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ABSTRACT

Thick-billed longspur Rhynchophanes mccownfiopulations have declined 48anually
during the past 50 years. This species nests in recently disturbed or sparsely vegetated patches
within native mixedgrass prairi@nd is also knowito occurin crop fieldsin northeastrn
Montanaduring the breeding seasdvialadaptivehabitatselection may result in crop fields
operating as ecological traps, but informatiorttiok-billed longsputuseof and demographin
crop fieldsare lacking. We hypothesizédatcrop fields provide cues fderritory selection, but
frequent human disturbance and increased exposure to weather and predators should result in
reduced reproductive succestative to native grassland habital® address this hypothesis, we
1) used dynamic occupancy models to pane arrival times of territorial male longspurs using
data collected with autonomous acoustic record@rgsed open population distance sampling
models to compare trendslongspur abundanaaver the breeding seas@),compared indices
of nestdensityand number of young fledgednd 4) used nest survival models to compare
survival rates of nests between crop and native sites. Arrival times were similar in both site types
and occupancy ranged from 85 0.17SE on April 7 to 0.99 £ 0.01 on Ap#i0. Bird
abundanceappeared to be mediated \mgetatiorbiomassanddrought conditions
Standardizedest densities were 0.15 £+ 0.22SD and 0.23 + @e38s/hour/plot in cropnd
native sitesrespectivelythenumber of young fledged per successfult messsimilar in crop
and native sites and average8+ 0.18SE. Nest survival was similar in crop and native séed
averaged.24 + 0.03SE (=222 nests). The data did not support our ecological trap hypothesis:
longspurs did not exhibit@earpreference for crop sites and reproductive output was not
significantly reducedOur results suggest thatopfields may expand nesting opportunities for
thick-billed longspur in a region where natihabitaimaybe limited.
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LITERATURE REVIEW

Grassland birds have experienced steepertemg declines than any other avian guild in

North Americaduringthe past 50 yea(®osenberg et al. 2019, Sauer et al. 2020nservation
of imperiled grassland bisds amanagemerriority in northeastern Montanahis region
contains some of the most extendirgets ofnative prairie remainingnithe United Statesnd

represents the core of the extant breedamgefor several imperedspeciegCooper et al. 2001,

Lenard et al. 2006}our grassland bisbf conservation concern exist in higher abundances her

thanelsewhere Bai r d 6Asnmaedmmus bairdi , ( S p r a gAmtbu8spragpei),p i t
chestnutcollared longspurGalcarius ornatuy and thickbilled longspur Rhynchophanes
mccowni), and the region represents one of the last strongholds Nottteern Great Plainfor
these specigsSamson and Knopf 1996, Cooper et al. 2001, Lenard et al.. Z0@6})hickbilled
longspur is of particular conservation concern because it has unique redpiiegmets that
differentiate itfrom the other three speci€Shaffer et al. 2019Breeding Bird Surveys indicate
thick-billed longspurs have declined 4% annually over the past 50 years Eagdr, et al.

2020),but mechanisms driving declines are unknown.

The Northern Great PlainRast and Present

More than 79% of grasslandsNorth Americahave been lost, primarilp land use
conversionsince the early 180d$amson and Knopf 1994, White 200@Jhile factors such as

fire suppression, overgrazing, desertification, and the introduction ehaibreplantspecies

(



2
havecontributedto degradation afative prairiesconversion tdarge-scale, rowcropagriculture
remains one of the greateteats tayrasslandcosystemgKnapp et al. 1999, White 2000,
Samson et al. 2004, Blann 2006, Ellis et al. 2010, Wright and Wimberly.20d8gd
intensification of agricultural practices is thought to beaalingdriver of grassland bird
population declines worldwid@Vilson et al. 2005Quinn et al. 2017, Davis et al. 202BRow-
crop agriculturgoroducedarge monocultures devoid of much native plant artdiopodlife and
fails tosupport natural ecological connections and funct{@visite 2000) Landscapescale
monoculture are thought to be of little value to most wildlife spedMsirphy 2003, Brennan
and Kuvlesky Jr 2005)n addition,cropfields are disturbed frequently igrmingactivities
including disking, seeding, and spraying, which are assumed torbaetdtl togroundnesting
birds(Best 1986, Dale et al. 1997)

Remaining ative grasslands have experienced large changes in eco$ystgionand
processes since EuAmerican settlemenGrasslands of thorthern Great Plainsvolved as
dynamic systems, influenced by largeale disturbance patterns. Drought, grazing, and fire
interacted with local and regional temperature and moisture regoy@oduce variable
vegetative conditions amultiple spatiattemporalscales (Samson et al. 2004, Fuhlendorf et al.
2006) Keystone grazenscludingplains bisonBison bison bison blacktailed prairie dogs
(Cynomys ludovician)sandRocky Mountain dcusts felanoplus spretysiow extinct) altered
plant communities and maintained heavily grazed gitsaskwood and DeBrey 1990, Kngget
al. 1999, Fuhlendorf and Engle 2004, Augustine and Baker 2Di8)ght was unpredictable
and bison followed fire events, making use of the new growth and succulent fonage

patterncreaedfeedback loops through fire and grazthgt resulted in spatial and temporal
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variability of vegetation composition and structure across much of the Great {ahiendorf
and Engle 2001)Grassland birds evolved under such conditions, thigbundance aéach
species fluctuating locally as habitainditionschangedLenard et al. 2006)The dynamic
nature of these di sdhiirfbtainrcgeherpaedodsstrusiuseodndr e at e d
composition which is key for maintaining biodiversity in prairie landscaffaslendorf et al.
2012)

Today, hesdargescaledisturbance forces are no longer prevalent ilftbghern Great
Plains(Knopf 1994, Fuhlendorf and Engle 2004, Samson et al. 20025t remaining grassland
ecosystems are devoted to livestock grazing and rangeland management objeatites are
geared towardhaximizingsustainabldivestock productiody homogeniing utilization and
thereforevegetation structur@-uhlendorf et al. 2009Management is often focused removal
of half the vegetative growth each year and uniform distribution of livestock to promote
consistent utilization of forag@ oombs et al. 2010, Holechek 2011, Fuhlendorf et al. 2012)
Rangeland health objectives include reducing the amount of bare gstainitizing soils
reducing potential for threshold change, and promoting desired plant comm(Britsée et al.

2005, Fuhlendorf et al. 20183uchii ma na g e me nt fsupportdtabitatcomditicthgior e 0

a narrow suite of wildlife speci€dSamson and Knopf 1996, Samson et al. 260#)endorf et al.

2012) Specieshat require habitat found at the extremes of the disturbsummessiogradient,

including thethick-billed longspurmayn ot benef it from standard 6t

management at landscapeales

a
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Thick-billed LongspurConservation in the Northefareat Plais

Status andDistribution

The thickbilled longspur isonsidered species afreatest conservation need (SGCN)
in Montanaand is of conservation concernAnizona, Colorado, Kansas, New Mexiddorth
Dakota, Nebraska, Wyomin@klahoma, and TexgSomershoe 2018 he current breeding
range encompasses sections of migeaks ad shortgrass prairies of Montana, Wyoming,
Colorado, Saskatchewan, and Alberta. Historically, the breeding range also included Oklahoma
(no records since 191Mice 1931, Sutin 1967)western MinnesotéCurrie 1890, Brown 181;
no recods after 1900: Krause 1968, Green and Janssés),Bhd Manitobg Taverner 1927)

Two core breeding areas remain for the thdled longspur, one in northeastern Colorado and
eastern Wyoming, and one in northeastern Monsasouthern Alberta and Saskatchewan
(Sauer et al. 2020Wintering range includes the Chihuahu2esert of northern Mexico,
southern Arizona, eastern New Mexiegestern Texasard portions of OklahoméSomershoe
2018, Shaffer et al. 2019)

The gassland®f northern Valley County, Montana sustain one of the last strongholds
for breedingthick-billed longspus (Lenard et al. 200660mershoe 2018The speciebas a
strong preference for recently disturbed prairie, sparse vegetation, and bare gndisd
thought to use bare ground as a habitat selection cue upon arrival to the breeding grounds
(Mickey 1943, Felske 1971, McLachlan 2007, Shaffer et al. 2019, With 2ZD2d3, it is
believed that the speciasshighly nomadic anddilowed largescale disturbances (e.g., fire

grazing by bison, defoliation by locusexpansive prairie dog townslue to their adaptation to
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sparse vegetation cover aassociatedood resourcesluring the breeding seas@nopf 1994,

Fuhlendorf and Engle 2001, Lenard et al. 2006)

Nesting Ecology

Male thickbilled longspurs arrive on the breeding grounds in-Apdl and most
territories are established kate April or early Mayfemales arrive in late April and the earliest
nests are initiated the first week of M@uBois 1937, Mickey 1943, Felske 1971, Greer 1988,
With 2021) Thick-billed longspursan bedoublebroodedwith two peaksf nesting effort
occurringin a single seasafbuBois 1937, Greer 1988, Shaffer et al. 20I®)e first peak nest
initiation period occurs mido late May(Mickey 1943) The second peak occurs mid late
June but is highly dependent on @onimental conditions that yeg@felske 1971, With 2021)
Thick-billed longspursill also renest after failur@Mickey 1943, Felske 1971Jerritories are
about one hectare in size and aften clumpedwithin suitable disturbechabitatpatches
(Mickey 1943, Felske 1971, Golding and Dreitz 20THick-billed longspus are thought to
selectbreedinghabitat along soutfacing slopes and barren hillsides where snow melt occurs
earliest and soil temperatures warm faster, providing better nesting conditions and an earlier
invertebrate food supplfFelske 1971, Greer 1988, Shaffer et al. 2019)

Nests are built in shallow depressions in the ground. Theogenest is level with the
ground and is made dfied woven grass and lined with finer material such as hair, feathers, or
fine plant materialClutch sizes are typicall$i 4 eggsincubationasts11i 12 days, and fledging
occurs8i 11 days after hatchingvickey 1943, Felske 1971, Lenard et al. 2006, With 2021)
Only female incubate eggs but botiexes of a breeding pawll broodnestlings after hatch and

feed young. Nestling diet consists largely of grasshofathopteraAcrididae)and moths
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(Lepidoptera)along with a variety of smaller inseend spiders (e.gDiptera, Odonata,
AraneaeMickey 1943, Felske 1971Adultscontinue to feed fledglings for three weeks after
fledging, during which time the female may initiate a second bf@bth 2021) Predation is the
most common cause of nest fail#€i 75%)with ground squirrels being a significant nest
predator(Felske 1971, Greer and Anderson 1989, With 20&Bather events sometimes cause
nest failures; eggs and nestlings are subjectitiinghif they become wet or col@Mickey 1943,
Felske 197, With 2021)

Theabundance and nesting effoftthick-billed longspurdluctuate from year to year
and depend heavily on environmental conditigegionally longspuranayappear more
abundant during dry yeaShaffer et al. 2019, With 202I1Hlowe\er, prolonged drought
conditions and high temperatures will reduce the food supply causing cessation of nesting effort
and bngspurs maglsodefer breeding uring prolongedouts of stormy weather heavy rain

(Shaffer et al. 2019)

Non-nestingEcology

Little is knownaboutthick-billed longspuifledgling survival, juvenile survival, or
migration ecology\\Vith 2021). During the norbreeding seasqthe speciesnhabit sparsely
vegetated areasith high amounts of bare groumttluding plowed or fallowiélds, heavily
grazed pastures, and even dry lake bedlse southwestern U.S. and northern MexXidackey
1943, Krause 1968, Smith et al. 2004, Muller and Ross 202parture from the breeding
grounds occurs betwed\ugust and October, and birds arrive on wintering grounds in October

or NovembelSaunders 1921, DuBois 1937, Phillips et al. 1964, Howell and Webb.1995)
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Longspurs exhibit strong flocking behavior during migration and witeause 1968and diet

consists primarily ofjras and weedeedgGrzybowski 1982, With 2021)

Current ConservatioBoncernsn Montana

Montanarangelands are not managed specifically for thitled longspus, likely
becausenanagersio not wish to promote overgrazing or lose valuable grdpirage even
during theshortterm (Sliwinski et al. 2018)In addition these fougrassland birépecief
concern (Spragueds pi-pollated lonBsaur, andl highillexl ppragspurp w, ¢ h
are typicaly lumped forconservatiorpurposegShaffer et al. 2019Managemengoals and
objectives arearely speciespecificand often ignore thenique habitat needs thethick-billed
longspur(Vickery et al. 2000, Peterjohn 2003, Shaffer et al. 20%¢n managing for landscape
heterogeneitynay not be enough for thidhklled longspurs unlesspecific action is taken to
create and mainitapatches ofhortstature vegetatiorCurrently, thickbilled longspus persist
in naturally driemportionsof eastern Montana where drought and soil type generate the
conditions necessary for successful nestirepard et al. 2006, Shaffer et al. 2019)

Another concern unique to thidklled longspur conservation is teep e cuseeok 6
crodands during the nesting seas®hick-billed longspurs are known to occur in fields used for
row-crop production in northeastern Montd&haffer et al2019, M. Sather, pers. comm.)
Although empirical information on thiekilled longspumestingecologyin crop landscapes is
|l i mited, some ol d accounts mention the specie
cul t i (reldke 187 )erevious studies assessing nesting productivity of other grassland
birds in crop fields have deonstrated negative consequences on reproductive success

(Rodenhouse and Best 1983, Best 1986, Dale et al..1dat)n and Forsyth (2003uggested a
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mismatch between use and productivity of tHiiked longspurs relative to diffent agricultural
tillage practicesbut information orhow thickbilled longspus use crop fields as nesting habitat
and how this may influence population demographics in the réglanking

Given that arrentrangeland management practicdesnotfocus onprovidingthick-
billed longspur habitaandhistoricdisturbance regimdsave beemsubstantiallyreducedthick-
billed longspursnay be usingroplands as breeding habitRbw-cropagricultureis now an
importantdisturbance factahat producesxtensivebare groundtlargescales during spring
when thickbilled longspurs arrive on the breeding grosirfichus, cop fieldsmayoperate as a
surrogate fohistorical native habitagiven thé appearance early in the seadbthick-billed
longspurs use bare ground as a habitat selection xteesesetracts of bare ground and sparse
vegetatiorprovided by rowcrop agriculturanay potentiallyindicate to arriving maleshatsuch
areaswill provide suitable nesting habitat throughout the breeding seldsarever, the
selection of crop fields during spring territory establishment could contribute to population
declines if reproductive success is depresaich mayindicatethatcrop fields sere as an

ecological trap.

Understandind hick-billed LongspurUse ofCroplands An Ecological Trap?

Metapopulatiortheorysuggest that geographic distributions of species are often
composed of A ssupopudadooyPalliard 19883A saukce produces a surplus of
individuals, contributing to the maintenance of sinks. Population sinks often occur in marginal
habitat ad may be used when source habitat is limited or in the instance of competitive
exclusion(Van Horne 1983, Johnson 2007, Gilroy et al. 20AIosaic of source and sink

habitats across a landscape can maintain overall population densities greater than what could be
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maintained within the source habitats al@Relliam 1988, Delibes et al. 2001, Gundersen et al.
2001) In contrast, a ecological trap occurs when there is a mismbgtiveen habitat selection
cues and habitat qualitéttin 2004 Fig 2). Ecological traps are most commonly identified
where human activities produce novel environmental cues or alter habitat quality associated with
specificcues (Roberson et al. 2013, Hale and Swearer 2016, Simon and Fortin.2019)
guality of source and sink habitats may vary over time, but ecological traps are always
detrimental for a population. An ecological trpodiffers from a population sink in that
animals ekibit preferential selection of trap habité&chlaepfer et al. 2002, Battin 2004, Gilroy
et al. 2011)

Ideal free distributiotheorythat underpinsourcesink populationmodels assunsthat
animals always exhibit optimal habitat selection when distributing themselves among habitat
patches and that the fittest individuals obtain the highest quality terriiBa¢ 2004) In
reality, individuals are most likely to select habitat according to evolutionarily predisposed cues.
Ecological traps are attractive because thitgn contain preferred cugBelibes et al. 2001,

Abrams et al. 2012, Fletcher Jr et al. 2012, Hale et al. 2015, Hale and SweareF&irha)
management perspective, increasing the amount of source habitat across the landscape in the
presence of an ecological trap magyde minimal benefits if individuals still select for trap
habitats(Battin 2004) Detecting the presence of an ecological trap involves demonsttating
species preference for trap habitat @hdvidenceof reduced fitness in trap habitats.

Importantly, high population densities in trap habitats do not necessarily equate to preference for
that habitat typ€Van Horne 1983, Vickery et al. 1992)erritory density alone is not enough to

assess habitat quality aimder the presence of a trap, but clarity may arise when this variable is
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used in conjunction with other variabl&ettlement patterns of territorial males, nest success,
and territory densitpr abundancestimates have successfully been usesbmbination to test
for the presence of an ecological trap for breeding pass¢rifkee me g 200 3, Ll oyd
2005, Weldon and Haddad 2005, Robertson and Hutto 2006)

Crop fields have &en found to be poor nesting habitat for many songlitddenhouse
and Best 1983, Frawley and Best 1991, Dale et al. 18@/#hay be beneficial to others, even
expanding nesting opportunities in some syst@vtegtin and Forsyit 2003, Weintraub et al.

2016) Somestudies have demonstrated evidence of crop fields operating as ecological traps for
ground nesting birdgprimarily because birds are attracted to crop fields as nesting Haltitat
nestsare destroyed by mechanical fargnioperationgBasore et al. 1986, Best 198&his may

also be the case fbirds usinghayfields that are cut during the nesting sedBatlinger et al.

1990) More recently, changes in nest initiation in response to climate change interacting with
timing of farming operationsavegeneratd phenologicamismatches, creatingew ecological

traps insome types of cropping syste(@antangeli et al. 2018)

In northern Montana, crop fields are largely bamél mid-summerand soils are more
exposed to wind, water erosion, and large temperature swings than are soils ipraatere
sites. Cultivated soils are less stable thaifs innativeprairieand topsoil may be lost when it is
exposed to wind and rain without nativegetation to provide stabylifMacRae et al. 1990,
Pimentel et al1995, Van Oost et al. 2005, Menendez Il et al. 2020¢ capacity for water
retention is altered in cuMated cropland, increasingegativempactsresulting fromwater
erosion anaoncentrated runoff after heavy raivan Pelt et al. 2017Pesticides and fertilizers

may drastically alter soil composition and reduce or eliminate arthropod comm@Whgs

ar
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2000) Collectively, these processes nmagsent hazards fground nesting songbisdhat
includeeffects orthermoregulation, nest destruction resulting flo@avy rainsand other
weather events, exposure to dangerous chemicals, and a reduction in foodligv&iliabdults
and nestlings. In additionrap fields are disturbed multiple times during the breeding season by
farming activities such as plowing, disking, and sprayiigst crops growapidly into a dense
monoculturs, changing from showtature vegtative conditiongresidual crop stubble ~180
cm tall)with large amourgof bare ground to tall, dense vegetative condit{afessedcanopy
crops ~6070 cm tall)unsuitable for thickbilled longspus (Wilson et al. 2005)

Reduced reproductive succedghick-billed longspursn crop fields relative to native
prairie would suggest either an ecological trap or a demographic sink. A demonstrated preference
for crop fields, howeveryould lend support to the ecological trap hypothddgon arrival to
the breeding grounds in spginvast expanses of bare ground provided by crop fields may imitate
historically preferred breeding habitat. If thibkled longspus use bare ground as a habitat
selection cue, it is plausible that they nmagferentiallyselect crop fields as nestingtiiat.

Changes in longspur territory densities and nest densities in crop fields compared with native
sites can provide insight on changing habitat preferences and lost nesting opportunities as crop
vegetation changes over the growing season.

Current managment practices for grassland birds include restoration of crop fields back
to native prairie through cultivation of native seed mixestop fields operate as ecological
trapsfor thick-billed longspuy current management practices may not be suffiGeemhitigating
population declineas the species may continue to use preferred crop habitat regardless of how

much native habitat is availabldowever, f crop fields are benefitting thiekilled longspur by
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providing appropriate nesting habitat where othentmsied, restoration of fallow crop fields
may be detrimentdb thick-billed longspur populations

Hereinl assess thickilled longspur preference and use of cfiefils, along with
subsequentest survival and reproductive outpatative to native prairie habitafo put
potential effects of habitat strata into contexdyluate differences in structural habitat
conditions between crop and native sites and assess changes in vegetation conditions in crop sites
over the breedingeasonFinally, | tie all of these concepts together gmvidemanagement

recommendations based on findings.
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CHAPTER TWO

EVALUATING CROPLANDAS AN ECOLOGICAL TRAPFORBREEDING

THICK-BILLED LONGSPURIN THE NORTHERN GREAT PLAINS

Introduction

The thickbilled longspur is a grassland songbird endemtbéshort and mixedgrass
prairiesof North America(Knopf 1996) Breeding Bird Surveys indicate thitklled longspurs
have delined 4% annually over the past 50 ye&@ayer et al. 2ZZD), but mechanisms driving
declines are unknowiabitat for thickbilled longspurs is patchy on native sites, limiting
distributions at regional scales and making this a focal species for U.anEisNildlife Service
(USFWS) conservation efforSomershoe 2018As a group, grassland birds have experienced
some of thesteepest population declines of any avian guild in North America over the past 50
years Knopf 1994, Sauer et al. 20). While factors such as fire suppression, overgrazing,
desertification, and the introduction of roativeplantspecies have contributéal degradation
of North American grasslandsonversion to largecale, rowcrop agriculture remains one of the
greatesthreats tarasslangystemgKnapp et al. 1999, White 2000, Samson et al. 2004, Blann
2006, Ellis et al. 2010, Wright and Wiraithy 2013)

Thick-billed longspurd her e af t e rhavié & uniguwe preferance do)) recently
disturbed or sparsely vegetamsslandabitats and historically relied on larggcale natural
disturbance regimes to maintain suitable habitat pateties native prairiegMickey 1943,
Felske 1971, McLachlan 2007, Shaffer et al. 2019, With 2&&\)stone grazenscluding

plains bisonBison bison bison blacktailed prairie dogsGynomys ludovicianysandRocky
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Mountain locustsNlelanoplus spretysiow extinct), altered plant communities and maintained
heavily grazed aregkockwood and DeBrey 1990, Knapp et al. 1999, Fuhlendorf and Engle
2004, Augustine and Baker 201Byought, grazing, and fire interacted with local and regional
temperature and moisture regimes to produce variable vegetative conditions at the landscape
scale(Samson et al. 2004 owever, hesedynamicdisturbance events that orsleaped prairie
ecosystems are no longer prevalent at large stathsNorthern Great PlaingSamson and
Knopf 1996, Fuhlenarf and Engle 2004, Samson et al. 2004, Hovick et al. 2015)

Most remaining grassland ecosystems are devoted to livestock grazing and rangeland
management obgives areorientedtowardmaximizinglivestock productiody homogenizing
vegetation structure at landscape scéfeslendorf et al. 2009Dbjectives focus ooonsistent
removal of half the vegetative growth each year anfbumidistribution of livestock to promote
homogenousitilization of foragg Toombs et al. 2010, Holechek 2011, Fuhlendorf et al. 2012)
Rangeland health objectives include reducing the amount of bare gstainitizing soils
reducing potential for threshold change, and promoting desired plant comm(Britsée et al.
2005, Fuhlendorf et al. 20183uchii ma na g e me nt fsupportsthdibitat conditodst e 0
a narrow suite of wildlife speci€dSamson and Knopf 1996, Samson e2@04, Fuhlendorf et al.
2012) Species that require habitat found at the extremes of the disturbaocessiogradient,
including the thickbilled longspur] i kel y do not benefit from stan
management

Longspurs aralsoknown to occur in fields used for regvop productiorwithin the core
of their breeding distributiom northeastern Montar(&elske 1971, Shaffer et al. 201&)jven

that current rangeland management practices do not foquewadingthick-billed longspur
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habitat and disturbance regimes have latned longspuramay be using croplands as breeding
habitat Row-crop agriculture is nown importantisturbance factor that producegensive
bare ground dargescale during spring when longspurs arriga the breeding grousdThus,
crop fieldsmayoperate as a surrogate fostorical native habitagiven ther appearance early in
the seasonf longspurs use bare ground as a habitat selection cue, extensive tracts of bare
ground and sparse vegetatigovided by rowcrop agriculture may potentiallpdicate to
arriving maleghat such areasill provide suitable nesting habitat throughout the breeding
seasonHowever, the selection of crop fields during spring territory establishment could
contribute tgpopulation declines if reproductive success is depressed and may indicate crop
fields serve as an ecological trap.

Wildlife populations areftencomposed of sourse@ndsinks. asourcepopulation
contributes to population growttvhereassink populatiors often occur in marginal habitaic
are supported by sow@opulationgPulliam 1988, Gilroy et al. 2011An ecological trap
differs from a population sink in that animals exhibit preferential selection of trap habitats
(Schlaepfer et al. 2002, Battin 2004, Gilmtyal. 2011)Ecological trag occurwhen there is a
mismatch between habitat selection cues and habitat qaatigre most commonly identified
where human activities produce novel environmental cues or alter habitat quality associated with
a particular cu¢Battin 2004, Robertson et al. 2013, Hale and Swearer 2016, Simon and Fortin
2019) Ided free distributiontheorythat underpinsourcesink populationmodels assuns¢hat
animals always exhibit optimal habitat selection when distributing themselves among habitat
patches and that the fittest individuals obtain the higipeslity territoriegBattin 2004) In

reality, individuals are most likely to select habitat according to evolutionarily predisposed cues
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and eological traps are attractive because thiégn containthesepreferred cueéDelibes et al.
2001, Abrams et al. 2012, Fletcher Jr et al. 2012, Hale et al. 2015amthfwearer 2016)

Detecting the presence of an ecological trap involves demonstiatapgcies
Qoreferencé ( garliee selection and higher gder trap habitat an&) evidence of reduced
fitness in trap habitats. Importantly, high population densities in trap tealdanot necessarily
equate to preference for that habitat tfygan Horne 1983, Vickery et al. 1992)erritory
densityor animal abundands not enough to assess habitat quality and infer the presence of a
trap, but clarity may arise whehis information $ used in conjunction with other variables.
Settlement patterns of territorial males, nest success, and territory Emsityancestimates
have successfully been used in combination to test for the presence of an ecological trap for
breeding passerinésReme g 2003, Ll oyd and Martin 2005,

and Hutto 2006)

Reduced longspur reproductive success in crop fields relative to native prairie would
suggest either an ecological trap or a demographic sink. A demonstrated preference for this
habitat type would lend support to the ecological trgpothesisUpon arrival to the breeding
grounds in spring, large expanses of bare ground provided by crop fields may imitate historically
preferred breeding habitat.longspus use bare ground as a habitat selection cue, it is plausible
that they maydaectcropfields asa surrogatdor historicnestinghabitat.Earlier and higher rates
of settlement of crop fields would indicate some level of preference for crop fidida
coupled with lower reproductive success in crop fields, such findings wapfabrt the

ecological trap hypothes{tloyd and Martin 2005, Robertson and Hutto 200@¢layed

W
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settlement of crop fields until after native sites are occygi@gpled with lower reproductive

successywould suggest a population si(®ilroy and Sutherland 2007)

Our objectives were to: 1) evaluate settlement patterns of territorial male longspurs in
crop and native sites upon arrival to the breeding grounsjzring, 2) compare birdbundance
and nest densities between site types and assess chaalgesdancever the breeding season,
3) compare differences in nest survival and reproductive output between crop and native sites, 4)
guantify differences in vegetation structure between crop and native sites and compare changes
in habitat structure over the breegdiseason, and 5) provide management recommendations for
thick-billed longspur populations in noghsernMontana.lf crop fields are ecological traps for

longspurs, we expected to observe the following:

1. Earlier settlement of crop fielddf, at the regional level, longspurs prefer ceites over
nativesitesanduse bare ground as a habitat selection cue, we expect territorial males to
settle first in crop site®y documenting arrival or flow of individuals into different
habitats, we caattempt toassess longspur preference for crop sites relative to native
sites(Battin 2004)

2. Higherabundance in crop fielddNe expect to see higher longspur abundance in crop
sites relative to native sited/hile animal abundance cannot inform us of habitat
preference or habitat qualifyan Horne 1983, Vickery et al. 1992his information will
inform us of thedegreeof use of cop fields by longspuréRobertson and Hutto 2006)

3. Highernest density in crop fields: If crop fields are attractive nesting habitat for thick
billed longspurs, we also predict that overall nest densitiesop siteswill be higher

than densities in native sitddigher nest densities in crop sites would gade higher use
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of crop fields as nesting habitat, indicating that either a) nesting sites in native habitat are
limited or b) longspurs prefer crop sites for nes(iRgbertson and Hutto 20Q6)

4. Lower nest survivabr reproductive outputWe predict that nest survival and the number
of chicks fledged per successful nest will be loimesrop sites compared to native sites.
Soils in crop fieldsare more exposed to wind, water erosion, argeléemperature
swings than are soils in native sif@sacRae et all990, Pimentel et al. 1995, Van Oost
et al. 2005, Menendez 11l et al. 202@esticides and fertilizers mdrastically alter soll
composition and reduce or eliminate arthropod commur{ifi#ste 2000) These
processes may present hazards for ground nesting songbirds that include effects on
thermoregulation, nest destruction resulting from flash floods and other weathts, eve
exposure to dangerous chemicals, and a reduction in food availability for adults and
nestlings. In addition,rop fields are disturbed multiple times during the breeding season
by farming activities such as plowing, disking, and sprayamgl nost crgs grow into a
dense monoculturey mid-late summercreating unsuitableonditionsfor longspurs
Previous studies assessing nesting productivity of other grassland birds in crop fields
have demonstrated negative consequences on reproductive $Rumbssshouse and Best

1983, Best 1986, Dale et al. 1997)

Methods

Study Area

Thestudy area was located in northern Valley County, Montgita3). The climate in
this region is semarid withlong, cold winters and short, hot summers producing frequent

thunderstorms, hail, and flash floo@ooper et al. 2001 Average daily temperatures range
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from below @ C in winter to20i 25° C in summer. Annual precipitation aages25i 35
centimetersand typically comes as rain in late May and early Jueadrd et al. 2006, PRISM
2022). Theregion isat abou915metersn elevation. Clay shale is the most abundant substrate
and the landscape is dominated by glacia{@oper et al. 2001)he study amincorporates
cultivated crop fields in the eastern portion and native mgtads prairie in the western portion.
Federallands and private ranchescurwest of Opheim and Baylor, and the Bitter Creek
Wilderness Study Area&haracterized by its unspoiled badlarslts at the center of the study
area

Native grassland in this region is classified as northern nuxass prairi¢Coupland
1961, Charboneau et al. 2018)po0l season grasses dominate and include western wheatgrass
(Pascopyrum smithij needleandthread Hesperostipa comajaprairie junegraseleria
macranthg, green needlegrasidssella viridula) and Sandberg blueags Poa secundgand
threadleaf sedgeCarex filifolia). One warm season grass, blue graBaufeloua graciliy, is
present in some sites. SpikemaSslaginella dengacan be locally abundant as well. Shrub
cover is lowmoderate across most of this rag{@€harboneau et al. 2013)

Northern Valley County is characterized by large expanses of drier areas unsuitable for
cultivation and wetter areas used for romp production. Arid patches within large tracts of
intact native mixedyrass prairie provide habitat for thitkled longspur and the species is
known to be locally abundant in such ar@asnardet al. 2006, Lipsey 2015)hesenative sites
consist of aridic, weltrained glacial soils of the Elloam series anderalatively low
vegetation production potential (<1000 kg*heCrop fieldsarecharacterized by extensive

amounts of bare groungarticularly in early spring?rimary crops in this region include spring
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wheat, barley, lentil, pea, flax, and can@da.the season progresses, the crop type dictates how
rapidly these landscapes change and the degree to which plant biomass and eegetativ
increase. In some areas wheat farming is conducted aB@ faffation with 50% of the acreage
being left fallow each year to conserve soil moisture and nutrients (M. Sather, USFWS, pers.
comm.). Pulse crops such as pea and lentil are plered between wheat rotations to add
nitrogen, conserve soil moisture, and disrupt v8epdss, and diseasgMiller et al. 2002, Long
et al. 2014)Pulse crop rotations have replaced summer fallow over most of the region (M.

Sather, USFWS, pers. comm.).

Field Methods

Longspur Settlement

We deployed 24utonomous acoustic recordevgildlife Acoustics model SM4,
Maynard, MA  her eaf t e rtodssessargval imeehdesetdemgnt patteros
territorial male thickbilled longspurs on the breeding groundé& consulted local biologists and
used observations from the USFWS BregdBird Survey (BBS) and eBirdauer et al. 22D,
Sullivan et al. 2020accounts to identify locations previously used by longspurs. We deployed 8
and 16 song meters in 2020 and 2021, respectively, with half (4 in 2020, 8 in 2021) deployed in
crop fields and half deployed inthge grassland sites. We selected sites that were no more than
25 kilometersapart tominimize regional variatiom weather patternsetween sité¢ypes.We
deployedsong metersn 7 April and retrievd themon 30 April after territory establishment
(With 202]). We affixed song meters to 18 t-posts at a height of 1.2 m and covered each

microphone with an extra layer of foam to reduce recorded wind noise.
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We programmed song meters to collectmiBute recording every half hour starting 15
minutes beforsunrise and ending by 09:00 hours to coincide with morning breeding choruses of
longspurs ith 2021, resulting in six 3minute recordings collected each morning. All song
meters recorded in stereo3® kHz aleft and right gairof 16 dB,andleft and right filterat
1,000 Hz Upon removal from the field, a trained technician manually reviewed eatchude
recording and documented whether a longspur was detected or not (detected = 1, not detected =

0). We marked any r ey owidndc gsr Qo t2rbe2 orbsicsue eals br

Longspur Abundance

Occurrence Surveyi To locate areas used by thibKled longspurs, we randomly

generated 100, 6da sampling plots in both crop and native sites. We excluded survey areas that
were>2 km fromaroad,hadangel and plo@kg ha'c(ltipsey antd Maugle2017)
and where private | and access was deni ed. Pl o
independence. Random plots in crop fields toaitained>1 crop type were discardéecause
different crop types grow at different rates, potentially confoundingtsedn native sites, we
di scarded plots if they contained Heamusé ands or
longspurgdo not nest in such are@i3uBois 1937, Felske 1971, With and Webb 1993)
We conducted initial surveys within the-84 plots during 30 Apir 11 May, 202021.
We surveyed Osiestyppdadan yesr. Observarsawalked shdped line transect
within each plot, starting 200 meters inward from a randomly selected plot corndy.(fig
identified species and recorded perpendicular distance and direction from the transect line for
each bird or group of birds seen or he&wdnaintain consistency with distance sampling

methods Estimated distances were recorded in bin25026 50, 51 75, 76 100, and 101200
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meters. Wevalkedat a pace of i3 kmhr! and each transect was completed within 40 minutes.
Observers were trained to avoid doubteinting birds wheturningtransect corners. Surveys
began one half hour before sunrise and stopped at 10:00 Waiid not conduct surveys if
wind speed was >28m hr! or when it was raining. We recorded survey covariates including
observer, percent cloud cover, temperature, wind speed, date, GPS starting point, and transect
start/end times.

Abundancesurveysi Within plotsidentified as beingccupied by longgsps, we

generated 1Ha survey plots within which we monitored longspur populations for the remainder
of the season. We identified occupied crop fi
generated a single 46 plot within the center of each sdked field. This ensured crop plots
wereO200 m from field edges, roads, and other p
of occupied habitat by tracing the extent of occupied areas on foot with a GPS unit and later
transferred this information to ArcMd®.7.1(ESRI 2019) Patches were discovered after
determination of longspur occupancy during initial surveys, and patch edges were defined by
presence/absence of singing longspurs and were typically coupledopiéteat changes in
vegetation composition. We then overlaid a grid oha6eells over occupied patches and used
ArcMap to randomly sel ect O-adacentedldwerefisedtan t he s
ensure plots were O2 6processllawedus to sele& platsfronsdreae s e |
where thickbilled longspur occurred.

We used distance sampling methodsgtmate the abundancetefritorial male
longspus multiple times throughouthe breeding season. We conducted 6 rounds of linsdca

surveys within 1éha survey plots during 10 May15 July, 202021. Survey rounds were
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separated by O5 dshap@illirs¢ranseet within eaehlplotesthrting 100
meters inward from a randomly selected plot corner $FigVe collectal dataas described
abovebut limited observations tiick-billed longspus and distance bins included2b, 26 50,
51i 75, and 76100 m. Each transect was completed within 30 minutes and surveys began 15

minutes before sunrise and stopped at 9:00 hours.

NestPhenologySurvival and Reproductive Output

Nest Searching We searched for nesthuring9 Mayi 22 July 2020 and 5 May8 July

2021to capture reproductive effort throughout the entire nesting se@d&tinZ021). We

searched for nests frosunrise until 11:00 hours on days without precipitation and observers

were randomly assigned a group of plots to search each morning. Observers alternated between
crop and native sites during subsequent days and we used behavioral observations ta find nest
(Martin and Geupel 1993, Winter et al. 200Bach observer moved to a new plot af@r

minutes if no female longspurs were observed. We observed longspurs from a dis@tcenof

We supplemented behavioral nest searching stahdardope dragging methodKlett et al.

1986, Koford 1999)We began surveys at orendomly selectedorner of the plot and

systematically coveretthe entire plot with the rope.

Nest MonitoringT Upon finding a nestve recorded the geographical coordinates with a

handheld GP&ndmarked the nest location wittvo 15-cm bamboo stakes placed 2 m north and
east of the nest to aid relocation . Nests werehecked everyi2l days until fledag or failure
(Martin and Geupel 1993, Ralph 1999Je recorded behavior of adults, number of eggs and
young, number of browheaded cowbird\olothrus ateJ eggs omnestlings, date, time,

observer, time spent at nest, and any relevant notes. We aged nastimging to
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developmental cues describeddonsomijit et al. 20040 the nestauld be checked on
predicted date of fledgin§Ve considered aest failed if eggsveregone before expected hatch
date, if nestlings disappeatbefore nearing expected fledge date, or if dead nestlings or
depredated egggerefound in or near the nest bowlle deemed aest successful if adultgere
observed feeding fledglinggoximal to the nesfledglingswereobsrved neathenest bowl,
territorial adultsnverepresent with food odirectedaggressive behaviotswardobservers, or
fecal materialvaspresent around the nest bowl and the nestlings reached the appropriate age to

fledge A nestwasconsidered successful@f kchick fledgedRalph 1993, Jones et al. 2010)

HabitatConditions

We evaluated habitat conditiofesg., vegetation measureg)two spatial scales, the nest
site and the survey plotfegetation measaswere collected at every nest site within 3 days of
fledge or expected fledge for failed nests. In addition, we randomly selected 3 and 10 habitat
sampling points within the 1Ba survey plots occurring in crop fields and native prairie sites,
respectivly. Vegetation conditions in crop fields were fairly homogenous and required fewer
sampling points. We measured a suite of vegetation conditions three times throughout the
longspur breeding season, once in May, June, andAludéachsamplingpoint, we recorded
visual obstruction readings (VOR) in each cardinal direction from a distance of 4 m and a height
of 1 m(Robel et al. 1970)We measted overlapping percent coveragegdss, forb, shruls,
litter, and bare ground within a 2050 cmsamplingframeat the sampling point and at 4
locations 0.5 m from the point in each cardinal direc{@aubenmire 1959)Coverages were
recordedwithin six percentage classe€401i 5%, 61 25%, 261 50%, 3Li 75%, Bi 95%, and 8i

100%).We listed all plant species, in order of decreasing abundance, found witinmete?
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radius of the point center. Lichen and spikemoss were abuindaative site@nd were recorded
in the plant inventory list as weds percent ground cover within each fraW& measuredtter
depth(mm)in the northwest corner of the Daubenmire fraandrecordedhe species, distance
(m), and height (cm) of theearest shrutwithin 25m of the sampling poirds the preseroof
shrubs has been known to influence nest density or detection of nests for many grassland

passerinegDavis 2005, Pulliam etl.a2021)

Analytical Methods

LongspurSettlement

We used dynamic (mufseason) occupancy modédsevaluate whether settlement
patterns of longspurs differed betwemonp andhativesites(MacKenzie et al. 2003Ppynamic
occupancy models use detection/samiectiondata collected with a robust desi@@ollock
1982)to estimate initial occupancy and subsequent rates of local colonization (e.g., settlement)
and extinction (e.g., site abandonment) across time wtdtsuating for spatially variable
detection probabilityMacKenzie et al. 2003, Mackenzie 2008he design consists kf
secondary survey periods withirprimary periods and models rely on the following
assumptions satisfied by our study design: 1) sites are closed to changes in true occurrence
within primary sampling periods, 2) replicate surveys at each site within a primary period are
independent, and) 3here are no falspositive detectionfMacKenzie et al. 2003ach day
represented a primary period and eaemiBute recording a closed secondary period (i.e., 6
secondary periods occurred over 24 days in each year).

We fitted dynamic occupancy model s wusing t

0 u n ma (Fikke dnd@handler 2011, Kéry and Chandler 2046} used information theory to
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evaluate support for competing models representing hypotheses about detection probability,
initial occupancy, and settlement pattefltacKenzie et al. 2003We evaluated support for our
a priori models in a phased approach. First, we evaluated how well a fully parameterized model
fit the data and estimate variance inflation factot) using themb.gof.tesin the R package
0Al Ccmodavgo. Boot 800 simufatonsrogenerateshi-shuaredesthtistc n
and to calculate averagbewhere dJvalue >1 indicates overdispersion in the data, but much
higher values (>4) may indicate laok-fit (Mazerolle 2020)We found evidence of moderate
overdispersion({= 1.9) and inflated estimated standard errorglgnd based subsequent
model evaluation and inference on the qua&i a i k e dation ICritdrian radjusted for finite
samples (QAIG Burnham and Anderson 2002).

Next, we developed a suite of models to evaluate the effects of survey conditions on
detection probability. Variables hypothesized to influence detection probability incladgd
precipitation, minimum daily temperature, minutes past sunrise, and Julian day (Table 1). We
evaluated a quadratic effect of minutes past sunrise because bird detget®pseviously
found to behighestmid-morning(With 2021). Because alhedetection covariatese measured
are known to affect the detectability of songbirds, we used a backward selection approach based
on QAIC: to eliminate uninformative parameters and identify a parsimonioumsdle! for
detectian probability. Starting with a full model including all covariates, we eliminated the least
i mportant covariates sequentially based on th
covariate resulted in lower QA{Cwe removedhe higher order modetdm the model set.

When no covariates could be removed without increasing QA€ stopped the process

(Pagano and Arnold 2009, Arnold 2010, Montgomery et al. 2024glels with large relative



27

weights (v) and QAIGv a | ue s O2 -fit manlehwerelvansideredsetjually parsimonious,
so when removal of a single covariate increased QAIg 02 units and the max
log-likelihood changed marginally, the additional covariate was considered uninformative and
this higher order model was also elimina(Bevries et al2008, Arnold 2010, Burnham et al.
2011) After a parsimonious summodel for detection was identified, it was retained in
subsequent evaluations of occupancy and settlement.

Because some birds had already arrived at the stedypaior to our deployment of song
meters, we evaluated whether initial occupancy differed by habitat type &nmugtive) before
evaluating the effects of habitat type and Julian day on settlement probability {Y.dhle
addition to these main effegtour candidate set for settlement probability included a model with
an interaction between habitat type and Julian day because we hypothesized that settlement rates
would change over the season differentially by habitat type. We hypothesized that atemdon
rates would be extremely low; once territorial longspurs arrive at a breeding sitaiguegion
they are unlikely to abandon the site (With 2021). Therefore, we did not include any models with
covariates on abandonment rates. Model selection was lzgged on QAIE(Burnham and
Anderson 2002)We used empirical Bayes methods to derive estimates of latent occupancy from
the most parsimonious model for each primary period from predicted posterior distributions
using the oO0ranef 6 f un@iskeand ChamdlerRO1Wlbanakyseg e O u n ma

were performed using R Statistical Software (v 4.1.2; RQeam 2021).

LongspurAbundance

We used opeipopulation distance sampling models to estimate longspur abundance in

crop and native sites and assess whether abundance changed diffecentradithe breeding
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seasor{Royle et al. 2004, Sollmann et al. 201B)stance sampling is@mmonmethod for
estimating abundance or density of wildlife populations and allows simultaneous estimation of
detection probability without requiring regiesite visityBuckland et al. 2001)0bservations
were recorded along with perpendicular distance from the transect line, and probability of
detecting an individuavasassumed to be a decreasing function of distance from the transect
line with probability on the line being equal to 1. Other assumptiohsdeta) animalsvere
distributed uniformly in space relative to the transect, b) distamseecorded accurately, c)
animalswere recorded at their initial location anil ¢hot move during the survey or in response
to the observer, and d) animalsre nd doublecountedBuckland et al. 2001)'he distance
samplingframework has been expanded to allow abundance to be modeled as a functien of site
specific covariates, permitting ecological inference about spatial variation in abur(toyte
et al. 2004) Recently, tis framework has been expanded even further to allow explicit modeling
of population dynamicever space and time, where data from repeat distance sampling surveys
areused and populations are assumed open between survey 8adbaeann et al. 2015)

We fittedopempp opul ati on di stance sampling model s
i n R pack adREskebandChendlek 201hjd used information theory to evaluate
support for competing models representing hypotheses about detection, initial abundance, and
trends in abundance over theeeding seasafsollmann et al. 2015We evaluated support for
oura priori models in a phased approach. First, we used null meol@stimate the beStting
detection function and mixture type based on
parameterization as we were only interested in modeling trendisgapurabunénceover the

season and were not interested in estimaxplicit population dynamics. The hazard rate
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detection function was most supported by our data and the negative binomial was the best
supported mixture type, indicating there was some degree of overdispersion in the data. We then
evaluated how well a fullparameterized model fit the data and estimated a variance inflation
factor () using theNmix.goftest n t he R package OAl Ccmodavg?d.
500 simulations to generate a-slgjuared statistic and to calculate averdgehere dJvalue >1
indicates overdispersion in the data, but much higher values (>4) may indicabé-fack
(Mazeolle 2020) Even with the negative binomial distribution, we found evidence of moderate
overdispersion({= 1.9). Because the negative binomial model may have trouble stabilizing
estimates and is known to sometimes overestimate population abufdanttef and Boveng
2007, Kery and Royle 2015)e ran diagnostic tests by systematically increasiagénameter
K to assess whether the maximized-liglihood stabilized. Although estimates did stabilize at
high values of K (K = 150), abundance estimates from this model were much higher than we
deemed biologically reasonable, so we used the Poisdabution for all subsequent models
inflated estimated standard errorslilyf and based model evaluation and inference on the-quasi
Akai keds I nformation Cr it ergiBamhanaatd Amdetsand f or
2002). We found evidence ofoderate overdispersion using the Poisson distributieni(9 for
2020 datalJ= 1.7 for 2021 data).

Next, we developed a suite of models to evaluate the effects of survey conditions on
detection probability. Variables hypothesized to influence deteptimmability included
observer, wind speed, temperature, and start time (minutes past sunris&) TAldesvaluated a
quadratic effect of start time because bird detections are usually highest within thesfirst 2

hours after sunrise (With 2021). Initedreening indicated that detection probability was



30

variable across observers, so we separated ob
0l owbé detection rates) based on toreduchei ve coef
number of paranters in candidate modelghile retaining large observer effects on detection.
We usedhebackward selection approadbscribed previously teliminate uninformative
parameters and identify a parsimonious-sulel for detection probabilifgyvhichwas retaned
in subsequent evaluations of abundance and seasonal trend.

Next, we evaluated whether initial abundance and seasonal trends differed by habitat type
(crop . native; Table2). We developed a set of models that included the effect of habitat type
on both initial abundance and trend, as well as all submodels. Model selection was again based
on QAIC: (Burnham and Anderson 2002)/e used empirical Bayes methods to derive true
abundance estimates from the most parsimonious model for each survey round from predicted
posterior distributions usi ng (ibkeandcCchandlerf 6 f un

2011)

NestPhenology Survival, and Reproductive Output

Nest Phenologyi For each nest, @calculatednitiation dateasthe day the last egg was

laid, which is when incubation typically begins for passer{@ 1990, George et al. 1992)

Initiation date was estimated based on laying sequence, hatch date, or chick age and assuming an
incubation period of 12 d. For nests found affetch completiorbut destroyed before hatch, we
assumed initiation to be 6 d prior to the midpoint ofabive periodWe plotted nest initiation

dates to visualize patterns of nest initiation betweep aral native sites and to assess

differences in these patterns between years.
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Nest Survivali We used the nest survival model in program MARK to model daily nest
survival rate (DSRRand we fittednod el s i n t he @hie and Buanbaen 199 Ma r k 6
Rotella et al. 2004, Laake 2013)/e built and evaluated a set of competing models representing
a priori hypothesized relationships between DSR laalitat type (crop or native), nest initiation
date, and year (20221). We evaluated 12 competing models that included all combinations of
habitat type, initiation date, and year. We also inclusleeimodel containing a quadratic effect
of initiation date because other studies have shown DSR to be either higher or lowseasad
(Weintraub et al. 2016, Skagen et al. 20¥8¢ predicted DSR may exhibit a psetticeshold
response inrop sites only, being low for nests initiated early and leveling off after fields were
planted. Therefore, we includédo additionalmodels, one with a pseudbreshold effect of
initiation date anane including amnteractiontermwith habitat type This resultedr a
candidate set of Imodels(Table3). We evaluated the relative support of models using
Akai keds | nf ocomeatedifoofinite €ample size (A)EGSupported models with
large model weights (AlGv) and AIGv al ues 02 from the best fit n
parsimoniouswhen supported models differed by one parameter, we considered this parameter
uninformative(Arnold 2010, Burnham et al. 201To estimate nest swival probability, we
useda 26day nesting cycle beginning with the start of the laying pearatimultiplied DSR for
eachdaily interval overa 25day period from nest initiation to fledgirfg.g.,DSR for constant
mode). We calculated standard erffor nest survival estimasaising the Delta methogPowell

2007)

Reproductive Output We calculated an index of nest density for each plot by dividing

the number of nestecated in each plot by the total search effort (hours) for that plot. We report
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the mean and standard deviation of relative nest density for each habitat types(neijve).
Incidental nests located outside of survey plots and nests found via rggendranethods were
excluded from this calculation. However, we were unable to account for detectability of nests
with behavioral search methods and it is possible detectability differed in crop and native sites.
Detectability almost certainly differed byserver; observers were rotated through different
plots each day.

We tabulated maximum clutch sifm all nestswith known fatesas well as theaumber
of young fledged per successful ndgie number of young fledged was recorded as the number
of chicks pesent during BLO d after hatching, unless some dead and some live fledglargs
foundduring the final visitWe developed a set of generalized linear modedsabyzethe
effects of habitat type and initiation date on the number of young fledged gmrssful nest
usinga Poisson distributiomvith alog link. We included an interaction term to assess whether
the number of young fledged differed by both habitat type and initiation date @)ablests
were removed from analysis if the number of young fledged was unkvgevevaluated
relative model supportugsin Ak ai keds I nformation Criterion c:
(AIC¢; Burnham et al. 20)Jandused the beditting model to estimate theumber of young

fledged per successful nest.

Habitat Conditions

We used generalized linear models to test hypethéhat specific vegetation attributes
differed significantly between crop and native sites, that longspur habitat drstngsurally
over the summer as plantsegr and that such changes in habitat attributes are more extreme in

crop sites than in nag sites. Vegetation variables incldd¢OR, bare ground cover, grass and
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forb cover, litter cover and litter depth. For proportional response data (e.g., vegetation
coverages), we used the binomial distribution and logit link function to fit G{QWen et al.
2017) For all other vegetation measures, including VOR and litter depth, we used the identity
link and logtransformed the response variables to meet the assumptions of linear regression
(Dunn and Smyth 2018)For each vegetation varigble built and evaluated the same set of
competing models representiagriori hypothesized relationships between habitat type and
survey round (Tabls).

We evaluated relative model support wusing
finite sampé size (AIG). Supported models with large model weights (AM) and AlIG values
O2 from the best fit model (Bumhametalo20ld)Vtktrea ed e q
supported model differed from a top model tsiragle parameter, the additional parameter was
considered uninformativi@rnold 2010) We based inferences on effect sifrtesn a single top
model and calculated model averaged estimatese n model s sha®2d support

Burnham et al. 2011)
Results

LongspurSettlement

We deployed recorders at 8 sites in 2020 and 16 sites in 2021, half in crop fields and half
in native sitesRecordings from two song meters located in native Bit8620 and one song
meter located in a crop field in 2021 were discarded because longspurs never established
territories at those locations. Recordings from one song meter at a native site in 2021 were not
retrievable due tequipmenmmalfunction, resultig in useable data from 2 song meters at native

sites and 4 song meters at crop sites in 2020, and 7 song meters at native sites and 7 song meters
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at crop sites in 2021. Overall, we collected >37 hours of useable recordings in 2020 and >100
hours in 20210n 10 April 2020, 1 out of 4 crop sites were occupied and 0 out of 2 native sites
were occupied. On 29 April 2020, all sites were occupied. On 7 April 2021, 4 out of 7 crop sites
were occupied and 3 out of 7 native sites were occupied. On 30 April 2D&1eslvere
occupied. For occupied sites on the first survey day of the year, the number of recordings in
which longspus were detected ranged from3Lout of 6 recordings. On the final survey day, the

number of recordings containing detections rangeu o6 out of 6 recordings.

Detection probabilityi The top model fodetection probability contained an effect of
Julian day, minimum temperature, and a quadratic effect of minutes past sunrise (time) (QAIC
wi = 0.97; Tables) . Detection probability increased wit
increased inresponseo mi ni mum t e mp e r)aleteatian prébabilitywad . 08 N 0.
maximized at ~90 100 minutes past sunrise, or 1.5 hours after su(figes).

Initial occupancyandsettlemenprobability. T We foundno evidence for an effect of

habitat type on initial occupancy with the null model carryimtpally all support (QAIG w; =

0.98; Tables). We found no evidence that settlement probability differed by habitat type with

the model containing an effect &dilian day carrying full support (QAI®v; = 0.98). Settlement
probability increased for both Deribeddstntatest y pes
of true occupancy for both crop and native sites increased from 0.52 (+ 0.17 SE) on 7 April to

0.99 (+ 0.01) on 30 April (Fig).

LongspurAbundance

In 2020, we conducted initial occurrence surveys in 80 plots (36 crop and 44 native);

67% of crop plots were occupied by thisiled longspur and 20% of native plots were
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occupied. In 2021, we conded initial surveys in 62 plots (35 crop and 27 native); 91% of crop
plots were occupied and 33% of native plots were occupiezD20, we conducted 287 longspur
abundancesurveys at 24 crop sites and 22 native sites during 14iM&yJuly.The meart SD
number ofmale longspursbserved was of 5.4 + 4id crop sites and 4.2 + 3.3 in native sites. In
2021, we conducted 325 surveys at 25 crop sites and 25 native sitgsldultayi 14 July.
We observed an average of 3.8 + 3.2 and 3.2 + 2.3 male longspurs per plot in crop and native
sites, respectivel\Most crop plotaverespring whea{28 plots) we surveyed 4 summer fallow
plots in 2020 and 8 in 2021 (TalMe We analyzed data saftely for the two years begse
differences in weather and drought conditiarese likely to poduce differenpopulation trends

Detectionprobability. i During both yearsthe top model for detection probability

containedan effect of observegroup(Table8). Detection probability was lower for observer
group 2and effect sizewere-1.67 + 0.54 SEin 2020 and0.95 + 0.39n 2021(Fig 8).
Confidence intervals for thdfect sizes for other covariates on detection overlappéte@efore
only observer group was retained in subsequent abundance mddetiofgl 2010)

Initial abundance anskasonal trends We found support for an effect of habitat type on

both initial abundance and seasonal trend for data collected in 2020{@AI©® 91; Table8).
Expected initial abundance in crop sites wad ¥74.1SE birds per plot and the estimated
seasonal trend was 084 = 0.04 indicating thabundance decreased B#d over the seas.
Empirical estimates of true abundance for crop sites decreased@r8(®3% Cl = 5.7/ 180)

during the first survey rouhto 6.5 (5.61 7.8) during the sixth round. Estimated initial abundance

in native sites was 8+ 2.0 birds per plot anticreased slightld ur i ng t he 2eason

(
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0.05). Derived empirical abundance for native waq85% CI = 7.89.7) during the fist survey
round and.4 (8.4i 10.7) during the sixth round (Fig).

In 2021, we found no evidence for an effect of habitat type on either initial abundance or
seasonal trend, with the null model carrying the most support (QRAIE0.54; Table8).
Becausef model uncertainty, we averagegbsultsacross all fousupporteccandidate models.
Expected initial abundance was similar in crop and native sités£123 SE) and seasonal
population sizes did notchangeichd ur i ng t he s e a Skimcrop sites=1.01+ 0 3
0.04 in native sites). Derived estimates of true abundance for crop sites increased slightly from
123 (95% CI = 1117 13.3) during the first survey round to 1513.2i 17.0) during the sixth
round. Derived estimates of true abumckafor native sites wefairly stable across the season
(12.7 (95% CI = 115i 14.1) during the first survey round; 112(10.8/ 134) during the sixth

round; Fig9).

NestPhenologySurvival and Reproductive Output

During 202021 we located 24ngspur nestsl11 in crop sites and 129 in native sites.
Of these, 174 nests were located using behavioral cues of adults, 14 usidgagipeg
methods, and 52 were incidental finds while observers were conducting other fieldwork. Using
2i 3 observersye spent 76.5 persdmurs rope dragging in crop fields and 22.5 peitsours
rope dragging in native sitefeyr a total 0of99 personhours We spent 515 hours behavioral
searching in crop fields and 421 hours behavioral searching on native sitestd0t386
hours nest searching using behavioral cues.

Of the 240 nests, 222 had known fates (96 crop, 126 native). For the 18 remaining nests,

we were unable to determine nest fate dustteerconflicting clues at the nest site or weather
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eventgfarming operations preventing timely nest checks near expected fledg¥\atere
able to estimate the number of chicks fledgedibsuccessfuhests41 crop an46 native.
Apparent nest success was 44% in crop sites and 37% in nativ@®segtion wasie main
cause of nest failuri@ both crop fields and native plots (TaB)e Other causes included
weather, farming operations (crop only), and abandonrBeoiwvn-headed cowbirdMolothrus
ater) parasitism rates were 1.8% of nests on crop siteg .&3d on native sites.

Nest Phenologyi Patterns of nest initiation were similaithin crop and native sites

each year, but median initiation dates in native sv@® 6 11 dlater tharmedian dates in crop
sites.In addition, thdirst and thirdquartiles were 610 d later in native sitetn 2020, median
initiation date was 29 May (IQR 25 d,n = 68) and 9 June (IQR26 d,n = 71) incrop fields
andnative sitesrespectivelyLongspurs nested through mildly and there were two prominent
peaks in nest initiation. In 2021, median date of initiation was 28 May (IQRd;sn = 28) in
crop sites and 3 June (IQRL3 d,n = 55) in native sites. d&sting efforts slowed significagtin
late-Junei early-July and there was only one main peakestinitiation (Fig 10). Notably, the
interquartile distancéor initiation datesvas 32% shorter in crop sites and 50% shorter in native
sites during th021drought yeathan during 2020

Nest Survivali The ndl model of constant daily nest survival was the best supported in
the candidate set (AKQv = 0.18; Table10). Models including effects of habitat type, year, and
initiation date including models with different functional formsiatftiation date had
approximately equal support as the null model, indicating that these parameters were
uninformative. Average daily nest survival estimated from the null model wag 0 ®@005SE

and estimated nest survival over thed2fy exposure pard (DSR®) was 0.36 + 0.(28.
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Reproductive Output Relative nest density (£SD) was 0.153 + 0.215 nests/hour/plot in

crop sites and 0.233 * 0.317 nests/hour/plot in native Miesn clutch size + SDwere3.5 +
0.8and3.3 £ 0.8 fomests occurring in crop fields andtivesites, respectivelyrhe mean
number of young fledgeder successful nestas 3.0 = 1.ISDin crop sites and 2.8 £ 0.9 in
native sitesThe null model was the best supported madedur candidate set of generalized
linear modeldor number of young fledged per successful (BEE. wi = 049; Tablell),
indicating that neither nest initiation date nor habitat type related téthe number of young
fledged Models including the effects of habitat type and initiation date hadxzippately equal
support as the null model, indicating that these parameters were uninforfaatiseated from
the null model, the averagaumber of young fledgeper successful nest both crop and native

siteswas 2.90 + 0.18 SE.

HabitatConditions

We observed significant differences in vegetation conditions between crop and native
sites that varied across survey rounds (Rig Visual obstruction reading (VOR) was strongly
influenced by the interaction between habitat type and surveglyaumodel that included this
interaction had virtually all support in both years of the study {AG 0.99; Tablel2). In
2020,we found evidence th&tOR was significantly higher in crop sites during survey round 3
thani n sur vey r oun dcindwas(lower i nadive 6ités thin cop Sitels Yuring the
t hird r-2.8mm0.75Fig 1)=VOR estimates (cnt SE) changedrom 0.81+1.42

during round 1 to 17.81 £1.43 during round 3 in crop sites and from 1.95t12.61 +1.46 in

native sitesThe change in crop VOR by round 3 during 2024 lower magnitudé = 0.72

0.42) but was still l ower i n -1l6@2x059Fg189.i t es

t

N

h a
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VOR estimategcm + SE) in 2021changedrom 0.72 £1.35t0 1.48 +1.35 in crop sites and from
0.68 +1.34t0 0.28 £1.34 in native sites.

Bare ground coverage was strongly influenced by the effect of habitat type. The top
model, with full support, included the effect of habitat type in both 2020(&I€ 0.85) and
2021 (AIG w; = 0.88; Tablel2). Bare ground was significantly lower on native sites than crop
sites dur 203z 0282 0 afh d 2D51 10.39Fig1ld. Estimated bare
ground coverage (% SE) in 2020 was 45 6 in crdjelds and 10 +4 in native sites. In 2021,
estimated bare ground coverage was 42 6 in crop fields and 14 4 in native sites.

The top two models for litter coverage in 2020 included effects of habitat type and survey
round and together had the majoritysopport (AIG wi = 0.84). Howevergconfidence intervals
for the effect size of survey round overlapped zero and this parameter was considered
uninformative The top model for 2021 contained an effect of habitat %p@c wi = 0.66; Table
12). Littercovemgewa s | ower i n native si-1t3¢@s8052)madR02tr op s
(  -1.20 % 0.44Fig 11). Estimated litter coverage (%SE) in 2020 wa25+5 in crop fields
and8 +3in native sites. In 2021, estimati#tier coverage wa6 +5 in crop fields and.1£3in
native sites.

The top model for litter depth both years included the interaction of habitat and survey
round. This interaction model carried the majority of support in 2020.(&€ 0.84) and in
2021 (AIG wi = 0.94; Tablel2). In 2020,we found evidence thétter depthwas initially lower
in native sit e-3.08txh.a9andecreapedignificarglyan crop fields as the
season progr edwNsODd (Nr Ou rBdz2. + 037 Figd1). Estimates (mm

+ SE) changedrom 4.66 +1.30 during round 1 to 0.58 £1d1ring round 3n crop sites and
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from 1.57 £1.340 1.05 £1.32 in native sitel 2021, this variable followed a similar pattern.
We found evidence that litter deptfasinitially lo wer i n nati ve s#0G®kts t han
0.15)anddecreased in crop fields a®k. @aheN sk.alsh;n rpatL
=-0.71 + 0.15Fig 11). Estimates (mm: SE) changedrom 2.75 +1.12 during round 1 to 1.35
+1.12during raund 3in crop sites and from 1.01 £1.120.91 +1.12 in native sites.

For models of residual, forb, and grass cover, the null model was the best supported
mod el in all anal ysO2s dabdicaingthese vagetations ( Al C
conditions were similar across habitat types survey roundg he same results were true for
grass cover when we only compared native sites to wheat crop types (e.g., all crop plots

classified as forb were removed).
Discussion

Collectively, aur resultsdo not support the hypothesis that cfigfds areecological traps
for breeding thickbilled longspurdecause: 1)ettlement patterns @inging maldongspurs
were similar between crop and native sdad relativenest densityasslightly lowerin crop
sites providing no evidence for preferentsdlection ofcropsites and 2) est survival average
clutch sizeand the number of young fledgeeresimilar between crop and native sjte
providing no evidence for lower reproduction in ceies Additionally, precipitation and
associatedegetation growtlappeared tonediatelongspur abundan@nd use of cropites
Longspur abndance decreas#aroughout the breeding seasorcropfields during a wet year
(2020)asplantbiomass increasaslhereas abundance did not change during a drought year
(2021) Annualvariation in timing of seeding coupled with drougiffects on vegetatiomay

increase the unpredictability of crop habdatongyears.Findly, we found thatnedian nest
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initiation datesoccurred 11 days earlier in crop sitéespite similar settlement patterns for the
two habitat typed_ongspursappeato shift timing of nesting in crop sitegerhapallowing
them tocomplete nesting affts before crops grow and habitat becomes unsuitable late in the
seasonBased on our resultstap sitesmay benefit thickbilled longspur populations northern
Valley County, Montandy expanding nesting opportunities in an area where native habitat is

limited.

Crop Fields as Potential Traps

The settlement of crogitesprior to native sites by longspuupled with low
reproductive success in crepies would lend support to thecelogical trap hypothesis
Selection of native sites prior to crgfies coupled with low reproductive succesguld imply
cropsiteswere sink habitatdf longspurs select territories based on habitat cues anditesp
contain preferred cues, themf@gspurs should exhibit preference for crop halfidalibes et al.
2001, Abrams et al. 2012, Hale and Swearer 204/8)observed similar settlement patterns of
breeding territories in crop and native sites, indicating that selection cues and preference of
longspurs were similar between habitat types. Althda@f of our study plots wereccupied
prior to deployment of song meters in early April, increases in taityspuroccupancy were
similar across habitat straéad all sites were occupied by 27 April. In addition, our effort
adjusted estimate of nest density \28%0 lower in cropsitesthan innative sites, though
estimated precision was low and confidence intervals overlappgéther, these findings
suggest similar preferencé longspurdor bothcropfields and nativeangeland

Reproductive output, evaluated viaesh survival, averagdutch size, and the number of

young fledged per successful nesassimilar across habitaypes.Although we observed
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higher early nest failures in crajtesas a result of farming activities (e.g., seeding, disking, and
plowing), thickbilled longspus are quick to renest and often renested close to their failed first
nest locationgMickey 1943, Felske 1971, With 2021)hile the most common cause of nest
failure on both site types was predatibigher predation rates on native sites resulted in overall
similar nest survival rates (4%0) across habitat types. In contrast to expectations, some farming

activities, including rolling (field leveling) and spraying, did not result in nest damage or

abandonment, and harvest of crops occurred too late in the season to affect nesting longspurs.

Longspur nest bowls occur below the soil surface so that the top of the nest is level with the
ground; farming activitiesuch as rollinghat did not disturb the soil did not negatively affect

nests (n9) regardless of whether they contained eggsestings.

Most of ourcropf i el ds wer e sprayed wi4D)thicelperr bi ci des

season and O5 fields were also sprayed once

consisted of a prgpray to eliminate weeds around the time of seeding aedand application
in June when plants weré®inches tall (M. Sather, USFWS, pers. comm.). Although eggs and
nestlings were sprayethis did not directly result in nest or chick losddewever, we did not
assesgotential indirect effects of herbicidmd fertilizer spraying on chiagrowth ratesor
subsequeritedgling survival

Flooding and hail destroyed nests in both croB]rand native sites (5. Nest
abandonment was often due to partial predation, weather events;leaded cowbird
parasitism, and ps#bly frequent disturbance by predators or perceived predators. On a few
occasions in native sit¢s=3), we found dead or nedead nestling apparently uninjured but

laying on the groundutside the nesiWWe never observed any of these nestlings retum#ae

w
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nest by adult longspurs and suspect this to be the activity of Breased cowbirder other
avian nest predato(Pietz andGranfors 2000, Pietz et al. 2012)

A broaderdemographic analysiacluding seasonal adult and pef#tdging survival rates
wouldincrease our ability tdiscern which specific populations maydmological traps,
sources, or sink®ur estimates of nest survival for thibikled longspursaresimilar tothose
reported imther studies, including studies of similar species such as hornd&tarkophila
alpestrig and chestnut collared longspg@edgwick 2004, Mahoney and Chalfoun 2016, Gaudet
et al. 2020, Pulliam et al. 2021, Reintsma et al. 2082)le demographic da@eexceedhgly
sparse for thiclbilled longspur, our estimates of the number of young fledged per successful
nestwerealsosimilarto those reported elsewhef@edgwick 2004, Lloyd and Martin 2005,
Gaudet et al. 2020Because the species will doutleood, a more meaningful measure of
reproductive success would be seasonal fecundity, or the number of chicks produced per female
in a seasonlo better understand mechanisms driving longspur population declines, we
recommend conductingampleteevaluationof vital rates across life stages and assessing
variation among years and habitat tygestimatesf adult and postiedging survival are critical
for understanding seasonal fecundity but require marking of individual bingertantly, these
vital rate stimates may be complicatéddemales move between site types within a single
season and attempeésts in both crop and native sites within a single year.

Recruitment coupled with adult survival determines population trajecttoiedtain
estimates of recruitment and population growth between years, estimates of both adult and
juvenile survival dung migration and winteare also needetiowever,low site fidelityin

breeding areamakesestimation of these vital raté#ficult for longspurgSedgwick 2004, With
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2021) This lack of information precludes formal assesssehpopulation viability and vital
rate sensitivities of the species. However, populations of other grassland birds are highly
sensitive to variation in adult survivgedgwick 2004, Perlut et al. 2008nother sensitivity
analysis of multiple species indicated thastfledging survivalratesof less tharD.4 required
unrealistic overwinter survival of juveniles for most species unless adult survival and seasonal
fecundity were extremely higlCox et al. 2014)Recent advancements in VHF technology (e.qg.,
MotusWildlife Tracking System, Birds Canada, Ontaricar@ada may allow for expanded
assessments of seasonal fecundity and annual survival of both adults and juveniles.

Evaluatng body conditiorof fledglings, juveniles, and adutingspurdn crop sites
would provide additional insight on habitat qualBody condition at the start of migratioften
influences survival of adul@sndjuveniles during migration and wint@vierila and Svensson
1997, Angelier eal. 2011, Labocha and Hayes 2012)wer postfledging survival in croites
reduced body condition of adults or younglower seasonal fecundity of females nesting in

cropsiteswould provide evidence for lower habitat quality of crop sites

LongspurAbundance antllse of Crop Fields

Precipitation and vegetation structure appeared to mediate loraismaancén crop
sitesbut not native sites. Longspur abundance was relatstabhje throughout the season in
native sites in both years and averag§édL2 birds per plot (8.63birds per ha). In a season of
normal precipitation (2020), longspur abundance was higher irsgegphan native sites early
in the season (ApriMay) when crop biomass was low but declined with the growth of crops. In
contrast, longspur abundance increased slighttyopsitesduring a drought year (2021) when

crop growth was stagna Because rates of nest abandonment were low across time and space,
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declining abundances of longspurs across time imply reduced nesting attemptssitesrop
during a year of normal precipitation, though we could not confirm this because we did not mark
birds.

During both years, we observed large flocks of-bogeding longspurs moviragmong
crop sites. This behavior began around-tateé June and continued into JuBounts of singing
males on these plots would incre&s@i 5 timesthat of previousounts, andlocks typically
movel elsewhere before the next survey rouhiis was a common occurrence on crop sites
mid-season. It would be useful to hawereinformationfrom taggedndividualsin these flocks
we do not know if these are ndmmeeder®r failed breeders that previously held territories on
either crop or native sites.

Longspurs used all types of crbelds including lentil, pea, flax, wheat, canola, mixed
cover crop, and summer fallow. Altts@malPh we
to include this as a separate category in our analysexyngestentlyobservedower longspur
numbers irsummer fallow field€ompared t@ther crop types. Althougbne studyfound higher
songbird abundances in summer fallow fields compared to other cropMaes and Forsth
2003) we did not find this to be the caatour study siteWe found very few nests in summer
fallow fields over both year@ = 10). Summer fallow ieldswereplanted instrips,with fallow
sections intermixed with planted sections. Fields plaimtdite narrowest strips,and hence
havingmore abrupt edges, weerarely used by longspu(en 4'5 out of 6 surveys we detected O
birds) Lower abundance of longspurs in these ai®egnsistent with avoidance of habitat edges
in grassland birdéJohnson and Igl 2001, Renfrew et al. 2005, Sliwinski and Koper 2012,

Thompson et al. 2015 addition, smmer fallow fields are plowed multiple timdaringthe
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breeding seasofhereforenests in unplanted portions of summer fallow fiddldsea higher

risk of being destroyed later in the season, unlike nestsnnalcropsites

Timing of Nesting

In native habitats, longspurs are known to select territories on-famitiy slopesluring
the early breeding season where snow melts and the ground warméelstex 1971, Greer
1988, Shaffer et al. 201LBare ground cover was higher in crop sites than native sites
throughout the breeding season, and exposed soils warm faster than vegetai@drapis al.
2013) We suspect that earlier warming of csifgsmay generate an earlier invertebrate food
supply and flocks of migrating longspurs may use crop fields as feeding grounds on their way
north. In additionmediannest initiation dates during both years occuBietll daysearlier in
crop sites than in na sitesThus earlier warming may allow earligest initiation and egg
laying in crop sitesHowever, ve did not assegshermal or othemicroclimatic conditions at
nests, and we recommend collecting this information in future studiaddition, the ange of
nest initiation dates and therefore length of nesting period was significantly shorter during the
drought yearLongspurs are known to forego nesting or experience lower reproductive success
during periods of extreme drouglielske 1971, Shaffer et 019) We observed a shorter
nesting period in both crop and native sites during 202t results indicate that longspurs may
initiate nests earlier in crop than native sites but experience a shorter breeding period in both site

types during extremerought.

Conclusion
Thick-billed longspurs uskcropfieldsin northeastrn Montana but we found no clear

preference for crop sites over native and sed&sog reproduction was not reduced in crop sites.
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Perhaps atregional level where native habitan bdimited for longspurs, crop fields are
beneficial to populations because tleepandnesting opportunitieat the landscape levéVhile
hazards for ground nests may differ between crop and nativevgitels comparing seasdong
reproductive effort, cropitesdo not appear to be of very low qualitiyappears thatropsites
provide more opportunities for nestirapndmay support higher population levetlsan couldbe
supported bexistingnative sites in this region alondowever, it is important to note that our
study area contained large tracts of both crop and naaivieats for thickbilled longspur(Fig

3); we have not assessed longspur use of crop landscapes without nearby native habitat.

Management Recommendations

Crop fields providd useablébreeding andesting habitat for thickilled longspursat
our study aga in Valley County, Mntana Though overall nest survival rates were similar to
those innative sites, reproductive output can be improved with modified farming practices that
minimize the destruction of nest&/e recommend that farmers seed fields as earfhpssible
prior to 10 May, to minimize nest loss&diminating summer fallow farming practicemy
potentiallybenefit longspurghis crop typeappeared to besedinfrequentlyandmay present
more hazards fanestsas these fields are disked repeatedly throughout the suResicides
and fungicides are known to harm both adult birds and nestifgfswen and Ells 1975, Martin
et al. 1998, Mineau and Whiteside 201M8)e recommend reducing or eliminating widespread
application of herbicides, pesticides and fungicides when possibléhe potential negative
consequences of herbicide application on the survival of nesting longspurs can be evaluated
The loss of native grasslands through conversion to cropland is considered one of the

primary drivers of grassland bipbpulation @clines includingthethick-billed longspur
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(Samson et al. 2004, Blar2006, Ellis et al. 2010, Wright and Wimberly 201B)e Montana
Partners for Fish and Wildlife Progna(PFW) has begun implementing grassland restoration
projects through private landowner agreements that focus on restoring marginal croplands back
to native prairie (M. SathetJSFWS pers. comm.). Restoration will no doubt provide benefits to
grassland lod populations as it increases habitat area and reduces fragmentatlmemdfiisto
thick-billed longspurswill dependon the seed mix used and soil typeestoredsites. If
restoration produces vegetative conditions that are too tall and dense fdoillledkongspur,
this species will not use these restored sites. Our results suggest that longspurs would be more

likely to use crop fields planted in a shetature annualrop or sparsely vegetated cover crop.
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Tablel. Covariates used to model detection probability, initial occupancy, and settlement
probability of thickbilled longspur in Valley County, Montana during the month of April in
2020 and 2R1. The mean and range for each variable are shown as well. Time and day
covariates were scaled prior to model fitting.

Model Covariates Description Mean Range
Detection
Precip Level of daily precipitation (cm) 0.01 0.0071 0.18
Mintemp Minimum daily temperature (°F) 22.8 5.67 38.4
Time Minutes past sunrise at start of recordi 61 -2671 153
Day Julian day 108 971 120
Initial Occupancy
Habitat Habitat type i Crop, Native
Settlement
Day Julian day 108 9771 120
Habitat Habitat type i Crop, Native

Table2. Covariates used to model detection, initial abundance, and seasonal trends of thick
billed longspur populations in Valley County, Montana from Mayy, 202021, with a
description of each. Start and wind covariates were scaled prior to model fitting.

Model Covariates Description
Detection
Obs Observer (groups 1 and 2;
probability)
Temp Temperature (°C) at start of survey
Start Survey start time (minutes from sunrise)
Wind wind (km/hour)

Initial Abundance & Trend
Habitat Habitat type (6cropd or 6
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Table3. Candidate model set assessing the effects of covariates on daily nest survival rate
(DSR) in Valley County, Montana, 20221.

Model Description

Mod1l S(.)

Mod?2 S(Habitat)

Mod3 S(Year)

Mod4 S(Initiation Date)

Mod5 S(Initiation Date Hnitiation Date)
Mod6 S(log(Initiation Date))

Mod7 S(Habitat + Year)

Mod8 S(Habitat x Year)

Mod9 S(Habitat + Initiation Date)
Mod10 S(Habitat x Initiation Date)
Mod11 S(Year + Initiation Date)

Mod12 S(Year x Initiation Date)

Mod13 S(Habitat + Year + Initiation Date)
Mod14 S(Habitat x Year x Initiation Date)
Mod15 S(Habitat x log(Initiation Date))

Table4. Candidate model set assessing the effect of habitat type (crop or native) and nest
initiation date on the number of chicks fledged per successful nest in Valley County,
Montana, 202021.

Model Description

Mod1 Habitat x Initiation Date
Mod?2 Habitat + Initiation Date
Mod3 Habitat

Mod4 Initiation Date

Mod5 Null

Table5. Candidate model set assessing the effect of habitat type (crop or native) and
survey round (3) on vegetation response within thickled longspur nesting habitat

in Valley County, Montana, 202@1. The same candidate model set was used for each
measurd habitat response variable.

Model Description

Mod1 Habitat x Survey Round
Mod2 Habitat + Survey Round
Mod3 Habitat

Mod4 Survey Round

Mod5 Null Model
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Table6. Model selection results for detection probability, initial occupancy satttement
probability from acoustic data collected in Valley County, Montana during the month of April in
2020 and 2021. The number of parameters (K), Q&l@ | u e s valge® Arid & odel

weights (QAIGW!1) are reported.

Model K QAIC. PQAI C QAIC Wt
Detection
Time? + Mintemp + Day 9 834.02 0.00 0.97
Time? + Mintemp + Day + Precip 10 841.04 7.02 0.03
Null 5 990.06 156.04 0.00
Initial Occupancy
Null 9 834.02 0.00 0.98
Habitat 10 842.15 8.13 0.02
Settlement
Day 10 824.74 0.00 0.98
Null 9 834.02 9.29 0.01
Day + Habitat 11 834.36 9.63 0.01
Habitat 10 842.40 17.67 0.00
Day x Habitat 12 846.58 21.84 0.00

Table 7.Breakdown of crop types for both years of the study (2020
2021). This table shows the number of survey ploeath crop type
and percentage of the total for each type.

2020 2021

Wheat 13 54% Wheat 15 60%
Summer Fallow 4 17% Summer Fallow 8 32%
Lentil/Flax 3 13% Lentil/Flax 2 8%
Cover Crop 2 8%

Pea 1 4%

Canola 1 4%

Totals 24  100% 25 100%
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Table8. Support for candidate models predicting effects on detection, initial abundance and
seasonal trends of thidklled longspur populations. Data comes from line transect surveys
conducted in Valley County, Montana from Mayly, 2020 21. The number of parameters (K),
QAIC:.v a | u e s cvalge® Ard &odel weights (QAMYt) are reported.

Model K QAIC. PQAI C QAIC Wt
Detection 2020
p(Obs) 6 1010.17 0.00 0.62
p(Obs + Temp) 7 1011.32 1.15 0.35
p(Obs + Temp + Stéit 9 1016.30 6.13 0.03
p(Obs + Wind + Temp + Stajt 10 1019.05 8.87 0.01
p(.) 5 1026.2 15.% 0.00
Initial Abundance, Trend 2020
N(Habitat) (Habitat) 8 994.99 0.00 091
N(Habitat) (.) 7 99956 456 0.09
N(.)Y (Habita) 7 1010.00 1501 0.00
NCY () 6 1010.17 1518 0.00
Detection 2021
p(Obs) 6 1294.38 0.00 0.53
p(Obs + Start) 7 1295.48 1.10 031
p(Obs + Temp + Start) 8 1297.93 3.55 0.09
p(.) 5 1299.28 4.90 0.05
p(Obs + Temp + Steit 9 1300.67 6.29 0.2
p(Obs + Wind + Temp Starf) 10 1303.81 9.43 0.00
Initial Abundance, Trend 2021
NCY () 6 129.38 0.00 0.%4
N(.Y (Habitat) 7 12%.94 156 0.5
N(Habitat} (.) 7 1297.08 2.70 0.14
N(Habitat) (Habitat) 8 1298.68 4.30 0.06

Table9. Causes of nest failure farick-billed longspur nests in Valley County, Montana, 2020

21. Percentages are based on 40 failed crop nests and 46 failed native nests in 2020 and 14 failed
crop nests and 34 failed native nests in 2021. Determination was based on sign around the nest
near time of failure; failed nests with uncertainty regarding the cause of failure were removed

from these calculations.

2020 2021
Cause of Nest Failure Crop Native Crop Native
Predation 54% 70% 69% 79%
Abandonmerit 11% 21% 12.5% 21%
Weathe? 18% 9% 6% 0%
Farming Operations 18% N/A 12.5% N/A

gAbandonment often occurred after weather or partial predation events in both site types.
bWeather events included flooding, hail, or storm damage which resulted in nest
destruction or destruction of nest contents.



Table10. Support for candidate models predicting daily nest survival rate (DSR) of 222 thick
billed longspur nests in Valley CoyntMontana 202021. Included are the effects of nest
initiation date, nest initiation dafteyear, and habitat type (crop, native). The number of

54

parameters (K), Alev a | u e scyaluepfahd@nodel weights (A)Vt) are reported.

Model K AIC. PAIcC AIC Wt
S(.) 1 746.38 0.00 0.18
S(Initiation) 2 747.13 0.75 0.12
S(Initiatior?) 2 747.43 1.06 0.11
S(Year) 2 747.46 1.09 0.10
S(In(Initiation)) 2 747.99 1.62 0.08
S(Habitat) 2 748.35 1.97 0.07
S(Year + Initiation) 3 748.38 2.00 0.07
S(Year xInitiation) 4 748.86 2.48 0.05
S(Habitat + Initiation) 3 748.98 2.60 0.05
S(Habitat x Initiation) 4 749.04 2.67 0.05
S(Habitat x In(Initiation)) 4 749.39 3.01 0.04
S(Habitat + Year) 3 749.39 3.01 0.04
S(Habitat + Year + Initiation) 4 750.16 3.79 0.03
S(Habitat x Year) 4 750.90 452 0.02
S(Habitat x Year x Initiation) 8 752.98 6.60 0.01

Tablell Support for candidate models predicting number of chicks fledged from 220 thick
billed longspur nests in Valley County, Montana 202D Included are the effects of nest
initiation date and habitat type (crop, native). The number of parameters (kly AC u e s,

values, and model weights (AJ@t) are reported.

Model K AlIC pAI:C AIC Wt
Null 1 286.32 0.00 0.49
Habitat 2 287.98 1.66 0.21
Initiation Date 2 288.18 1.86 0.19
Habitat + Initiation Date 3 289.84 3.52 0.08
Habitat x Initiation Date 4 292.01 5.68 0.03

®Al C
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Tablel2. Support for candidate models predicting differences in specific vegetatiditions
in habitats used by thidfilled longspur in Valley County, Montana, 2021. Included are
effects of habitat typeh@bitat crop or native) and survey roundnd 3 rounds per season).
The number of parameters (K), AIC a | u e scyaluepmdd€l weightswi), and cumulative
model weights (Cumw) are reported.

2020 K AIG nt L/ w; Cumw; 2021 K AIG nt L/ w; Cumw;
In(VOR) ~ In(VOR) ~

habitat x round 7 549.95 0.00 1.00 1.00 habitat x round 7 613.56 0.00 1.00 1.00
round 4 563.37 13.42 0.00 1.00 round 4 630.12 16.56 0.00 1.00
habitat + round 5 565.52 15.57 0.00 1.00 habitat + round 5 631.68 18.11 0.00 1.00
Null 2 581.90 31.94 0.00 1.00 Null 2 632.73 19.16 0.00 1.00
habitat 3 583.96 34.01 0.00 1.00 habitat 3 634.18 20.62 0.00 1.00
bare ground ~ bare ground ~

habitat 2 118.21 0.00 0.85 0.85 habitat 2 133.12 0.00 0.88 0.88
habitat + round 4 121.91 3.70 0.13 0.98 habitat + round 4 137.43 4.31 0.10 0.99
habitat x round 6 126.20 8.00 0.02 1.00 habitat x round 6 141.60 8.47 0.01 1.00
Null 1 153.34 35.14 0.00 1.00 Null 1 159.54 26.41 0.00 1.00
round 3 156.94 38.73 0.00 1.00 round 3 163.76 30.63 0.00 1.00
litter cover ~ litter cover ~

habitat + round 4 79.40 0.00 0.51 0.51 habitat 2 90.25 0.00 0.66 0.66
habitat 2 80.32 0.91 0.33 0.84 habitat + round 4 92.46 2.22 0.22 0.88
habitat x round 6 82.32 2.91 0.12 0.96 Null 1 95.12 4.87 0.06 0.94
round 3 85.41 6.00 0.03 0.98 habitat x round 6 95.77 5.52 0.04 0.98
Null 1 86.24 6.84 0.02 1.00 round 3 97.34 7.09 0.02 1.00
In(litter depth) ~ In(litter depth) ~

habitat x round 7 467.79 0.00 0.84 0.84 habitat x round 7 278.91 0.00 0.94 0.94
round 4 472.17 4.38 0.09 0.94 habitat + round 5 284.49 5.57 0.06 1.00
habitat + round 5 472.99 5.20 0.06 1.00 habitat 3 296.48 17.56 0.00 1.00
Null 2 488.50 20.71 0.00 1.00 round 4 324.78 45.87 0.00 1.00
habitat 3 489.27 21.48 0.00 1.00 Null 2 333.23 54.32 0.00 1.00
residual cover ~ residual cover ~

Null 1 31.70 0.00 0.66 0.66 Null 1 78.95 0.00 0.70 0.70
habitat 2 33.84 2.14 0.23 0.89 habitat 2 81.53 2.59 0.19 0.89
round 3 35.89 4.19 0.08 0.97 round 3 83.12 4.17 0.09 0.97
habitat + round 4 38.10 6.40 0.03 1.00 habitat + round 4 85.76 6.82 0.02 1.00
habitat x round 6 42.44 10.74 0.00 1.00 habitat x round 6 89.92 10.97 0.00 1.00
grass cover ~ grass cover ~

Null 1 93.14 0.00 0.63 0.63 Null 1 52.21 0.00 0.66 0.66
round 3 94.24 1.10 0.36 0.99 habitat 2 54.31 2.10 0.23 0.89
habitat 2 103.62 10.48 0.00 1.00 round 3 56.41 4.20 0.08 0.97
habitat x round 6 104.48 11.35 0.00 1.00 habitat + round 4 58.57 6.35 0.03 1.00
habitat + round 4 105.14 12.00 0.00 1.00 habitat x round 6 63.27 11.06 0.00 1.00
forb cover ~ forb cover ~

Null 1 50.90 0.00 0.80 0.80 Null 1 24.09 0.00 0.67 0.67
round 3 54.04 3.14 0.17 0.96 habitat 2 26.39 2.30 0.21 0.89
habitat 2 57.58 6.68 0.03 0.99 round 3 28.22 4.13 0.09 0.97
habitat + round 4 60.84 9.94 0.01 1.00 habitat + round 4 30.57 6.49 0.03 1.00
habitat x round 6 62.09 11.19 0.00 1.00 habitat x round 6 34.90 10.82 0.00 1.00
grass (wheat only) ~ grass (wheat only) ~

Null 1 88.23 0.00 0.62 0.62 Null 1 48.05 0.00 0.66 0.66
round 3 89.47 1.24 0.33 0.95 habitat 2 50.11 2.06 0.23 0.89
habitat x round 6 94.85 6.62 0.02 0.97 round 3 52.25 4.20 0.08 0.97
habitat 2 95.10 6.87 0.02 0.99 habitat + round 4 54.38 6.33 0.03 1.00
habitat + round 4 96.53 8.30 0.01 1.00 habitat x round 6 59.25 11.20 0.00 1.00
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Figure 1. Estimated decline of thithled longspumpopulationsased on Breeding Bird Survey
data from 1966 2019 (Sauer et al. 20). Estimated population size is shown on thaxis and
years are shown on theaxis.Outerlines indicate estimated 95% confidence intervals.
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Figure 2. Conceptual diagram@&tological traps in the context of metapopulation theory. An

ecological trap occurs when a habitat type is strongly preferred but habitat quality is low,

resulting in reduced demographic rates. Metapopulations typically consist of sources (high
preferencehigh quality), and sinks (low preference, low quality), but ecological traps can lead to
mal adaptive selection with such habitats oper
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Figure 3.Map of study area and study plots on crop and native habitat sieiey County,
Montana, 202021. Clustering of native plots is due to patchy distribution of thitkd
longspurs in native habitats.
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Figure4. Conceptualization of layout of initial breeding bird survey transects in Valley County,
Montana, 2Q0i 21. The blue dashed line indicates the transect walked and the outer edge
represents the survey plot.
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Figure5. Conceptualization of layout of line transect surveys in Valley County, Montagéi, 20
21. Theblue lines with arrowsepresent the transect walkaald the outer edge represents the
survey plot
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95% confidence intervals.
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in bothcrop and native sites in Valley County, Montana, from 7 Ap80 April in 2020 and
2021.Whiskers indicate 95% confidence intervals.
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Figurel0. Estimatedhest initiationdatesin both crop and native sites 22 thick-billed

longspur nests found in Valley County, Montana, 2@20 Results are based o89Inestsn

2020 @8 crop, 7L native) and 8 nests in 202128 crop, % native). Overall nest initiation

patterns were similar between crop and native sites given the year; 2020 was relatively cool and
wet and 2021 was a drought year.
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Figurell. Differences in habitat conditions between crop and native sites and changes in
conditions over the growing season (May, June, and July, survey rau8)deidfour habitat
measures collected in northern Valley County, Montana, iZIRMMeasured variablesdlude

visual obstruction reading (VOR; top), percent bare ground cover (second), percent litter cover
(third), and litter depth (bottom). VOR and litter depth werettagsformed to meet the
assumptions of linear regression.



