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Abstract

Dispersal is a behavior common to virtually all taxa with important consequences for
gene flow, demography, and conservation. Mobile animals such as birds frequently engage in
breeding dispesal, but the factors shaping this behavior are not well understood. 4n mid
continental grasslands, preliminary evidence suggested that Grasshopper Sparrows
(Ammodramus savannarii@ngaged in breeding dispersal within a single breeding season. This
intriguing pattern shaped my research questions: (1) what are the patterns obeathom
breeding dispersal in Grasshopper Sparrows? (2) why doiadimiglual sparrows disperse, and
others do not? and (3) what shapes settlement decisions following disgees&td hypotheses
based on spatial and temporal variation in nest predation, nest parasitism, and food availability. |
studied Grasshopper Sparrowd 8texperimentalymanaged watershedsth different fire and
grazing regimesat Konza Prairie Biologial Station during 2012015. To describe patterns, |
combined resighting of 779 marked individuals, territory mapping, and raeliemetry to
guantify territory densities, turnover, and dispersal distances. To determine if nest predation or
nest parasisim affected dispersal, | monitored the fate of 223 nests. | estimated food intake rates
using plasma metabolites, and prey availability using sweep sampling. Densiéiegaial
Grasshopper@rrows variedeasonallyn managemerspecific ways. Turneer was
remarkably high, with over half of territorial males being replaced each nowna third of
males changed territories withg@ason, dispersing 094 km between breeding attempts.

Dispersal decisions were related to past nest predation, bugestqprarasitism. Dispersal likely
yields fitness benefits, as sparrows that dispersed increased their chances of nest survival by 23%
relative to sitefaithful individuals. However, food availability did not affect settlement

decisionsMy study provideshe first evidence of withkiseason breeding dispersal in



Grasshopper Sparrows, and represents one of few tests of alternative hypotheses explaining
dispersal decisions of songbirds. My results are consistent with a growing literature on the role of
predaton shaping dispersal, but suggest, somewhat surprisingly, that food is not important in
postdispersal habitat selection. High dispersal capacity coupled with adaptability to temporal

and spatial change may be typical of grassland songbirds, implyindetimaigraphic studies and

management decisions must consider their mobility for conservation.
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Chapter1-Not al |l whoswandetalseome blroe e di
di sper sal i n a declining gr as:s

Introduction

Dispersal, or thpermanenmovemens an individual makebetween sites over tien
plays a critical role in the social, genetic, and spatiiattire of animal populati@{Hanski
1999) Dispersal shapespecies distributiongndis thedemographienechanisnunderlying
population connectivityDispersal is fundamental geneflow and demographic rescuemdhas
important implications foindividual fitnesgRonce 2007)Dispersakrates and movemendsffer
betweerage classes, where natal dispersal is the movement of a juvenile riiatal aite to the
site of first reproductiorandbreeding dispersal is the movement of adults between consecutive
breeding attempt&reenwood and Harvey 1982). Most of &nowledge is on natal dispersal,
as juveniles are more likely to disperse and eloxgerdistancegClobert et al2012)
Conversely, breeding dispersal is less ubiquitous and the factors shaping variation in dispersal
behavior are not well understood.

In especiallymobile organismssuch asirds,many species engage in breeding dispersal
between year@Ninkler etal. 2004 Howlett and Stutchury 2007 Botsch et al. 204, Chacon et
al. 2013 Cline et al. 2013Ganey et al. 2014Rearson and Colwell 20LBreeding dispersdlas
been hypothesize be influenced bynultiple exogenous and endogenous factors, such as
population density, habitguality, food, predation risk, araje, sex, individual conditioand
experienc€Greenwood and Harvey 1982, Haas 1998, Powell and Frasch 2000, Klemp 2003,
Pakanen et al. 2011, Fernamdghacon et al. 2013, Gow and Stutchbury 20E8jvstudies
have examinedause®f within-season breeding dispersal, where an individual disperses

between breeding attempts within a single seddast of what we know abouwtithin-season

12



breeding dispee comes frontreenesting songbirds that breed in habitats that are relatively
stable in space and tinfHaas1998,Gregoire and Cherry 200Betts et al. 200850ow and
Stutchbury 2012Cline et al. 2018 Within-season breeding dispelrgarelatively utommon
anddispersal distances are small; oniyL3% of individuals disperse withigeason, and most
distances represent movements of <1 territory away (Drilling and Thompson 1991, Howlett and
Stutchbury 1997, Haas 1998, Betts et al. 2008, Chalfoun anthN8d.0). Dispersal heory
predicts that we should see greater prevalence of wstraison dispersal in spatially and
temporally variable habitats, where predictability of habitat quality iS(Re¥f 1975,McPeek

and Holt 1992, Switzer 19933pecies dpendent upon variable habitatgyadopt a more

mobile strategy, wherdispersabnd haltiat selection decisions gpéastic in response to
changing local environmental conditioms.grassland ecosystentisturbancesf fire, grazing,
and plansuccessio create a dynamic landscape withamd between seasorioupled with

these structural andmpositional changes, high intrand interannual variability in growing
season rainfall and temperature distinguish grasslardigasnicenvironments that aredhly
variablewithin andamongyears(Knapp et al. 1998 Within-season breeding dispersal behavior
therefore may be particularly common in grassland species.

Currently, information regarding withiseason movement in grassland birds is saadt
largelyanecdotalSomegrasslanebbligate migratory birds, includingti¢e n s | owdws Spar
(Ammodramus henslowjiandB a i rSpadav A. bairdii), arecharacterized ashifting in and
out of territorieqHerkert et al. 2001and defending new areas later in thases(Vickery
1996). Species accouritsor b ot h Hensl| owds Spadetat ows and Bai |
disappearans®f singing malesvith establishment aiew malesn the same territorgreas

(Herkert et al. 2002)n other grassland species such &sSkdge Wrendjistothorus platens)s

13



nearly all individuals disperse withgeason, having multiple, completely discrete breeding areas
(Bedell 1996, Robbins 2015 reliminaryevidence from a population of Grasshopper Sparrows
(A. savannarumin the Flirt Hill s of eastern Kansasvealedsome Grasshoppep&rrows
remainfaithful to a single territory the entire summer, whereas others engage in movements
more than 10 territories away from previdagitories Present anecdotalidence suggests that
within-season breeding dispersahy be a common strategy among grassland songbirds
Currently, evidence for withiseason movement grassland birds is circumstah; however,
knowledge of the patterns and ecological explanations of dispersal is unknoetteA b
description of withirseason breeding dispersal would enable investigation ettilegicaland
evolutionary basis fawithin-seasorbreedingdispersalQuantifyingrates ofwithin-season
dispersal could also improve estimates aflagurvival (Sadercock 2006), understanding of
habitat selectiodecisionsand survey design. Moreoveragsland birds have ered the

largest declinesf any otheravian guild (Sauertal. 2014), sadentifying the patterns atithin-
season breeding digpal decigons of thesenigratoryspeciess essential to effective
managenentandpreventionof ongoingdeclines.

My objectivewasto provide the firscomprehensive descriptiai the spatial and
temporal patterns of withieeason breeding dispergal grasslath songhid, the Grasshopper
Sparrow. Mysecond objective was to provide a framework for futasts of alternative
hypothesegxplaining the ecological and potential adaptive consequences of-s&idson
breeding dispersal behaviorbirds.| studied gpopulation of Grasshopper Sparrows breeding in
tallgrass prairie of the it Hills region of eastern Kansdsiring the 20182015 breeding
seasonsand used three types of data to describe the spatial and temporal patterns -of within

season breedg disperal. | monitored changes in density, turnover, gm@movements of
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individuals through territorysurveysre-sighting of individuals in new areaand radie
telemetry | exploredtemporal and spatig@atterns oflensity and turnover in relation to timé o
season, yeadensity of conspecificgnd rangeland management effdidsed on grazing and

prescribed burning

M ethods

Study speciesand study site

Grasshoppesparrows argongbirdsn the family Emberizidaéhat rely on native
grasslands yeaound (Vickery 1996). The Grasshopper Spariswistributedfrom southern
Canadao throughout much of the USA, Mexico, Caribbean, and parts of Central and South
America(Vickery 1996) The western subspies,A. savannarum perspallidus migratory and
breeds across the western half of North Ametitsallgrass prairieA. s perspallidusare most
abundant in areasanaged on a fire intervaf every 2 3 yearswith low-intensity cattle grazing
(Powell 2008).Arthropods make up 70% of Grasshopper Sparrow diet during breeding and
largely consist of grasshoppers, arachnids, beetles, and caterpdkams {988)Quantityand
community compositionf arthropod preyor Grasshopper Sparrowssstrongly affeted by fire
and grazingn herbaceous vegetatiGionas and Joern 200Burning every 23 years allows
intermediate amounts of dead gresaccumulate for sparrows to use as nesting cover and
material,and grazig produces bargpatchegheyuse forforaging (Powell 2008).

Grasshopper Sparrows arriveKansasduring midMarchwith an earliest arrival date of
21 March (Zimmerman 1993Males usuallyarrive ~5 days before females and establish
territories soon aftr arrival. Pairs fornrmilate April/early May, andlutch initiationbegins soon
afteward (Vickery 1996) Grasshopper Sparrows build domed nests on the ground that are made

of soft grasses and roots, placed at the base of overhanging grass or fochesGlohtain %
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eggs, with onset of female incubation after laying of the penultimate egg. Each breeding attempt
takes approximatel24 to43 days from incubation to peiedging. Malegypically defend
territories and sing frormonspicuougerches untiearly August.

| studied Grasshopper Spaws between AprilAugust 20182015in the Flint Hills of
eastern Kansas5 km north of the city of Manhattahstudied sparrowat Konza Prairie
Biological Station Fig. 1.1), a 3,487ha tract of tallgrass praér coowned by Kansas State
University and The Nature Conservancy. Konza has been part of theleomgEcological
Research network since 1981 andiigded into replicated watershed units that are
experimentally managed with fire and graz{Kgapp 1998)Coretreatments include yedong
bison grazingr nograzing, and prescribed fires an annual to every twigur, or20-year
interval Six additionalwatershedsit Konza are patchurn grazedn two replicate setatch
burn grazing involvea threeyear rotational burn regime in combination with waseason
cattle (cow/calf pairs) grazing (Fuhlendorf and Engle 2004lsd studied sparrovet the
Rannel6s Flint Hills Prairie Presrve a 1,175ha tract of tallgrass prairie owned by Kansas State
University, located adjacent to Konzgi¢. 1.1) The Ranellés Preservencludes pastures
managed underdni ns ev e e arreggmensistiogolate §pri burningand double
stockng of steerdrom April to July(Owensby et al. 2008) included pasturestthe Rane |l | 0 s
Preserve tatudy sparrow responsesittensive early stocking, as this rangeland management
scheme is ngpart of the experimental design of Konza; intensive early stocking is also the
predominant rangeland management within the Flint Hitensidermy study site to be the
Konza Prairie Biological Station and thkdjacenRannel | 6 s Preserve col |

refer to it as AKonza. o
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Climatic conditions at Konzarecharacteristic of eastern tallgrass prairggeiving835
mm mean amual precipitatiorwith high interannual variability in rainfall (CV=25%) and plant
productivity (Knapp 1998, Knapp and Smith 2000ver 75% of annual precipitation falls
during the ApritSeptember growingeasonand determinesbovegroundiomass and flowering
of dominant grasses and forfdippert et al. 2006, Raynor et al. 2015)

Grasshopper Sparrovase abundarih grassland¢hat are grazed and burned ok &
yearburn intervalin varying densitiesyith up to10 territories per 1a plot(Powell 2006,
2008 Rahmig et al. 2009Accordingly, Iselected a variety afatershed units that encompass
burngrazing dynamics that ay affect patterns of Grasshopper Sparrow densities, movement,
and habitat selection decisionsatighout the breeding season. | seled@datershedinits in
replicated combinations of (A)son grazingdN = 4) or no grazingdN = 6), burned either
annualy or every twoyears. Additionally, kelected (pintensive early stockinfN = 2), and (¢
patchburn grazingunits (N = 6). | randomly located a Ba plot(~316 m?) within each unit
| o ¢ a ROandfrondan road or fence line (see Figl1ito seel0-haplots and unit names).

Individual capture, re-sighting, territory surveys and radio-telemetry

| capturedmalesin mistnetsfrom late April until mid-August.| placednets near primary
song perches within territories, and attracted malegtsby using song playbackkplaceda
numbered USG band andaunique combination of thremlored leg bands on each individual.
sexedbirds by the presence of cloacal protubess(males)or brood patches (femalemid took
stendard morphometric measuremerecausdemale Grasshopper Sparrods not singspend
most of their time on the ground (Vickery 1996), and uswakpnly detectedy flushing them
from nests| did nd include females in my estimates of density, turnover, and individual

movements.
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During breeding, males sing and use flight and wing displays to defend territtaies.
sing from prominent perches at high rates, often performing territorial songs ames/hr
(Lohr et al. 2013, Williams and Boyle, pers. obs.tonsidered males to be territorial if they
sang primary fibuzzdo songs, p eflighty orindaded per c hed
aggressive chases with other males (Vickery 1996 ndidered males to be mated when they
sang the Awar bl e 0 -lsoodfagmatios iokery 1236 at when Itobdserved i r
males acting no@aggressively with another nainging bird that | presumed to be female
(Vickery 1996).

To ensuranaleswere making dispersal movements between breeding attempts
determined whether males were engaged in breeding. | charactealedeproductive status
based on a-point rank scale for reproductive index (Rivers et al. 200dadsified a malas 1
fhesang only the Abuzzo song; 1.5 if he sang t
acting noraggressively; 3 if | observed an individual giving alarm calls or carrying nesting
material; 4 if | observed evidence of nestlings, such as food proingi behavior; and 5 if |
observed fledglingéVickery et al. 1992, Rivers et al. 2008eproductive indices do not allow
for estimation of nest survival, but are an effective method for collecting reproduataverd
species with cryptic behavigvickery et al. 1992)

To monitormovementand dispersal distancdge-sighted colotbanded malesn 1Gha
plotsevery week (mean = 8.4 days, SD = 3.1, rangel7 @lays) and opportunisticalyithin
entirewatershedsrecording the loation ofterritorial maleswith handheld GPS unitsGPSmap
60CSx,Garmin, Olathe, KS) used radietelemetry in combination with fsighting to monitor
dispersal. | fit males with raditvansmitters using the figwight style leg harness (Rappole and

Tipton 1991). In 2014, | fit males with O¢pBD-2 VHF radictransmitters (Holohil Systems
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Ltd., Carp, ON, Canada) and in 2015, | used @.B%coPip Ag376 VHF raditransmitters
(Lotek Wireless, Newmarket, ON, Canada) that transmétsidnalover longerdistances (0.8
km in 2014 vs. 1.6 km in 2015). Both transmitter types and harnesses together (0.7 g) weighed
an average of 4% body mass (mean = 17.40 g, SE = 0.16 of male Grasshopper Sparrows fit with
transmitters). | was confident that transmitters wawdtlinduce considerable stress to
Grasshopper Sparrows, as there were no measurable negative effects of transmitters for
similarly-sized sngbirds(Rae et al. 2009, Streby et al. 2013)

My objective with radietelemetry was to establish when and where individuals
dispersed rather than to collect detailed movement data. Thus, | located each focal individual
every other day between 06:00 to 18:0@chted birdsising a 3element folding Yagi and
portable handhelcadio receivers (R000, Communications Specialists; Biotracker Receiver,
Lotek Wireless) and recorded locations using GPS. When | could not relocate birds, | searched ~
42 hours per bird over a tinvveek period (~6 hrs/day every two days) on foot and wsicay
mounted omni directional anten(laotek Wireless, Newmarket, ON, Canadigystematically
searched &5 km radius from the last location the individual was seen previously, and also
searched opportunistically during territory surveys. | assumed-tagged birds dispersed
beyond my study siti | could not relocate them following these search methaltilsough |
was unable to rule out the possibility thatre of these birds diedréfound7 of 10lost birds
suggesting thathe 3birds that disappeared did indeed disperse beyond my search Taaius.
maximum dispersal distance | could have detectéinviny study site was 11.1 km, which
represents the longest straighite distance betweehe two farthest watersheds (Fig. 1.1,

watersheds 2A to COA).
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To determine seasonal variation in densitiefeoitorial malesand turnover of territory
holders a field crew of 46 observersnapped territories of aflinging malegveryweek (mean
= 8.4 days, SD = 3.1, range =18 days)within each 16ha plot.I mapped territory locations
using aerial imagery and marked8lterritory locations with GP3.performed surveys between
06:00and 11:00, typically surveying twaotseach morning, witd.57 3 hours for eacliplot.
To avoid observer effectsavoided plots being surveyed by the same observer twice in a row,
and alternated observers between early (fustey) and latergecond survey) time periods. My
survey protocol required that observers travetetsin different ways each time, ensuring
compkte coverage of the entire-h@ area and within 7& earshot of singing males at any point
within the plot.
Data analyse

| presenthree lines of evidence favithin-season breedingjspersal(1) changes in
densityof territorial maleswithin plotsover time;(2) turnover of territorial malesithin plots;
and(3) direct observationef individualsoccupyiy new territories O 100
territories

Grasshopper Sparrow territories range in size fron®@en? across their breeding range
(Delany et al. 1995, Vickery 1996, Jones et al. 2@0it) are ~40 fat Konza (mean SD; 43+
26 m; Williams and Boyle, unpubl. data). Thus, a 100 m cutoff represents movements of more
than two territories away from a previous territdrihereforeconsidered Grasshopper Sparrows
to have dispersed if thefa) displayederritorial behaviodL00 m away from the centroid of
their original territory or nest location, or (b) were nesighted at their initial territor@®1 week

afterthe nestfailed/fledged Conversely) considered sparrows age-faithful if they: (a)
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continued to displayetritorial behavior withilO0 m away from their original territory or nest,
or (b) were resighted again >Week aftethe nestfailed/fledgedon their initial territory.

Seasonal ltanges in dnsity To measurepatial and temporal variation density,|
dividedeachseason int@arly, mid, and late timperiods Early, mid, and late time periods
correspond to early, mid, and late breeding, with each representing potential multiple
consecutive breeding attempts (e.g., first, second, and third neséingpts) Within eachtime
periodl conductedhree to fivesurveysDates of each time period varied slightly among years
due to differences in the timing of field efforts, lbell between 3 May 1 June for early season,
2 Jureand 5 July for mieseasonand 6 July to 3 August for late season (Fig. 1.2alculated
density in each time period as the mean number of unique territorial deddeted during
territory surveyswithin each 1€ha plot | calculated change kensitybetween periods by
subtractng the density of one period from the previous time petioslated plotlevel changes
in density tatemporal and spatial patternslanhdscapdevel management regimeach as
grazing orburningseparatelyandgeneraimanagement type (i.e., ungrazeigon, intensive
early stocking, and patdburn grazing)! also related plelevel seasonal changes in density to
densities of Grasshopper Sparrows. Restdis a playback experiment on a population of
Grasshopper Sparrows in lllinois foutttht densitie®f sparrows incresed later in the season at
siteswhere playbacks were usgéindrews et al. 2015). SincenManted to explore the role of
social information ornabitat selection decisionsalso related pletevel changes in densifye.,
early to midseason, and mido late seasorip the density of conspecifichiring early and mid
season

In manyplots, leither nevedetected territorial sparrow®r detected only a single

territorial individualduring a single time periodhus,5i 6 plots had amverage density of <1
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which caused the data to be positively skev&dce the distribution of densities was not
normally distributed, &dded 0.1 to each density value émtransformed all valuet® normalize
data Although lattempted to locate evemgrtitorial male within 1éha plots on every survey,
some birdsverelikely notdetected due taveather (e.g., cold temperaturbggh wind, fog)
affecting bird behavior and/or the ability of observers to detect birds. Despite these potential
issuesthe majority of territorial males can be heard singing from any point within the 316 m
plot. Observers spent 1.5 hours surveying each plot, which meant that a territorial male had to
cease singing during that period to not be detected. Since song rate<xardb5 t i mes/ hr
et al. 2013), it would be highly unlikely for a male to go undetected during a survey. However,
to account for potential differences in detectioexplored whether different approaches to
calculating density altera@sults | testedkwo othermetrics of density(1) the maximum
number of birds sighted on any survagd(2) themean of thewo surveyon whichthe highest
number of birdsvere recorded. Each metric gave the same resalydisst estimate of density
(e.g., the meanumber ofbirdsof all surveysfor a giventime period) so myresults appear
relativelyrobustdespite imperfeaietection.
Turnoverof territorial males within plotsEvenon plots wherelensity remained fairly
constanbver the seasoithe identity of inlividualsholding territories changedhus, the
turnover of individuals provides a secondtniteuseful for quantifying dispersal ratds
calculatedurnoverusing a modification of an equatiémom Brown and Brown (1977):
Turnoverrate= (N individualspresent only in first perioél N individuds present only in
second period/ (total N individuals in first period totd N individuals in second

period)*100.
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| calculated turnover as the replacement of territory holders from early tseagbn, and rh
to lateseasonTo assess turnovergkamined aerial maps @&0-ha plots that included specific
territory locations of unmarked and banded territorial males. Since each time period covers three
to five surveys, if a territorial male was presenbnesurvey and absent during any other
surveys, the male was still counted for that time peliamale dispersed >100 m but remained
within the plot,I still counted him as present for that time perieor unmarked individuals, if an
unbanded male detedtén one survey was detected again in a subsequent sortheysame
general location, Assumedrite unmarked maleas the same individudHowever, if an
unbanded male was detected jpraviously unoccupiedrea | considered the new location
occupied ly a new maleSimilarly, if an unbanded individual was replacedablganded male or
vice versa, tonsideredt to beterritory replacement as weNy criteria for turnoveserves as a
conservative way tostimate dispersal tendency, ahsider maledat dispersed within plots
as still presentor a given time period.

| related plotlevel turnover rates to temporal and spatial patterns of density and
landscapdevel management regimes such as grazing, burning, and management type (i.e.,
ungrazed, bisgrintensive early stocking, and patiotirn grazing)Becausd wasinterested in
assessing spatial and temporatiation in turnover rates réstrictel analyses to plots in which |
detected O 2 domerpoiitdudng theseas@imce tersovenis bounded between
0 and 1, with 0 being no turnover and 1 being 100% turnbeecsinetransformed turnover
rates tonormalize data

Dispersal distancesf marked birdsFor birds thatdefendedwo or moreterritories
during a seasqgn measured thdispersal distance as tReclidean distance betwe#re

centroids of territory locations
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Statistical Analysisl related ploflevel metrics of density and turnover to watershed
management, including burning, grazing, and management type (ungrazed, bison, intensive early
stocking, and patechurn grazing), time period, and yehassessed these relationships by
multiple linear regression (for continuous explanatory varialaledanalysis of variance
(ANOVA,; for categorical explanatory variables) using JMP statistical software (SAS Institute,

Inc., 2009).To assesdifferences in tempat patterns amongranagementegimes | included
interactions between time period and burningzgg, and management type (ungrazed, bison,
intensive early stocking, and patbhrn grazing) using geraized linear models.pgresented

means = SE for all results.

Results

Seasonathanges in density

| captured and coldpandedl98 to 236adultmaleGrasshopper Sparroweryear otal:
779;Table 12). In 2013, densities of Grasshopper Sparrows ranged from 0 to 3.4 territories/10
ha (1.09 + 0.24 territories/10 ha). In 2014, densities of Grasshopper Sparrows ranged from 0 to
7.2 territories/10 ha (22 + 0.66 territories/10 ha). In 2015, densities of Grasshopper Sparrows
ranged from 0 to 9.7 territories/10 ha (2.55 + 0.69 territories/1Mem)sitiesof Grasshopper
Sparrowddid notchange ovethe seasofF2, 161 = 1.9,P = 0.161), buttended to béighest early
in the breeding season and declifedr in the seasonddy: 2.50 + 0.3&erritories/10 ha; mal:
2.00 £ 0.3@erritories/10 ha;dte: 1.85 + 0.34erritories/10 hja Densitiedid not differamong
years F2,161= 1.3,P = 0.265)

Grasshoper Sparrow dnsities were consistently highestattlegrazed watershed&4
161 = 36.2,P < 0.001),and lowest irungrazed watershedBig. 1.3, panels AC). Grasshopper

Sparrow eénsities were highest watershedswo years sincéurn(F2, 161 =49.7, P = 0.005 Fig.
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1.3, panels AC). Therelationship between density and fire regimeded to depenah grazing
treatmen{F2,2 = 2.7,P = 0.070), with unburned, catttrazed watersheds hagithe highest
densities 2.59 + 0.4Zerritories/10 ha; Fig..B, panels AC). Densities differed among
management regimeBqs3=17.5,P <0.001) and were highest in intensive early stock
watershedsiiftensive early stockinds.37 + 0.7%erritories/10 hagpatchburn grazing2.89 +
0.34territories/10 ha;igson: 1.16 + 0.22erritories/10 ha; mgrazed: 0.57 £ 0.1#rritories/10 ha;
Fig. 1.3, panels AC). The relationship between densities of Grasshopper Sparrows and
management type did not depend on time of se@sp:1 = 0.4,P = 0.870) However, at the
watershed level, idiosyncratic changesl@msity over the season were evident among
management types (Fig. 1.3, panel€A Densitiesended talecline over timebut densities
within intensive early stoddwatershedsemainedelativelyconstan{early: 5.75 £ 0.94
territories/10 hamid: 6.46 + 0.7#erritories/10 ha;dte: 6.90 = 0.7@erritories/10 ha; Fig. 1.3,
panels AC).

Plot-level changes in density from early to rsidason and mido late season were not
positively associated witliné densityof conspecifics during early and rsg¢asoninstead,
densities of Grasshopper Sparrows during early aneseadon declined with seasonal increases
in density from early to mideason, and mido late seaso(fF1, 107= 6.7,P =0.011; Fig. 1.4)
The neative relationship between early season densityeang to midseasorchargesin
density F1,53=3.9,P = 0.052) wastrongerthanthe negativerelationship betweemid-season
densityandchange in density later in the seasbg{z = 17.5,P = 0.137) Seasonal changes in

densitiesof Grasshopper Sparrowlgl not differamong year¢F2 107=1.3,P = 0.276).
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Turnover of territorial males within plots

Overallraw meanturnoverof territorial malesamongall yeas and watersheds was 0.52
+ 0.04 indicating that the identity of over half of territory holders changed each mtunthover
ratesranged from 0.25 to 0.7@rritorial maleghonth(Table 1.1) Turnoverratesdid not \ary
consistently among management regimetsnoe periods (managemeiiis, 72 = 0.9, P = 0449,
time period: F1,72= 0.4, P = 0510). Turnoverratesdid notdiffer amongyears F2,72=2.4,P =
0.101), buttended to béighest for 2015 (0.96 0.07territorial males/monthand lowest in
2014(0.82 £ 0.08erritorial males/month Turnoverratesdid notdiffer between buredor
unburned watershedB1,72 = 0.7,P = 0.397)or graing treatmets(F2,72 = 0.5,P = 0.630)
However,| found suggestive evidentieatthe relationship between turnover and fire regime
depen@don grazingreatmeniFz,> = 2.7,P = 0.064) with burned,ungrazed \atershedsaving
the highesturnoverrates(0.96 + 0.14 territorial mak/month. Patterns of turnoveates and
managementegimes did not depend on time of sea@ey = 0.05,P = 0.984). To test whether
watershedshat contained high densities of Grasshopper Spareamsrienced high turnover, |
explored the relationship between turnolvetween early to mideason and mido late season
with densities of Grasshopper Sparrows during eadyraig-season. | found no association
between turnover and seasonal changeeimsity(F1,72= 0.03,P = 0.853; Fig. 1.h
Known movements of marked birds

| deployedradio-transmitteron 19 malesn 2014 and 2013Nine of 19 maleslispersed
andestabli®ied new territoried20' 1229m from initial territories 491 +17.6m; median = 334
m). An addtional severremained on initiaterritoriesthroughout the breeding seasbpresume
that the remaining three mabeere killed oreft the study site, as theyerenot detectecgain,

despite intensive seareffforts
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Of 647 marked territorial male83% (N = 213) dispersedvithin breeding seasonkalso
noted dispersal for five females that traveled 144 m to 1321 m betweeringsessal tendency
among temtorial maleswas similar among yea(24.2% in 201335.7% in 201437.7% in
2015. Dispersil distances ranged wideflom a minimum of 101 m t8940m (mean =695+
54 m median = 197 mEig. 1.6). Over half ofdispersal distances weless than 400 nand 46
dispersed5 km betweererritories(Fig. 1.6).Mean and median dispershstancegstimated
usingre-sightingand radietelemetry were similajmean:695 + 54mvs.491 + 17.6 mmedian:

197 m vs 334 nrespetively) suggesting my search methodsre efective
Discussion

My study is theone of theirst comprehensive descriptions of the patterns of within
season breeding dispersal in a grassland songldotumentedpatial and temporahanges in
density, turnoverand direct dispersal distess to provide concretenultiple lines ofevidence
for the prevalence of withirseason breeding dispersal behavior in Grasshopper Sparrows.
Densitiesof Grasshopper Sparrowbhangedvithin-seasonn managemeiispecific wayqFig.
1.3, panels AC). Turnove of territorial malesvas remarkably higlwith over half ofterritory
holdersbeingreplaced each monthligh rates of turnover indicate that over 50% of territorial
Grasshopper Sparrows disperse witb@asonFinally, overa third of all markednales vere
detected defending new territories >100 m from previous terrifon#s some dispersal
distance® 9 km b et w®easpite intensive isighting anel sadidelemetry efforts
within an 11 km study sité undoubtedlymissed individuals that dispersetthin or beyondhe
boundaries oy studyarea.Thus,my estimats of dispersabistancerepresent minima for this
species and sitélowever, my data provide strong evidence thistiin-season breeding

dispersal is @ery common behavioral strategy Grasshopper Sparrows.
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As an experimental landscapéh replicated unitsnanipulated byrescriled fire and
grazing by large herbivoreKpnzainvestigatesundamental sources of disturbance that shape
grassland ecosysterttsnapp 1998) Coupled with climatic variability, the combined effects of
climate, fire, and grazing create a spatially and temporally variable landscape that can effect
habitat selection deetns withinseason. Mylatarevealedhat densities are dramatically
different anongplots that differ irfire and grazing regime, which is consistent vetidies
relatinggrassland bird abundantefire and grazingPowell 2006 2008,Hovick et al. 2014)
Surprisingly, the highest detiss of Grasshopper Sparrowsere found on intensively early
stocked watershedsirned each spring. Elsewhere in Eiiat Hills, abundanceof grassland
birds werehighest on pateburngrazedareagather than intensivearlystocking(Hovick et al.
2012, 2014 Densities of grassland birds may differ between rangeland management regimes
because of differences mabitat quality across sy regiors. Variation in climate affects
growing season productivignd overall aboveground biomass, whieh affecthabitat selection
decisions of songbirdé growingliterature demonstrates that densitwegrassland birdare
higherwithin patchbum grazing managemeabmpared to intensive early stockjmgtnot all
such benefits apply to different regions, years, or bird communities (Fuhlendorf 2006, Coppedge
et al. 2008, Hovick et al. 2015).

Despite differences in density of Grasshopper Spareomang different land
managemenidiosyncratic changes in density within individual watersheds over the season
remained consisteirt all three seasonBoth patchburn grazed and intensive eadipcked
watersheds consistently had the highest densiti#tsvaithin and among years, suggesting that
birds reliably perceive these areas as high quality habhas, he structural and compositional

characteristics of a territory thatake uphabitat selection choicegppear toemain fairly
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constant. So whiléhe landscape itself changes according to local disturbance rebindssend
to select similar habitat where it is available. Thusilevbirds can modify where they choose to
settle, the actl habitat characteristi¢s.g., grazing by cattle, unbuhen current year) they use
to assess high quality habitat remain the same.

Some birds badeabitat settlement decisions from social information gleaned from
conspecifics, as this information can be a reliable estimate of habitat dDaliyez 2002,
2003) Social information can provide clues about quality of breeding sites and conspecific
reproductive performandg@ndrews et al. 2015, Rushing et al. 2Q15¥ocial information plays
a role in habitat seleatn, this hypothesis would predict a seasonal increase in density within
habitats that containigh densities of conspecificslowever,| found that density was a poor
predictor of seasonal change in densitgther, the opposite was truégound a negatie
relationship between seasonal increasedensity and densitie$ Grasshopper Sparrows
suggesting that birds may be distributing themselves more evenly across the laadsbape
season progressdsigher densities of sparrows may confer informatibout the relative
amount of resources within that particular habitat, and sparrows thus may be distributing
themselves in relation to the amount of resourcedable (Fretwell and Lucas 1969

Turnover of territory halers wasighin all three breedig seasongroviding evidence
that withinseasorbreeding dispersas extraordinarilycommon. Myanalysis of the potential
relationships between turnover and habitat variables suggests that turnover is not predictable
based on the metricgdsted The canbination of managemeandseasonal effecisnly
explairedabout a quarterfdhe variation in turnover rat&cological processes such as food
abundance and predation risk that have direct consequences for fithess may predict variation in

turnover moretsongly than management effects alordternatively, spatiahnd temporal
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variability in vegetative characteristiosay influence individuals tmake multiple habitat
selection decisionis response to changing spatial heterogeneity.

Interestingly, ahough densitiesf Grasshopper Sparrows manyplots remained fairly
constanbver the seasomigh turnover indicates that the identity of individuals was changing.
The intriguing pattern of high turnover with no change in density suggests that anthémma
some birds leave an area, others settle within it. Clearly, some birds are perceiving habitat as no
longer suitable, whereas others are perceiving the same area as a good place to settle.
Differences in simultaneous emigration and immigratioesratay be due to experience of nest
predationin an unpredictable environment (Fontaine and Martin 2006, Chalfoun and Schmidt
2012).In landscapes with diverse predator communities such as grasslands (Caatfoun
Schmidt 2012, predictability of predationisk may be low (Lyons et al. 2015). Consequently,
individuals may settle in an area with@upriori knowledge of predation risk, while at the same
time, others disperse from an area following nest predé@owell and Frasch 2000, Hoover
2003) Differences in ceoccurring dispersal and settlement patterns may also be due to other
fithness components of habitat quality, such as food availability (Klemp, Z2®8 and
Stutchbury 2018 Further there wasio association between turnover and densiiggestig
thatthepresence of other conspecifics within a particat@adoes not influence whether a bird
chooses to leave or settle in a certain pébadiligez 2003) With low predictability and high
variation in turnover rag my data indicate thatispersais likely not a product of a simple
decision rule (i.e., settle if good habitat, leave if not) and that more than simple habitat
characteristiceomes into play when making settlement and emigration decisions.

Grasshopper Sparrows may typify grasstde@endent birds of North America and

elsewheren the world. Currently, only two studies on witkseason breeding dispersal of North
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American grasslanébligate birds are availablene on Burrowing OwlsAthene cunicularia

Catlin and Rosenberg 2008ndone onSedge Wens(Cistothorus platensjdHobson and

Robbins 2009)Beyond North Americabirds living in the savanna of stgaharan Africa show
patterns of withirseasordispersalJaeger et al. 1985)dditionally, ®veral species that exhibit
within-season breeding dispersal that now occupy arable land in Europe likely were grassland
specialists at one time. Skylark&slguda arvensis Ortolan BuntinggEmberiza hortulang Cirl
Buntings(Emberiza cirlu§, Corn BuntingsEmberiza calandrg and Woodlaks (Lullula

arboreg all occupy habitats in farmland, cornfields, and agricultural land, as no native grassland
habitat remains in this regidDale et al. 2006, Brambilla et al. 2012)Jthough thecauses of

their movements is unknowayidencefrom North American anddld World birds corroborate

with results from this study that withiseason breeding dispersal may be a common behavioral
strategyof grassland songbird€onsistent with theory, species adapted to thpagally and
temporally heterogeneoesvironments adopt a more mobile strategy to track a constantly
moving target of habitat quality over the course of the breeding season.

In conclusion, my study reveals several importasightsapplicable to the study of
dispersal ira broader range diirds. Firstwithin-season breeding dispersal may be a common
strategy employed by birds to cope with changing local environmental conditions. Breeding
habitat selection may remain constant throughout the breeding season, but birds make within
season sffis in response to a changing landsc@yePeek and Holt 1992, Switzer 1993he
relative importance of conspecific attraction to settlement decisions may be epeeific and
responses may vary in different regions, years, or bird communitegl&éce of withinseason
breeding dispersal may go unrecognized without regular, intenssightng effortghat span

the entire breeding season. Thorouglighting and territory mapping to track territorial
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behavior and movements wiarkedindividuals isnecessary to identify dynamic territory shifts

in areas that appear to havensistentabundance over tim@ensitiesof breeding birds may

appear to stay constant within a specific management reguhegnvary 2i 3 fold across areas

that differ in landuse.Moreover, my study emphasizes the utility of incorporating large spatial

scales into study design, iagidence of withirseason breeding dispersal may go unnoticed if
dispersamovementsre longer than the width ofdlstudy area. Consequently, ragars should
consider birdsdé mobility not only for survey
which habitat should be managed for conservation.

My comprehensive description of the incidence and patterns of vdispersal sets the
stage for future empirical tests of the ecological and evolutionary causes of w&hgon
breeding dispersal. Future work should test predictions of alternative hypotheses relating to
ecological processes such as predation risk, food availability, and icesthafitat that explain
dispersal and subsequent settlement decisions at a mechanistid¢riekehsing understanding
of the factors that explain dispersal in birds and the role of spatial and temporal variability in
shaping dispersal and settlementisieos is critical for both advancing dispersal theory and

improvingconservation ofleclining species.
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Figures and Tables

Figure 1.1: Map showing the Konza Prairie to the west ofKansasHighway 177 andthe
Rannel |l 6s Pr e s emaluntaoy litedhrepreseat smanagerhentmites labeled
by name, with specific management regime detailed in the map legend. Locations ofH®)
plots are marked by yellowsquares. The inset map displays théocation o the study site
(yellow star) within the Flint Hills ecoregion (green shading) in eastern Kansas.
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Figure 1.2: Diagram displaying the early, mid, and late timewithin single breeding seasons.
| calculated change in density ashe difference in average densityN territorial males/10

ha) between early and midsea®n, and mid and late season.dalculated turnover as the
proportion of the total number of unique individuals to total individuals from early to mid-
season, and mid to late season.
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Early 2> Mid Mid - Late
- Change in density « Change in density
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Figure 1.3: Temporal variation in densities of territorial male Grasshopper Sparrows
(mean territories/per 10 ha plot)in the 2013 2015 breeding season¥.alues for eachtime
period for each watershed have been connected by linésach graph represents a single
breeding season from 2012015 with the year in the lower right hand corner of each
graph. Each symbol represents a different replicate watershed within the spé@d
management type. Light green symbols represemt watershed burned in the current year,
whereas dark greensymbolsrepresent a watershed burnedl i 2 years previously Standard
error bars have been removed for clarity.
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Figure 1.4: Seasonal changgin density in relation to densities of Grasshopper Sparrows
among the 20132015 breeding season$-{.107= 6.6,P = 0.011) Values abovehe dotted line
indicate increasesn densities between time periogl and values belowthe dotted line
indicate decreases in densitySeasonal change includes the difference in Grasshopper
Sparrow densities between early and migeason, and midto late season. Densities
represent raw, untransformed valuesDiamond shapegepresent burned watersheds, and
circles represent watershedburned 1i 2 years previously.Each point on the graph
represents a watershetfime period/year. Standard error bars have been removed for
clarity.
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Figure 1.5: Turnover of territorial males in relation to densities of Grasshopper Sparrows

in the 2013 2015breeding seasosa Turnover was unrelated to densityin all years and time

periods. Turnover represents the proportion of territorial males that were replaced

between early to midseason, and midto late season. Turnover values of 1 indicate

complete territory replacement, whereas turnover values of 0 indicate no changBurnover
values include plots t hBiamomashpeOrepesentdurmed t or i a |
watersheds, and circles represent watersheds burned 2 years previously.Densities

represent the mean territories/10 ha plotTurnover and densityinclude untransformed

values. Each point on the graph represents a watershed. Standard error bars have been

removed for clarity.
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Figure 1.6: Histogram of within -season breedinglispersal distancesnade by Grasshoppe
Sparrowsin 20132015 The break on the xaxis represents a change from bins of 100 m
intervals to 500 m intervals. The break on the yaxis is shown to display variation in larger
dispersal distances > 1000 m.
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Table 1.1: Table displaying watershed names, watershelgvel treatments, densities of Grasshopper Sparrows (mean
territories/10 ha plot) per year, turnover of territorial males (per 10 ha plot) per year, and total number of color-banded birds
marked per watershed forall years (20132015) combined. Values of density and turnover represent means + SE. Burn
interval is the number of years between firedlanagement types include ungrazed, patcburn grazing (i.e., PBG), intensive
early stocking (i.e.,IES) and bisongrazed.PBG and IES are both grazed by cattle.

Watershed Burn Mgmt N birds  Turnover Density  Turnover Density  Turnover Density
| nterval Type marked 2013 2013 2014 2014 2015 2015

1B 1 ungrazed 0 0.00+ 0.00 0.00+0.00 0.50+0.50 0.08+0.08 0.50 + 0.50 0.06+ 0.06

2A 2 ungrazed 11 0.50+0.50 0.17+0.17 0.50+0.50 0.17+0.17 0.00 + 0.00 0.00+ 0.00

2D 2 ungrazed 17 0.71+0.04 1.02£0.24 0.54+0.17 3.50+1.04 1.00+0.00 0.21+0.15
C3A 3 PBG 84 0.33£0.00 0.50+£0.14 0.88£0.12 3.92+0.79 0.86 +0.14 3.34+2.25
C3B 3 PBG 89 0.48+0.06 1.65+0.26 0.37 £0.28 3.44+0.63 0.69 + 0.11 3.88+1.73
C3C 3 PBG 95 047+0.10 2.73£1.04 0.42+0.11 7.00+1.02 0.72 +0.03 2.87+0.65
C3SA 3 PBG 56 0.89+0.11 1.09+0.33 1.00+0.00 0.36+0.38 0.46+0.17 2.82+0.39
C3SB 3 PBG 117 0.60x0.40 0.64 £0.24 0.51+0.09 7.22 +0.89 0.43 £0.07 5.61+0.70
C3SC 3 PBG 19 1.00 £ 0.00 0.40£0.15 0.44 £0.06 4.08 +0.87 0.8+0.20 0.44 £0.29
COA 1 IES 79 0.44 £ 0.06 2.89 + 0.20 0.38 £0.29 6.00 £ 1.32 0.53 +0.10 9.69+£1.91
COB 1 IES 67 0.41+0.04 3.40+0.05 0.43+£0.01 7.17+1.64 0.53+0.01 9.06 £0.88
K1A 1 ungrazed 0 0.50 £ 0.50 0.17 +£0.17 0.00 £ 0.00 0.00 + 0.00 0.50 + 0.50 0.08 £ 0.08
K1B 1 ungrazed 7 0.41+£0.08 0.51+£0.25 0.50+0.50 0.25+0.25 0.75+0.25 1.03 £0.59
K2A 2 ungrazed 19 0.44 +£0.02 1.41 +0.16 0.00 £ 0.00 0.00 £ 0.00 0.80 +0.20 1.59+£0.91
N1A 1 bison 9 0.83+0.17 0.83+0.27 0.50+0.50 1.11 + 0.44 0.67 +£0.00 1.40 £0.48
N1B 1 bison 19 0.50 £0.50 0.11 +0.06 0.50 £0.50 0.08 + 0.08 0.88 + 0.13 1.00 £ 0.00
N2A 2 bison 3 0.25+0.25 0.73+0.13 0.00 £ 0.00 0.00 £ 0.00 0.51 +0.09 1.11 £0.06
N2B 2 bison 46 0.21+0.21 1.28+0.24 0.47 £0.17 456 £ 1.20 0.49 +0.26 1.73+0.33

41



Table 1.2: Color-banded Grasshopper Sparrowsover the 20132015 field seasons captured
and presentat Konza. The re-sights column includes birds encountered in addition to
newly-captured birds that year.

N newly color-banded individuals

Year N re-sights
Males Females

2013 198 5 203

2014 213 62 349

2015 236 65 390

Total 647 132
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Chapter2-Tast ay or go: f acsteoasso s hbarpda endg

di sper sal deci si ons

Introduction

Dispersal, or the oneay directional movement from a natal site or site of breeding, is
fundamental to nearlyldiving organisms Nataldispersal is thenovement away from the natal
site to the site of first breeding, and breeding dispé&s$hé movemergtbetween successive
sites of reproduction (Greenwood and Harvey 1@8abert et al. 200)2As the key procss
resulting in gene flow, dispersal has imjamt consequences for biogeography, rpetpulation
dynamics, community ecology, and life histgdgnsson et al. 201@)ispersal plays a vital role
in maintaining connectivity of spatialistructured populations, and allows individuals to track
favorable environmental conditions anincreasingly fragmentedorld (Ronce 2007)From an
applied standpoint, understanding dispecsaliinform demographic modelgecausealispersal
confound our ability to estimatérue survival and project fune population trajectories
(Sandercock 2006)

Although a large literaturseekdo explain the patterns and processes of dispersal, we
still lack a concrete understanding of the causes of individual variatiorpiersiég behavior.

This lack is largely due tthe methodological constraints of studying dispersaldeespecially
difficult in highly vagile organisms. Consequently, the lst@nding question afhy some, but
not otherindividuals disperseemaingRonce2007) Given theimportanceof dispersato
community and metaopulation ecology, understanding the ecological and evohyocauses
and consequences \ariation indispersal is therefore critical to improve the management and

consevation of naturapopulations.
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There are three ultimate/pothess explaining dispersall) inbreeding avoidance, to
reduce potential adverse genetic consequel2gekin selectionsuch that parentsr youngcan
disperse away from a previous brdodeduce competition i kin; and (3) avoidance of
unfavorable conditiongelaing tospatial and temporatariability in habitat qualityClobert et
al. 2012) While the inbreeding avoidantgpothesis hakrgely been applied texplainingnatal
dispersaland the kin selection and habitat variability bgfpess applied to breeding dispersal
all threehypothesesre applicable tboth natal andbreeding dispersal.

Much of what we knovabout the evolutionary ecology of dispersaimes from studies
on natal dispersal, as natal dispersal is more prevaidmtccurs in virtually all organisms
(Greenwood and Harvey 1982, Clobert et al. 20C2nversely, breeding dispersal is less
commonandthe ecological causes that shape indigldwariation in this behavior aret well
understod (Clobert et al. 2012)This information gap exists largely because the decision to
disperse or not often involves a complex, decisi@king processAn individual must assess
the currat state of habitat quality, based fowd availability, predation riskjest parasitism risk,
andavailability and quality oimatesor nestsites and determine whethéispersingwill confer
greater fitness benefits than staying.

If habitat variability explainghe decision to disperse, individuals would likely disperse to
areas of perceived higherthtat qualiy (Forero et al. 1999, Serrano et al. 2001, Betts et al.
2008) Accordingly, f individuals disperse in responseateoidance ohestpredation onest
parasitismdispersakhouldfollow anunsuccessil breeding attemgDow and Fredga 1983,
Thompson and Hale 1989, Daniels and Walters 2000, Fisher and Wiebe 2006, Roshier et al.
2008, Pearson and Colwell 2014, Kolecek et al. 20A8ditionally, with a priori knowledge of

the risks of nest predation or nest parasitigsrdividuals would likely select siteghere the
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perceived risks are low¢GreigSmith 1982, Powell and Frasch 2000, Fisher and Wiebe 2006,
Pakanen et a011)

Birds are amonthe most mobilef animals. Manybird species engage in annual
migrations that span continenBoth migrants and residerstalsosometimengage in breeding
dispersal, both between years and witihieeding seasonBreeding dispesal between years has
been weldocumented imanyavian lineagesfrom raptors tshorebirds tpasserines (Forero
et al. 1999Serrano et al. 200Betts et al. 200&;riedrich et al. 201Folecek et al. 2015)n
general, females disperse mofeenand longer distances than ma(@eletsky and Orians 1991,
Stenzel et al. 1994, Botsch et al. 2Q1Rjtin waterfowland some shorebirdéhe sexes display
the opposite patterfRohwer and Anderson 1988, Anderson et al. 1998unger and less
experienced individualare more likely to dispergban older individual$§Greenwood and
Harvey 1982). @ler individualstend tosecure higher quality territoriesd are thus morekiely
to returnthe following yea(Greenwood and Harvey 1982, Betts et al. 2008)

Within-season breeding disper$alefined as the movement between consecutive
breeding attempts within a silegoreeding seasdnis less common than betwegear breeding
dispersal(Greenwood and Harvey 1982jost of what we know aboutithin-seasorbreeding
dispersacomes from birds thddreed in fores(Drilling and Thompson 1991, Hughes and
Hyman 2011, Botsch et al. 2012, Gow and Stutchbury 20i&)shland/coastéMonnett anl
Rotterman 1980, Beletsky and Orians 1991, Stenzel et al.,1&@81)rbanareagShields 1984,
Beheler et al. 2003, Gilroy et al. 201@here predictability of relative habitat quality is high.
However, withinseason breeding dispersal is expected to be common in temporally and spatially
variable environments, where predictability of habitat quality is(lReff 1975, McPeek and

Holt 1992) Theory predicts that birds livg in the most variable environments should be most

51



likely to engage in facultative dispersal movemewtsere movement decisions depend upon
habitat quality, density of conspecifics, breeding success, and other predictors of local fithess
(Roff 1975)

Some of the most dynamic habitatsNorth America are grasslands, which sinaped by
fire, grazing by large herbivorgsuccessionand unpredictable rainfa]lKnapp and Smith 2001)
Many landmanagement techniques commntorgrasslandsan mimic theseaatural sources of
disturbance by manipulating the timing and extent of prescribed fire and g(Baimgndorf et
al. 2009) Thus,both historically and contemporarily, grasslandachange dramatically over
short time scales, so predictability of habitat quality is (&ens 1974 Knapp and Smith
2001) Spatial andemporal variation in habitat quality mediated by local disturbance regimes
can affecbirds viaseveral ecological processsach agpredation or nest parasitism risind
prey availability Moreover, rates ofnest pedation andrown-headed Cowbird nepiarasitism
are high in grasslandsd lead tdow overall nest survivaldensen and Cully 2005, Rahmig et al.
2009, Hovick et al. 2012Predabn or nest parasitism conseqtlgmmay play a major role in
dispersal decisions, especiallf b i r d s -stay logest wiat cihwd (Clsalfounaande g y
Martin 2010) It is thus important to understand the ecological factors that lead towé&hson
dispersal to more fully integrate our current theoretical understanding of dispersal in variable
environments with fieldbased, empirical tests of hypotheses. Moreoweona of the most
threatened ecosystems in the world, grasslands now colyet% of their former extent and
grassland songbirds have suffered the largest declines out of any other avian taxa (Sauer et al.
2014). An understanding of dispersal behavior is thus critical to identify the causes of ongoing

declines and make effectiveanagement and conservation decisiargrassland landscapes
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An ideal species in which to investigate th&e of habitat variability in shaping dispersal
decisiongsthe Grasshopper Sparr¢dd¢dmmodramus savannaryEmberizidag)asmall
migratorysonglird that depenslon grasslands yeaound(Vickery 1996) Recent evidence from
a population of Grasshopper Sparrdwseding in the lint Hills of eastern Kansa®gvealed that
individualsvaryin within-season dispersal behavior; some individuals defend the same territory
the entire breeding season, whereas others disperse several kilometers to new territories within a
single summer (Chapter A)\ithin-season breeding dispersal of Grasshopper Sparsows
common, with30i 50% of birds dispersingo newterritoriesmid-seasonsometime®over
distancegreater than 8 km (Chapter This intriguing pattern of movemetitus nakes the
Grasshopper Sparrow an interestapgcies in which to examine the underlyeaplogical
reason®f why some birds disperse, and others do not.

The goal of mystudy was tdest key predictions dhe habitawariability hypothesis in
explaining withinseason breeding dispersal in Grasgeofsparrows. Specifically tésted
whethemest predation or avoidance of nest parasitism was more impibiaantanagement
effects alonen driving thedecision to dispersé studied a population of Grasshopper Sparrows
nesting in the Flint Hills region of eastern 8ring the summers of 2012015 | useda two
tiered modeling approach to test the effectdigpersal status, time, antatnagemen(e.g.,
grazing, burninyon nestsurvival. For the first tier, éxplored patterns of nest survival in
response to management aa@dsonal trendsn dl nests. For the second tietekted multiple
predictions at both the population and individual lswal a subset of nests for whichad
dispersal informationf predation avoidance explains witkseason dispersdlpredicted that
(1) birds that siffer nest failure due to predation would iere likely to dispersdf nest

parasitism avoidance exhs withinseason dispersalpredicted tha€2) birds that suffer
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greatemarasitismncidence and number of cowbird eggsuld be more likely to disgrse. If
early predation confers information about how risky an environmenpiedicted tha(3) birds
that suffemestpredation early in the nesting cyel®uld be nore likely to disperse. Akwas
interested in explaining whether nest predationasagitism avoidance played a role in
settlement following dispersdlpredicted that (4) nest succegsuld be greater and parasitism
incidence andhe number of cowbird eggeould be lower following dispersal than before

dispersalat both the populatioand individual level.

Methods

Study geciesand study ste

Grasslopper Sparrows are smdilbdied(~17 g) passerinedhiat rely on native grasslands
for both breeding and nelreeding(Vickery 1996).Grasshopper Sparr@are distributedrom
southern Canadtothroughout much of the USA, Mexico, Caribbean, andspairCentral and
South AmericgVickery 1996).In tallgrass prairie, Grasshopper Sparsaremigratory and
breedin areas managath a fire interval of everyi3 yearswith lowi intensitycattle gazing
(Powell 2008)Burning every2i 3 years allowsntermediatdevels ofdead vegetatioto
accumulatehatsparrows to use as nesting cover and mataia ,grazingoroduces bare patches
of ground that sparrows use for forrag (Powell 2008). Theuwgrtity and community
compositionof arthropod preyor Grasshopper Sparrowsstrongly affected bthe effects of
fire and grazingn forbsand graminoid¢Jonas and Joern 200Qrasshopper @&rrowsmainly
consumearthropods during the breeding segqmeferring grasshoppermrachnids, beetles, and
caterpillars Joern 1988).

Grasshopper Sparrows arrivenortheasKansasduring midMarchwith anearliest

arrivaldate of21 March (Zimmerman 1993). Malesrive~5 days before females and establish
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territories soon after arrivaPairs formin late April orearly May and clutch initiation begins
soon afteward Grasshopper Sparrovesiild domed nests made gifasses and ra®placed on
the groundat the base of ovikeanging grass or forbBemales incubate clutches4if6 eggs
following laying of penultimate egg (Vickery 199@&est parasitisnby Brown-headed Cowbirds
(Molothrus ate) arehigh in Kansaswith 50% of nestsontainng 1i 3 eggs(Rivers et al. 2010)
Incubation lasts@-12 days, and/oung fledgeafter 8 9 days(Vickery 1996. Each breeding
attempt takes approximately 24 to 43 days from incubation tefledging (Vickery 1996) Two
to four weeks postiedging, young disperse away framatal territories (Vickery 1996)Males
typically defend territories and sing frdimed perches until late August.

| studied Grasshopper &pows between ApiilAugust 20142015in the Flint Hills of
eastern Kansasocated ~5 km north of the city of Manhattdstudied sparrows withitihe
Konza Prairie Biological Station (Fig. 2.1), a 3,48¥ tract of tallgrass prairie @awned by
Kansas State University and The Nature Consmy.akonza has been part of the Lehgrm
Ecological Research network since 1981 and is divided into replicated watershed units that are
experimentally managed with fire and grazing (Knapp 1998). Core treatments includlengear
bison grazing or no grazynand prescribed fires occur on an annual to every two, four;or 20
year interval. Six additional watersheds within Konza are platich grazed in two replicate sets,
managed with a thregear rotational burn regime in combination with wagseason cattle
(cowl/calf pairs) grazing (Fuhlendorf and Engle 2001). | also studied sparrowsRatrthelts

Flint Hills Prairie Presrve,a 1,175ha tract of tallgrass prairie owned by Kansas State

University, | ocated adj acent etincludéspastras ( Fi g .

managed under an fiintensive early stockingo

2

r

stocking of steers from April to Ju({Pwensby et al. 2008) included pasturest t he Rannel
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Preserve tatudy Grasshopper Sparrow responsastemsive early stocking, as this rangeland
management scheme is moiplementedat the Konza Prairjeand is the predominant rangeland
management in the Flint Hills regioinconsider my study site to be the Konza Prairie Biological
Station and theeRaonhéekcbsvPltgs andlshlectecaft er ,
18 watershed units in replicated combinations of (a) bison grazing or no grazing (i.e., bison,
ungrazed), and (b) annual spring burns or-y#war burns, or (c) intensive early stockingl &d)
patchburn grazingClimatic conditions aKonzaarecharacteristic of &stern tallgrass prairie,
with 835mm mean annual precipitation and high iraanual variability in rainfall (CV=25%
and plant productivitgKnapp 1998, Knapp and Smith 2000yver 75%of annual precipitation
falls during the AprilSeptember growing season, and determines relative biomasmargiof
flowering of dominant grasses and fo(bippert et al. 2006, Raynor et al. 2015)
Individual capture, re-sighting surveys,and radio-telemetry

| captured males using spplaybacks amist-netsdeployedadjacent tgrimary song
perches andithin known territoriesl captured females by flushitigem offnests into mishets
placed ~ 2n from nest entrancesplaced a numbered &S bandanduniguecombinations of
three colored leg bands identify each individual. exed birds by the presence of cloacal
protuberances (males) or brood patcheméles), and took stdard morphometric
measurements

To monitor seasonal and temporal variation in witbgason dispersdiconducted re
sighting surveys foall unmarked and bandeddividuals everyweek (mean = 8.4 days, SD =
3.1, range =BLl7 days)within each watershed.récordederritory locations ging aerial
imagery and marked 8 territory locationswith a handheld GPS unit (Garmin, Olathe, KS).

considered males to lerritorial if they engaged in territorial behavior such as singing,
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perfaming perched wing displays or sustained fluttghts, or initiated aggressive interactions
(e.g., chasesactual fighting with other nales.| considered male® bemated when they sang
thefl wa r b | aseociatenl with patbond formationor when lobserved malesteracting
nonraggressively with anothéird (presumed femal&/ickery 1996.

| used radietelemetryin combination withre-sighting to detedbreedingdispersall
captured migs presumed to be tifi@hers aactive nests based on repzhtest observations
fit males with radietransmitters using the figueght style leg harness (Rappole and Tipton
1991). In 2014, | fit males with 0.5g BB VHF radictransmitters (Holohil Systems Ltd., Carp,
ON, Canada) and in 2015, | used 0.569g PipcAg376 VHF radigransmitters (Lotek Wireless,
Newmarket, ON, Canada) that transmitted over longer distances (0.8 km in 2014 vs. 1.6 km in
2015).Both transmitter types and harnesses togdthérg)weighedanavelageof 4% of body
mass fnean =17.4@, SE= 0.160f mde Grasshopper Sparrofiswith transmitter$. | was
confident that transmitters would not induce considerable stress to Grasshopper Sparrows, as
there wereno measurable negative effects of transmitters for simitazlyd speciefRae et al.

2009, Streby et al. 201.3)

My objective with radietelemetry was to establish when and where individuals dispersed
rather than to collect detailed movement data. Thus, I located each focal individual beery ot
day between 06:00 to 18:00. | followed movements usinglarBent folding Yagi and portable
handheld radio receivers {FO00, Communications Specialists; Biotracker Receiver, Lotek
Wireless) and recorded bird locations using GPS. When | could noatelbirds, | searched ~
42 hours per bird over a tivaveek period (~6 hrs/day every two days) on foot and using a car
mounted omni directional antenna. | systematically searckslan radius from the last

location the individual was seen previously, atgb searched opportunistically during territory

57



surveys. | assumed radiagged birds dispersed if | could not relocate them following these
search methods. | was unable to rule out the possibility that some of these birtsitdilder
refound mosbf the lost birdsrf = 7/10), suggesting that most birds that disappeared did indeed
disperse beyond my search radius.

Nest searching and monitoring

| searched for nests using behavioral observatbnarryingfood orinsistent chipping,
haphazardlyltishing females from nestand rope draggin{Higgins et al. 1969) recorded nest
locations using handheld GPS uratsd placedwo spray-painted rocks and pin flags 5 m from
thenest.If birds attending the nest were unbandezhpturel and banddthem | candled eggs
to estimateage(Lokemoen and Koford 19963ounted the number of eggsnestlingsof both
Grasshopper Sparrows aBtbwn-headed Cowbirsl and monitored nests every two days to
determine nest fateBor nests first located pekatching,l aged thenestlingsbased on feather
developmengrowth daracteristicshodysize, and whether the eyes were opgivickery
1996) | distinguished Browsheaded Cowbird eggs from host eggs by sizepaguahentation
andidentified cowbird nestlings based bady size and dtal flange (gape) color.

To estimateexactfail and fledge timesl embedded iBtton temperaturlbbggers (Maxm
Integrated Products, Inc.) tite bas of the nest cup and at paired (ambiédations from the
nest.iButtons loggedtemperatireat 10minute intervalaintil they were reset following nest
failure/fledging iButtonsprovide data opatterns of incubation behavior, where stable
temperatures occur throughout shof the day when the femaleas the nest, and peaks or lows
in temperature occur durgnoff-bout periodsl determinedadil or fledge timedvased on théme
in which temperature of the nestuton matcredthat of theambientiButtons and no longer

showed reliable patterns of incubatibiconsidered a nesbd besuccesful if at least onéost or
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cowbirdchick fledged, confirmed by sightiagf the fledglindgs), agitated parentshipping,or
carrying food nearhyif | could not cofirm sighting of a fledgling, hssumed a nest fledged if
contents disappearedfigdgingage (89 days) andawfecal droppingst or near thaest sitel
assumed nests failed due to predation when all contents disapfreareckstgrior to the
expected fledging datend Idid not see or lee any adult activity nearby.cbnsidered nestsa
failed if signs at the nest site indicated the nest failedaltrarnplingor female abandonment
For nests that had iBtons,| pairedKonzaweather station data with effout periods to
determine whether failures were assoclatéth severe storraverns. | classified the upper
quartile of rainfall events as severe, based on a cutoff of 11.65 mm of rainfall per hour.
To test the populatictevel prediction thahestsfollowing dispersailvere more
successful that previous nestgaltegorized nests fodrithroughout the breeding season as either
fiear | yoo ome Fitl ssspdrificcritatiaAs the typical nesting period lasts 24 days for
Grasshopper Sparrowgickery 1996) | calculated the earlst date a nest could successfully
fledge (based onfavei egg clutch based on thearliest first egg lagatefrom 2014(April 30)
and 2015May 11). | estimatech minimum of onaveek to select a territory and build a hesd
anothemweek to engage inispersal movements, which resultedime 8 (2014) and June 18
(2015). To beas conservative as possibledded another week to the later date of Jurte 18
come up with June 25 the latest datereest could be initiated.thusdivided the season it
two halves, with all nests with initial egg lay dates before JuR@g®arlynests, and ahests
after this date as lateestg(for range of nest initiation dates, see Fig. 7@y 19 individuals (11
in 2014; 8 in 2015) found more than one ne$br these nests,dlassified eaclnestas thefirst,
second, or third nest based on the order in whiohind them. kcategorized these nestsfirst,

second, or third whout the above criteria applied.
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Grasshopper Sparrow territories range in sizenfd@ 90 m? across their breeding range
(Delany et al. 1995, Vickery 1996, Jones et al. 2@@it) are ~40 Aat Konza (meas SD;
43.27+26.05 m; E. Williams and A. Boyle, unpubl. data). Thus, a 100 m cutoff espiges
movements of more than two territories g#@m a previous territory.therefore consiered
Grasshopper Sparrows to have dispeiktwey (a) displayed territorial behavior >100 m away
from the centroid of their original territory or nest location(b) were not re&ighted at their
initial territory O1 week after nest completion. For Grasshopger®ws in which found their
nests prior to any dispetgaovements, tonsidered thein e st s -da ss pfeprrseal 0 nest s.
Grasshopper@rrows in which had nest informatioroflowing dispersal movemestl
considered thir nestsasfi p edsi ts p e r s Melw appearareds 8f.unbanded birds in
watersheds frequently occurred thghout the season, and sincedularlysurveyedhese areas
with extensive mishetting and resighting efforts, it is highlyikely these birds are showing up
from dispersing elsewhere. Thust fords that were initially bandeat nestsafter June 25, |
considered their nestss  Adpi osspt mests(lid. 229) Conversely, konsidered Grasshopper
Sparrows as sit&ithful if they(a) displayed territorial behavior <100 m away from their
original territory or nest, or (b) were-sgghted again >1 week after nest completion on their
initial territory.

Data analyses

| conducted a twadiered modeling approach to test mgpulaton- and individuallevel
set of prélictions. For the first tier, éxplored patterns of nest survival in response to
management and seasonal effects on all nests fouhd 2014 and 2015 seasonexamined
additive and interactive effect$ ttime (inear or quadrati¢rend), management effectyrézing

treatment, years since burn, burned irrentr year), management typeténsive east stocking,
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patchburn grazed, ungrazed, bison), and year eff@ft$4, 2015)For the second tier, |
included the syported \ariables from the first tier.tested multiple predictions at both the
population and individual levelsf@a subset of nests for whicleduld classify parents as
dispersed or sit&ithful individuals.l excludednests for which had unbandedrainconfirmed
parents, nests that failed due to abandonment/human disturbance, or neststiséitl active at
the end of the monitoring periodror the second tiertésted for additive and interactive effe
on nest survival oflispersal status @, site-faithful, pre-dispersal, postlispersal)year, and
grazing.

| conductechest survival analyses using iaformationtheoretic approacim the nest
survival proceduref program MARK (ver. 6.2White and Burnham 1999%program MARK
uses a marmum-likelihood approach and the lodibk function to estimate daily suval
probabilities(White and Burnham 1999, Dinsmore et al. 2002dnked models according to
Akai keds I nfor mat i o nlls&@nple sizesr(Algpamdconsiceredinsodeks d
with qAIC: O2 to be equally parsimonioBurnham and Anderson 2003used R (R
Development Core Team, 28land the packageMark (Laake and Rexstad 200@®) construct
nest surival models for program MARK. éxtrapolated dily nest survival estimatds the 24
day exposure period (incubation to figag) andestimated/ariances usig the Delta method
(Powell 2007)

To test thepopulationlevel prediction of whethedaily nest survivals greater following
dispersal, compared daily nest survival estitesa of postlispersal nests with nest sival of
pre-dispersal nests.then tested the individudvel prediction by estimating daihest survival
for a subset of nes{dl = 38) for which I had first and second neststbé samendividual pre

and posdispersalandfirst and second nests of sfathful individuals | thencompared the
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individual nest survival estimates of firahd second nests for each individual, and then
calculated the change in survival as diféerence between nest survivesdtimates of the two
nests| tested whether the difference in nest survival differed between dispersed dadrdité
individuals using analysis of varianceJMP (Ver. 11; SAS InstitutefA positive mean

difference in survival between first and sedarests would indicate that nest survival is greater
in nests following dispersahlthoughthere is little statistical power and large uncertainty in
individud estimates of nest survivalianted to explore whether subsequent nests followed a
general peitive or negative shift in survival from previous nests.

To test whether dispersal wassociated witlnest parasitism,domparedrequencies of
parasitized to unparasitized nelsesween sitdaithful, predispersal, and poslispersal nests
usingPears n 6ostingency tablanalysisn JMP (Ver. 11; SAS Institute).then testedvhether
the mean number @abwbird eggs differed betweaite-faithful, predispersal, and poslispersal
nestsusing analysis of variance. To determine whether parasitism glays in nessite
selection and sgement following dispersal,dssessed whethtére mean number of cowbird
eggsdeclined insecond nests compared to first nests of the same individuals using analysis of
variance. Teensure that potential decliieparasitism incidence or number of cowbird egys
subsequent nests was not a function of seasonal effects in paraskjdrtested for an
association between parasitismidence(parasitized vs. unparasitized)raean number of
cowbird eggsnd nest iitiation date over the season usmgltiple regressiorFinally, to test
whethemest predation early in the nesting cyciftuences dispersal behaviotekted whether

the likelihood of dispersal was dependent upon nesa@i@@ureusing logistic rgression.
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Results

During the 2014 an@015 breeding seasongpund and monitored 223 nests
Grasshopper Sparrol = 116 in 2014 N = 107 in 2015)Rawnest succed®sr all nests was
34% (76 of 223; 37% in 20143% in D15) and 39% of nestontainedd 1 cowbi r d
223). Nests received 1.87 0.09cowbird eggs on average (201493+0.12;2015:1.82+
0.14). Nests failecas a result of predatidi@6%;N = 111) cowbird parasitisne.g.; kicking out
all eggs, poking holes in all egdsllin g nestlingsN = 6), human interferencgN = 17),
abandonmeribor unknown reasons$\(= 5), inclementweather(N = 5), and cow tramplingN =
2).

Nest survival

Temporal and spatiglatterns of nest survivaro explore time and management effects
onnestsurvival, lincluded 223 nests with known fat&saily nest survival across the entire
breeding season for both years was 81890.0084 SE. The top model explaining variation in
overall nest survival was an additive model of year aadigg treatmenfTable 2.1) with daily
nest survival being higher in 2014 (0.9136 + 0.0098) than in 2015 (0.8618 + 0.Da#Pnest
survivalwashighest in ungrazed watersheds in both years, followed by-gis@ed watersheds
(Fig. 2.2).Year and management treatmefféets were consistently included in the most
competitive models (Table 2.Jonfidence intervaldroadly overlagor eachmanaement type
but ungrazed watersheds tended to have the highignest survival for both 2014 and 2015
(Fig. 2.3. Nest surwal on patchburn watershedwasno differentthanonintensiveearly
stocked weersheds (0.8% + 0.0109 vs. 0.8873 0.0157, Fig. 2.3.

Nest survival of disperseesd sitefaithful birds To examine thenfluenceof nest

survival on dispersdbehavior | included 152 nestwsith known fates (sitdaithful: N = 55; pre-
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dispersalN = 56, postdispersalN = 41). My top model include@n additive model dfispersal
statusand year effects, whidmadnearly five times the support of thext competing mode
(Table 2.3. | found no support for an interaction between year and dispersal §Tatle 2.2;
Fig. 2.4) Site-faithful birds had thdighestestsurvival in both year§).9692+ 0.0087 in 2014,
0.9492+ 0.01291in 2015 Fig. 2.9. Of the dispersergre-dispersal nestsadlower daily nest
survival tharmpostdispersal nestd=ig. 2.4).Daily nest sirvival of site-faithful nests was higher
thanpre-dispersal nestis both years, with nowverlapping confidence intervals (Fig4R.Nest
survivalextrapdated over the entire nesting perimd sparrows thasubsequentlgispersed was
~13.6 times lower thanestsurvival forsite-faithful sparrowsOverall, the probability of a nest
surviving the 24days from incubation to fledgeas0.3673 = 0.008%or site-faithful individuals
0.0274 + 0.0002or pre-dispersal individualsand0.1327 + 0.003f@or postdispesal individuals.
Individual consequencesf dispersabn nest succes$o examine theonsequences of
dispersafor nest success$ compared theéaily nest survival estimates of first and second nests
of birds that remained eterritory (N = 11 individuals, 22 nestsg)nd first and second nests of
dispersed individuals (i.e., prand postdispersalN = 8 individuals, 16 nests)included 38
nests wih known fates and modeled dispersal status @tgfaithful vs. disperser) with nest
order (e.qg., first, secondable 2.3)Thetop modelonly included dispersal statusjth ~2.7
times the support of the next competing model of disperdakstad Bst order (Table 2.3).
Daily nest survival o6econd nests of dispersers aagher than first nests (0.87&10.0440 vs.
0.8652 + 0.0426 In contrastnest survival ofite-faithful individualsremainedconstant from
first to second nes(®.9454 + 0.019vs. 0.9491 + 0.0238; Fig. 25). The change in nest survival
between first and second resf dispersediffered fromsite-faithful individuals(F1,18=30.8 P

< 0.0001) with dispersergxperiencingpositivechange in nest survival second nest9(10 +
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0.02change in daily nest survivlbm second to first nestBjg. 25, 2.6). In contrast to
dispersersnest survivabf site-faithful individualsdeclined in second negt$.04 + 0.@ change
in nest survivafrom second to first nestBjg. 25, 26).

Cowbird parasitism

| tested whether the frequency of parasitized nests differed besie&ithful (N = 55
and predispersal nestéN = 56) to determine whether nest parasitism avoidance was associated
with dispersal. The nests of birds that sujpsatly dispersed were parasitized at similar
frequencies as nests of birds that remained on ter(X3ry 0.01,P = 0.921, Fig. 2.7. However,
nests following dispersal (pedispersal nestdy = 8 of 41 were parasitized less than nests prior
to dispesal (X>= 10.54,P = 0.005 Fig. 2.7. The mean number of cowbird eggs differed as a
function of dispersal statuf4 151 = 3.6;P = 0.030; Fig. 2.8)with postdispersal nests receiving
fewer cowbird eggsThe mean number of cowbird eggs in-4$éghful and predispersal nests
was na different (mean + SE, sHiithful: 0.87 £ 0.14; pralispersal: 0.98 + 0.16). However, the
mean number of cowbird eggs in podspersal nests was two times lower than either site
faithful or predispersal nests (0.42 £13, Fig. 28).

To examine whether parasitism avoidance plays a roletlersent following dispersal, |
testedwhetherthe mean number of cowbird egdgclined in nests after dispersbhe mean
number of cowbird egdsetween first and second nestsite-faithful and dispersed sparrows
did not differ (1,18 =0.86;P = 0.367). Second nests of dispersers tended to Fawer cowbird
eggs {0.63 £ 0.51 cowbird eggs) than second nessitefaithful individuals (no change; 0.0 +
0.44cowbird eggs | found no evidence for seasonatleclinein parasitism incidencthat might
explainlower paasitismin postdispersal nestd~1,10=1.3;P = 0.278) nor ary association

between mean number of cowbird eggs in nastsnest initiation datd-(, 2> = 0.03;P =
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0.858).Birds were more likely to disperse if nefgded earlier in the nesting cyclejtiveach
onedayincreasean the nesting cyclat whichnests faikd, the odds of dispersing increased

1.216fold (log likelihoodratio X?= 10.5 P < 0.001).
Discussion

My data provides strong support thaggation avoidancendnot nest parasitism
avoidancewas associated with the dgon to dispersbetween nesting attemptsGrasshopper
SparrowsBirds that subsequently disperssdffered nearly 10 tinselower nest survival thastd
individualsthat remained on territorfispersalollowing breeding failuredue to predatiors
consistent with several studies reporting similar resulbseédingdispersal after nest failure,
bothwithin-seasor{Greig-Smith 1982, Powell and Frasch 2000, Catlin and Rosenberg 2008,
Botsch et al. 20123and betweeseason¢Blakesley et al. 2006, Pearson and Colwell 2014,
Palestis and Hines 281Shitikov et al. 2015)My results alssuggest that dispersal may
function to increase reproductive success at the individual ls@bnd nests followindispersal
were more successful than first nesthereas second nests of gaghful birds wee less
successfulMoreover daily nest survivasucceedinglispersali.e., all postdispersal nestsyas
higher tharsurvival of nestshat occurred prior tdispersali.e.,all pre-dispersahest3. Nests
that failed early in incubation increased thelihood of dispersing, suggtng that birds
perceive environments especially risky when experiengiadationearly in the nesting cycle
(Powell and Frasch 200@®urthermore, myesults suggest that birds atgle to somewhat
accurately assess predation and nest parasitism risk durindigostsal habitat selection, as
nests following dispersal had greater success and suffered lower parasitism.

My results suggest that birds makghin-seasordispersal desions based on past

experience of nest predati on. Di s p e desigioh f
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rules hypothesis, wher e birdsuadepsf al fi sgsaagenyBobllingers uc c e s

and Gavin 1989, Hoover 2003)he decision rulebypothesis has been tested in several species
exhibiting betweetyear breeding dispersal, but rarely for birds displaying wiigiason
breeding dispersal behavi(€atlin and Rosenberg 2008)ly findings suggest that the role of
predation and previous reproductive successiinng) differences in site fidelity between years
is also largely applicable to explaining differences in territory fidelity wil@ason. Moreover,
the fact that the likelihood of dispersal is dependent upon nest age upon failure is further
evidence thabirds are indeed making experiendssised choices rather thdispersingsimply
as aresult of differential mortality (Hoover 2003Yly findings corroborate with other studies
reporting dispersal after eamgstingcycle lossegJackson et al. 1989powell and Frasch
(2000) found that Wood Thrushkgain a greater fithess advantage by dispersing when nests were
depredated early in the nesting cycle, rather than later. Nests that are @epeadgtin
incubation provide strong cues about the relative riskiness of a particular nesting site, and birds
seem to adjugheir behavior according to ngatedation riskPakanen et al. 2014)

Contraryto prediction,nest parasitism was not importantsimaping dispersal decisions. |
found that parasitism incidence wag disferent between sitéithful sparrows and sparrows
that subsequently dispersed, suggesting that whether a nest is parasitized or not is
inconsequentialo leaving a territory. Despite the impacts of reduction in overall reproductive
output (i.e., reduced clutch sizes and number of young fledtmdck and Miller 2013, nest
parasitism does not seem to play a role in the decisidispese.Likewise, parasitism does not
affect daily nest survival, as Hovick and Miller (2013) found that survival rates were similar
between notparasitized and parasitized neS§sice parasitism hasinor effects on nest

survival when compared tlirectpredation(Hovick and Miller 2013)it may be that
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Grasshopper Sparrows perceive nest parasitism as less of a threat. Furthermore, incidence of
cowbird parasitism on gralind songbirds hdseen highest in the Greatihs regionJensen
and Cully 2005)so Grasshopper Sparrows may have ultimately adjtisterdoehavior to adapt
to parasitism pressuia cowbirdsover evolutionary time scaléRothstein et al. 2002, Peer et
al. 2013)

Despite the apparent unimportance of parasitism to disgkrsisions nest @rasitism
does seem to play a role in passpersahabitat selection. found that parasitism incidence and
the mean number of cowbird eggs in nests were lower in nests following dispersal movements,
comparedo nests prior to dispersalfdund no evidace for a seasonal decline in parasitism risk
or the number of cowbird eggs to explain the reduction in parasitism incidence and number of
cowbird eggs present in pedispersal nestdest parasitism risk to Grasshopper Sparrows does
not decrease asthesnmer progresses, unl Vileecbellpandt er ns f or
Dickcissels $piza americangeat the same sitgSandercock et al. 20Q8jhe absence of a
seasoal trend in parasitisrauggests that birds anmedieed locating areas where risk of nest
parasitism is lower. Whether spatial predictability in parasitism risk exists, and whether birds can
accurately assess this riskunknown However, parasitismaften increases with proximity to
grassland edgesd woody vegetatioriStrausberger and Ashley 1997, Robinson 2000, Patten et
al. 2006) Recent grazing and burning also tended to increase parasitisrdodeson and
Temple 190, Patten et al. 2006)lthough the mechanisms underlying nest parasitism
avoidance behavior are unknown, migtaaresuggestivehatsparrows may consider parasitism
risk in habitat selection decisions following disperaalimitigatethisrisk by seécting areas

where parasitism risk is lower.
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Consistent withprediction, myresults suggest that dispersal may be an adaptive response
to breeding failurelue to predatiomas nests following dispersal hiaidherdaily nestsurvival
than nests prior to dipersal. Mydata suggest that Grasshopper Sparrows modifydigisersal
habitat selection decisions to areas with a greater probability of nest suBrealer success in
nests following dispersal may be a result of behavioral changes in responsziveger
predation risKChalfoun and Martin 2007, Gow and Stutchbury 20185 priori knowledge of
the predator community exists, birds nthsperseo ut si de a pr e Pavwelbandd s h o me
Frasch 2000) In landscapes with complex and diverse fpestlator assemblagssch as
tallgrass prairichowever, accurately predicting where to go and how far to go may be difficult
(Chalfaun and Schmidt 2012)yVhenbirds do not hava priori knowledge of the predator
community, birds magelect alternative nesting substrégey.,areas with greateroncealment,
shrub density, etc.) to decrease probability of preddKearns and Rodewald 2013y disperse
to a new area that is perceived as less risicpngruence between distance dispersed or
riskiness of sites and ensuing nest success may result if predictability of predation risk is low, or
birds inaccurately assess theaar¢l i v en efisssadf e@lhalfoan aad Sthenidt 2012)
Forthcoming studiegelating neshabitat characteristics to predati@tesmay reveathe
mechanisms behind reduced preda@dpostdispersal nests (Williams and Boyle, unpubl. data)
The results from this stugdhoweversuggest tharasshopper Sparrovas leasiare able to
mitigate predation risk by selecting sites where probability of mesfgtionis lower, and nest
suaess greater.

Nestsurvivaltended to be highest ungrazedand bisorgrazedareas burned every two
years.AlthoughGrasshopper Sparrow abundasmegeeconsistently highest ioattlegrazedareas

with a burning frequency df-3 yeargChapter 1Hovick etal. 2014, theyhavegreater
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reproductive success imgrazed and bison grazed are@dthen encountering @osaic of
habitatsmade up of different land management regirspasrows appear to preferentially
choose cattkgrazed area®\n apparent mismatctetweenhabitat choice anfitness resultsas
sparrows more often than not chobsditat where ultimately, nest survival is lower.
Surprisingdy, Grasshopper Sparrow nest survival wadlifferent betweepatchburn
grazed unitandintensiveearly-stocking unis (Fig. 2.3, in contrast to recent results from
Oklahoma where nest survival was slightly higher in paiaim grazed units than in intensively
early stocked pastur¢Bavis et al. 2016My study is based on an analysis of roughly twice the
number of nests as the Oklahoma study = 223vs.N = 98), it is unlikely that m failure to
detect higher nest survival in patbbrn grazed habitat was due to insufficient statistical power.
Thus, although growing literaturademonstrates thatensity,diversity, and stabilityof
grassland bird assemblages ianproved withpatchburn grazingmanagement, not all such
benefits apply to different regions, years, or bird commun(Eeklendorf et al. 2006, Coppedge
et al. 2008, Fuhlendorf et al. 2009, Pillsbury et al. 2011, Hovick et al. Plaidck et al. 2015)
Direct estimates dhe ecological processes affecteddifferent land management regimes is
needed to determine how management may influence the ecology of local nest predators, which
in turn affect grassland bird nest survifiayons et al. 2015)While mystudy reveals the
importance of intensivearly stocking and patdburn grazing rangelandanagemerpractices
to habitat selection, management alone remains a poor predictor of ness suateeproductive
output (Hovick et al. 2012, this studyyather identifying thedirect ecolgical effectsof
predation risknest parasitism riskpod availability andvegetative characteristiceiediated by
different managememegimes is more imprtantin predicting nest succeasd dispersal

behavior
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The factors shaping withiseason dispersal reflect broad patterns of betwean
breeding dispersal in a suite of avian téarrano et al. 2001, Kim at. 2007, Catlin and
Rosenberg 2008, Ponchon et al. 2015, Shitikov et al. 2Digfersais astrategy employed by
birds to cope with unpredictable spatial and temporal chaftgs characteristic in grasslands
My results support the habitat variatyilhypothesis in shaping dispersal decisiand reveal the
mechanistic basis for why some birds disperse, while others dClobiert et al. 2012My
findingssuggest that birds engageadaptive facultative withinseaon breeding dispersal to
avoidnest predationin landsapes whee only a few predator speciase responsible for the
majority of nest losses, the association between environmental factors and nest failure can be
highly predictabl€Lyons et al. 2015)However, in landscapestv diverse predator
communitiessuch as in grasslandsatterndetween nest losnd theenvironment are less
tractableIn such insainces, birds can disperse tolling predation, and make subaeqt
settlement decisions based on the best informatiarabislocally.

Current estimates of reproductive success may not be adequate to sustain local or
regional populations of many grassland species-teng (Lyons et al2015).However,current
estimates of reproductive success may underestimate multtpla-season breeding attempts
by birds, especially if dispersal occurs outside the study area. Vgghson breeding dispersal
may be a more common strategy of birds breeding in variable environfReft4975, McPeek
and Holt 1992)Thus, hgh dispersal propensity coupled with adaptability to temporal and spatial
change may allow grassland birds to increase reproductive success and capitalize on multiple
resources withim singleseason. Managers should thussidar the dispersal capacity of
grassland birde/hen estimating adult survivadnd in reseting grassland habitat for multiple

speciesA high propensity for dispersalay suggest that grassland birds can quickly colonize
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newhabitas, which may be espetly important for newly restored grasslantigreasing
understanding of the incidence of dispermsajrassland birdand the role of habitat variability in
shaping dispersal and settlement decisismsitical for both advancing dispersal theory and

improvingconservation of thesgecliningspecies.
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Figures and Tables

Figure 2.1: Map showing the Konza Prairie to the west oKansasHighway 177 ard the
Rannel | 6s Prastésntemal muntaoy linek represent a unit labeled by name,
with specific management regime detailed in the map legend. Locations of-h@ plots are
marked by yellow squares. The inset map displays the location of the study sfjellow
star) within the Flint Hills ecoregion (green shading) in eastern Kansas.
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Figure 2.2: Effects of grazing management on Grasshopper Sparrow nest survival during
the 2014 and 2015 breeding seasons.
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Figure 2.3: Effects of rangeland management type on daily nest survival of Grasshopper
Sparrows during the 2014 and 2015 breeding seasarBison = bisongrazed; IES =
intensive early stocking; PBG = patcHourn grazing; Ungrazed = no grazing.
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Figure 2.4: Daily nest survival for site-faithful (N = 55), pre-dispersal (N = 56), andpost-
dispersal (N = 41) nestsof Grasshopper Sparrows breedingluring the 2014 and 2015
seasons.
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Figure 2.5: Comparison of nest survival of first and second nests fosite-faithful (N=11
individuals) and dispersed (pre and postdispersal nestsN=8 individuals) Grasshopper
Sparrows breeding at the Konza.Four site-faithful individuals had successful first and
second nests.
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Figure 2.6: Differences in nest survival of first and second nests for sHithful (N = 11 individuals) and dispersed (preand
post-dispersal nestsN = 8 individuals) Grasshopper Sparrows breeding at the Konza Prairie. Four sitéithful individuals
had successful first and second nests (overlapping lines of daily nest survival = 1.0).
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Figure 2.7: Differences in parasitismincidencein site-faithful (N = 55), pre-dispersal (N =
56), and postdispersal (N = 41) nests of Grasshopper Sparrows breeding at the Konza
Sample sizes are indicated in bold within bars for each grougarasitism incidence
represents the frequency of unparasitized to parasitized nests.
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Figure 2.8: Variation in the mean number of Browrrheaded cowbird eggs imests ofsite-
faithful , pre-dispersal, and postdispersal nests of Gragsopper Sparrows breedingduring
the 2014 and 2015 seasons.

1.4 -

1.2 -

0.4 -

0.2 -

mean BHCO eggs/nest * SE
o
o

Site-faithful pre-dispersal  post-dispersal

Dispersal Status

80



Figure 2.9: Frequency of nests over the range of nest initiation dates (Fpr to 30-Jul) for

site-faithful , pre-dispersal, and postdispersal nests. Most site-faithful and pre -dispersal

nests occurred beforemy une 25 cutoff f or fiea-didpgraal nest s,
nests occurred afterJune28 or r espondi ng Rre-dispersal hests acaurringe st s .
after June 25include known secondesting attempts prior to dispersal, whereas post

dispersal nests occurring before June 2clude known second nesting attempts following
dispersal.
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