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ABSTRACT OF THE DISSERTATION

How Predation Risk Shapes Avian Nest Site Selection and
Processes Underlying Nest Predation Patterns

by

Quresh S. Latif

Doctor of Philosophy, Graduate Program in
Evolution, Ecology, and Organismal Biology
University of California, Riverside, December 2009
Dr. John T. Rotenberry, Chairperson

Given the importance of nest predation to avian fitnessthologists expect birds to
select nest sites that minimize predation risk. Despiteerous studies contributing to a
wide body of literature, how predation shapes avian rtesselection is still not well
understood largely because studies rarely examine the pesagsderlying either nest
site selection or predation risk. | investigated how predathapes nest site selection for
a population of Yellow Warblers with an eye for the msses underlying observed
patterns. From 2000-2008, 728 Yellow Warbler nests were moditegilarly until they
either succeeded or were depredated (fieldwork was coliamvath PRBO
Conservation Science). | measured microhabitat atsitest(habitat use) and at
randomly located sites (habitat availability) for asaly of habitat preference (use versus

availability). | also monitored experimental nests (2006-2@08jtes that typically and

atypically characterized Yellow Warbler nest sitesl hidentified nest predators from



video footage recorded at nests and observations of predatmnaed directly by field
workers.

| found conflicting evidence regarding the role of predatimshaping avian nest
site selection. On the one hand, Yellow Warblersgoretl high-predation nest
microhabitat patches; preferred willow-dominated patches wesitively correlated with
predation rates (Chapter 2). On the other hand, Yellatblsrs preferred concealment
levels (> 30%) that avoided predation risk, and even dyrainichanged their selection
patterns to favor low-predation sites when predation preshanged (Chapter 3).
Microhabitat-predation patterns primarily arose duringettpg period (laying and
incubation; Chapters 2, 3, 4) as a direct result on tagpory behaviors of either avian
(mainly cowbird;Molothrus ate) and/or rodent (chipmunks and mice) egg predators
(identified in Chapter 1). Microhabitat-predation pattemese not confounded by
coarser-scale predation patterns, which arose fromrdiif processes than did
microhabitat-predation patterns (Chapter 4). These sesudfgest that Yellow Warblers
are more capable of recognizing predator-free nest spadteesfiect to nest concealment
than microhabitat patch structure. Future research dl@xaimine the specific cues used
by birds to select nest sites. Such research would fietheidate the limitations on the

ability for nesting birds to recognize predator-free space.
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General Introduction

Habitat selection is the behavioral process by which maimals choose where to live
and breed. The terhmbitatrefers to sets of physical and biological featuresief t
environment that characterize particular locations, (i&bitat features). Animals
presumably recognize habitat features and select locduzsesl on the presence or
absence of particular features (Cody 1985, Block and Brennan. FA9#)ermore, in so
far as different locations confer different survivalaeproductive rates, individuals
would enhance their fitness by selecting high-fitness hab#ad natural selection
should favor such individuals (Thorpe 1945, Rosenzweig 1981 )edindheritable
variation in habitat selectivity has been documentedvariety of taxonomic groups
(Jaenike and Holt 1991), providing a foundation for naturatsien to shape habitat
selection. Being particularly mobile animals, birds maken@rous habitat selection
decisions over the course of their lives, and arestber useful for studying the habitat
selection process (Svardson 1949, Cody 1985, Block and Brennan 1993).

Nest survival is the limiting fitness component (Saetimet Bakke 2000, Clark
and Martin 2007) and predation the main cause of failurenéory bird species (Nice
1957, Ricklefs 1969, Martin 1993), so ornithologists expect suatiespi favor habitats
that minimize the risk of nest predation. Numerous stuel@mine the relationship
between preferred habitat features (i.e., features usetigher frequency than they are
available; Block and Brennan 1993, Jones 2001) and nest pre@denAs expected,

some populations do prefer low-predation habitats (Bekaff €t989, Martin 1998).



Furthermore, most open-cup nesting birds place their mesites that are at least
partially concealed by surrounding vegetation, suggesting swtempt to hide their
nests from visually-oriented nest predators (Martin 1998yéver, many studies fail to
detect correlations between either preferred habitairesbr vegetation density and
variation in natural predation rates (Hoover and Bgtteam 1998, Wilson and Cooper
1998, Boulton et al. 2003, Rangel-Salazar et al. 2008). Evenpaquiexing, some
populations apparently prefer breeding habitats associate@leitated nest predation
rates (i.e., "ecological traps"; Gates and Gysel 1978chhelter and Rotenberry 2000,
Part et al. 2007). These findings have led some reseatoh&ispect a greater role of
selective pressures other than predation risk in shapiag habitat selection (Hoover
and Brittingham 1998, Filliater et al. 1994). However, nsbstlies simply document
preference and predation patterns without substantiveieatiom of the processes
underlying these patterns. An understanding of why birds magratgr low-predation
habitats likely requires some consideration of the m®e®giving rise to both habitat
preference and habitat-predation relationships.

Because birds are so mobile, avian habitat selectimoniprised of multiple steps
that take place over various spatial scales (Wienk £0&7, Chalfoun and Martin 2007).
Some species select different habitats during breeding veosdisreeding seasons (i.e.,
migrants), but nest predation occurs during breeding,sdwitld mainly influence
breeding habitat selection. At relatively coarse spatales, birds select regions in
which to breed, and within the selected region eachiohai either selects a home range

or a territory to defend. At finer scales, birds seleirohabitats for specific activities



within their chosen home range or territory. For ine&a microhabitats are selected for
nest sites at a fine-scale from within individual temies. An important distinction
between territory selection and nest site seleasidhat territories are selected for
multiple activities so territory selection is likedyraped by multiple factors (e.g., food
availability, as well as the availability of adequatetimg and roosting sites). By
contrast, nest locations are selected specificallpdsting and should therefore be
chosen mainly on the basis of whether nests in tloasgions are likely to succeed. Most
ecological traps reported for birds involve preferencesifgin-predation territories, and
therefore may arise because birds are selecting texsiton the basis of food availability
at the expense of nest survival (reviewed by Robertsoratid 2006). By contrast,
preferences for nest sites in high-predation microhatetiag less common (except see
Crabtree et al. 1989). Furthermore, even though preferstdmerohabitat features are
often uncorrelated with predation risk, most studies omgsure natural variation in
predation rates, and may therefore lack the power reagetssdetect habitat-predation
relationships shaping nest site selection particulébyrds only occupy low-predation
nest sites (Schmidt and Whelan 1999a). Thus, nest sitegmeds may reduce predation
risk more often than is currently apparent, althoughsomeaments of relative predation
risk outside microhabitats normally occupied by nestingstara necessary to fully
examine the adaptive significance of avian nest sitetsaie

The ability of birds to respond to predation pressure vgléatting nest sites
depends on how habitat relates to predation risk. Gepehnalbitat can influence

predation risk by affecting predator ecology, but such efferay take place over various



spatial scales (Thompson 2007). Habitat effects on prepaparation densities or
distributions can cause coarse-scale variation in pogdask (Chalfoun et al. 2002),
whereas finer-scale habitat-predation relationships ¢s@ &when microhabitat features
affect foraging patch quality for predators (Schmidt antde@2s2003) or the capability
for predators to locate nests (Mullin et al. 1998). Habitay also influence predation
risk indirectly by influencing food availability for nsg birds, which can influence the
time and energy available for nest defense (Martin 199)o4rse spatial scales,
predator-free space would be easiest to track if predasiomsriinked to food resources,
whereas habitat effects on predators independent of foaltivee more difficult to track.
As stated previously, birds should be most responsivadestiale microhabitat effects
on predator foraging behavior, since birds can focus exelyon avoiding predators
when selecting nest sites.

The processes by which habitat can affect predation riskndepgargely on which
species principally depredate nests (Thompson 2007). Conslgguest predator
identification is a necessary step towards elucidatingd processes. Of additional value
is identification of non-habitat predation patterns drdrtunderlying processes. At the
very least, non-habitat spatiotemporal patterns shoudt@®unted for when analyzing
habitat-predation effects since they may confound hapitadation patterns.
Additionally, non-habitat patterns may provide insight iptedator ecology which may
provide a useful context for understanding habitat-predafiects. For example, a
positive correlation between nest density and predas&mmay arise if predators focus

their hunting efforts where nests are most abundaminfiit and Whelan 1999b).



Therefore, given such “density-dependent” predation, angge-searching by predators
may be an important factor contributing to elevated predastes in habitats preferred

by breeding birds.

FIELD GUIDE TO THIS DISSERTATION

This dissertation investigates the relationship betweshpredation and nest site
selection exhibited by a population of Yellow Warblddeijdroica petechiathat breed
along Rush Creek, a tributary of Mono Lake, CA. Chapflectses on identification of
the principle nest predators of Yellow Warblers and otbegkird species in Mono
Basin riparian habitats. Using various techniques, includitigosand direct observations
of predators at nests, | identified cowbirds and rodentkeprinciple egg predators and
snakes as the principle nestling predators in this systecauBe of the particular
theoretical importance of predation to birds during néstsalection, | mainly focused on
how nest predation shapes this aspect of habitat sel¢Ci@pters 2, 3). In Chapter 2, |
present evidence that Rush Creek provides a trap for Y&llavblers selecting nest
sites. Yellow Warblers prefer microhabitat patches@ased with higher nest predation
rates than available alternatives, and subsequentsasalgmonstrate that this trap arises
from fine-scale processes. Despite the presence dfdbpisin Chapter 3, | present
evidence showing that Yellow Warbler nest site selecs@daptive in the context of
nest concealment. Nest concealment was not comelate natural variation in

predation rates, but experimental nests measured higagvegiredation rates outside

the typical concealment range occupied by nesting warfdleese results demonstrate



how the range of nest site choices made currentjirmé@rthe measurement of habitat-
predation relationships that may have shaped those shéically, Chapter 4 examines
non-habitat nest predation patterns and the processesyinglénese patterns.
Specifically, | examined patterns related to bird densitthimseasonal timing, and
timing within the nesting cycle (from laying to fledging)dditionally, | examined the
extent to which parent birds contribute to these patterex&®mining the same patterns
for nests without parents (i.e., experimental ne$ts. non-habitat predation patterns
documented from these analyses provide insight into thénlgusehaviors of nest
predators, how nesting birds interact with predators, ansecuently how and why nest

predation influences Yellow Warbler nest site selediotie extent that it does.
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Chapter 1: Nest predators in Mono Basin riparian systems and kat happens when
they visit nests
ABSTRACT
Nest predation places substantial limits on aviandggr®it predation risk is generally
difficult to predict in part because predator communiey among systems and nest
predators vary in their hunting behavior. Predator ifieation is therefore an important
step towards understanding how and why nest predation oticyatnership with
PRBO Conservation Science, | identified nest preddongparian breeding songbirds
along tributaries of Mono Lake, CA. We identified nestdators using a variety of
methods: field workers directly observed predators asneatneras recorded video
footage of nest predation, and clay eggs in experimeasia$ recorded distinctive bite
impressions of certain types of egg predators. Using thed®dss we identified 10
distinct predator types at natural nests of three songpéedies and at experimental nests.
Video observations identified Brown-headed Cowbiidslpthrus ate) as the
predominant egg predator in this system, although clay eggiftieated that rodents
also represented a substantial threat to nests with Bgg®ntrast, we identified snakes
as the predominant predator of nestlings. Finally, a sutest@ortion of predator
visitations to nests resulted in either partial predatiomo predation of clutches or
broods. | argue that the observed differences in egyserestling predators and the low
proportion of predator visitations resulting in completedpt®n are unlikely to be

artifacts of sampling error but instead likely refleclgatterns in predator ecology.
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INTRODUCTION

Nest survival is an important component of avian fitr{€ssklefs 1969, Lack 1966,
Saether and Bakke 2000, Clark and Martin 2007) and predationnsaihecause of nest
failure for most terrestrial bird species (Nice 1957, RitklL969, Martin 1993). Thus,
nest predation strongly influences the evolution and ggadd birds (Collias and Collias
1984, Lima and Valone 1991, Martin 1995, Saether and Bakke 2000) astddigeof
nest predation is an important field in ornithology (LIB@09). Most studies of nest
predation document patterns of variation in nest survivasnaith little knowledge of
which predators are responsible for nest failure (BesSsaudffer 1980, Filliater et al.
1994, Wilson and Cooper 1998, Ricketts and Ritchison 2000, Graht2€05, Aguilar

et al. 2008). However, because patterns differ amongidmsa a general theory capable
of explaining and predicting predation risk remains undeveldpahti 2009).
Differences in patterns among localities arise larpelgause predators vary in
morphology and hunting strategies and because predatonuoities differ among
habitats and bioregions. Therefore, identifying nest presl@&aritical for elucidating the
factors determining predation risk (Thompson 2007).

Recent technological developments have vastly improuveability to study nest
predation. Lately, researchers have employed video canwedirectly observe the
predation process, allowing frequent and reliable identifinaif nest predators
(reviewed by Thompson 2007, Richardson et al. 2009), as waltisesvation of key
behaviors exhibited by predators when depredating nests fickmn with cameras is

more accurate than examination of nest remains (Legili899) and video cameras are

11



less intrusive than trigger-based still cameras (Liebenei George 2003). Camera-
facilitated observations of nest predation are of aufdit value because they allow
researchers to observe behaviors typical of spdgplies of predators. For instance, eggs
may be vulnerable to different types of predators thadimgstin which case the
prevalence of egg versus nestling predators would contribwariation in predation risk
within the nesting cycle (Nur et al. 2004, Grant et al. 200Bjtain predators may upon
visiting a nest commonly depredate some but not all @bisents (i.e., partial predation;
Lariviere and Messier 1997), and this behavior may imposetselgressures not
imposed by the risk of complete nest predation (Halupka 19@8sé\i et al. 2008).

| identified nest predators and observed their behaviopamian habitats along
tributaries of Mono Lake, CA. | focused my observationsvhich predators visited
nests during the egg versus nestling stages, as well asewpe¢dator visitations
resulted in complete, partial, or no loss of the ¢tldcbrood from each nest. | report
observations of predatory events recorded with video @anas well as those recorded
directly by workers in the field. We identified a varietfypredators depredating nests
along Mono Basin tributaries. In addition, our obsgores suggested some predator-
specific tendencies towards depredating either eggs oingssthnd a surprising number
of observed predator visits to natural nests resultedher partial loss or no loss of eggs
or nestlings. Given the frequent occurrence of incetegbredation observed in this and
other systems (Lariviere and Messier 1997, Halupka 1998, Small,Z00&gr study of
the implications of incomplete predation on avian 8sand the evolution and ecology

of birds is warranted.
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METHODS

| observed nest predation experienced by birds breedimggainan habitats along
tributaries of Mono Lake, CA. | primarily used contimsgerecording video cameras to
observe nest predation. From 2002-2004, | deployed camerastsbuoét by one of
three nesting species: Yellow Warblebe(droica petechig Song Sparrowdelospiza
melodig, and a Lazuli BuntingRasserina amoenaDuring this period, | found and
monitored nests built by these species in collaboratiimPRBO Conservation

Science’s riparian songbird monitoring programviv.prbo.org/cms/359cited 2009).

Additionally from 2007-2008, | deployed cameras at naturalb¥iellVarbler nests and
experimental nests as part of a larger study investigp#itigrns of predation risk for this
species (Chapters 2-4). Experimental nests consiste@wbpsly used Yellow Warbler
nests, each containing a real passerine egg and a clayegiglition to observations
recorded by cameras, PRBO workers directly observed andedmarses of nest
predation while monitoring natural nests in the field, bw@ntified bite impressions left
by predators in clay eggs when possible.

Video cameras used to monitor nests consisted of “budétlirity cameras either
wired or wirelessly connected to 24-hour time-lapse videseatte recorders (VCRS).
Recorders and cameras were powered by battery/solargreanes. Cameras were also
capable of recording nocturnal predators by recording imfleréd spectrum. Cameras
recorded continuously once deployed (King et al. 2001). | negutdmeras < 1 meter

from nests so that the nest and any visitors weré/ehscernible in the resulting video

13



footage, and | placed VCRs, solar panels, and batted@srmreters from the nest to avoid
drawing attention to nests. Additionally, | covered ceamen camouflage-patterned duct
tape to minimize their conspicuousness (Figure 1.1)eimted to deploy cameras at
natural nests as early as possible in the nesting ttych@ximize the probability of
recording predation events. However, cameras were oéeloyed late in the nesting
cycle (e.qg., during the nestling stage) due to unavailabiligady-stage nests. | deployed
cameras at experimental nests when nests werglésd in the field. All nests were
checked and their contents were recorded in-person ableees in four days. | reviewed
footage recorded between any two nest checks during whaatuthber of eggs or
nestlings were reduced to identify the predator or predegep®nsible for the change. |
also reviewed all video footage obtained at natural nest®k for predator visitations
that had not resulted in clutch or brood losses. Fdr peedator visitation recorded, |
noted whether eggs or nestlings had been depredated and whetperdator had
partially or completely depredated the nest. Given rrerast in predator behavior, |
considered nests retaining only parasitic eggs or nestiiga/ing a predation event to
have been partially depredated. | do not report obsengtf visitations during which
brood parasitic eggs were laid since they are reporseavatere (Latif et al. 2006).

| report two types of observations recorded directlybykers in the field. |
report all observations of predators in the act of consgmither eggs or nestlings at
nests, and | report observations likely implicating patér species as nest predators. The
latter included (1) observations of predators at a nesitbin 5 meters of a nest during

the same observation interval that the nest was defae (i.e., within a 4-day period),
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(2) predators observed with either eggs or nestlingsein tiouth or bill, or (3) fresh
sign of a particular predator (i.e., a new cowbird egg) appeat a nest during the same
observation interval the nest was depredated.

Clay egg impressions were identified by comparing imprasgiecorded in the
field to impressions made with specimens in the lapeBErental nests containing clay
eggs were placed in numerous sites representative ofitihehabitat range occupied by
Rush Creek Yellow Warblers as part of multiple stud@&sapters 2-4, unpublished
studies). Only rodent and avian predators left identifialtéeilvipressions in clay eggs. |
created impressions with either skulls or preserved hdadsarvies of rodent and avian
predators representing most of those found along Rush Qwbeke experimental nests
were monitored). These included Western ScrubAghélocoma californicg Black-
billed Magpie Pica hudsonig Brown-headed Cowbirdolothrus ate), Red-shafted
Flicker (Colaptes auratus Bewick’'s Wren Thryomanes bewicRiiHouse Wren
(Troglodytes aedgnleast chipmunkTamias minimus deer mouseReromyscus
maniculatu$, pinyon mouseReromyscus trugi and bushy-tailed woodraléotoma
cinereg. Impressions made with these lab specimens fellfmiodistinct categories
(two rodent and two avian categories) distinguishable vieaoexbhmination without
subsequent reference to the specimens initially used to tmakepressions. The
pointed bills of the cowbird and flicker specimens (1) teiftrow, sharp-tipped
impressions distinct from the (2) broad, blunt-tipped ingoes made with the corvid
specimens (i.e., scrub-jay and magpie). The (3) inciswksnrmade with the woodrat

specimen were distinctly larger than (4) those madie the chipmunk and mice
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specimens. | classified impressions recorded at expetamasts into one of these four
categories when possible. Avian predators in the fifsehdeft scratches or poke marks
in clay eggs, but since equivalent marks made with labsesasi were not distinctive
(including those made with wren specimens), | simplgsifeed these types of marks as
avian (data analyzed in Chapters 2, 3, 4).

Observations of nest predators were recorded along each d¢filfmtaries of
Mono Lake: Rush Creek, Lee Vining Creek, Mill Creek, orsohi Creek. The first three
are natural tributaries and have been subjected to vaitgmges of water diversions,
livestock grazing, and subsequent ecological restoratiart #8996, SWRCB 1994).
Wilson Creek is a man-made channel, so the habitatiatsd with this tributary
developed only recently (1911). Descriptions of the habitaigaihese tributaries are
detailed by Heath et al. (20064, b, c, d). In brief, MoasiBriparian habitats are
dominated by either willowSalix exiduaSalix lucidg andSalix luted or black
cottonwood Populus trichocarppand are interspersed with Woods’ roResa
woodsi), which grows both in the understory of willow or cott@od stands and in
relatively contiguous, monotypic stands. SagebréAstefnisia tridentatadominates the
landscape surrounding these riparian systems, but sagetisosoccurs within the
riparian corridor due to recent fluctuations in waterilabdity and consequent

fluctuations in riparian habitat extent.
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RESULTS
Over the entire study period, a total of 10 distinct pestiator types (identified
minimally to family) were identified. These were garsaake Thamnophis couchii
gopher snakeRjtuophis catenifér mouse Peromyscus maniculatus Peromyscus
truei), chipmunk Tamias minimus raccoon Procyon lotoj, ermine Mustela erminep
Stellar’'s Jay Cyanocitta stelle), wren (eithefTroglodytes aedonr Thyomanes
bewickii), Bullock’s Oriole (cterus bullocki), and Brown-headed Cowbird. Species
designations for garter snake, mouse, chipmunk, and ernsireeh@sed on a previously
conducted Mono Basin biological inventory (Jones and StAkesciates 1993). To
capture footage of these predators, | video-monitored 29w &llarbler nests, 15 Song
Sparrow nests, one Lazuli Bunting nest, and 10 experimnazdts for a total of 519 days
(natural: 486, experimental: 33). From this effort, | aledi footage of 23 nest visitations
made to 18 nests (9 natural and 9 experimental nests)talorgeeks (some nests were
visited on multiple occasions by different predators; &dbl). PRBO workers directly
observed seven predation events, as well as five aigers likely implicating particular
species as nest predators (Table 1.3). The latter sug§ésstdrn Scrub-Jays
(Aphelocoma californicaand Black-billed MagpiesP{ca hudsoniaas nest predators in
addition to predators identified using video cameras.

A number of clay egg impressions recorded at experimeesa$ were
distinguishable more specifically than simply as roderstvian marks. On 17 occasions,
avian predators attempted to forcefully grab or bite clag.elggving more distinctive

impressions than scratches or pokes. Fourteen ofwersemade by pointy-bills similar
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to those made with cowbird or Red-shafted Flicker specinmetie lab. The remaining
three were made by stouter-billed avian predators moretakhose made with the
magpie and scrub-jay specimens. Incisor marks made bgtsouiethe field were all
closer in size to chipmunk and mouse incisors and clsargller than woodrat incisor
impressions made in the lab.

PRBO and | observed 17 instances of egg-related predatmayibe Video
cameras recorded 13 predator visitations to nests with(Bgdsiatural nests, 8 at
experimental nests), of which 12 resulted in some lossumage of eggs (weasel visit to
natural nests resulted in no egg loss; Table 1.2). IniaddRPRBO workers recorded at
least five direct observations of egg predation (2 cangdy 3 suggestive; Table 1.3). We
observed female cowbirds (males were never observedgdahting eggs on numerous
occasions, and less commonly we observed events atipticfive other types of egg
predators: Black-billed Magpie, Stellar’'s Jay, wren, Blls®©riole, and chipmunk.

PRBO and | observed 17 instances of nestling-related prgdsbavior. Video
cameras recorded 10 visits by predators to nests post-tigtohimhich seven resulted in
either partial or total brood loss (Table 1.2). In additio video observations, PRBO
workers recorded nine events implicating specific nestliedators (5 conclusive, 4
suggestive; Table 1.3). Our most frequently observed nestlidgtors were snakes
(particularly garter snakes). In addition to snakes, avielasively identified four other
types of nestling predators (Stellar’s Jay, mouse, raca@a ermine; Tables 1.2, 1.3)
and our observations suggested two more (Western ScruBr@yn-headed Cowbird,;

Table 1.3).
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A majority of observed predator visits to natural nesterded by video cameras
resulted in either no predation or partial predation éxamined at experimental nests;
Table 1.2). We observed seven visits by predators resuitipgrtial clutch or brood loss
at five nests, of which two subsequently produced fledgelingsedf the observations
of clutch predation by cowbirds resulted in complete bllbss. On Lee Vining Creek, a
garter snake visited a Song Sparrow from which it consuwdvbird nestling but left
the remaining Song Sparrow nestling. Finally, a wren dsatéazuli Bunting nest and
poked a hole in one egg but left the second intact, afieh the female bunting
returned, ate the contents of the damaged egg, and rethevsigell from the nest. An
ermine depredated only one of two cowbird chicks from a Spag&w nest (i.e., the
one visited previously during the egg period), and the remainivbiab chick died of
unknown causes. Finally, a mouse depredated only one of tdayléld cowbird
nestlings from a Song Sparrow nest. Although both nestéitigenpted to escape (i.e.,
jumped out of the nest), only one survived while the devouaszhss of the second was
found next to the nest just outside the camera’s fitldesv. We observed only four
occasions during which predators consumed either an ehticd or an entire brood at a
natural nest, including one visit by a raccoon to a Sqagr6w nest that resulted in the
depredation the only nestling (cowbird) present (i.e., patedation was not possible).

Four predator visits to natural nests resulted in no predéfable 1.2). Two of
these were made by snakes to nests after chicks had fl@dge80ong Sparrow nest from
which a garter snake had depredated a cowbird nestling wes-wistted by the garter

snake, but a gopher snake visited the nest 1:15 (min: fseicjhee surviving Song
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Sparrow nestling left. The timing of these events suggestshe chick was “force-
fledged” by the gopher snake, i.e., induced to leave the adgtire response to the threat
presented by the snake. On Rush Creek, a garter snakd siMedlow Warbler nest the
day after all the chicks had fledged. Two additional visgse made by predators that
chose not to depredate any of the nests’ contents. Gihevas made by an ermine
during the egg period to the same Song Sparrow nest fronhahiermine later
depredated a cowbird nestling. During another event, a cowibited a Yellow Warbler

nest with seven-day-old nestlings but left all thetlmegs untouched.

DISCUSSION

We identified a variety of nest predators in riparian taabialong Mono Lake tributaries.
Given our sample size, we are unlikely to have idexttithe full range of nest predators
present in Mono Basin riparian systems. However, otaséais probably large enough
to identify the dominant nest predator types (Weidinger 2008 cent meta-analysis
found that cameras tend to lower predation rates aneftine may deter predators
(Richardson et al. 2009). In our Mono Basin study, natamleca nests were depredated
at lower rates than non-camera nests (analysismiegsen Richardson et al.’s review),
and cameras recorded no egg predators at natural Yeltmbl&¥ nests despite the high
egg predation rates experienced by this species (Chapter®Ret} observations and
clay egg impressions implicate corvids as nest predafatgd 1.3), but video cameras
rarely recorded corvids at nests (only once depredatingw &Varbler nestlings). Thus,

corvids may avoid cameras and be under-represented by \ndeovations. However,
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the cameras recorded very little of the earliest gfatte nesting cycle (only 4 cameras
deployed at Yellow Warbler nests before incubation4)ayhich is when predation
rates were highest (Figure 4.3). Furthermore, we observesl egg predators at
experimental Yellow Warbler nests, where cameras depéooyed immediately. Finally,
examination of clay egg impressions indicated that coaidsiot the dominant nest
predator in this system. Thus, a lack of camera deploytheirig laying and early
incubation is the most likely cause for the paucite@d predators recorded at natural
nests.

Video observations indicated cowbirds were particulanyartant egg predators,
and the information acquired from examining clay egg bits eonsistent with this
conclusion. Although we only directly observed partiatcth predation by cowbirds, a
large portion of complete clutch losses are also prolzthiged by cowbird predation.
We only observed cowbird predation at nests with paragitkegches, which are least
likely to be completely destroyed by cowbirds since atiry least they are unlikely to
destroy their own eggs and because leaving some host eggss#akiprobability of
host abandonment (Lowther 1983, Arcese et al. 1996). Byastntowbirds may destroy
non-parasitized clutches to force hosts to re-nestciieaging new opportunities for
parasitism (Arcese et al. 1996). As predicted by the “foreetesting hypothesis,” non-
parasitized Yellow Warbler clutches were more likelypéocompletely depredated than
parasitized clutches along Rush Creek (Chapter 4). Cowdnedslso known to force re-
nesting by depredating non-parasitized broods (Arcese K198), and we observed

some evidence for this behavior (Table 1.3). However,lseeracorded a cowbird
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visiting a non-parasitized Yellow Warbler brood (7-days old)rduwhich nestlings

were not depredated. This observation, the lack of ngsikstruction by cowbirds, and
the frequent observations of nestling depredation by piteelators (see below) together
suggest that cowbirds may be less likely to depredatengestian clutches. Given their
life history, cowbirds are probably the most effectivaoy predator at finding nests, and
Yellow Warbler nests (those most commonly monitored)particularly easy to find
(personal observation). Consequently, cowbirds maydat@ast nests (including those
discovered too late to parasitize) during the egg period. Toudirds may usually
decide whether to force a host to re-nest prior to hagcl@omparisons of cowbird-
specific brood predation rates experienced by conspicuesigsveryptic host species
would provide information necessary to test this hypothesis.

We identified a somewhat different suite of predatgreestling predators
compared to egg predators. Snakes were the most commoaty@ibsestling predator,
which is in contrast with our failure to observe any egglatien by snakes. Both species
of snakes observed in the Mono Basin are documented edatprs in other systems
(Thompson and Burhans 2003, Peterson et al. 2004). Nevseghele observations
suggest that snakes in the Mono Basin most commonly degeraestlings and rarely
depredate eggs. Snakes can use parental activity as a usdat éinding nests (Mullin
and Cooper 1998), so snakes may be more capable of findisgdoesty the nestling
period when parental visitation rates are highest. Adwitlg, our observation of a
gopher snake which left three un-hatched eggs intact istaafier missing the Song

Sparrow nestling, suggests an actual preference for nesiliwga lack of interest in
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eggs. Our observations also suggest that ermine prefangss8ince the two observed
ermine visits were made to the same Song Sparrow, it ss@shat both visits were
made by the same ermine. If so, this weasel relinquisheg@ortunity to consume eggs
in exchange for the potential opportunity to depredateimgstiAlthough snakes do eat
eggs, researchers more frequently observe snakes depredaiingsé@glorrison and
Bolger 2002, Stake and Cimprich 2003, Thompson and Burhans 2003, Stakz0ey),
so snakes may generally either locate nests morg dasihg the nestling period or
prefer nestlings over eggs. More observations are regdassevaluate whether weasels
generally prefer nestlings (see studies reviewed by Tham23@7, Richardson et al.
2009). Eggs represent a smaller source of calories thdmgesparticularly in
comparison to older nestlings, but if a predator choosesitdav eggs to hatch, another
predator may depredate the nest in the ensuing periodditioa, if a predator waits too
long, nestlings may be old enough to leave the nessporese to a predatory visit
(observed here in response to visits by gopher snake amsknsee also Halupka 1998).
A cost-benefit analysis would help elucidate whetherreowd long predators should wait
to depredate nests.

Our video observations indicate partial predation to benanmn result of
predator visits to nests in Mono Basin riparian arAasliscussed previously, partial
clutch predation by cowbirds can be readily understodighm of their life history. Non-
cowbird predators may only partially depredate a nest f@rakreasons. First, many of
the observed predators were small and therefore nketg 8atiated by only a portion of

a nest’s contents. Since nestlings are larger thgs, @gedator satiation is particularly
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likely during the nestling stage and may explain observed paejmedations of Song
Sparrow nests by an ermine and a garter snake. Oldangsstte even more likely to
satiate predators, and additionally may flee the mestsponse to a predator’s visit
(Halupka 1998). Either or both of these factors may expterobserved partial mouse
depredation of a Song Sparrow nest. Whereas portioasgaf Ibirds’ clutches (e.g.,
duck clutches) may satiate larger predators (Lariviere aggbMr 1997), portions of
small birds’ clutches would most easily satiate sma&lptors. Therefore, consistent with
these observations, small predators would be most likgdarteally depredate nests of
small birds such as passerines (but see observationsdly2®®5). Why wrens
depredate nests is less understood, although resource tmmets been proposed as a
determining factor (Bellesisles and Picman 1986, SimonSandns 1990). Partial nest
predation could alleviate resource competition by reducingtbeall number of
neighboring consumers, but our observation of a wratpigidepredating a Lazuli
Bunting nest did not occur within or near any establisheshwerritories (PRBO
unpublished data), so the purpose behind this predatory acioivapparent. Given these
reasons for the occurrence of partial predation, osemations are unlikely to be an
anomaly of the Mono Basin, and indeed partial predatioféas observed sometimes
frequently in other systems (Lariviere and Messier 19@fypka 1998, Small 2005). A
high risk of partial predation may favor bet-hedging egg-lagingtegies not necessarily
favored by a high risk of complete predation (i.e., cotifipebrood parasitism; Nielsen

et al. 2008), potentially explaining behaviors exhibited by &Basin birds not
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exhibited elsewhere (Latif et al. 2006). Further researdh@®particular fithess costs

imposed by partial predation is warranted.
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TABLES

Table 1.1. Predator visitations by nesting species recoritledideo cameras.
# nests visitations by nesting species

YWAR SOSP LAZB EXP Total
Brown-headed Cowbird nl 3 5 9
Bullock's Oriole 1
garter snake N

Rush  chipmunk 1

Creek mouse
raccoon
weasel t In
wren 1

Site Predator Species

g
PNRPRRERNR

garter snake nL
Lee gopher snake nL
Vining unidentified snake N
Creek giellar's Jay il

wren E 1
Nesting Species visited by predators included Yellow Warb&/AR), Song Sparrow
(SOSP), Lazuli Bunting (LAZB), Experimental nest siating Yellow Warbler nests

(EXP). Subscripts denote the stage (E = egg, N = nestlurg)g which visits were
made.

N

Some natural nests were visited on multiple occasiomsébgame or different predators.
Predator visitations were observed at a total of ningraland nine experimental nests.
To capture these observations, | video-monitored 29 Yealasbler nests, 15 Song
Sparrow nests, one Lazuli Bunting nest, and 10 experiinazdts for a total of 519 days
(natural: 486, experimental: 33).
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Table 1.2. Timing and outcome of predator visitations to video#wored nests
# visits observed by portion

Predator Type of clutch/ brood depredated Exp
none partial complete

Brown-headed Cowbird 1y 3 5

Bullock's Oriole 1

Stellar's Jay L

wren k 1

raccoon 4

weasel t In

chipmunk 1

mouse 4

garter snake nL In In

gopher snake nL

unidentified snake vl

Subscripts denote the stage (E = egg, N = nestling) durinthwisits were made.
Experimental nests were considered depredated when fygshweere damaged or
removed, or if impressions were left in clay. Since expental nests (Exp) could not be
“partially depredated” and never contained nestlings, wsiexperimental nests were

tallied separately.

Visits were often made to natural nests previously visitidereby the same or different
predator type. Predator visitations were recorded at a fotal® natural and nine

experimental nests. To capture these observations,d-wmitored 29 Yellow Warbler
nests, 15 Song Sparrow nests, one Lazuli Bunting aegt10 experimental nests for a

total of 519 days (natural: 486, experimental: 33).
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Table 1.3. Direct observations of predatory behavior matieeifield.

Predator Species Observation
Brow_n-headed = A dead Yellow Warbler nestling was ejected and found outk&l@est.
cowbird A cowbird egg was left in the nest (LVC, 2004).

= On multiple occasions, one or more cowbird eggs wéréla nest
during the same observation interval that the entiretr had been
depredated (multiple sites, multiple years).

Black-billed magpie e Observed depredating eggs from an American Robin nestZDG3).
= Observed caching a duck egg in lawn clippings in neighborhood
adjacent to riparian (MC, 2001).

Stellar's Jay e Observed eating eggs from a Yellow Warbler nest (LVC, 2003)
= Observed leaving the vicinity of a Yellow Warbler neghvweggs
(LVC, 2003).
= Observed on several occasions flying with either ameggnestling in
bill (LVC, 2004).

Western Scrub-jay = Nestlings in a Yellow Warbler nest (both host and colybirere found
pecked to death but not consumed. Concurrent with this cigerytwo
adult and two juvenile scrub-jays were observed within 2¢ers of the
nest calling for 1.5 hours while multiple bird speciesdedland mobbed
them (Rush Creek, 2003).

chipmunk = Observed leaving partially depredated magpie nest while on Eggs
nest was completely depredated by the subsequent nest(Blustk
Creek, 2005).

garter snake e Observed depredating nestlings from a Song Sparrow ne€l, 2002).
e Observed depredating Brewer’s Blackbird nestlings (LVC, 2001).
e Observed in a second Song Sparrow nest, from whicénéides had
eaten either a cowbird egg or a recently hatched negbiaseed on nest
history; LVC, 2005).
e Observed eating a Savannah Sparrow nestling (WC, 2002).
= Observed 2 meters from a Song Sparrow nest with yonday before
they were depredated (LVC, 2004).

gopher snake e Observed depredating young from a Spotted Towhee nest (MC, 2002)

e denotes observations that unequivocally identify nest fweda

= denotes suggestive observations: (1) predators obseryedrast or within 5 meters

of the nest during the same observation interval aw@stdepredated (within 4 days), (2)
predators observed with either eggs or nestlings in mbukh{3) fresh sign of a
particular predator (i.e., cowbird eggs) appearing at aonegithin 5 meters of a nest
during the same observation interval the nest was depreflaithin 4 days).

Observations recorded along Rush Creek (RC), Lee Vining Ck&K)( Mill Creek
(MC), or Wilson Creek (WC).

32



FIGURE LEGENDS

Figure 1.1. Camera at nest (photo by Arya Degenhardt).
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Chapter 2. An “ecological trap” for Yellow Warblers and its underlying processes
ABSTRACT
According to habitat selection theory, animals shoeldct habitats that promote their
fitness. Because nest survival is a major component afl itieess and predation the
main cause of nest failure, we expect birds to place tlesis in sites where they are
least likely to be depredated. | tested this hypothesia papulation of Yellow Warblers
(Dendroica petechigthat breed in riparian vegetation along Rush Creéhbatary of
Mono Lake, CA. | quantified nest habitat preference by @amg microhabitat structure
at nest sites (microhabitat use) versus random sitiesofmbitat availability).
Additionally, since territories are selected for fastother than nest survival (e.g., food
availability), | controlled for habitat variation anwterritories when analyzing
preference. To analyze preference relationships wghqwevival, | fit generalized linear
models to data from monitoring both natural and experirheets. Yellow Warblers
preferred nest sites in willow-dominatesiafix sp) microhabitat patches despite the
higher predation rates experienced there in comparisoetafwn rates in alternative
microhabitats. This preference clearly arose during mtéiritory selection for nest
sites, when birds should pay the closest attention ttapos risk. At least two different
predators with very different hunting strategies (cowb@ad rodents) depredated
experimental nests at elevated rates in willow mido@hts. The nest site selection
strategy that would most effectively avoid predation pisiably depends upon which of
these predators are more important. Neverthelessiclumte that the current strategy

employed by Yellow Warblers is not optimal for avoidmggst predation.
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INTRODUCTION

Habitat selection is the central behavioral processtigh animals choose where to live
and breed. Theory predicts that animals will prefereéhebitats that confer the greatest
benefits to fithess (Rosenzweig 1981, Svardson 1949, Thorpe Fedfermore, since
habitat preference is heritable in a variety of taxoearoups (Jaenike and Holt 1991),
we expect such “adaptive” habitat preferences to be ama@d by natural selection in
wild populations. However, contrary to this basic theoat&xpectation, studies of a
variety of taxonomic groups provide substantial evidencenfadaptive preferences
(reviewed by Battin 2004). These empirical observations aemn rise to the
“ecological trap” concept.

The term “ecological trap” was originally used to desclimations in which
populations favor less than optimal habitats despitavb#éability of better habitats
(Gates and Gysel 1978, Misenhelter and Rotenberry 2000). tRietast in ecological
traps has focused on the potential implications of ttagenservation biology (Battin
2004, Schlaepfer et al. 2002), which arises from their potéatiareaten population
persistence particularly for populations that favor exely poor quality habitats
(Delibes et al. 2001, Donovan and Thompson 2001, Kokko aner&uitd 2001, Kristan
2003). However, regardless of the impact of traps on populdynamics, the presence
of traps raises an important question for evolutionaojogists: why do some
populations favor non-optimal habitats? Due to the gtioterest in the consequences of
traps to conservation, some authors restrict theintiefis of “ecological trap” to

describe situations either where populations favor sinkdtaliBattin 2004, Part et al.

35



2007), or where maladaptive preferences are caused by anthm@pdigeurbance
(Schlaepfer et al. 2002). However, any system in which pbipak favor relatively low
guality habitats is of interest to evolutionary ecologgy] use the original, more
inclusive, definition of an ecological trap (in sensudgsaand Gysel 1978, Misenhelter
and Rotenberry 2000) in this paper.

Studies of birds have provided much of the empirical evidénoecological
traps. Nest survival is an important component of aviaeds (Ricklefs 1969, Lack
1966, Saether and Bakke 2000) and predation is usually the maino¢aest failure
(Martin 1993, Nice 1957, Ricklefs 1969). Consequently, predasian important agent
of natural selection that has strongly shaped the awnlof avian traits (Collias and
Collias 1984, Martin 1995), so ornithologists expect birds lecsaest habitats that
maximize nest survival and minimize predation risk (Bekb&le1989, Martin 1998).
However, a number of studies document preferencesfotalh associated with reduced
nest survival and elevated predation rates (Gates and & Misenhelter and
Rotenberry 2000, Shochat et al. 2005). These traps are ggtieoaljht to have arisen
because anthropogenic disturbance has disrupted nest pieglawoior, distributions, or
community composition in ways that are not recognizetitzs selecting nest sites
(Chalfoun et al. 2002). However, why these populationsrdskbontinue to prefer high-
predation habitats is not well understood.

Some consideration of spatial scale is likely neggdsaunderstand ecological
traps for birds, since both habitat selection and processkslying habitat-predation

patterns arise at multiple spatial scales (Wiens. €987, Chalfoun et al. 2002, Chalfoun
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and Martin 2007). When considering habitat selection, at te@sspatial scales are of
interest. At a relatively coarse scale, birds sdbeeeding territories to accommodate
multiple activities, including foraging, roosting, and negtiAt a finer scale, birds select
microhabitats from within their territories for partiaulctivities, such as nest site
microhabitat in which nests are established. Nest pogdsihould most strongly
influence nest microhabitat selection, whereas teyrdgelection may be shaped by other
factors, such as food availability (Shochat et al. 2008eed, many purported traps for
birds (reviewed by Robertson and Hutto 2006) may arise becadsesblect territories
on the basis of food availability at the expense of sasvival (Shochat et al. 2005,
Chalfoun and Martin 2007). Habitat can also influence petation at either coarse
scales by influencing predator number and distributionsl{@haet al. 2002), or at finer
scales by influencing their hunting strategies and/or aegsiction (Martin 1993, Schmidt
et al. 2001). Birds should pay the greatest attention tcstiaée habitat predation patterns
while selecting nest sites from within their terries;i whereas coarse-scale habitat-
predation patterns are more relevant to territory seleand should therefore have a
greater potential for “trapping” birds.

Here, | present evidence for an ecological trap for a ptipal of Yellow
Warblers Dendroica petechigthat breed along Rush Creek, a tributary of Mono Lake,
CA. | found nest site selection to be “trapped” by predatisk despite the expected
importance of predation to habitat selection at thisesé&llow Warblers preferred to
nest in willow-dominated microhabitat patches even thdoagls that built their nests in

non-willow microhabitats experienced lower predatioesal his maladaptive preference

37



was apparent over a substantial time period (nine y&aingn the relatively fine spatial
scale at which this trap arises, trade-offs between poedask and other agents of
selection are unlikely. By considering important nestiaters and how they contribute
to habitat-predation patterns, | explore the extent tchvalternative nest site selection
strategies would be more effective for avoiding nestigtien. However, regardless of
which strategy would be most adaptive, the nest siteteelestrategy currently

employed by Yellow Warblers does not minimize nest predatsk.

METHODS
Study Species and Location
Yellow Warblers are an open-cup, shrub and tree-nestioyopical migrant passerine
that breeds mainly in riparian habitat across North AcagLowther et al. 1999). Yellow
Warblers are th®. p. brewsteri(considered synonymous with p. morcomisee review
in Heath, 2008). Males establish territories, femalescs@lest sites, build nests, and
incubate the eggs, and both parents feed the young. Nunpeulaor species prey on
Yellow Warbler nests, and they are also a commondfdke brood-parasitic Brown-
headed Cowbird (Lowther 1983). Although this species is nimail conservation
concern of globally (IUCN 2008), Yellow Warblers are @ifornia State Species of
Special Concern (Shuford and Gardali 2008).

| conducted this study along lower Rush Creek, the largbstadry of Mono
Lake, east of the Sierra Nevada mountain range ifio@aith (2020 m, 3%4'N,

119°10'W). A detailed description of the historic and curregetative, hydrologic and
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management conditions of lower Rush Creek are providedd&r&édy and Heath
(2004). In summary, the riparian habitat along Rush Creekd®s recovering from
decades of extreme water diversions that ended in 1990vastbltk grazing that ended
by 1994 (Hart 1996, SWRCB 1994).The lower reach of the streaow dominated by
three species of willowSalix exiduaS. lucida S. luted and interspersed by Woods’ rose
(Rosa woodsji which forms large, continuous stands (as much as 50-1@09ma&tross)
in various locations scattered throughout the ripariandmt The extensive pre-
diversion canopy layer dominated by cottonwod®spulus balsamiferasp
trichocarpg is now mostly absent, but willows do grow as high-&8sréeters in some
areas. The adjacent upland is dominated by big sagel#uem(sia tridentaty but also
includes bitterbrushRursia tridentatd and rabbitbrushGhrysothamnus nauseosus.
The recovery of riparian vegetation has partially resdrthe encroachment of sagebrush
into the riparian corridor. However, sagebrush stilhfs a substantial component of the
shrub layer along Rush Creek (McBain and Trush 2003).

Along Rush Creek, male Yellow Warblers arrive and esthli@rritories in early
May, and females initiate nests starting in late May eontinue initiating new attempts
following nest failure through the first week of Julye®ators either observed
depredating nests along Rush Creek (either directly orwiddo monitoring) or
suspected of depredating nests include garter sndkamfiophisp.), mice (Muridae/
Cricetidae), least chipmunk$gmias minimus raccoonsFrocyon lotoj, weasels
(Mustelasp.), Western Scrub-Jasghelocoma californicg Black-billed Magpie Rica

hudsonid, wrens (Troglodytidae), and Bullock’s Orioleterus bullockij Chapter 1). In
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addition, Brown-headed Cowbirds parasitize ca. 50% of WeWarbler nests in our
study area and are also documented nest predators (Arads@36, Chapter 1).
Second brood attempts after successful first broods (ase@po re-nesting after nest
failure) were rarely observed in the Mono Basin (PRBPublished data) and were not
observed along Rush Creek during this study. Individual Yelarbler pairs occupy
exclusive territories encompassing a substantial@rgparian habitat (0.29 + 0.17ha)

from which they select nest sites.

Fieldwork

Yellow Warbler nest monitoring, demography, and habitat measurenvetitsy

Warbler nesting demography was monitored along Rush Creak2060-2005 as part of
a wider riparian songbird monitoring program conducted by PRB@servation

Science. The study plot during this period consisted3¥ laa. plot of riparian habitat
along 2.3 km of Rush Creek. From 2006-2008, | continued studyingw'@arbler
demography along Rush Creek focusing specifically on théaathip between nest
habitat preference and predation risk for Yellow WarblBrging this period, |
monitored nests on the upper half (1.0 km) of the RushkGteely plot, encompassing
20.3 ha of riparian habitat. During the entire study peffRBO and | determined the
location and number of all distinct breeding territokigthin the study plot using season-
long observations of territorial behavior (singing bebgawimultaneous nesting,
aggressive behavior), and found and monitored as many ngsissiisle within these

territories (Martin and Geupel 1993, Robbins 1970). We found hes?0-94% of all
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territories in any given year. We visited each nefasdt once every four days and
recorded contents until the nest failed or fledged yowweminimized disturbance to
vegetation near nests and avoided attracting predatacsive nests. Specific
precautions included minimizing observer contact with vegetaurrounding nests to
avoid leaving scent trails, checking multiple locationaddition to the nest location to
confuse any predators potentially following observers, speradirittle time as possible
at the nest when checking it, and avoiding checkingsvelsén potential nest predators
were within line-of-site of the observer (Martin andu@el 1993, Robbins 1970).

We measured Yellow Warbler nest habitat use by measurerghmabitat at nest
sites, focusing on metrics of shrub structure and composithese metrics included (1)
overhead cover, (2) willow cover, (3) willow stem cayr{8) Woods’ rose cover, and (5)
non-riparian shrub cover (mainly sagebrush). FoltlmMartin et al. (1997), we
measured overhead cover with a densiometer and thefotineneasurements across 5-
meter radii circles centered on each nest. In addiverrecordedhest substraté.e.,
whether willow, Woods’ rose, or sagebrush supported tbg atnest sites, and we also
estimated concealment and nest height which | descaibgé@nalyzed in more detail in a
separate, parallel study (Latif Dissertation Ch.2)cufed my study mainly on the
structure and composition of the shrub layer becauseopework on Yellow Warblers
(Knopf and Sedgewick 1992) demonstrated structural featutbe shrub layer to be of
primary importance to Yellow Warblers selecting negssit

We measured habitat availability by measuring microhahitatralom sites using

the same metrics applied to nest sites. From 2001-2005, PRBSuned nest habitat
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available to all riparian bird species along Rush Creek asorerg microhabitat at sites
centered on each of 30 random points per year. They ged¢hase points within the
boundaries of the study plot using ArcGIS software (EBFI6). From 2006-2008, |
focused availability measurements along Rush Creek sglgifan nest habitat
available to Yellow Warblers by centering my measurememggotential nest shrubs
nearest to each random point generated during this periog Blosh Creek. Potential
nest shrubs included any shrub capable of supporting a Yellabl®Y nest (verified
with previously-used nests) except for rabbitbrush, sve@ever found nests in
rabbitbrush probably due to its inadequate structural integrity

In addition, for an analysis of Yellow Warbler neabhtat preference that
controlled for variation in habitat availability amohggrritories (see below), | needed to
measure habitat availability within individual territori@ghich required measuring
multiple random sites per territory. In 2006, | digitizedtle Yellow Warbler territory,
randomly selected thirty of these territories, and ramggenerated three random points
within each of these thirty territories (90 points total)2007 and 2008, | generated a
grid of 514 points spaced ~20 meters apart spanning the entienpufrthe study plot
(in these years the upper sub-plot), and we took measnterite431 sites randomly
selected from this grid. | then overlaid digitized temes over grid-sites in ArcGIS and
assigned each measured site either to the territolhywithich it was contained or to the
nearest territory. Grid sites located more than 20 rmeuatside any territories were not
assigned to any territories. This process was repeateadbryear, so each measured

grid site was linked to up to three territories (i.e., oneypar from 2006-2008).
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Experimental nest monitoringn addition to monitoring natural nests, | also
monitored experimental nests along Rush Creek from 2006-200&cidatk the
mechanisms underlying habitat-predation relationships. Betelsat can be
manipulated for experimental nests (i.e., | selectedrarpeatal sites), habitat-predation
relationships for experimental nests allowed me bothfés causal relationships
between habitat and predation rates and to investigate Waimtat features were most
closely related with predation risk. In addition, siegperimental nests lack parents and
since parental behavior can also influence predationaigierimental nests allowed me
to measure the direct effects of habitat on predatoile wbntrolling for any potential
indirect habitat effects that could arise from effesigparental behavior (Martin 1992,
Weidinger 2002). Finally, | placed clay eggs in experimergaisithat recorded bite
impressions useful for distinguishing between avian versientgredators (Dion et al.
2000, Weidinger 2002). | used these to determine which of thespragdators were most
influenced by habitat features of interest. Because andmrodent predators differ in
behavior, morphology, and natural history, they can feet&d by habitat in different
ways, so information on predator-specific habitat-predattationships also provides
useful information for identifying the most likely mechansslinking habitat with
predation risk.

| ensured that data from experimental nests were reléwygmedation risk
experienced by Yellow Warblers by constructing experimemsiis that simulated
Yellow Warbler nests as closely as possible. Each arpatal nest consisted of a

previously-used Yellow Warbler nest containing one passerinéfregqg a Zebra Finch
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(Taeniopygia guttafg and one clay egg, which | monitored for a maximum of 4% da
(i.e., the average Yellow Warbler egg period) using the saotecol as | used to
monitor natural nests. | considered nests depredated witdrefygs were either
damaged or removed and/or if bite impressions were lefaineggs. After monitoring, |
measured habitat characteristics using methods identita$e performed for natural
nests, and identified the predators responsible for ggyie-marks when possible.

In 2006-2007, | monitored experimental nests in 140 sites repireganbroad
range of microhabitats most commonly used by nestingpWelVarblers (i.e., in rose and
willow) from June to early July. To allow us to digiinsh between the effects of patch
structure on predation risk and the effects of otherhedstat features, | minimized the
correlation between microhabitat variation and vamain other nest site attributes (i.e.,
concealment, nest height, and substrate) by stratify)ipgremental nest placement
among both levels of site-scale attributes (i.e., >880430%, and <30% concealed sites;
< 75cm and > 75cm sites; rose and willow nest shrubs);lasdes of patch-scale
microhabitat structure (i.e., willow-dominated and roseyti@ted patches).

In 2008, | used experimental nests to determine if habitatcaaelated with
predation risk at a spatial scale that would allow YelNdarblers selecting nest sites to
mitigate predation risk. Since nest sites are chosen Within territories, Yellow
Warblers can only use nest habitat selection to evadetpredgpredation is affected by
microhabitat at a within-territory scale. However, sigoods’ rose grows in large
contiguous patches along Rush Creek, rose-dominated mimtathpatches are not

evenly distributed across the riparian landscape. Constdguarger scale habitat effects
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on predator densities could potentially drive microhabitatiation relationships, in
which case Yellow Warblers could only evade predators legtieg low-predation
territories. At the territory scale, factors sucHasl availability may trump the influence
of predation risk on habitat selection since territoaiesselected for activities other than
nesting (e.g., foraging; Shochat et al. 2005).

To examine the spatial scale of habitat effects on goegdtmonitored 30 pairs
of experimental nests (60 nests total) arranged to glissh microhabitat-predation
effects from territory-scale effects. For each pame nest was placed in a site
characterized by preferred habitat (i.e., a willow-dongidatatch) and the other was
placed in less preferred habitat (i.e., a patch dominatedhsr Woods’ rose or
sagebrush; see results of preference analysis). In@ddifplaced members of each pair
ca.10-30 meters apart, which is a distance smaller headiameter of most Yellow
Warbler territories. Therefore, sites occupied by membéeach pair represented two
alternative choices that an individual nesting fencaleld have made. Furthermore, this
distance is probably smaller than the home rangesptedator types of particular
interest: chipmunks and corvids (Bowers et al. 1990, LeaméMares 1996, Curry et al.
2002, PRBO unpublished data, Trost 1999), so sites occupied by sagainalso

represented alternative foraging locations for indiviguatators.

Data Analysis
Habitat Preferencel identified preferred nest habitat features and quantifieltb

Warbler nest habitat preference by analyzing differebeéseen nest site habitat

45



measurements (i.e., habitat use) and random site measusefie., habitat availability).
| analyzed these differences primarily using MultipleaBsis of Variance (MANOVA)
and discriminant function analyses (DFA). MANOVA teaster differences between nest
and random sites with respect to variables describing habitat patch structure. Given
significant differences, | used DFA to calculate linfarctions of habitat variables that
best discriminated between nest and random sitesdiseriminant functions;
Tabachnick and Fidell 2001). Discriminant functions esséyndaiscribed habitat
gradients associated with preferencepm@ference gradient@Misenhelter and
Rotenberry 2000), and the value of any individual site cakedlasing such a function
was apreference scor@.e., the location of a site along a preferenceigrapabbrev
PrefScr). | identified preferred and avoided habitat feathyereferring tdoadings(i.e.,
correlation coefficients between raw habitat varialaled preference scores), referring
only to loadings > 0.32 (Tabachnick and Fidell 2001).

To control for variation in observers and measuremsestbcol among years, |
separated the data into three time blocks, 2001-2003, 2004-2005, and 200&r20008,
carried out separate preference analyses for each efptheieds. Because of the
difference in protocol used to sample habitat availakiit¥006-2008 (i.e., random site
measurements were centered on shrubs instead of pospade), | analyzed preference
for this period separately from the other periods. In addifrom 2001-2005, different
observers measured random sites each year, so | dividethtaset into two similarly
sized subsets collected by different sets of obsebyeseparating 2001-2003 data from

2004-2005 data. Because | analyzed preference separatelysiithhee time periods, |
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generated three preference gradients: PG1 from 2001-2003 dat&oRt2004-2005
data, and PG3 from 2006-2008 data.

| also analyzed preference exhibited by Yellow WarblerRosh Creek from
2006-2008 using a procedure that controlled for variation in hahitalability amongst
territories. This procedure was based on analyzing therelif€es between nest and
random sites within individual territories. First, | iddéied major axes of habitat
variation using a principal components analysis (PCAathbick and Fidell 2001)
applied to grid site habitat measurements (2007-2008 sites brdtained all
components (PCs) with eigenvalues > 1 (Tabachnick and Bigf@ll). | scored all nest
sites and random sites along retained PCs. | thenlagdduthe mean score for nest sites
(i.e., habitat use by individual birds) and the mean sayreahdom sites (i.e., within-
territory habitat availability) for each territoryoslg each habitat gradient. Finally, | used
factor loadings (correlations between PC axes and/aaiables) to interpret which
habitat gradients were described by the PCs, focusing sjadlgifon loadings > 0.32
(Tabachnick and Fidell 2001). | analyzed within-territoryeti#éinces between mean
scores along PC axes for nest versus random siteg nasidomized-complete-block
ANOVA models (one analysis per PC). Each ANOVA modeluided a territory
parameter (i.e., block) and a Preference parametediffeeence between nest means
and random site means within territories; i.e., treatin@s sources of variation (Sokal
and Rohlf 1995).

In addition, | included two parameters that accountedi®etfects of sampling

effort when measuring habitat availability as covariateSNOVA models. Inadequate
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sampling effort when measuring habitat availability (rendom sites) would elevate
sampling error, which could give rise to spurious diffeesnigetween nest and random
sites particularly for those territories within whikbitat availability was sampled the
least. As an index of sampling effort, | computed thegu@rarea of individual territories
sampled (PAS) by random site measurements (PAS = @@manites x 78.5 [the area of
a 5-meter radius circle]) / area of the territory)jmand | included PAS as well as an
interaction term, PAS*Preference, as sources oftianian randomized-complete-block
ANOVA models. | calculated F-values using Type Ill SumSagfiares, so by including
PAS and PAS*Preference as covariates in ANOVA moded¢sPreference parameter
only accounted for the contribution of pair-wise diffezes between nest and random site
PC score means after controlling for the potential imibeeof sampling effort.

Nest survivalMy analysis of nest survival was based on calculating darvival
rates (DSR), so | assessed the fate of a nest @aelatnest was checked by an observer.
| considered natural nests to have “failed” when no Yellgarbler eggs or nestlings
remained in the nest, the nest was abandoned by the paresigs remained un-hatched
substantially past the normative incubation period (11.3;dBO unpublished data). |
considered nests that contained only Brown-headed Cowdmslar nestlings as having
failed. | considered nests that initially containedhbéellow Warbler eggs and cowbird
eggs but subsequently hatched only cowbird eggs as having falkedatnday. | defined
failure for experimental nests previously.

To analyze the relationship between habitat prefererd@est survival, | fit

generalized linear models describing DSR as a function &drprece scores (PScr’s) and
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covariates to data from nest monitoring ugingc genmodSAS 9.1; Shaffer 2004).
Covariates included three temporal variabjesr, date (within-season timing expressed
as the day of the year), asthge(egg vs. nestling (within-nest cycle timing)); one spatial
variable:sub-plot(upper vs. lower half of study plots); apdrasitism statusi.e.,
whether the nest contained viable cowbird eggs or nestlungn observed). All of these
variables were found from preliminary analyses to beetated with DSR, so | included
all these variables as covariates in DSR models, &tihonly year and date were
included in DSR models fit to experimental nest data simtgthese variables applied to
experimental nests. In addition, | included parameters idesginteractions between
PScr’s and covariates in DSR models to look for spatiedmporal inconsistencies in
preference-survival relationships.

| analyzed the statistical evidence for preference-surv@lationships by
comparing the fit of DSR models that included PScr’s miedictor variable to the fit of
models that included only covariates. | used one of hades of model fit: Akaike’s
Information Criterion corrected for sample size (Al®r an equivalent variant that
corrected for over-dispersion (QAJCFrom these indices, | calculated Akaike weights
(w), which provide the relative weight of evidence foriwlial models within a given
set of models on a scale from 0-1. Dividing the weighdrad model by the weight of
another produces an evidence ratio (ERs), which provigese¢ight of evidence of one
model over another irrespective of the set of modeld tesealculate the Akaike weights
(Burnham and Anderson 2002). | calculated evidence ratiqgedéerence models

compared to covariate-only models (ERVsscr-model Weovariate-only-modgl t0 €xamine the
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weight of evidence for preference-survival relationships ER < 1 would indicate poor
evidence for a particular preference effect, wheredsRam 1 but < 2 would indicate
marginal evidence and an ER > 2 would indicate relativebngtevidence for a
particular preference effect. For each set of modtetis & particular dataset, | decided
whether to derive model weights and evidence ratios &ty or QAIC. depending
upon a variance inflation factor (c) derived from a goodnéss statistic (¢ =¢°cor/
d.f.; d.f. = 8) applied to a model containing the maximum nurabexplanatory
variables appearing in the model set (i.e., the “globaliel). When c > 1, | used QAIC
to calculate model weights, for which | divided log-likelod value by ‘c’ and thus
corrected for over-dispersion (Burnham and Anderson 2002lI¥i | tested for
inconsistencies in habitat effects by examining evideneesrgtr PScr*covariate
interaction relationships (ERWpscrcovariate-model Wadditive-PScr-modgh

In addition to examining the statistical evidence fafg@rence-survival
relationships, | also examined the relative magnitudedaedtion of habitat effects on
nest survival by referring to parameter estimates andstaendard errors and by
graphing period nest survival rates (NSR = RQER® x DSRuesting *; 14.3 = mean # days
for laying + incubation, 9.8 = mean # days from hatchiniietiging; NSR = DSK for
experimental nests) and their confidence intervals gloefgrence gradients (Powell
2007, Shaffer and Thompson 2007). To facilitate comparisongaingéers, |
standardized preference scores for nests (P8gcriminant score — mean discriminant
score) / s.d. of discriminant scores; where mean ahdvere calculated from natural nest

values) before fitting preference models to the data.
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Fledge numbert-ledge number is a component of fecundity that is noiwatted
for by my metric of nest survival, and therefore couddi&-off with predation risk. |
modeled fledge number for successful nests (FN = fledgdeufor nests that produced
at least one Yellow Warbler fledgling) as a linear fumctof various combinations of
preference scores and covariates upimag genmodSAS 9.1). | modeled fledge number
as a linear function of habitat variables and covariated calculated evidence ratios for
habitat effects on fledge number using the same procedmieyerd to analyze habitat
effects on nest survival. Fledge number models includededr@ates that improved
model fit in preliminary analyses. | examined evident®saas well as parameter
estimates and their standard errors for habitat eftectedge number to evaluate the
potential for trade-offs between fledge number and nestval.

Mechanistic analyse$ conducted two mechanistic analyses of habitat-predatio
relationships. The first of these was aimed at dete@ngnwhich habitat features were
most directly related with predation risk. | was ingteel in whether microhabitat patch
structure or the shrub species supporting the nest (ste-scale feature) had a greater
influence on predation risk. So, | fit models describindR(S a function of all possible
combinations of three variables to data from naturabn@stese variables included
scores along principle component axes retained fromvahin-territory preference
analysis (PC1 and PC2; i.e., microhabitat patch strucaumathe shrub species
supporting the nest (i.e., Substrate). In addition,d ilsnodels describing DSR as a
function of all possible combinations of PC1 and Substmatata from 2006-2007

experimental nests (excluding PC2 from these models dirse hests were not placed
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in sagebrush). | calculate@riable weightgi.e., the sum of the Akaike weights for
models containing the variable of interest) to examinedlaive importance of each
variable for predicting nest (Burnham and Anderson 2002).derdo examine the
magnitude of these relationships, | also calculated paeamstimates, NSR estimates at
various points along habitat gradients, and standard eBpesreraging across models, |
derived values that were independent of model structurel@ar and Anderson 2002).
In addition, shrub structure could affect nest preddiypmfluencing nest concealment
(Martin 1993, 1989), so to control for potentially confoundingos@alment effects, |
included concealment parameters reflecting known relatipsdiatween concealment
and DSR (i.e., a quadratic model for experimental negtaaoncealment year
interaction model for natural nests; Dissertation2Chs covariates in all of the models
for this analysis. We did not include nest height es\ariate in these models because
height was not found to be a good predictor of nest suriussertation Ch. 2).

My second mechanistic analysis examined whether haiffeatted predation risk
at a within-territory spatial scale (i.e., the scalevhich nest habitat selection could
evade predators) by analyzing data from 2008 experimentgbaies. | compared nest
survival for experimental nests between habitats on axpsér-basis. | computed the
number of days each nest survived (survival tialdgrev.ST) assuming that depredated
nests failed half-way between the penultimate andiltireate nest check, and that
successful nests survived for 14 days (the average lentthk dkllow Warbler egg
period). | used a randomized-complete-block ANOVA modeh&iyae variation in ST.

In this model, | included a class variable that accountethécontribution of the nest
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pair to ST (i.e., the block), which | named Locatiord arHabitat parameter (i.e.,
preferred or less preferred habitat), which accounted fompse differences in ST (i.e.,
treatment; Sokal and Rohlf 1995). | also included Concedlasea covariate in this
model to control for potentially confounding effectsnest concealment on predation
risk.

Habitat effects on avian versus rodent predatdsexamine the contribution of
avian versus rodent predators to preference-survival neddtipps, | modeled predator-
specific bite rates of clay eggs as a function of erpental nest preference scores and
covariates using logistic exposure models (Shaffer 2000xhEse models, | defined a
nest as ‘failed’ only when a bite impression by the predgpe of interest was left in the
clay egg within the experimental nest being observed.li®anhalysis, | excluded data
from observation periods during which the nest was depretatew identifiable bite
impressions were left in the clay. For models of abita rates, | considered nests
depredated by rodents to have ‘survived,’ but | truncated thdrdatahese nests at the
point of depredation, and | did the opposite for rodent isotleised these models to
calculate predator-specific bite rates (PSBR = 1 - P)S#tong preference gradients. |
only modeled the relationship between PSBR and PG3, s$iiscpreference gradient had

the strongest relationship with nest survival (see below).

RESULTS
Habitat PreferenceDuring the study period, nest sites were generally &gsocwith

more willow and less non-riparian shrubs when compareanidom sites. In addition,
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Woods'’ rose did not differ as substantially between negtrandom sites, and these
patterns were generally consistent across time pefidal§variate F-values testing for
differences between nest and random sites were sigmiffor all time periods and
overhead cover was associated with the largest pokagdings on all preference
gradients (Table 2.1). Across all nest and random sitesl614), overhead cover was
positively correlated with willow variables (willow ger:r = 0.64; willow stemsr =
0.20), and negatively with non-willow variables (rosearor = -0.26; non-riparian
cover:r =-0.31; all P < 0.001), so higher overhead cover atsitestwas probably a
consequence of the presence of more willow shrubssasites. The positive loadings of
willow cover and stem counts on preference gradients sutip®interpretation.
Preference gradients were negatively loaded by nonaipaover and had weaker
loadings with rose cover, indicating an avoidance oflzagh and relative ambivalence
towards Woods’ rose. The three preference gradien®usih Creek were all highly
correlated with each other (for nest and random sateeng PSet1, PSceg2 and
PScegsall 's > 0.80), so Yellow Warbler preference was generallgistent across
time. The distributions of nest and random sites ajeference gradients were clearly
different but also overlapped substantially (Figure 2d.),was confident that random
sites could have been occupied by nests and were theeafaitable to nesting Yellow
Warblers.

When comparing nest versus random sites within teegplialso found that
relative to random sites, nest microhabitats wereacherized more by willow than non-

willow and more Woods’ rose than sage brush. From the &ipAied to 2007-2008 grid
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site measurements, two components had eigenvalues > 1 gTabl&he first component
(PC1) was loaded positively by willow variables and negatilsglnon-willow variables,
indicating that this axis describes a habitat gradient mgrigpm willow-dominated
microhabitats at its positive end to non-willow micabltats at its negative end. The
second component (PC2) was most strongly positively bhglesagebrush cover and
negatively by rose cover, so this axis describes a gnafieen microhabitats
characterized more by Woods’ rose to those charaetenore by sagebrush. Mean
differences within territories (nest site means - ramgdge means) were positive for PC1
(0.36) and negative for PC2 (-0.29), indicating that measd®@es for nests favored the
willow end of the PC1 gradient and the Woods’ rose endeoPtC2 gradient (Figure
2.2). F-values associated with within-territory differeagere both highly significant
(Preference parameters; Table 2.3). On average, 19.6% & 20) of individual
territories were sampled by random site measuremefA&aRd PAS*Preference were
marginally significant sources of variation in meanresalong the PC1 axis, but
Preference was still a significant source of vasiagven when controlling for the effects
of sampling effort.

The relationship between preference and nest surniv@alind consistently
negative relationships between nest survival and habitaegtadissociated with
preference. From 2000-2008, we found and monitored 728 activeat@msfjsRush Creek
in which we observed at least one Yellow Warbler eggestling. Of these, 481 failed
and 247 succeeded. We attributed 374 (78%) failures to nestipnegh@aking predation

the predominant cause of failure for natural nests. &tir &xperimental and natural
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nests, evidence ratios for two out of three preferanceival (PG-DSR) relationships
were > 2 and all estimates for parameters describing BRB+Blationships were negative
(Table 2.4). From the parameter estimates for reldtipason Rush Creek, | calculated
NSR estimates for natural nests ranging from 0.29 + 0.0%9e14 + 0.06 s.e., 0.27
0.07 s.e.t0 0.16 £ 0.06 s.e., and 0.32 = 0.07 s.e. t0 0.12 £ .0 m the less preferred
ends (PScr = -2) to the more preferred ends (PScref Pg1, PG2, and PG3
respectively. Experimental nest NSR ranged from 0.22 + 0e0%0s0.10 = 0.03 s.e., 0.19
+0.051t0 0.12 £ 0.04, 0.24 + 0.05 s.e. to 0.07 = 0.03 s.e. frotagkereferred (PScr = -
1) to the more preferred (PScr = 1) ends of PG1-R, PG2WRPG3-R respectively.
Thus, from preference-survival models, | calculated 40-64%gedses in NSR (period
survival) for natural nests and 39-72% decreases in NSR gerimental nests from less
preferred to more preferred ends of preference gradigmisthe largest decreases found
along PG3 (Figure 2.3). | also found little evidence for PG&ciawe interactive
relationships with DSR (all ERs < 1), so preference-survelationships were fairly
consistent across time, space, and parasitism status.

Fledge numberFledge number was not related with nest habitat preferén
found little evidence for relationships between PGt fatdge number, and parameter
estimates for these relationships were small and ttegidard errors were large (Table
2.5).

Mechanistic analysed.he shrub feature that was most strongly and consligte
related with predation risk for both natural and expertadarests was the degree to

which microhabitat patches were characterized by willeem DSR models fit to
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natural nest data, PC1 (representing a gradient frolovwib-non-willow dominated
patches) was associated with the largest variable tyeigh model-averaged parameter
estimates for this relationship were negative (Table R16§lel-averaged NSR estimates
for natural nests decreased by 53% from the negative fmosieve end of the PC1
gradient (from PC1 of -2 to 2, NSR decreased from 0.32 + 0e070s0.15 = 0.05 s.e.).
From models fit to 2006-2007 experimental nest data, variaditghts for PC1 versus
substratedid not differ as substantially as they did for natnests models, probably
because of a stronger correlation betwadrstrateand PC1 among experimental nests (
= 0.58). However, model-averaged parameter estimates$ydledicated lower nest
survival rates in willow compared to rose, and model-averafgR estimates for
experimental nests during these years decreased by 38% &amgative end (PC1 = -
1.5) to the positive end (PC1 = 1.5) of this gradient (NS#Redesed from 0.24 + 0.07 s.e.
to 0.15 + 0.06 s.e.). Finally, since all models contairme@ealment parameters as a
covariate, relationships between structure and nesttpredeere not explained by
differences in concealment among shrub types.

For experimental nest pairs monitored in 2008, survival time substantially
lower for nests placed in willow microhabitats. Witlpak difference in PG-0608 scores
between willow nests minus non-willow nests were adlifpee (min = 0.02; max = 3.53;
mean = 1.76), so willow nests consistently occupied tefeped end of this gradient.
Nests in willow microhabitats were depredated substantadter than their counterparts
in either rose-dominated or sagebrush-dominated microha#&srerred— S Tnon-preferred

= -6.5 dayssd = 5.8), and these pair-wise differences contributed signifly to
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variation in ST among nests (Table 2.7). Furthermoreli®hot differ substantially
between rose nests (9.6 + 4.8 sxds; 15) and sagebrush nests (10.1 + 4.7 8.d.15; P

= 0.67), so the presence of willow was the main haletgufe associated with variation
in ST among 2008 experimental nests.

Avian and rodent predation along a preference gradi€fay eggs were bitten at
higher rates by both avian and rodent predators in prefevidmly microhabitats. In
2006 and 2007, out of 140 experimental nests monitored, 77 clayveggsbitten by nest
predators. Of these, 50 were distinguishable as avian bitesn238 as rodent, and 4
marks were not identifiable. Avian predators left scragcipokes, and/or bite
impressions that were clearly shaped like the insideeofipiper and lower mandibles of
a bird bill. Rodent bite impressions were also discernaptbe distinctive double-tooth
impressions left by their incisors. Since my experiaktésign in 2008 differed from
2006 and 2007, | generally analyzed the data from 2008 separaglpr@vious
analysis). However, to compensate for low samplingpdént bites, | supplemented the
rodent dataset with data from nests monitored in 2008 (6 awlitiodent bites were
recorded out of 60 nests monitored in 2008). | found strong sedi®r a relationship
between PG3 and bite rates for both predator types and pamd@heters associated with
these effects were both negative (Table 2.8), tranglatio substantially higher

estimates of avian and rodent bite rates in preferrecbhabitats (Figure 2.4).
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DISCUSSION
Evidence for an ecological trap
| found substantial evidence that Rush Creek represemtsodoygical trap for Yellow
Warbler nest habitat selection. Yellow Warblers showptegerence for microhabitats
characterized by willow, which was positively assodatéth predation risk, and this
preference was apparent even when | controlled foatani in habitat availability
among territories. Although, not all preference gradibats statistically strong
relationships with nest survival (i.e., PG2; Table 2.4),gpezfce-survival relationships
were consistently negative. In addition, PG3 had tlengest negative relationship with
nest survival, and this gradient was particularly relet@ryellow Warbler nest habitat
preference, since random site measurements upon whigradient was based (i.e.,
from 2006-2008) were centered on potential nest shmlagldition, preference was
generally consistent across time periods, and wasalsgistent with preference patterns
found on the other creeks in the Mono Basin (Latdletn Prep.), so nest habitat
preference appears to be relatively stable for this papualanhd consistent across the
Mono Basin. | also found very little evidence for hetgmneity in the relationship
between preferred habitat features and predation risksainaoes or space. Thus, within
the time-frame of this study, Yellow Warblers continugligferred nest habitats that
were consistently associated with relatively higidpt®n risk.

| used non-random habitat use (i.e., a difference bethedgitat use and
availability) to document habitat preference (Jones 200iihwhas been challenged as a

tool for documenting maladaptive habitat preference (Rabheesd Hutto 2006). The
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major problem with using non-random use as a metric oéparée is that variation in
territory density, which is not necessarily an indeprafference (Bock and Jones 2004),
may drive non-random use patterns. However, sincettaltad for variation in habitat
availability among territories, nest habitat use pastelacumented in this study are not
likely driven by variation in density at the territoryage.

Willow habitats are the most mesic, whereas Woods' habé&ats are more xeric,
and sagebrush is the most xeric (McBain and Trush 2003)elsmwWarblers
essentially prefer the most mesic microhabitats ésting. Data on Yellow Warblers
gathered from the three neighboring riparian systertigifMono Basin also indicated a
preference for mesic nest habitats (i.e., charaeitizy willow or cottonwoodRopulus
trichocarpg), and these habitats were also associated with loestrsurvival rates and
high predation risk (Latif et al. in Prep.). Thus, thislegical trap reflects a general

pattern for the Mono Basin.

Trade-offs between predation and other agents of natural selection

Yellow Warblers may continue to prefer high-predation lzbiif preferred habitats
benefit fitness components other than nest survival entmughtweigh costs incurred by
predation risk. Adult mortality may be elevated at tbstrsite since the attention of
adults are focused on nest attendance or if vegetstiwounding the nest obscures
approaching predators (Gotmark et al. 1995). However, prefe(B&2) was only
weakly correlated with vegetation density at the nigst(ise., concealment) among

natural nestsr(= -0.11,n = 665), and to my knowledge, nest habitat relationships with
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adult songbird mortality are not documented. Furthermar@,ld think of no reason
why predation risk would be lower for adults attending niestallow microhabitats, and
variation in fecundity is generally more importardrthadult survivorship to relative
overall fitness for small passerine birds (Clark and M&®07, Saether and Bakke
2000). Therefore, a trade-off between nest survival and saiivorship seems unlikely
to shape nest habitat preference.

Two additional agents of natural selection that may tdtievith predation risk
are food availability and brood parasitism by cowbirds. Bdtimese factors are
documented to influence brood size (Hoover 2003, food limitageiewed by Martin
1987, brood parasitism effects: Lowther et al. 1999), butndmo trends in brood size
along preference gradients. Predation rates may alsargoamith brood parasitism
(Arcese et al. 1996, Tewksbury et al. 2002), and | did find margvidence for habitat-
parasitism relationships (Q. Latif and PRBO unpublished) dallawing for potential
interactions between parasitism and predation, but ldfmoanevidence for such
interactions in these analyses. Food availability caldd influence the ability of birds to
re-nest following failure, which is an important componainecundity (Powell et al.
1999, Powell and Knutson 2006), and nestling mass at fledging, wiaiglaffect
juvenile survivorship (a less studied but potentially impdrtamponent of fecundity;
Powell et al. 1999). However, since Yellow Warblers dofeedl from the nest site,
habitat selection at the territory level or at largeatial scales should have a much
greater influence on food availability than microhalstsiection for nest sites (Chalfoun

and Martin 2007, Shochat et al. 2005).
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Could optimal microhabitat selection mitigate predation risk?
Depending upon which habitat features affect predation ndkhaw these features are
related to predator behavior, Yellow Warblers may be iabkgpof using nest habitat
selection to effectively evade predators. Since preddrabitat increased predation for
experimental nests, these habitats are clearly inflagmmedators directly, either by
attracting predators to them or by hindering their ability tecteor access nests.
However, unlike in other systems (Chalfoun et al. 20023 ators were clearly being
influenced at a within-territory scale, given the legpredation rates the willow
members of 2008 experimental nest pairs (Table 2.7), and tis spatial scale at
which nest habitat selection can mitigate predation hiskddition, microhabitat patch
structure was most closely related with predation rig&amEnts of patch structure could
increase predation risk either by increasing the qualitgraiging opportunities for
predators or by presenting physical obstacles that impedatprenovement (Crabtree et
al. 1989, Bowman and Harris 1980, Schmidt and Ostfeld 2003). Tresasiated with
Woods'’ rose could impede predator movement, however thewtit-non-willow
gradient (PC1) was more closely associated with pradask for natural nests than the
rose-sagebrush gradient (PC2), and 2008 experimental nestedyugt as long in
sagebrush as they did in rose. Sagebrush habitat isnioti[zally dense, so the most
likely factor attracting predators to willow is increaserhging opportunities.

Recent studies demonstrate that birds are capable ofiagjosest habitat
selectivity in response to direct experiences with preddReluc et al. 2008; Chapter 3,

Eggers et al. 2006, Forstmeier and Weiss 2004), so a greatantgra@ate with
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predators has the potential to cause birds to avoid wiltwever, if predators actively
search for nests, avoiding willow may simply causelatars to shift their foraging effort
to whichever habitats Yellow Warblers favor. Active tresarching by predators would
cause predation to be positively correlated with nestityesiace predators would search
more intensely where nests are more abundant (Schnaidvaelan 1999). However,
predation rates on natural nests are negatively reldthdrellow Warbler territory
density, contradicting the predicted pattern given nestisieay by predators (Chapter 3).
In addition, some predator types are more likely to seateh than others, so we
can consider which predators are depredating nests at higesiin preferred habitats.
Predators with large home ranges are more likely talsdar nests since home ranges
would contain enough nests to make nest-searching a viabtgrig strategy for
individual predators. Being obligate brood parasites, cowbimisgbty exhibit the most
sophisticated nest-searching behaviors of any nest predatsthgr 1983, Banks and
Martin 2001), and corvids and medium-sized mammalian predatersso thought to
display nest-searching behavior on a facultative baste{tit and Whelan 1999,
Vigallon and Marzluff 2005). Brown-headed Cowbirds were tleelpminant avian
predator, but corvids (e.g. Clark’s Nutcracker, AmericaagMe, Western Scrub Jay and
Common Raven) also posed a substantial threat toingbis system (Chapter 1). These
predators may look more intensely for nests in predemigrohabitats where they
probably encounter them more frequently. However, smallrgt@redators such as
rodents are less likely to search for nests sinde llbene ranges are relatively small

(Schmidt et al. 2001). Therefore, since willow microhabita¢re associated with higher
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predation rates on experimental nests by both avianaai@ht predators, the nest-
searching hypothesis alone is not sufficient to explain pvlgation rates are higher in
preferred microhabitats. The most likely explanatmmhigher rodent predation rates in
willow microhabitats is that these habitats are neddyiproductive, especially in contrast
with the available alternatives, and therefore cdfgariety of predators the best foraging

opportunities for favored food items.

Population consequences of this trap

According to theory, a potential consequence of an gwalbtrap is either population
extinction, or the formation or exacerbation ofr&ksuch that the population is sustained
by immigration (Donovan and Thompson 2001, Kristan 2003, Dedéibak 2001). From
nine years of observation (PRBO and Latif unpublished diefaynd no evidence that
Yellow Warbler population densities are declining along Rugek; ~ 85-100 breeding
territories consistently occupied the study plot through 20@b~ 60-70 territories have
occupied the upper sub-plot through 2008. Furthermore, prelimesjts of a
population viability analysis, which accounts for appareuitasurvival calculated from
the return rates of banded birds, indicate this populadide tself-sustaining (Heath et al.
in progress), so Rush Creek does not appear to constitevera £nough trap to threaten

population persistence.
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The likely origins of maladaptive preference and how it is maintained

The most likely explanation for why Yellow Warblers gnehigh-predation habitats is
that nest habitat preference is shaped in other pattie &fellow Warbler range.
Contrary to patterns found in the Mono Basin, studigs/aother locations in California
found higher nest survival rates in mesic microhabita¢st Nurvival is relatively high in
White Alder microhabitats in Shasta County (reviewed bathi@008), and in “core
riparian habitats” in montane wet meadows in the nomtBéerra Nevada Mountain
region (Cain et al. 2003). The latter study finds that poedanvade riparian habitats
from surrounding conifer forests, so nests in the ripat@e are relatively inaccessible
to these predators. Furthermore, not all mesic microhsabmay be associated with high
predation rates even in xeric landscapes. Heltzel antsE&006) did find higher
predation rates in willow habitats within another sagsebiandscape, but they also
found relatively low predation rates and high nest surwivaspenRopulus

tremuloide$ habitats, which may result from the unique physicalfestof aspen that
reduce nest accessibility to predators (Richardson amd&f Wall 2007). Gene flow
and/or intermixing of individuals among populations that eepee different predation
regimes may counteract the ability for individual popale to adapt to local conditions.
The relatively high predation regime observed in theadViBasin may arise in part
because predators focus their foraging efforts in relstimesic and productive
microhabitats while avoiding the relatively xeric altives. This xeric-mesic gradient is
probably less pronounced in other systems. Variatiolnarstrength of this gradient

would be less likely to influence cowbird nest predationdiff¢rences in predation
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regimes among systems suggests that cowbird nest prebat@yior does vary among
localities.

The propensity for birds to adapt their nest habitat peaters to local conditions
may be further modulated by their life history. The impoce of life history is apparent
by comparing Yellow Warbler behavior to the nest habeécsion behavior of Willow
Flycatchers Empidonax trailli), a species that also breeds along Rush Creek and builds
nests similar in structure to Yellow Warblers. Wheréablow Warblers along Rush
Creek prefer willow, Willow Flycatchers in this systéuild their nests exclusively in
Woods'’ rose (McCreedy and Heath 2004). Given their siifida in nest structure,
experimental nests simulating Yellow Warbler nests silsmlate Willow Flycatcher
nests, so Willow Flycatchers would probably also expegenigher predation rates in
willow if they nested there. The exclusive use of Woadsk as a nesting substrate is an
aberrant behavior for Willow Flycatchers (McCreedy &teath 2004), so this preference
may arise from local adaptation or from an adaptive \aera response to the local
predation regime. Strong site fidelity (nesting in thkitad in which one was raised)
could also give rise to a preference for rose (i.e., wimene nests survive), but | am
unaware of any studies documenting an influence of siéditfy on nest site selection of
songbirds.

In contrast with Yellow Warblers, Willow Flycatchemsay favor low-predation
habitats because they have less opportunity to re-nestvingl nest failure. Whereas
Yellow Warblers will initiate nests over a six weekipd (late May to early July) and a

24 day nesting cycle, Willow Flycatchers have only foeelss to initiate nests (mid-June
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to mid-July) and a 30 day nesting cycle. Because of thgir, Within-season re-nest rates
(up to 6 attempts; PRBO unpublished data), strong diffedenti nest survival may not
translate to equally strong differentials in fecunddy Yellow Warblers, so natural
selection favoring preference for low-predation nebitats may not be particularly
strong. By contrast, nest predation probably imposesvaiahigher costs on Willow
Flycatcher fecundity and overall fitness, so theqgradably greater selective pressure on
Willow Flycatchers to select low-predation nest hdbita

One caveat to this hypothesis is that due to high rateootl parasitism by
cowbirds and consequently high nest abandonment rates toigmades, Rush Creek
currently represents a sink for Willow Flycatchers B@Runpublished data). Therefore,
the data necessary to measure nest predation raiReghrCreek Willow Flycatchers in
any microhabitats are not available since nests do natedong enough for predators
to find them. However, considering the differences betwéslow Warblers and
Willow Flycatchers with respect to both nest habitéct®n behavior and life history,
larger differentials in predation risk may be necessashape nest habitat preference in

Yellow Warblers than are present in this system.
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TABLES

Table 2.1 MANOVA results and preference gradient loadings. P-vafoeall three
time-blocks were < 0.001.

Preference Gradients

PG1 PG2 PG3
Multivariate F-values 18.1 12.8 17.08
degrees of freedom 5, 388 5, 309 5,704
Loadings

Overhead Cover 0.71 0.88 0.78
Willow Cover 0.39 0.56 0.50
Willow Stems 0.39 0.27 0.57
Rose Cover 0.28 0.01 -0.16
Non-riparian Cover -0.70 -0.71 -0.48

Table 2.2. Eigenvalues, percent variation explained, andrfledings for the two

principal components retained from a PCA applied to gies $rom 2007-08. -- denotes
loadings < 0.32.

PC1 PC2
Eigen Value 2.49 1.20
% variation accounted for 49.8 24.0
Loadings

Overhead Cover 0.81 --

Willow Cover 0.94 --

Willow Stems 0.65 --

Rose Cover -0.62 -0.66

Non-riparian Cover,  -0.39 0.80
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Table 2.3. Analysis of within-territory preferené&eferenceparameters represent pair-
wise differences between mean PC scores for nesiveandom sites within territories.
PASandPAS Preference account for the effects of sampling effort csenked
microhabitat variation.

Sum of F-
PC Source df Squares value p-value
1 Preference 1 6.31 6.31 22.04 <0.001
1 Territory 168 169.80 1.01 3.53 <0.001
1 PAS 1 0.91 0.91 3.17 0.08
1 PAS*Preference 1 0.90 0.90 3.14 0.08
2 Preference 1 2.90 2.91 16.49 <0.001
2 Territory 168 128.81 0.77 4.34 <0.001
2 PAS 1 0.33 0.33 1.89 0.17
2 PAS*Preference 1 0.29 0.29 1.62 0.20

Table 2.4. Nest survival along preference gradientss&RWescr/ Weovariates only K = #
parameters in each model. The natural nest data seteddij803 observation days (n
effective) taken from 732 nests; experimental nestidataded 764 observation days
from 141 nests. The variance inflation factor (c) fatunal nest models = 1.45 (based on
the PG0405 model), and ¢ = 0.43 for experimental nest models (bastd ¢ G-0103
model), so model weights are based on QAYC natural nest models and on AlGr
experimental nest models.

Nest Type Model K AAS,IA\?CJ Wi ERpscr Bpscrt S€
C
PG-0608 14 0.0 0.69 10.4 -0.16 £ 0.05
PG-0103 14 2.8 0.17 2.6 -0.12 £ 0.05
Natural Covariate-only 13 4.6 0.07
PG-0405 14 4.7 0.07 0.98 -0.08 + 0.05

Intercept-only 1 52.6 <0.01

PG-0608 4 0.0 0.65 8.2 -0.34£0.14

PG-0405 4 2.2 0.21 2.7 -0.23£0.12
Experimental Covariate-only 3 4.2 0.08

PG-0103 4 5.2 0.05 0.6 -0.14£0.14

Intercept only 1 7.4 0.02
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Table 2.5Fledge number and nest habitat preference. Evidence fzdi@sneter
estimates and standard errors for linear regression maiaimg fledge number to
preference gradients (FN; ERMsscr+covariates' Weovariates ont). N = 246. Date and parasitism
status were the only covariates that related strongty FN.

CP;I;Z]‘:iI'eenr;CG ERPrefScr ﬁPrefScri se

PG1-R 0.36 0.001 + 0.061
PG2-R 0.36 -0.013 + 0.059
PG3-R 0.36 0.001 + 0.061

Table 2.6. The relative importance of particular shrabuiees for predicting nest
survival. Variable weightsaarianie) @and model-averaged parameter estimgipf( two
patch-scale variables: PC1 and PC2, and one site-scalblgasubstrate Models
containconcealmentovariates, so these values control for known eff@cteoncealment
on nest survival (a quadratic relationship for experimemdsi models, and a
concealmerfiyear interaction for natural nest$hubstratefOr willow was set to zero.
Parameter estimates were averaged across modelstianed the parameter of
interest. Experimental nests from 2006-2007 were not placghebrush, so PC2 was
not included as a predictor variable in experimental mestels. For the global
experimental model, ¢ = 1.50, and for the global naturalmedel, ¢ = 1.26, so variable
weights for all models were based on QAIC

Nest Type Variable Wariable Model-average@ * s.e.
PC1 0.76 -0.17 £ 0.08
PC2 0.39 -0.09 £ 0.09
Natural

Rose: -0.35 £ 0.20

Substrate 0.41
Sagebrsuh: -0.01 = 0.27

: PC1 0.50 -0.35+0.20
Experimental
Substrate 0.66 Rose: 0.44 + 0.29
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Table 2.7. Pair-wise habitat effects on survival time2fad8 experimental nests. The
Habitat parameter tests for a significant within-pairedéhce in ST controlling for
variation in ST among nest pairs and the effects n€ealment.

Sum of
Source df Squares MS F-value p-value
Habitat 1 633.8 6338 22.0 <0.001
Location 29 501.7 17.3 3.5 0.47

Concealment 1 26.4 26.4 1.6 0.22

Table 2.8. Models examining variation in predator-specifie inifpressions in clay eggs.
N effective (n_eff) provides the number of observation diagisided in the datasets to
which these models were fit.

Predator n_eff Model k AAIC, Wi ERescr- ﬁpG 0608 BPG_Se
Type 0608 -

PG3 4 0.0 0.94 20.3 -0.56 0.20
Avian 741.5 Covariatesonly 3 6.0 0.05

Intercept only 1 8.6 0.01

PG3 4 0.0 0.87 10.3 -0.58 0.23

Rodent 1149.5Covariatesonly 3 4.7 0.08
Intercept only 1 57 0.05
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FIGURES

Figure 2.1. Frequency distributions of nest and randomadeg three preference
gradients generated for three time periods: 2001-2003, 2004-2005, 2006-2008.
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Figure 2.2 Within-territory differences between nest and randi@ssEach point shows
the difference between the mean score for nestaitd$she mean score for random sites
within a particular territory from 2006 to 2008 along Rushekre
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Figure 2.3. Estimates and 95% confidence bands for nestauate NSR for natural
and experimental nests along three population-level gradergradients.
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Figure 2.4. Avian and rodent bite rates (an index of prededi®s) along a preference
gradient (PG3).
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Chapter 3. Evidence that “adaptive peaks” shape Yellow Warblenest site selection
ABSTRACT

Nest predation is a major limitation to avian fithesspirds should select nest sites that
minimize predation risk. However, many empirical stuéggsto find significant
relationships between natural variation in predationarsk preferred nest habitat
features. Such findings may be explained if birds occupyptagapeaks.” Birds may
exclusively select nest site features that confeimahpredation risk, making predation
rates constant with respect to natural variatiomest site structure, despite elevated
predation rates in unoccupied nest sites. | testedatmgtive peak hypothesis” for a
breeding population of Yellow Warblers with respect to twest site features:
concealment and height. | monitored experimental weitiéh and outside concealment
and height ranges naturally occupied by Yellow Warbletsné$ound particularly strong
evidence for a concealment-related adaptive peak, or mtHadaptive plateau.”
Predation rates for both natural and experimental nests wirelated with concealment
among nests within the natural concealment range, Ipatriexental predation rates were
much higher in extremely exposed sites (< 30% concealesly @rcupied by natural
nests. Furthermore, in 2001 the location of this adaptategu shifted, and during this
year, Yellow Warblers adjusted their nest site sefegin favor of low-predation
concealment levels. Clay egg bite data identified aviadaiors as contributing the most
to concealment-predation relationships, making the presdrasgan predators a
potentially useful cue for Yellow Warblers to track ches in predation pressure. The

nest height relationship with predation risk interacteith wiicrohabitat patch structure,
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making a height a poor predictor of predation risk and thexeelatively useless as a

cue for nesting birds attempting to locate predator+est space.

INTRODUCTION
Selection gradient analysis provides a tool for visuadizhe relationship between
phenotype and selection in nature. It representsrdtestep in the selection process,
which is differential fitness (i.e., reproductive sugex individuals as a function of
their phenotype (Lande and Arnold 1983). The second steip ke phenotypic
distribution of the offspring that are produced. Given déiftial fitness, the distribution
of phenotypes in successive generations should shift toweardeareshdaptive peaka
region in trait space where fitness is locally maxeudi (Fisher 1930). However, many
field studies fail to detect statistically significaetationships between phenotype and
fitness (Kingsolver et al. 2001), perhaps in part becausea@olutionary response of
natural populations to selection. Given a strong adaptspgorese, all the phenotypes
expressed in a population may occur close to an adaptke ipewhich case the fithess
variation necessary to document the process of naeiedtion would not exist in nature.
As a consequence, researchers often experimentallpex@dural phenotypic
distributions (i.e., phenotypic engineering), thereby omprg their power to document
the adaptive process (Anholt 1991, Sinervo et al. 1992).

Ornithologists have used selection gradient analysensively to study the
adaptive significance of avian nest habitat selectionopen-cup nesting terrestrial

species, nest survival is an important component of fitmedgredation the predominant
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cause of nest failure (Martin 1993, Lack 1966, Ricklefs 1969).,Tdm&hologists look
for positive correlations between preferred nest hafatdtires and nest survival, as well
as negative correlations between these features addtn risk. Although many studies
do find such relationships (Bekoff et al. 1989, Martin 1998, Kelly 1888tin and
Roper 1988), numerous studies fail to detect significantomabitat-predation
relationships, leading some researchers to doubt thetiamoe of predation pressure in
shaping nest site selection (Hoover and Brittingham 199&ow#nd Cooper 1998,
Bisson and Stutchbury 2000, Boulton et al. 2003, Rangel-Sadtaahr2008). However,
most studies may fail to document an adaptive significahoest site selection in
because they only measure natural variation in prededtes. If birds only nest near
adaptive peaks and thus avoid high-predation nest habitati&tipn patterns that have
shaped nest site selection would not be adequately repidgmatural variation in
predation rates (Schmidt and Whelan 1999). Therefore, toughly examine the
adaptive significance of nest site selection, reseasamust measure predation risk
outside the microhabitat range normally occupied by repsiins.

| examined the adaptive significance of nest habitatsetefor a population of
Yellow Warblers Dendroica petechigby measuring relative predation risk outside the
natural nest habitat range occupied by this populationukxton correlating predation
with gradients in two nest site features: concealraadtheight. Although we expect
these habitat features to influence predation risk frone@hanistic view (Martin 1993,
Schmidt 1999), many studies fail to detect correlations l@tweese features and natural

predation rates (Chase 2002, Murphy 1983, Best and Stauffer 19B@eFét al. 1994,
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rewiew in Martin 1989). Similar to findings in other studigsthis study natural
predation rates for Yellow Warblers were generallycmtelated with either
concealment or height, yet Yellow Warblers did occdisyinct height and concealment
ranges that differed from the range of sites availabteém. To unveil potential adaptive
peaks in the context of predation risk, | monitored expemtad nests within and outside
the concealment and height ranges occupied by natural fesénsure that experimental
patterns of predation risk across an extended range alevamt to Yellow Warblers, |
designed experimental nests that mimicked natural Welltarbler nests as closely as
possible and calibrated experimental predation patternducahpatterns recorded
within the natural habitat range. | supplemented experimaraaipulations with an
examination of inter-annual variation in both nest tahise and selection gradients.
Recent work documents the ability of birds to assimilafirmation from observations
of predators into nest site selection decisions (Eggteak 2006, Peluc et al. 2008)
allowing for responses to temporal variation in predgpi@ssure when selecting nest
sites (Forstmeier and Weiss 2004). Therefore, | examimether nest habitat use along
concealment and height gradients responded to inter-aremigion in the form of
predation-based selection gradients. Finally, | analgzta from bite impressions left in
clay eggs to investigate predator-specific habitat relatipasfiihese data allowed me to
consider the potential mechanisms underlying the adapthdsdape unveiled by

experimental nests.
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METHODS

Study System

Yellow Warblers are a shrub-nesting neo-tropical migpasserine that breeds in
riparian habitat across North and Central America @bewet al. 1999). Males establish
territories, females select nest sites, build nestd,incubate the eggs, and both parents
feed the young. For this study, Yellow Warblers were studieng Rush Creek, a
tributary of Mono Lake, CA. This study was a collabivakffort that spanned from
2000-2008. From 2000-2005, PRBO Conservation Science monitored Ye#tollers

as part of an all-species riparian songbird monitoring pragPRBO’s study area
included a 38.4 ha., 2.0 km-long section of Rush Creek (Heath2006a, Heath et al.
2006b). In 2006 - 2008 | continued monitoring Yellow Warblers albegupper 20.3 ha,
1.0 km-long sub-plot of the PRBO study area. The shiydy along Rush Creek is
dominated by three species of willo®glix exiduaSalix lucidg andSalix luteg, but is
also characterized by a substantial component of WaoodésRosa woodsji as well as

a somewhat smaller sagebrush component (mainly big sag€Bintestmisia tridentats
further details in Chapter 2). Predators observed deprgdasis along Rush Creek
(either directly or with video monitoring) included garteakes Thamnophisp.), mice
(Muridae and Cricetidae), least chipmunKarfias minimus raccoonsRFrocyon lotoj,
weaselsustelasp.), wrens (Troglodytidae), and Bullock’s Orioletérus bullockij
Chapter 1). In addition, Western Scrub-Jayshelocoma californiceand Black-billed
Magpies Pica hudsoniacommonly breed along Rush Creek. Magpies are documented

nest predators elsewhere in the Mono Basin (Chaptand)both these species are
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documents predators of open-cup nests in other systenssg@teet al. 2004, Preston
and Rotenberry 2006, additional studies reviewed by Richaetsain2009).
Additionally, brood parasitic Brown-headed Cowbirt#o(othrus ate) parasitized
49.5% of Yellow Warbler nests along Rush Creek (PRBO arich{f unpublished data),

and are also a documented nest predator (Arcese et al.igg&ers 1, 4).

Natural nest monitoring and habitat measurements

PRBO and | monitored Yellow Warbler nests from May btigh August 15 in all years
(2000 — 2008). We relied on behavioral cues to find as manyfoests many breeding
territories as possible within the study site (Martid &eupel 1993). We used
observations of territorial behavior to locate alldatimg territories within the study area
(Chapter 2), and we found nests for 70-94% of all teresolocated in any given year.
Thus, | am confident that the nests we monitored adegusgteipled the population
members breeding within our study site. Furthermore, by maxigithe number of
territories sampled, we distributed our nest-searcHiogte evenly across space and
microhabitat types. Once a nest was located, we vidieeddst at least once every four
days and recorded its contents until its fate (i.dyriaior success) was determined. We
considered nests to have “failed” when no Yellow Warbggs or nestlings remained in
the nest, the nest was abandoned by the parents, oreeggised un-hatched
substantially past the normative incubation period (11.3; ®BBO unpublished data
derived from Mono Lake birds). We considered nests thattwowed only Brown-headed

Cowbird eggs or nestlings to have failed and nests thatllyitontained both Yellow
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Warbler and cowbird eggs but subsequently hatched only cowbirdeebgse failed on
hatch day. We took various precautions to avoid leading fmexdi@ nests under
observation (Martin and Geupel 1993, Robbins 1970).

Once nest fate was determined, PRBO and | measureddi@habitat structure
at each nest site. We measured concealment by visstiltya¢ing the percent of the nest
concealed while standing one meter from the nest in ebsix directions: above the
nest, below the nest, and from each of the four watdirections. For the analysis
presented here, we calculated the mean of the regslikrestimations to obtain an
overall index of concealment. We measured nest heigitt fhe ground (or water surface
for nests over standing water) to the base of theawgs We also measured the structure
and composition of the shrub layer for microhabitat lpegdi.e., 5-meter radii circles)
surrounding each nest, and identified the species and raddberheight of the
individual shrub supporting each nest. Prior to measuringdtabithe field, observers
participated in numerous calibration sessions aimed @tmmng inter-observer
measurement consistency. Following training, estimatpgm@ent shrub coverage and
concealment varied no more than 20% between observers.

To provide habitat availability measurements for analgéésbitat preference
(i.e., for comparisons with nest habitat use; Jones 20@igasured concealment and
height at random sites. | measured sites at 30 poimi®naly chosen from a grid of
points spanning the 2006-2008 study plot (point generation protocadipdoin Chapter
2). | identified the shrub nearest to each point and capdldupporting a nest, and

visually scanned each of these shrubs for the mosteted site. | recorded the height of
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the shrubs associated with random points and the hafigktected sites within each
shrub. | also placed a previously used Yellow Warbler aiesaich site, which | used to
measure concealment. Selection of these sites wasawnpletely random process since
concealment was maximized within the selected shrub. krwsince shrub selection
was random, | was less selective than a bird attempingaximize concealment from
the range of sites available within its territory. Tlere, random site measurements
provided a useful point of reference for assessing concetimd height preferences for

Yellow Warblers.

Experimental nest placement and monitoring

| monitored experimental nests for this study during twedirg seasons: 2006 and
2007. Experimental nests consisted of previously used Y&llavbler nests each
containing a real passerine egg and a clay egg. Passering@erggamilar in size to
Yellow Warbler eggs and were obtained from captive ZelmehHTaeniopygia guttata
colonies and stored according to standard protocol (De@nadflaier 2001) until
deployed in the field. Clay eggs were made by hand to tdsdhe size and shape of real
eggs using modeling clay (Figure 3.1) and recorded distinguishéblenpressions of
either avian or rodent predators (also used by Dion @988, Weidinger 2002). When
considering differences in morphology, foraging behawad natural history between
these two types of predators, information regarding whichesfe predators contributed
to observed habitat-predation relationships helped to etedida mechanistic basis for

these relationships. To facilitate their recoverfgrimed clay eggs around fishing weights
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anchored with fishing line to woody stems near the nestQilike Yellow Warbler
eggs, finch eggs and clay eggs were not speckled, but availaddance suggests no
effect of egg coloration on predation risk (Major etl®96, Major and Kendal 1996). |
monitored experimental nests according to the same praisedIto monitor natural
nests for a length of time equivalent to the average eggdp@e., the combined laying
and incubation period) for Yellow Warblers in the Monasi (~14 days; PRBO
unpublished data). | considered nests depredated when §jgstdesappeared or were
damaged, or when bite impressions were left in clay eggenltored experimental nests
for a maximum of 14 days, after which | recorded any predgpes identifiable from
clay egg bites, and measured habitat using a protocol idetatided one applied at
natural nest sites.

| placed and monitored 140 experimental nests from 2006-2007ribualistl
these nests among sites both within and outside heidhtaartealment ranges typically
occupied by Yellow Warbler nests. | relied on previous olag&ms of Yellow Warbler
nests to identify typical and atypical sites in whiclplace experimental nests. However,
| ultimately categorized nests as occurring within oridateatural habitat ranges based
ona posteriorianalyses of nest site measurements. In additionubegaicrohabitat
shrub-species composition is correlated with nest poedask in this system, |
distributed experimental nests between the two majoromabitats known to differ

predation risk; i.e., willow-dominated and rose-dominatedt@hiabitats (Chapter 2).
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Data Analysis

Nest habitat selectioo identify natural height and concealment ranges dlow
Warblers, | referred to relative frequency distributioheatural nests along habitat
gradients. Before generating distributional plots, dusee-way ANOVA models fit to
the data using PROC GLM in SAS 9.1 (SAS 9.1; Cary, Nodtolha) to examine the
significance of variation in concealment and heightes@mong years. Given significant
variation (p < 0.05), | examined yearly means and staretands to identify atypical
years. Ignoring atypical years, | then generated frequéistributions for natural nests
for the entire study period (2000-2008), and | identified tlauiral habitat range” as the
range within whick» 80% of Yellow Warbler nests were found. In addition, rghe
apparent, | identified steep drop-offs in nest distributiensadural range limits. Finally,

| gauged the extent to which the range occupied by Yellowblafarduring the
experimental period (2006-2007) represented typical habitat usensaby gauging the
extent to which 2006-2007 distributions fell within the natuaabe identified from
2000-2008 distributions.

To determine if nest habitat use was a product of actiview&Varbler
preferences, | compared concealment and height saoreatiral nest sites (i.e., habitat
use) to random site scores (i.e., habitat availabiiyres 2001). Since the process used
to select random sites upwardly biased concealment measoig nest concealment
scores significantly higher than the random site scameuld indicate a positive
preference for concealment, whereas nest conceabuoergs equal to or lower than

random site scores would constitute ambiguous resultshHg@s not inherently biased
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at random sites, so in so far as height was uncteckelaith biased random site features
(i.e., concealment), random site height scores deasea useful point of reference for
identifying preferences in either direction. Additionatlye two major shrub types
occupied by Yellow Warbler nests along Rush Creek diff@hysical structure.
Specifically, willow are taller and have a sparsef #aicture than non-willow shrubs
(i.e., Woods'’ rose and sagebrush; Latif pers. obs.) andw &Varblers prefer willow
(Chapter 2). Therefore, | had arpriori reason to expect nests to be less concealed and
higher than random sites even if Yellow Warblers paidliinect attention to concealment
or height when selecting nest sites. Thereforellaavaassessment of the actual
importance of concealment and height to Yellow Warbést site selection, | analyzed
concealment and height relationships with the shrpb iy which nests were found. If
height or concealment preferences were potentiallyocmafed with the known
preference for willow, | separated preference analggeshrub type. | used t-tests
(assuming equal variances) to examine the significandéfefences between nest
versus random site mean scores (Sokal and Rohlf 1995).

Nest survival analysesanalyzed habitat relationships with nest survival fohbot
natural and experimental nests using logistic exposurehwmalels daily nest survival
rate (DSR) as a function of one or more explanatanables (Shaffer 2004). Logistic
exposure is a discrete survival analysis that uses diewbttigit link function with a
binomial distribution. The time period between nestkbevas treated as the observation
interval and accounted for nests being observed forrdiftdengths of time. | assumed

that individual nests were independent samples, anditogigiosure models were fit to
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the data using PROC GENMOD (SAS 9.1). To determine the dbmatural selection
(i.e., directional, stabilizing, or disruptive; Lande and Adnt®©83), | modeled DSR as a
function of parameters describing both linear and quadedaitonships with height and
concealment scores.

| analyzed the statistical evidence for DSR-habitatioglahips using evidence
ratios derived from comparing the fit of logistic exposmn@dels (hereafter DSR models)
to data from nest monitoring within an information theisrBamework (Burnham and

Anderson 2002). | first calculated model weighty from differences in Algscores 4;)

between a given model and the best-fit modek(e” /> e* ; wherej = the total # of
o]

models in a set of models). | then calculated exaderatios to compared the fit of models
with a parameter of interest to equivalent modetbaut that parameter (ER=wWmogei(s)-
with-parametér ZWmodel(s)-without-paramettr 1 NUS, @an ER < 1 would indicate no improvemerfitin
with the parameter and thus a lack of evidencé¢hiereffect of interest, whereas 1 < ER <
3 would indicate marginal evidence, and an ER >08ld/indicate strong evidence for a
particular habitat parameter (Burnham and Andegfl?). As a supplement to marginal
evidence ratios (1 < ER < 3), | provide p-valuesrirlikelihood ratio testg&df)

comparing models with versus without parameteiatefest. | verified the adequacy of
model structure by examining the goodness-of-finofdels. | relied partially on a
variance inflation factor (c %ZGoodness-of.ﬁ[ df) calculated for the model with the most
parameters within each set of candidate models tfe global model), where ¢ > 4

would indicate poor model structure (Burnham andekson 2002). In addition, |
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supplemented this quantitative goodness-of-fit criterioh @dtimates of nest survival
within discrete categories along habitat gradients ofasteil his procedure is analogous
to comparing plots of observed versus predicted valuesdaraoy linear regression
(Shaffer and Thompson 2007). To examine the directiorseadgth of selection
gradients, | plotted model estimates and 95% confidena#sifannest survival rates
along habitat gradients (NSR = DSR_Efg« DSR_nestling® (natural nests) or DSR
(experimental nests); exponents = the length of e¢bgror nestling periods).
Confidence bands were calculated by applying the delta chédhstandard errors for
logit estimates from logistic exposure models (Powell 2@baffer and Thompson
2007).

All DSR models included a suite of covariates to cdritnroheterogeneity in nest
survival not of direct interest. From preliminary analyaed from previous work
(Chapters 1 & 3), | found substantial effects (ER > 1) @@ty Date (day of the year),
Stage (egg vs. nestling), Plot (the upper vs. the lowéphtie study site), Parasitism
(i.e., brood parasitism status), and microhabitat structn@SR, so | included all these
variables as covariates in DSR models where applicalge pnly Year and Date for
experimental nests). Microhabitat structure was reptedday nest scores along a
principle component axis (PC1) that represented a gradamntwillow-dominated
(positive) to non-willow dominated (negative) microhabgatches. | looked for
heterogeneity in the strength and direction of selagyradients by examining the

improvement of model-fit with concealment or heightovariate interactions (ER =
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Winteraction-model Wadditive-moda- ONly interactions that improved model fit (ER > 18 ar
discussed.

My examination of the role of adaptive peaks in shapirsg siee selection began
with an analysis of DSR-habitat relationships wittie hatural habitat range. If adaptive
peaks shape Yellow Warbler nest habitat selection, natesasurvival should be
uncorrelated with habitat within the natural range. Tottestprediction, | analyzed
concealment and height relationships with natural sstival for the entire study period
(2000-2008) using the procedure just described. In addition, lectthie utility of
experimental nests for exploring the predation-based agdptidscape by comparing
experimental predation patterns with natural patternsimihe natural range. |
considered experimental nests useful for measuring relptedation risk outside the
natural habitat range in so far as experimental predptitierns paralleled natural
patterns within the natural range. Since my main oljeatias to measure relative
predation rates along habitat gradients, absolute diffeseingpredation rates between
natural and experimental nests did not invalidate the fusgperimental nests as a tool
for unveiling adaptive peaks (Figure 3.2).

To compare natural and experimental predation patternswngtural
microhabitat ranges, | fitted logistic exposure modetsvtbdatasets that included data
from both natural and experimental nests monitored durmg@xperimental period
(2006-2007). One of these datasets excluded data from outskiattinal concealment
range (i.e., > 80% and < 30%) and the other excluded dateofntsie the natural height

range (i.e., < 75cm). | made natural and experimental B8Ra&es from this analysis

94



comparable by excluding observations of natural nests tnemestling stage and from
nests that experienced fates not observable at expé¢aimests (e.g., abandonment).
Logistic exposure models fit to these data included Yeate, and the categorical
covariate, Type, which accounted for absolute differenc&SR between natural and
experimental nests. | fitted model sets that includepaaisible combinations of either
linear or quadratic habitat effects as well as habifBype interaction effects on nest
survival. | fitted a model set describing various combinatafrncealment-DSR
models to the 30-80% concealment dataset and a set of-Baigival models to the > 75
cm data set. | calculated evidence ratios for interagt@rameters (ER Winxn_modd
Wadditve_moddl t0 €xamine the extent to which experimental versusraklabitat-
predation relationships differed. Height and concealmelotes were not strongly
correlated (natural nests= -0.09,n = 141; experimental nests= -0.07,n = 140) and |
found no evidence for height x concealment interast{&R < 1). Thus, independent
analyses of DSR-concealment and DSR-height reldtipasvere warranted.
Habitat-predation relationships across an extended raftgying verified the
relevance of experimental predation patterns to YelWldavblers, | analyzed habitat-
predation relationships across the entire range sanylexperimental nests to
determine if Yellow Warblers occupied adaptive peakstddiDSR models to
experimental data that included Year, Date, and PC1 ed®syias well as all possible
combinations of linear and quadratic, height and conceéaleffatts on nest survival. In
addition, | analyzed habitat relationships with bite impigass left by avian and rodent

predators by fitting DSR models to two derived datasets gataset corresponding to
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each predator type) for which nests were only identifiethdsd’ when clay eggs were
bitten by the predator type of interest. Additionallgxtluded observation intervals
during which nests were depredated by unidentified predatorsuauated observations
of nests that were depredated by the predator type rintepést half-way between the
ultimate and penultimate nest checks. | used DSR métidsavian- and rodent-specific
data to calculate predator-specific DSR estimates, Wwbaroh | calculated predator-
specific bite rates (PBR = 1 - D&JRalong concealment and height gradients. To
compensate for a low sampling of rodent bites, | supplesdethe rodent dataset with
data from nests monitored for a separate study in 2008 (6aaddlitodent bites were

recorded out of 60 nests monitored in 2008; Chapter 2).

RESULTS

Nest habitat use and preference

| identified 30-80% as the “natural concealment range’Yfllow Warblers. | found
significant inter-annual variation in concealment diunal nest sites @gss= 9.2, p <
0.001; sample for this and subsequent analyses excluded atimaswith missing
values). Nest concealment was atypical during 2001 (con8&® mean = 73.3% + 17.0
(s.d.) to yearly means from 53.6% + 17.7 to 61.9% + 22.1herotears), so | ignored
2001 data when identifying the natural concealment rangedtow Warblers. In 2000
and from 2002-2008, > 80% of nest sites (500 of 595 nests) wevedre30-80%
concealed (Figure 3.3A). On average, willow shrubs provieiesiconcealment than non-

willow shrubs. From 2000-2008, mean concealment for nestegla non-willow
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shrubs (65.4%) was higher than for nests in willow shi(%5.5%; ds = 7.0, p < 0.001),
and PC1 (i.e., the presence of willow at the patcrejeeds negatively correlated with
concealmentr(=-0.33,n= 665, p < 0.001).

| identified sites > 75cm as the “natural height range™ellow Warblers. From
2000-2008, 94.7% of nests (673 of 711 nests) occurred at or aboveUbaverage,
nests in willow shrubs were higher (181cm) than in ndfewishrubs (126 cmyz§s =
8.6, p < 0.001), and PC1 was positively correlated with hé¢ight0.27,n = 711). This
difference mainly arose because the height rangeifiorv nests was more extensive at
the upper end of the height gradient (Figure 3.3B). Willomlsh at random sites were
on average taller (330 cm) than non-willow shrubs (133tggw 17.0, p < 0.001), and
nest-shrub height was highly correlated with nest héight0.73,n = 710). Since nest
height increased with increasing nest-shrub heightypper nest height range was likely
constrained more by site availability than by Yellowler site selectivity. By contrast,
nests rarely occurred below 75 cm regardless of micrt#taructure, so this lower
bound is more likely a product of Yellow Warbler behavitnerefore, | only identified a
lower limit to the natural height range. | found sigrafnt variation in nest height among
years (kB 706= 5.5, p < 0.001). Mean nest height in 2008 was especialtydsigvas the
variance (compare 2008: 216 cm £ 126 (s.d.) to other years radnging.38 cm + 82
(2006) — 170 cm £ 84 (2007)). However, since | only identified @tdimit to the
natural height range, 2008 nest heights were not condidessrant in the context of this

study.
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Yellow Warblers occupied sites that were more conceatedhigher than
random sites. Concealment and height scores for haests were significantly higher
than random site scores (Table 3.1). As was the casedb sites, random site height and
concealment scores were not strongly correlated(.26,n = 30, p = 0.16), a non-linear
relationship was not apparent from a scatter-plot, amdlifference in the average
concealment for sites below 75 cm (Mean = 42.1%) andeaBb\xm (Mean = 41.2%)
were not significantly different{t= 0.14, P = 0.88). Thus, nest height preference was
not confounded with preference for concealment. Naghheelection was probably
shaped by a preference for relatively tall nest shrubst $eubs were significantly taller
than randomly located shrubs regardless of the shpgbitywhich nests were placed.
Thus, Yellow Warbler preference for high nest sites vaiseRrclusively a consequence

of their preference for willow (Table 3.1).

Nest predation within the natural habitat range

Predation rates for natural nests were generallylatecewith concealment, but
the data did provide evidence for a difference in the natoradealment-predation
relationship during 2001. | fitted DSR models to data from 6&%rabnests found and
monitored from 2000-2008. Of these, 422 nests failed and 324 ofebdailures (77%)
were attributed to nest predation, so nest predationhegsrédominant cause of failure.
The data provided little evidence for an overall relaiop between concealment and
nest survival (ERBonceaimen= ZWiz+ms+ms / EWizemermo = 1.3; M2 vs. M3¢%yan = 2.5, p =

0.11; (M2 = abbrev. for model 2); Table 3.2), but the data didige evidence for a
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concealment x year interaction (Ef + concxyeam 2Wwvi1+ma+m7 [ ZWviz+me+mo = 4.6; M1

vs. M3y% = 21.3, p = 0.01; Table 3.2). The year associated witlathest concealment
parameter estimate was also the year in which nests eoncealed at aberrantly high
levels (i.e., 2001Bconceaimen= 0.027 Bconcranged from -0.012 (2005) to 0.018 (2003) in
other years). NSR estimates based on a Concealmé&wr<amodel (Model 1; Table 3.2)
increased substantially with increasing concealment in 2Bptontrast during other
years, when Yellow Warblers occupied their normal eafroent range, NSR was not on
average correlated with concealment (Figure 3.3C).

Across the entire study period, natural nest survivalazeed with height, but the
slope of this relationship depended upon microhabitat patettste. Natural nest data
provided evidence for an overall DSR-height relationshiptieidata provided stronger
support for a height x PC1 interactive relationship WB8R (ERyt = ZWwa+ms+m6 /
SWiz+me+mo = 4.8, M4 vs. MB? = 5.1, p = 0.02; ER x pc1= SWuz+mz+m3 | EWia+Ms+M6
= 5.9, M1 vs. M4 = 5.9, p = 0.02; Table 3.2). This interaction effectstated into a
positive relationship between NSR and nest height imwillominated microhabitats
(positive PC1 scores), in contrast with an apparenttiveg2SR-height relationship in
non-willow microhabitats (negative PC1 scores). Howevery few data were collected
from high sites (> 300cm) in non-willow microhabitatsdahis limitation in the data is
reflected in the relatively wide NSR confidence bandhigh, non-willow nest sites
(Figure 3.3D). Therefore, the height x PCL1 interactifecetdocumented here mainly

reflects a higher overall nest survival rate in nodemilmicrohabitats (further
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documented in Chapter 2) coupled with a positive DSR-hegdgationship in willow (the
microhabitat in which natural nest sites spanned a widgerahheights).

From 2006-2007, | monitored 141 natural nests during their egg peoiogl \&ith
140 experimental nests. During this period, the natural nestgied the relatively
exposed end of the natural concealment range (2006: 55.7%8 #s18); 2007: 53.7% +
16.1). However, only 9.9% of these nests (14) were < 30%eatettand 4.3% of these
nests (6) were > 80% concealed. By contrast, a suladhamggieater proportion of
experimental nests occupied the lower end (29 nests; 20.i®@bfand the upper end
(18 nests; 12.8% of total) of the concealment gradient (Ei§u¥A). Heights for natural
nests were relatively low in 2006 (138 cm £ 82) and high in 2007 ¢di76 84), but only
7.8% of natural nests (11) were placed below 75 cm. By astinirplaced 31.4% of
experimental nests (44) below 75 cm.

2006-2007 experimental and natural nest data from within theahatinge (30-
80% concealed; > 75 cm) did not provide evidence for alatioe between predation
rates and either concealment or height. None ofdiheealment models fit these data any
better than covariate-only models (Table 3.3), and thaeage for a within-range
Typexconcealment interaction was also very low (&Risymz2+ma) = 0.34, M3 vs. M2
v*1 = 0.06, p = 0.81; Table 3.3). | found marginal evidence forightle Type
interaction (ERug+mi1yvo+mio) = 1.05, M8 vs. Mg = 2.7, p = 0.10), but all height
models were weighted substantially less than the Gdeaonly model (largest Bigmz
= 0.52; Table 3.3), and class-based NSR estimates did not saggeable difference in

experimental versus natural height-survival relationstiggite 3.4D). Unlike evidence
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obtained from across the entire study period, thesepdat@ed no evidence for a
Height x PC1 interaction (Ef&pc1= 0.5,5% = 0.59, p = 0.44; HtxPC1 model compared

to model 8, Table 3.3).

Nest predation over an extended habitat range

Data from experimental nests monitored over extendegesaprovided strong evidence
for concealment and height relationships with predaigk The data supported both
linear and quadratic concealment-DSR relationshipEmR: +me)m7+ms+mg) = 88.7,
ERwm1+Mm3+ms)(m7+ms+me) = 112.7; Table 3.4). The evidence for a quadratic over a linear
effect was not particularly strong (fR+mz+ms)ym2+ma+me) = 1.3, M1 vs. M2 =2.6,p=
0.11; Table 3.4). However, the quadratic model was morestensiwith the pattern
indicated by class-based NSR estimates, i.e., a shdipediecNSR below 30% coupled
with constant NSR above 30% (Figure 3.4C). Experimentdldetta also provided
substantial evidence for a relationship between neshthemgl predation risk across an
extended height range. Both linear and quadratic height madedssupported (linear:
ERm1+m2+m7y(Ms+Me+M9) = 3.6, M1 vs. M5 = 4.7, p = 0.03; quadratic:
ERwmz+Ma+msy(ms+me+mo) = 2.1, M3 vs. M52 = 5.5, p = 0.06), but class-based NSR
estimates were not particularly suggestive of a non+lietfact (Figure 3.4D).
Experimental NSR decreased with increasing height, anghbfeelatively high NSR and
lower predation rates below the natural height rangeifv;3igure 3.4B). Experimental
nest data did not provide evidence for a Height x PClaictien (ERixpc1= 0.44,y% =

0.40, p = 0.53; HtxPC1 model compared to model 7, Table 3.4).
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In 2006 and 2007, of the 140 experimental nests monitored, 77ggayere
bitten by nest predators. Of these, 50 were distinguishalbléas bite marks, 23 as
rodent, and 4 marks were not identifiable. Avian preddédtrscratches, pokes, and/or
bite impressions that were clearly shaped like thelénsf the upper and lower mandibles
of a bird bill. Rodent impressions were discernable by thstinctive double-tooth
impressions left by rodent incisors.

Clay egg data provided evidence for strong effects of comesdlon avian
predation, whereas the data did not provide strong evideneectmncealment
relationship with rodent predation. The data provided gtsupport for both a linear
relationship and a curvilinear relationship between avian poedand concealment
(linear: ERm10+m12)(M14+Mm15) = 43.9, quadratic: ERi1+m13)ym14+m15 = 28.3; Table 3.4),
translating into substantial decreases in avian bies raith increasing concealment
(Figure 3.4E). The data did not provide strong evidence foneealment relationship
with rodent predation (linear: Elgz+mig)mz0+m17)= 0.5, quadratic: Efdz1+m23)(m20+m17)
= 0.3, M19 vs. M1%?% = 0.67, p = 0.41; Table 3.4). However, the class-based RBR
estimate for nests < 30% concealed was notably higheRRB& for nests > 30%
concealed, suggesting a possible non-linear relationshiptalefewith greater statistical
power (Figure 3.4E).

Clay egg data also provided strong evidence for a heighioredaip between
avian predation and nest height, but no evidence forghtheslationship with rodent
predation. Evidence ratios for this relationship werdyféarge (ERy; for models 8, 9,

and 12; Table 3.5), and model-based and class-based ABRitestimcreased with
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increasing height (Figure 3.4F), although the differemi#@BR along a height gradient
was not as large as the differential associated awititealment. By contrast, | found no
evidence for a relationship between nest height and rpdedation from these data
(ER4: for models 4, 6, and 7; Table 3.5), and model-based andbzlaed-RBR estimates

along a nest height gradient did not show any strong ti&mngisre 3.4F).

Avian predator territories and nest concealment

Since concealment was especially correlated with poedhy avian predators, and since
previous studies document the ability of songbirds to adjestnest site selectivity in
response to the presence of avian predators (Pelu2e08), we analyzed the
relationship between yearly nest concealment meathth@mumber of avian predator
territories. In addition to locating Yellow Warbler tiswries, PRBO and | used
observations of behavior and nest locations to locatdlng territories for two species
of avian nest predators. We mapped a total of 12 AmericaniMégpitories and one
Western Scrub-jay territory from 2001-2005 (the Western Sjayin 2005). Although
our sample size was lowm € 5 years), | found a statistically significant cortiela
between mean concealment of Yellow Warbler nestsr@ndumber of avian predator

territories documented within the study area 0.91, p = 0.03; Figure 5).
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DISCUSSION
An adaptive plateau shapes nest concealment
| found strong evidence that Yellow Warblers occupy an adaptateau with respect to
nest concealment. During two years of study, nest witihin the natural concealment
range occupied by Yellow Warblers were associated witlerigpredation risk and higher
nest survival than sites just below this range (< 30%gsured by experimental nests),
whereas predation risk did not vary substantially ansiteg within the natural range
(Figure 3.4C). Since Yellow Warblers preferred concealed §itable 3.1) and since
concealment was not positively correlated with othefgored features (i.e., concealment
was negatively correlated with preferred willow shrubv®llow Warblers selected nest
sites based directly on concealment level and actasdyded highly exposed sites. By
favoring sites that were at least moderately condeaellow Warblers avoided the high
predation risk associated with more exposed sites. Hoyenexlation risk neither
decreased nor increased substantially above the nedoga (> 80%), so predation did
not restrict the use of highly concealed sites (Figure)3¥G@wever, since Yellow
Warblers do not usually benefit from concealing their nestse than at a moderate
level, the time required to find highly concealed sit@y mstead shape the upper limit
of the natural concealment range. Indeed, finding highlyealad sites for experimental
nests was especially time consuming (Q. Latif persolosérvation).

| used measurements of relative predation risk using expaahm@ests to
investigate adaptive peaks shaping Yellow Warbler nest habitection. Differences

often measured between experimental and natural ndstséhrabsolute predation rates,
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as well as in the slopes of their habitat-predaticaticeiships (Major and Kendal 1996,
Moore and Robinson 2004), give rise to concerns about titg afiexperimental nests
for measuring predation risk relevant to natural populaiibaaborg 2004, King et al.
1999, Part and Wretenberg 2002). However, in this system, haharaxperimental
habitat-predation patterns were concordant within natargjes along concealment and
height gradients, as well as along a willow-rose nfiakitat gradient studied previously
(Chapter 2). Additionally, experimental nests were depeedlay nest predators that are
known to depredate open-cup nests including those built bgw &V/arblers (Chapter
1). Given the concordance of within-range natural andrexpetal patterns and the
vulnerability of experimental nests to known songbird pestiators, experimental nests
in this study likely recorded relative predation patternswiaild be experienced by

Yellow Warblers if they extended their natural nest talvange.

The mechanistic basis for selection gradients with respect to orestament
Differences between avian versus rodent predator relatmssith concealment may
help explain the shape of observed concealment-predatiationships. | found a strong
negative relationship between nest predation by avian predatdrconcealment, in
contrast with a weak concealment relationship with nogeedation (Figure 3.4E).
Cowbirds were probably the predominant avian predator ofalatnd experimental
nests in this system, although predators from the faGuolyidae (Western Scrub-jay and
Black-billed Magpie; hereafter corvids) also pose a subatahreat to nests in this

system (Chapter 1). The results of this study are demsiwith those of other studies
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(Dion et al. 2000, Liebezeit and George 2002, Martin and 2068). Relatively weak
effects of vegetation density on rodent predation mag &#rom a trade-off between two
conflicting effects. Although dense vegetation reducesliéy of rodents to detect
nests, rodents may also favor dense microhabitatid predation from higher trophic
levels (Brown 1999, Brown and Kotler 2004, Schmidt et al. 20@dn Bt al. 2000).
Thus, the difference in concealment effects on aviasugerodent predators may reflect a
fundamental difference in habitat responses.

Snakes also commonly depredated Yellow Warbler nestg &ash Creek
(mainly garter snake3 hamnophisp.); Chapter 1). Unfortunately, snakes did not leave
distinct bite marks in clay eggs, nor are they likelgépredate experimental nests, since
they have only been observed depredating nestlings (CHgptehus, | am uncertain of
the relationship between snakes and concealment inydtens. However, the likely
stage-specific increase in the importance of snakes tlislamslate into a stronger effect
of concealment on predation of nestlings from natueats (ERugexcone 0.4,%% = 0.06;
from comparison to model 8, Table 3.2). In addition, Nudi al. (1998) provide
evidence for non-linear effects of vegetation densitgmake foraging efficiency
purportedly resulting from trade-offs between foraging efficy, suggesting a habitat
response more similar in form to the one documentebttants than for avian
predators.

The relative abundance of avian predators versus smaihdfpredators may be
a key factor shaping the relationship of concealmentaélpredation pressure. The

potential importance of this aspect of predator commupityposition is apparent when
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contrasting circumstances documented in 2001 with thogthef years. In 2001, PRBO
and | recorded the highest number of corvid predators (Fighye@upled with the
strongest positive correlation between concealmeainatural nest survival (200A¢onc

= 0.027 compared tconc from -0.012 (2005) — 0.018 (2003); from Model 1, Table 3.2),
suggesting a potential positive influence of avian predatobatsion the effect of
concealment on predation. That said, corvid numbers mara good predictor overall of
yearly concealment-survival parameters (0.01,n = 5), probably in part because
corvid numbers do not account for the relative abundanpesdatory behavior of
cowbirds, an even more important avian predator (Chap#r I addition to corvid
numbers, relative abundances of cowbirds, small growedifors, as well as aspects of
predator foraging ecology (Mullin et al. 1998, Schmidt andelts2003) may all need to
be quantified to predict concealment-predation relationshipgertheless, the data
collected in this study suggest that corvid numbers maysigndicant contributor to

concealment-related nest predation pressure.

How does concealment selection adapt to predation risk?

A mechanism for a phenotypic response to predation peesstequired for predation
risk to shape nest habitat selection. Habitat select@ay become adaptive if natural
selection acts on heritable variation in habitat pezfee (Jaenike and Holt 1991).
However, numerous studies document avian nest habitatieeler be behaviorally
plastic (Peluc et al. 2008, Forstmeier and Weiss 2004, Eggalr2806), so natural

selection more likely shapes genetic variation fostaidy in nest habitat selection
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including the behavioral responses of birds to nest pred&tiods. may respond
adaptively to previous experiences with predation (Mar498&8, Powell and Frasch
2000) or to observed changes in local predator abundance @ell. 2008, Forstmeier
and Weiss 2004, Eggers et al. 2006). Two longitudinal studies foarehsed selectivity
across years by birds for denser vegetation in respons perceived increase in avian
predators (Eggers et al. 2006) and for higher sites in respors actual increase in
rodent predators (Forstmeier and Weiss 2004). A third studyhteErds an immediate,
within-season reduction in nest height and increasencealment by Orange-crowned
Warblers Yermivora celatain response to a perceived increase in avian predator
abundance during the nest site selection process (Pedu608).

The close association between yearly nest concealmeans and avian predator
numbers, specifically those of the family Corvidae. (ifanerican Magpies and Western
Scrub-jays), across five years of study (2001-2005) suggespanse by Yellow
Warblers to these predators in their selection of sie=t (Figure 3.5). Additionally, first-
egg-date and concealment were not strongly correlatedgd2001, the year with the
strongest apparent response (-0.10, p = 0.42n = 70) by Yellow Warblers, so Yellow
Warblers are most likely responding immediately to olz@ns of these predators
during nest site selection rather than reacting togdmtriences with predation.
Observers did vary among years, but the relatively high 200¢ealment scores were
recorded by two different observers (the lower sedip@. Latif, and the upper section
by C. McCreedy), and one of those observers (Q.)LaiEb collected a substantial

portion of the data in subsequent years (2002-2004 and 2006-2008). Vbugewi 2001
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scores were not likely a product of measurement errart-artnual variation in territories
may appear insubstantial (1-4), but individual magpie/lbs@ay territories spanned
substantial portions of the study plot (PRBO unpublished dsdandividual predators
could potentially influence the behavior of a substantidliqo of the Yellow Warbler
population. Specialized responses by birds to members dathily are documented
(Peluc et al. 2008) and could be generally adaptive given ttespriead importance of
corvids as predators of open-cup nests (Sieving and Willson 199@st8ban et al.
2002, Preston and Rotenberry 2006). However, since corvid aburdidnus correlate
strongly with concealment-survival parameters for nangats, the adaptive significance
of the response observed in this study remains unctdarmation on the responses of
birds to cowbirds and small ground predators would further infmrnmunderstanding of

the adaptive significance of avian nest site plasticity.

Nest height selection and predation risk

The adaptive significance of Yellow Warbler nest heggiection was not as apparent as
was concealment selection in the context of nestgbien risk. Yellow Warblers clearly
preferred higher nest sites in higher shrubs regardfébe shrub type in which they
nested (Table 3.1), and this preference was not confountietheir preference for
concealment (i.e., among both nest and random sd@asealment and height were
uncorrelated). Nest height did in part mitigate predatgkparticularly in willow
microhabitats, but high nests in non-willow microhalitatere not clearly favored by

predation pressure (Figure 3.3D). Although experimental aéstg an extended height
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range recorded relatively low predation risk and higher swesival rates below the
natural height range (Figure 3.4D), these results shoulatégieted with caution.
Neither of the 2006-2007 datasets provided evidence for the HeRGi relationship
supported by a larger dataset (i.e., 2000-2008), suggesting a ktekistical power for
detecting potentially important height-survival relatiopshiluring the experimental
period. Nevertheless, since predation risk was not stemly higher in relatively low
nest sites, nest heights selected by Yellow Warblers@t clearly adaptive in the
context of predation risk nor did they clearly occupydaptive peak or plateau as do
natural concealment levels. However, Yellow Warblegliepreferences did conform to
predation pressure experienced in willow microhabitatseiGitiat Yellow Warblers
prefer willow (Chapter 2) and that higher nests expeedower predation risk in willow,
a response to predation pressures most commonly encoucheitddesult in a positive
height preference.

Relatively weak and inconsistent effects of nest heaghtredators may also
contribute to a lower response of Yellow Warblersdaht-related predation pressures.
Although nest height was correlated with avian predatoncealment effects were
much stronger than height effects both in magnitude ¢oenpare the NSR differentials
from negative to positive ends of concealment andhb@radients; Figure 3.4E, 3.4F)
and in statistical strength (Models 10-16, Table 3.4). Thesdts parallel those of an
experimental study of Fish CrowSd@rvus ossifraguysSantisteban et al. 2002). A
stronger effect of concealment on avian predation mpla@g why Yellow Warbler nest

height did not track yearly changes in avian predatorddngesr(=-0.23, p =0.71In =
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5) nearly as closely as did nest concealment (Figure Bithpugh Orange-crowned
Warblers on Santa Catalina Is. reduced their nest haightsponse to the simulated
presence of Western Scrub-jays, sites selected by exp#ahiemales were also more
concealed (Peluc et al. 2008), so concealment may beitherpifeature used by birds to
evade avian predators. Furthermore, even though rodentipredas not strongly
correlated with concealment, the data did suggest thefrgledation by rodents to be
elevated in extremely exposed sites (Figure 3.4E), suggestiogalment to be
potentially useful for avoiding predation from multipleegator types. The effects of
vegetation density on predation by rodents can be ciramestdependent (Schmidt and
Ostfeld 2003), but nest height does not appear to be anyuseid as a cue for avoiding
rodent predators (compare Figure 3.4E to results by Schmidt 1&&®mEier and Weiss
2004) and height may also be useless for avoiding snalseh€Fil981). Thus,
concealment may offer the most reliable indicatgerefiator-free space, making
concealment-based responses perhaps the most adatiaé for avoiding nest

predators.

Future Research

In conjunction with other approaches, phenotypic scaépgasents a potentially
powerful tool for further elucidating the adaptive significa of avian nest habitat
selection. Given the widespread variation in predatomgonity composition among
systems, further attempts to apply phenotypic scalimphocealment would be

beneficial. Other studies that have manipulated concealmaere failed to either measure
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predation risk explicitly outside the natural range (édgwlett and Stutchbury 1996) or
control for differences between experimental and nahastis within the natural range
(e.g., Gotmark et al. 1995, see also Cresswell 1997, Weid20g2; Remes 2005), so
additional study of concealment effects that incaapowthese concepts into their design
would be particularly beneficial. Measurements of selegiressures other than
predation risk (e.g., microclimate: Marzluff 1988, Martin 20Rim and Monaghan
2005, or predation risk on adults: Gotmark et al. 1995) wouldfaieer our
understanding of the overall importance of adaptive peaksarly since such studies
could reveal trade-offs between fithess components. bfoorrelationship between
concealment and fledge number for successful nestsa(icemponent of fithess not
incorporated in the nest survival metrnc; 0.02, P = 0.71n = 240), but the relationship
between adult survivorship and concealment is unknown. &uvelationship has been
hypothesized (Gotmark et al. 1995) but not documented. Unfortyralb@andonment by
parents and ethical concerns limit the potential for maaimg concealment at active

nests to measure its effects on adult predation.
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TABLES
Table 3.1. Differences in concealment, site heighd,sdmub height between nest versus

random sites.

) Site
Habitat Feature Type n mean sd t
random 29 111.2 72.6 2.6*

nest 203 155.9 87.9

Nest Height

Concealment 'andom 29 415 160  3.5%
nest 202 53.8 17.6

Shrub Heights
random 480  238.9 169.3 5.3**

Overall
v nest 204  313.9 166.6
) random 248 330.4 169.8 3.3**
Willow
nest 128 387.3 141.7
) random 230 133.3 47.7 6.7*
Non-willow

nest 75 176.8 51.4

*p = 0.01, *p<0.001
Nests are from 2006-2007, concealment and non-use sitddheigie measured at 29

random points (2007), and shrub heights were measured at 480r@oints (2006-
2008). Observations with missing values were omitted.
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Table 3.2. DSR models fit to 2000-2008 natural nest data. Hlog-likelihood,w =
model weights, k = # model parametexs: AAIC; ¢ = 1.5 (calculated for model 1).
Covariates included Year, Date, Stage, Plot, ParasiisthPC1. The ‘Global’ model
includes all possible parameters, and the ‘Constant Surgostiains only an intercept.

Model # Model parameters -LL k A W,

1 Global 945.1 25 0.0 0.57

2 Conc + Ht + HtxPC1 954.5 17 2.7 0.15
3 Ht + HtxPC1 955.7 16 3.2 0.12
4 Conc + Concxyear + Ht 948.0 24 3.9 0.08
5 Conc + Ht 956.8 16 54 0.04
6 Height 958.4 15 6.4 0.02

7 Conc + Concxyear 950.6 23 7.0 0.02
8 Concealment 959.5 15 8.7 <0.01
9 Covariate-only 960.8 14 9.4 <0.01
10 Constant Survival 1019.6 1 100.8 <0.01
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Table 3.3. DSR models fitted to natural and experimentdldaa within natural range.
n eff = # observation days, -LL = -Log-likelihood, k = #del parametergy; = AAIC,,

w = model weight. 121 natural and 93 experimental nests pdiala from the natural
concealment range. 134 natural nests and 100 experimesitsjonevided data from
above 75. For concealment models, ¢ = 0.46 (calculatedrfiodel 5), and for height
models, ¢ = 0.56 (calculated from model 17). Covariatdaded Year, Date, Nest Type,
and PC1. 141 experimental nests were monitored from 2006-2008eDatacluded
data from an additional 60 nests monitored in 2008.

Habitat Model
Range n_eff " Model parameters -LL k A W,
30-80% 1358 1 Covariates only 270.8 5 0.0 0.44
concealed 2 Concealment 270.1 6 0.7 0.30
3 Conc + ConcxType 270.1 7 2.7 0.11
4 Conc + Cornt 2701 7 28 0.11
Conc + ConcxType +
5 Con&xType 269.6 9 57 0.03
6 Constant Survival 279.2 1 8.7 0.01
>75 cm 1416 7 Covariates only 283.7 5 0.0 0.46
8 Ht + HtxType 282.3 7 1.3 0.24
10 Height 283.7 6 2.0 0.17
12  Ht+HE 2832 7 31 0.10
14 HUFHEHHOTYpE+ o000 o 54 goa
Ht“xType
16 Constant Survival 299.3 1 23.1 <0.01
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Table 3.4. DSR models fitted to experimental nest data éxtended habitat range. n eff
= # observation days, -LL = -Log-likelihood, k = # modelgraetersA; = AAIC., w =
model weight. For model set 1, ¢ = 0.86 (based on modei@jel set 2, ¢ = 0.55 (based
on model 11); model set 3, ¢ = 1.08 (based on model 23). Mettel and 2 included
Year, Date, Nest Type, and PC1 as covariates. Mod8lisetuded Dateand PC1 as

covariates.

Model set n_eff Model# Model parameters -LL k A W,

1. Failure = 764 1 Conc + Corfct+ Ht 1769 7 0.0 031

32:;8 dation 2 Conc + Ht 1782 6 0.6 0.23
3 ﬁf{‘c vCont+HL+  o6e g 15 017
4 Conc + Ht + Ht 1777 7 1.5 0.14
5 Conc + Corfc 1792 6 2.6 0.08
6 Concealment -180.5 5 3.1 0.07
7 Height -183.6 5 9.4 <0.01
8 Ht + HE -183.2 6 105 <0.01
9 Covariates only -186.4 4 12.8 <0.01
10 Constant Survival -195.6 1 25.1 <0.01

2. Failure = 742 10 Conc + Ht -102.4 6 0.0 0.49

avian bite 11  Conc+CorferHt  -101.8 7 09 0.32
12 Concealment -105.0 5 3.1 0.11
13 Conc + Corfc 1045 6 41  0.06
14 Height -107.1 5 7.4 0.01
15 Covariates only -110.3 4 11.7 <0.01
16 Constant Survival -121.1 1 27.2 <0.01

3. Failure = 1150 17 Covariates only -95.2 4 0.0 0.29

rodent bite 18  Constant Survival 984 1 04 024
19 Concealment -94.8 5 1.3 0.15
20 Height -95.0 5 1.6 0.13
21 Conc + Corfc 944 6 24 0.09
22 Conc + Ht -94.7 6 3.0 0.06
23 Conc + Corfet Ht 941 7 39 0.04
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FIGURES
Figure 3.1. A depredated experimental nest.
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Figure 3.2. Prediction generated from an adaptive peak hypmtHdsrds select nest
sites along adaptive peaks, nest survival rates for bathahand experimental nests
would be uncorrelated with habitat within the natural rabgégxperimental nests would
record relatively high predation rates and lower surviatds outside natural habitat
range limits.
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Figure 3.3. Frequency distributions and nest survival (NSR)G00-2008 natural nests
along habitat gradients. For concealment distribution3, (34 667 and NSR. For height
distributions (3B)n = 706. Nest height distributions and height-related StiRnates

are presented for nests in willow versus non-willowrohabitat patches as measured by
scores along a principle component axis (PC1). Modehagts and 95% confidence
bands are derived from Model 1, Table 2. NSR estimatdseight and concealment
classes are plotted at mean values for the nesigweiach of the following concealment
classes: < 40, 40-50, 50-60, 60-70, > 70% for non-2001; < 50, 50-60, 80-80, and
>80% for 2001, and > 70% for 2001; and height classes < 100, 100-133, 13%466,
200, and > 200cm.

0.35 0.8
3A == n0n-2001 M 3B mmmm Non-willow (PC <0)
0.30 1 —= 2001 _ —= Willow (PC > 0)

0.6 -

0.25 -
0.20 -

0.4 -
0.15 -

0.10 1 0.2 1
0.05 1 J I |—|
0.00 - S 0.0 le_l T T .‘|_| T
S o] 0 je]
g g
5

Relative Frequency

S § 8 ¢ 888 8 o8 S
V. & 9 & & S 9 9O v n i
5 8 5 ¥ B & KN @ ©
N
1.0
3C non-2001 3D e Non-willow (PC =-1)
— 2001 T - i Willow (PC =1)

0.8 A

0.6

0.4 -

Nest survival (NSR)

0.2 A

0.0 T T T T . . . . .
30 40 50 60 70 80 90 50 100 150 200 250 300 350

% Concealment Nest Height (cm)

125



Figure 3.4. Relative frequencies of 2006-2007 natural 141) and experimental nests (
= 140) along concealment (4A) and height (4B) gradiergst Burvival (NSR) estimates
and 95% confidence bounds within natural concealment andthaiges for natural
nests (class-based estimates only) and experimental(d€st 4D) and avian (ABR) and
rodent (RBR) clay egg bite rates (4E / 4F) along experiatigréxtended concealment
and height ranges. Model-based estimates were caltdlate M1 (3C / 3D), M11
(ABR, 3E / 3F), M21 (RBR, 3E), and M20 (RBR, 3F) from Takk. Class-based NSR
estimates are plotted at mean values for nests < 30%5%, 45-60%, 60-80%, > 80%
concealed; and < 75cm, 75-150cm, 150-300cm, > 300cm high. Class-l2Rezhd
RBR estimates are plotted at mean values for ne3®/4 30-55%, 55-80%, > 80%
concealed; and < 75, 75-100, 100-140 (ABR), 100-150 (RBR), > 140 (ABR)> 150
cm (RBR) high. Vertical dotted lines mark the limitstioé natural concealment and
height ranges.
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Figure 3.5. Avian predator territories (black) and yearly ealment means (with
standard error bars; grey) from 2001-2005. Avian predators techsismembers of the
family Corvidae, which were mostly American Magpies &lgb included one Western
Scrub-jay that established a territory in 2005.
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Chapter 4: The role of Yellow Warbler parents in shapingspatiotemporal patterns
of nest predation risk
ABSTRACT
Because nest predation limits fitness and therefooegly shapes avian ecology and
evolution, an understanding of nest predation would infaumuaderstanding avian
biology. However, field studies usually only document predgt&iterns without
investigating the underlying processes necessary for a demyriderstanding of how
and why predation occurs. | studied a population of Yellow Véasbfor which |
documented nest predation patterns and examined how nesemgspeontributed to
variation in predation risk. | compared natural predgpatterns to predation patterns
experienced by nests without parents (i.e., experimeasadh | found a strong negative
correlation between Yellow Warbler density and naturalgtien rates, and relatively
low predation rates in the middle of the nesting seaBatterns during the egg period
(laying and incubation) were similar to those apparentsadiee entire nesting cycle, yet
overall egg predation patterns recorded at experimersgtd,rees well as predator-specific
egg predation patterns (avian predator and rodent predagaegdebite patterns), were
relatively constant with respect to warbler territorpsley and date. | also found a
decrease in daily predation rates over the courseeafatural nesting cycle that was
somewhat paralleled by experimental predation pattesp@risons of natural versus
experimental predation patterns accounted for differelne®geen natural and
experimental nests other than the presence of paremscluded that parents played a

critical role in producing natural predation patterns watgpect to bird density and date,
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but were less important for influencing variation in dailggation rates over the course

of the nesting cycle.

INTRODUCTION

Nest predation is an important factor shaping the ewrland ecology of birds.
Predation is the main cause of nest failure for a wadge of bird species (Martin 1993,
Nice 1957, Ricklefs 1969), and nest survival is an importampoment of fitness
(Ricklefs 1969, Lack 1966, Saether and Bakke 2000). Consequentlytigmemtanests
has shaped the evolution of avian behaviors (Collias atich€1984, Peluc et al. 2008),
life-histories (Martin 1988a, Martin 1995), and morphologyir{&i 2006), as well as
avian population dynamics (Ricklefs and Bloom 1977, Robies@h 1995, Saether and
Bakke 2000) and community composition (Martin 1988b, Lima andnél991).
Therefore, to understand multiple aspects of avian ewvnlatnd ecology we must be able
to explain and predict predation risk. To this end, manyesutthcument spatial and
temporal correlates of predation risk (Best and Stad880, Filliater et al. 1994,
Burhans et al. 2002, Grant et al. 2005).

A variety of spatial and temporal correlates of predatisk have been
documented. Two commonly identified spatial correlatefhabiat and nest density.
The risk of nest predation in relationship to habitat, (iree physical environment) has
been documented at multiple spatial scales (Hatclawell 1996, Burhans and
Thompson 1999, Chase 2002, Davis 2005, reviewed by Thompson 2007 ktivtbess

document positive relationships between nest density andtjoredak purportedly
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caused by predators that focus their foraging efforts wiests are most abundant
(Schmidt and Whelan 1999, Ackerman et al. 2004, Elmberg et al. BQDBg¢gative
density-predation relationships are also possible (Hogstad P88, et al. 2008).
Predation risk can also vary temporally, showing botielacale, among-year patterns
are documented (Bety et al. 2002, Chase et al. 2005), agsifeler-scale within-season
patterns (Kroll and Haufler 2009, Fisher and Wiebe 2006, Nair 2004, Grant et al.
2005). At the finest scale predation risk can vary ovecthese of the nesting cycle
(Nur et al. 2004, Grant et al. 2005). Despite the large bbtiterature documenting
predation patterns, these patterns often differ amongestutdiaking a general theory
capable of predicting predation risk difficult to develophii2009). Therefore,
elucidation of the processes underlying observed patteneséssary to further our
understanding of nest predation.

Two basic processes can potentially cause predationnsatidre most
commonly held view is that spatiotemporal variation ihaitpredator numbers or their
behavior causes predation risk to vary (Thompson 2007).fieeggently recognized is
the potential for parents to influence predation pattétasental behavior (e.g., nest
defense or feeding nestlings) can influence predation tis&rddy deterring (Hogstad
1995, Sperry et al. 2008) or by attracting predators to nestéir{iotl Cooper 1998,
Tewksbury et al. 2002). Thus, spatial or temporal variatigrarental behavior or
variation in parental influence over predation risk caléb influence predation patterns
(Weidinger 2002). If predators drive predation patterns dyreictiormation regarding

alternative prey for predators (Bety et al. 2002, SchmidtQ@stfeld 2003b) or habitat
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relationships with predators (Chalfoun et al. 2002, SchmidiG@stfeld 2003a) may be
necessary to understand predation risk. Alternativepreiflation patterns arise from
parental effects, variation in food availability forstiag birds (Martin 1992) or the
presence of conspecifics (Hogstad 1995, Sperry et al. 2008panapre relevant. By
definition, nest predation must involve predators, but an stateting of how parents
shape predation risk is crucial for understanding predatiderpat

Here, | examine the role of parents in producing patiarpsedation risk for a
population of Yellow WarblersdOendroica petechigstudied over an 8-year period
(2001-2009). Whereas separate studies examined fine-scale p@ternsicrohabitat
relationships) and their mechanistic underpinnings (Chapte8) this study examined
larger scale spatial patterns associated with terrtengity, as well as temporal variation
in predation risk over the course of the nesting seasdrthe nesting cycle. | first
conducted an exploratory analysis of predation patteqperienced by natural nests and
then compared natural patterns to patterns recorded lsvmgsbut parents (i.e.,
experimental nests) to investigate the role of parertsaducing observed patterns. |
designed experimental nests that mimicked natural Welltarbler nests as closely as
possible and monitored them over a similar spatiotempataht over which natural
nests were monitored. Furthermore, to isolate theafgarents in producing predation
patterns, | accounted for differences between natudaégperimental nests other than

the presence of parents when analyzing natural and equgdl predation patterns.
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METHODS
Study system
| studied nest predation in a population of Yellow Warhikas breed along lower Rush
Creek, the largest tributary of Mono Lake, east ofSlegra Nevada mountain range in
California (2020 m, 3®4'N, 11910'W). Yellow Warblers are an open-cup, shrub and
tree-nesting neotropical migrant passerine that breeddymmairiparian habitats across
North America (Lowther et al. 1999). Yellow Warblerdlwe Mono Basin are tHe. p.
brewsteri(considered synonymous with p. morcomisee review by Heath 2008). Male
Yellow Warblers arrive along Rush Creek in early Mag astablish territories. Females
select nest sites from within these territories, atiiig nests from late May to early July.
The habitat along lower Rush Creek is dominated by thregespof willow Salix
exidug S. lucida S. luteg and interspersed with patches of Woods’ résesé woodsji
The adjacent upland vegetation is dominated by big sagel&usimisia tridentata but
also includes bitterbrusiP@rsia tridentatd and rabbitbrushGhrysothamnus
nauseosu}. Rush Creek Yellow Warblers favor nest sites inomill but also commonly
nest in Woods’ rose and occasionally in sagebrush (EhaptA detailed description of
the historic and current vegetative, hydrologic and manageooeaditions of lower Rush
Creek are provided by McCreedy and Heath (2004).

Numerous predator species prey on open-cup nests includingothéskow
Warblers in the Mono Basin. Species either observed dafing nests (i.e., directly or
with video cameras) or suspected nest predators along Resk @clude garter snakes

(Thamnophisp.), gopher snake$({tuophis catenifer mice (Muridae / Cricetidae),
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chipmunks Tamiassp.), raccoonsRrocyon lotoj, weaselsNlustelasp.), Western
Scrub-JayAphelocoma californica Black-billed Magpie Pica hudsoniy wrens
(Troglodytidae), and Bullock’s Oriolddterus bullockij Chapter 1). In addition, Brown-
headed Cowbirddolothrus atej parasitized 43% of Yellow Warbler nests in our study
area (i = 593 nests; PRBO and Latif unpublished data) and arelatsomented nest

predators (Arcese et al. 1996, Chapter 1).

Data collection

Data for this study were collected over 8 years ifaboration with PRBO Conservation
Science (formerly the Point Reyes Bird Observatdfypm 2001-2005, PRBO monitored
Yellow Warbler nests using standard methods (Martin angp&8el993) within a 38.4-ha
section of Rush Creek as part of their long-term, r@masongbird monitoring program.
From 2006-2008, | continued to monitor Yellow Warbler nestsgatbe upper 20.3-ha
portion of this site. Throughout this entire period, PRBW | visited this site at least
every other day for the duration of the nesting sedata ¥lay through late July). We
relied on behavioral cues to find as many nests foraas/roreeding territories as
possible within the study site (Chapter 2). We also usedvimeblcues to map territories
(Martin and Geupel 1993). By maximizing the number of teragsampled, we
distributed our nest-searching efforts evenly across spau® a nest was located, we
visited the nest at least once every four days and retdedeontents until it was either
completely depredated or all nestlings left the nesth Batmbers of Yellow Warbler and

cowbird eggs and/or nestlings were recorded during each visitletéemined the age of
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nestlings during each visit by comparing them to photographestlings of known age.
Additionally, in 2008 | candled eggs in the field (Lokemoad &oford 1996) and
determined their age by comparing them with images of camdjgs of known age.
Finally, we measured the microhabitat structure at eashsite once nests were inactive
(habitat measurement protocols in Chapters 2, 3).

In addition to monitoring natural nests, | also momtbexperimental nests during
two breeding seasons: 2006 and 2007. Experimental nests abidipteviously used
Yellow Warbler nests each containing one passerine egjgranclay egg. | obtained
passerine eggs similar in size to Yellow Warbler eggs traptive Zebra Finch
(Taeniopygia guttafacolonies and stored them according to established protocol
(DeGraaf and Maier 2001) until deployed in the field. | maneitl experimental nests
using the same protocol for monitoring natural nests uesiswere either depredated
(i.e., eggs were damaged or disappeared) or for 14 dayshg@ éength of the Yellow
Warbler laying and incubation periods; PRBO unpublished dat®ntified predators
responsible for depredating experimental nests using valeeras (Chapter 1) and by
examining bite impressions left in clay eggs by predatoes; €jg bite marks were
discernable as either avian or rodent bites (Chapterss2e3lso Dion et al. 2000,
Weidinger 2002). | monitored experimental nests over th@saawhich natural nests
were active (i.e., from late May through early Jgll over the same spatial extent
across which | monitored natural nests (the upper 20.3te fRBO study plot). |
monitored experimental nests across a somewhat widge cfrmicrohabitats than is

generally occupied by natural nests, (i.e., | extendagralatoncealment and height
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ranges; Chapter 3), but most nests were monitored imhabitats representative of
those occupied by natural nests (i.e., in willow and,rms&cm, and from 30-80%
concealed; Chapters 2, 3). Additionally for this studgnbred experimental nests in
non-natural microhabitats that suffered atypical predates (i.e., nests < 30%

concealed) relative to rates suffered within the natarerohabitat range (Chapter 3).

Data Analysis

| analyzed nest survival using the logistic exposure metBbdffer 2000), which relates
daily nest survival rates (DSR) with either continuousasegorical explanatory
variables. Logistic exposure is a discrete time-sunawalysis that uses a modified logit
link function with a binomial distribution. This methtréats the time period between
nest checks as the observation interval, accountsefis being observed for different
lengths of time between nest checks, and assumesdhatiiral nests are independent
samples. | analyzed data from all experimental reesdsnatural nests that were either
successful or depredated and were observedwitlyellow Warbler egg and/or young. |
excluded data from natural nests that were either abaddorfailed due to cowbird
parasitism (i.e., cowbird eggs/young remained viable aftetrfadure), which amounted
to ca. 25% of failed nests (Chapter 2). When analyzing alatast survival, | used one
of two definitions of nest failure. For some analyseginsidered a nest failed when
completely depredatenr atcomplete predatiofi.e., when no host eggs or young
remained). Using this definition, a nest survived if ite@ist one chick fledged from the

nest. For the remaining analyses, | considered a nist f@nenany predation(i.e.,
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either partial ocomplete predation) was observed, so that a nest suifivedmpletely
avoided predation. Since experimental nests could nevearbially depredated, | used
the latter definition when analyzing experimental priedatates and when comparing
predation rates between natural and experimental nests.

All logistic exposure models (hereafter DSR models) mlesd nest survival as a
function of one or more factors of interest: Yell§Varbler territory density, date, nest
age, and brood parasitism status. | generated a nedlicspetax of territory density by
counting the number of digitized territories that fethin a 150m-radius buffer centered
on each nest using ArcGIS 9.2 software (ESRI 2006; Chajptand subsequently
dividing the number of territories by the area (ha) eflibffer (Density = # territories per
ha). Buffer areas excluded any area falling outside plagiain corridor (i.e., outside the
study plot). I initially used 50m-, 100m-, and 150m-radii btgfto generate multiple
density indices, but these indices were highly correlatedpreliminary analyses found
the 150m-based index explained the most variation in negval, so | only included the
150m-buffer index in final DSR models. Timing within thestieg season was
represented as the day-of-the-year (Date). Timing witl@mesting cycle was
represented as a continuous variable (Age: the numbey®sfdan the clutch
completion date; i.e., clutch completion = 0 and layingsdagre negative), as a two-
class variable (Staggynesting, Or as a three-class variable (Stag®/incubation/Nestiin} |
represented brood parasitism status as a class vefaskesitism = “parasitized” / “not
parasitized”). Parasitism was evaluated for each olgervinterval (i.e., “parasitized” if

the observed nest contained cowbird egg or nestling during the interval). Parasitism
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was not of direct interest, but since cowbirds alsoeliaie nests, effects of Parasitism
and its interactions with other effects helped elucittagorocesses underlying patterns
of interest. Nonlinear versions of continuous effesterest were also represented in
DSR models as either quadratic effects (e.g., Dafeate + Dat® or cubic effects (e.g.,
Age® = Age + Agé + Age)).

In addition to effects of interest, all DSR modelsitained one or more effects of
covariates. Covariates were correlates of DSR idedtifiom previous analyses but not
of direct interest. Each DSR model potentially contdiore or more of the previously
described variables as covariates. Additionally, DSR isamentained Year (a
categorical variable) and the microhabitat variable B€dovariates. PC1 is a nest’s
score along a principle component axis describing a wilmwein-willow gradient in
microhabitat patch structure (positive scores = molewi Chapter 2). Concealment
(the percentage of the nest-cup hidden by surrounding vegetaidtjeight (the
distance in centimeters between the ground and the bofttdm nest-cup) were usually
not included as covariates in DSR models (except sagsas described in Table 4.3)
because their effects on DSR (Chapter 3) are morelaatgu than the PC1 effect.
However, to consider their potential confounding effelctil examine inter-correlations
between concealment/ height and effects of inteBeshg spatial and temporal factors,
microhabitat and Year effects are relevant to the stibjatter at hand, but experimental
nests did not control for among-year variation in piadegffects (only monitored for two

years), and microhabitat effects are explored in delsgwhere (Chapters 2, 3).
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Model comparisons and statistical analysgs.identify important factors shaping
nest survival, | compared the fit of DSR models with attlout explanatory variables
of interest to data from nest monitoring. | fitted modelslata using PROC GENMOD in
SAS 9.1 (SAS Institute, Cary, North Carolina) and comgaheir fit within an
information-theoretic framework (Burnham and Anderson 20023ed Akaike’s
Information Criteria (AIG) as an index of relative fit. Using Aldlifference scores\( =

difference scores between modahd the best-fitted model within a model-set), |

calculated model weightsy(= " /> e* ) which provided the weight of evidence for
0]

specific models. Additionally, | calculated evidenatios to examine the evidence for
particular effects of interest (ER>Winodei(s)-with-effect’ ZWimodel(s)-without-effege AN ER < 1
indicates poor evidence, 1 < ER < 2 indicates matgvidence, and an ER > 2 indicates
relatively strong evidence for a particular effé@@tirnham and Anderson 2002). Having
identified important effects, | used best-fittinGR models to estimate period nest
survival rates (NSR) along spatial or temporal agesxamine the shape of survival
patterns (Shaffer and Thompson 2007). For theeengitural nest period, NSR = D8R
and for the egg period, as well as for experimeméat period, NSR = DSR(exponents

= length of the nest period in days). When calaudahest survival estimates, | assumed
mean covariate values for the observations to WDiSR models were fitted. | used the
delta method applied to logit estimates and thamdard errors to calculate standard
errors and 95% confidence intervals for nest sahagtimates (Powell 2007, Shaffer and

Thompson 2007). Finally, | examined the adequady®R models for predicting nest
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survival rates by comparing model-based NSR estimates lagh-based NSR estimates
for partitions along continuous spatiotemporal axes. Thisgohare is analogous to
plotting observed versus predicted values when conductiegriregression (Shaffer and
Thompson 2007). | also calculated a quantitative measweonfness-of-fit (¢ %’cor/
degrees-of-freedom) for models containing the maximum nuofg@rameters (c > 4
indicates unacceptable model structure; Burnham and And20€&@).

| began with an exploratory analysis to identify natyatterns of predation risk.
| constructed two sets of DSR models that containgababible combinations of
explanatory variables of interest, and fitted these tsddedata from natural nests. The
first set contained all combinations of Date, BaBensity, Density; and Parasitism
effects, with PC1 (i.e., microhabitat patch structure) &tageygnestingdS covariates.
This model-set was fitted to data from all observatminsatural nests. Because analyses
of age effects require aging nests in the field (Nur €04, Grant et al. 2005), | fitted a
second set of models describing candidate age effecttatdeldved from observations
during which Age was known. These data included observdtiomsnests that were
found during the building, laying, or nestling stages in akyeExcept for observations
made in 2008 (i.e., when eggs were aged by candling in tdg fiexcluded
observations of the incubation period of nests found Hftelaying stage. Candidate
models for exploring age effects included one of fivesfids variables of interest: Age,
Age’, Age’, the two-stage effect (Staggnestin), OF the three-stage effect
(Stage@aying/incubationNestiing and all models included PC1 and effects from the léstf

model from the previous model-set as covariates. tfitteth of these model-sets to data
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from observations made throughout the entire natustlayele for which failure =
complete predation, and to data collected during the eggdderiovhich failure = any
predation.

| compared natural to experimental predation patternstingfibSR models to
datasets designed to control for differences between hahgaxperimental nests. By
accounting for differences other than the presence ehsrl isolated the effect of
parents on predation risk. Experimental nests differed fiatural nests by (D1) never
containing nestlings, (D2) by never being parasitized by cowlarts (D3) by never
being partially depredated. Additionally, (D4) | monitored ekpental nests for only
two years (2006-2007), and to accommodate a separate study (@)afDér)
experimental nests occupied a wider microhabitat rangentduainal nests (i.e., sites <
30% concealed, > 80% concealed, and < 75cm high). My prinmatyses consisted of
fitting models to two datasets that controlled for nodghese differences (D1 and D3-
D5). These datasets included observations from experih@m@anatural nests monitored
in 2006-2007 (D4), but excluded observations of natural nests dueimgesitling period
(D1) and observations of experimental nests < 30% cat€ie., where experimental
nest survival rates deviated the most from natural r@espter 2; D5). Additionally, one
of these two datasets excluded observations of natestd following the first incidence
of partial predation (controlling for D3), at which pointdnsidered natural nests to have
failed. All DSR models fitted to these two datasets inetlthe class variable Type (i.e.,
experimental versus natural) as a covariate, and somdsnodaded spatiotemporal

effect x Type interaction parameters. Evidence rdtiogiteraction parameters tested for
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differences between experimental versus natural poedpétterns. Additionally, |
supplemented these analyses with qualitative comparisqgatterns apparent from
analyzing natural-nest-only and experimental-nest-only.danally, | examined how
parasitism (D2) influenced nest survival rates by calculatidgece ratios for
Parasitism and Parasitism x spatiotemporal intenaetifects on DSR for natural nests.
| also analyzed spatiotemporal patterns in predatios sgecific to avian and
rodent predators. | fitted DSR models to data from all exgntal nests for which nest
failure = predation by the predator type of interest, (@e.avian or rodent bite in a clay
egg; data compilation further described in Chapters 2, 3jnaamize my sample size, |
included clay egg data from all experimental nests (i.elyding those < 30%
concealed). | calculated avian predator bite rates (ABid)rodent bite rates (RBR)
along spatial or temporal axes of interest (PBR = BRT) PBR = predator-specific bite
rate (ABR or RBR)) to evaluate the potential for thepecific predator types to have

shaped natural predation patterns.

RESULTS

Spatiotemporal patterns of variation in natural nest survival

| found substantial variation in survival rates for natmests along spatiotemporal axes
of interest. Of 596 Yellow Warbler nests monitored from 22008, 239 succeeded and
357 were depredated. Of DSR models that included all possitikigations of Date,
Daté, Density, and Densifyeffects, the model with all these effects bestditthe data

from natural nests (Model 1, Set 1, Table 4.1). The sebestfit model was also
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weighted substantially (Model 2, Set 1, Table 4.1) but diffdrom the best model only
in the form of the Density effect (i.e., linear iretieof quadratic). All other models were
associated with relatively low weights < 0.05). Thus, although the data did not clearly
distinguish the form of the Density effect on DSR.(ilinear versus curvilinear), they did
strongly support Density, Date, and Parasitism relahigps with DSR. Areas
surrounding nests varied in Density from 0.6 - 5.8 (medril= 1.2 (s.d.)) territories/ ha.
Nests in the most densely populated areas were maréviice as likely to survive as
nests in least-populated areas (Figure 4.1A). Mean clottipletion dates (day 164 +
10) varied significantly among yearss{f1= 8.8, P < 0.001), but among-year variation
accounted for only a small portion of the total variatio clutch completion dates among
nests (R = 0.09). The modal clutch completion date was 156 (ca.Jumdests whose
clutches were completed in ca. mid-June were 2-3 tinogs fikely to survive than nests
initiated in late May or early July (Figure 4.1B). | f@usimilar survival patterns within
the egg period after equating failure with first predatian,(either partial or total; Set 2,
Table 4.1; Figures 4.1C, 4.1D), although predictions based &éhriftiels fitted to these

data were not as precise (¢ = 4.57).

Differences in natural versus experimental predation risk and spatiot@amp@dation
patterns

Natural nests monitored from 2006-2007 were more likely to sutheegg period than
experimental nests even when controlling for differersts/een these nest types other

than the presence of parents. | monitored 111 experimesgtd > 30% concealed
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concurrently with 141 natural nests. Regardless of hdurdawas defined for natural
nests, the data strongly supported a difference in sumates between natural and
experimental nests (ERws = 2.9, Set 1; ERsms = 4.3, Set 2; Table 4.2). When natural
failure was defined comparably with experimental failume (first partial or complete
predation), natural NS, (0.29 + 0.04) was substantially higher than experimerfsit N
(0.18 £ 0.03; based on M3, Set 1, Table 4.2). When naturaldailepomplete predation,
natural NSRggwas even higher (0.41 + 0.05; calculated from DSR modéal Yiear,

PC1, and Type effects).

Survival patterns experienced by natural nests differed suiadtyafrom patterns
for experimental nests (Table 4.2). The data most suppaDeshsity x Type interaction
(ERviimsz = 3.1, ERiym2 = 1.9, Set 1; ERuym2 = 2.0, Set 2). From 2006-2007, natural
NSR increased substantially, whereas experimental id¢8Rined relatively constant
with increasing Density (Figure 4.2C). Although somewhaikee, the support was still
substantial for differences in Date-survival patterns betwnatural versus experimental
nests. Analyses of 2006-2007 data did not strongly support Dateaduelationships
(ERvems = 0.2, ERi7zmms = 0.1, Set 1; ERyms = 0.3, ERusiwz = 0.02, Set 2; Table 4.2).
However, 2001-2008 data from natural nests clearly supportedseasonal peak in
natural nest survival (Set 1, Table 4.1, Figure 4.1B), ang#tiern remained strong
within the egg period when natural nest failure was defioeagparably with
experimental failure (Set 2, Table 4.1, Figure 4.1D) and e&sonably consistent
through time (ERatexyear/additive mode 0.01,A; = 8.6; Additive model = M1, Set 2, Table

4.1). By contrast, when analyzed alone, the data foqparenental nests did not support
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a Date-survival relationship (ERwm: = 0.16, Set 1, Table 4.3). Assuming a Bat@ype
model (M7, Set 1, Table 4.2), mid-seasonal NSR was suladha higher than either
early- or late-season natural NSR, as well as exetial NSR (Figure 4.2D). This
model did not provide a particularly good fit to the déi@séd on the data to which this
model was fitted, class-based NSR estimates increaties than decreased at the end of
the season). However, similar models (M4, Set 2, Tal2eM2, Set 2, Table 4.1)
provided a better fit to larger datasets (compare clagstltasnodel-based estimates in
Figures 4.1B, 4.1D, and dotted plot in 4.2D), so the poor flh@htost restrictive model
(solid black plot, Figure 4.2D) is likely a product of samplinge

These patterns were not confounded with microhabitatstf Since | included
PC1 as a covariate in DSR models, the observed pa#tecnsint for any potential
confounding PC1 effects. Neither Density nor Date wiongly correlated with
Concealment among natural nests (Density-0.25, Dater = -0.06) nor among
experimental nests (Density= -0.09, Dater = 0.20), and scatter-plots did not suggest
any non-linear relationships. Furthermore, for experimewists > 30% concealed (i.e.,
the data included in this study), the concealment-predeglationship was weak (see
Chapter 3), and unlike the Concealment x Year interaefii@at detected for natural
nests (Chapter 3), Density and Date effects did netant with Year (both EReraction-
model/Additive-modei< 0.01; Additive model = M1, Set 1, Table 4.1). Including heagha
covariate in DSR models did not unveil any within-sega@adation patterns for
experimental nests (ERw1 = 0.4, ERizm1 = 0.4, Set 1, Table 4.4), and scatter-plots did

not suggest any non-linear relationships between height ared Burthermore, unlike
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the Height x PC1 relationship detected for natural (€stapter 3), Density and Date
effects did not interact with PC1 (both ERaction-model/additive-moder 0.2; Additive model =

M1, Set 1, Table 4.1)

Predator-specific predation patterns
Avian and rodent predators left numerous, distinctiverbaeks in clay eggs. From
2006-2007, | monitored 140 experimental nests containing clay eghsding nests <
30% concealed) of which 77 received bite impressions. Oé tb&swere distinguishable
as avian bite marks, 23 as rodent, and 4 marks were ntifiadg#a. Avian predators left
scratches, pokes, and/or impressions clearly shaped likesitle of the upper and lower
mandibles of a bird bill. Rodent impressions were disgiele by the distinctive double-
tooth impressions left by their incisors.

Predator-specific bite rates were not strongly corrélatéh either Density or
Date. Neither Dafenor Density effects on avian or rodent bite ratesevseongly
supported (avian: Bigmi = 0.7, ERizm1 = 0.2, Set 2; rodent: ERmz = 0.3, ERizmz =
0.6, Set 3; Table 4.4). Furthermore, class-based ABR andeRf#Rates did not suggest
any positive or negative trends in predator-specific prexdattes along a Density axis
(Figure 4.2E). Class-based ABR estimates could reflectlass@asonal peak in the risk of
avian predation, whereas RBR estimates if anything suggastedine in rodent

predation as nesting seasons progressed (Figure 4.2F).
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Brood parasitism and nest survival
Brood parasitism was correlated with both rates ofgdahd complete predation risk for
natural nests. An effect of Parasitism on the liladith of surviving complete predation
was clearly supported for natural nests &k > 10, Set 1, Table 4.1), parasitized nests
being more likely to avoid complete failure (NSR = 0.30@5((s.e.)) than non-
parasitized nests (NSR = 0.19 * 0.04; estimates from M11,J&able 4.1). Similarly,
from 2006-2007, a parasitized natural nest was more likelydio @aemplete failure
during the egg period (NSR = 0.54 £ 0.08) than a non-parasitesd®32 £ 0.05;
calculated using M3, Set 2, Table 4.2). However, brood piaraslid not reduce the
likelihood of avoiding any and all predation. The data didsapport a Parasitism effect
on survival ofeither partialor complete predation (Ef-maymi+m2) = 0.4, Set 2, Table
4.1) and the likelihood of avoiding either type of predati@s similar for parasitized
(2001-2008: NSR = 0.23 + 0.04, 2006-2007 MgR0.30 + 0.06) and non-parasitized
nests (2001-2008: 0.24 + 0.04, 2006-2007 NgR.29 + 0.05) (2001-2008 estimates
from M4, Set 2, Table 4.1, 2006-2007 estimates from a Yearasi#sm + Type model
fitted to Dataset 1, Table 4.2). In short, these regulisate that parasitized nests were
less likely to be completely depredated but more likelyetgartially depredated than
non-parasitized nests.

Despite the effect of Parasitism on partial and fotadlation rates, brood
parasitism did not influence spatiotemporal predation patt&egardless of how nest

failure was defined, all evidence ratios for interactibesveen spatiotemporal effects on
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natural nest survival and Parasitism were < 1 (largedéerce ratio: EBatexparasitism-

model/Additive-mode= 0.5; Additive-model = Model 1, Set 1, Table 4.1).

Nest survival over the nest period

| found a substantial positive correlation between nesaadesurvival for natural nests.
Age was known during 1,418 natural nest observation intef&8% of all observation
intervals). Of the models fitted to these data, aicaaus, linear Age model received the
most support (Table 4.1), and daily nest survival increasednwghage (Figure 4.3A).
The data did not unequivocally support a continuous linear lnowee a two-stage model
(ERvzivz = 1.8, Set 1, Table 4.4), but class-based DSR estimates @h Age axis did
not suggest any threshold effects (hatching at Age = ca.RiQuse 4.3A). Age effects
were not dependent on brood parasitism statusi{§kparasitism/additive-modat 0.16,
ERagexparasitism/additive-moder 0.39, additive model = M2, Set 1, Table 4.4). However, the
effect of nest age was somewhat dependent on microhpditat structure (ER/wm2 =

1.1, Set 1, Table 4.4). Specifically, nests in willow-doaibed microhabitats experienced
much stronger age effects than in non-willow dominatexiahabitats (Figure 4.3B).
Age effects calculated within the egg period were not suppeitker for natural nests
(ERvizzvz = 0.38, Set 2, Table 4.4) or for experimental nests (equniv&R = 0.42;
models not presented). However, class-based NSR essisiaggest a positive DSR

trend as experimental nests aged (Figure 4.3A).
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DISCUSSION

How do parents influence predation risk?

| found substantial evidence that Yellow Warbler paresdsice the risk of nest
predation. Egg predation rates at natural nests wesasstently lower (i.e., survival rates
were higher) than for experimental nests. When definiisg) fadure comparably (i.e.,
either partial or complete predation), 2006-2007 survival fatesatural nests (0.29 +
0.04) were substantially higher than experimental r&ds8  0.03; see Results).
Although experimental nests were never parasitized, lsdenpvoidance of any
predation was just as likely for natural nests wheth@obthey were parasitized. When
using a comparable definition of failure, the different®&ER between natural and
experimental nests quantifies the influence of parentgedation risk. Yellow Warbler
parents along Rush Creek reduced the risk of predationeiomebsts by ca. 11% overall
during 2006 and 2007.

Nesting birds use various behaviors to reduce predatiorNésk.site selection is
an important tool for reducing predation risk, but having cdiattdor microhabitat
effects on predation risk (examined thoroughly in Chapters Bhi8)study specifically
documents the effects of parents after nest initiaB@st-initiation, birds can
agonistically defend their nests (Blancher and Robe988, Hogstad 2004) or employ
more passive strategies, such as simply being presdwat st or using alarm calls or
distraction displays to quiet begging nestlings or lure poesldom the nest (Byrkjedal
1987, Winkler 1994, Halupka 1998). The presence of parents andiatahsity of

defensive behaviors are negatively related with predas&rfar a variety of passerine
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species (Greig-Smith 1980, Komdeur and Kats 1999, reviewed bynM&aP), although
the efficacy of defensive behaviors likely depends on whiedators threaten nests
(Schmidt and Whelan 2005). Yellow Warblers exhibit a varétyefensive behaviors,
including agonistic behaviors, alarm calls, and distractisplays (Hobson et al. 1988,
Hobson and Sealy 1989, Lowther et al. 1999, Latif pers..dbs¢n the variety of
predators that threaten Yellow Warbler nests along Rusbk (Chapter 1), it is highly
plausible and apparent from the data that Yellow Waridst defense strategies reduce
the threat imposed by at least some of these nest predato

Predation pressure applied by cowbirds is an importantrdieiznt of nest
predation risk for Yellow Warblers. Direct observatiafisest predation implicate
cowbirds as nest predators in this system (Chapter 1).iéwaality, differences in
complete and partial predation rates for parasitizesiugenon-parasitized natural nests
suggest that cowbirds depredate a substantial portion obhagasts. The higher rate of
partial clutch loss when nests are parasitized likegearbecause cowbirds adjust clutch
sizes by removing host eggs to favor their own fecundibyv(her 1983, Tewksbury et
al. 2002). The higher rate of total clutch loss when reagtsiot parasitized likely arises
because cowbirds attempt to create new parasitism opp@suoyt depredating non-
parasitized clutches and thereby forcing host females-itatrate (Arcese et al. 1996,
Hauber 2000). A positive correlation between parasitistnpaedation rates may arise
from the simple fact that cowbirds are inherently lésdy to discover nests in poor-
guality sites, since these nests are likely to fail teefbey are discovered. However, |

controlled for this effect by coding each observatidarival according to the observed
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nest’s parasitism status during that interval. Selegarasitism by cowbirds of either
high-quality nest sites or high-quality females could algalain positive correlations
between parasitism and nest survival. Although | had nom#ton regarding individual
Yellow Warbler quality, cowbirds did not preferentially psite nests in low-predation
microhabitats; parasitism was not correlated with atiebitat features known to affect
nest survival (PC1: = -0.03, Concealment:= 0.01;n = 2060 observation intervals;
microhabitat-predation effects described in Chapters Brajators other than cowbirds
could also differentially depredate parasitized versus noasjpaed nests if parasitism
affects the cues that predators use to find nests. Tewksbaty(2002) attributeligher
clutch predation rates from parasitized nests to higheatita rates by males feeding
tighter-sitting, parasitized females, but this effectnza explain théower predation rates
on parasitized clutches found here. Thus, cowbirds alééhe culprit causing both
higher total loss of non-parasitized clutches and highélaphrss of parasitized clutches.
Yellow Warblers exhibit specialized behaviors for defendimy thests against
cowbirds (Tewksbury et al. 2002, Gill and Sealy 2004). Anecadiservations suggest
that even relatively small passerine birds can sgéalischase off cowbirds
(Strausberger 1998). In light of the likely threat of dingredation imposed by cowbirds,
the lower natural predation rates relative to experiaigmedation rates strongly suggest
that Yellow Warblers are capable of reducing this threlag. dxtent to which these data
document parental effects depends upon the extent to Whasle accounted for all
differences between natural and experimental nests tbidue the presence of parents.

Because | modeled experimental nest placement on natstaiteeuse patterns,
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differences in experimental versus natural nest sitetsen processes are unlikely to

confound post-selection parental effects on nest predaties.

How does spatiotemporal variation in nest predator avoidance arise?
| found both spatial variation and within-season tempaagétion in the ability of
Yellow Warbler parents to mitigate nest predation riske matural predation patterns
identified for the entire study period (Table 4.1, Figure wébe reflected by variation in
natural predation rates during the experimental period (2006-2@0% %.2, Figure 4.2).
Given the relative lack of variation in predation sater experimental nests, natural
predation patterns were apparently caused by variatiorrémgad effects. Parental effects
on predation risk varied spatially with territory densihd temporally over the course of
the nesting season. Parents reduced predation risk thénnaosas containing the highest
densities of Yellow Warblers and mid-seasonally (Figures,#42ZD). Therefore, the
potential factors underlying observed predation patterns inelogdactors that give rise
to spatial or temporal variation in either parental b&heor the influence of parents on
predation risk.

One possible factor driving spatial or temporal variatiothe influence of
parents on predation risk is spatiotemporal variatidnanl availability. Greater food
availability has the potential to decrease time speagfog and thereby increase time
spent near the nest where parents can employ predatidance strategies (Martin
1992). Studies in North America generally find bird densitgeggositively correlated

with fecundity, probably because birds concentrate in gigtlity habitats where food is
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most abundant (Bock and Jones 2004). Greater food avajlaiiére Yellow Warblers
concentrate could cause a positive relationship betwaarahaest survival and territory
density if greater food availability allowed warblersitfend their nests more
effectively. Along Rush Creek, warblers were denser wivdlew was more prevalent
(Density versus PC>:= 0.29, P < 0.001; based on territory mean scores for rosigs
measured in 2006-2008,= 169). Given their higher foliage volume and their aission
with relatively mesic sites (McBain and Trush 2003),amllshrubs likely provide the
best foraging opportunities for leaf-gleaning birds, such dlswé&Varblers. High
quality foraging sites provided by willow may be one facttoaating Yellow Warblers
during territory selection, which may also be adaptiviiiéncontext of nest predation risk
(unlike microhabitat selection for nest sites: ChagjeHigher breeding densities could
also allow birds to work cooperatively to deter predatomy@thd 1995, Perry et al.
2008), but cooperative defense should yield area-wide predasoretete that should
also reduce predation rates for experimental nests (4swole and Wiklund 1978), but
which has not been observed here. The seasonal peakdarrce of nest predation by
Yellow Warblers could be driven by a seasonal peak imaotid abundance. Given the
seasonality characteristic of temperate climatethinviyear temporal variation in
arthropod abundance is highly plausible. A peak in arthrofoaol on the surface of
woody vegetation would be particularly relevant to leabging birds such as Yellow
Warblers (Lowther et al. 1999).

Predator numbers or functional variation in predatbak®r could influence

natural predation without affecting experimental predatates if only predators that are

153



immune to parental defense show numerical or behavlacaliations. Natural and
experimental nests are both frequently depredated by covwb&dsbove discussion and
Chapter 1), so cowbirds are unlikely to drive natural predgiadterns without affecting
experimental patterns. Indeed, avian clay egg bites webalplsomainly caused by
cowbirds (Chapter 1), and avian bites do not suggest any eariatcowbird predation
pressure capable of explaining natural predation patterns ¢6igu2E, 4.2F). However,
since natural patterns were not dependent upon brood snastiaitus, these patterns are
unlikely to be solely a product of cowbird predation. Althougportant nestling
predators, snakes rarely if ever depredate eggs (Chapserdshakes are unlikely to drive
egg predation patterns observed here. Although less fretipaenavian predation, rodent
bite rates were substantial and at least two typesdehtqredators, chipmunks and
mice, were observed depredating nests along Rush Creek dChapihese two types of
predators can show very different ecological respotwseavironmental variation
(Schmidt et al. 2001b, Schmidt and Ostfeld 2003a), and givemnetiffes in size,
chipmunks and mice may be differentially susceptibéeatiow Warbler defensive
behaviors. Chipmunks are larger than mice and therpfrteaps more capable of
breaking through Yellow Warbler defenses. Furthermore, doxgar population
densities, chipmunks may be less accounted for by rodeddtfe of experimental nests
(i.e., Figures 4.2E, 4.2F; see study by Schmidt and Ostfeld 2008#&)er study of
chipmunk ecology and their susceptibility to songbird nefgrnde would be informative.
However, even if chipmunk ecology drove the predatiotepat observed here, parental

defense against mice would be necessary for these [sdibdoa realized.
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Why predation risk decreases with nest age

The positive nest-age relationship with daily survival efldv Warbler nests (Figure
4.3A) is most likely caused by microhabitat effects on gredaisk. When predation

risk varies among sites, nests in unsafe sites wauttepredated more quickly, in which
case most late-stage nests would be those locatefkisit®s. Such site effects can arise
from microhabitat-predation relationships, such as tkeaperienced by Yellow Warblers
(Chapters 2, 3). Increases in daily survival rate wit age have been attributed to post-
initiation variation in parental behavior (Anderssowl &Valdeck 2006). However, the
weaker age effects in unsafe nest sites (Figure 4.3Bharapparent tendency for
experimental nest survival to increase with age (Figure 484) suggest a greater role
of site effects for causing age-related variation it sesvival for Yellow Warblers.
Martin et al. (2000) unveiled a positive effect of postiaibn parental behavior on
predation risk, resulting in a positive relationship betwsest age and residual variation
in predation risk when controlling for site effectsellay between microhabitat effects
and parental effects may contribute to the variaticagm effects on daily nest survival
observed among systems (Grant et al. 2005, Nur et al. 2G#aFand Marini 2009). In

this system, microhabitat effects appear to be the predoitdriver of age effects.

Broader implications
The processes determining spatiotemporal patterns iprextion risk will depend
upon the spatial or temporal scales at which patternstaerved (Thompson 2007). The

results of this study are most informative for our ustderding of within-season temporal

155



patterns and mid-to-larger scale spatial patterns. Radeances in analytic techniques
have allowed researchers to document a variety ofrwi&ason temporal predation
patterns for natural nests (Grant et al. 2005, Muellnélamsenmair 2007, Kroll and
Haufler 2009, Reidy et al. 2009). My results suggest that texhpariation in food
availability could drive these patterns. Spatial variatiopredation risk may be
positively related with bird density if predators concatartheir foraging efforts where
nests are most abundant (Elmberg et al. 2009, Niemuth areé BO@5, Schmidt and
Whelan 1999). The lack of a relationship between nest gexrsik experimental
predation rates suggests that predators either only depresseincidentally while
searching for their preferred prey (Vickery et al. 1992, Schetidt. 2001a) or search
strategies are not correlated with density within tiigeaof densities studied (e.g.,
cowbird search strategies; Norman and Robertson 1975, RaolanddRrobinson 2001,
Strausberger 1998). Rush Creek Yellow Warblers are therieé@¢o choose where to
breed without apparent effects on predator behavior. éwftey most studies of birds
(Bock and Jones 2004), Yellow Warblers concentrate irsa@aferring the greatest
potential fecundity (i.e., highest nest survival ratA$go consistent with the results of
other studies (Shochat et al. 2005, Chalfoun and Martin 29@ipw Warblers are not
apparently responding to overall predator distributions, emtharefore most likely
selecting breeding territories based on food abundances, Tiis population could
experience an ecological trap for territory selectiara@dition to a trap for nest
microhabitat preference; Chapter 2) if predators condexkia areas with high food

availability for Yellow Warblers (see results by Shdabiaal. 2005, Chalfoun and Martin
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2007). A review of available studies suggests anthropogenigithsice to have a
particularly strong potential for causing ecologicapsra western North America (i.e.,
where disturbance is most recent; Bock and Jones 20@é&xi&t habitat along Rush
Creek is recovering from severe habitat degradation (9&®, McBain and Trush
2003), but past disturbances do not appear to have been semegé er of the necessary
type to cause an ecological trap for Yellow Warblenttary selection. Rush Creek does
provide an ecological trap for Yellow Warbler nest miabitat selection, but this trap
may involve natural processes independent of disturb&iwgpfer 2).

Although the potential influence of parents has beeograzed (Martin 1992),
the prevailing view is that predator ecology generallyafrivariation in nest predation
risk (Thompson 2007). This study demonstrates the importdmaeents for influencing
predation patterns through time and space. Experimental ceas provide useful tools to
control for post-initiation parental effects when exang the processes underlying

spatiotemporal patterns of nest predation risk.
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TABLES

TABLE 4.1. Models describing natural nest survival patteonsyellow Warblers along
Rush Creek (2001 — 2008; K = # of model parameters, -LL = -Loghdad, A; =
AAIC;, w = model weights).

Dataset M(;)#del Model K -LL A Wi
y  Parasitism + Dater 15 7493 00 0.62
Density
Set 1. Entire 2 Parasitism + Dafet Density 14  751.1 1.7 0.27
nest cycle 3 Daté + Density 14 7529 52 0.05
(n-effective =
5587) :
18 Covariates only (Year + PC1 3 781.66 407 <0.01
+ Stag@gg/Nestlina
19 Constant Survival 1 808.5990.5 <0.01
1 Daté + Density 12 6175 0.0 0.22
2 Daté + Density 13 6166 0.2 0.20
3 Parasitism + Dafet Density 13  617.5 2.0  0.08
4  Parasitism + Dafet 14 6165 22 007
period only; 5 Density 10 620.6 2.2 0.07
failure = first 6 Date + Density 11 619.6 2.2 0.07
predation (n- 7 Density 11  619.7 23 0.7
effective = .
3181) 8  Date + Densify 12 6187 24  0.07
Covariates only (Year +
14 PC1) 2 636.9 18.7 <0.01
19 Constant Survival 1 638.9 20.8 <0.01

Only models witha > 0.05 shown. Covariate and Constant Survival models rsifamw

comparison.

Models include all possible combinations of Date, Denaitg Parasitism effects (19
models) fitted to data from natural nests monitored from 2B (n-effective = #
observation-days represented). Batdate + Dateé Density = Dens + Derfs ¢ = 1.46
for M1, Set 1; c = 4.5%r M4, Set 2.
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TABLE 4.2. Models comparing natural versus experimergat survival patterns (2006-

2007; K = # of model parameters, -LL = -Log-Likelihoagd= AAIC;, w = model

weights).
Dataset M(;)#del Models K -LL A Wi
1 Dens + TypexDens 6 320.3 0.0 0.54
2 Density 5 3219 1.1 0.31
Set 1. Natural 3 Covariates only (Year + 3249 37 008
nest failure = PC1 + Type)
first predation; 4 Covariates only (Year + 3 3263 59 0.03
n-effective = PC1; no Type) ' ' '
1503 5 Constant Survival 1 3286 6.5 0.02
6 Daté 6 323.9 7.2 0.01
7  Daté + TypexDaté 8 323.0 9.4 <0.01
1 Dens + TypexDens 7 309.8 0.0 0.58
2 Density 6 3114 1.2 0.32
Covariates only (Year +
Set 2. Natural 3 " 5 314.2 4.7 0.06
nest failure = PC1 + Type + Parasitism)
total predation; 4  Daté + TypexDaté 9 311.0 6.5 0.02
Eg;edive = 5 Daté 3135 74 0.1
g NoType(Year+PCl+ , 3166 76 001
Parasitism)
7 Constant Survival 1 3275 23.3 <0.01

Model sets were fitted to data from 2006-2007 natural and expetaimests. n-effective
= # observation-days represented. Only data from experamagts > 30% concealed

were included. Dafe= Date + Daté Based on a Date- DatéxType + Dens +
DensxType model c = 0.94 for Set 1, and ¢ = 0.95 for Set 2.
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TABLE 4.3. Models fitted to data from experimental nestly (K = # of model
parameters, -LL = -Log-Likelihoody; = AAIC;, w = model weights).

Dataset M(;)#del Models K -LL A W,
Covariates only (Year+
cet1 1 PC1 + Height) 4 155.3 0.0 0.45
Experimental 2 Age 5 1552 1.7 0.19
nests > 30% 3 Density 5 155.3 2.0 0.16
concealed; failure 4 Age + Dens 6 155.2 3.7 0.07
= any predation; 5 paté 6 1552 3.8 0.07
n-effective = 699
9 Constant Survival 1 163.1 9.6 <0.01
Covariates only (PC1 +
Set 2. All 1 . 5 102.4 0.0 0.47
experimental ngh_t + Concealment)
nests: failure = 2 Density 6 101.7 0.6 0.35
avian clay egg 3  Daté 7 1020 3.1 0.10
?'ﬁ; S”'effeCt'Ve = 4 Daté + Dens 8 1013 3.9 0.07
' 5 Constant survival 1 121.1 29.2 <0.01
Set 3. Al 1 Const_ant survllval 1 74.3 0.0 0.74
experimental 2 Covariates only (Year + 3 74.1 36 0.12
nests, failure = PC1)
rodent clay egg 3 Daté 5 72.7 4.7 0.07
bite; n-effective = 4  Density 4 74.1 56 0.04
767.5 5  Daté + Dens 6 725 64 003

For Set 1, only models witl; > 0.05 and Constant Survival model shown. For Sets 2

and 3, all models were used to calculate evidence ratitaxf) so all are shown.

Model sets fitted to data from experimental nests {ec@fe = # observation-days
represented). Dates Date + Daté ¢ = 0.31 for global model (M8; not shown), Set 1; ¢ =
0.51 for M4, Set 2; ¢ = 1.24 for M5, Set 3.
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TABLE 4.4. Age-DSR models (K = # of model parameters, =LdLog-Likelihood,A; =
AAIC;, w = model weights).

Dataset M(;)#del Model K LL A W,

1 Age + AgexPC1 15 5445 0.0 0.31

2 Age 14 545.6 0.1 0.29
Set 1. Entire 3 Stageggnesting 14 5462 13 0.16
nesting cycle 4 Age + Agé 15 5454 1.7 0.13
g(‘)'gf)ec“"e = 5 Age+Agé + Agé 16 5452 33  0.06

6 Stag@ayingllncubation/NestIing 15 546.3 3.6 0.05

7 Covariates only 13 5519 10.8 <0.01

8 Constant Survival 1 575.1 33.1 <0.01
Set 2. Egg 1 Covariates only 13 3245 0.0 0.60
periodonly (n- 2 Age 14 3244 19 0.23
effective = 3 Constant Survival 1 3386 39 008
1697) 4 Age + Agé 15 3244 3.9 0.08

Model-sets describing Age effects fitted to data from natwstisn(n-effective = #
observation-days represented). Only observations ofalatests during which Age (# of
days from clutch completion) was known in the fieldv@riates included PC1, Date +
Daté, Dens + Derfs Year, and Parasitism. ¢ = 0.97 for M5, Set 1; ¢ = L0/, Set 2.
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FIGURES

Figure 4.1. Spatiotemporal variation in natural nest sur¢®@01-2008). Continuous
NSR estimates for the entire nest period along teyrdensity (A) and Date (B) axes
were calculated using M1, Set 1, and for the egg period edpeating nest failure with
first partial or total predation (C, D) using M2, Set 2[{lead.1). Reference lines (B, D)
mark ca. June 1 and July 1 respectively (May 31 and Junel@8piryears). Class-based
NSR estimates along continuous axes are plotted at vadizas for observations within
each class.
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Figure 4.2. Comparison of experimental nest survival patternatural survival patterns
(2006-2007). Natural and experimental nests were monitored akinglar
spatiotemporal extent (A, B). Continuous NSR estimakasg Density axis (C) were
calculated using M1, Set 1, and along Date axis using M9, Qetble 4.2). When
assuming natural nest failure = total predation (D), M52S&able 2 was used.
Reference lines (D, F) mark th& af June and July respectively. Class-based estimates
are plotted at mean values for observation intervalsimeach class. Class-based
estimates for avian bite rates (ABR) and rodent bitesréRBR) are also presented (E, F).
Although class-based estimates are not completely tensisith model-based estimates
with respect to Date when failure = first predatiori@sblack plot, D), class-based
estimates were more consistent with model estimvalbes similar models were fitted to
larger datasets (dotted black plot, D; also see Figure 4.1D).
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FIGURE 4.3. Dally survival rate (DSR) estimates and 95%f@lsatural nests along an
Age axis (A) calculated using M2, Set 1, Table 5. Classebasgmates for natural
(Black), as well as experimental nests (Grey) ardquodt mean values for observations
within each class. DSR estimates along Age axis fstisria willow (Black, PC1 = 1.5)
and for non-willow nests (Grey, PC1 = -1.5) were calad using Model 1, Set 1, Table

5.
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General Conclusion

The research reported in this dissertation provides itrapbinsights into how and why
avian nest site preferences may or may not conforapparent nest predation pressure.
Clearly, birds do not always favor nest site microhébitlaat minimize predation risk
even when there are no apparent incentives capabléwéighing predation costs for
selecting high-risk microhabitats. Nest predation by cadsbamd variation in the form of
predation pressure across the landscape are two pdasioles underlying maladaptive
Yellow Warbler nest site selection. Furthermore, gitrenrecent range expansion of
cowbirds (Rothstein et al. 1980), their generalist broodgitge strategy (Lowther 1983),
and the lack of consistency in predation patterns amgsigras (Lahti 2009), these
factors represent potential drivers of ecological tfapsest site selection in a variety of
bird species. Nevertheless, this research shows hovbereraf a population that suffer
from a trap with respect to one microhabitat gradient make adaptive decisions along
other microhabitat gradients. More specifically, theatiie use of concealment by
Yellow Warblers to avoid nest predation contrasted thighinability for Yellow

Warblers to identify predator-free space with respect twahabitat patch composition
may suggest a general organizing principle. In contrastmithohabitat patch effects,
concealment effects on avian predation are probablgvellaconsistent among systems.
Consequently, a concealment-based nest site selsttaiagy modulated by the
presence of avian predators may be more tractable andcomsistently favored by

natural selection than potential strategies based ogmnémon of low-predation
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microhabitat patches. That said, predator-free spacaeggect to patch structure is
recognized and occupied by nesting birds in other systemgi{M.998). Among-
populational comparisons of microhabitat-predation i@fethips, as well as research
aimed at elucidating the specific cues used by birds to fggmadator-free nest space
would contribute to a general understanding of how predatiapes avian nest site
selection.

This research also demonstrates the potential utfliéxperimental nests (i.e.,
artificial nests) for examining the processes underlyirgy peedation patterns. Because
of the differences between experimental and natusassnmonitoring of experimental
nests does not provide a useful surrogate for monitoringalatests when measuring
natural predation rates (Major and Kendal 1996, Faaborg 2004 eNMadrRobinson
2004). However, when monitored along with natural nesfsgraxental nests can
provide a useful control for the effects of parentablver on nest predation (Weidinger
2002). Using experimental nests, | have shown that mibit@aeffects on predation risk
(Chapters 2, 3) experienced by Yellow Warblers were ndiated by parental behavior,
and are therefore the product of direct effects of @habitat on predators. This
information was critical for elucidating the procesesly underlying both adaptive and
maladaptive nest microhabitat choices made by YellowbWes. In contrast with fine-
scale spatial patterns, coarse-scale predation patterasnediated by parents, making
food availability a potential driver of these patternise Greater influence of food on
coarse-scale spatial patterns offers a potential exxemfor why birds might pay less

direct attention to the likelihood of nest successmaedecting breeding habitat at
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territory-or-larger spatial scales (Shochat et al. 2@@Ifoun and Martin 2007). When
comparing natural versus experimental predation patténvasinecessary to control for
differences between natural and experimental nests tbidue the presence of parental
behavior. Studies using experimental nests to contrqeoental effects on predation
risk should therefore make every effort to design expantal nests that simulate the

natural nests of particular study species as closgipssble.
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