo impacts on their populasooser than species with
higher reproductive raté®imentel et al. 2002, National Research Council 2007)

The variability of collisiorfatalitiesamongavian specieand wind farmss likely
due tovariation inmigration paths, migratory stopover sitasdlandscape
characteristics (National Research Council 2007). Pimentel et al. (2002) reported <300
bird fatalities for the estimatelB,000 turbines in thg.S.in 2000 While the mortality
from wind turbiness a minimal contributor to overall bird fatalities, ii§ likely additive
to other causes of mortalityrthercontribuing to declines in some speci@dational
Research Councd007). More beforeafter studies are needed to determio@ hmpacts
to avian species may influenttee entire biotic communityFurther study is also needed
to determinéhow fatalities of migrant birds affetdcal and regionabird populations
(Natioral Research Council 2007).

Improvements in wind farm placement and new repellant technologies may help
reduce mortality at wind facilities (Pimentel et al. 2002, Jain 2008 turbine
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technology has the potential to not only lessen the impacts dlifevibut to increase
energy productiofSmallwood and Karau 2009However, more thorough and longer
term studies are needed to assess wheli@rges in bird behavidnabitat loss, habitat
fragmentation, other habitat modifications, and increasedsinficture are more harmful
than direct mortality (Erickson et al. 2004, Kuvlesky et al. 2007, Arnett et al. 2007).

Many birds have been found to modify their behavior around active wind turbines
and tend to fly either above or below the blade radius (Qsitaal. 1998, Howe et al.
2002, Nicholson et al. 2005, Masden et al. 2009). Masden et al. (2009) found that
migrating seaducks modgd their flight trajectories within 50én of offshore wind
facilities. Also, Smallwood et al. (2009) found species hinetheir behavior around
wind facilities For example, some species would avoid flying near turbines while others
would fly closer to turbines if they were inoperative or brok&mallwood et al. (2009)
found that nallards Ana platyrhynchgsand lorned larks Eremophila alpestrisavoided
rotor swept zones. Whileggerhead shriked.&nius ludovicianusavoided operating
turbines, they were less avoidant and more interactive with other birds in areas of non
operating turbinegSmallwood et al. 2009)Smallwood et al. (2009)s0 observed
western meadowlarksrimarily exhibitedtravel behavionearoperating turbineand
little to no time exhibiting other behaviors.

Other indirect impacts of wind energy facilities are more complicated to
understand. nhpacts from facility construction and maintenance leading to habitat loss,
habitat fragmentation, and behavioral avoidance differ graatlynghabitats, species,
and habitat conditions prior to constructi®ational Research Council 2007). Leddy et
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al. (1999) found evidence that some species of male song birds were feuhtinaés
lower densities180 m of turbines in Conservation Reserve Progi@RP) land thanin
CRPlandwithout turbines. Similarly, in the United KingdoiearceHiggins et al.
(2009) found that 7 af2 speciestudiedwere foundatlower frequencies within 500 m
of turbines. In MinnesotaJohnson et a(2000 reporteddisplacement of some groups
and speciem areaswithin 100 m of turbines

Along with species being impactedfdrently, the National Research Council
(2007) found that grasslands and agricultural fields had the greatest collision fatalities
Grassland birds are among the most threatened and declining communities of birds in
North America due to loss and fragneiion of habitatfom other anthropogenic
activities such as agriculture and oil amturalgas development (Pruett et al. 2609
National Research Council 20(auer et al. 2008 These communities may be at
furtherrisk of declinas due todevelopmenbf wind energy facilities (Pruett et al. 20§)9
Also, throughout much of the Great Plains there are many migratory stopover sites
frequented bynigratory shorebirds, waterfoydnd other water birds that may be
susceptible to wind energy facilities péattoo close to wetlandBévis andSmith 1998.
The National Research Council (2007) report notégratory stopover sites to be at
greater riskor collision fatalitiesdue to the concentration of birds in one aréhese
wildlife impact issuesalongwith the great potential for wind energy development in the
Great Plainsincrease the need for pecenstruction assessments and mitigation to lessen
the potential impastof wind energydevelopment For examplethere arel04 priority
avian species the TexadHigh Plains regionmost of which are migratory shorebirds or
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grassland birdthatare already in decline due to habitat loss and fragment&emdér
et al.2005). To lessen the impact on wildifeind energydevelopersieed to consider
thes species and key habitat resources vdang facilities and individual turbines.

Most published and unpublished studies to date have been short tersnl(i.e.,
year), did not examine pi@nstruction bird abundance or movement patterns, and have
used irconsistent surveys and field protocols (Howe et al22B@berts and Schnell
2005, Piorkowski 2006)My research is part of a lortgrm preconstruction monitoring
project intended to provide baseline data for comparison with research conducted after
theconstruction of a wind farm in Gray County, Texas, US4y goalwasto use 2
methods t@assess yeaound avian species richneds/ersity,abundance, and
occurrence prior to construction of wind farms in the Texas Panhandle. My study
provides baselinedata on grassland bird densityefsity, movement patterns, and
proportion of the population at risk of collision f®ventuakcomparison with post
construction bird communés.

My intentwas togaina better understanding of grassland bird communiitiéise
Texas panhandle. examined avian flight heights to identify possible species at greater
risk of collisions with wind turbines. dxamined aviadiversity and densgjtpatterns
through the year. Understanding differences in avian diversity betosertypes will
helpwildlife managers and wind energy developdentify areas that may be important
to avianconservation.l compared the effectivenesspmdint-couns andline-transecs to
help researchers plavian survey# the Texas Panhandle.

| followed the style and formatting guidelinesTdfe Journal of Wildlife
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Managemenf{Chamberlain and Johnson 2008). Chapters Il through IV each have several

coauthors. | determined -@uthorship based on the guidelines set by Dickson et al.

(1978) an Ballard (2005). Authorships are as follows:

Chapter I. S. J. Wulff

Chapter II. S. J. Wulff, M. J. Butler, W. B. Ballard, C. W. Boal, K. K, Boydston, A.
Linehan (deceased), and H. A. Whitlaw

Chapter Ill. S. J. Wulff, M. J. Butler, W. B. Ballard, C. Bbal, K. K. Boydston, A.
Linehan (deceased), and H. A. Whitlaw

Chapter IV. S. J. Wulff, M. J. Butler, W. B. Ballard, C. W. Boal, K. K. Boydston, A.
Linehan (deceased), and H. A. Whitlaw
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CHAPTER Il

AVIAN FLIGHT HEIGHTS IN THE TEXAS PANHANDLE

ABSTRACT

Wind energyis one of the fastest growing renewablergyesources in the United
States. Wind energy has the potential to reduce use ofdraditioarenewable energy.
However, there is concern for potential shartd longterm influences on wildlife, such
as avian collision with turbine blades, habitat loss, habitat fragmentation, and habitat
avoidance. Our goal was to examine the flightgras of avian species to assess which
species are at greatest risk of collision with wind turbine blades. During Octobér 2008
August 2009, we recorded flight heights of 65 species at a future wind fanm Trexas
High Plains. We observed averagefitifpeights o9 species were within the potential
rotor swept zoneRSZ;321 124 m). Of those specie§,werelisted as speciest concern
for the Texaddigh Plains region by Texas Parks and Wildlife Department. We found
that the species (14)ith >25% d observed flight heights within the RSZ were
composed of 21% raptors/vultures, 50% wetland associated species, and 29%
passerine/other species. ldentifying these species will facilitate wind facility site
assessment and placement to help mitigate pateatiision impacts on avian species.
KeyWords behavior flight heights,grassland birdgre-constructionraptors,Texas
High Plainswetland birdswind energy
INTRODUCTION

Wind energy has become one of the fastest growing renewable energy sources
due to incentive programs, such as the renewable energy production tax credit created in
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the Energy Policy Acdf 1992 and extended in the American Recovery and Reinvestment
Act of 2009 (U.S. Government Printing Office 2009Many consider wind energyg be

a positive renewableource okenergybecause oits potentialto reduce the use obn
renewable energy sourcasd their negative environmental impafilational Research
Council 2007, Pimentel et al. 2002). Howeveréhare concerns abopbtental direct

and indirect impacts of wind energy facilities on wildlife, especially birds and bats.

Direct impacts are primarily collision fatalities and indirect impacts inchadstat loss,
habitat fragmentation, habitat avoidance, and behavioral chéhgest et al. 2007,

Kuvlesky et al. 2007).

Early windenergyimpactstudies in the United States gained attention and
concern foffrequentcollision and electrocutiofatalitiesof raptors(Smallwood and
Karas 2009, Estep 1989). At the tinhtle wasknown about the placement and structure
of wind facilitiesto reduce collisions and electrocution fataliti€&udies since have
determinedhat older lattice tower turbines at high densities in areas with high avian
populations lead to high rates of ¢silbn fatalities (Smallwood and Karas 2009, National
Research Council 2007). The majorifoccurrentresearch have been on post
construction collision fatalitiepossible mitigation through newer technolpggd better
placement of wind facilities.

For abetter understanding of wind facilipfacement withthe least impact on
wildlife, natural resource managersed toconductpre-construction site assessment
Theseassessmesteed to include species occuparspeciegsiensity,animalmovement
through and within a siteandotherbehavios of potentially affected wildlife For
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example, esearch into raptor collision fatalities has identifiedteeltd hawks Buteo
jamaicensiyand American kestrel§&lco sparverius)n many regions to have Hig
collision potential possiblywkto their flight behaviarhunting techniquesand high
densitieqArnett et al. 2007, Hoover and Morrison 2005). Hoover and Morrison (2005)
found that reetailed hawks use the landscape and wimkden huntingn a waythat can
lead togreaer collision potential around wind turbines. Other avian species have been
shown to modifytheir behavior around turbinedNorthern harriers@ircus cyaneus
showed increased caution arowind facility andavoidedturbines (Smallwod et al.
2009). Western meadowlarkSt(rnella neglectaoccasionallynodified theirtraveling
behavior near turbines but were also recorded perching on turbines (Smallwood et al.
2009, National Research Council 2007). Smallwebal. (2009) found thaome
speciessuch as American crow€g@rvus brachyrhynchgscliff swallows
(Petrochelidon pyrrhonofaredwinged blackbirdsAgelaius phoenicelisand western
meadowlarkswill fly within 25m of wind turbines. They also found that some
individuals anl species of birds were less causaround turbines when engaged in
activities such as foraging and interacting with other birds (Smallwood et al. 2009).
Similarly, in MinnesotaQOsborn et al. (1998) found B824% of birds observed modified
their behavio by either flying above or below thietor swept zone (RSZ; 285 m in
MN study)of wind turbines.

The focus of our study was to identgpecies that are athigher risk of collision
fatalitiesdue toheights at which they flyOur goalwasto identify species that may be
more susceptible to turbine blade collisiondxamining mean flight heights and the
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proportion of flight heights in the RSZ. We also examiseasonallight heightsto
determingf risk varies among seasons. Our results, alatigresults from other avian
studies, will inform placement of turbines at future wind facilities in the Texas High
Plains and help mitigate short and letegm impacts on avian species.
STUDY AREA

We conducted research on 2 sites in Gray and Donleytiesyiiexas, USA.
Both study areas are part of the Llano Estacado Plateau and surrounding escarpments.
The Llano Estacado Plateau is the largest plateau in North America (82,80®rkith
2003). Land use on the Plateau was a mixture of agricultureileend natural gas
production; natural land cover was primarily skhgraéss prairie and playa wetlands (The
United Nations University [UNU] Press 1995, United States Forest Service [USFS]
1994). The Plateau is surrounded by relatively abrupt escarp(besa&s) ranging from
501 200 m in height (UNU 1995, USFS 1994). The breaks were primarily used for
rangeland and oil and natural gas production (UNU 1995, USFS 1994).
Gray County Site

We conducted research at the Gray County site from October 2098st2009
(Fig. 2.1). We sampled the avian community on a 219d0ea during October 2008
February 2009. We expanded the Gray County site to 368lkrimg March 2000
August 2009 because the wind energy company increased the land area leased for its
futurewind energy facility. The Gray County site consisted of 2 general habitat types:
uplands and breaks. The upland area (132ckiming Oct 2008Feb 2009; 170 kfn
during Mar 2009Aug 2009)was located on top of the caprock of the Llano Estacado
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Plateauvhich is a mostly flat landscape that included cropland, pasture, playas wetlands,
and Conservation Reserve Program (CRP) land and other grasslands (Smith 2003).
Common crops were corn, cotton, and winter wheat. The playas are shallow depressional
rechage wetlands and some of the highest playa densities are located in the Southern
High Plains (average 1 per 2.6 krBmith 2003). These playas provide habitat for both
waterfowl and shorebirds throughout the year (Smith 2003). The uplands portion of the
Gray County site contained 2 cattle feedlots and a dairy operation. Trees were found
primarily around human structures and the most common tree was cottorRopodus
spp).

The breaks habitat type (87 km2 during Oct 20& 2009; 133 km? during Mar
2009 Aug 2009) was a broken landscape of gully washes and ravines, composed mostly
of shortgrass prairie. There were few water bodies limited to water tanks for cattle and
ephemeral creeks. This area was also used for oil and natural gas extractias amd h
extensive infrastructure of roads, oil wells, and other structures. Some trees, primarily
cottonwood, were found within the breaks where deeper ravines hold water. Prominent
grasses include buffalo gragauchloe dactyoids blue gramaBouteloua gacilis), and
other grama specieBgutelouasp.; National Resources Conservation Service [NRCS]
2006).
Donley County Site

We conductedesearch at the Donley County Site (18.7kduring October
2008 February 2009 (Fig. 2.1). This site consisted odkseand was dominated by
honey mesquiteRrosopis glandulosa Other trees or brush occurred throughout the site
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on ridge tops and drainages, which were spring fed throughout the year. Primary grasses
were buffalo grass and grama (NRCS 2006). Tiudysarea was used for rangeland with
no oil or natural gas production on site.
METHODS
Random Points

We selected 30 random points and conducted surveys from those points during
October 200BFebruary 2009. We ensured that points were spa&@d m apart There
were 23 points on the Gray County study area and 7 on the Donley County study area
(Fig. 2.1). For the expanded Gray County study area we randomly selected an additional
34 points (49 total points used; 8 of the original 23 points were removiedalad access
issues; Fig. 2.1) and conducted surveys from those points during MarahA2Q0@t
2009. We proportionally allocated points to ensure that all cover types were represented
in the sample. We classified cover types as agriculture, brdatesap grasslands, playa
wetlands, and prairie do@ynomys ludovicianysowns. Our breaks cover type was a
broken landscape of gully washes and ravines, composed mostly efjstssiprairie
located off the plateau. Also, our plateau grassland cgpentas broadly defined as
grasslands located on the plateau which included CRP, pasture, and other grasslands.
Points were not placed within 400 maufveredges to avoid overlap into othever
types. On the Gray County site there were 3 highways @ldghway 60, State Highway
152, and State Highway 273) and points were plad@® m from highways to avoid
traffic noise.

Additionally, we used each random point (except the 10 points in playas or prairie
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dog towngdue tothegeneral size and shapkthose features) as the start of an-890
transect. Each transect was oriented along randomly selected compass bearings. We
constrained selected bearings so that transects remained within the study site and
respective cover stratum and were spaet@Dm apart.
Surveys

We conducted surveys from 0.25 hr before sunrise until about 10:30 am or 3 hrs
after sunrise when diurnally active birds were most active and vocal (Diefenbach et al.
2003). We conducted each point survey for 20 min with surveys divide@ i10min
intervals. We used a weather meter (Kestrel 2000 Pocket Weather Nletsesz
Kellerman Boothwyn, PA) to measure wind speed and temperature. We did not conduct
surveys if average wind speed was >32 km/hr or in severe weather, such as
thuncerstorms, because of reduced audibility and activity of birds (Diefenbach et al.
2003).

We conducted surveys during 4 seasons with up to 3 samples per technique (point
or line-transec) per season. We defined seasons as wintefi {9, spring (Mdr
May), summer (JunAug), and fall (SepNov). Thepointcouns at playas and prairie
dog towns were surveyed twice a month, similar to other point surveys, but Witlesut
transecsurveys We rotated the time of morning in which samples were monitored at
eachsite to avoid bias from reduced bird activity during late morning.
Height Measurements

We measured flight heights when birds were first detected during our surveys.
We usectlinometers (Suunto Clinometérantaa Finlang and rangefinder@Nikon
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Monarch Gold Laser 1200, Tokyo, Japan) to estimate flight heights. We estimated flight
heights from perpendicular distance to the bird or group of birds and the angle (degrees)
of incline to the bird at the location originally sightdebr our flight heightinalysiswe

pooled flight height data betweémetwo survey techniquesiVe estimatedange, mean,

and standard deviatiarsingMicrosoft Office Excel 2007 for each specl®sseason

For species with appropriate sample sizes we comparechséaseansising an analysis

of variance (ANOVA) or Zsamplet-test (Dytham 2003). We pooled seasonal data if
sample size was not appropriate. We used a S&Sm{Cary 19950 conduct a power

analysis to determine appropriate sample size. We estimated eféeussig

(2, — x5)
5D

wherex; is largest mearx; is smallest mean, and SD is witkaell standard deviation.

We assumed effect size of 1.23, poweil (&) of 0.80, anda = 0.05. We conducted a
general power analysis to determine an appropriate sample size faestatstical
analysis.We determined minimum sample size for 2, 3, and 4 treatments (i.e., seasons).
We used program R 2(@009)to conduct ANOVAs and postoc pairwisd-tests using a
Bonf err oni (Dalgaardj0@8pNe nsedtarbine measunents provided by
IberdrolaRenewables, In¢o characterize the RSZ (hub height = 78 m, rotor diameter =
90 m; Jason Du Terroil, personal communicatione added 2 m to the rotor diameter in
order to define the RSZ (B224 m) to allow for inaccuracies flight height
measurementsWe then identified avian species with mean flight heights withirRB2

as species of poss#bconcern for blade collisiondVe also identified species of high
concern from a Texas Parks and Wilddepartment (TPWD3peces of concern list for
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the Texas High Plaindenderet al. 2005; seAppendix B).

We estimated the proportion of flight heights within the RS4 {22 m). For
species with an appropriate sample size we compared seasonal proportios$tasing
in R 2.0 (2009). We pooled seasonal data if sample sizes were not appropriate. We used
& power analysis in R 2.0 (2009) to determine appropriate sample size (Kabacoff 2008).
We assumed effect size of 0.5, power of 0.80,&ard.05. We determed minimum
sample size for 2, 3, and 4 treatments (i.e., seas@s)used program R 2.0 to conduct
¢ test to determine if there were differences in proportions of flight heights within the
RSZ between seasons (Dalgaard 2008)

We identified species Wi mean flight heights within the RSZ as being at greater
risk of collisions with turbines. We al so
within the RSZ. We chose to focus on species with >25% of flight heights within the
RSZ in order to idetify species and avian groups at greatest risk of collision.

RESULTS

We recorded-2 flight heights for 6%vian speciesWe recorded a total of 2,667
flight heights (Table 2.1)The species most commonly reded were reelinged
blackbirds 6= 457), andhill cranes@rus canadensjs = 278),mourning doves
(Zenaida macrouran = 276), meadowlarks (both eastern and westerm 240, horned
larks Eremophila alpestrisn = 168), northern harriersi& 149), and Canada geese
(Branta canadensjs1= 131) These 7 speciesccounted fo65% of our flight height
records Raptors and vultures, mainly northern harriers, made up 10% of our

25



observations. Waterfowl, waterbirds, and shorebirds made up 26% of our observations.
Passerines made up 29% of observations Other species made up 35% of our
observations.

Our power analysis for ANOVA andtest suggested we needed 12
observations/season to detect differenndight heightsbetween 2 seasons, 14
observations/season to detect differences ben8esasons, and 16 observations/season
to detect differences between 4 seasons. We had 10 species with the appropriate number
of observations (Table 2.2). We observed no differences among seasons for barn
swallows Hirundo rustica t = 1.56,df = 59,P = 0.125), Canada geege=(0.759E01, df
=129,P = 0.940), horned lark$=(= 1.59,df = 164,P = 0.195), longspurgJalcarius
spp.;t = 0.207,df = 40,P = 0.837), mallardst 0.714,df = 40,P = 0.479), mourning
doves { = 1.58,df = 260,P = 0.115),northern harriersH= 0.70,df =146,P = 0.500), or
redwinged blackbirdsK= 0.14,df =453,P = 0.939; Table 2.2). We observed common
grackle flight heights were greater in summer (68.6 £ 27.78; mean = 95% CI) than spring
(33.1 £ 12.59mean + 95% CIt = 2.43,df = 59,P = 0.020). Greattailed grackle
(Quiscalus mexicandlight heights were greater in summer (52.7 £ 1888an + 95%

ClI) than spring (26.2 + 9.48%nean = 95% Clt = 2.25,df = 46, P= 0.029). Killdeer
(Charadrius vociferousflight heights were greater in summer (50.8 £ 1210@an +
95% CI) than spring (27.8 £ 10.77; mean + 95%t&l12.11,df = 71,P = 0.038).
Sandhill crane flight heights were greater in winter (63.1 £;06&an + 95% CI) than
fall (37.1 £ 5.09mean + 95% Clt =5.13,df = 272,P < 0.001). Western kingbird
(Tyrannus verticalisflight heights were greater in summer (24.0 + 4r6dan = 95% CI)
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than spring (12.2 £ 4.70; mean + 95% G 3.04,df = 63,P = 0.004). Also,
meadowlark spp. flight heights wegeeater in summer (17.0 + 3;48ean = 95% CI)
than spring (11.2 £ 2.08nean £ 95% Cl)all (8.4 £ 1.61 mean + 95% CI), or winter
(7.2 £ 2.24 mean + 95% CIF=9.32,df = 236,P < 0.001).

We found 29 (45%) of our recorded species had mean flight Beagtitin, and 3
species had meandht heights above, the RS&ix of these species were TPWD
species of conceriBénderet al. 2005). The ferruginous hawk with mean flight height of
60.7 m Buteo regalisSD 55.11n = 3) was listed as high concernhelbald eagle,
which was recently federally delisted but still a species of concern in Texas, had a mean
flight height of 57.2 mKaliaeetus leucocephaluSD 19.36n = 3). Redhead with mean
34.9 m Aythya americanaSD 6.53n= 2 ) , Swai n smean®s/9.3imawk wi t h
(Buteo swainsoniSD 65.39n = 24), and whitdaced ibis with mean of 87.5 rRPlegadis
chihi; SD 93.93n = 9) are all species of concern. While the common nighthawk with a
mean flight height of 74.4 nChordeiles minarSD 93.22n = 22)was of low concern
on the TPWD list.

We found that of the 29 species with mean flight heights in the RSZ, 8 species
had their 95% CI contained completely within B8Z andare thereforé¢hought to be at
greater risk of turbine collisionThese8 speciesvere bald eaglen(= 3, 57.23t 21.91,
mean * 95% Q| Canada goos@ € 131, 92.7% 11.82 mean + 95% Q] common
grackle Quiscalus quisculan = 44, 47.63t 13.4Q mean + 95% Q] common nighthawk
(n=22, 74.36t 38.95 mean + 95% Q| mallard Anasplatyrhynchosn =57, 51.6Gt
13.3% mean = 95% Q| sandhill cranen(= 278, 46.73 4.99 mean + 95% G| snow
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goose Chen caerulescens = 44, 47.63 17.75 mean + 95% QI , and Swainsonbo

(n=24, 79.33 26.16 mean + 95% CIFig. 2.2. Wealso observed American white
pelican o= 2, mean = 208.0), cattle egrat{ 5, 159.9 + 78.68; mean + 95% CI) and
Mississippi kite § = 5, 159.6 + 75.66; mean + 95% CI) flew above the RSZ.

Our power analysis fa* test suggested we needed 31 obsemsti®ason to
detect differencem proportion of flight heights within RSZAsetween 2 seasons, 39
observations/season to detect differences between 3 seasons, and 44 observations/season
to detect differences between 4 seasMig. had 7 species with themppriate number
of observationgTable2.3). Canada geese had no differences in the proportigres (
flight heights within the RSZ between fall and winter(0.66, 95% CI = 0.57®.744;6
2= 0.055,df = 1,P = 0.81). Horned larks had no differences in the proportions of flight
heights within the RSZ between fall and winter seasors(19, 95%CI| = 0.128
0.274;6%=1.778,df = 1,P = 0.19. Meadowlark spphad a greatr proportion of flight
heights within the RSih summer { =0.107 95% CI=0.040 0.219 than sprind” =
0.03Q 95% Cl=0.006 0.084 orfall (" = 0.00Q 95% Cl=0.000 0.056 ¢ *= 8.358,df =
2,P =0.02. Mourning doves had no differences in the proportions of flight heights
within the RSZ between spring and summnier 0.317, 95% Cl=0.261 0.377;6°=
2.956,df = 1,P = 0.09. Northern harriers had no differences bewéall and winter(
=0.172 95% CI=0.120 0.251;6°= 1.291,df = 1,P = 0.2§. Redwinged blackbirds
had no differences between spring, summer, fall, or winterQ(384 95% Cl=0.333
0.436;6%= 0.384,df = 3,P = 0.94. Sandhill cranes hadgeater proportion of flight
heights within the RSZ in wintef & 0.628 95% CI=0.526 0.721) than fall ( = 0.504
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95% Cl=0.429 0.583;6°= 3.829,df = 1,P = 0.05.

We observed 14 species (22%) had >25% of the flight heights within the RSZ and
considered them at greatest risk of collision (Table 2.1). We found that the array of
species with»25% of their flight heights within the RSZ was composed of 21% raptors/
vultures, 50% wetland associated species, and 29% passerine/other species. The 14
species were bald eagle<£ 3,” = 1.00, 95% CI = 0.37 1.00), Canada goose £ 131,

" =0.66, 95% Cl = 0.58).74), common gracklen= 44, = 0.46, 95% CI = 0.31.61),
greater whiteéfrontedgoose Anser albifronsn = 20,” = 0.70,95% CI= 0.46 0.88),
greattailed gracklerf=51," = 0.39,95% CI= 0.26 0.54), mallardif = 57," = 0.53,
95% CI=0.39 0.66), mourning doven(= 276, = 0.32,95% CI=0.26 0.79), northern
pintail (Anas acutan =15, = 0.53,95% CI= 0.27 0.79), northern shoveleAfas
clypeatan=10," =0.60,95% CI= 0.27 0.88), redwinged blackbirdif = 457," =
0.30,95% CI= 0.26 0.34), sandhill crantall seasor{n=172 "~ = 0.51, 95% CIl= 0.43i
0.58), sandhill crane winter seasam% 102 ~ = 063, 95% Cl= 053/ 0.72), snow goose
(n=44," =0.6495%Ad=0480. 78) , Swainap s 03,99k (
0.33 0.75), and turkey vultureCathartes auran = 20,” = 0.65, 95% CI = 0.4(10.85;
Fig. 2.32.5).

DISCUSSION

Raptors and vultures made up only 10% of our total observations but we observed
6 rgptor species with mean flight heights within or above the RSZ and 5 raptor species
below (Table 2.1). Flight heights within or above the RSZ suggested that raptors and
vultures may be a group at high risk of collision with turbines. Miller (2008) fcuerd t
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raptors and vultures made up 44% of avian fatalities at a wind facility in the southern
Texas Panhandl e. Vul tures (36%) were the
(2008) study.

Not only having mean flight heights within the RBut also tle proportion of
flights within the RSZmayindicaterisk of turbine collision. We found that 14 species
had>25% of their observetlight heightswithin theRSZ Of those 14 species, 10 were
from the raptor or waterfowl group (Fig.1). Osborn et al1098) also found that flight
characteristicef these two groupmdicated theyvere at greatest risif turbine collision
in Minnesota. To lessen the risk of turbine collisibgsvaterfow| it may be prudent to
avoid placement of wind turbines near @ayetlandsand riparian systems

We documented that over half (51%) of our observed species had mean flight
heights below the RSZ. We observed 12% of our species (8) with mean flight heights
and 95% CI contained completely within the RSZ indicating thet &ire at greater risk
of collisions with turbines. In the upper Great Plains, Osborn et al. (1998) also found that
the majority of birds flew below the RSZ (A1 m) but fewer (1618%) birds flew in the
RSZ. They, however, observed that waterfowl apdars were at greatest risk and
passerines were at least risk of collision (Osborn et al. 1998). Howe et al. (2002) also
found that birds flew below turbines in Northeastern Wisconsin with less than 14% of
birds estimated within the RSZ (2 m). While Nicholson et al. (2005) reported that
the majority of raptor and vulture species (84%) avoided turbine blades by flying below
or in adjacent valleys in the southeastern United States. This suggested that birds can
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modify their behavior around win@dilities and turbine blades indicating more research
is needed on risky behavior for specific species and how specific species modify
behaviors around turbines.

Smallwood et al. (2009) found sevehagh-risk behaviors a few species exhibited
near wind tubines that may be reflected in flight heights. These behaviors resulted in
fatalities during spring and summer for western meadowlarks, which they found were
correlated to seasonal flight heights within the RSZ. Behaviors such as territorial
displays, lbeeding displays, and migratory travel can lead to seasdmgker collision
rates (National Research Council 2007, Smallwood et al. 2009). In our study,
examination of seasonal differences for 14 species revealed 6 species flew at different
heights dung different seasons. For common grackles, graked grackles, killdeer,
and western kingbirds, we observed summer flight heights were greater than other
seasons. Similarly, we found that sandhill cranes had higher mean flight heights in
winter thanfall. Additionally, we found that meadowlarks had greater flight heights in
the summer but also had a greater proportion of flight heights within the RSZ during
summer. These greater flight heights may be due to summer juvenile dispersal or late
summer ad winter migration however more research is needed.

Flight height studies are one type of initial assessment of species that may be at
greater risk for collision with turbines, but more detailed documentation of other high risk
behaviors such as territafidisplays, breeding displays, and foraging behaviors are also
needed (Osborn et al. 1998; Smallwood et al. 2009). Some species, such as the western
meadowlark, may have mean flight heights below the RSZ but still exhibit other high risk
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behaviors, sch as perching on turbines or interacting with other birds near turbines that
lead to collision fatalities (Smallwood et al. 2009). Collision fatalities from such high
risk behaviors have been observed at some currepélyating wind facilities (Natioma
Research Council 2007). Osborn et al. (1998) noted that some species typically fly above
the RSZ We also observed American white pelican, cattle egnet Mississippi kite
flew above the RSZ. Thospecies are likely at greater risk of collision énexe those
species must travel through the RSZ to reach those heights.
MANAGEMENT IMPLICATIONS

Identification of avian species at greater $kvind turbine blade collision is
important to help mitigate avian fatalities at wind energy facilit®&s.indicated by flight
heights, we found raptor and waterfowl groups were at greatest risk of collision with
wind turbines in the central Texas Panhandle. Turbine placement should be avoided in
areas with high concentrations of trees which provide nestintghédy many raptor
species. Turbine placement should also be avoided in areas of high raptor prey densities
where raptors may concentrate to feed. For wetland associated species we recommend
that turbine placement should be avoided near playa wetldmele whese species
concentrate to feed, roost, and nest.
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Table2.1 Flight heightrange, mean, and proportion within wind turbine rotor swept zone obsar@edyandDonley
counties, Texag)ctober 200BAugust 2009.

Rarge

SpecietSeasoh n Low High Mean SD " LCL ’ " UCL
American crow 8 64 754 36.5 26.51 0.16 0.50 0.84
American goldfinch 5 7.4 1697 75.0 83.13 0.00 0.00 0.45
American kestrel 29 3.9 1075 28.4  22.94 0.15 0.31 0.51
American pipit 15 3.5 57.7 24.8 17.73 0.08 0.27 0.55
American robin 8 6.0 46.5 18.7 13.79 0.03 0.25 0.65
bald eagle 3 369 75.4 57.2 19.36 0.37 1.00 1.00
bank swallow 14 3.3 731 18.3 18.90 0.02 0.14 0.43
barn swallow 61 18 711 134 12.74 0.02 0.07 0.16
black-crowned nightheron 3 6.1 126.4 716 60.85 0.01 0.33 0.91
bluewinged teal 5 173 775 492 24.9 0.15 0.60 0.95
Brewer s bl ackh3d r d1 1732 372 43.80 0.09 0.31 0.61
brownheaded cowbird 20 34 963 28.8  20.28 0.19 0.40 0.64
burrowing owl 3 6.3 13.3 10.0 3.53 0.00 0.00 0.63
Canada goose 131 13.6 3936 928 69.01 0.58 0.66 0.74
Cassinbs sparrow 17 138 5.0 4.34 0.00 0.00 0.35
cattle egret 5 65.3 2937 159.9 89.76 0.15 0.60 0.95
cliff swallow 31 1.7 533 123 12.50 0.01 0.07 0.21
common grackle 44 3.8 2043 47.6 45.34 0.30 0.46 0.61

spring 21 3.8 1264 33.1 2943 0.18 0.38 0.62

summer 17 10.0 204.3 68.6 58.44 0.28 0.53 0.77
commonnighthawk 22 135 384.1 744 93.22 0.17 0.36 0.59
dickcissel 7 2.7 14.7 6.8 4.58 0.00 0.00 0.35
eastern kingbird 7 25 489 119 16.61 0.00 0.14 0.58
Eurasian collaed-dove 30 1.7 639 13.1 11.84 0.00 0.03 0.17
European starling 19 54 648 268 19.36 0.13 0.32 0.57
ferruginous hawk 3 201 1234 60.7 55.11 0.09 0.67 0.99
gadwall 4 13.7 1304 716 47.91 0.07 0.50 0.93
grasshopper sparrow 12 2.9 17.1 7.9 5.16 0.00 0.00 0.22
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Table2.1. Continued.

Rarge
SpecietSeasoh n Low High Mean SD " LCL " UCL
great blue heron 6 55 3222 98.8 11547 0.12 0.50 0.88
greater whitefronted goose 20 26.0 1894 96.1 47.8 0.46 0.70 0.88
greattailed grackle 51 39 2327 40.3 41.30 0.26 0.39 0.54
spring 21 3.9 74.5 26.2  22.09 0.11 0.29 0.52
summer 27 5.2 2327 52.7 50.34 0.29 0.48 0.68
greenwinged teal 3 13.7 1155 532 54.57 0.01 0.33 0.91
horned lark 168 1.7 372.2 199 35.01 0.10 0.16 0.22
house finch 3 5.8 35.6 187 15.28 0.01 0.33 0.91
killdeer 81 17 1925 33.1 3791 0.22 0.32 0.43
spring 57 1.7 1925 27.8  41.50 0.07 0.16 0.28
summer 16 2.5 96.7 50.8 24.67 0.54 0.81 0.96
lark sparrow 9 2.2 16.0 8.0 5.27 0.00 0.00 0.28
loggerhead shrike 8 2.3 38.6 10.4 11.94 0.00 0.13 0.53
longspur spp. 45 1.8 2719 27.2  43.07 0.10 0.20 0.35
mallard 57 20 3294 516 51.25 0.39 0.53 0.66
meadowlark spp. 240 1.7 765 11.4 10.53 0.02 0.04 0.08
spring 101 1.7 76.5 11.2 10.69 0.01 0.03 0.08
summer 56 2.8 59.0 17.0 12.98 0.04 0.11 0.22
fall 52 1.7 30.5 8.4 5.93 0.00 0.00 0.06
winter 31 1.7 32.1 7.2 6.38 0.00 0.03 0.17
merlin 3 3.4 145 7.53 6.09 0.00 0.00 0.63
Mississippi kite 5 82.2 2914 1596 86.32 0.05 0.40 0.85
mourning dove 276 17 164.7 29.8 23.72 0.26 0.32 0.37
northern harrier 149 17 1448 18.6 20.44 0.12 0.18 0.25
northern mockingbird 9 5.2 423 193 10.86 0.00 0.11 0.48
northern pintail 15 13.7 1425 48.1  37.00 0.27 0.53 0.79
northern rougkwingedswallow 11 3.7 339 12.0 9.43 0.00 0.09 0.41
northern shosler 10 13.7 1117 61.7  49.98 0.27 0.60 0.88
prairiefalcon 6 1.7 8.3 4.9 2.84 0.00 0.00 0.39
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Table2.1. Continued.

Rarge
SpecietSeasoh n Low High Mean SD " LCL ’ " UCL
purple martin 3 82 2758 97.5 154.36 0.00 0.00 0.63
recttailed hawk 15 1.7 79.0 36.0 26.11 0.21 0.47 0.73
ring-necked pheasant 4 22 6.6 3.7 2.00 0.00 0.00 0.53
redwinged blackbird 457 17 378.8 31.1 3591 0.26 0.30 0.34
rock pigeon 8 9.2 65.3 30.4 24.49 0.03 0.25 0.65
Ross®6 goose 4 16.0 87.4 599 32.85 0.19 0.75 0.99
roughlegged hawk 6 105 58.5 32.8 17.69 0.12 0.50 0.88
sandhill crane 278 3.7 3748 46.7 4242 0.49 0.55 0.61
fall 172 3.7 3748 37.1  34.03 0.43 0.51 0.58
winter 102 4.3 250.6 63.1 49.74 0.53 0.63 0.72
savannah sparrow 6 2.7 26.7 10.9 1210 0.00 0.00 0.39
scissottailed flycatcher 22 1.7 2520 29.9 51.34 0.05 0.18 0.40
snow goose 44 179 2815 1019 60.07 0.48 0.64 0.78
song sparrow 7 19 11.0 3.9 3.22 0.00 0.00 0.35
Swainsonds hawk4 3.4 2383 79.3  65.39 0.33 0.54 0.75
tree swallow 7 2.3 473 12.0 15.86 0.00 0.14 0.58
turkey vulture 20 47 447.9 123.8 104.81 0.41 0.65 0.85
western kingbird 65 17 62.8 214 15.43 0.11 0.20 0.32
spring 20 1.7 41.7 12.2 10.72 0.00 0.05 0.25
summer 45 4.3 62.8 24.0 15.89 0.15 0.27 0.42
white-faced ibis 9 6.8 2534 875 93.93 0.03 0.22 0.60
yellow-headed blackbird 4 2.2 23.5 89 10.03 0.00 0.00 0.53

1Season = seasonal calculations are included for species withaeatifferencesn = number of observations; SD = standard deviation;
" = proportion of heights within the Rotor Swept Zone-{24); LCL= 95% lower confidence level of the proportion; UCL= 95% upper
confidence level of proportion.
ZLongspur spp. includes chestrudilared longspursn(= 21), lapland longspunE 5), andM Cown 6 s h=olf)gEeges r  (
®Meadowlark spp. includes meadowlarks identified to species (eastern meadovwd@kagnd western meadowlank £ 44]) and those
not (n = 194).
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Table 2.2. Comparison of flight height means among seasons in Gr&oaltey
counties, Texas, October 20G@8igust 2009.

Species Seasonsested F t df P
barn swallow spr,sunt 1.56 59 0.125
Canada goose fal, win 0.07 129 0.940
common grackle spr,sum 0.07 36 0.020
greattailed grackle spr,sum 2.5 46 0.029
horned lark spr, sumfal, win ~ 1.59 3 0.195
killdeer spr,sum 2.11 71 0.038
longspur spp. fal, win 0.21 40 0.837
mallard spr, fal 0.71 40 0.479
meadowlark spp. spr, sumfal, win ~ 9.32 3 >0.001
Spr, Im 155 0.003
spr, fal 152 0.613
spr, win 130 0.321
sum, fal 106 >0.001
sum, win 85 >0.001
fal, win 81 1.000
mourning dove spr, sum 1.58 260 0.115
northern harrier spr, fal, win 0.70 2 0.500
redwinged bla&bird spr, sumfal, win ~ 0.14 3 0.939
sandhill crane fal, win 5.13 272 >0.001
western kingbird spr,sum 3.04 63 0.003

' F = F statistic for ANOVA;t = t statistic for 2samplet-test; df = degrees of freedo= p-

value.

2 spr = spring, sm = summer, fal = fall, and win = winter.
% Posthoc pairwisg-t e s t

usi ng

a
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Table 2.3. Comparison of the proportions of flight heights within rotor swept zohe (32
124 m) amongeasons in Gray and Donley counties, Texas, Octobeii 20@fi1st 2009.

Species Seasonsested & df P

Canada goose fal, win 0.055 1 0.814
horned lark fal, win 1.778 1 0.182
meadowlark spp. spr, sum, fal 8.358 2 0.015
mourning dove spr, sum 2.956 1 0.086
northern harrier fal, win 1.291 1 0.256
redwinged blackbird  spr, sum, fal, win  0.384 3 0.944
sandhill crane fal, win 3.829 1 0.050

Ispr = spring, sum = summer, fal = fall, and win = winter.
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CHAPTER IlI

COMPARISON OF AVIAN SURVEY TECHNIQUES IN THE TEXAS

PANHANDLE

ABSTRACT

Grassland bird communities have been declining for decades, likely due to loss
and degradation of native grasslands. The Southern High Plains of the Texas Panhandle
areone of the most intensely cultivated regions of North America resulting in great losses
of native grasslands. However, it isimrportant geographic region for grassland hirds
Our objectives were to compare and contrast 2 commonly used techniquasiatieg
avian densities. We monitored avian populations using-pmints and linktransect
based distance sampling at 2 proposed Texas High Plains wind facilities. We estimated
density using Program Distance 6.0 for one fiftk-(32) of the 163 spm#es observed.
While line-transects took more effort they resulted in a greater number of species
detected (23 species with pordunts and 29 species with l#ransects). This is likely
because more area was covered and birds flushed as we walkgthaltine. However,
differences between the survey techniques depended on season and species. For
example, notbreeding season sparroviZacariusspp. andPasserculuspp.) were
detected more often with lireansects, likely due to the flushing of sstove birds while
walking transectsLine-transect surveysiay be most efficierduring the norbreeding
season and@hen surveying grassland species
Key Words avian density, distance sampling, grassland birdstiaresect, pointount,
pre-construcion, survey comparison, Texas Panhandle, wind energy
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INTRODUCTION

Grassland communities are important for over 50% of breeding bird species in the
continental United StatéBerthelsen and Smith 1995However, grasslanird
populations have been deing for decades and have declined more than any other bird
group in North AmericaSauer et al. 200&lorth American Bird Consertan Initiative,

U.S. Committe009. The most likely causes are loss and degradation of native
grasslands and changesagricultural practices (McCoy et al. 1999, Murphy 2003).
Murphy (2003) reviewed trends of avian population declines and the change in the
agricultural landscape in the eastern and central United States froirl9980 Murphy
(2003)concluded that changen the agricultural landscape, loss of rangeland, and
increases in Conservation Reserve Program (CRP) land had negative effects on bird
populations.

Several studies have reported that while CRP may attract many birds, avian
breeding success in CRP wasigelly less than required for positive population
trajectories (Berthelsen and Smith 1995, McCoy et al. 1999, Murphy 2003). Though the
Southern High Plains of Texas is one of the most intensively cultivated regions in North
America (Berthelsen and Smitl995) there are more than 1.2 million hectares of CRP in
the region. Berthelsen and Smith (1995) found that CRP land may positively affect
grassland species such as grasshogperows Ammodramus savannargm Cassi n o6 s
sparrows Aimophila cassin)i, redwingedblackbirds Agelaius phoenicejisand western
meadowlarks$turnella neglecta

More recently, concerns of negative impacts on grassland bird communities due
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to habitat lossind degradation have risen with increadedelopment of wind energy
across the grasslands of North America. Some research has examined the effects of wind
energy on birds in a variety of habitat types. Most research has famudedct impacts
(i.e., collision related fatalities; National Research Council 2007). el$teslies have
been conducted pesbnstruction of wind facilities primarily using carcass searches
(Anderson et al.199WNational Research Council 2007). Few studies have been
conducted on indirect impadis birds such as habitat loss, habitat fragmmta habitat
avoidance, and displacement. Erickson et al. (2004) found some decrease in use of a
wind facility in Washington and Oregon by grasshopper sparrows and western
meadowlarks. The preonstruction assessment in this study whyear and doeson
rule out seasonal and migratieffects

Another important aspect of research into grassland bird population trends and
causes is identification of proper survey techniques. Diefenbach et al. (2003) found the
most common survey techniques used in ¢masisbird studies from 1982001 were
fixed-width line-transec$ and fixedradiuspoint-countsurveys. However, modern
survey techniques that employee bias correction for incomplegetdbility is now
considered most appropriate (Anderson 2001, Rosgstal. 2002, Thompson 2002).

Fletcher et al. (2000) compared fixemtiuspointcouns and roparaggingline-
transecs in the prairies of the Florida Everglades. They examined how the two
techniques compared for ndaneeding birds. They found moreesjes were detected
duringline-transect while greater numbers of birds were detected dymamgt-couns.
Fletcher et al. (2000) concluded thiae-transect were more effectivdut required more

49



effort. Roberts and Schnell (2006) compared sutgelyniques for nobreeding birds in
southwestern Oklahoma. They compared-tna@sects and aresearches for 16

grassland bird species. They found that-aesrch density estimates tended to be higher

for savannah sparrowBdsserculus sandwichengisong sparrowdelospiza melodig

and eastern meadowlarks (nagna Roberts and Schnell 2006). Arsaarches were

thought to result in higher densities for some species that escaped detection on the line by
hiding. Theysurmisedhat missed detectigmesuledin estimates that were biased low
(Roberts and Schnell 2006). Overalbth studies found varying results depending on the
species.

The goal of our study was to assess seasonal densities of avian species on 2 study
sites in the Texas panhandM/e also wantedtcompare poinrtounts and lingransect
distance sampling for breeding and Ameeding grassland birds. Our purpose was to
determine the best technique for collecting baseline grassland bird densities for wind
energy impact studies. uDdata will be used as part of a fm@nstruction study to assess
potential impacts from wind energy development on grassland birds in the Texas
Panhandle.

STUDY AREA

We conducted research on 2 sites in Gray and Donley counties, Texas, USA.
Both study aeas are part of the Llano Estacado Plateau and surrounding escarpments.
The Llano Estacado Plateau is the largest plateau in North America (82,80®rkith
2003). Land use on the Plateau was a mixture of agriculture and oil and natural gas
production;natural land cover was primarily shantass prairie and playa wetlands
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(United States Forest Service [USFS] 1994, The United Nations University [UNU] Press
1995). The Plateau is surrounded by relatively abrupt escarpments (breaks) ranging from
501 200m in height (USFS 1994, UNU 1995). The breaks were primarily used for
rangeland and oil and natural gas production (USFS 1994, UNU 1995).
Gray County Site

We conducted research at the Gray County site from Aprili2Z8@gust 2009
(Fig. 3.1). We samplethe avian community on a 219 kmarea during April 2008
February 2009. We expanded the Gray County site to 368lkrimg March 2000
August 2009 because the wind energy company increased the land area leased for its
future wind energy facility. The Grayounty site consisted of 2 general habitat types:
uplands and breaks. The upland area (132ckiming Apr 2008Feb 2009; 170 ki
during Mar 2009Aug 2009)was located on top of the caprock of the Llano Estacado
Plateau which was a mostly flat landscapa thcluded cropland, pasture, playas, and
CRP and other grasslands (Smith 2003). Common crops were corn, cotton, and winter
wheat. The playas are shallow depressional recharge wetlands and some of the highest
playa densities are located in the Southdigh Plains (average 1 per 2.6 krBmith
2003). These playas provided habitat for both waterfowl and shorebirds throughout the
year (Smith 2003). The uplands portion of the Gray County site contained 2 cattle
feedlots and a dairy operation. Trees wetend primarily around human structures and
the most common tree was cottonwoBdgulusspp).

The breaks habitat type (87 km2 during Apr 2088b 2009; 133 km? during Mar
2009 Aug 2009) was a broken landscape of gully washes and ravines, composed mostly
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of shortgrass prairie. There were few water bodies which were limited to water tanks for
cattle and ephemeral creeks. This area was also used for oil and natural gas extraction
and had an extensive infrastructure of roads, oil wells, and othetusgs. Some trees,
primarily cottonwood, were found within the breaks where deeper ravines hold water.
Prominent grasses included buffalo grd&sohloe dactyoids blue gramaBouteloua
gracilis), and other gramaButelouasp.; National Resources Camngation Service
[NRCS] 2006).
Donley County Site

We conductedesearch at the Donley County Site (19°kduring May 2008
February 2009 (FigB.1). We stopped surveys after February 2009 when the wind energy
company changed focus of wind developmenh&Gray County site only. This site
consisted of breaks and was dominated by honey mesRuatsofis glandulosa Other
trees or brush occurred throughout the site on ridge tops and drainages, which were
spring fed throughout the year. Primary grassexe buffalo grass and grama (NRCS
2006). This study area was used for rangeland with no oil production on site.
METHODS
Random Points

We selected 30 random points and conducted surveys from those points during
April 2008 February 2009. We ensured tpaints were spacesB00 m apart. There
were 23 points on the Gray County study area and 7 on the Donley County study area
(Fig. 3.1). For the expanded Gray County study area we randomly selected an additional
34 points (49 total points used; 8 of thegoral 23 points were removed do to land access
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issues; Fig3.1) and conducted surveys from those points during March 20@®ist
2009. We proportionally allocated points acrosgertypes to ensure that aovertypes
were represented in the sampWe classified 3 maioovertypes as agriculture, breaks,
and plateau grasslands. We classified 2 secomdagrtypes as playa wetlands and
prairie dog Cynomys ludoviciangigowns. Our breaksovertype was a broken
landscape of gully washes andires, composed mostly of shatass prairie located off
the plateau. Our plateau grasslaongertype was broadly defined as grasslands located
on the plateau which included CRP, pasture, and other grasslands. Points were not
placed within 400 m ofove edges to avoid overlap into otrevertypes. On the Gray
County site there were 3 highways (US Highway 60, State Highway 152, and State
Highway 273), Donley County study site was bordered on the Nort0ydnd points
were place@®400 m from highwgs to avoid traffic noise.

Additionally, we used each random point (except the 10 points in playas or prairie
dog towngdue totheir general size and shapéthose features) as the start of an-&00
transect. Each transect was oriented along randonggtedlcompass bearings. We
constrained selected bearings so that transects remained within the study site and
respective 3 mainoverstratum (agriculture, breaks, and plateau grasslands) and were
spaced400 m apart.

Surveys

We conducted surveys from 6.8r before sunrise until about 10:30 am or 3 hrs
after sunrise when diurnally active birds were most active and vocal (Diefenbach et al.
2003). We conducted each point survey for 20 min with surveys divided intonn10
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intervals. We used a weatlmeter (Kestrel 2000 Pocket Weather Melielsen
Kellerman Boothwyn, PA) to measure wind speed and temperature. We did not conduct
surveys if average wind speed was >32 km/hr or in severe weather, such as
thunderstorms because of reduced audibilityacttvity of birds (Diefenbach et al.
2003). We measured all bird distances using a laser rangefinder (Nikon Monarch Gold
Laser 1200, Tokyo, Japan). During htransect surveys, we recorded distance and
compass angles for each bird or flock of birdegsbmate perpendicular distance to the
transect. We counted the number of birds in flocks and recorded 1 distance to the center
of the flock where it was first detected (Thompson et al. 1998, Buckland et al. 2001).

We conducted surveys during 4 seasortk wp to 3 samples per technique (point
or line-transect) per season. We defined seasons as wintéH@&®¢ spring (Mar
May), summer (JuAug), and fall (SepNov). The pointcounts at playas and prairie
dog towns were surveyed twice a month, similastteer point surveys, but without line
transect surveysWe rotated the time of morning in which samples were monitored at
each site to avoid bias from reduced bird activity during late morning.
Density Estimates

We estimatediensity per krhfor speciesith at least 40 observations for both
pointcount and lindransect surveys using Program Distance Bldfnaset al. 2010).
This program uses individual distances from a point or line to fit a detection function
which accounts for individuals not detedtduring surveys ( Buckland et al. 2001,
Thomas et al. 200Z’homas et al. 2030 As recommended by Buckland et al. (2001:47),
we used 9 a priori models of detection functions in the analysis. We assessed each model
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for fit using detection functiohistograms, e plots, ands’tests. Pointount surveys
were 20 min but only the first 10 min of the surveys were used for density analyses to
reduce bias due to movements of birds. We organized survey records into seasons to
examine seasonal differences in density. For comipedies with at least 40 records in
each season, we used Distance 6.0 to fit a detection function for each season and estimate
seasonal density (Tables 3.2 and 3.3). For species with at least 40 records but not present
in each season, we fit one overaltedion function to all the records and seasonal
estimates werbased orthe overalldetectiorfunction (Tables 3.2 and 3.3). For all
species, we used the silzms regression method to improve density estimates by
accounting for potential bias from inased detection probabilities associated with large
flocks (Buckland et al. 2001). We used Alhd multimodel inference to estimate
density and coefficients of variation (Burnham and Anderson 2002).
TechniqguesComparison

We compaedsurvey techniquelsy examining the number of species detected
and species densities for each technique. We compared density estimates for each
species using 95% confidence intervalan overlapatonfidence intervalsuggested
techniques differed for that species. We examuesthity estimates for each season
when available for both techniques. We were able to compare playa wetland and prairie
dog towncovertypes even though we did not conduct {trensects on the 10 points
specified for them because we surveyed the\irtypes along many of our line
transects. We also estimated effort by averaging the amount of time it took to complete
each linetransect survey.

55



RESULTS
Density Estimates

We recorded 63 species of birdst our 2 study sites. For poiobunts, we fit
seasonal detections functions for 8 species and overall detection functions for 15 species
(Tables 3.4). The 5 most common species based onqmints were meadowlarks
(both eastern and westameadowlarksspring 2008, D = 458.2, CV = 9.51%; summer
2008, D = 89.2, CV = 10.06%; fall 2008, D =96.1, CV = 36.17%; winter PR089, D =
91.9, CV = 20.14%; spring 2009, D = 128.9, CV = 16.10%; summer 2009, D = 62.9, CV
=10.57%), redvinged blackbirdsAgelaius phoeniceyspring 2008, D = 117.2, CV =
17.54 %;summer 2008, D = 182.4, CV = 23.80%; fall 2008, D = 54.3, CV = 48.12%;
winter 2008 2009, D = 135.7, CV = 53.02%; spring 2009, D = 227.0, CV = 12.50%;
summer 2009, D = 139.4, CV = 16.82%), horned laBterhophila alpestrisspring
2008, D = 320.4, CV = 185 %; summer 2008, D =117.5, CV = 26.18%; fall 2008, D =
78.5, CV = 32.27%; winter 2002009, D = 169.3, CV = 22.04%; spring 2009, D = 36.5,
CV =13.35%; summer 2009, D = 27.5, CV = 21.62%), grasshopper sparrows
(Ammodramus savannarurmspring 2008, D 416.5, CV = 13.42 %; summer 2008, D =
59.8, CV = 17.67%; spring 2009, D = 39.8, CV = 13.14%; summer 2009, D = 33.9, CV =
12.95%), and common gracklegduiscalus quisculaspring 2008, D = 168.0, CV = 60.68
%; summer 2008, D = 1.9, CV = 44.37%; spring 200¢, 9.7, CV = 37.19%; summer
2009, D = 15.9, CV = 53.67%).

For linetransects, we fit seasonal detections functions for 9 species and overall
detection functions for 20 species (Tables 3.4). The 5 most common species according to
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density for linetransects were redinged blackbirds (spring 2008, D = 138.3, CV =
25.74%; summer 2008, D = 178.1, CV = 24.66%; fall 2008, D = 892.3, CV = 45.07%;
winter 2008 2009, D = 194.0, CV = 55.38%; spring 2009, D = 81.7, CV = 21.63%;
summer 2009, D = 53.2, CV = 19.58%neadowlarks (spring 2008, D = 379.5, CV =
9.07%; summer 2008, D = 161.9, CV = 10.15%; fall 2008, D = 242.4, CV = 18.86%;
winter 2008 2009, D = 105.1, CV = 21.43%; spring 2009, D = 100.2, CV = 9.06%;
summer 2009, D = 50.0, CV = 10.57%), horned larkar{g®2008, D = 107.5, CV =
14.05%; summer 2008, D = 99.0, CV = 14.98%; fall 2008, D = 298.1, CV = 0.30%;
winter 2008 2009, D = 182.1, CV = 29.83%; spring 2009, D = 43.1, CV = 24.22%j;
summer 2009, D = 25.5, CV = 15.29%), sandhill cra@sig canadensjdall 2008, D =
261.3, CV = 48.47%; winter 2008009, D = 83.0, CV = 45.33%), and grasshopper
sparrows (spring 2008, D = 106.9, CV = 14.75%; summer 2008, D = 72.3, CV = 12.37%;
spring 2009, D = 63.8, CV = 13.07%; summer 2009, D = 19.0, CV = 15.25%).

Density amlysis was possible for about a fifth of the species for both-oumtts
(23 species) and lireansects (29 species; Tables 3.4). We were able to estimate
densities for species associated with playa wetland and prairie dogagenmypes with
line-transect surveys as they were along many of our transects. This allowed us to
compare with poirtount surveys.
TechniguesComparison

We found that lindransects detected more species (133 species) tharcpaimt
surveys (122 species). Our lir@anset surveysii = 484; mean = 34.1 min; SD = 11.63)
on average took mereffort to conduct than our 20in pointcount surveys. We were
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able to fit seasonal detection functions
(Aimophila cassin), grassbpper sparrow, horned lark, killde€Haradrius vociferus
meadowlark spp., mourning dovéehaida macrourg and reewinged blackbirds. For
sandhill cranes we able to fit seasonal detection functions for ondyréinsects. We

f ound t ha trronersises didinst diffepaaong techniques for all seasons
(Table 3.3). We found that grasshopper sparrows density estimates did not differ among
techniques for all seasons except summer 2009 in which-gaumt estimates were
greater (pointount, D= 33.9, CV = 12.95%; lineransectD = 19.0, CV = 15.25%)).

We found the density estimates for horned larks did not differ among techniques for all
but spring 2008 in which poirdount surveys were greater (peadunt, D = 320.4, CV =
16.45%; linetransect,D = 107.5, CV = 14.05%). For killdeers, we found that point
count density estimates for summer 2009 were greater thammdimeect density estimates
(point-count, D = 9.6, CV = 25.36%; liAeansectD = 3.3, CV = 21.43%). For
meadowlark spp., wetind that lindransect density estimates were greater than-oint
count density estimates during summer 2008 (pmnint, D = 89.2, CV = 10.06%; line
transectD = 161.9, CV = 10.15%). We found the litransect density estimates were
greater than pointount density estimates for mourning doves during spring 2008 {point
count, D = 25.3, CV = 22.12%; likeansectD = 71.1, CV = 17.77%), summer 2008
(point-count, D = 39.1, CV = 16.83%; lireansectD = 88.6, CV = 12.77%), and fall

2008 (pointcount, D= 4.4, CV = 29.46%; lindransectD = 42.3, CV = 36.86%). We
found that for reelvinged blackbirds poirtount densities were greater than paiotint
density estimates during spring 2009 (paiotint, D = 227.0, CV = 12.50%; line
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transectD = 81.7,CV = 21.63%) and summer 2009 (peadunt, D = 139.4, CV =
16.82%; linetransectD = 53.2, CV = 19.58%) but this is likely due to peaaunt
surveys being conducted specifically on plagaertypes in 2009. For sandhill cranes
we were able to fit seasal detection function for linransects but only an overall
detection function for poirtounts. We found that density estimates were similar for
both survey techniques for both fall and winter seasons.

For the 23 species that we were able to calcdatsity estimates with one
overall detection function only Ispeciesvereestimatedfor both survey types. The
species we were able to estimate density using pooled detection functions were barn
swallows Riparia riparia), common grackles, common nighatvks Chordeiles minoy,
dickcissels $piza americana eastern meadowlarks, gréailed gracklesQuiscalus
mexicanuy lark sparrows@hondestes grammagusorthern bobwhite3olinus
virginianug, northern harriersgircus cyaneus northern mockingbds (Mimus
polyglottog, ring-necked pheasantBl{asianus colchicysand western kingbirds
(Tyrannus verticalis We found that density estimates for both techniques were similar
for barn swallows, common grackles, common nighthawks, tméatl grackes, larks
sparrows, northern mockingbirdand ringnecked pheasants. We found paiotint
surveys resulted in greater density estimates for dickcissels in summer 2002 ¢point
D =24.8, CV = 12.38%; lintransectD = 9.7, CV = 25.56%) and westermgbirds in
spring 2008 (pointount, D = 13.4, CV = 27.10%; lirteansectD = 3.3, CV = 29.30%)
and summer 2009 (poktbunt, D = 23.1, CV = 23.91%; lineansectD = 6.0, CV =
22.74%). We found linéransects have higher densities for northern bolestiar
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summer 2008 (pointount, D = 3.3, CV = 13.89%; lineansectD = 10.3, CV =
17.50%) and spring 2009 (poicbunt, D = 0.7, CV = 14.88%; liseansectD = 3.9, CV
= 18.73%) but pointount estimates were higher in fall 2008 (paatint, D = 08, CV =
11.40%; linetransectD = 0.2, CV = 100.42%). We found for northern harriers that line
transect density estimates were greater for winteriZii (pointcount, D = 0.8, CV =
38.66%; linetransectD = 4.3, CV = 23.24%) but all other seasonsengmilar.

We were able to calculate density estimates with an overall detection fuloection
11 species using only one survey technique. For{ooumts, we found that those
species were American kestrefalco sparveriug bluewinged teal Anas disors), and
sandhill cranes. We found tHaown-headed cowbirddMolothrus ate}, Canada geese
(Branta canadens)scliff swallows, mallards, savannah sparrows, scitsited
flycatchers Tyrannus forficatus, Swa i n s Buted svairs@wvakdgurkg
vultures Cathartes auradensity estimates were calculated with an overall detection
function for linetransects only.
DISCUSSION

Meadowlarks, reavinged blackbirds, horned larks, and grasshopper sparrows
were the most common specaourstudy sies. Survey methods were similar, in that
our line-transectsesulted indeteciton of 133 specieandpointcount surveysesulted in
detections ol22 species. We were able to estimate density for 29 species with line
transects and only 23 with poiobunts. We also found that in 12 out of 16 cases, point
counts resulted in higher density estimates thantiangsects for at least one season.
Fletcher et al. (2000) compared how well paiotints and ropdragging transects
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compared in the prairies tife Florida Everglades for nditeeding season birds. They
also found that transeatssulted in detections ofiore species but poksbunts detected
greater numbers of individuals. Similarly, Wilson et al. (2000) fahatithe use dine-
transects dected more species and more individuals than fmaiants during spring
migration in forested wetlands in the Mississippi Alluvial Valley. We suspect more
species of birds we detected along transects because walking along the mnaysect
resultin secréive species flushingWe also found, that we were able to obtain density
estimates for raptors and winter resident sparrows slightly morewittefine-transect
surveys (linetransect raptor and winter sparrow speaiesb; pointcount raptor and
winter sparrow specias= 2), likely for same reason.

We found variation in season and species can play a role in deciding which
technique would be better to use. For example, if the study of winter diraeding
season species was the gtiaén linetransects may be the more appropriate survey
technique. Time may also influence which survey techniques would be more appropriate
as linetransects in general take more effort than pomints. Fletcher et al. (2000) also
found that more secretive bird gjges and notbreeding season studies benefited from
the use of the transect technique over poaunts. Similarly, during migration, Wilson
et al. (2000) found more species with linansectthanpointcounts. Dobkin and Rich
(1998) found no differerecbetween lingransects and powtount during migratory and
breeding seasons. These studies occurred in different regions and habitats of the United
States along with varying protocols. Gitudy results indicated that using different
survey techniquewas important due to species and seasonal differefurederstanding
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seasorspecific patterns of grassland bird presences and densities is important for
conservation and management, and will facilitate the ability of managers and developers
to assesthe influences of landscape changes

With the continued decline of grassland bjmisnagers need to continue to
conduct regional assessnmeot avian populations. Also, as wind energy development
accelerategre-construction assessments are needatetatify avian species presence,
densities, and priority species that may be more susceptible to disturbance. These
assessments will help researchers to assess the potential impacts that wind energy
facilities or other human development may have on gradbird communities in hopes
of leading to better mitigation of negative impacts.
MANAGEMENT IMPLICATIONS

Our studyexaminedchow 2 survey tehniques, pointounts and lingransects,
may be bestisedin the central TexaBanhandlgo assess bird speciescorrence and
abundanceThe use of lindransectsnaymaximize the detection of grassland bird
species. Addionally, linetransectwill likely enhance detection rates wbn-breeding
birds and secretive species. Howewee found that in 12 out of ldases, poiatounts
resulted in higher density estimates than-tiamsects for at least one season. Further,
less effot is required to conduct pokebunts therefore, if researchers are logistically
constrained, poirtounts may be the better chaidénowledge of species of interest and
seasons that studies are going to be conducted are important when choosing an

appropriate survey technique.
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Table3.1 Avian pointcount surveys conducted from April 26@8igust D09 in Gray
and Donley ounties, Texas We analyzed daia Distance 6.@nd estimatedensity

with detection functions fitted globally or seasonally.

Species Records Detection function
(Global/Seasonat)

American kestrelRalco sparveriuy 40 Global
barn swallow Hirundo rusticg 54 Global
bluewinged teal Anas discork 43 Global
Cas si n 0 sAimophaacassii ( 203 Seasonal
common grackleQuiscalus quiscula 62 Global
common nighthawk@hordeiles mingr 68 Global
dickcissel §iza americang 116 Global
eastern meadowlafkSturnella magnp 66 Global
grasshopper sparrof@mmodramus savannarm 368 Seasonal
greattailed grackle Quiscalus mexicaniis 54 Global
horned lark Eremophila alpestris 445 Seasonal
killdeer (Charadrius vociferouy 218 Seasonal
lark sparrow Chondestes grammaqus 118 Global
meadowlark spp(Sturnellaspp) 1199 Seasonal
mourning doveZenaida macrourp 421 Seasonal
northern bobwhiteQolinus virginianu¥ 119 Global
northern harrier@ircus cyaneys 85 Global
northern mockinbird (Mimus polyglottok 43 Global
redwinged blackbird Agelaius phoenicelis 915 Seasonal
ring-necked pheasar®fasianus colchicys 86 Global
sandhill craneGrus canadens)s 121 Global
western kingbird Tyrannus verticaliy 79 Global
western meadowlafKSturnella neglecta 511 Seasonal

! Global detection functions were assigned to data with no seasonal strata to provide density
estimates. Seasonal detection functions were fitted to seasonal dat@ wWeherenough records

in each stratum to provide seasonal density estimates.

?Meadowlarks were not separated by species until spring 2009 so analyzed as separate species
and as a group (meadowlark spp.)
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Table3.2 Avian line-transect survesyconducted from April 200&\ugust 2009 in Gray
and Donleycounties, TexasWeanalyzeddatain Distance 6.@nd estimatedensity with
detection functions fitted globally or seasonally.

Species Records Detection function
(Global/Seasonat)

barn swallev (Hirundo rusticg 70 Global
brown-headed blackbird\olothrus ate} 42 Global
Canada goosd(anta canadens)s 74 Global
Cas s i n 0 sAimpghilacassiniiv  ( 377 Seasonal
cliff swallow (Petrochelidon pyrrhonofa 57 Global
common grackleQuisa@lus quiscul 68 Global
common nighthawk@hordeiles mingr 100 Global
dickcissel Epiza americana 153 Global
eastern meadowlaTkSturnella magnp 75 Global
grasshopper sparroghmmodramus savannarum) 660 Seasonal
greattailed grackle Quiscalis mexicanus 86 Global
horned lark Eremophila alpestris 902 Seasonal
killdeer (Charadrius vociferous 303 Seasonal
lark sparrow Chondestes grammaqus 204 Global
longspur spp.Galcariusspp.) 67 Global
mallard @nas platyrhynchgs 74 Global
meadowlark spg.(Sturnellaspp) 2044 Seasonal
mourning doveenaida macrourpa 770 Seasonal
northern bobwhiteGolinus virginianu¥ 191 Global
northern harrier@ircus cyaneus 141 Global
northern mockinbird (Mimus polyglottoks 86 Global
redwinged blackbird Agelaius phoenicelis 1043 Seasonal
ring-necked pheasan®fasianus colchicys 104 Global
sandhill craneGrus canadens)s 217 Seasonal
savannah sparro{Passerculus sandwichenkgis 84 Global
Swai ns o nButeo stvansohi ( 40 Global
turkey vulture Cathartes aura 46 Global
western kingbird Tyrannus verticalis 100 Global
western meadowlafKSturnella neglectp 585 Seasonal

!Seasonal detection functions were fitted if there were enough records in each season; otherwise,
a globaldetection function was fit.

>Meadowlarks were not separated by species until spring 2009 and we were not always able to
identify to species so analyzed as separate species and as a group (meadowlark spp.)
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Table 3.3. Model averaged avian densityneates from pointount and lindransect surveys conducted frépril
20081 August 2009n Gray and Donley counties, Texas

2008 2009
Spring Summer Fall Winter Spring Summer

Techniqueé D? CVv D Cv D Ccv D CVv D Ccv D CVv
American kestrel

PC (G) 04 3820 12 3820 15 3798 05 3820 03 3819
Barn swallow

LT (G) 20 50.79 132 37.79 11.3 43.90 29 36.74 9.7 39.15

PC (G) 1.7 2812 6.8 3248 6.1 40.23 57 4532 39.7 36.16
Blue-winged teal

PC (G) 16.1 6959 0.9 78.49 04 2821 48 4423 3.3 40.74
Brown-headed cowbird

LT (G) 707.3377.81 145 88,09 196 15725 39 8296 6.1 77.61
Canada goose

LT (G) 27.1 94.27 336.1 52.34
Cassinbds sparrow

LT(S)? 50.8 1347 43.8 1531 219 63.76 135 2436 83 3534

PC (S) 46.7 18.37 26,5 12.70 36 5474 82 20.19
Cliff swallow

LT (G) 19 8449 629 32.03 48 109.91 5.7 14509 6.4 5452
Common grackle

LT (G) 175 4534 285 5179 14 10232 17.7 5831 83 7334 9.1 7581

PC (G) 168.0 60.68 1.9 44.37 9.7 3719 159 53.67
Comnon nighthawk

LT (G) 15 5732 10.0 21.40 1.7 3278 0.9 4192

PC (G) 1.5 16.43 5.7 14.79 0.1 14.03 0.7 14.03
Dickcissel

LT (G) 144 2992 123 3294 0.3 100.23 78 2358 9.7 2556

PC (G) 10.6 1794 231 1482 0.8 1224 75 1940 248 1238
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Table 3.3. Continued.

2008 2009
Spring Summer Fall Winter Spring Summer

Techniqueé D? CVv D Cv D Ccv D CVv D Ccv D CVv
Eastern meadowlark

LT (G) 80 2121 58 2553

PC (G) 52 3571 50 2062 6.0 21.82
Grasshopper sparrow

LT (S) 106.9 14.75 723 1237 63.8 13.07 19.0 15.25

PC (S) 1165 1342 59.8 17.67 39.8 13.14 339 1295
Greattailed grackle

LT (G) 137 4273 59 4998 08 10190 23 6540 25 4729 58 4329

PC (G) 104 5431 146 4401 54 2201 35 3448 58 4448 37.2 59.70
Horned lark

LT (S) 1075 14.05 99.0 1498 298.1 0.30 182.1 29.83 43.1 2422 255 15.29

PC (S) 3204 16.45 1175 26.18 785 32.27 169.3 22.04 36,5 1335 275 21.62
Killdeer

LT (S) 16.1 2207 178 1492 24 54.18 149 1863 33 21.43

PC (S) 119 2409 85 13895 7.8 7437 226 1931 9.6 25.36
Lark sparrow

LT (G) 32.1 18.63 935 17.77 3.8 62.66 9.2 3044 302 27.17

PC (G) 24.0 1397 493 1405 1.7 3573 12.1 30.57 27.3 20.61
Longspur spp.

LT (G) 0.7 70.75 79.4 49.03 211.8 55.26
Mallard

LT (G) 56 4510 53 5369 145 6529 09 16488 16 4540 0.1 73.35
Meadowlark spp.

LT (S) 379.5 9.07 161.9 10.15 2424 18.86 105.1 21.43 100.2 9.06 50.0 9.16

PC (S) 458.2 951 89.2 10.06 96.1 36.17 919 20.14 1289 16.10 62.9 10.57
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Table 3.3. Continued

2008 2009
Spring Summer Fall Winter Spring Summer

Techniqueé D? CVv D Cv D Ccv D CVv D Ccv D CVv
Mourning dove

LT (S) 71.1 1777 88.6 1277 423 3686 6.9 40.75 193 1588 16.0 14.25

PC (S) 25.3 2212 39.1 16383 44  29.46 20.2 21.04 16.7 17.38
Northern bobwhite

LT (G) 11 3480 103 1750 0.2 10042 0.2 7013 39 1873 39 16.75

PC (G) 33 1389 08 1140 0.2 1141 0.7 1488 2.8 1210
Northern harrier

LT (G) 19 2963 08 4126 64 2500 43 2324 09 4034

PC (G) 0.8 2833 03 347 21 3360 08 3866 04 33.36
Northern mockingbird

LT (G) 28 3415 64 28.06 0.2 100.33 25 2843 41 24775

PC (G) 1.3 2199 27 2220 09 2240 3.6 2266
Redwinged blackbird

LT (S) 138.3 25.74 178.1 24.66 892.3 45.07 194.0 55.38 81.7 21.63 53.2 19.58

PC (S) 117.2 1754 182.4 2380 54.3 48.12 135.7 53.02 227.0 1250 1394 16.82
Ring-necked pheasant

LT (G) 15 3548 24 36.08 116 89.01 05 4974 3.0 2804 26 2504

PC (G) 25 2592 16 3563 01 1549 0.2 1549 17 16.06 14 1552
Sandhill crane

LT (S) 261.3 48.47 83.0 45.33

PC (G) 0.6 20.71 227 2795 182 3840 23 9437
Savannah sparrow

LT (G) 4.2 80.73 239.4 5534 158 71.64
Scissottailed flycatcher

LT (G) 21 4152 4.7 46.58 22 4090 2.0 47.29
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Table 3.3. Continued

2008 2009
Spring Summer Fall Winter Spring Summer
Techniqueé D? Ccv D Ccv D Cv D Ccv D CVv D Ccv
Swainsonb6s hawk
LT (G) 04 5994 29 3786 0.8 66.49 1.0 37.70
Turkey vulture
LT (G) 1.1 38.23 1.0 39.72 0.2 60.48 0.3 5038 04 129.35
Western kingbird
LT (G) 3.3 2930 52 26.12 11.7 20.07 6.0 2274
PC (G) 134 2710 6.4 36.79 81 31.73 23.1 2391
Western meadowlark
LT (S) 79.1 8.45 28.2 9.46
PC (S) 79.7 8.89 455 9.28

LLT = line-transect; PC = poirtount; S = density estimates were obtained with detections functions fit to each season; G =

density estimates were obtained with one overall detection function.

2D =density (birds/kf); CV= coefficient of variation.

® meadowlark spp. = western and eastern meadowlarks were grouped together.
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CHAPTER IV
PATTERNS OF AVIAN DIVERSITY IN THE TEXAS PANHANDLE

IMPLICATIONS FOR WIND ENERGY DEVELOPMENT

ABSTRACT

Wind energya fast growing renewable energy source in the United States, is an
topic of interest to wildlifemanagers Early wind facilities were found to have many bird
collision fatalities due taat least in part, Eack of preconstruction wildlife assessmeant
which resulted ipoor placemendf turbines and other facilitiesPlacement of wind
facilities in areas of highviandiversity and use can ledad negativampactson bird
species.We suveyed?2 study sites in the Texas panhandle for 1.5 ypacs to wind
energy developmentWe stratified our sites intocovertypes (agriculture, breaks,
plateau grasslandplaya wetlands, and prairie dg@ynomys ludovicianjisowns. We
calculatedShannon and Si mps o eatlsitedavertge, andsegson. ndi c e
We found the breaksovertype,which wasclosesin representingpistoric native
grassland, had the highestiandiversityand plateau grasslands (primarily poetive
covel, had the lowesaviandiversity. We detected the most avian speciesgncalture
coverbut the lack of nesting habitat in agricultw@/ermay reduce its importance to
conservation of native grassland birds. We observed moderate avian diversiaat pl
wetlands and prairie dog townBiversity indicesoften considered indicative of
ecosystem healtlare an important component in the assessifeplacement of wind
facilities.

74



Key Words: agriculture, avian diversity, grassland, playa wetlanairigrdogown,
Shannon diversity i ndeapecies Ehnesp, Jexaspdsenehy ver s i
INTRODUCTION

Wind energy is a fast growing renewable energy source in the United, &tades
is thought to be a meansredugngo ur n at i eoe®rs oivhite iiacting e
minor impacts on society and the environment (Evans et al. 2009). However, wind
energy has gained attention and concern from the public because of aesthetic degradation,
noise, and wildlife impacts, particularly bird collisitatalities (National Research
Council 2007, Evans et al. 2009). Early wind energy facilities in California were found
to result in a large number of bird mortalities, especialptors Estep 1989 These
collision fatalities led to heightened publicrm@rn. Researchers found that poor
placement of wind energy facilities was likely the primary reason for the great number of
raptor collision fatalitie§Estep1989. Early California wind energy facilities were
placed in a high density raptor migratiarea, in areas with high prey abundance, and
along the edges of ridges that many raptors used to hunt (Howe and Noone 1992, Hoover
and Morrison 2005). More recent studies have determined thabpsgruction
assessment can help mitigate wildlife impaptsticularly turbine collisiongNational
Research Council 2007)Vildlife assessments can identify sites with higher risk species
and areas of high use, such as nesting areas and migration paths or stopover sites
(National Research Council 2007). A pesnstruction study in Minnesota found that
placement of a wind energy facility in low raptor density areas resulted in no raptor
fatalities at that facility (Osborn et al.1998).

75



Grassland communities are important for over 50% of breeding bird spedhe
continental United StatéBerthelsen and Smith 1995However, grasslanird
populations have been declining for decades and have declined more than any other bird
group in North AmericaJauer et al. 2008 The most likely causes are loss and
degradation of native grasslands and changes in agricultural practices (McCoy et al.
1999, Murphy 2003, Brennan and Kuvlesky 2005). Murphy (2003) reviewed avian
population trends in agricultural landscapes of eastern and central United States from
19801 1998. Murphy (2003) concluded that the change in the agricultural landscape, loss
of rangeland, and increases of Conservation Reserve Program (CRP) land had negative
effects on bird populations. Berthelsen and Smith (1995) and Murphy (2003) found that
while CRP land may attract many birds, breeding success in CRP was generally less than
required for positive population trajectories.

Though the Southern High Plains of Texas is one of the most intensively
cultivated regions in North Americthere are moreéhean 1.2 million hectares of CRP in
the region (Berthelsen and Smith 1995). Berthelsen and Smith (1995) found that CRP
may positively affect grassland species such as grasshopper sp&momvedramus
savannarup , Ca s s i nAinsophdacassingi, ceewvanged blackbirds, and
western meadowlark${urnella neglecta However, they suggested that prior to CRP,
grassland birds had little nesting habitat primarily limited to the playa wetlands and
uncultivated areas (Berthelsen and Smith 1995). ThomR€®&3) found that CRP
planted with native grasses positively influenced avian species compared to CRP without
native grasses. Vickery and Herkert (2001) reviewed grassland bird research and found
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that grassland bird populations exhibited variable seawtoss their range. Vickery and
Herkert (2001) theorized that the variations were due to habitat patch size, vegetation
composition (whether native or CRP), and landscape configuration.

Research has found that mrenstruction assessments are key tatifigng areas
at greater risk of impacts on wildlife (Arnett et al. 208@ational Research Council
2007). Across the United States, laws, regulations, and guidelines for wind energy
facilities vary. In Texas, wind energy facilities on private land mave=gulations
though the State is drafting voluntary guidelines (Boydston 2008). Due to the lack of
regulations, few preonstruction wildlife assessments have been cond(ateett et al.
2007, National Research Council 200The fewexistingpre-construction studies have
been short<1 year) and few have been peer reviewed (Arnett et al. 2007, National
Research Council 2007).

We studied avian diversity and species richness at 2 Texas Panhandle study sites
prior to wind energy development. Diveysihdices incorporate species richness and
relative abundance into their measures (Magurran 1988). Thus, many suggest high
diversity is an indication that an ecosystem is healthy while low diversity suggests a
disturbed ecosystem (Magurran 1988). Ouil gases to identify areas of high avian
species diversity where wind facility placement might have greater negative impacts
relative to other cover types.

STUDY AREA

We conducted research on 2 sites in Gray and Donley counties, Texas, USA.

Both study areaare part of the Llano Estacado Plateau and surrounding escarpments.

77



The Llano Estacado Plateau is the largest plateau in North America (82,808rkith
2003). Land use on the Plateau was a mixture of agriculture, CRP, and oil and natural
gas prodation. Natural land cover was primarily shgrass prairie and playa wetlands
(United States Forest Service [USFS] 1994, The United Nations University [UNU] Press
1995). The Plateau is surrounded by relatively abrupt escarpments (breaks) ranging from
501 200 m in height (USFS 1994, UNU 1995). The breaks were primarily used for
rangeland and oil and natural gas production (USFS 1994, UNU 1995).
Gray County Site

We conducted research at the Gray County site from Aprili200§ust 2009
(Fig. 4.1). We samigd the avian community on a 219 karea during April 2008
February 2009. We expanded the Gray County site to 368lkrimg March 2000
August 2009 because the wind energy company increased the land area leased for its
future wind energy facility. The @y County site consisted of 2 general habitat types:
uplands and breaks. The upland area (132ckiming Apr 2008Feb 2009; 170 kfn
during Mar 2009Aug 2009)was located on top of the Caprock of the Llano Estacado
Plateau which was a mostly flat landsedbpat included cropland, pasture, playas, and
CRP and other grasslands(Smith 2003). Common crops were corn, cotton, and winter
wheat. The playas are shallow depressional recharge wetlands and some of the highest
playa densities are located in the Sotrhdigh Plains (average 1 per 2.6 kr8mith
2003). These playas provided habitat for both waterfowl and shorebirds throughout the
year (Smith 2003). The uplands portion of the Gray County site contained 2 cattle
feedlots and a dairy operation. Treesevieund primarily around human structures and
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the most common tree was cottonwoBagulusspp.).

The breaks habitat type (87 km? during Apr 2088b 2009; 133 km? during Mar
2009 Aug 2009) was a broken landscape of gully washes and ravines, compaséd
of shortgrass prairie. There were few water bodies limited to water tanks for cattle and
ephemeral creeks. This area was also used for oil and natural gas extraction and had an
extensive infrastructure of roads, oil wells, and other struct@eme trees, primarily
cottonwood, were found within the breaks where deeper ravines hold water. Prominent
grasses include buffalo gragugchloe dactyoids blue gramaBouteloua graciliy, and
other gramasBoutelouasp.; National Resources Conservatgervice [NRCS] 2006).
Donley County Site

We conductedesearch at the Donley County Site (19°kduring May 2008
February 2009 (Figt.1). We stopped surveys after February 2009 when the wind energy
company changed focus of wind development to incardg the Gray County site. This
site consisted of breaks and was dominated by honey medeuas®pis glandulosa
Other trees or brush occurred throughout the site on ridge tops and drainages, which were
spring fed throughout the year. Primary grasse® buffalo grass and gramas (NRCS
2006). This study area was used for rangeland with no oil or natural gas production on
site.
METHODS
Random Points

We selected 30 random points and conducted surveys from those points during
April 2008 February 2009 We ensured that points were spae800 m apart. There
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were 23 points on the Gray County study area and 7 on the Donley County study area
(Fig. 4.1). For the expanded Gray County study area we randomly selected an additional
34 points (49 total poistused; 8 of the original 23 points were removed due to land
access issues; Fig.1) and conducted surveys from those points during March 2009
August 2009. We proportionally allocated points across cover types to ensure that all
covertypes were represted in the sample. We classified cover as agriculture, breaks,
plateau grasslands, playa wetlands, and prairig@pgomys ludovicianigowns. Our
breaks cover type was a broken landscape of gully washes and ravines, composed mostly
of shortgrass praie located off the plateau. Also, our plateau grassland cover type was
broadly defined as grasslands located on the plateau which included CRP, pasture, and
other grasslands. Points were not placed within 400 m of cover edges to avoid overlap
into othercovertypes. On the Gray County site there were 3 highways (US Highway 60,
State Highway 152, and State Highway 273). The Donley County study site was
bordered on the North by40. Points were placegt00 m from highways to avoid
traffic noise.
Surveys

We conducted surveys from 0.25 hr before sunrise until about 10:30 am or 3 hrs
after sunrise when diurnally active birds were most active and vocal (Diefenbach et al.
2003). We conducted each point survey for 20 min with surveys divided intonn10
intervals. We used a weather meter (Kestrel 2000 Pocket Weather Nletses:
Kellerman Boothwyn, PA) to measure wind speed and temperature. We did not conduct
surveys if average wind speed was >32 km/hr or in severe weather, such as
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thunderstorms lmause of reduced audibility and activity of birds (Diefenbach et al.
2003).
We conducted surveys during 4 seasons with up to 3 samples per season. We
defined seasons as winter (DEeb), spring (MdarMay), summer (JurAug), and fall
(Sep Nov). The poinicounts at playas and prairie dog towns were surveyed twice a
month, similar to other point surveygVe rotated the time of morning in which samples
were monitored at each site to avoid bias from reduced bird activity during late morning.
Diversity
We straified the study sites intb covertypes (agriculturalbreaks plateau
grasslands, playa wetland, and prairie dog town). We calculatexditly indicesfor
each cover type by season. We esti mated
Both indices are based on species richness and evenness (Magurran 1988).
The Shannon diversity index assumes individuals were randomly sampled from
an indefinitely large population and that all species are represented in the sample
(Magurran 1988). This index moderately sensitive to sample size with species richness
more dominant than evenness (Magurran 1988). We used the natural log in the Shannon
diversity index as commonly used according to Magurren (1988). We conduests!
to compare Shannon divegsindices among the cover types and our two study sites
using the criticap-value of 0.05. Although the Shannon diversity index takes evenness
into account, we also examined species evenness using the Shannon evenness index.
The Si mps onkeéthe Shandoa index, haslbw sensitivity to sample
size and is weighted more towards the abundance of the most common species (Magurran
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1988) . Since the Simpsonédés index (D) has
transformed the index @- 1- D) (Table 4.1). We also compared study sitescover

types for the Si mps ttests with the oritecap-galu¢ of 0.05ndi c e s
(Brower et al. 1998).

RESULTS

We observed 163 avian species (134 on the Gray County site and 39 on the
Donley County site). We found 95 species on agriculaaner, 79 on breaks, 86 on
plateau grasslands, 81 on playa wetlands, and 43 on prairie dog towns. The Shannon
diversity index on the Gray County study s
Countysi t e ( H#85.32,df2 786.85P, <0.001; Table 4.1 and 4.2). The
Simpsondés diversity i nsé&®8.875amthe boaleyGouaty Co un
site (D5 =0.889) were different & 2.26 df = 785.9 P = 0.02.

We found breaks hadthehgls t di ver s ist=0.89()fbowedby2. 96; D
agricul ture= (0HOG68 8&7)2,. 7p2l;a yDa sw@801),pnaideslog( H6 = 2.
towns (H@= =0.2838);, Dand pl at esx0.744;Table 4.1).ands (
Our analyses indicated th@hannon diversity index differed among all cover tyfes (

0.001) except playa wetlands and prairie dog towr$.81, df = 2292.2 P =0.07, Table
4.2). We also found playa wetlands and prairie dog towns were similar based on the
Si mps on aso0.0v,df d 2283.3 P =0.94). Additionally, agriculture and breaks
cover types were simil atr0.9%afsd582.6P*+0.34he Si mp
Table 4.2)
We found breaks contained the most even (E= 0.68) avian community. We found
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that pldeau grasslands were the most uneven (E = 0.49). The most common species for
breaks were meadowlark sp@tgrnellaspp.), mourning dove&énaida macrourg and
horned larksEremophila alpestris We found that the most common species for
agriculture vere redwinged blackbirds, sandhill crangsr(is canadens)s Canada geese
(Branta canadensjsand meadowlarks. For playa wetlands we found thaivreded
blackbirds, greatailed gracklesQuiscalus mexicanjisnorthern shovelers\(as

clypeatg, and bue-wing teals Anas discorswere the dominant species. We found red
winged blackbirds and meadowlarks were the common species for prairie dog towns.
Finally, for plateau grasslands we found thatwaaged blackbirds, sandhill cranes,
Canada geese, nmaawlarks, and European starling&yrnus vulgariswere the

dominant species.

We found that 29 species were found incalertypes. Those species were bank
swallows Riparia riparia), barn swallowsHirundorusticg , Cassi nd0s sparro
colored sparows Spizella pallidd, cliff swallows Petrochelidon pyrrhonofja
dickcissels $piza americana European collaredoves Streptopelia decaoc)p
grasshopper sparrows, horned larks, killde€fsafadrius vociferuk lark buntings
(Calamospiza melanoca)y lark sparrows@hondestes grammadusnallards Anas
platyrhyncho} meadowlarks, mourning doves, northern bobwhi@sdigus
virginianug, northern harriersGircus cyaneus northern mocking birddMimus
polyglottog, northern rougiwinged swallows $telgidopteryx serripennisredwinged
blackbirds, ringnecked pheasantBljasianus colchicyssandhill cranes, scisstailed
flycatchers Tyrannus forficatus song sparrowdelospiza melodig turkey vultures
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(Cathartes aury western kingbirdsTyrannus verticalis and whitecrowned sparrows
(Zonotrichia leucophrys We also found 38 species that were only found inconer
type. Many were rare species that were only observed once such as the American redstart
(Setophaga ruticilla Weobsewvedburrowing owls Athene cunicularipwere only
associated with the prairie dog towovertype. We had 15 species that were only found
in playa wetlands and they were primarily shorebird and waterfowl species such-as long
billed dowitchersl{imnodromusscolopaceusand American wigeong\(ias americang

Seasonal diversity for each cover type was quite variable (Table 4.1). We found
that agriculture (H6 = 1.93) had t=ower diwv
7.37,df = 396.7,P = <0.001) withthe Shannon indeXWe found that agriculture had
lower diversity summefagriculture @ = 0.871, breaks @=0.888 t = 2.90,df =
3,254.6,P = 0.004), fall @griculture 3 =0.799 breaks [@=0.838 t = 3.42,df = 940.1,
P =<0.001), and winterggricdture Ds =0.783 breaks [ =0.863 t = 8.69,df = 436.8,
P=<0001) with the Simpsond6és index (Table 4.
avian diversity from plateau grasslands except for sumageic(ltureH6 = D2= 6 1,
0.87% plateau grasslasdH 6 = D2= 0858) with both the Shannon=0.95 df =
3,736.2P=034L) and Si mpts &.820fs 3,674.8R =0.669; Téble 4.2).
We found agriculture was | ower fronDspl aya
=0.843;playave t | an ds D&=@.898;t 26.63di 5 6,108.5P = <0.001) and
hi gher in the summ®&¢g=0(8grli;c plltayrae iDdd | an2s6
0.594;t = 38.75df = 7,656.1P = <0.001; Table 42)We f ound t hat agricu
258Ds=0. 843) higher than pDhsa0.739)iaspdngwgithth® wns (
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Shannont(= 10.80,df=1,962.1P=<0001) and tSB.Mplfsd,6k38.8P =(

<0001) indices (Table 4. 2). We fxand the b
0.888) was similar with plateau grassl ands
index ¢=0.23,df=3,340.1pP=0818) , and prairie dog towns
Ds=0.898) with the Shannon£0.91,df=1,104.0P=0.361) and &31B@ sonds
df=1,0775P=0193) 1indices (Table 4. 2). We f oun
154Ds=0.528) were | ower t habDg=08P&igspringget | ands
(Shannort = 36.45,df = 6,839.0P=<00 0 1 ; S itmP7rBbdi=5H4s319.5,P =

<0001) and pl at e au Dgr0.858)swvkra mgtes than pldya wetlaBds 6 5 |,

( H6 =Ds%0.594) in summer (Shannors 30.93,df = 4,129.1 P = <0.001;

Si mp ste 3ld2adf=6,165.7P = <0.001; Table 4.2). We found that plateau

grassl and®ds=0H®28)1 wed.,e | ower thanDsprairie
0.739) in spring (ShanndrF 8.73,df = 2,140.1P=<0001; Sitmplslddid s
2840.1P=<0001) and that pl atBsx0.858 wereslmgrtaand s ( HO
prairie dog Dgx=w.898)in(sndnerfShahno®F 24,28,df=1,107.0P

=<0001; Sitmgexdfr 4530.1P=<0.001; Table 4.2). We found that playa

wetl ands DsH®. 89 &). 8/0i,gher t hanO0lpDsa0.739)i@e dog t
spring (Shannoh= 16.06,df =1,496.1P=<00 01 ; Sitmp3s7bdh=01s188.4P

=<0001; Table 4.2). Al so, wdsH0dWUnlawert hat p
t han prairie dDbDsg0.898)wsemmérghanncr = 24.23,df =5 794.8,

P=<0001; Sitmd3L0dh=01685.8P =<0.001; Table 4.2).
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DISCUSSION

The breakgovertypewasthe closest to the native grasslands that historically
occurred in the TexaRanhandleandas expected thisovertype had the highestvian
diversity. The breaksovertypedid not have the highest number of species but it had the
greatest evennes3he influence of species eveness in diversity calculations allowed the
breaks cover type to have the greategtdiity index even though it ditbt have the
greatest number of species relative to our other cover typegher wordshaving high
evenness means that abundance among species is closer to equal and there is less
dominance by few specie$Viens (1974 looked at avian diversity in the Texas
Panhandle during June in areas with heavy grazing and no grazing. He found that
diversity in ungrazed (H = 0.95) grasslands was greater than heavily grazed grasslands (H
=0.74). Our diversity in the breaks cowgpes during the same period are much higher
but this may be due to longer survey periods not just one month of a year. We likely
observed more species and greater numbers with multiple month surveys.

The agriculturecovertype showed the second greatdigersity, possibly due to
an abundance dbod sourcesBecause few species nest in cropkuhiis covertype
likely has less positive impaabn populationgBerthelsen and Smith 1995Rlaya
wetland and prairie dog town cover types had moderatesitiy@mong the cover types
in our study. Playa wetlas@nd prairie dog towsiboth had some fairly dominant
species reducing their evenness. They also had only moderate species richness but both
cover types were surveyed as often as the others. ThHeptmtide nesting habitat and
had a fair number of species (playa wetland,81; prairie dog towm = 43). Prairie
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dogtowns had a fair number of species dependent upon that cover type, such as
burrowing owls Athene cunicularipwhich use abandodeprairie dog burrows for
nesting(Seyffert 2001).Playa wetlands support many wetland dependent species
including many migrating shorebirds (Davis and Smith 1998). Also, Playa wetlands are
one of the few cover types that provide nesting habitat fos Inirthe Texas Panhandle
as the native grasslands have given way to agriculBaehelsen and Smith 1995).

We found the lowest diversity in thdateau grasslancbvertype. Thiswas
similar to what others have founth Missouri, McCoy et al. (1999bund evidence that
CRP likely contributed to the conservation of grasshopper sparrows, field sparrows
(Spizella pusill, and eastern meadowlarli&trnella magnpbut not dickcissels and
redwinged blackbirds. However, he most common species recordedglateau
grasslandsluring our studyvas redwinged blackbirds.The plateau grasslands generally
contain the largest portions of playa wetlands on our study sites suggesting the cover type
should be more diversé lhe CRP, part of the plateau grasslander type, in our study
area was generally composed of exotic monocultures of grass with somecarteasng
exotic mixes which could possibly affect avian diversity. Grassland species in this region
may not be adapted to the exotic grass mixes of &RIFmay not be able to use those
grasses as well as native grasses. Thompson (2003) examined how CRP seeded with
native grasses influenced the avian community compared to CRP witratioe
grasses. He found diversity was generally greater for naadesl CRP land for both
breeding (H=0.52 0.07; D = 0.52 0.04; diversity index SE) and winter (H = 1.08
0.06; D = 0.4% 0.02; diversity index SE) seasons than for noative seeded CRP
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during breeding (H = 0.76 0.07; D = 0.59+ 0.04; divesity index+ SE) and winter (H =
0.59+ 0.10; D = 0.5# 0.08; diversity index SE) seasons. Our study had higher
diversity in all plateau grasslands, including CRP grassland, during breeding seasons with
Shannon index and dur der(@able4.T) thaghe Thempdoet Si mp s
al.(200) study. However, with Shannondés i ndexX
winter and with Simpsonds index we had sim
theThompsoret al.(2009) study.
MANAGEME NT IMPLICATIONS
Our 5 cover types had varying avian diversities with breaks being the highest.
Breaks along with playa wetland cover types provide good nesting habitat for native
grassland birds (Berthelsen and Smith 1995). Based on diversity, speuiess, and
occurrence of habitat specialists, we recommend wind energy developers avoid
construction of wind energy facilities on the breaks, playa wetlands, and prairie dog town
cover types. Breaks, playa wetlands, and prairie dog towertypes proide habitat to
unique segments of the avian community in this region such as declining grassland bird
and shorebird populations (Smith 2003, Brennan and Kuvlesky 2005). The plateau
grassland cover type should be an important cover type for the grasakamd a
community but the use of narative grass mixes has likely reduce its valbarther
study is needed to determine the effectiveness of CRP for the conservation of the
grassland bird communitykinally, agriculture showed fairly high diversity bubprded
little nesting habitat (Berthelsen and Smith 1995). Further study of how cover types are
used and how they contribute to conservation of species is needed. Also, identification of
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any high priority species that may use specific cover typesgasrtant for mitigating

impacts from a wind energy development.
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Table 4.1. Diversity and evenness by study sitescandrtypes. Indices based on
point-counts conducted during April 2008ugust 2009 in Gray and Donley counties,
Texas.

st N Ho HoE Ds

Gray County

Total 134 48,989 2.89 0.59 0.875
Donley County

Total 39 740 2.65 0.72 0.889
Agriculture

Total 95 19,442 2.72 0.60 0.887

Spring 67 3,257 2.58 0.61 0.843

Summer 47 2,760 2.61 0.68 0.871

Fall 49 5,148 2.29 0.59 0.799

Winter 41 8,277 1.93 0.52 0.783
Breaks

Total 79 3,757 2.96 0.68 0.891

Spring 51 1,343 2.64 0.67 0.850

Summer 45 1,407 2.66 0.70 0.888

Fall 36 647 2.39 0.67 0.838

Winter 27 360 2.38 0.72 0.863
Plateau grasslands

Total 86 13,812 2.19 0.49 0.740

Spring 57 3,966 1.54 0.38 0.528

Summer 51 2,106 2.65 0.67 0.858

Fall 32 4,443 1.62 0.47 0.697

Winter 29 3,297 1.76 0.52 0.769
Playa wetland

Total 81 11,054 2.45 0.56 0.808

Spring 72 5,304 2.80 0.65 0.898

Summer 48 5,750 1.47 0.38 0.594
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Table 4.1.Continued

st N Ho Ho6 E Ds

Prairie dog town

Total 43 1,664 2.37 0.63 0.808

Spring 31 1,118 2.01 0.59 0.739

Summer 32 546 2.71 0.78 0.898
IS= number of species (western and eastern meadowlarks were combined in the diversity
indices) ; N= number of indi vidual s;s=H6= Shanno
Simpsonodés Index (transformed so relationship i

Gray County = individuals from the Gray County study site for pomints from April 2008
August 2009; Donley County = individuals from the Donley County study site for-poimts
from May 2008 February 2009; Breaks = breaks habitat from both Donley CaumthyGray
County study sites from April 2008ugust 2009; Agriculture = cropland habitat from April
2008 August; plateau grasslands = Conservation Reserve Program land, pasture, and other
grasslands from April 200&wugust; Playa wetland = playa wetlandsnr March 200BAugust
2009; Prairie dog town = prairie dog town from March 200ggust 2009.
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Table 4.2. Comparison of diversity indices wiiests for study sites and cover types by
season from April 2008009 in Gray and Dday counties;Texas.

Analysis/Season Shannon Index Simpsonés I ndex
t df P t df P
Grayi Donley
total 5.32 781.8 <0.001 2.26 785.9 0.024
spring 12.86 216.0 <0.001 0.71 206.1 0.481
summer 2.67 333.9 0.008 4.44 333.6 <0.001
fall 3.15 1459 0.002 2.18 1425 0.031
winter 1.25 114.0 0.214 0.03 1129 0.979
Agriculturei Breaks
total 9.48 5,167.6 <0.001 096 45326 0.339
spring 1.14 2,667.4 0.255 0.76 2,365.9 0.449
summer 1.21 25454 0.227 290 3,254.6 0.004
fall 1.67 864.6 0.095 3.42 940.1 <0.001
winter 7.37 396.7 <0.001 8.69 436.8 <0.001
Agriculture- Plateau grasslands
total 29.67 25,488.4 <0.001 38.62 16,524.7 <0.001
spring 26.15 7,221.4 <0.001 29.39 5,797.4 <0.001
summer 095 3,736.2 0.341 1.82 3,6745 0.069
fall 24.19 9,590.8 <0.001 14.21 9.338.9 <0.001
winter 6.86 6,594.1 <0.001 298 7,3955 0.003
Agriculture- Playa wetlands
total 14.73 20,108.7 <0.001 23.16 13,807.9 <0.001
spring 6.62 6,108.5 <0.001 10.40 4,400.6 <0.001
summer 38.75 7,656.1 <0.001 39.03 8,450.6 <0.001
Agriculture- Prarie dog towns
total 8.99 1,914.2 <0.001 10.05 1,735.6 <0.001
spring 10.80 1,962.1 <0.001 8.41 1,538.9 <0.001
summer 1.93 772.0 0.054 3.60 936.9 <0.001
Breaks- Plateau grasslands
total 27.65 6,950.0 <0.001 29.46 11,947.6 <0.001
spring 22.39 2,951.7 <0.001 25.78 4,666.9 <0.001
summer 0.23 3,340.1 0.818 3.99 3,492.2 <0.001
fall 14.01 834.8 <0.001 11.97 1,002.1 <0.001
winter 9.75 438.5 <0.001 9.87 490.3 <0.001

95



Table 4.2. Continued

Analysis/Season Shannon Index Simpsonés I ndex
t df P t df P

Breaks- Playa wetlands

total 18.19 7,207.6 <0.001 17.17 10,079.3 <0.001

spring 3.73 1,957.7 <0.001 5.72 1,515.4 <0.001

summer 30.69 2,754.0 <0.001 39.12 6,092.4 <0.001
Breaks- Prairie dog towns

total 13.39 3,088.2 <0.001 9.64 2,404.6 <0.001

spring 10.41 2,329.3 <0.001 798 2,075.9 <0.001

summer 091 1,040 0.361 1.30 1,077.5 0.193
Plateau grassland$’laya wetlands

total 12.01 24,239.5 <0.001 13.85 24,865.9 <0.001

spring 36.45 6,839.0 <0.001 37.81 4,319.5 <0.001

summer 30.93 4,129.1 <0.001 31.12 6,165.7 <0.001
Plateau grassland$rairie dog towns

total 465 2,232.2 <0.001 793 2,456.6 <0.001

spring 8.73 2,140.1 <0.001 14.14 2,840.1 <0.001

summer 24.28 1,107.0 <0.001 452 1,530.1 <0.001
Playa wetlands Prairie dog towns

total 1.81 22®2.2 0.071 0.07 2,283.3 0.943

spring 16.06 1,496.1 <0.001 13.71 1,188.4 <0.001

summer 24.28 794.8 <0.001 33.97 1,685.8 <0.001

! Gray County = individuals from the Gray County study site for poinints from April 2008
August 2009; Donley County = individls from the Donley County study site for pedounts
from May 2008 February 2009; Breaks = breaks habitat from both Donley County and Gray
County study sites from April 2008ugust 2009; Agriculture = cropland habitat from April
2008 August; plateau geslands = Conservation Reserve Program land, pasture, and other
grasslands from April 200&wugust; Playa wetland = playa wetlands from March 20Q@ust
2009; Prairie dog town = prairie dog town from March 200¢gust 2009.
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APPENDIX A

STUDY AREA SPECIES LIST AND TEXAS HIGH PLAINS PRIORITY SPECIES
LIST
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TableA.1. List of avian species and their conselvatstatus observed duripgint-couns orline-transecs at Gray County

and Donley County study sites between April 2008 and August 20009.

Status
Species Scientific Name Priority* Federal State
American avocet RecurvirostraAmericana Medium SC SC
American coot Fulica americana
American crow Corvus brachyrhynchos
American goldfinch Carduelis tristis
American kestrel Falco sparverius
American pipit Anthus rubescens
American redstart Setophaga ruticilla
American robin Turdus migratorius
American wigeon Anas americana
American white pelican Pelecanus erythrorhynchos Low SC SC
bald eagle Haliaeetus leucocephalus Medium FT ST
bank swallow Riparia riparia
barn swallow Hirundo rustica
Bewi ckds wren Thryomanes bewickii
Bairdos sandpi p €aldris bardii
black-bellied plover Pluvialis squatarola
black-crowned nightheron Nycticorax nycticorax
blacknecked stilt Himantopus mexicanus Low SC SC
blackthroated green warbler Dendroica virens
blackthroated sparrow Amphispiza bilineata Low SC SC

blue-gray gratcatcher
blue grosbeak

blue jay

bluewinged teal

Polioptila caerulea
Passerina caerulea
Cyanocitta cristata
Anas discors
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TableA.1. Continued.

Status
Species Scientific Name Priority* Federal State
bobolink Dolichonyx oryzivorus
Brewer 6s bl ackbi Euphagus cyanocephalus
Brewer 0s spar r o @pizellabreweri Low SC SC
brownheaded cowbird Molothrus ater
bufflehead Bucephala albeola
Bull ockds or i ol &terusbullockii
burrowing owl Athene cunicularia High SC SC
Canada goose Branta canadens
Cassinbs spar r owmophilacassini Medium SC SC
cattle egret Bubulcus ibis
chestnutcollared longspur Calcarius ornatus
Chihuahuan raven Corvus cryptoleucus
chimney swift Chaeturapelagic Low SC SC
chipping sparrow Spizella passerina
cinnamon teal Anascyanoptera
clay-colored sparrow Spizella pallida
cliff swallow Petrochelidon pyrrhonota
common goldeneye Bucephala clangula
common grackle Quiscalus quiscula
common nighthawk Chordeiles minor Low SC SC
common sni pe ( alGalioagodalineago nds s n Lowe) SC SC
Cooper d0s hawk Accipiter cooperii
curvebilled thrasher Toxostoma curvirostre Low SC SC
darkeyed junco Junco hyemalis
dickcissel SpizaAmericana Low SC SC
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TableA.1. Continued.

Status
Species Scientific Name Priority* Fedeal State
doublecrested cormorant Phalacrocorax auritus
dunlin Calidris alpina
eastern bluebird Sialia sialis
eastern kingbird Tyrannus tyrannus Low SC SC
eastern meadowlark Sturnella magna High SC SC
eastern phoebe Sayornis phoebe
eastern screeebw! Otus asio
Eurasian collaredlove Streptopelia decaocto
European starling Sturnus vulgaris
ferruginous hawk Buteo regalis High SC SC
field sparrow Spizella pusilla Low SC SC
Frankl i nds gul | Laruspipixcan
gadwall Anas strepera
golden eagle Aquila chrysaetos
grasshopper sparrow Ammodramus savannarum Low SC SC
gray catbird Dumetella carolinensis
great blue heron Ardea herodias
great crested flycatcher Myiarchus crinitus Low SC SC
great egret Ardea alba
greater roadrunner Geococcyx californianus
greater scaup Aythya marila
greater yellowlegs Tringa melanoleuca Low SC SC

greater whitdronted goose
great horned owl
greattailed grackle

Anser albifrons
Bubo virginianus
Quiscalus mexicanus
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TableA.1. Continued.

Status
Species Scientific Name Priority* Federal State
greenwinged teal Anas crecca
horned lark Eremophila alpestris Medium SC SC
house finch Carpodacus mexicanus
house sparrow Passer domesticus
indigo bunting Passerina cyanea
killdeer Charadrius vociferus
ladderbacked woodpecker Picodes scalaris Low SC SC
lapland longspur Calcarius lapponicus
lark bunting Calamospiza melanocorys
lark sparrow Chondestes grammacus Low SC SC
lazuli bunting Passerina amoena
least flycatcher Empidonax minimus
least sandpiper Calidris minutilla
lesser scau Aythya affinis Medium SC SC
lesser yellowlegs Tringa flavipes Low SC SC
Lincoln's sparrow Melospiza lincolnii
loggerhead shrike Lanius ludovicianus Medium SC SC
long-billed curlew Numenius americanus High SC SC
long-billed dowitcher Limnodromus scolopaas
mallard Anas platyrhynchos
marbled godwit Limosa fedoa Low SC SC
McCown's longspur Calcarius mccownii Low SC SC
merlin Falco columbarius
Mississippi kite Ictinia mississippiensis Low SC SC

mountain bluebird

Sialia currucoides
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TableA.1. Continued.

Status
Species Scientific Name Priority* Federal State
mourning dove Zenaida macroura
Nashville warbler Vermivora ruficapilla
northern bobwhite Colinus virginianus
northern cardinal Cardinalis cardinalis
northern flicker Colaptes auratus
northern harrier Cirus cyaneus High SC SC
northern mockingbird Mimus polyglottos
northern parula Parula americana
northern pintail Anas acuta High FE SE
northern rougkwinged swallow  Stelgidopteryx serripennis
northern shoveler Anas clypeata
olive-sided fycatcher Contopus cooperi
orangecrowned warbler Vermivora celata
orchard oriole Icterusspurious Medium SC SC
pectoral sandpiper Calidris melanotos
peregrine falcon Falco peregrinus
pied-billed grebe Podilymbus podiceps
pine siskin Carduelis pinus
prairie falcon Falco mexicanus Low SC SC
purple martin Progne subis
red-bellied woodpecker Melanerpes carolinus
redhead AythyaAmericana Medium SC SC

red-headed woodpecker
red-necked phalarope
red phalarope

Melanerpes erythrocephalus

Phalaropus lobatus
Phalaropts fulicaria
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TableA.1. Continued.

Status
Species Scientific Name Priority* Federal State
redtailed hawk Buteo jamaicensis
redwinged blackbird Agelaius phoeniceus
ring-necked duck Aythya collaris
ring-necked pheasant Phasianus colaicus
rock pigeon Columba livia
rock wren Sapinctes obsoletus
Ross's goose Chen rossii
roughlegged hawk Buteo lagopus Low SC SC
ruby-crowned kinglet Regulus calendula
ruddy duck Oxyura jamaicensis
rufouscrowned sparrow Spizella arborea
sandhill crane Grus canadensis
savannah sparrow Passerculus sandwichensis
Say's phoebe Sayornis saya
scaled quail Callipepla squamata Low SC SC
scissottailed flycatcher Tyrannus forficatus Low SC SC
shortbilled dowitcher Limnodromus griseus Medium SC SC
snow goose Chen carulescens
solitary sandpiper Tringa solitaria Low SC SC
song sparrow Melospiza melodia
stilt sandpiper Calidris himantopus Low SC SC
Swainson's hawk Buteo swainsoni Medium SC SC

Tennessee warbler
tree swallow
tuftedtitmouse

Vermivora peregrina
Tachycineta bicolor
Baeolophus bicolor
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TableA.1. Continued.

Status
Species Scientific Name Priority* Federal State
turkey vulture Cathartes aura
upland sandpiper Bartramia longicauda Low SC SC
vesper sparrow Pooecetes gramineus
western kingbd Tyrannus verticalis
western meadowlark Sturnella neglecta Low SC SC
white-breasted nuthatch Sitta carolinensis
white-crowned sparrow Zonotrichia leucophrys
white-faced ibis Plegadis chihi Medium SC SC
white-throated sparrow Zonotrichia albicollis
wild turkey Meleagris gallopavo
willet Catoptrophorus semipalmatus
Wilson's phalarope Phalaropus tricolor Low SC SC
yellow-headed blackbird Xanthocephalus xanthocephalus
yellow warbler Dendroica petechia

IStatus based on Texas Parks and Wildlife DepartmenteBai®n Plan for 20a% 201Q FE= federally endangered species or
population; FT= federally threatened species or population; SE=state endangered species or population; ST= statepbcteganed s
population; SC= species of concern at the federal tw Eael.
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APPENDIX B

DISTANCE 6.0 MODEL SFOR POINT-COUNT SURVEYS: MULTIMODLE
INFERENCE
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TableB.1. Cassi n6s s pdeteatian funcBoemadels andidnsity
estimates from Distance 6.0 for model averadgandirst 10 min of 26min point-
countsurveysfrom Gray and Donley County Study Sifesm April 2008

August 2009

Model* -2LL K AlCc Delta  w D cv
Spring SeasorDensity

HAZARD 471.64 2 47591 0.00 0.84 46.44 0.19
HALF COSNE 475.51 2 479.77 3.86 0.12 4787 0.13
HALF 480.18 1 48227 6.36 0.04 4866 0.13
UNIFORM SIMPLE ~ 483.90 3 490.45 14.53 0.00 2851 0.15
UNIFORM COSNE  523.35 2 52761 51.70 0.00 1533 0.21
UNIFORM 689.95 0 689.95 214.04 0.00 1.95 0.09
Model Average 46.68 0.18
Summer SeasorDensity

HAZARD 799.73 2 803.88 0.00 099 26.39 0.12
HALF 811.37 1 81342 9.54 0.01 36.57 0.12
UNIFORM SIMPLE ~ 853.74 2 857.90 54.01 0.00 14.00 0.17
UNIFORM COSNE  956.05 1 958.10 15422 0.00 6.22 0.13
UNIFORM 1131.09 0 1131.09 327.20 0.00 1.92 0.07
Model Average 26.47 0.3
Spring 2 SeasorDensity

HAZARD 87.81 2 9353 0.96 0.33 247 0.36
HALF COSNE 92.63 2 9834 5.78 0.03 3.70 1.23
HALF 94.63 1 97.13 4.57 0.06 4.98 0.81
UNIFORM SIMPL 90.06 1 9256 0.00 054 4.23 0.45
UNIFORM COSNE  92.11 2 97.83 5.27 0.04 3.44 0.31
UNIFORM 139.32 0 139.32 46.76 0.00 0.17 0.22
Model Average 3.64 0.55
Summer 2 Seasomensity

HAZARD 696.22 2 70041 0.00 0.75 8.16 0.20
HALF COSNE 699.13 2 703.32 291 0.17 9.30 0.14
HALF 704.84 1 706.91 6.49 0.03 6.89 0.11
UNIFORM SIMPLE  699.34 3 705.74 5.33 0.05 6.18 0.08
UNIFORM COSNE  744.13 1 746.19 45.78 0.00 256 0.14
UNIFORM 858.72 0 858.72 158.31 0.00 0.76 0.03

Model Average 8.22 0.20

"Models= key functon + series expansion with sibéas regression of flock size against detection
probability;-2LL =1 2*log-likelihood;, K= number of parameterdlC.=secondor der Akai ke bds
information criterion delta =difference in AlG compared to lowest Al of themodel setw =

AIC-weight D = density estimate; CV = coefficient of variation; spring= spring 2008; summer =

summer 2008; spring 2 = spring 2009; summer 2 = 2009
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TableB.2. Grasshoppesparrowseasonatietection functioimodels andiensiy
estimates from Distance 6.0 for model averadgandirst 10 min of 26min point
count surveys from Gray and Donley County Study Sites from Aprilil2008

August 2009

Model! 2LL K AlCc Delta w D cv
Spring Season

HAZARD 637.19 2 64136 0.00 1.00 11650 0.13
HALF COSINE 663.71 3 670.05 2869 0.00 154.37 0.69
HALF 68542 1 687.47 46.11 0.00 193.45 0.17
UNIFORM COSINE 701.85 4 71044 69.07 0.00 105.88 0.22
UNIFORM 1096.02 0 1096.02 45466 0.00 2.82 0.08

Model Average 116.50 0.13

Summer Season

HAZARD SIMPLE 681.40 3 687.75 1.12 0.27 53.90 0.17
HAZARD 684.78 2 688.95 2.32 0.15 50.07 0.13
HALF 684.58 1 686.64 0.00 048 64.58 0.11
UNIFORM COSNE  678.98 5 689.89 3.26 0.09 68.00 0.22
UNIFORM 106597 O 1065.97 379.34 0.00 1.70 0.04
Model Average 59.78 0.18
Spring 2 Season

HAZARD 791.78 2 795.93 0.00 0.99 39.65 0.13
HALF COSNE 796.02 4 804.52 8.59 0.01 47.32 0.15
HALF 821.77 1 82381 27.88 0.00 37.33 0.05
UNIFORM COSNE  890.94 2 895.09 99.16 0.00 16.51 0.04
UNIFORM 1258.80 0 1258.80 462.87 0.00 1.08 0.03

Model Average 59.78 0.18

Summer 2 Season

HAZARD SIMPLE 141531 3 142149 0.00 0.38 3381 0.15
HAZARD 141794 2 142203 0.54 0.29 32,65 0.13
HALF COSNE 1415.66 3 142184 0.35 0.32 35.07 0.09
HALF 1456.96 1 1458.99 37.49 0.00 2252 0.06
UNIFORM COSNE  1423.61 4 143192 1043 0.00 2522 0.08
UNIFORM 1899.36 0 1899.36 477.87 0.00 1.61 0.02

Model Average 33.86 0.13

IModels= key function + series expansion with slzies regression of flock size against detetti
probability;-2LL =7 2*og-likelihood; K= number of parameterdlC.=secondor der Akai keds
information criterion delta =difference in AlG compared to lowest &l of the model setw =

AICcweight D = density estimate; CV = coefficient of variatispring= spring 2008; summer =

summer 2008; spring 2 = spring 2009; summer 2 = 2009
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TableB.3. Horned larkseasonatietection functiomodels andiensityestimates
from Distance 6.0 for model averagifay first 10 min of 26min pointcount
surveys from Gray and Donley County Study Sites from April 28Q@ust
2009

Model* -2LL K AICc Delta w D cv
Spring Season

HAZARD 781.94 2 786.08 0.00 0.69 301.52 0.15
HALF 785.60 1 787.65 1.56 0.31 361.59 0.13
UNIFORM COSNE  823.34 4 831.82 45.74 0.00 181.86 0.22
UNIFORM SIMPLE ~ 866.13 1 868.17 82.09 0.00 217.54 0.10
UNIFORM 135051 0 135051 564.43 0.00 6.53 0.11
Model Average 320.37 0.16
Summer Season

HAZARD 1009.57 2 1013.69 3.48 0.15 108.34 0.13
HALF COSNE 1001.81 4 1010.20 0.00 0.85 119.08 0.28
HALF 1038.38 1 1040.42 30.21 0.00 101.95 0.10
UNIFORM COSNE 112950 3 1135.74 12553 0.00 40.09 0.13
UNIFORM SIMPLE  1200.42 2 120454 19433 0.00 2522 0.14
UNIFORM 1569.22 0 1569.22 559.02 0.00 3.96 0.08
Model Average 117.48 0.26
Fall Season

HAZARD 538.45 2 542.70 0.00 0.87 8173 0.31
HALF COSNE 542.41 2 546.66 3.96 0.12 56.20 0.20
HALF 562.92 1 565.00 22.29 0.00 36.23 0.19
UNIFORM COSNE  541.66 5 553.02 10.32 0.01 6126 0.23
UNIFORM SIMPLE  636.46 1 63855 95.84 0.00 9.17 0.16
UNIFORM 706.36 0 706.36 163.65 0.00 5.49 0.24
Model Average 78.54 0.32
Winter Season

HAZARD 454.45 2 458.71 0.00 0.96 167.08 0.22
HALF COSNE 458.54 3  465.09 6.37 0.04 223.36 0.19
HALF 479.32 1 48141 22.69 0.00 151.78 0.16
UNIFORM COSINE  517.11 3 523.66 64.94 0.00 46.07 0.22
UNIFORM SIMPLE ~ 496.36 5 507.79 49.07 0.00 59.79 0.33
UNIFORM 714.70 0 714.70 255.98 0.00 4.85 0.14
Model Average 78.54 0.32
Spring 2 Season

HAZARD 681.16 685.33 0.00 0.97 36.28 0.12

2
HALF COSNE 69447 1 696.53 11.20 0.00 5185 0.16
HALF HERMITE 688.91 2 693.08 7.75 0.02 4210 0.38
HALF 694.47 1 696.53 11.20 0.00 5185 0.16
UNIFORM COSNE  745.56 2 749.73 64.40 0.00 1839 0.18
UNIFORM SIMPLE ~ 738.55 1 740.61 55.27 0.00 28.67 0.09
UNIFORM 10299 0 107299 387.66 0.00 1.93 0.12
Model Average 36.51 0.13
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B.3. Continued.

Summer 2 Season

HAZARD 783.40 2 787.56 0.00 0.75 26.40 0.15
HALF COSNE 778.97 5 789.81 2.25 0.24 3090 0.36
HALF 797.70 1 799.75 12.19 0.00 30.28 0.11
UNIFORM COSNE  893.88 2 898.04 11048 0.00 16.36 0.11
UNIFORM SIMPLE  808.53 3 814.85 27.29 0.00 1853 0.08
UNIFORM 1086.12 O 1086.12 298.56 0.00 1.61 0.07

Model Average 2751 0.22

IModels= key function + series expansion with slzias regression dfock size against detection
probability;-2LL =1 2*log-likelihood;, K= number of parameteralCc=secondor der Akai keds
information criterion delta =difference in AlG compared to lowest Al of the model setw =

AIC-weight D = density estimate;\C= coefficient of variation; spring= spring 2008; summer =

summer 2008; spring 2 = spring 2009; summer 2 = 2009
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TableB.4. Killdeer seasonafietection functionomodels andiensityestimates
from Distance 6.0 for model averagifor first 10 min of 26min pointcount
surveys from Gray and Donley County Study Sites from April 28Q@ust
2009

Model* 2LL K AlCc Delta w D cv
Spring Season

HAZARD 299.69 2 304.19 2.33 0.21 10.11 0.26
HALF 299.70 1 301.86 0.00 069 1234 0.21
UNIFORM COSNE  298.87 3 305.91 4.05 0.09 1350 0.27
UNIFORM SIMPLE  304.41 3 311.45 9.59 0.01 7.29 0.16
UNIFORM 358.37 0 358.37 56.51 0.00 1.46 0.11
Model Average 1194 0.24
Summer Season

HALF COSNE 349.13 5 361.35 0.00 081 6.94 11.35
HAZARD 360.50 2 364.90 3.55 0.14 1.18 0.37
HALF 364.79 1 366.92 5.56 0.05 0.37 0.08
UNIFORM COSINE 367.70 2 37210 10.74 0.00 0.02 0.01
UNIFORM SIMPLE  380.06 1 38219 20.84 0.00 0.00 0.00
UNIFORM 440.10 0 440.10 78.75 0.00 0.00 0.00
Model Average 8.50 1.39
Fall Season

HAZARD 94.40 2 100.40 3.84 0.09 7.33 0.60
HALF 96.10 1 98.67 2.11 0.21 8.56 0.89
UNIFORM COSNE  93.82 2 99.82 3.26 0.12 6.91 1.20
UNIFORM SIMPLE  93.99 1 96,57 0.00 059 7.85 0.62
UNIFORM 116.19 0 116.19 19.63 0.00 1.22 045
Model Average 7.84 0.74
Spring 2 Season

HALF COSNE 949.36 955.65 0.92 0.39 26.10 0.14
HAZARD 950.59 954.73 0.00 0.61 2042 0.16
HALF 965.99 968.04 13.31 0.00 16.82 0.09

UNIFORM SIMPLE ~ 999.25 1007.74 53.01 0.00 1451 0.14
UNIFORM 1217.05 1217.05 262.31 0.00 1.47 0.08
Model Average 7.84 0.74

3
2
1
UNIFORM COSNE  964.07 3 970.36 15.63 0.00 14.79 0.08
4
0

Summer 2 Season

HAZARD SIMPLE 673.92 680.34 0.84 0.22 7.90 0.25
HAZARD 677.53 681.74 2.24 011 7.72 0.20
HALF 678.06 680.13 0.63 0.24 8.95 0.15

UNIFORM COSNE  673.08 679.50 0.00 0.33 12.00 0.18
UNIFORM SIMPLE ~ 675.57 681.99 2.48 0.10 8.89 0.15
UNIFORM 805.41 805.41 125.90 0.00 1.22 0.12

Model Average 9.60 0.25

O W wWkFrkNW

IModels= key function + seriesxpansion with siz®ias regression of flock size against detection
probability;-2LL =1 2*log-likelihood;, K= number of parameteralCc=secondor der Akai keds
information criterion delta =difference in AlG compared to lowest Al of the model setw =

AIC-weight D = density estimate; CV = coefficient of variation; spring= spring 2008; summer =

summer 2008; spring 2 = spring 2009; summer 2 = 2009
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TableB.5. Meadowlark sppseasonatietection functioimodels andiensity
estimates from Distaec6.0 for model averagirfgr first 10 min of 26min point
count surveys from Gray and Donley County Study Sites from Aprilil2008

August 2009

Model* 2LL K AlCc Delta w D cv
Spring Season

HALF COSNE 355852 5 3568.69 10.45 0.01 53451 0.09
HAZARD 355421 2 3558.24 0.00 0.99 457.81 0.09
HALF 3670.21 1 367222 11397 0.00 338.94 0.07
UNIFORM COSNE 3855.10 3 3861.16 30292 0.00 144.60 0.08
UNIFORM 527195 0 527195 1713.70 0.00 14.00 0.06
Model Average 458.22 0.10
Summer Season

HALF COSNE 3465.10 2 3469.14 6.81 0.03 117.46 0.08
HAZARD 3458.29 2 3462.32 0.00 0.97 88.27 0.09
HALF 3496.20 1 3498.22 35.89 0.00 91.68 0.08
UNIFORM SIMPLE 359427 3 3600.35 138.02 0.00 61.61 0.07
UNIFORM COSNE 3487.51 3 349359 31.26 0.00 79.25 0.07
UNIFORM 4500.73 0 4500.73 1038.40 0.00 7.67 0.07
Model Average 89.20 0.10
Fall Season

HAZARD SIMPLE 1331.31 4 1339.67 0.00 0.65 99.33 0.42
HALF COSNE 1336.72 3 134293 3.26 0.13 84.79 0.19
HAZARD 1340.00 2 134411 4.44 0.07 97.32 0.32
HALF 1362.02 1 1364.05 24.38 0.00 43.38 0.15
UNIFORM SIMPLE  1349.16 3 1355.37 15.70 0.00 45.15 0.15
UNIFORM COSNE 1332.02 5 134257 2.90 0.15 91.02 0.20
UNIFORM 151784 0 1517.84 178.16 0.00 10.78 0.16
Model Average 96.06 0.36
Winter Season

HALF COSNE 756.89 3 763.23 0.00 0.98 91.86 0.20
HAZARD 767.39 2 77155 8.32 0.02 9261 0.20
HALF 814.03 1 816.08 52.86 0.00 53.89 0.13
UNIFORM SIMPLE  820.06 4 828.62 65.39 0.00 3391 0.16
UNIFORM COSNE  871.22 2 875.39 112.16 0.00 21.12 0.15
UNIFORM 110150 O 110150 338.27 0.00 457 0.21

Model Average 91.87 0.20

Spring 2 Season

HAZARD SIMPLE 5351.17 3 5357.22 0.00 0.65 115.65 0.08
HALF COSNE 535259 3 5358.63 141 0.32 157.36 0.08
HAZARD 5359.35 2 5363.37 6.15 0.03 112.73 0.07
HALF 539945 1 5401.46 4424 0.00 121.82 0.06
UNIFORM SIMPLE ~ 5557.94 4 5566.02 208.80 0.00 69.64 0.07
UNIFORM COSNE 6247.17 1 6249.18 89196 0.00 23.30 0.07
UNIFORM 7349.03 0 7349.03 1991.81 0.00 7.14 0.05
Model Average 128.93 0.16
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TableB.5. Continued.
Model* -2LL K AlCc Delta w D cv

Summer 2 Season

HAZARD SIMPLE 3919.01 3925.08 0.00 0.86 62.77 0.09
HALF COSNE 3920.55 3928.66 3.58 0.14 6343 0.18
HAZARD 3933.69 3937.73 12.65 0.00 62.68 0.08
HALF 3962.83 3964.84 39.76 0.00 57.87 0.06

UNIFORM SIMPLE ~ 3997.72 4003.79 78.71 0.00 4252 0.05
UNIFORM COSNE  4350.82 4352.83 427.75 0.00 16.33 0.07
UNIFORM 5083.61 5083.61 1158.53 0.00 5.23 0.05

Model Average 62.87 0.11

OPFrRr WEFEDNM~MW

IModels= key function +series expansion with si®as regression of flock size against detection
probability;-2LL =1 2*og-likelihood; K= number of parameter&lC.=secondor der Akai keds
information criterion delta =difference in AlG compared to lowest &l of the modebket w =

AIC-weight D = density estimate; CV = coefficient of variation; spring= spring 2008; summer =

summer 2008; spring 2 = spring 2009; summer 2 = 2009
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TableB.6. Mourning doveseasonatietection functiomodels andiensity
edimates from Distance 6.0 for model averadimgfirst 10 min of 26min point
count surveys from Gray and Donley County Study Sites from Aprilil2008

August 2009

Model* 2LL K AlCc Delta w D cv
Spring Season

HALF COSNE 672.68 2 676.89 0.00 0.38 2856 0.18
UNIFORM COSNE  671.92 3 67834 1.45 0.18 25.00 0.15
HAZARD 672.89 2 677.10 0.21 0.34 2327 0.23
HALF 677.88 1 679.95 3.06 0.08 1985 0.13
UNIFORM SIMPLE  677.80 3 684.23 7.34 0.01 16.73 0.11
UNIFORM 793.78 0 793.78 116.88 0.00 3.04 0.10
Model Average 113.18 0.08
Summer Season

HALF COSNE 1207.95 2 1212.07 0.00 0.45 4255 0.15
HAZARD SIMPLE 1212.05 2 1216.17 4.10 0.06 3155 0.18
UNIFORM COSNE  1206.83 3 1213.07 1.00 0.27 3747 0.2
HAZARD COSNE 1208.06 3 1214.30 2.23 0.15 3774 0.13
HAZARD 1212.05 2 1216.17 4.10 0.06 3155 0.18
HALF 121854 1 122058 851 0.01 27.75 0.12
UNIFORM SIMPLE ~ 1222.70 3 1228.94 16.87 0.00 2231 0.12
UNIFORM 1405.53 0 140553 193.46 0.00 4.86 0.20
Model Average 39.06 0.17
Fall Season

UNIFORM COSNE  339.43 2 343.89 1.00 0.25 4.81 0.29
HAZARD 339.60 2 344.07 1.18 0.23 4.38 0.35
HALF 340.74 1 342.89 0.00 0.41 4.32 0.26
UNIFORM SIMPLE ~ 340.96 2 34542 2.53 0.12 3.77 0.26
UNIFORM 365.32 0 365.32 22.43 0.00 1.72 0.24
Model Average 4.39 0.29
Spring 2 Season

HALF COSNE 749.80 3 756.18 0.00 0.66 20.06 0.19
HAZARD SIMPLE 761.13 3 767.51 11.33 0.00 16.05 0.41
UNIFORM COSNE  746.50 5 757.48 1.30 0.34 20.36 0.25
HAZARD 765.67 2 769.86 13.68 0.00 1364 0.28
HALF 778.29 1 780.35 24.17 0.00 7.95 0.13
UNIFORM SIMPLE  764.44 4 773.09 16.91 0.00 8.80 0.16
UNIFORM 892.30 0 892.30 136.12 0.00 1.39 0.09
Model Average 20.15 0.21
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TableB.6. Continued
Model* -2LL K AlCc Delta w D cv

Summer 2 Season

HAZARD SIMPLE 1634.07 3 1640.24 0.00 0.77 16.47 0.19
UNIFORM COSNE 1657.12 1 1659.15 18.91 0.00 10.46 0.09
HAZARD COSNE 1643.80 2 1647.89 7.65 0.02 16.25 0.14
HAZARD 164558 2 1649.66 9.42 0.01 17.88 0.17
HALF 164085 1 164288 2.63 0.21 1770 0.10
UNIFORM SIMPLE ~ 1653.93 2 1658.02 17.78 0.00 10.86 0.08
UNIFORM 1858.07 0 1858.07 217.83 0.00 3.29 0.12

Model Average 16.73 0.17

IModels= key function + series expansion with slzies regression of flock size against detection
probability;-2LL =1 2*og-likelihood; K= number of parameter&lC.=secondor der Akai keds
information criterion delta =difference in AlG compared to lowest &l of the model setw =

AIC - weight D = density estimate; CV = coefficient of variation; spring= sp#iig8; summer =

summer 2008; spring 2 = spring 2009; summer 2 = 2009
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TableB.7. Redwinged blackbirdseasonatletection functionomodels andlensity
estimates from Distance 6.0 for model averadgandirst 10 min of 26min point
count surveys from Gray and Donley County Study Sites from Aprilil2008

August 2009

Model* 2LL K AlCc Delta w D cv
Spring Season

HALF COSINE 1487.26 3 149343 6.68 0.03 146.56 0.15
HAZARD 1482.67 2 1486.75 0.00 0.97 116.14 0.17
HALF 1529.% 1 1531.39 44.63 0.00 9245 0.13
UNIFORM SIMPLE 155493 3 1561.11 74.35 0.00 57.76 0.13
UNIFORM COSINE 1706.95 1 1708.98 22223 0.00 2490 0.15
UNIFORM 199545 0 199545 508.69 0.00 1145 0.35
Model Average 117.18 0.18
Summer Season

HALF COSINE 1087.50 3 1093.74 0.38 0.45 207.48 0.19
HAZARD 1089.24 2 1093.36 0.00 0.55 16159 0.21
HALF 111443 1 111646 23.11 0.00 124.22 0.17
UNIFORM SIMPLE 1130.32 3 1136.56 43.20 0.00 7892 0.17
UNIFORM COSINE 1233.66 1 123570 142.34 0.00 3420 0.19
UNIFORM 143957 0 143957 346.21 0.00 1145 0.16
Model Average 182.35 0.24
Fall Season

HALF COSINE 547.86 2 55214 1.84 0.24 46.45 0.33
HAZARD 546.03 2 550.30 0.00 0.60 61.32 0.50
HALF 564.77 1 566.86 16.56 0.00 20.00 0.25
UNIFORM SIMPLE  572.19 2 576.46 26.16 0.00 1423 0.25
UNIFORM COSINE 546.43 3 552.99 2.69 0.16 39.23 0.31
UNIFORM 615.21 0 615.21 64.91 0.00 33.05 0.38

Model Average 54.27 0.48

Winter Season

HAZARD SIMPLE 362.85 367.25 1.30 0.27 150.03 0.55
HALF COSINE 363.52 367.92 1.97 0.19 154.06 0.51
HAZARD 361.55 365.95 0.00 0.51 12315 0.51
HALF 370.89 373.02 7.07 0.01 105.45 0.48

UNIFORM SIMPLE  372.64 379.47 13.52 0.00 8139 0.46
UNIFORM COSINE 365.46 372.29 6.34 0.02 116.62 0.48
UNIFORM 444.27 444.27 78.32 0.00 2348 0.36

Model Average 135.72 0.53

O W WEFRLrNDNMNDN

Spring 2 Season

HAZARD SIMPLE 3655.77 3 3661.84 4.00 0.12 251.79 0.14
HALF COSNE 3651.77 3 3657.84 0.00 0.85 223.26 0.12
HAZARD 3660.28 2 3664.31 6.47 0.03 236.49 0.13
HALF 3746.17 1 3748.18 90.34 0.00 13559 0.10
UNIFORM SIMPLE 382142 4 3829.54 171.70 0.00 106.44 0.11
UNIFORM COSNE 3717.44 3 372351 65.67 0.00 130.21 0.10
UNIFORM 4663.61 0 4663.61 1005.77 0.00 4224 0.33
Model Average 226.99 0.13

116



TableB.7. Continued.
Model* -2LL K AlCc Delta w D cv

Summer 2 Season

HAZARD SIMPLE 2683.45 2689.55 0.00 0.82 139.97 0.16
HALF COSNE 2684.53 2692.69 3.15 0.17 136.22 0.22
HAZARD 2696.64 2700.69 11.14 0.00 14219 0.14
HALF 2716.44 27186  28.90 0.00 108.83 0.11

UNIFORM SIMPLE ~ 2790.98 2797.08 107.53 0.00 67.63 0.12
UNIFORM COSNE  2693.55 2701.72 1217 0.00 14542 0.13
UNIFORM 3387.37 3387.37 697.83 0.00 4946 0.39

Model Average 139.35 0.17

Ohrh WEFLDNMW

IModels= key function + serieexpansion with siz&ias regression of flock size against detection
probability;-2LL =1 2*og-likelihood; K= number of parameter&lC.=secondor der Akai keds
information criterion delta =difference in Al compared to lowest &l of the model setw =

AIC-weight D = density estimate; CV = coefficient of variation; spring= spring 2008; summer =

summer 2008; spring 2 = spring 2009; summer 2 = 2009
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TableB.8. Western meadowalrkeasonatietection functioimmodels andiensiy
estimates from Distance 6.0 for model averadgandirst 10 min of 26min point
count surveys from Gray and Donley County Study Sites from Aprilil2008
August 2009

Model* -2LL K AICc Delta w D cv

Spring 2 Season

HAZARD SIMPLE 2783.80 2789.89 0.00 0.69 73.02 0.09
HALF COSNE 2786.03 2792.12 2.23 0.23 9945 0.09
HAZARD 2792.33 2796.37 6.48 0.03 70.22 0.08
HALF 2810.59 2812.61 22.72 0.00 7560 0.06

UNIFORM SIMPLE ~ 2816.35 282450 34.61 0.00 59.04 0.08
UNIFORM COSNE  2784.89 279511 5.22 0.05 86.73 0.10
UNIFORM 3934.53 3934.53 1144.64 0.00 3.53 0.03

Model Average 79.65 0.09

OO A~AFPDNWW

Summer 2 Season

HAZARD SIMPLE 2457.73 2463.84 0.00 0.87 4553 0.10
HALF COSNE 2461.10 2469.27 5.44 0.06 46.21 0.20
HAZARD 2464.81 2468.86 5.03 0.07 4434 0.09
HALF 2486.76 2488.78 24.94 0.00 4527 0.06

UNIFORM SIMPLE ~ 2502.33 251259 48.75 0.00 33.97 0.07
UNIFORM COINE  2637.30 2641.35 17751 0.00 2352 0.06
UNIFORM 3325.90 332590 862.06 0.00 2091 0.04

Model Average 4549  0.09

ONOOFRPDNMAMW

IModels= key function + series expansion with skias regression of flock size against detection
probability;-2LL =1 2*log-likelihood;, K= number of parameterdlC.=secondor der Akai kebds
information criterion delta =difference in AlG compared to lowest & of the model setw =

AIC-weight D = density estimate; CV = coefficient of variation; spring= spring 2008; summer =

summer 2008; spring 2 = spring 2009; summer 2 = 2009
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TableB.9. American kestrel globdetection functiormodels andlensityestimates
from Distance 6.0 for model averagifay first 10 min of 20min pointcount surveys
from Gray and Donley County Study Sites from April 2088gust 2009

Model* -2LL K AlCc Delta w D cv

Global Detection Functon

HAZARD 400.21 2 404.60 0.00 0.40 4.39 0.45
UNIFORM COSNE 400.67 2 405.06 0.46 0.32 3.30 0.20
HALF COSNE 402.32 2 406.71 211 0.14 4.15 0.27
HALF 404.90 1 407.02 2.42 0.12 2.73 0.16
UNIFORM SIMPLE 405.19 2 409.57 4.98 0.03 2.12 0.18
UNIFORM 435.25 0 435.25 30.65 0.00 0.72 0.03
Model Average 3.74 37.95%
Summer Fall Winter Spring 2 Summer 2

D Ccv D Ccv D Ccv D Ccv D Ccv
0.42 0.45 1.44 0.45 1.70 0.46 0.53 0.45 0.30 0.45
0.31 0.19 1.07 0.19 1.29 0.20 0.40 0.19 0.23 0.19
0.40 0.27 1.36 0.27 1.60 0.28 0.50 0.27 0.29 0.27
0.26 0.16 0.88 0.16 1.08 0.17 0.32 0.16 0.19 0.16
0.20 0.18 0.68 0.18 0.85 0.19 0.25 0.18 0.14 0.18
0.07 0.01 0.23 0.01 0.30 0.08 0.08 0.01 0.05 0.01

0.36 38.200 1.22 38.20%6 1.46 37.98%  0.45 38200  0.26 38.1%

IModels= key function + series expansion with stzias regression of flock size against detection
probability;-2LL =1 2*log-likelihood;, K= number of parameter&lCc.=secondor der Akai keds
information criterion delta =difference in AIG compared tdowest AIC: of the model setw = AIC.

weight D = density estimate; CV = coefficient of variation; spring= spring 2008; summer = summer 2008;
spring 2 = spring 2009; summer 2 = 2009
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TableB.10. Barn swallovglobaldetection functioimmodels anddensityestimates from
Distance 6.0 for model averagifg first 10 min of 26min pointcount surveys from
Gray and Donley County Study Sites from April 2088gust 2009

Model* -2LL K AlCc Delta w D cv
Global Detection Function

HALF COSINE 585.58 4 594.42 0.00 0.75 63.99 0.28
HAZARD 592.35 2 596.59 2.18 0.25 48.35 0.29
HALF 605.54 1 607.62 13.20 0.00 38.06 0.23
UNIFORM SIMPLE 606.81 3 613.29 18.88 0.00 29.65 0.24
UNIFORM COSNE 623.47 2 627.71 33.30 0.00 22.35 0.24
UNIFORM 754.46 0 754.46 160.05 0.00 471 0.27
Model Average 60.02 30.16%
Spring Summer Fall Spring 2 Summer 2

D CcVv D Ccv D (1Y) D Ccv D CcVv
1.88 0.19 7.44 0.28 6.79 0.35 6.41 0.39 41.47 0.35
1.06 0.20 5.01 0.30 4.22 0.36 3.42 0.31 34.64 0.35
0.83 0.09 3.99 0.24 3.41 0.32 2.14 0.23 27.70 0.30
0.58 0.10 3.02 0.25 2.56 0.33 1.48 0.20 22.01 0.30
0.44 0.11 2.27 0.26 1.85 0.32 1.12 0.21 16.67 0.30
0.08 0.01 0.40 0.22 0.47 0.28 0.30 0.18 3.47 0.37

1.67 28.12% 6.82 32.48% 6.14 40.23% 5.65 45.32% 39.74 36.16%

IModels= key function + series expansion with skias regression of flock size against detection
probability;-2LL =7 2*og-likelihood; K= number of parameterdlC.=secondor der Akai keds
information criterion delta =difference in AlG compared tdowest AIC: of the model setw = AIC¢

weight D = density estimate; CV = coefficient of variation; spring= spring 2008; summer = summer 2008;
spring 2 = spring 2009; summer 2 = 2009
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TableB.11. Bluewinged teablobaldetectionfunctionmodels andiensityestimates
from Distance 6.0 for model averagifay first 10 min of 20min pointcount surveys
from Gray and Donley County Study Sites from April 2088gust 2009

Model* -2LL K AlCc Delta w D cv
Global Detection Function

HALF 491.37 1 493.47 0.00 0.32 30.69 0.48
UNIFORM COSNE 489.59 2 493.89 0.42 0.26 25.34 0.46
UNIFORM SIMPLE 491.82 1 493.92 0.45 0.25 18.58 0.35
HAZARD SIMPLE 488.48 3 495.10 1.63 0.14 25.34 0.51
HAZARD 493.89 2 498.19 4.72 0.03 27.79 0.40
UNIFORM 547.06 0 547.06 53.60 0.00 11.712 0.28
Model Average 25.40 49.38%
Spring Summer Winter Spring 2 Summer 2

D Ccv D CcVv D Ccv D cVv D Ccv
20.50 0.68 1.18 0.81 0.46 0.18 4.71 0.43 3.84 0.36
16.40 0.65 0.85 0.68 0.39 0.22 4.40 0.42 3.30 0.38
10.95 0.56 0.51 0.45 0.28 0.07 4.37 0.35 2.48 0.31
1493 0.70 0.86 0.72 0.38 0.37 5.87 0.52 3.30 0.47
15.45 0.60 1.09 0.65 0.39 0.23 7.40 0.42 3.46 0.37
3.08 0.47 0.29 0.39 0.09 0.01 7.39 0.40 0.87 0.21

16.09 695%  0.88 78.49%  0.38 2820  4.79 44230  3.27 40.748%

IModels= key function + series expansion with skias regression of flock size against detection
probability;-2LL =7 2*og-likelihood; K= number of parameterdlC.=secondor der Akai keds
information criterion delta =difference in AIG comparedd lowest AC: of the model setw = AIC.

weight D = density estimate; CV = coefficient of variation; spring= spring 2008; summer = summer 2008;
spring 2 = spring 2009; summer 2 = 2009
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TableB.12. Common gracklglobaldetectio functionmodels andlensityestimates
from Distance 6.0 for model averagifay first 10 min of 20min pointcount surveys
from Gray and Donley County Study Sites from April 2088gust 2009

Model* -2LL K AlCc Delta w D cv
Global Detection Function

HALF 664.91 1 666.98 0.00 0.74 210.66 0.51
UNIFORM COSNE 664.02 3 670.44 3.46 0.13 196.68 0.50
HAZARD SIMPLE 665.31 3 671.73 4.76 0.07 149.87 0.48
HAZARD 667.63 2 671.84 4.86 0.06 116.90 0.44
UNIFORM SIMPLE 692.08 2 696.28 29.31 0.00 61.36 0.46
UNIFORM 817.10 0 817.10 150.12 0.00 1541 0.27
Model Average 198.62 52.42%
Spring Summer Spring 2 Summer 2

D CcVv D Ccv D (1Y) D Ccv

178.85 0.59 1.79 0.45 9.69 0.37 16.93 0.51

165.71 0.59 1.82 0.44 9.84 0.38 16.02 0.51

125.11 0.56 2.32 0.39 9.70 0.38 1055 0.47

94.72 0.53 2.29 0.35 9.04 0.36 8.89 0.42

49.73 0.55 0.83 0.38 4.62 0.38 4.90 0.47

12.16 0.33 0.53 0.39 1.82 0.45 0.76 0.23

168.02 60.6%% 1.87 44.3% 9.67 37.1%% 1585 53.6™

IModels= key function + series expansion with skias regressiv of flock size against detection

probability;-2LL =1 2*log-likelihood; K= number of parameter&lCc.=secondo r d e r

Akai keods

information criterion delta =difference in AlG compared to lowest &l of the model setw = AIC¢
weight D = density estimat CV = coefficient of variation; spring= spring 2008; summer = summer 2008;
spring 2 = spring 2009; summer 2 = 2009
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TableB.13. Common nighthawddobaldetection functiomodels andiensityestimates
from Distance 6.0 for modelveragindor first 10 min of 20min pointcount surveys
from Gray and Donley County Study Sites from April 2088gust 2009

Model* -2LL K AlCc Delta w D cv

Global Detection Function

UNIFORM COSNE 737.02 2 741.22 0.00 0.41 8.21 0.12
HALF 739.77 1 741.84 0.62 0.30 7.76 0.12
HAZARD 738.31 2 74251 1.29 0.22 7.98 0.21
UNIFORM SIMPLE 738.31 3 744.71 3.50 0.07 7.30 0.12
UNIFORM 821.01 0 821.01 79.79 0.00 1.49 0.04
Model Average 7.96 14.49%
Spring Summer Fall Summer 2

D cv D cv D Ccv D cv

1.57 0.14 5.84 0.12 0.12 0.12 0.69 0.12

1.48 0.14 5.52 0.13 0.11 0.12 0.65 0.12

1.55 0.22 5.64 0.21 0.12 0.21 0.67 0.21

1.40 0.14 5.18 0.12 0.11 0.11 0.61 0.11

0.30 0.08 1.04 0.05 0.02 0.01 0.13 0.01

1.53 16.43% 5.65 14.97%% 0.11 14.03% 0.67 14.03%

IModels= key function + series expansion with skias regression of flock size against detection
probability;-2LL =7 2*og-likelihood; K= number of parameterdlC.=secondor der Akai keds
information criterion delta =difference in AIG comparedo lowest AC: of the model setw = AIC.

weight D = density estimate; CV = coefficient of variation; spring= spring 2008; summer = summer 2008;
spring 2 = spring 2009; summer 2 = 2009
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TableB.14. Dickcisseglobaldetectiorfunctionmodels andiensityestimates from
Distance 6.0 for model averagifg first 10 min of 26min pointcount surveys from
Gray and Donley County Study Sites from April 2088gust 2009

Model* -2LL K AlCc Delta w D cv
Glbal Detection Function

HAZARD SIMPLE 111771 3 1123.93 0.00 0.61 67.70 0.13
HAZARD 112151 2 1125.62 1.69 0.26 62.65 0.11
HALF 112493 1 1126.96 3.04 0.13 69.62 0.08
UNIFORM SIMPLE 119852 4 1206.88 82.96 0.00 32.64 0.14
UNIFORM COSNE 123355 3 1239.76 115.84 0.00 2139 0.13
UNIFORM 171726 O 1717.26 593.34 0.00 2.16 0.05
Model Average 66.64 12.66%
Spring Summer Fall Spring 2 Summer 2

D Ccv D CcVv D Ccv D cVv D Ccv
1099 0.17 23.34 0.15 0.76 0.13 7.47 0.18 25.13 0.13
10.57 0.15 21.49 0.13 0.70 0.11 6.67 0.17 2322 011
8.87 0.17 2475 0.11 0.79 0.07 9.18 0.14 26.02 0.08
4.45 0.19 1145 0.16 0.37 0.14 3.95 0.19 1242 0.14
2.90 0.18 7.51 0.15 0.24 0.12 2.60 0.18 8.13 0.12
0.49 0.17 0.69 0.08 0.02 0.01 0.20 0.16 0.76 0.03

10.60 17.4% 23.05 14.8%% 0.75 12.2%8% 7.49 19.40% 2475 12.3%%

IModels= key function + series expansion with skias regression of flock size against detection
probability;-2LL =7 2*og-likelihood; K= number of parameterdlC.=secondor der Akai keds
information criterion delta =difference h AIC;compared to lowest &l of the model setw = AIC.

weight D = density estimate; CV = coefficient of variation; spring= spring 2008; summer = summer 2008;
spring 2 = spring 2009; summer 2 = 2009
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TableB.15. Eastern meaddavk globaldetection functiomodels andiensityestimates
from Distance 6.0 for model averagifay first 10 min of 20min pointcount surveys
from Gray and Donley County Study Sites from April 2088gust 2009

Model* -2LL K AlCc Delta w D cv
Global Detection Function

HAZARD 702.93 2 707.12 0.00 0.55 1453 0.20
HALF COSNE 701.22 3 707.60 0.48 0.44 1855 0.18
HALF 713.83 1 715.89 8.77 0.01 12.11  0.13
UNIFORM SIMPLE 711.44 3 717.82 10.70 0.00 9.95 0.11
UNIFORM COSNE 768.69 2 772.88 65.76 0.00 7.11 0.15
UNIFORM 913.93 0 913.93 206.81 0.00 1.09 0.12
Model Average 16.26 22.83%
Fall Spring 2 Summer 2

D Ccv D CcVv D Ccv

4.73 0.34 4.50 0.19 5.29 0.18

5.90 0.34 5.65 0.16 7.01 0.15

3.88 0.31 3.66 0.10 4.57 0.09

3.25 0.30 2.99 0.07 3.72 0.06

2.28 0.31 2.15 0.13 2.68 0.12

0.38 0.35 0.33 0.05 0.37 0.01

5.23 35.7%  4.99 20.626  6.03 21.8206

IModels= key function + series expansion with skias regression of flock size against detection
probability;-2LL =7 2*og-likelihood; K= number ofparametersAlC.=secondor der Akai ked s
information criterion delta =difference in AIG compared to lowest &l of the model setw = AIC¢

weight D = density estimate; CV = coefficient of variation; spring= spring 2008; summer = summer 2008;
spring 2 =spring 2009; summer 2 = 2009
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TableB.16. Greatailed grackledetection functioimodels andiensityestimates from Distance
6.0 for model averagini®r first 10 min of 20min pointcount surveys from Gray and Donley

County Stug Sites from April 2008August 2009

Model* -2LL K AlCc Delta w D cv

Global Detection Function

UNIFORM SIMPLE 593.78 3 600.27 0.00 0.26 64.46 0.29

HALF COSNE 596.40 2 600.64 0.37 0.22 87.92 0.34

UNIFORM COSNE 594.18 3 600.67 0.40 0.21 84.31 0.32

HAZARD 596.58 2 600.82 0.55 0.20 82.04 0.39

HALF 599.90 1 601.97 1.70 0.11 60.00 0.29

UNIFORM 694.63 0 694.63 94.35 0.00 23.24 0.43

Model Average 76.77 36.29%

Spring Summer Fall Winter Spring 2 Summer 2

D Ccv D Ccv D Ccv D Ccv D Ccv D Ccv

9.36 0.48 1150 0.32 4.54 0.09 4.54 0.09 4.68 0.36 31.46 0.54
10.30 0.57 19.32 042 6.34 0.19 6.34 0.19 7.51 0.41 40.39 0.61
10.75 0.55 17.11  0.39 5.99 0.15 5.99 0.15 6.80 0.39 39.83 0.58
1240 0.55 12.26 0.39 5.34 0.24 5.34 0.24 5.01 0.42 43.61 0.59
8.50 0.48 11.52 0.33 4.46 0.12 4.46 0.12 4.69 0.37 2796 0.54
2.97 0.32 1.08 0.24 0.68 0.01 0.68 0.01 0.49 0.27 17.60 0.56
10.37 54306 1455 44080 5.39 22.0%% 3.45 34436 5.81 44486 37.20 59.706

IModels= key function + series expansion with skias regressionf flock size against detection
probability;-2LL =7 2*og-likelihood; K= number of parameterdlC.=secondor der Akai keds
information criterion delta =difference in AIG compared to lowest &l of the model setw = AIC¢

weight D = density estimateCV = coefficient of variation; spring= spring 2008; summer = summer 2008;
spring 2 = spring 2009; summer 2 = 2009
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TableB.17. Lark sparrowlobaldetection functioomodels andiensityestimates from
Distance 6.0 for modaveragingor first 10 min of 26min pointcount surveys from
Gray and Donley County Study Sites from April 2088gust 2009

Model* -2LL K AlCc Delta w D cv
Global Detection Function

HALF COSNE 1183.97 3 1190.18 0.00 0.92 117.54 0.11
HAZARD 1191.8B 2 1195.29 5.11 0.07 75.11 0.11
HALF 1198.94 1 1200.97 10.79 0.00 98.65 0.09
UNIFORM COSNE 1241.03 3 1247.24 57.06 0.00 46.41 0.12
UNIFORM SIMPLE 133472 2 1338.83 148.65 0.00 28.36 0.13
UNIFORM 1688.65 O 1688.65 498.47 0.00 3.89 0.06
Model Average 114.41 13.51%
Spring Summer Fall Spring 2 Summer 2

D Ccv D CcVv D Ccv D cVv D Ccv
2451 0.12 50.72 0.12 1.73 0.35 1243 0.29 28.15 0.18
16.90 0.12 3230 0.12 1.20 0.35 7.56 0.24 17.15 0.18
20.84 0.10 42.82 0.09 1.47 0.34 1056 0.28 2296 017
10.35 0.13 20.42 0.13 0.73 0.35 5.19 0.27 9.73 0.19
6.51 0.14 1257 0.14 0.46 0.35 3.24 0.27 5.59 0.19
0.94 0.08 1.70 0.09 0.07 0.33 0.37 0.15 0.81 0.14

2395 139%™ 49.37 14.0%% 1.96 35.7 12.07 30.5®% 27.34 20.6™%

IModels= key function + series egmsion with sizebias regression of flock size against detection
probability;-2LL =7 2*og-likelihood; K= number of parameterdlC.=secondor der Akai keds
information criterion delta =difference in AIG compared to lowest &l of the model setw = AIC.

weight D = density estimate; CV = coefficient of variation; spring= spring 2008; summer = summer 2008;
spring 2 = spring 2009; summer 2 = 2009
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TableB.18. Northern bobwhitglobaldetection functionomodels andlensityestinates
from Distance 6.0 for model averagifay first 10 min of 20min pointcount surveys
from Gray and Donley County Study Sites from April 2088gust 2009

Model* -2LL K AlCc Delta w D cv

Global Detection Function

UNIFORM COSNE 138143 1 1383.46 0.00 0.41 7.35 0.06
HALF 1381.82 1 1383.86 0.39 0.34 8.35 0.11
UNIFORM SIMPLE 1381.60 2 1385.71 2.25 0.13 6.97 0.09
HAZARD SIMPLE 1380.30 3 1386.51 3.05 0.09 7.70 0.24
HAZARD 1384.58 2 1388.68 5.22 0.03 7.41 0.16
UNIFORM 147026 O 1470.26  86.79 0.00 2.31 0.07
Model Average 7.67 12.17%
Summer Fall Winter Spring 2 Summer 2

D cv D Ccv D Ccv D Ccv D Ccv
3.11 0.08 0.78 0.05 0.14 0.05 0.62 0.09 2.70 0.06
3.55 0.13 0.87 0.11 0.16 0.11 0.71 0.14 3.05 0.11
2.95 0.11 0.74 0.08 0.14 0.08 0.58 0.12 2.57 0.09
3.26 0.24 0.81 0.23 0.15 0.23 0.64 0.25 2.85 0.24
3.13 0.17 0.79 0.16 0.15 0.16 0.60 0.18 2.76 0.16
0.95 0.16 0.25 0.01 0.05 0.01 0.18 0.09 0.88 0.07

3.25 13.8M% 0.81 11.40%0 0.15 11.4%%6 0.65 14.88% 2.82 12.10%

IModels= key function + seriesxpansion with siz&ias regression of flock size against detection
probability;-2LL =7 2*og-likelihood; K= number of parameterdlC.=secondor der Akai keds
information criterion delta =difference in AIG compared to lowest &l of the model setw = AIC¢

weight D = density estimate; CV = coefficient of variation; spring= spring 2008; summer = summer 2008;
spring 2 = spring 2009; summer 2 = 2009
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TableB.19. Northern harrigglobaldetection functiomodels andiensit estimates
from Distance 6.0 for model averagifay first 10 min of 20min pointcount surveys
from Gray and Donley County Study Sites from April 2088gust 2009

Model* -2LL K AlCc Delta w D cv

Global Detection Function

UNIFORM COSNE 822.33 1 824.39 0.00 0.32 3.76 0.13
HALF COSNE 818.18 3 824.55 0.16 0.30 6.28 0.29
HALF 822.60 1 824.66 0.26 0.28 3.72 0.16
UNIFORM SIMPLE 822.45 2 826.63 2.24 0.10 3.72 0.16
UNIFORM 844.16 0 844.16 19.77 0.00 1.94 0.10
Model Average 4.49 31.49%
Spring Summer Fall Winter Spring 2

D cv D cv D Ccv D cv D CcVv
0.73 0.17 0.26 0.12 1.74 0.15 0.68 0.20 0.35 0.14
0.96 0.40 0.48 0.28 3.00 0.30 1.24 0.35 0.60 0.29
0.73 0.19 0.26 0.15 1.71 0.17 0.68 0.22 0.34 0.17
0.72 0.19 0.26 0.15 1.73 0.17 0.68 0.22 0.%4 0.17
0.38 0.10 0.11 0.02 0.95 0.17 0.37 0.25 0.14 0.08

0.80 283%  0.33 346%  2.10 33.5%  0.84 38.680  0.42 33.36%

IModels= key function + series expansion with skias regression of flock size against detection
probability;-2LL =7 2*og-likelihood; K= number of parameterdlC.=secondor der Akai keds
information criterion delta =difference in AIG compared to lowest &l of the model setw = AIC¢

weight D = density estimate; CV = coefficient of variatiospring= spring 2008; summer = summeng;

spring 2 = spring 2009; summer 2 = 2009
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TableB.20. Northern mockingbirdlobaldetection functionmodels andlensity
estimates from Distance 6.0 for model averadgandirst 10 min of 26min pointcount
surveys fom Gray and Donley County Study Sites from April Z0@8gust 2009

Model* -2LL K AlCc Delta w D cv
Global Detection Function

HAZARD 471.25 2 475.55 0.00 0.60 8.16 0.23
HALF COSNE 472.52 2 476.82 1.27 0.32 9.37 0.15
UNIFORM COSNE 473.72 3 480.34 4.79 0.05 6.98 0.11
HALF 479.76 1 481.86 6.31 0.03 6.45 0.11
UNIFORM SIMPLE 483.88 3 490.50 14.94 0.00 4.28 0.15
UNIFORM 583.06 0 583.06 107.51 0.00 0.77 0.04
Model Average 8.43 21.68%
Spring Summer Spring2 Summer 2

D cv D cv D Ccv D Ccv

1.25 0.23 2.64 0.24 0.87 0.24 3.40 0.24
1.48 0.15 2.95 0.16 0.89 0.17 4.05 0.16
1.10 0.10 2.21 0.12 0.67 0.13 3.00 0.12
1.02 0.11 2.04 0.12 0.61 0.13 2.78 0.12
0.67 0.15 1.38 0.16 0.41 0.16 1.82 0.16
0.11 0.03 0.27 0.08 0.10 0.13 0.30 0.07
131 21.9% 270 22.2046 0.86 22,406 3.57 22.400

IModels= key function + series expansion with skias regression of flock size against detection
probability;-2LL =1 2*log-likelihood;, K= number of parameterdlC.=secondor der Akai kebds
information criterion delta= difference in AlG compared to lowest &l of the model setw = AlIC¢

weight D = density estimate; CV = coefficient of variation; spring= spring 2008; summer = summer 2008;
spring 2 = spring 2009; summer 2 = 2009
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TableB.21. Ringnecked pheasagtobaldetection functionmmodels andlensityestimates from
Distance 6.0 for model averagifay first 10 min of 26min pointcount surveys from Gray and
Donley County Study Sites from April 2008ugust 2009

Model* -2LL K AlCc Delta w D cv

Global Detection Function

HALF 987.01 1 989.06 0.00 0.42 7.51 0.15

UNIFORM COSNE 986.13 2 990.28 1.22 0.23 8.24 0.18

HAZARD 986.26 2 990.41 1.34 0.22 7.29 0.22

UNIFORM SIMPLE 987.28 2 991.43 2.36 0.13 5.93 0.13

UNIFORM 105153 O 1051.53 62.47 0.00 1.49 0.07

Model Average 7.43 19.15%

Spring Summer Fall Winter Spring 2 Summer 2
D cv D cv D Ccv D Ccv D CcVv D CcVv

2.50 0.21 1.68 0.33 0.08 0.12 0.16 0.12 1.74 0.12 1.36 0.12
2.87 0.24 1.82 0.33 0.09 0.15 0.17 0.15 1.85 0.15 1.44 0.15
2.48 0.26 154 0.37 0.08 0.20 0.16 0.20 1.69 0.20 1.34 0.20
1.82 0.18 1.27 0.37 0.07 0.10 0.14 0.10 1.47 0.11 1.16 0.10
0.38 0.13 0.20 0.44 0.02 0.01 0.05 0.01 0.46 0.05 0.38 0.01
2.49 25.926 1.63 35.630 0.08 15.49 0.16 15486 1.72 16.086 1.35 15.526

IModels = key function + series expansion with s regression of flock size against detection
probability;-2LL =7 2*og-likelihood; K= number of parameters; AlG secondbor der Akai ked s
information criterion; delta = difference in AlkEompared todwest AIG- of the model set; w = Alg

weight; D = density estimate; CV = coefficient of variation; spring= spring 2008; summer = summer 2008;
spring 2 = spring 2009; summer 2 = 2009
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TableB.22. Sandhill cranglobaldetection functiormodels andiensityestimates from
Distance 6.0 for model averagifg first 10 min of 26min pointcount surveys from
Gray and Donley County Study Sites from April 2088gust 2009

Model* -2LL K AlCc Delta w D cv

Global Detection Function

UNIFORM COSNE 101140 1 1013.44 0.00 0.46 4391 0.23
UNIFORM SIMPLE 1010.36 2 101450 1.06 0.27 4464 0.26
HALF 101350 1 1015.54 2.10 0.16 43.06 0.23
HAZARD 1012.62 2 1016.77 3.32 0.09 4327 0.54
UNIFORM 1020.64 O 1020.64 7.20 0.01 35.99 0.19
Model Average 43.82 26.46%
Spring Fall Winter Spring 2

D cv D Ccv D Ccv D Ccv

0.62 0.15 2261 0.25 18.39 0.36 2.30 0.93
0.63 0.19 2274 0.27 18.90 0.37 2.37 0.93
0.54 0.15 23.07 0.24 1745 0.35 2.01 0.93
0.62 0.51 22.74 0.55 17.58 0.60 2.32 1.05
0.34 0.02 22.20 0.28 12.19 0.24 1.26 0.92
0.60 20.1%6 22.73 27.9% 18.22 38.3P0 2.26 94.3™06

IModels = key function + series expansion with s regression of flock size against detection
probability;-2LL =7 2*og-likelihood; K= number of paraeters; AlG=secondbor der Akai keds
information criterion; delta = difference in AlCompared to lowest Algof the model set; w = Alg

weight; D = density estimate; CV = coefficient of variation; spring= spring 2008; summer = summer 2008;
spring 2 = sprig 2009; summer 2 = 2009
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TableB.23. Western kingbirdlobaldetection functioomodels andiensityestimates
from Distance 6.0 for model averagifay first 10 min of 20min pointcount surveys
from Gray and Donley Countgtudy Sites from April 2008August 2009

Model* -2LL K AlCc Delta w D cv
Global Detection Function

HALF COSNE 848.52 3 854.84 0.00 0.56 4955 0.17
HAZARD SIMPLE 849.20 3 855.52 0.68 0.40 54,10 0.31
UNIFORM COSNE 850.11 5 860.94 6.09 0.03 41.13 0.20
HAZARD 858.84 2 863.00 8.16 0.01 39.58 0.19
HALF 865.97 1 868.02 13.18 0.00 28.22 0.11
UNIFORM SIMPLE 864.37 5 875.20 20.35 0.00 23.08 0.16
UNIFORM 112651 O 1126.51 271.67 0.00 2.08 0.07
Model Average 51.03 23.73%
Spring Summer Spring 2 Summer 2

D cv D Ccv D Ccv D Ccv

1298 0.21 5.99 0.31 7.79 0.27 22.79 0.18
1435 0.33 7.08 0.41 8.66 0.37 2401 0.32
10.53 0.23 4.98 0.32 6.33 0.28 19.30 0.20
10.07 0.22 4.70 0.31 6.40 0.28 18.41 0.20
7.06 0.16 3.43 0.28 4.24 0.23 13.49 0.12
5.73 0.20 2.83 0.30 3.46 0.26 11.06 0.17
0.49 0.12 0.27 0.21 0.33 0.22 0.99 0.10
1343 27.100 6.39 36.7% 8.08 31.732% 2313 23.91%

IModels = key function + series expansion with s regression of flock size against detection
probability;-2LL =1 2*log-likelihood; K= number of parameters; AJl€ secondtor der Akai kebds
information criterion; delta = difference in AlCompared to lowest Algof the model set; w = Alg

weight; D = density estimate; CV = coefficient of variation; spring= spring 2008; summenmes 2008;

spring 2 = spring 2009; summer 2 = 2009
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APPENDIX C

DISTANCE 6.0 MODEL SFOR LINE -TRANSECT SURVEYS: MULTIMODLE
INFERENCE
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TableC.1. Cassi nb6s s pdeteatian funcsoemadels andldnsity
estimates from Btance 6.0 for model averaging fore-transecsurveysfrom
Gray and Donley County Study Sites from April 20081y 2009

Model* 2LL K AlCc Delta w D cv
Spring Season

HAZARD 115358 2 1157.68 0.00 099 50.82 0.13
HALF 116495 1 116699 9.31 0.01 4697 0.12
UNIFORM COSNE 124899 2 1253.08 9541 0.00 23.06 0.14
UNIFORM 1533.81 0 1533.81 376.14 0.00 6.69 0.11

Model Average 50.78 0.13

Summer Season

HAZARD SIMPLE 126159 3 1267.78 1.30 0.25 42.08 0.15
HAZARD 1264.10 2 1268.19 1.72 0.21 4056 0.14
HALF 126444 1 1266.47 0.00 049 4593 0.14
UNIFORM COSNE 126250 4 1270.80 4.33 0.06 44.04 0.18
UNIFORM 1629.68 0 1629.68 363.20 0.00 7.24 0.13
Model Average 21.85 0.64
Fall Season

HAZARD 16.64 2 2464 1.52 0.32 2533 0.61
HALF 20.12 1 2312 0.00 0.68 20.22 0.64
UNIFORM COSNE 53.58 2 6158 38.46 0.00 1.17 1.46
UNIFORM 71.90 0 71.90 48.77 0.00 0.25 0.45
Model Average 2185 0.64
Spring 2 Season

HAZARD 419.14 2 42342 0.00 092 13.02 0.23
HALF 426.41 1 42850 5.08 0.07 18.86 0.25
UNIFORM COSNE  425.46 4 434.41 11.00 0.00 1595 0.35
UNIFORM 563.20 0 563.20 139.78 0.00 2.27 0.22

Model Average 13.46 0.24

Summer 2 Season

HAZARD SIMPLE 606.98 4 615.76 0.00 051 951 0.35
HAZARD 616.32 2 620.54 4.78 0.05 9.00 0.31
HALF 616.88 1 618.95 3.19 0.10 6.13 0.23
UNIFORM COSNE  610.05 3 616.52 0.76 035 7.20 0.25
UNIFORM 671.04 0 671.045 5.28 0.00 252 0.23

Model Average 8.34 0.35

IModels = key function + series expansion with s regression of flock size against detection
probability;-2LL =1 2*log-likelihood; K= number of parameters; AlG secondtor der Akai ke bds
information criterion; delta = difference in AlCompared to lowest Algof the model set; w =

AIC-weight; D = density estimate; CV = coefficient of variation; Spring= spring 2008; summer =

summer 2008; spring 2 = spring 2009; summer 2 = 2009
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TableC.2. Grasshoppeseasonatletection functioomodels andlensity
estimates from Btance 6.0 for model averaging for litransect surveys from
Gray and Donley County Study Sitesrfré\pril 2008 July 2009

Model* -2LL K AICc Delta  w D cv

Spring Season

HAZARD SIMPLE 177525 4 1781.37 1.89 0.27 106.30 0.15
HALF 177746 1 1779.48 0.00 0.68 107.34 0.14
HAZARD COSNE 177951 3 1785.62 6.14 0.03 103.45 0.16
HAZARD 1782.79 2 1786.85 7.37 0.02 105.39 0.15
UNIFORM COSNE 1810.38 5 1820.67 41.18 0.00 78.36 0.14
UNIFORM 255236 0 255236 77288 0.00 1050 0.14

Model Average 106.91 0.15

Summer Season

HAZARD SIMPLE 122282 3 1229.00 1.27 0.34 7183 0.15
HALF 1225.69 1 1227.72 0.00 0.65 7259 0.11
HAZARD 1232.84 2 1236.93 9.20 0.01 6107 0.11
UNIFORM COSNE  1285.69 2 1289.78 62.06 0.00 39.24 0.13
UNIFORM 170158 0 1701.58 473.85 0.00 8.02 0.09

Model Average 7226 0.12

Spring 2 Season

HAZARD SIMPLE 1475.19 3.001481.34 4.17 0.11 56.25 0.13

HALF 1475.14 1.001477.17 0.00 0.85 65.36 0.12
HAZARD 1478.89 2.001482.96 5.79 0.05 52.28 0.12
UNIFORM COSNE  1482.85 5.001493.21 16.05 0.00 5361 0.12
UNIFORM 2061.06 0.002061.06 583.90 0.00 6.92 0.11
Model Average 63.78 0.13
Summer 2 Season

HALF COSNE 1401.34 2 1405.44 0.45 0.35 1849 0.12
HAZARD SIMPLE 1398.79 3 1404.98 0.00 0.44 1949 0.17
HALF 141096 1 141299 8.01 0.01 1529 0.12
HAZARD 1402.37 2 1406.46 1.48 0.21 18.84 0.15
UNIFORM COSNE  1415.84 2 1419.94 14.95 0.00 1384 0.11
UNIFORM 1557.78 0 1557.78 152.80 0.00 5.33 0.10

Model Average 18.97 0.15

IModels = key function + series expansion with s regression ofdtk size against detection
probability;-2LL =1 2*log-likelihood; K= number of parameters; AlG secondtor der Akai kebds
information criterion; delta = difference in AlCompared to lowest Algof the model set; w =

AICcweight; D = density estimate; CVcoefficient of variation; Spring= spring 2008; summer =

summer 2008; spring 2 = spring 2009; summer 2 = 2009
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TableC.3. Horned larkseasonatietection functioomodels andiensity
estimates from Btance 6.0 for model averaging forditransect surveys from
Gray and Donley County Study Sites from April 20081y 2009

Model* 2LL K AlCc Delta w D cv
Spring Season

HAZARD 1832.05 2 1836.11 0.00 0.99 107.31 0.14
UNIFORM COSNE 1840.98 4 1849.18 13.07 0.00 111.21 0.16
HALF 1843.0 1 1845.72 9.61 0.01 126.26 0.14
UNIFORM 244452 0 244452 608.41 0.00 1860 0.14
Model Average 107.47 0.14
Summer Season

HAZARD 1940.68 2.001944.74 0.00 1.00 9895 0.15
UNIFORM COSNE  1964.18 4.001972.37 27.63 0.00 122.77 0.19
HALF 1965.46 1.001967.47 22.74 0.00 130.32 0.15
UNIFORM 2576.33 0.002576.33 63159 0.00 1896 0.15
Model Average 98.95 0.15
Fall Season

HAZARD SIMPLE 1997.84 3 2003.95 0.00 0.71 301.35 0.30
HAZARD 2002.82 2 2006.88 2.92 0.17 29.65 0.29
HALF COSNE 200159 3 2007.71 3.76 0.11 283.93 0.29
UNIFORM COSNE 2002.07 5 2012.37 8.41 0.01 244.64 0.29
HALF 2039.06 1 2041.08 37.13 0.00 197.77 0.28
UNIFORM 249245 0 249245 48850 0.00 53.17 0.29
Model Average 298.07 0.0
Winter Season

HAZARD 592.03 2 596.23 0.00 0.98 182.17 0.30
HALF COSNE 595.41 4 604.10 7.87 0.02 175.85 0.28
UNIFORM COSNE 611.05 4 619.74 23.51 0.00 90.85 0.27
HALF 624.10 1 626.17 29.94 0.00 9597 0.27
UNIFORM 754.92 0 7542 158.69 0.00 22.83 0.25

Model Average 182.05 0.30

Spring 2 Season

HAZARD SIMPLE 1040.03 3 1046.24 1.68 0.16 40.95 0.23

HAZARD 1042.92 2 1047.03 2.46 0.11 3450 0.21

HALF COSNE 1040.46 2 104456 0.00 0.38 43.33 0.23

UNIFORM COSNE 1040.69 4 1049.05 4.48 0.04 4129 0.25

HALF 1043.00 1 1045.03 0.47 0.30 4729 0.22

UNIFORM 1402.00 0O 1402.00 357.44 0.00 6.36 0.21

Model Average 43.07 0.24

Summer 2 Season

HAZARD 977.84 2 981.98 2.20 0.15 23.14 0.15

HALF COSINE 975.64 2 979.78 0.00 0.45 27.04 0.14

UNIFORM COSNE 976.63 3 982.89 3.12 0.10 2495 0.14

HALF 978.56 1 980.61 0.83 0.30 24.37 0.14

UNIFORM 1126.40 0 112640 146.62 0.00 6.370.13

Model Average 2545 0.15

Models = key function series expansion with sitBas regression of flock size against detection probability;
2LL =1 2*log-likelihood; K= number of parameters; AlG secondor der Akai keds information criterio

= difference in AlG compared to lowest Al§of the modeket; w = AlG weight; D = density estimate; CV =
coefficient of variation; Spring= spring 2008; summer = summer 2008; spring 2 = spring 2009; summer 2 =

2009
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TableC.4. Killdeer seasonatletection functionmodels andlensityestimates
from Distance6.0 for model averaging for lirgansect surveys from Gray and
Donley County Study Sites from April 2008uly 2009

Model* 2LL K AlCc Delta w D cv
Spring Season

HAZARD 586.06 2 590.28 1.33 0.30 14.05 0.20
HALF COSNE 582.50 3 588.95 0.00 059 1749 0.19
UNIFORM COSNE  583.87 4 592.63 3.68 0.09 1452 0.21
HALF 596.76 1 598.83 9.88 0.00 1193 0.17
UNIFORM SIMPLE  590.34 3 596.79 7.84 0.01 11.75 0.18
UNIFORM 683.03 0 683.03 94.08 0.00 3.61 0.16
Model Average 16.08 0.22
Summer Season

HAZARD 952.54 2 956.68 0.89 0.29 17.62 0.16
HALF COSNE 951.65 2 955.79 0.00 045 1849 0.14
UNIFORM COSNE  952.09 3 958.37 2.59 0.12 1762 0.14
HALF 956.09 1 958.14 2.35 0.14 16.03 0.12
UNIFORM SIMPLE  974.68 2 978.82 23.03 0.00 1120 0.14
UNIFORM 105450 0 1054.50 98.71 0.00 5.63 0.11
Model Average 17.79 0.15
Fall Season

HAZARD 120.13 2 125.63 1.47 0.17 3.55 0.62
UNIFORM COSNE 122.59 1 125.04 0.88 0.23 1.94 0.49
HALF 121.71 1 124.16 0.00 0.36 251 0.45
UNIFORM SIMPLE  122.52 1 12497 0.81 0.24 1.93 0.43
UNIFORM 131.81 0 13181 7.65 0.01 0.93 0.39
Model Average 2.41 0.54
Spring 2 Season

HAZARD 967.62 2 97175 0.00 0.82 1430 0.17
UNIFORM COSNE 971.69 3 977.95 6.20 0.04 1750 0.19
HALF 973.56 1 975.60 3.85 0.12 17.26 0.18
UNIFORM SIMPLE  970.11 4 978.55 6.80 0.03 17.37 0.19
UNIFORM 1162.34 0 1162.34 190.60 0.00 3.91 0.16
Model Average 14.85 0.19
Summer 2 Season

HAZARD 49956 2 503.84 0.00 0.74 3.20 0.16
HALF COSNE 505.42 3 512.00 8.16 0.01 3.60 0.47
UNIFORM COSNE  511.67 1 513.76 9.92 0.01 3.81 0.26
HALF 515.37 1 517.46 13.62 0.00 3.91 0.24
UNIFORM SIMPLE  499.46 3 506.05 2.21 0.24 3.48 0.33
UNIFORM 539.23 0 539.23 35.39 0.00 1.96 0.16

Model Average 3.28 0.21

"Models= key function + series expansion with skias regression of flock size against detection
probability;-2LL =1 2*log-likelihood; K= number of parameter&lC. = secondorde Ak ai ke b s
information criterion delta =difference in AlG compared to lowest &l of the model setw =

AIC - weight D = density estimate; CV = coefficient of variation; Spring= spring 2008; summer =
summer 2008; spring 2 = spring 2009; summer 2 = 2009
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TableC.5. Meadowlark sppseasonatietection functioomodels andiensity
estimates from Btance 6.0 for model averaging for litransect surveys from
Gray and Donley County Study Sites from April 20081y 2009

Model* -2LL K AlCc Delta w D cv

Spring Season

HAZARD SIMPLE 8055.13
HAZARD COSNE 8062.80

8061.16 0.00 0.93 378.94 0.09
8068.82 7.66 0.02 373.17 0.09

3

3
HALF COSNE 8062.45 3 8068.47 7.31 0.02 402.06 0.09
HAZARD 8063.96 2 8067.97 6.81 0.03 38156 0.09
HALF 8166.13 1 8168.13 106.97 0.00 347.00 0.09
UNIFORM COSNE 8226.79 5 8236.86 175.70 0.00 277.13 0.09
UNIFORM 10856.53 0 10856.53 2795.37 0.00 48.49 0.09

Model Average 379.46 0.09

Summer Season

HAZARD SIMPLE 5192.12 3 5198.17 2.39 0.22 150.81 0.08
HALF COSNE 5187.70 4 5195.78 0.00 0.74 165.77 0.10
HAZARD 5198.97 2 520299 7.21 0.02 144.09 0.08
HALF 5201.90 1 5203.91 8.13 0.01 161.58 0.08
UNIFORM COSNE 5203.05 3 5209.09 13.32 0.00 146.57 0.07
UNIFORM 6434.83 0 6434.83 1239.6 0.00 30.78 0.07
Model Average 161.90 0.10
Fall Season

HAZARD SIMPLE 3563.62 5 3573.81 7.45 0.02 232,50 0.20
HAZARD COSNE 3558.24 4 3566.36 0.00 0.98 24259 0.19
HALF COSNE 3583.61 4 3591.73 25.37 0.00 147.19 0.14
HAZARD 3584.63 2 3588.66 22.30 0.00 20858 0.17
HALF 3630.13 1 3632.14 65.78 0.00 104.42 0.14
UNIFORM COSNE 3594.34 4 3602.46 36.10 0.00 142.08 0.14
UNIFORM 4014.28 0 4014.28 447.92 0.00 4236 0.15
Model Average 242.35 0.19
Winter Season

HALF COSNE 917.47 3  923.72 11.16 0.00 7959 0.18
HAZARD 908.43 2 91256 0.00 1.00 105.18 0.21
HALF 951.68 1 95372 41.16 0.00 60.76 0.18
UNIFORM COSNE 981.78 3 988.03 75.48 0.00 38.75 0.21
UNIFORM 1198.29 0 1198.29 285.73 0.00 13.61 0.23

Model Average 105.08 0.21

Spring 2 Season

HAZARD SIMPLE 4826.95 3 4833.00 0.44 0.39 9562 0.08
HALF COSNE 4833.11 2 4837.13 4.57 0.05 105.58 0.08
HAZARD 4833.93 2 4837.95 5.39 0.03 9231 0.08
HALF 483550 1 483751 4.% 0.04 104.45 0.08
UNIFORM COSNE 482448 4 483256 0.00 0.49 103.52 0.08
UNIFORM 601543 0 601543 1182.87 0.00 20.13 0.07
Model Average 100.21 0.09
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TableC.5. Continued.

Model* 2LL K AlCc Delta w D cv
Summer 2 Season

HAZARD SIMPLE  3496.93 3 3503.00 0.00 0.60 49.31 0.10
HALF COSINE 349897 3 3505.04 2.04 0.22 5195 0.08
HAZARD 3512.16 2 3516.19 13.19 0.00 46.30 0.08
HALF 351758 1 351959 16.59 0.00 40.35 0.06
UNIFORM COSNE  3497.33 4 3505.46 2.45 0.18 50.04 0.07
UNIFORM 387049 0 387049 367.48 0.00 14.34 0.05

Model Average 50.01 0.09

IModels= key function + series expansion with slzies regression of flock size against detection
probability;-2LL =1 2*og-likelihood; K= number of paraeters AICc=secondor der Akai keds
information criterion delta =difference in AlG compared to lowest Al of the model setw =

AIC-weight D = density estimate; CV = coefficient of variation; Spring= spring 2008; summer =

summer 2008; spring 2 = spg 2009; summer 2 = 2009
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TableC.6. Mourning doveseasonatietection functionomodels andiensity
estimates from Btance 6.0 for model averaging for litransect surveys from
Gray and Donley County Study Sites from A2008 July 2009

Model* -2LL K AlCc Delta w D cv

Spring Season

HAZARD SIMPLE 1984.39 3 1990.52 0.00 056 7742 0.16
HALF COSNE 198558 3 1991.70 1.19 0.31 6299 0.12
HAZARD 1992.84 2 1996.90 6.38 0.02 66.00 0.14
UNIFORM COSNE 198354 5 1993.85 3.33 0.11 6280 0.13
HALF 201591 1 2017.93 27.42 0.00 48.02 0.11
UNIFORM SIMPLE ~ 2028.23 3 2034.36 43.84 0.00 39.83 0.11
UNIFORM 2348.65 0 234865 358.14 0.00 1260 0.11

Model Average 71.13 0.18

Summer Season

HAZARD SIMPLE 2635.93 3 2642.03 0.00 0.50 87.34 0.14
HALF COSNE 263751 3 2643.61 1.58 0.23 88.64 0.11
HAZARD 2642.83 2 2646.88 4.85 0.04 85.17 0.13
UNIFORM COSNE 2633.39 5 2643.64 1.61 0.22 9219 0.12
HALF 2663.01 1 2665.02 23.00 0.00 6493 0.10
UNIFORM SIMPLE  2654.34 3 2660.44 1841 0.00 6359 0.10
UNIFORM 2947.80 0 2947.80 305.77 0.00 21.77 0.10
Model Average 88.63 0.13
Fall Season

HALF COSNE 621.34 4 630.09 3.74 0.13 36.65 0.30
HAZARD 622.13 2 626.35 0.00 0.81 4362 0.37
UNIFORM COSNE  620.38 5 631.53 5.18 0.06 36.68 0.30
HALF 643.65 1 64572 19.37 0.00 23.31 0.28
UNIFORM SIMPLE ~ 637.33 3  643.78 17.43 0.00 23.74 0.28
UNIFORM 695.01 0 695.01 68.66 0.00 10.73 0.28
Model Average 42.32 0.37
Winter Season

HAZARD 205.22 2 209.92 1.86 0.26 7.42 0.42
UNIFORM COSNE  208.11 2 21281 4.75 0.06 5.42 0.44
HALF 205.84 1 208.07 0.00 0.65 6.97 0.38
UNIFORM SIMPLE ~ 211.58 1 21380 5.74 0.04 453 0.36
UNIFORM 239.66 0 239.66 31.59 0.00 2.37 0.37
Model Average 6.90 0.41
Spring 2 Season

HALF COSNE 1088.91 2 1093.02 1.68 0.28 20.73 0.14
HAZARD 1087.23 2 1091.35 0.00 0.64 1859 0.16
UNIFORM COSNE 1088.24 4 1096.64 5.29 0.05 19.88 0.15
HALF 1094.87 1 1096.91 5.56 0.04 1879 0.14
UNIFORM SIMPLE  1098.41 4 1106.80 15.45 0.00 15.70 0.15
UNIFORM 1282.17 0 1282.17 190.82 0.00 5.02 0.14
Model Average 19.25 0.16
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TableC.6. Continued.

Model* -2LL K AICc Delta w D cv
Summer 2 Seaso

HAZARD SIMPLE 1600.60 3 1606.77 0.47 0.29 1699 0.18
HAZARD 1608.61 2 1612.69 6.40 0.01 1550 0.12
UNIFORM COSNE 1604.27 1 1606.30 0.00 0.36 15.63 0.10
HALF 160559 1 1607.62 1.32 0.19 16.71 0.11
UNIFORM SIMPLE  1606.06 1 1608.09 1.79 0.15 13.80 0.09
UNIFORM 1689.59 0 1689.59 83.30 0.00 8.13 0.09
Model Average 1595 0.14

IModels= key function + series expansion with slzies regression of flock size against detection

probability;-2LL =1 2*log-likelihood; K= numker of parametefsAlICc=secondo r d e r
information criterion delta =difference in AlG compared to lowest Al of the model setw =

Ak ai

AIC-weight D = density estimate; CV = coefficient of variation; Spring= spring 2008; summer =
summer 2008; sprg 2 = spring 2009; summer 2 = 2009

142

kebds



TableC.7. Redwinged blackbirdseasonatietection functiomodels and
densityestimates from tance 6.0 for model averaging for litransect surveys
from Gray and Donley County Sty Sites from April 2008July 2009

Model* 2LL K AlCc Delta w D cv
Spring Season

HALF COSNE 3050.77 3 3056.86 0.00 0.92 139.24 0.26
UNIFORM COSNE 305150 5 3061.71 4.85 0.08 127.78 0.26
HAZARD SIMPLE 306055 4 3068.69 11.84 0.00 139.81 0.27
HAZARD 3091.05 2 3095.09 38.24 0.00 125.45 0.26
HALF 311531 1 3117.32 60.46 0.00 90.80 0.25
UNIFORM SIMPLE  3093.65 4 3101.79 44.93 0.00 9440 0.25
UNIFORM 3487.03 0 3487.03 430.18 0.00 50.88 0.31
Model Average 138.31 0.26
Summer Season

HALF COSNE 1964.13 3 1970.27 0.00 0.59 184.00 0.24
UNIFORM COSNE  1963.41 4 1971.64 1.37 0.30 171.31 0.24
HAZARD 196956 2 1973.63 3.36 0.11 164.78 0.25
HALF 2008.45 1 2010.47 40.20 0.00 133.70 0.23
UNIFORM SIMPLE  1994.84 3 2000.9 30.70 0.00 130.55 0.23
UNIFORM 2204.86 0 2204.86 23459 0.00 5755 0.23
Model Average 178.10 0.25
Fall Season

HALF COSNE 949.72 2 953.87 6.43 0.04 375.69 0.33
UNIFORM COSNE  949.02 3  955.32 7.88 0.02 366.72 0.33
HAZARD 94329 2 947.44 0.00 0.94 92581 0.42
HALF 962.93 1 964.98 17.54 0.00 262.32 0.32
UNIFORM SIMPLE ~ 947.40 5 958.16 10.72 0.00 375.72 0.33
UNIFORM 101855 0 101855 71.11 0.00 126.01 0.28
Model Average 892.27 0.45
Winter Season

HALF COINE 406.17 2 410.50 0.97 0.22 22480 0.55
UNIFORM COSNE  406.73 3 41341 3.88 0.05 176.24 0.58
HAZARD 405.19 2 409.53 0.00 0.36 194.05 0.54
HALF 409.26 1 411.37 1.84 0.14 168.99 0.54
UNIFORM SIMPLE  403.87 3  410.56 1.03 0.22 183.22 0.54
UNIFORM 467.33 0 467.33 57.81 0.00 62.05 0.39
Model Average 194.02 0.55
Spring 2 Season

HALF COSNE 2667.65 4 2675.80 3.42 0.15 76.97 0.23
UNIFORM COSNE 2664.23 4 2672.38 0.00 0.81 8290 0.21
HAZARD SIMPLE 267240 3 267.49 6.11 0.04 76.05 0.22
HAZARD 267725 2 268129 8.91 0.01 75.01 0.21
HALF 2686.79 1 2688.81 16.43 0.00 7276 0.21
UNIFORM SIMPLE  2717.31 3 272340 51.02 0.00 56.62 0.21
UNIFORM 318746 0 3187.46 515.08 0.00 24.18 0.23
Model Average 81.70 0.22
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TableC.7. Continued.

Model* 2LL K AlCc Delta w D cv
Summer 2 Season

UNIFORM COSNE 1881.94 3 1888.08 0.80 0.20 5453 0.19
HAZARD SIMPLE 1881.13 3 1887.27 0.00 0.30 54.02 0.21
HAZARD 1887.83 2 1891.90 4.62 0.03 53.31 0.20
HALF 188556 1 1887.59 0.31 0.25 51.97 0.19
UNIFORM SIMPLE  1881.67 3 1887.81 0.54 0.23 5250 0.19
UNIFORM 2085.03 0 2085.03 197.76 0.00 2372 0.22
Model Average 53.24 0.20

IModels= key function + series expansion with stzias regression of flock size against detection

probability;-2LL =1 2*log-likelihood; K= number of parameterdlC.=secondo r d e r
information criterion delta =difference in AlG compared to lowest Al of the model setw =

Akai keods

AIC-weight D =density estimate; CV = coefficient of variation; Spring= spring 2008; summer =
summer 2008; spring 2 = spring 2009; summer 2 = 2009
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TableC.8. Sandhill craneseasonatietection functioomodels andiensity
estimates fronDistance 6.0 for model averaging for litransect surveys from
Gray and Donley County Study Sites from April 20081y 2009

Model* 2LL K AlCc Delta w D cv
Fall Season

UNIFORM COSNE 1359.46 1 1361.49 0.00 0.34 261.18 0.48
HALF 1359.88 1 1361.92 0.42 0.27 260.43 0.48
UNIFORM SIMPLE  1360.31 1 1362.35 0.85 0.22 258.23 0.48
HAZARD 1359.28 2 136339 18 9 0.13 269.60 0.51
UNIFORM 1366.05 0 1366.05 4.56 0.03 257.31 0.46

Model Average 261.30 0.48

Winter Season

UNIFORM COSNE  554.79 1 556.88 0.00 0.40 8549 0.43
HALF 555.75 1 557.83 0.96 0.25 86.01 0.43
UNIFORM SIMPLE ~ 554.57 2 558.85 1.97 0.15 87.58 0.44
HAZARD 554.13 2 558.40 1.52 0.19 70.22 0.52
UNIFORM 563.20 0 563.20 6.32 0.02 8191 0.40

Model Average 83.02 0.45

IModels = key function + series expansion with s regression of flock size against detection
probability;-2LL =1 2*log-likelihood; K= number of parameters; AlG secondor der Akai keds
information criterion; delta = differenca AIC- compared to lowest Algof the model set; w =

AlCcweight; D = density estimate; CV = coefficient of variation
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TableC.9. Western meadowlarkeasonatietection functiomodels andiensity
estimates from Btance 6.0 fomodel averaging for linransect surveys from
Gray and Donley County Study Sites from April 20081y 2009

Model* 2LL K AlCc Delta w D cv
Spring 2 Season

HAZARD SIMP 3685.21 3 3691.28 0.00 0.81 7849 0.08
UNIFORM COS 3690.22 4 3698.32 7.05 0.02 80.19 0.08
HAZARD 369360 2 3697.63 6.35 0.03 76.00 0.08
HALF 3692.84 1 3694.85 3.57 0.14 83.09 0.08
UNIFORM 4637.39 0 4637.39 946.12 0.00 14.88 0.07

Model Average 79.07 0.08

Summer 2 Season

HAZARD SIMPLE 212310 3 2129.22 4.30 0.10 30.18 0.14
UNIFORM COSNE 2118.80 3 212493 0.00 0.82 2794 0.08
HALF COSNE 212140 4 2129.60 4.68 0.08 28.67 0.12
HAZARD 213411 2 2138.18 13.25 0.00 27.16 0.10
HALF 213956 1 214158 16.65 0.00 2353 0.08
UNIFORM 237262 0 237262 24769 0.00 7.93 0.06

Model Average 28.21 0.09

IModels= key function + series expansion with skias regression of flock size against detection
probability;-2LL =1 2*log-likelihood; K= number of parameteralCc.=secondor der Akai keds
information criterion delta =difference in AlG compared to lowest A&l of the model setw =

AIC-weight D = density estimate; CV = coefficient of variation; Spring= spring 2008; summer =

summer 2008; spring 2 = spring 2009; summer 2 = 2009
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TableC.10. Barn swallow globaletection functionmodels andlensityestimates from
Distance 6.0 for model averaging for litransect surveys from Gray and Donley County
Study Sites from April 2008July 2009

Model* -2LL K AlCc Delta w D cv
Global Density Function

HALF COSNE 726.87 2 731.05 0.00 0.29 4334 0.21
HAZARD COSNE 724.75 3 731.12 0.07 0.28 38.39 0.22
HAZARD 727.70 2 731.88 0.83 0.19 3450 0.22
UNIFORM COSNE 726.35 3 732.72 1.66 0.13 39.48 0.22
HALF 731.05 1 733.11 2.06 0.10 36.90 0.20
UNIFORM SIMPLE 731.51 3 737.88 6.82 0.01 3292 0.21
UNIFORM 826.82 0 826.82 95.77 0.00 12.44 0.20
Model Average 39.01 23.01%
Spring Summer Fall Spring 2 Summer 2

D cv D CcVv D Ccv D CcVv D Ccv
2.22 0.50 1573 0.35 11.30 0.44 3.05 0.36 11.06 0.38
1.98 0.50 12.78 0.35 11.28 0.44 2.77 0.36 9.57 0.38
1.65 0.50 10.07 0.34 1197 0.44 2.88 0.36 7.93 0.37
2.02 0.50 13.67 0.35 11.02 0.44 2.82 0.37 9.95 0.38
1.88 0.49 12.49 0.34 10.72 0.43 2.62 0.36 9.19 0.37
1.67 049 1059 0.34 10.28 0.44 2.36 0.36 8.02 0.37
0.54 0.52 3.39 0.33 4.86 0.41 1.34 0.38 2.32 0.33

1.98 50.7%% 13.18 37.7M 1132 43.8™ 2.86 36.74% 9.68 39.1%%

IModels= key function + series expansion with stzias regression of flock size against detection
probability;-2LL =1 2*log-likelihood;, K= number of parameterdlC.=secondor der Akai kebds
information criterion delta =difference in AlG compared to lowest &l of the model setw = AIC¢

weight D = density estimate; CV = coefficient of variati@pring= spring 2008; summer = summer 2008;
spring 2 = spring 2009; summer 2 = 2009
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TableC.11. Brownrheaded cowbird globaletection functioimmodels andiensity
estimates from Btance 6.0 for model averaging for litransecsurveys from Gray and
Donley County Study Sites from April 2008uly 2009

Model* -2LL K AlCc Delta w D cv
Global Detection Function

HAZARD SIMPLE 425.37 2 429.68 0.00 0.54 1164.02 3.40
HALF COSNE 426.56 3 433.19 3.51 0.09 1256.21 3.59
HALF 438.14 1 44024 10.56 0.00 915.80 3.64
UNIFORM SIMPLE 433.46 4 442.54 12.86 0.00 893.43 3.65
UNIFROM COSNE 444.98 2 449.28 19.61 0.00 696.65 3.65
UNIFORM 503.28 0 503.28 73.60 0.00 22.62 0.42
Model Average 751.36 356.99%
Summer Fall Winter Spring 2 Summer2

D Ccv D cv D cv D cv D Ccv
1093.50 3.62 2275 051 3169 1.22 6.32 0.59 9.79 0.53
1195.10 3.77 2199 0.49 2563 1.21 5.02 0.57 8.42 0.50
867.05 3.84 2042 0.50 18.23 1.20 3.44 0.56 6.67 0.49
845.97 3.86 19.83 0.52 1771 121 3.31 0.57 6.61 0.51
657.57 3.87 1757 0.1 13.71 121 2.54 0.56 5.25 0.50
5.42 1.09 8.66 0.45 5.09 1.20 0.86 0.71 2.60 0.48

707.26 377.8%6 14.45 88.0% 19.63 157.2% 3.91 82.96% 6.12 77.6%%

IModels= key function + series expansion with skias regression of flock size againstedion
probability;-2LL =1 2*log-likelihood;, K= number of parameteralCc=secondor der Akai kebds
information criterion delta =difference in AlG compared to lowest &l of the model setw = AlIC¢

weight D = density estimate; CV = coefficient of iation; Spring= spring 2008; summer = summer 2008;
spring 2 = spring 2009; summer 2 = 2009
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TableC.12. Canada googglobaldetection functiomodels andlensityestimates from
Distance 6.0 for model averaging for litransect surveys from Gray and Donley County
Study Sites from April 2008July 2009

Model* -2LL K AlCc Delta w D cv

Global Detection Function

UNIFORM COSNE 774.38 1 776.45 0.00 0.37 400.65 0.48
HALF 775.26 1 777.32 0.87 0.24 348.90 0.47
UNIFORM SIMPLE 775.82 1 777.89 1.44 0.18 319.36 0.46
UNIFORM 778.89 0 778.89 2.44 0.11 306.68 0.41
HAZARD 774.90 2 779.10 2.65 0.10 399.76 0.51
Model Average 363.18 48.16%
Fall Winter

D Ccv D Ccv

18.80 0.79 381.85 0.50

20.06 0.79 328.84 0.49

2192 0.79 297.44 0.49

84.76 0.84 221.93 0.46

20.56 0.83 379.20 0.54

27.06 9426  336.12 52.3%%6

IModels= key function + series expansion with skias regression of flock size against detection
probability;-2LL =7 2*og-likelihood; K= number of parameterdlC.=secondor der Akai keds
information criterion delta =difference in AIG compared to lowest &l of the model setw = AIC¢

weight D = density estimate; CV = coefficient of variation
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TableC.13. CIiff swallowglobaldetecion functionmodels andlensityestimates from
Distance 6.0 for model averaging for litransect surveys from Gray and Donley County
Study Sites from April 2008July 2009

Model* -2LL K AlCc Delta w D cv
Global Detection Function

HAZARD 583.97 2 588.20 0.00 0.89 87.14 0.31
HALF COSNE 581.19 5 592.37 4.17 0.11 75.06 0.25
UNIFORM COSNE 593.87 3 600.32 12.13 0.00 4379 0.24
HALF 598.38 1 600.45 12.25 0.00 4266 0.22
UNIFORM SIMPLE 597.60 3 604.06 15.86 0.00 3761 0.23
UNIFORM 683.03 0 68303 94.83 0.00 13.44 0.24
Model Average 85.62 30.87%
Spring Summer Summer 2

D Ccv D CVv D Ccv

1.88 0.84 68.00 0.32 6.46 0.55

1.65 0.83 59.49 0.27 5.69 0.52

1.00 0.83 3434 0.26 3.24 0.50

0.97 0.82 3343 0.25 3.16 0.49

0.86 0.82 29.41 0.25 2.74 0.49

0.24 0.81 11.25 0.27 0.92 0.44

1.85 84.4%% 62.92 32.03%  6.36 54.52%

IModels= key function + series expansion with skias regression of flock size against detection
probability;-2LL =1 2*log-likelihood;, K= number of parameterdlC.=secondor der Akai kebds
information criterion delta =difference in AlG compared to lowest &l of the model setw = AIC¢

weight D = density estimate; CV = coefficient of variation; Spring= spring 2008; summer = summer 2008;
spring 2 = spring 2009; summer 2609
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TableC.14. Common gracklglobaldetection functionmodels andlensityestimates from
Distance 6.0 for model averaging for litransect surveys from Gray and Donley County Study
Sites from April 2008July 2009

Model* -2LL K AlCc Delta w D cv

Global Detection Function

HAZARD 750.95 2 755.14 0.00 0.47 78.93 0.29

HALF COSNE 752.17 2 756.36 1.22 0.25 91.08 0.28

UNIFORM COSNE 750.39 3 756.76 1.62 0.21 82,59 0.28

UNIFORM SIMPLE 750.70 4 759.33 4.20 0.06 7747 027

HALF 760.22 1 762.28 7.15 0.01 64.48 0.26

UNIFORM 814.84 0 814.84 59.70 0.00 35.62 0.26

Model Average 82.50 29.00%

Spring Summer Fall Winter Spring 2 Summer 2

D cv D Ccv D Ccv D Ccv D Cv D Ccv
17.34 045 26.78 0.51 0.73 0.74 17.02 0.59 8.32 0.72 7.90 0.73
18.96 0.45 3220 0.51 0.34 0.37 19.25 0.58 8.40 0.75 10.95 0.76
16.96 0.45 28.86 0.51 0.23 0.23 17.91 0.58 8.21 0.74 9.52 0.75
15.89 0.44 26.77 0.50 0.06 0.06 17.03 0.57 8.05 0.74 8.72 0.74
13.46 0.43 22.14 0.50 0.01 0.01 14.33 0.57 6.91 0.73 6.96 0.72
1094 0.60 9.64 0.42 0.00 0.00 6.55 0.56 2.68 0.62 2.60 0.59

1754 453806 2852 51.79% 1.37 102.3%62 17.74 58.3%% 8.28 73.3%26 9.05 75.81%

IModels= key function + series expansion with skias regression of flock sizgainst detection probability2LL =

T 2*og-likelihood; K= number of parameter&lC.=secondor der Ak ai ke 6 s ;ideitd <differeace i on cr i t
in AIC-compared to lowest A&l of the model sew = AIC-weight D = density estimate; CV = coefficieof

variation; Spring= spring 2008; summer = summer 2008; spring 2 = spring 2009; summer 2 = 2009
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TableC.15. Common nighthawglobaldetection functiomodels andiensityestimates
from Distance 6.0 for model averagj for linetransect surveys from Gray and Donley
County Study Sites from April 2008uly 2009

Model* -2LL K AlCc Delta w D cv
Global Detection Function

HALF 1102.07 1 1104.11 0.00 0.50 13.84 0.17
UNIFORM SIMPLE 1097.11 4 110553 1.42 0.24 1445 0.18
HAZARD 1102.61 2 1106.73 2.62 0.13 1248 0.18
UNIFORM COSNE 1100.63 3 1106.88 2.77 0.12 15.13 0.19
UNIFORM 119829 0 1198.29 94.18 0.00 5.09 0.15
Model Average 13.97 18.31%
Spring Summer Spring 2 Summer 2

D Ccv D CcVv D Ccv D CcVv

143 0.57 9.86 0.20 1.70 0.32 0.85 0.41

1.50 0.57 10.29 0.21 1.77 0.33 0.89 0.42

1.26 0.57 8.89 0.21 1.55 0.32 0.78 0.42

1.59 0.57 10.77 0.22 1.85 0.33 0.93 0.42

0.49 0.57 3.65 0.19 0.63 0.31 0.32 0.41

1.45 57.32% 9.95 21.40% 1.72 32.78% 0.86 41.92%

IModels= key function + series expansion with skias regression of flock size against detection
probability;-2LL =1 2*log-likelihood; K= number of parameterdlC.=secondor der Akai kebds
information criterion delta =difference in AlG compared to lowest iEc of the model setw = AIC¢

weight D = density estimate; CV = coefficient of variation; Spring= spring 2008; summer = summer 2008;
spring 2 = spring 2009; summer 2 = 2009
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