Testing theRoleof Social Cues in Saltmarsh Sparrow Habitat Selection Decisions

Trina Schneider BayaydPh.D.

University of Connecticut, 2010

ABSTRACT
The saltmarsh sparrodmmmodramus caudacutissa species of national and global
conservation concetthat is threatened by its limited breeding range and vulnerability to
sealevel rise. Despite detailed studiesteesting habitat, our ability to predict this
s p e cdistabsitibnremains deficient. Several lines of evidence suggest that these
sparows may combine social information with their assessment of the physical
environment in order to select nesting habitat, yet the way in which birds integrate these
disparate types of information is not understood. To resolve this uncertainty
investigaed howconspecificsocial cues may influence breeding habitat selectidy.
researchndicates that nesting activity is more strongly related to cues describing total
sparrow activity than to those specifically related to breeding actstith as maleasng
or female provisioning behavior. Although tihesultsuggests that sparrow abundance
could be aeliablecue of habitat quality, experimental manipidas of apparent sparrow
densitiesndicate that saltmarsh sparrows do not use conspecific aitradgtier to select
breeding sites within marshes, or to select which marshes to settieaddition
although previous accounts have described saltmarsh sparrows -@®kemail, spatial
tests of aggregation failed to detect awidence fomonrandm patters in nest
placementconsistent with the hypothesis that nest placement is random with respect to

other nests and that females are not attracted to settle near other nesting females. Finally,



becausaest flooding is a major cause of nest faltor this specieand is not generally
well understood! studied the mechanics nést flooding. During 20072009, all but28

of 191 nestssampled were flooded at least on&ome nests, including those that
produced young, were flooded up to 10 timethin the nesting cycle. Oawverage, the
maximumtide heightat which nests did not flood differdsttween successfakstsand
those that failed due to flooding hyst 5 cm. When | modeled nest fate using variables
related to tide height and nest tigj thetop performing models all included variables
related to tidal metricslhis suggests that avoidance of flooding is likely a major

component of habitat selection decisions.
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INTRODUCTION
How animalsselect habitat and distribute themselves in space has fundamental
consequences for their demography, ecology and evolution. Habitat selectimahu
been well studied, yet our ability to predict species distributions remains mixed,
suggesting there is much to be learned (Scott et al. 2B¥javioral studies indicate
that social cues can critically influence avian settlement pattiitike( 1965; Stamps
1994; Danchin et al. 200¥yard and Schlossberg 2004t the way in which birds
incorporate this information into their habitat selection decisions is not well understood
Integrating this knowledge with other aspects of habitat select@mndas a clear
opportunity to develop a comprehensive model for understandingdade distribution

patterns.

Habitat Selection

In migratory birds, the behavioral process of habitat selection can be divided into the
search phase and the settlement pflasécher 2006). During the search phase,
individuals may either return to their natal site (inexperienced breeders), past breeding
site (experienced breeders), or disperse to a new site. For those dispersing to n
locations, habitat qualitly featureghat contribute to the growth, survivorship, and
production of offspring (Greene and Stamps 200djust be assessed. Important habitat
guality cuesgmight include ecological featurssich as the size of potential habitat areas,
relative isolation from dter suitable habitats, the chaexdtics of the matrix habitat,
structural vegetation featuresccess to food and cover, and protection from predaliors

addition to physical featuredecisiongegarding nessite locationrmay incorporate



informationon past beeding experiencepnspecific reproductive suess in the area,
and access to mateblabitat quality cues operate over a wide range of scales, mi#eng

study ofthe behavioral process bébitat selection necessarily complex.

Conspecific Ataction

Birds selecting breeding sitebouldchoose in wgs thatenhanceheir ability to find
suitable mates and raise yourigoth the time constraints involved in the initiation of
breeding attempts and the high cost of nesting in poor quality habdgald favor the use
of strategies that reduce the costs of sampling theamaent (Doligez et al. 2004).
Although relying on personal information such as past breeding success or natal
experience (Switzer 1993; Davis and Stamps 2004) to make settldewsions may be
the least costly approach, individuals inhabiting unpredictable environmentsiyriest
breeders, failed breedeend dispersingndividualsmust acquire substantial information
to assess potential breeding areas (Doligez et al. FB84] et al.1999). Ormotential
strategyfor inexperiencedbreederor dispersingndividuals is toprospect in potential
breeding habitats during the pdseeding season, gathering information about
conspecific breeding density and local reproductiveesss (Reed et al. 199®ereby
reducing costs of prbreeding season sampling.

Individuals that base their settlement decisions upon the presence or density of
conspecifics emplothe strategy of conspecific attraction (Kiester 1979; Shields et al.
1988; Stamps 1988; Stamps 1991; Boulinier and Danchin;1R6&d1999; Ward and
Schlossberg 2004; and see review in Danchin and Wagner 18%8&y benefitof this

approachs that the presence of conspecifics in potential settlement areas repit@sents



integrationof many social and environmental factors, whereas ecological cues of habitat
guality may change over the course of the breediagas®r be difficult to sample

(Brewer and Harrison 1975)he use of conspecific density as a cue may therefore
minimize search costs by reducing the need to sample the envirorementan be an
effective strategy i€onspecifics aran honest indicator of habitat quali§tamps 1994).
Theoretical modelingf habitat selection strategisgpports this ideaguggesng that
conspecific attraction during the searching and settlement phases may result in increased
survival and fecundity, respectively, with increased fecundity driven by the aggregation
of individuals in quality habitgFletcher 2006). This result clerhges the customary
expectation that individual fitness declines with increased deBsibyvn 1964;Fretwell

and Lucas 1970). If conspecific attraction is widespread in animal populations, it would

have significant implications for both habitat selectibeory and conservation practice.

Public Information

For individuals engaged ie process diabitat assessmenyes of finescale resource
availability and reproductive activitiegehighly valuabletypes ofinformation.
Althoughcues ofconspedic densitycan be insightful in this regarthe behavior of
conspecifics as they engage in daily activities and interact with the enviroisment
potentiallya much richer resourcén fact, useof this inadvertently produced public
information §enswalone and Templeton 20DBas been demonstratethpiricallyin

the process of habitat selection by breeding birds, where individuals use information
abou local reproductive success inform their subsequent settlement decisions

(Danchin et al. 199&004;Doligez et al. 1999, 200®art and Doligez 200 arejo et



al. 2007). The use of public informatiohas also been testeddely in studies of avian

foraging ecologysee review irGalef and Giraldeau 2001)hese and other studies

(Boulinier and Dancim 1997; Doligez et al. 2004 Betts et al. 2008) demonstrate that

some birds are not only able to distinguish between more and less successful areas based
on public information concerning brood size and quality, but that they retain this
information and employ it during habitat selection decisions in subsequent yddrs.

use ofthis type of public informatiosanenhance fithess when individuals copy the

habitat choices of successful breed®=anchin et al. 2004).

Model SystemSaltmarshSparrow

Many animals use a combination of environmental and social cues when deciding where
to settle, but separating the importance of these influences can be difficult. The saltmarsh
sparrovAmmodramus caudacutpsovides an ideal system for testing the role ofadoc

cues because it is a ntarritorial and socially promiscuous species and thus does not
face limits imposed by pair bonds or territorial behavibiis also an obligate saltmarsh
specialist and nests in grassldike stands of tidal marsh vegetatitivat make detection

of nests relatively straightforward. Observation of behaviors such as flights, male
displays, mging, perching, chasing, and provisioning are uncomplicated by visual
barriers, although ground level mament and interactions are freotly obscured.

Moreover, nesting cyek and nest failures are ofteynchronized with tidal phase

(Gjerdrum et al. 2005; Shriver et al. 2007), making detection of cues related to specific

reproductive activities relatively straightforward.



The saltmarskparrow iscurrently considered specief conservation concern
in the states dNew HampshireConnecticutNew York,andDelaware. Itis also
recognizedhationally Redlist;American Bird Conservancy 2007) aglbbally (IUCN:
Vulnerable;BirdLife International 2009as a species of concesind has been identified
by Partners in Flight (an international cooperative partnership for bird conservation
efforts) as a species in need of immediate conservation @icimet al. 2004).The
entire global breging range of this species is contained within the narrow band of tidal
marsh present from coastal Maine to Virginia; up to half of the global breeding
population is estimated to breed in southern New End@ettmers and Rosenberg
2000).A lack ofcompe hensi ve surveys throughout t he
of global population size difficult; however, recent preliminary estimates put the
population size in the range of ~ 30,0080,000 individuals, with an estimated 5,000
breeding in Connectit¢yElphick et al. 2009).

Members of my lab have studied the saltmarsh sparirmeg 2002 (Elphick et al.
2005;Gjerdrum et al. 20052008, 2008k Humphreys et al. 200Hill et al. 2010.
Although sparrow occurrence is closely tied to vegetation(gpsenlaw and Rising
1994;Gjerdrum et al. 2002200&), breeding season abundance varies consideratily, b
within and between marshes)d only a small portion of this variation can be attributed
to habitat characteristi¢§jerdrum et al. 20032008). Campelling evidence also
suggestshat the species engages in habitat prospecting andbaesting exploration: (i)
in the spring, small numbers of singing birds occur in marshes where no breeding appears

to subsequently occur, (i) a pdsteeding influx & hatch year birds has been observed in



marskeswith no apparent breeding, and (iii) a small number of betvmearsh

movements have been noted from banding styéiphick et al. 2005).

Research Summary

A systematic treatment of potential social cued their influence on behavior is needed
to distinguish between the potentially confounding effects of environmental eiadl so
factors. My researcimtegrate developirg ideas about the role sbcialinformationcues
with conventionally recognizeelcolayical cues to build on our understanding of habitat
selection insaltmarsh sparrowsThe primary goalsereto:

1. ldentify and characterize potential social cues reflecting reproductive success in a
non-territorial avian system ancetermine the strength tie relationship
betweerthese cues and local nesting activity.

Context If social cuegelating to conspecific behavioase proximate measures
used by birds to determine habitat qualihgese cues and local reproductive
success should shaavsignifiant, positive relationship for the use of these cues to
persist over evolutionary time.

2. Characterize femaleest placemermatternswithin marslesand determine
whether females pladgeir nests near otheestingfemales.

Context Interactions among especifics can affect how animals settle and
distribute themselves once they have selected a habgpécifically address the
use of social cues in the neste selection procesy studying how nests are

distributedwithin marstes the relationship étween nesplacemenpatternsand



theunderlying habitat structure, and the role of public information in determining
re-nesting attempt locations

. Test whetheconspecific attractiors used duringpreedinghabitat selection by
performing experimentaudio broadcastof sparrow vocalizationsn marshes

with bothhigh and lowsparrowdensites

Context If selection of breeding habitat is influenced by the presence or density
of conspecifics, artificial enhancement of apparent conspecific dessityd

attract saltmarsh sparrows into experimental plots. By conducting this experiment
in both known occupiedsaltmarsh sparrow breeding habitat and in seemingly
suitable but unoccupiear low-densitymarshes, | address tpessible use of
conspecific attretionin two distinct contextsf thebreedinghabitat selection
process.

. Finally, in light of its importance for nest succekstudiedthe mechanics of nest
flooding in this system | quantified(i) the frequency and duration of nest

flooding events(ii) the relative tide heights associated witstflooding versus
nonflooding, andwith lethal flooding events versusmnlethal flooding events
and(iii) modekdthe effects of various tide and timing variables on nest fate.
Context: Because @st flooding is the primary fdor influencing nesting success,
its avoidance is likely to influence settlement decisiadewever, etailed
understanding of exagthow flooding affects successlacking making it

difficult to interpret settlement decisionsthe context of nest floodingn

addition, documenting the extent of nest flooding experienced under current sea



levels is critical to understanding the magnitude otkineat posed to saltmarsh

sparrow persistence by sksvel rise

Implications

Theimportance of social cues in habitat selectiesisionshas powerful implications for
conservation, restoration and species management. Recent experimentasvork
demonstrated that artificially produced social cues can be effective in restoring
endangredterritorial songbirds to suitable habi(&ard and Schlossberg 2004} his

finding warrants further consideration; if unoccupied areas are not inherently unsuitable,
but are instead deficient in social cues, what role, if any, should unoccupis@ga

our approach to land conservation? To understand the potential value of unoccupied
habitat areas to wildlife species persistence we must first identify the mechanisms that
promote colonization of habitat patches.

Although the specific applieguestions concerning habitat usere/@nimportant
motivation for this reseah, there are also important theoretical implications. Traditional
theoretical approaches to habitat selection, includsegof thadeal free distribution
(Fretwell and Lucas970), habitat suitability indexes (Kahl et al. 1985), and hierarchical
models (Kristan and Scott 2006ave generally overlooked the positive role of
conspecific attractionStamps 1994see review in Ahlering and Faaborg 2006).

Stamps (1994) and otle(Reed 1999; Blumstein and Fernandadcic 2004)
have suggested that a greater understanding of the behavioral process of habitat selection
and settlement is needed to improve our theoretical and practical understaviging

researcladdressethis needusing a systematic approach, allowing me to distinguish



between the potentially confounding effects of the physical environment and social
factors. The results of this work serve booaden our conceptual understanding of habitat
selection behavior andhanal distribution patterns, as well as help to advance

conservation and restoration science.

Statement Concerning Use of Animal Subjects

All bird banding activities for this projeetere conducted under my advisor, Dr. Chris

El phickds, F dirdy @arnait I 22664)s anceState lnfaCannecticut banding
permit ¢ 0207012). My work with this and other saltmarsh avian species has been
approved and authorized by the Institutional Animal Care and Use Committee (IACUC

protocos # A05-024 andA08-024).
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CHAPTER1: EXPLORING THE RELATIONSHIP BETWEEN NESTINE ACTIVITY AND POTENTIAL

BEHAVIORAL CUES IN THE SALTMARSH SPARROWAMMODRAMUS CAUDACUTUS

ABSTRACT
Although studies of aviasocial cue us in the habitat selection process becoming
increasinglycommon, the range of possible behaviors that couldhpatly act as cues
for a given species, is not generalipredin a systematic mannein this study |
characterized a number of saliisia sparrow behaviors thebuldact as cues of
repraductive activity, and test wheghdifferentmeasuresf sparrownesting activityare
associated witthese behavioral cue€nvironmental and temporal variables were
incorporated into all modets simultaneously address how sparrow behavior varies
according to conditions such as time of the breeding season, temperature, and wind
speed. The results of this work indicate thaaviorakcuesindicatingthe total number
of sparrows are more strongdyedcted bynesting activity than are cues that specifically
reflect local breeding activity, such as male song or female provisioning behavior. This
resultsuggests that density relatedicatorsmay serve as asefulcueof local
reproductive activity anthushabitat quality. If sparrows use these cues during habitat
selection, one would expect them to be attracted to habitats whigye mumbemnumber
of conspecifics occur and avoid those with low density populatiBgsallowing the
relationships beteen reproductive parameters and behavioral activity to point us towards
cues that aractuallyassociated with nesting activity, wan nowmove forward with

experimental tests of social cue use, focusing specifically on deefityd cues.
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INTRODUCTION
Individuals selecting breeding habitat should choose among patches in ways that enhance
their ability to find suitable mates and raise young (Hildén 1965). Both time constraints
and the high cost of breeding in poor quality habitat should favor thefistrategies that
reduce the costs of sampling the environment (Stamps and Krishngna2@d@abitat
selection strategies should thus be under strong selectiveigébtartin 1993).
Relying on privatenformation such as past breeding success @l eaperience to make
settlement decisions may be the least costly approach in terms of time and energy
expended (Switzer 1993; Davis and Stamps 2004). However, animals inhabiting
unpredictable environments, firgine breeders, failed breeders, and disipg
individuals must acquire substantial information to assess potential breeding areas
(Doligez et al. 1999; Reed et al. 1999). A greater understanding of the behavioral
processes involved in habitat assessment and settlement decisions is thusoneeded t
improve our theoretical and practical understanding of habitat selection.

Recent work in behavioral ecology has explored the idea that birds may use social
information cues such as the presence, density, or performance of conspecifics as an
indicator ofhabitat quality (e.g., Fisher and Fisher 1969; Reed and Oring 1992; Danchin
et al. 2004; Ward and Schlossberg 2004; Fletcher 2006). A key benefit of using social
cues is that the presence and behavior of conspecifics at a particular locale represents the
net effect of many social and environmental factors, whereas other cues of habitat quality
may change over the course of the breeding sehasaifficult or timeconsuming to
sample (Brewer and Harrison 1976y interact in a complex multivariate wayse of

social cueshat have alreadytegratedelevant informatiortan thus be an important
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time-saving practice, particularly for animals such as migratory birds that must
commence breeding in a timely manner.

The use of conspecific cues in avian hatb#election decisions has been
demonstrated in two distinct but related ways. Settlement in response to conspecific
presence or density has been shown through experimental manipulations of population
densities. This has been achieved by deploying ceiigpdecoys and broadcasting cues
such as bird song in suitable or unsuitable habitats in an attempt to elicit dispersal into
densityenhanced areas; birds that respond positively to these density cues are said to use
conspecific attraction (e.g., Kres883; Ward and Schlossberg 2004; Nocera et al. 2006).
Alternatively, settlement in response to conspecific behavioral cues pertaining to local
reproductive success (public informati@ensuwalone and Templeton 2002) has been
demonstrated by manipulatimgproductive parameters such as brood size and
provisioning rates and tracking the subsegq
enhancedo areas (e.g., P2rt and Doligez 20
associated with conspecific detysior of reproductive success functioning to attract
individuals to settle into particular areags begun to challenge the theoretical
underpinnings of habitat selection behavior. Rather than conspecifics acting purely as
competitors and repelling pattal settlers (e.g., Fretwell and Lucas 1970),muest also
now consider ways in which conspecific attraction and cueing in the settlement process
can positively influence species distribution patterns (Stamps 1988; Wagner and Danchin
2003; Fletcher 2006)

Past studies of conspecific cues have generally focused on a narrow set of

behaviors that are likely to serve as important sources of information about conspecific
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density or reproductive success (e.g., brood size, Aparicio et al. 2007; male song
frequerty, Betts et al. 2008). Subsequent hypothesis tests have thus been limited to
behaviors that researchers deem to be important to birds engaged in habitat assessment.
However, the range of behaviors that could potentizlysel as informational cues is
largely unexplored. If social information cues are proximate measures used by birds to
determine habitat quality, there should be a significant relationship betwelene¢hef
reproductiveactivity in the vicinityand thefrequency of particular behav® (cues). In
other words, some cues should increase in frequency when individuals are engaged in
successful production of offspring (e.g., an increase in the number of provisioning
females) whereas others should prevail in times of widespread failareaswccurs
after catastrophic storm events or widespread predation (e.g., increased frequency of
display behaviors as birds seek temate).

Many animals use a combination of environmental and social cues when
deciding where to settle, but separatihg importance of these influences can be
difficult. By exploring these questions in the saltmarsh spaAkmwnodramus
caudacutusa nonterritorial species in which males and females mate with multiple
partners (Hill et al. 2010) and do not form pair 8s1iGreenlaw and Rising1994), we
were able to concentrate on the relationship between sparrow nesting activity and social
cue prevalence without the potentially complicating factors of territoriality or mate
defense. Although the primary intent of ourdstwvas to look at the relationship between
the frequency of different behaviors and measures of local reproductive activity, it is also
necessary to understand htve occurrence diehavios variesaccording to conditions

unrehted to reproductive success this could affect theirsefulnesss cues Therefore,

19



an important secondary aspect of our study was to quantify the relatishsinpeen
temporal/environmental variables and the prevalence of different sparrow behaviors. For
example, a certain araat of variation in the frequency and occurrence of breeding

behavior is expected to result from temporal factors such as the time of day and the phase
of the breeding season, as well as changing environmentaticoaguch as temperature

or precipitatian.

In this studywe modeled the total number of nests, as well as the number of
nests in the incubation and nestling phases, as explanatory variablssrias omodels
predicting different aspects of sparrow behavior and abundance. Using thiacppve
soughtto identify specific sparrow behaviors that might be useful cues of local nesting
activity for prospecting sparrows. Although our study was designed to identify any and
all possible associations between sparrow behaviors and nesting/aatéviiad several
specific predictions about the possible ways in which reproductive activity might be
related to sparrow behavior. Because tidal flooding associated with the lunar cycle is the
primary cause of nest failure for saltmarsh sparrows (Gjeratual. 2005; Shriver et al.

2007) and many nests never reach the nestling stage (Chapter 4), we predicted that the
number of nests with chickgould determine the frequency lnéhaviors involving

female care of nestlings, amiuld benegatively associad with male mate attraction
behavior such as song rates and display. In addition, we expected sparrow behavior to
vary in relation to the lunar tidal cyclajth birdsbecoming more active in the days

following the new moon when many indiwudls are renesting(Shriver et al. 2007).
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METHODS
Study System
The saltmarsh sparrow is an obligate saltmarsh specialist and nests in grélssland
stands of vegetatio@ssociated with the high marsh zd@reenlaw and Rising 1994).
Females are solely responsilide nest site selection and parental carel place nestat
random with respect to the placement of other nests (BayatdE Iphick 2010Chapter
2). Although sparrow occurrence is closely tied to vegetation(Gpeenlaw and Rising
1994; Gjerdrum eal. 2005), breeding season abundance varies considerably, both within
and between marshes, and only a small portion of this variation can be attributed to
habitat characteristi¢&jerdrum et al2005,2008). Tidal flooding is a major cause of
nest failue in this species regardless of nesting substrate (Gjerdrum et alS00er
et al. 200; Chapter ¥, suggesting that even within marshes dominated by miggtsh
habitat, there might be particular areas that are more or less favorable due to their
propensity to flood. If differentiation among higharsh vegetation types is an
inadequate cue of flooding risk, social cpesvide areasonable alternative hypothesis
for explaining how sparrows decide where to settle at the local level.

Behavioral reseah on saltmarsh sparrows is aided by the lack of visual barriers
in the marsh; observation of behaviors such as flights, male sexual displays, singing,
perching, chasing, and provisioning is straightforward, although ground level movement
and interactionare frequently obscurdaly the dense marsh vegetatioDetection of
nests is also relatively simple and most nests can be found early in the nesting cycle
(Gjerdrum et al. @08; Bayard and Elphick 201Chapter % Nesting by female

sparrowsoften becomgsynchronized with the approximately-88y lunar tidal phase in
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response to the widespread nest failure that occurs in association with & Bjginmg
tides (Gjerdrum et al. 2005; Shriver et al. 2007). This synchrony has the potential to
make detedbn of cues related to specific reproductive activities eastdeast
analytically, as most individuals are engaged in similar phases of the nest cycle
simultaneouslyand the variety of behaviors that females are likelgeengaged irat

any one timas reduced.

Study Sites

Field research on breeding saltmarsh sparrows was conducted from 21 May to 24 August
2007 at two salt marshes on the central Connecticut coast of Long Island Sound in the
northeastern U.S. (Hanomasset State Park (BR 44 TN,1 57Np UW3studdj 55 0
area 31.5 ha; 2BMst 7 RUWSHdyar@8P82 ha)6 THese

marshes were chosen because of their large (@88 ha and 289 ha, respectively),
abundancef high-rmarsh habitat, and high denegiof nesting sparrows relative to other
sites (Gjerdrum et al. 2005; Elphick et al. 2009). We selected study areas of similar size
within each marsh using natural features of the maiiskege channels, waterways and
upland boundariek to delineate té study area boundarie$he two marshes are
approximately 8 km apart and are distinct marsh systems, lying within different

watersheds and separated by-satimarsh (suburban/forest) habitat.

Social Cue Surveys
Because saltmarsh sparrow vocalizatiaresgenerally inaudible beyond 50 m (Greenlaw

and Rising 1994), and females tend to limit their witlnarsh movement to distances of
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less than 100 m (Hill 2008), we selectedial cue survey locations at random within

each study area such that surveynpoivere at least 50 m from the study area boundary
and at least 100 m apart (ArcGis 3.2 random point generator; Environmental Systems
Research Institute, INn€999). This process yielded 16 survey points at the Hammonasset
SP study area and 13 pointEaist River. Due to constraints in our ability to navigate all
portions of the marsh, seven points were ultimately located less than ftOm ineir

nearest pointone pair of points at East River was located just 92 m apart and three pairs
of points at Fhmmonasset SP were located 77 m, 80 m, and 93 m ap3ocial cue

surveys were conducted at each survey location on a weekly basis from 28 May to 17
August between 0600 and 1100 hours. Survey points were visited in random order on
each visit. Each sial cue survey consisted of antin unlimited radius count in which

the behaviors and approximate distances to the obser2&r rff) 2550 m, >50 m) of all
saltmarsh sparrows were recorded. Temporal and environmental variables noted for each
survey inclded the date, time of day, day in lunar cycle, time since high tide,

temperature, and average wind speed. Temperature was measured in the field; timing of
the high tide was taken from the Tides and Currents website of the U.S. National Oceanic
and Atmosper i ¢ Admi ni strationds National Ocean
wind speed was taken from NOAA National Climatic Data Center (NOAA 2007). The
specific behaviors recorded included the number of individuals engaged in song, flight,
femalespecific darm calls,perching/standing, chasing, provisionjagd male sexual

displays. Care was taken to avoid counting individual birds more than once within a

given survey, though our population is largely unmarked and we cannot be certain of how

successful wevere in this regard. All social cue surveys were immediately followed by
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an unlimited radius Emin song survey. This survey was designed to provide a measure
of song frequency within the environment rather than the number of singing males.
Consequengl no attempt was made to determine the identities of singing males, and

individual males could thus be counted multiple times.

Nest Monitoring

Each study area was patrtitioned into four contiguous plots of approximdtéyhé each

to facilitate equahest searching effort across all portions of the study area. Plots were
systematically searched twice weekly, with additional searching during nest monitoring
activities. Nest locations were recorded with a Garmin GPSMap76; a small flag was
placed approxnately 5 m from each nest to identifg location, while limiting the

potential for the flag to act as a cue to predators. Care was also taken to avoid trampling
the vegetation in the vicinity of nests and to avoid creating trails leading to and from
nests. Nests were monitored everp 2lays to track the outcome of the nesting attempts.
Because the sparrows in our study population were not individually marked, the identity
of the female associated with each nesting attempt was not known. Basediminthe

of all nest attemptsjoweverwe know that a minimum of 53 females at Hammonasset

SP and 43 females at East River were engaged in nesting activity within our study areas

during our study.

Analysis
We faced several statistical challenges in niadehe relationships among sparrow

behaviors, local reproductive activities, and temporal and environmental conditions.
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These included: 1) dependent variables that werennomaland contained excess zeros,
2) high colinearity among our three metridseproductive activity, and 3) potential
temporal autecorrelation due to the repeated sampling aspect of our study design. Our
general approach, which is described in detail below, was tedipsirate correlated
variables into separate models, thenetduce the number of zeros in our dependent
variables angwhen necessarggccount for zeranflated count data in our model

structure. Finally, we identified and incorporated temporal dependence using an
appropriate correlation structure. All diagnogBsts and exploratory data analyses were

run for all models examined.

Dependent Variables

Although we had initially envisioned treating each of our eight behaviors as separate
dependent variables, many of our variables were dominated by zeros. duriedc

because we chose to include only birds that were within 50 m of the survey point to avoid
overlap with data collected from adjacent survey points. In addition, some of the

behaviors measured were quite rare. We addressed this issue by aplagsin

behavioral data into fougroups: 1) the number of individuals involved in intersexual or
mating behavior (fimate acquisitiono), defi
or singing, 2) the number of tHosemdMidaats i dent
engaged in provisioning or generating a fermlp e c i f i cGreenlaw anal Risiray | | (
1994;C . Field, unpub. data), 3) the number of
i ncluding flying and pdrodhiln gefmedgghetdthle t ot a

number of songsecorded in a 1%nin period. A fifth group related to sparrow
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abundance, defined #se total number of birdsecordedduring the survey fit ot al
b i r dvastalso usedUsing theseategorieswe were hle to reduce the number of
zeros and the total number of possible models to consider.

Initially we assessed the count histograms visually to determine whether our five
dependent variables were candidates for-egftated models (Zuur et al. 2009). \When
used the PSCL (Jackman 2009) and MASS (Venables and Ripley 2002) libraries in R (R
Development Core Team 2009) to determine whether our dependent variables followed a
Poisson or negative binomial distribution. We first ran each-inélaied model usg a
negative binomial distribution; if the estimate of the dispersion parameter Log (theta) was
significantly different from zero, we retained the negative binomial distribution;
otherwise we used the Poisson distribution (UCLA 2010). We then perfawoetodel
comparisons. We first compared each model to the inteac#pimodel using a
likelihood ratio test to determine if the model constituted a substantial improvement over
the null model. We then compared the zerftated model to the relevantastdard
model using the Vuong test (Vuong 1989). This allowed us to determine whether
incorporating zeranflation resulted in a substantial improvement over the standard
model. In all, we examinedive sets of three models (three types of nesting maquizls
behavioral variablesee beloyw compaimg each seseparately using informatien
theoretic model selectigiBurnham and Anderson 2002Hgnificance of individual
predictors was evaluatddr U = 0. 05 .

Zero-inflated modelsanaccount for excess zeros in one of two ways, depending
on the investigatorés a priori knowledge

modeled in separate steps using a binomial model for the zeros and sttuPaigason
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(ZAP) or negative binomial model (ZANB) for neaero count data, or the probability of
measuring false zeros can be analyzed usin
count data are modeled using a Poisson (ZIP) or negative binomid)dkeral linear

model (GLM) (Zuur et al. 2009). AFal sedo z
observer error, i.e., the bird is present but remains undetethedbasic difference

between ZIP/ZINB and ZAP/ZANB models is that the nature of theszerleft

undefined in ZAP/ZANB models. Because we had reason to believe that individual

sparrows and sparrow behavior could go undetected during our surveys we used the

ZIP/ZINB models.

Reproductive Activity

We quantified local reproductive activitg éhe number of nests that were active within a
50-m radius of each survey point at the time of observation. Nests that survived long
enough to reach the nestling stage were presumably a more reliable indicator of
successful reproduction than those thatenstill in the incubation phase; therefore we

also quantified how many nests were in each stage at the time of the survey. Including all
three measures of reproductive activity in the same model would introduce unacceptably
high levels of colinearity;iterefore, we incorporated the three measures of nest activity

into each model of sparrow behavior separately and used model selection to determine

which measure best explained the data.
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Temporal AuteCorrelation
To explore the degree to whitdmporaldependencdue to bird responses to seasonal or
tidal cyclesmight violate assumptions of independence among model residuals, we
calculated the mean and variance of each behavioral cue for each week. We used the
auto-correlation function (ACF) (NLME libary; Pinheiro et al. 2009 R on the weekly
mean and variance data to identify specific time lags for which the independence
assumption was violated for a given behavioral model (Zuur et al. 2010). A related but
separate statistical challenge was theeptial lack of independence among the multiple
observations collected at each survey point. To assess-wihlihtemporal dependence
we also plotted the ACF for each survey point individually.

Because our behavioral data were not normally distribtibed;onventional
practice of running generalized least square models with and without a correlation
structure and then comparing the AIC values was not an additional option for judging
whether autecorrelation was present (e.g., Pinheiro and Bates 20Q0;&wal. 2009).
Instead we used generalized estimation equations (GEE; Liang and Zeger 1986), which
can account for response variables that are counts or otherwis®moal,and can
incorporate various correlation structures. Using the GEEPACK lilmaRy(Hgjsgaard
et al. 2005), we ran each model with two biologically plausible types ofcautelation
structures. The exchangeable correlation structure simply assumes that observations
from a given survey point are correlated, while the autoregeeserrelation structure
assumes that the correlation between two sequential observations from the same point is
greater than that of observations further apart in time (Zuur et al. 2009). All means are

given = SD.
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RESULTS
The number of nests active withés 50m radius of our 29 survey points averaged 0.7
1.0 nests (mitmax: O1 5) per survey. When nests were categorized by nesting phase,
there were an average of 0.4 + 0.7 nests with eggs and 0.2 + 0.6 nests with chicks present
at each survey. The nioer of individuals observed in each of our behavior categories
averaged 2.0 + 1.7 active sparrows (imax: 07 8) per survey, 0.6 £ 1.0 females (min
max: Oi 6), 0.5 + 0.9 individuals involved in mate acquisition (fmax: Oi 6), 2.5 +
3.3 songs per 1/min survey (miamax: 01 25), and 5.2 + 4.1 total sparrows (Ammax: 0
T 20). When the number of sparrows engaged in each behavior was plotted as a function
of the number of nests present within 50 m, no clear patterns emerged (Appendix A).
However, Speanan rank correlation tests detecsaghificant relationshipbetween the
five behavioral measures and the three measures of nesting activity in nine of 15 cases
( Sp e arrhoa®dasadp < 0.01 for all significant test&ppendix A). The only
behavioraimeasure that lacked a significant correlation with any type of nesting activity

was the total numbef song.

Choosing the Appropriate Model

Our zerainflated model comparisons indicated that the negative binomial distribution
was better than the Poassdistribution(the dispersion parameter Log (theta) was
significantly differentf r om z er o fdr modelitg alEspabrowtehpviors except
the number of individuals engaged in mate acquisition. -Helated models also
provided a significant impvement over the standard Poisson or negative binomial

models forall cases considered (Z > 1.87 gnd 0.05 for all tests).
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The autecorrelation function plots revealed no evidence of significant temporal
auto-correlation when the data were averagemss all survey points. When we plotted
auto-correlation by point, there were 5220 possible time lags in whichcutelation
could have been detected (29 points x 15 models x 12 weeks). We found 42 lags in
which autecorrelation was statistically sifficant, far fewer than one would expect
based on chance alone (U = 0.05; expected
was no consistent pattern (i.e., clustering at particular time lags or for particular points)
where significant results wefeund within the set of tests, further suggesting a lack of
biological relevance. Given the lack of evidence for temporalentieelation within the
survey point data, we concluded that the GEE modeling approach incorporating a

temporal correlation staiure was unwarranted and the results of those models are not

reported here.

Reproductive Activity Associations

Despite findingsignificant Spearman correlations between nest metrics and behavioral
cuesin nine comparisonfAppendix A),behavioral cuewere not significantly correlated
with reproductive activityn many of our mode)svhereas environmental (weather)
conditions were more commonly related (Tableutputs for all models are included in
Appendix B). Thigesultsuggests that the behavibnaeasuressuch as song rates and
female abundanc¢guantified in this study are not reliable indicators of nesting
activity/success, and thaeitherbirds norresearchers should depend on them to assess
local breeding activity. For cases in which rahrctive activity was a significant

correlate of sparrow behavior, the type of behaviors predicted by nesting activity tended
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to be more general measures of sparrow actisugh aghe total number of sparrows
observed and the number of active individuedsher than behaviors specifically related

to reproduction such as song totals or the number of females observed. One exception to
this pattern was the model relating the number of nests in the nestling stage to the number
of individuals involved in mat acquisition, which were inversely related (Table 1).

The total numbers of active nests and nests in the incubation phase were
significantly associated with the total number of sparrows observed and the number of
active birds, while the number of nesighe nestling stage was significantly associated
with the number of sparrows involved in mate acquisition. To our knowledge it is not
possible to computpseudeR?values for ZIP models, therefore the strength of these
associations is not known. Howeyeonversion of nest parameter estimates to-odds
ratios (&) indicate that for every additional active nest present in the vicinity of a point
count survey, the odds of observing an additional sparrow increased by a factor of 1.09
(equivalent to a 9% inease in odds), when all other variables were fixed, and the odds
of observing additional sparrows involved
1.17 (17%). For every additional nest present in the incubation phase, the odds of
observing an add@nal sparrow increased by a factor of 1.12 (12%) and the odds of
observing sparrows engaged in fAactiveo beh
Finally, for every additional nest present in the nestling phase, the odds of observing
additional sparravs involved in mate acquisition behavior decreased by a factor of 0.37

(63%).
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Environmental/Temporal Associations
Temperature and wind speed were both significant predictors of the number of active
birds observed and the number of birds involved in raatgiisition; sparrow counts
generally declined with increasing temperatures and wind speed while the number of
individuals involved in mate acquisition increased in relation to these variables (Table 1;
Appendix B). Average wind speed was also positivelgted to the total number of
females observedbut inversely related to the total number of sorgsfirming that
sparrow vocalizations can be difficult for the human observer to(B#aeenlaw and
Rising 1994) Temperature was inversely related te thial number of spaows
observed, which also suppogsecdotal accounts of sparrows being less active during
high temperatures.

Of the three temporal variables consideitéd, stage of the breeding season
(week) was most commonly related sparrow lehavior, with counts declining as the
season progressed. Both the number of days since the new moon and the amount of time
elapsed sincthe most recent highide emerged as significant predictors in the binomial
portion of the zeranflated models fordtal number of birds (days since new moon), and
the number of birds involved in mate acquisition and the number of active birds (time
since high tide). The binomial portion of the zémflated model tests whether a given
variable is a significant predat of false zeros, suggesting that the bedsld have been

engaged in these activities but eluded detection.
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DISCUSSION
Variation in the prevalence of saltmarsh sparrow behasgimisabundanceould provide
conspecifics with information regarding Emesting activity, but the pattern of
relationships we detected suggests tBptoductive activity anthe manybehavios we
examinedare largely unrelated, with a few notable exceptions. It appears that cues
related to the total number of sparrowshe vicinityof a point(e.g. number of active
individuals, total number of birds) are more strordgiked tonesting activity than are
cues that specifically reflect local breeding activity, such as male song or female
provisioning behavior. Thigesultis perhaps surprising, batiggests that density related
cues may serve dise bettetindicator of local reproductive activity and thus habitat
quality.

The use of conspecific presence or density as a habitat selection cue has been
documented in a raegof avian speciesith diverselife histories ranging from colonial
seabirds (e.g., common teri&érnahirundo); Kress 1983andAtlantic puffins
(Fratercula arcticg; Kress and Nettleship 198& songbirds as diverse as loggerhead
shrikes [Lanius ludvicianug (Etterson 2003) and house wrefisoglodytes aedgn
(Muller et al. 1997); the number of species for which conspecific attraction has been
demonstrated is rapidly increasing (Chapter 3). If conspecific attraction occurs at the
landscape level isaltmarsh sparrows, it would help explain evidefocarea sensitivity
in the species (Benoit and Askins 2002; Shriver et al. 2884 see Fletcher 2009) and
the absence of sparrows in seemingly suitable habitat (Montagna 1942; Gjerdrum et al.

2008).
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Experimental manipulations of vocal cues have been particularly fruitful in
demonstrating the importance of conspeatitactionin habitat selection decisions (e.g.,
Alatalo et al. 1982; Ward and Schlossberg 2004, Betts et al. 26008Yyious researchno
saltmarsh sparrows documented a significant increase in male song rate following the
new moon high tides, when females are engagedmeseng (Shriver et al. 2007)n
our study, however, we found no relationship between nesting activity and mgle son
frequency. This was unexpected, given that the primary function of saltmarsh sparrow
song is thought to be in attracting femalawmalesdo not needto sing for purposes of
territory defense (Woolfendenl1956)Ve thusthought itlogical to assume thaft males
areactively singingn an areathenfemale sparrows should also be present and possibly
in receptve breeding condition as welDne possible reason that nesting activity does
not predict male song activity is that males sing for reasons ¢idremnate attraction
(Kroodsma and Byers 1991). Previous nmistting efforts have indicated that marshes
sometimes have abundant males present, but few or no females (Elphick et al. 2009).
Males hae been observed singing in situations where femalesoadkanown to be
present, or very few conspecifics are preg&ntMeiman, unpub. data), suggesting that
song could be important for nanateattraction purposes such as rmalale social
relationships or in song developmégktroodsma and Byers 1991). Thigght in turn
dilute any link between male song and the presence of females

At the outset of this study, we had a conflicting set of expectations regarding the
potential relationship between apparent female abundance and local breeding activity.
Previows banding datauggests a lack of relationship between female abundance and nest

density (Elphick et al. 2005), but since males do not participate in parentadware,
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would expect thathe number of females, rather than the total number of, lshdsildbe

an important cue of nesting activity. This discrepancy may be related, in part, to the
difficulty involved in observing female sparrowsthis study Female saltmarsh
sparrows are vergecretivg(Greenlaw and Rising 1994and one can rarely be cenaf
distinguishing between males and females in the field unless they are uniquely marked or
are actively engaged in sspecific behavior. From the perspective of the human
observer, females are at their most visible during the nestling stage wheamehey
frequently engaged in provisioning flightene of the few behaviors that can be reliably
attributed to females alone. Saltmarsh sparrows presumably are not faced with the
problem of differentiating between males and females, so attempting tofeatatie
abundance as a cue of reproductive activity may always be limited by observer
constraints unless the females are artificially, individually marked.

Environmental conditions such as temperature and average wind speed were
frequent significant prectors of sparrow activity and behavior in our mod@lable 1)
suggesting that sparrows eithienit certain kinds of activity (e.g., singing, general
activity) during periods of high wind and high temperatures and increase others (e.qg.,
provisioning, mée acquisition), or that our ability to detect sparrows engaged in different
behaviors is affected by these conditions. Due to the cyclical nature of sparrow nesting
activity, we expected singirand generadctivity to be greatest followinlgigh spring
tides when many nests fail due to flooding and females are engagedeistireg attempts
(Gjerdrum et al. 2005; Shriver et al. 2007). However, the number of days since the new

moon was not a significant predictor of singing frequency in any of the models
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considered. Rather, the survey week emerged as an important predictor, with song rates
peaking at the onset of the breeding season and declining from that point forward.

In theory, prospecting birds should be most interested in cues that provide
dependhle information about local reproductive success (Doligez et al. 1999). In
saltmarsh sparrows, flooding is the primary cause of nest failure and many nests never
reach the nestling stage. Therefave, expect prospecting females to use any cues that
indicate the availability of high marsh habitat (e.g., vegetation composition) and select
marshes that have a high proportion of this habitat type. This information may be gained
from social cues such as conspecific density, ecological cues such as the relati
composition of saltmarsh vegetation types, or both. Conversely, the negdspécting
malesare much less constrained; food, access to mates, and shelter are their primary
requirements. Therefore, we expect malesettle any place where there f&males and
to cue in orfemale behavioand receptivityn relation to the tidatycle. In this way, it
is possible that female and male saltmarsh sparrows use social and ecological cues in
different ways, and perhaps to varying degrees of importafaeher experimental tests
of conspecific social cues will help us understand the relative importance of social cues in

these types of settlement decisions.
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Table 1. Results of 15 models relating salshasparrow nesting activity to potential behavioral cues. Each measure of nest

activity was regressed against the five dependent behavioral variables; the best performing model within each behavioral

category i s i ndiwcdumesd,-values fdr indviduelfledictiva vadables agwenfor significant

variables only; (+) and) indicate the nature of the relationship between the predictive variable and the dependent variable

of

(i.e., positive or inverse). All zerimflated models include wo out put s; the probability
count data, which are modeled using a truncated Poisson or negative binomial (NegBin) general linear model, and the
probability of measuring false zeros, modeled using a binomial model. &délrutputs including paranegtestimates are
includedin Appendix B.
Model type Nest Variable Type Nest Temp? wind Lunat High Week Log-likelihood e&A | w
Variablé speed Tide®
Dependent variable: # of females

NegBin truncated # of nests 0.044 (+) <0.001¢) -355.4 0.78 0.29

NegBin binomial # of nests 0.027 (+) 0.051¢)

NegBin truncated # of nests (egg stage) <0.001¢) -355.0 0 0.44

NegBin binomial # of nests (egg stage) 0.025 (+)

NegBin truncated # of nests (chick stage) 0.039 (+) <0.001¢) -355.6 1.02 0.26

NegBin binomial # of nests (chick stage) 0.028 (+) 0.046 ()

Dependent variable: # of birds involved in mate acquisition

Poisson truncated # of nests 0.005 (+) <0.001¢) -317.6 12.10 <0.01

Poisson binomial # of nests 0.025 (+)

Poisson truncated # of nests (egg stage) 0.006 (+) < 0.001¢) -317.0 10.87 <0.01

Poisson binomial # of nests (egg stage) 0.025 (+)

Poisson truncated # of nests (chick stage) < 0.001 ¢) 0.002 (+) 0.021¢ <0.001¢ -311.5 0 0.99

Poisson binomial # of nests (chick stage) 0.025 €) 0.006 (+)
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Dependent variable: # of songs

NegBin truncated # of nests 0.044 ¢) <0.001 ¢) -642.4 0.02 0.45
NegBin binomial # of nests
NegBin truncated # of nests (egg stage) 0.042 ¢) <0.001 ¢) -642.3 0 0.46
NegBin binomial # of nests (egg stage)
NegBin truncaéd  # of nests (chick stage) 0.021¢) <0.001 ¢) -643.9 3.16 0.09
NegBin binomial # of nests (chick stage)

Dependent variable: # of active birds
NegBin truncated # of nests <0.001 (+) 0.008¢) 0.049 (+) -609.7 0 0.98
NegBin biromial  # of nests 0.043¢)
NegBin truncated # of nests (egg stage) 0.011 (+) 0.005¢) -613.5 7.6 0.02
NegBin binomial # of nests (egg stage)
NegBin truncated # of nests (chick stage) 0.008 ¢) -620.9 224 <0.01
NegBin binomial # of nests (chick stage) 0.022 (+) 0.028 €)

Dependent variable: total number of birds
NegBin truncated # of nests 0.024 (+) 0.009 ¢) -896.4 0 0.74
NegBin binomial # of nests 0.015¢)
NegBin truncated # of nests (egg stage) 0.047 (+) 0.007 ¢) -897.7 2.62 0.20
NegBin binomial # of nests (egg stage) 0.011¢)
NegBin truncated # of nests (chick stage) 0.011 ¢) -898.9 5.03 0.06
NegBin binomid  # of nests (chick stage) 0.025 ¢)

& Nest Variable = # of nests, # of nests in incubation stage, or # of nests in the chiclepemging on the model

® Temp. = temperature, measured in the field at the time of the survey.

¢ Wind = averagevind speed observed the day of the survey.

4 Lunar = # of days since the most recent new moon.

® High Tide = time elapsed since the most recenitning high tide

46



CHAPTERZ2: USING SPATIAL POINT PATTERN ASSESSMENT TO UNDRSTAND THE SOCIAL

AND ENVIRONMENTAL MECHANISMS THAT DRIVE AVIAN HABITAT S ELECTION

ABSTRACT
Understanding when species distribution patterns should be ascribed to patterns in the
physical habitat, rather than the influence of social cues, remains a crucial step in
understanding avian hisdt selection. To distinguish between these mechanisms, we
assessed the point pattern of 213 Saltmarsh Spafowmnpdramus caudacuusests
and the spatial autocorrelation of vegetation characteristics at two separate study sites.
Tests of aggregatiost cumulative and discrete distance classes failed to detect any
significant norrandom pattern; consistent with the hypothesis that nest placement is
random with respect to other nests. When the timing of nesting attempts was taken into
account such thainly previous or currently active nests were considered, there was still
no evidence that female sparrows attempted to nest closer to other nests than expected
given random site selection. The underlying spatial structure of the vegetation variables
wassomewhat patchy, but not in a way that was consistent between sites or that matched
patterns in nest placement, suggesting that female Saltmarsh Sparrows do not distribute
themselves within marshes according to these features. A lack of associatiombetwee
vegetation characteristics and the probability of nest flooding, which is the primary

source of nest failure in this species, may explain the apparent lack of spatial structure.
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INTRODUCTION
How animals select habitat and distribute themselves redpas fundamental
consequences for their demography, ecology and evolution, yet our ability to predict
species distributions remains mixed (Scott et al. 2002). Stamps (1994) and others (Reed
1999, Reed et al.1999, Blumstein and Fernaiddeic 2004) hae suggested that a
greater understanding of behavioral processes is needed to improve our theoretical and
practical understanding of habitat selection. If social cues are commonly used during
habitat selection, then responses to these cues could desiespistribution patterns
and would have significant implications for both habitat selection theory and
conservation practice (Stamps 1988, Ahlering and Faaborg 2006).

Environmental parameters such as soil moisture, elevation, and slope can directly
affect vegetation composition and structure, which in turn can drive faunal species
occurrence (Fortin and Dale 2005). When biologically important resources are spatially
autocorrelated, patterns in species distributions may occur in response to theinmderly
spatial structure of the environment. Suc
i mplications for species settlement behavi
arising from behavior such as conspecific attraction or competitiotirfreord Dale
2005). Thus, aggregated settlement patterns can occur when individuals select habitat
based on the presence of conspecifics, or simply in response to clusters in resource
distribution (Stamps 1988).

Although much progress has been madealir@ssing these types of questions in
the plant and landscape ecology literature (Fortin and Dale 2005), spatial analysis of

avian nest locations is much less common (Bourque and Desrochers 2006). Despite
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widespread interest in quantifying the ecologfealtures of avian breeding habitat, the
influence of these features on habitat selection behavior is infrequently approached from
an explicitly spatial perspective (but see Bourque and Desrochers 2006, Cornulier and
Bretagnolle 2006) and few studies spieeilly address the influence of social cues in
habitat selection via spatial pattern assessment (e.g., Brown and Brown 2000, Melles et
al. 2009). Given the growing interest in the role of social cues in the process of avian
habitat selection (e.g., Danahet al.1998Ward and Schlossberg 2004, Ahlering and
Faaborg 2006), these topics would benefit from being united by spatially explicit
analyses.

In this study, we analyze the spatial pattern of Saltmarsh Spatmow¢dramus
caudacutusnests and assegstential mechanisms driving nest placement decisions.
The Saltmarsh Sparrow is a Rtarritorial species in which females are the exclusive
providers of parental care (Woolfenden 1956, Greenlaw and Rising 1994) and birds do
not form pair bonds (Woolfemah 1956, Shriver et al. 2007, Hill et al. 2010). These
behavioral attributes eliminate two major social constraints that most birds face and make
A. caudacutugspecially well suited to studies that seek to determine the role of social
information cues.The breeding season distribution of female Saltmarsh Sparrows is not
well understood at the local scale, but the current consensus from the literature is that
nests are clustered. For example, nesting has been referred to-aslearal and as
occurringi n Ahot spotsod (Forbush 1929, Mont agna
Greenlaw and Rising (1994) suggested that sparrow aggregations in the marsh resulted
from patchiness in nest microhabitat characteristics, while Murray (1969) speculated that

aggregatios result from social causes such as mate attradomever, whether the
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nests of this species are clustered has not been tested statistically, limiting inferences
regarding putative mechanisms. Consequently, our main goal was to test the hypothesis
that nests are distributed noandomly; we also consider plausible explanations for non
random nest placement patterns.

Saltmarsh Sparrowsccurin saltmarsh habitats that are dominated by vegetation
such as Saltmarsh Ha8gartina patens Black GrassJuncus gerardj, and Smooth
Cordgrass$partina alterniflorg (Woolfenden 1956, Greenlaw and Rising 1994).

Although sparrow occurrence is closely tied to vegetation type, sparrow abundance varies
considerably during the breeding season, both within atveele@ marshes, and only a

small portion of this variation can be attributed to habitat characteristics (Gjerdrum et al.
2005 2008a. In addition, nest failure in the species is primarily attributed to tidal

flooding associated with monthly high tidesgimduals that are synchronized with the

tide have a greater chance of successfully fledging young, regardless of nesting
vegetation (Gjerdrum et al. 2005, Shriver et al. 2007). Nevertheless, establishing whether
the vegetation features associated withrngarsh Sparrow occurrence are patchy in their
distribution is an important component of understanding their nest placement decisions.

If vegetation parameters are key determinants of settlement decisions, and the distribution
of vegetation is patchy, oneould expect that nest placement would correspond to

patches of especially favorable habitat. Thus an additional aim of this study was to
determine the spatial structure of the underlying saltmarsh vegetation.

Conversely, if sparrow settlement patterres grimarily a function of conspecific
attraction, females may cluster around other nests with little regard tsctate habitat

characteristics. Under this hypothesis, the scale and location of nest aggregations would
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be unrelated to that of vegetatipatches. Because noandom patterns in nest

placement could result either from females using other nests as cues in their nest
placement decisions, or because females are attracted to nest near other actively nesting
females, we use information on tieiporal sequence of nest activity to assess each
possibility separately.

Under the scenario in which vegetation is patchy and nest placement is clustered,
our null model of random nest placement would need to be modified to specifically
control for patciness in vegetation. If nests were still clustered compared to the null
expectation, the hypothesis that birds are aggregating for social reasons would be
supported. However, if the settlement pattern was consistent with the null expectation,
the hypothsis that females respond to similar habitat cues, but not necessarily social
cues, would be supported. If we found patchiness in the vegetation, but not clustered
settlement patterns, the hypothesis that nest placement is random with respect to other

femdes, and to the specific aspects of vegetation we measured, would be supported.

METHODS
Study $stem
Field research on breeding Saltmarsh Sparrows was conducted from 21 May to 24
August 2007 at two salt marshes located along Long Island Sound, USA: Hassab
St ate Park (41U15N) N, 720 33Nj W), and East
chosen because of their large size (209 ha and 289 ha, respectively), availability of
suitable habitat, and high density of nesting sparrows relative tositéei(Gjerdrum et

al. 2005, Elphick et al. 2009). We selected study areas of similar size within each marsh
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(Hammonasset SP: 31.5 ha, East River: 25.2 ha) using natural features of the marshes
large channels, waterways and upland boundariegdelireate the sites. The two

marshes are approximately 8 km apart and lie within different watersheds separated by
nonsaltmarsh (suburban/forest) habitat. Our banding data show that there are occasional
movements between the two sites, but suggest thatighitke within-season mixing of

the populations (C. Elphick, unpubl. data).

Nest Monitoring

Each study area was patrtitioned into four contiguous plots of approximeadeia@o

facilitate equal nest searching effort across all portions of the atedy Plots were
systematically searched twice weekly, with additional searching during nest monitoring
activities. Nest locations were recorded with a Garmin GPSMap76; a small flag was
placed approximately 5 m from each nest to identify the locatioite Vitmiting the

potential for it to act as a cue to predators. Care was also taken to avoid trampling the
vegetation in the vicinity of the nest or create a trail leading to and from the nest. Nests
were monitored every-2 days to track the outcometbf nesting attempts; temperature
dataloggers (Thermochron iButtons, Maxim, Sunnyvale, California) were used in 35
nests (16% of total) to track ndate (cf. Gjerdrum et al. 2008b Nests that fledged at

least one chick were considered successfuhepurposes of this analysis. Although we
cannot be certain that all nests were found, most marsh vegetation is short (< 0.5 m) and
easy to search; moreover, we found most nests (88%) in the building or incubation phase,
suggesting that our nest searchivas sufficiently thorough to detect most nest attempts

early in the nesting cycl@see also Gjerdrum et al. 2008d@8ecause the majority of
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sparrows in our study population were not individually marked, the identity of the female
associated with each nag attempt was not known. Because females may engage in
multiple nesting attempts, some nests in some analyses represesting attempts (see
Data Analysis below). Given that the statistical tests used in this study are designed to
detect spatial @pendence among nests (i.e., clustering), the potential lack of
independence among these nests is not an issue (Fortin and Dale 2005). Based on the
timing of all nest attempts, however, a minimum of 53 females at Hammonasset SP and

43 females at East Rivevere sampled.

Vegetation 8mpling

Vegetation sampling was conducted within-gneter square quadrats centered at each
nest and at randomly located points selected using the ArcGis 3.2 (Environmental
Systems Research Institute, Inc. 1999) random menérator. Data gathered included:
maximum vegetation height at each quadrat corner, thatch depth (i.e., dead plant matter
underlying the vegetation) at the center of the quadrat, stem density in-fore’ 50b

guadrats, and species composition (see@Jeadrum et al. 2005).

Data Analysis

To test the null hypothesis that Saltmarsh Sparrow nests are distributed randomly within
the marsh, we used a combination of first and secwoddr point pattern tests. First

order tests are related to the meambar of events (i.e. nests) per unit area (intensity)

and allow a crude assessment of clustering within a bounded study area. -&eeond

methods are concerned with the covariance structure of the number of events per unit
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area and allow investigation miteraction among events (Perry et al. 2006). Because
different statistical approaches can yield conflicting results (Fortin and Dale 2005), we
used a combination of these tests to determine how robust our results were. All tests
were computed in R (Revelopment Core Team 2008) using the SpatStat library
(Baddeley and Turner 2005). Data from each marsh were analyzed separately.

We used two firsbrder nearest neighbor tests as a preliminary tool to assess
whether the spatial distribution of sparroests differed significantly from the null
hypothesis of complete spatial randomness (CSR). The Clark and Evans aggregation
index R is calculated as the ratio of the mean nearest neighbor distance (NND) for alll
nests to the mean NND expected for a Poiggont process of the same intensity (Clark
and Evans 1954). A value of R significantly < 1 suggests clustering while a value
significantly > 1 suggests regularity and R = 1 is the expected value for spatial
randomness. We also used the nearestneighbos t r i but i on function (
function; Diggle 1979) to quantify the cumulative distribution function (i.e., the distance
from a randomly chosen nest to the nearest other nest (Baddeley and Turner 2005). We
used 499 Monte Carlo simulations of a Poispoint pattern process to generate a 99%
confidence envelope of the function (Diggl
from the nest dataset was compared to the theoretical curve of the Poisson point pattern.
Values of the empirical G functicabove the 99% confidence envelope indicate
clustering, while those below the confidence envelope indicate regularity.

A central assumption of secowdder pattern analysis is that the variable under
consideration has an equal probability of occurringughout the study area. To test this

assumption of homogeneity, we used the Kolmoge3mirnov goodnessf-fit test to
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compare the observed distribution of nest locatimoardinates (i.e., longitude) to the
distribution expected under complete spatiatiemness (Baddeley 2008).

Another important consideration in point pattern analyses is the possibility of
edge effects, and how to select an appropriate edge correction. Edge effects arise because
the points lying near the edge of the study area hewerfneighbors available in all
directions than do points located in the middle. Many edge corrections exist, and the
shape and extent of the study area can be used as a guide for choosing among them
(Haase 1995, Lancaster and Downes 2004). For thecemsglered here, the biological
justification for using edge corrections was mixed. Some portions of the study area
boundaries should be considered hard boundaries, because Saltmarsh Sparrows do not
occur in the adjacent habitat (e.g., upland edgesgeneo correction is needed. Other
areas had softer boundaries such as river edges where we have regularly observed
sparrows crossing en route to adjacent areas of marsh; in this situation it is ambiguous
whether a correction is warranted. In yet otheaay study area boundaries were
completely artificial and thus clearly necessitate an edge correction. Consequently, we
ran all analyses with and without edge corrections for irregular polygonal study areas
(when such a correction was available) and regoany differences between the two sets
of results as a test of the sensitivity of the results to-eelgeed bias.

Ri p | ey 9)sis akcunfuletive test that allows detection of clustered point
patterns at successively larger spatial scales (Ri@29,11981). We used this test with
Ripleyds isotropic edge correction (Ripley
among nests at distance lags.of We used the linearized form of K,r.& (K(r) /%)

r, to aid in interpretation and to stabilize the variance (Besag 1977, Haase H295).
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the expected number of nests in a circle of radigssubtracted from (Kf /°°, the

observed number of nests in a circle with radiutinder complet spatial randomness,

the number of nests in a circle follows a Poisson distribution and-L@ for all

distances Variability in userdefined distances for this test can affect the outcome of
Ripleyds L, so we r an e arestribed bysSpatStats Theg t he
recommended range for the distance lags wiagd@2.55 m for Hammonasset SP arid 0

156.18 m for East River. We did not perform this test without an edge corrbetianse

the exclusion of a weighting factor causes the valoiethe observed and expected L(r)

to converge after very few distance lags (Lancaster and Downes 2004).

Using Monte Carlo simulation methods, we generated 499 simulations of a
homogenous Poisson process of the same average density as that found atigach st
area. 99% confidence envelopes for the L(r) function were defined by taking the lowest
and highest values of the simulated L(r) for eacNalues of L(r) above the upper
bounds of the confidence envelope indicate clustering while those below #re low
bounds indicate regularity.

To supplement this analysis, we also used theqmaielation function (PCF)
recommended by Stoyan and Stoyan (1994), which tests for interactions between points
(i.e., nests) separated by a distaneed is relatedtoRp | ey 6 s K. Wher eas
correlation function can be thought of as a circle centered at a given nest, where the only
nests counted are those that |ie on the ci
nests that are contained within the circle.e RCF is the probability of observing a pair

of nests separated by a distancdivided by the corresponding probability for a Poisson
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process (Baddeley 2008). |l nterpretation
that values above the upper bds of the confidence envelope indicate clustering.

To assess the relative importance of vegetation in influencing female sparrow
settlement, we investigated spatial autocorrelation in habitat features within the marsh. If
vegetation parameters areylkdeterminants of settlement decisions, one would expect
that clusters of nests would correspond to patches of especially favorable habitat.
Saltmarsh Sparrows select nest sites where the vegetation has a greater maximum height,
is denser, and has a highmoportion ofSpartina patensompared to nonest locations,
though vegetation substrate type is not correlated with nest fate (Gjerdrum et al. 2005).
To understand how the spatial structure of marsh vegetation compares to the settlement
patternofnesi ng sparrows, we used Morandés | to
1948) in these three vegetation features. Where multiple measurements were taken of
vegetation characteristics at a point (e.g., maximum vegetation height, stem density), the
meanval ues were wused. Morands | i's used t
pattern, or spatial autocorrelation, in the distribution of a quantitative variable (Cliff and
Ord 1981); positive autocorrelation (aggregation) is indicated by positiuesaf the
coefficient, negative autocorrelation (segregation) is indicated by negative values and
nonsignificant values (randomness) are close to O.

To explore spatial autocorrelation at different scales, each vegetation parameter
was tested using dérent distance classes (20, 50, 100) in the freely available software
program, SAM (Rangel et al. 2006), with greater numbers of distance classes
representing a finer scale analysis. Each distance class was defined such that an

approximately equal numbef pairs of points were considered in each distance class (T.
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Rangel, per s. comm. ) . Significance of Mor
a randomization procedure (Fortin and Dale 2005). Vegetation data for nest locations and
randomly locatd points were analyzed both separately and in a combined dataset. To
account for nonindependence among distance classes, significance for each class was
assessed usingsae quent i al Bonf er koh20, 168004100 ct i on ( U
(Legendre and Legendre 1998). Moranods | v
againstk distance classes to aid in interpretation (Fortin and Dale 2005). Only those
coefficientvalues hat wer e s i glevéldrecused to intarpret spatial U/
structure (Fortin and Dale 2005) . A posit
indication of a patch of similarigtructured vegetation, whereas a negative, significant

value indicating dissimilar vegetation characteristics was interpreted as a space between
patches (Amico et al. 2008).

The question of whether female sparrows use similar cues in their settlement
decisions, irrespective of the exact nature of the cues wssdaddressed in the tests of
spatial randomness presented above. Howev
neighbor could be a nest that was active before, during or after the focal nest was
initiated, or even a f &mthdredotesonquetes fuitheru s ne s
tests, taking into account the order of nest establishment. We used an iterative procedure
of nearest neighbor tests to analyze the distribution of nests according to their initiation
dates throughout the breeding seaséfe estimated initiation dates for each nest
assuming 12 days of incubation, addy nestling period, and using observations of
laying, hatching or fledge dates (Greenlaw and Rising 1994). When hatching and fledge

dates were unknown because of early fekire, we used a modification of the formula
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that Gjerdrum et al. (2005) used to determine when incubation started (originally from
Martin et al. 1997):
Initiation date = ((date founi ((incubation period number of days
observed) + 2))J number ofeggs in clutch.

We determined end dates for each nest using the following criteria: 1) the last date the
nest was observed active prior to nest failure, 2) the last date the nest was active
according to iButton temperature data (available for 35 nestsR3)ae estimated fledge
date based on a 4ay nestling phase and positive evidence of fledging.

To test whether female sparrows build nests closer to previously established nests
than expected under complete spatial randomness, we calculated g negyhbor
distance for each nest, using only those nests that were initiated on or before the focal
nest6s initiation date as potenti al neighb
computed from a distinct dataset that included only those (rests®er of neighbors g)
t hat could have served as a cue during nes
own previous nesting attempt). We then simulated random placemepbuits in the
marsh, using the nncross and runifpoint commandp@tSEat (Baddeley and Turner
2005) to generate a unique, random simulation for each focal nest. The distance from
each real nest to its nearest neighbor in the simulated point dataset was calculated. A
pairedt-test was used to compare the nearest neigtlistances from the previously
active nest dataset to the nearest neighbor distances of the random point dataset.
Although testing whether females nest closer to previously active successful nests than
previously active failed nests is an important @ador of the use of social cues in nest

site selection (e.qg., public informatiasenswalone and Templeton 2002), the
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synchronous nature of nest activity in the species made this analysis unfeasible. The
majority of nesting attempts in the early partleg season were failures, whereas a
second round of nesting culminating in rIdly yielded many successful attempts. As a
result, only the females nesting very late in the breeding season had both failed and
successful nests to use as cues; this sawadeoo small for a separate analysis.

To test whether females are attracted to settle near simultaneously nesting
females, we also calculated the nearest neighbor distance for each nest using only active
nests as potential neighbors. We defined theecest dataset for each nest as the set of
nests that were initiated prior to the focal nest initiation date, and ended following the
focal nest initiation date. Again, a distinct dataset of active neighbors was created for
each nest (number of neighbcrq), and the nearest active neighbor distance was
calculated. A simulation oindomly located points was performed for each nest, using
the number of active neighborg,as the basis for the number of points to be simulated.
The distance from eaclest to its nearest neighbor in the simulated point dataset was
calculated. Nearest neighbor distances from the active nest dataset were compared to the

nearest neighbor distances of the random point dataset using tpisésl

RESULTS
A total of 130 ad 83 Saltmarsh Sparrow nests were found and monitored at
Hammonasset SP and East River, respectivafufel). None of the first or second
order tests conducted showed strong evidence for clustered nesting. Clark and Evans
aggregation indices revealedld aggregation at the global level for both marshes

(Hammonasset SR = 0.89; East RiveR = 0.88) when a cumulative distribution
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function (CDF) edge correction was used. When no edge correction was applied, the
results were even more suggestive of aloan pattern (Hammonasset $¥5 0.97; East
River,R=0.98). Consistent with the conclusion that there is little clustering, comparison
of Diggleds G function to the 99% confiden
model failed to reveal a departuirom complete spatial randomness at either study area
(Figs. 2ap). Finally, the assumption of homogeneity required for secoddr analyses

was met at both marshes (Kolmogo#®mirnov: Hammonasset SB; 0.08,P = 0.31;

East RiverD: 0.13,P =0.12. Comparison of the empirical L(r) function to the 99%
confidence intervals for the null hypothesis also revealed a lack of departure from spatial
randomness at both study marshes, in all distance cldsgasec, d), as did results

from the pair corlation function testKigure2e, f).

The level of spatial autocorrelation detected in the three saltmarsh vegetation
variables differed between marshes and among variables, and depended on the type of
points considered (Table 1). Of the 54 testspaitial autocorrelation conducted (2 sites x
3 vegetation variables x 3 distance classes x 3 point subsets), 44% (24/54) yielded no
significant autocorrelation. The best support for patchiness in vegetation features was
found for vegetation density (15/18sts) while the least support was found for mean
maximum vegetation height (4/18 tests). Significant spatial autocorrelation (i.e.,
patchiness) was detected at distances ranging fré®01%, depending on the number of
classes and vegetation featuressidered. Although all point combinations yielded a
similar number of significant tests (all points (9/18), nests only (10/18), random (8/18)),
the nature of spatial autocorrelation detected in each dataset was sometimes inconsistent,

e.g., spatial autoceelation was strongest for maximum vegetation height at
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Hammonasset SP and for8spatensit East River. Vegetation features at East River

tended to exhibit more patchiness than did those at Hammonasset SP, and this patchiness
persisted under all comlations of distance classes, point types, and vegetation

parameter considered, with the exception of vegetation height. Vegetation features at
Hammonasset SP differed in their degree of patchiness depending on the number of
distance classes used, and orethir nest locations, random locations or all locations

were considered.

If female sparrows did build their nests close to other current or previously
established nests, this could be due to shared preference for a habitat characteristic
(possibly unmesured) rather than social cues. Females, however, did not place their
nests in relation to previously active nests in a way that is significantly different from
random placement (Hammonsset &t&st= 0.24, df = 127P = 0.81; East Rivert-test =
-1.29 df = 80,P = 0.20), nor did simultaneously nesting females show evidence of
aggregation in their nest placement. The distances between actively nesting nearest
neighbors were not significantly different from the distances expected under random nest

placement (HM,t-test = 0.67, df = 12/ = 0.50, ERf-test = 0.18, df = 8P = 0.86).

DISCUSSION
Although quantitative analysis of species distributions is how common at the landscape
scale (Scott et al. 2002), it remains an underused tool for undergiaatilement
patterns and mechanisms of habitat selection at the local scale (Melles et al. 2009).
Similarly, as our understanding of the potential role of social cues in avian habitat

selection grows (e.g., Ahlering and Faaborg 2006), many have caoewire the
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importance of incorporating this information into models of species distributions, but lack
the data to do so (Blumstein and Fernandi@zcic 2004). Quantitative analysis of
settlement patterns provides a tool to address these issues hpgbossessment of
alternative hypotheses in advance of performing experimental tests.

Despite a Il ong history of anecdotal ref
of Saltmarsh Sparrows (Greenlaw and Rising 1994), tests of aggregation at cumulative
and discrete distance classes failed to detect any significasandiom pattern in
sparrow nests, consistent with the view nest placement is random with respect to other
nests within suitable habitat. These tests addressed the similarity of nest ptacemen
choices made by individual females, rather than directly shedding light on the
mechanisms behind those choices. When the timing of nesting attempts was taken into
account such that only previous or currently active nests were considered, however, there
was no evidence that female sparrows attempted to nest closer to other nests. Although
some patchiness in the underlying vegetation features of Saltmarsh Sparrow breeding
habitat was identified, there was no evidence that female sparrows aggregatpdrisges
to this patchiness and the degree of vegetation patchiness varied depending on the marsh
and the variable considered. If we had detected aggregations in sparrow nests,
incorporating vegetation patchiness into our null models would have been atiaéssen
step in determining whether aggregations were due to a shared preference for a habitat
characteristic or use of social cues (e.g., Melles et al. 2009). Given the lack of evidence
for aggregation, however, such tests were not warranted in our study.

Our findings are seemingly at odds with early studies of Saltmarsh Sparrows and

indeed our own perception that sparrows aggregate in certain areas of the marsh.
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Townsend (in Forbush 1929) and Murray (1969), among others, also thought that
Saltmarsh Sparmes congregate in certain areas of the marsh, leaving seemingly suitable
habitat unoccupied. It is difficult to compare these early anecdotal reports of aggregation
to the patterns observed in this study, in part because we lack detailed information
regardng sparrow populations and their habitat at the time of these historical studies.
Whether or not early reports of sparrow aggregations reflect a truly alternative
distribution pattern to that of todayods sp
this discrepancy is that changes in Saltmarsh Sparrow population density or habitat
availability have resulted in a change in settlement patterns. Similarly, we cannot be
certain whether the patterns observed at our study marshes in one breedingugason
representative of most years or sites. Our study marshes contain large populations and
are considered relatively high quality marshes; different patterns may occur in low
guality marshes where suitable marsh habitat is limited and sparrow density is |

Annual changes in settlement patterns are unlikely, however, given that vegetation
composition and hydrology are fairly consistent on a-yegear basis. Moreover, our
anecdotal observations in multiple years and in multiple marshes provide oo teas
believe that there was anything atypical about the data used here. A final possibility, and
the one that we find most plausible, is that it is simply difficult for humans to distinguish
among spatial patterns without careful quantitative anal\&marrow nest densities differ
considerably acr@smarshes (Gjerdrum et al. 2098and it is possible that females

nesting in proximity to one another are more noteworthy in our minds, especially if this
behavior conforms to our expectation of clusteratiesaent patterns (i.e., confirmation

bias, Nickerson 1998). These sensory weaknesses, coupled with biases in nest search
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Image that field workers inevitably develop (Rodewald 2004), highlight the need to
conduct quantitative analyses of point patterathar than relying on the subjective
nature of human perception.

Despite the lack of evidence supporting the influence of conspecific cues in
Saltmarsh Sparrow nest placement, it is plausible that some combination of social cues
and habitat featuresearmportant factors in the habitat selection process at a larger
spatial scale. Montagna (1942) reported that sparrow surveys in apparently suitable
marshes sometimes yielded few or no individuals, yet sparrows were abundant in Long
Island Sound marshesthe time of his research. Morecently, Gjerdrum et al. (200Ba
evaluated the performance of habitaised Saltmarsh Sparrow distribution models using
field data from 30 study plots. Although the habitat models did moderately well in
explaining sparn abundance and nesting activity within study plots, they were poor
predictors of sparrow activity in crosgalidation tests and at new sites, suggesting that
habitat features alone are insufficient to explain Saltmarsh Sparrow distributions. Both of
the® studies point to the possibility that the cues operating at the landscape level could
be more important for habitat selection in this species than are local nest placement cues.
If the density of conspecifics in a potential habitat area is a criticedrféor individual
settlement decisions, conspecific attraction at the marsh level would be an important
mechanism driving Saltmarsh Sparrow distributions. Exactly where females nest within
a given marsh may be less important.

The nature of nest faita in this species is such that fiseale differences in
elevation and vegetation at nest locations may be largely irrelevant. Nest failure is

primarily caused by flooding events associated with monthly high tides (> 60% of all
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failures: DeRagon 1988, 8%er 2002, Gjerdrum et al. 2005); females that nest
synchronously with the tide have a greater chance of successfully fledging young
(Shriver et al. 2007), regardless of nest vegetation characteristics (Gjerdrum et al. 2005).
Given these results, one wduike to know whether nests that succeed (or fail due to
flooding, predation, etc.) are more clumped than is expected by chance. For example, if
nests that succeed are clustered, it would suggest that either the processes driving nest
fate, such as pration or tidal flooding, do not act uniformly across the habitat, or that
there i s some benefit to nesting in groups
each nest in accordance with its fate and performing a bivariate, oitypetversion of
the point pattern analyses outlined here (see Baddeley et al. 2008 for methods;
Giesselmann et al. 2008). However, because such tests would need to be conducted for
simultaneously nesting females (i.e., to detect spatial associations between temporally
coincident failures), rather than the entire nest dataset, we lacked the sample sizes
necessary for each nest fate type to perform these analyses.

Animal ecologists often express concern about the degree to which habitat
selection studies fail to predict spes occurrence (Garshelis 2000, Jones 2001), and
these failures have been attributed to a range of factors (Scott et al. 2002). The scale or
extent of the study may be inappropriate (Maurer 2002, Trani 2002), behavioral
interactions are often ignored &atps 1988, Smallwood 2002), and the failure to
consider the hierarchical structure of the habitat selection process may play a role (Wiens
1989, Battin and Laler 2006, Gjerdrum et al. 200B8aThe spatially explicit approach
presented here addresses tbkavioral aspect of this issue, and allows researchers to

generate and test specific hypotheses of habitat selection mechanisms using a commonly
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collected type of data. Ultimately, understanding when Saltmarsh Sparrow absences at
the landscapéevel shoudl be ascribed to a deficiency in the physical habitat, rather than
a lack of social cues, remains a crucial step in understanding habitat selection in this and

many other species.
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TABLE 1 . Results of the Morand6s | tests of spat
associated with sparrow nests. Each variable was evaluated using 20, 50 and 100 distance

classes and three subsets of pointetaeton data: all points, nests only, and random points only.

The significance of the Mor anoevdl watedd iati etnh e
l evel ( U -20, 18Q, B180). Whensignificant spatial autocorrelation was detected at

a given distance class, the median distance (
result was not significant. Whergsificant spatial autocorrelation was detected for multiple

distance classes, the range of the median distance of the closest and furthest distance classes is

reported, along with the maximuRivalue associated with those classes.
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TABLE 1

20 distance classes
50 distance classes

100 distance classes

20 distance classes
50 distance classes

100 distance classes

20 distance classes
50 distance classes

100 distance classes

Hammonassetrs East River
All points Nests aly Random pints All points Nests aly Random pints
Distance P Distance P Distance P Distance P Distance P Distance P
Vegetation height
NS 95 0.004 NS NS NS NS
NS 23 0.018 NS NS NS NS
15 0.020 15 0.034 NS NS NS NS
% Spartina patens
NS NS 37 0.046 3380 <0.004 NS 34 <0.001
NS NS NS 21-90 <0.030 NS 21-82 <0.010
NS NS NS 14 0.002 12 0.023 36-58 <0.018
Vegetation density
38 0.040 38 0.002 NS 33150 <0.011 29 <0.001 34 <0.001
23 <0.001 23 0.006 NS 21-90 <0.017 1845 <0.002 21-52 <0.003
NS 15 0.012 51 <0.001 14-46 <0.012 12-40 <0.014 1458 <0.050
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Hammonasset SP

East River Marsh

FIGURE 1. Map of Saltmarsh Sparrow nest locations used in point pattern analyses.
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a. Hammonasset SP b. East River Marsh
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(observed), dashed black Igeepresent the expectation under complete spatial randomness
(theoretical), and dotted gray lines represent the 99% confidence interval based on 499
randomizations of a Poisson point process. Values above the upper bounds of the confidence

interval indiate clustering at distancewhile values below the lower bounds indicate regularity.
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CHAPTER 3. TESTING FOR CONSPECIE ATTRACTION IN A NON-TERRITORIAL SONGBIRD

ABSTRACT
Audio broadcast experimertiave been used to test social mechanisms of habtatec
in a growing number of songbird species, however little is known about the extent to
which social mechanisms might influence settlement decisions #enotorial songbird
species. In this stugdwe tesed whethethe saltmarsh sparronAfnmodramus
caudacutu} a nonterritorial, socially promiscuous species, sisenspecific attractioto
makehabitat selection decisions. We broadcast sparrow vocalizations in two distinct
contexts at occupied, high population density marshes and at apparemdliglstbut
unoccupied or lowdensity marshes. Despite previous research indicating that sparrow
density may be a useful cue of nesting activity, we found no evidence that saltmarsh
sparrows respond to conspecific density cuesthaérthe local or landsqee level. Not
only were sparrow numbers very similar in treatment and experimental plots and in pre
treatment and treatment plots, but the number of nests and fledglings produced were
similar as well. The results of this study suggest that conspedictiin is noan

important component of habitat settlement decisfonshis species.
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INTRODUCTION
Selection of breeding habitat is a behavioral process that has powerful implications for
fitness, yet the way in which individuals assess habitaitgusinot well understood
(Hildén 1965 Jones 2001l Recent work in behavioral ecology has explored the idea that
birds, including those that are territorial, may use the presence of conspecifics as a cue of
habitat quality and be attracted to settlerra@ another (e.g., Ahlering and Faaborg
2006). A key benefit of using conspecific cues to assess habitat quality is that the
presence of conspecifics represents the net effect of many social and environmental
factors, whereas ecological cues of halmtality may change over the course of the
breeding season (Brewer and Harrison 1975) or be difficult or¢onsuming to sample
(Stamps et al. 2005). Use of such an integrative cue can thus be an importaatviimge
measure, particularly for animalscsuas migratory birds that must commence breeding
in a timely manner.

Audio broadcast experimerttave been used to test social mechanisms of habitat
choice in a growing number of songbird specidat@alo et al. 1982; Ward and
Schlossberg 2004; Ahlerirgg al. 2006; Hahn and Silverman 2006, 2007; Mills et al.
2006; Nocera et al. 2006; Fletcher 2007; Betts et al. 2008; Harrison et al. 208%se
studies, conspecific vocalizations are broadcast at experimental plots in an attempt to
elicit dispersalinto these areas while control plots remairm@nipulated; birds that
respond positively to these cues are said to use conspecific attraction. Although the
implementation of broadcast experiments is seemingly straightforward, there are a
number of waysn which thé details have varied. For example, the suite of cues used

(e.g., conspecific song, heterospecific song, model decoys), the density of playback
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stations per plot, the number of unique vocalizations used in playback recordings, the
timing of the experiment (breeding season, vs: prepostbreeding season), the duration
of the experiment, the suitability of the habitat (e.g., habitat vshabiat), prior
population density (e.g., unoccupied, low, medium, high), the number and size of the
plots, the type of data collected (e.g., presence/absence, prospecting behavior, settlement,
territories, breeding pairs, age classnposition), and whether additional treatments were
implemented (e.ghrownheadedcowbird, Molothrusater remova) are all ptentially
important ways in which these studies differ (Table 1). Nonetheless, a significant audio
treatment effect has been found in seven of the nine songbird species for which playback
studies have been published, indicating that conspecific attraotio other social
information cues may be important factors in the habitat selection decisions for a range of
songbird species.

Although conspecific attraction has been implicated in the evolution of colonial
breeding (Shields et al. 1988; Boulinier etl®96) anchas recentlyeceivel more
attention in territorial songbird species, little is known about the extent to which social
mechanisms might influence settlement decisions intaottorial songbird species.
One might predict that species that anconstrained by the territorial behavior of others
would be more likely to be attracted to settle near conspecifics due to the potential fitness
benefits of living in groups (Stamps 1988)d the lack of territorial aggression from
other individuals For example, individuals living in aggregations can access information
about local resource quality and social relationships by observing the daily activities of
neighbors. As conspecifics look for food, defend themselves against predators, and

engage in rating and parental activities, they inadvertently produce information that can
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be valuable to others (Galef and Giraldeau 2001; Valone and Templeton 2002). Valone
and Templeton (2002) define this phenomenon as the generation of public information
becausdt is available to all individuals in the vicinity of the activity. Clustered

individuals may also reduce predation through-predator strategies (Hamilton 1971)

or improve their mate selection choices (Allee 1951; Darling 1952).

Determining whetheanimals differ in their use of social information may be
difficult if they are constrained in their access to certain sites due to territorial behavior or
other social interactions. In order to accurately characterize use of social information in
habitatselection decisions, a system in which individuals are not constrained in their
choice of habitat by the territorial behavior of conspecifics provides a uniquetoppo
The saltmarsh sparrodmmodramus caudacutus an ideal species for testing thuder
of social cues because it is a Aenritorial species in which males and females mate with
multiple partners (Hill et al. 2010) and do not form pair bonds (Greenlaw and Rising
1994), thus avoiding limits imposed by social constraints. Females ahg responsible
for nest site selection and parental care and select nest site locations randomly with
respect to one anath(Bayard and Elphick 201Chapter 2). Saltmarsh sparrows are
also obligate saltmarsh specialists and nest in graskkanstand of tidal marsh
vegetation, making detection of nests relatively straightforward. Although sparrow
occurrence is closely tied to vegetation t{eeenlaw and Rising 1994; Gjerdrum et al.
2005, 2008), breeding season abundance varies considerably,itiniriravwd between
marshes, and only a portion of this variation can be attributed to habitat characteristics

(Benoit and Askins 2002; Shriver et al. 2004; Gjerdrum €2Cf)5,2008). These
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components of saltmarsh sparrow breeding biology suggest that@oes may play an
important role in habitat selection.

Given the variety of approaches taken in other broadcast experiments, we
designed our study to be as expansive as possible in order to cover the range of ways in
which sparrows may respond to consfie cues. For example, we broadcast over the
entire breeding season (including paed postreeding periods), monitored nesting
attempts and reproductive success (which are infrequently assessed in other studies), and
tested for withinyear and subsegntyear effects. In addition, we carried out
experimers in two distinct contexts: within suitable, occupied habitat at marshes known
to support relatively high numbers of sparrows, and at smaller marshes witlersities
or zero sparrosthat represat seemingly suitable, but unoccupied halfitat, a mix of
native high marsh vegetation similar to that found in occupied marshas)first
experiment was designed to address settlement decisions at thematisin scale,
whereas the second experimallows us to address whether conspecific attraction occurs
in marshlevel selection decisions, i.e., when sparrows select among salt marshes.

Tidal flooding is the primargause of nest failure for saltmarsh sparrows,
regardless of differences in thedemlying nest vegetation (Gjerdrum et al. 2005; Shriver
et al. 2007; Chapter 4). Nonetheless, some of the variation observed in sparrow
abundance within the marsh is associated with the presence of high marsh vegetation
(Gjedrum et al. 2008), suggestirat there might be particular areas within the marsh
that are more or less favored due to their propensity to flood. If differentiation among
high marsh vegetation types is an inadequate cue of the risk of flooding events within the

marsh, conspecific atiction is one reasonable hypothesis for explaining how sparrows
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decide where to settle within the marsh. If conspecific attraction is important at this
scale, we predict that sparrows will be attracted to settle in demgitgnced (i.e., audio
broadcastplots at our occupied study areas. A lack of response at this scale could
indicate that the habitat is either filled to capacity, that conspecific attraction is not an
important strategy for nesite selection at this scale, or that our experimentatydeor
cues were lacking in some fundamental aspect.

Alternatively, saltmarsh sparrows may make their primary habitat selection
decisions at the landscape sdailghen deciding which marshes to settle in. Where they
nest within a given marsh may be leggnificant in terms of fithess, perhaps because
when tidal flood waters are great enough to inundate high marsh habitat, all nests,
regardless of their exact location, have a good chance of beirtg ftsstding (Bayard
and Elphick 2010Chaptes 2 and 4. In which case, unoccupied marshes may be
uninhabited because, a) they flood frequently enough to preclude a complete nesting
cycle and sparrows can detect through social or environmental cues that the marsh is
unsuitable, or b) because prior fragmeintaand stochastic events led to local extirpation
at these sites and they now lack the conspecific cues necessary to attract individuals (cf.
Kress 1983). If conspecific cues are important during rakeng# selection decisions, we
predict that increasgthe apparent density of sparrows will cause an increase in
sparrows at seemingly suitable sites that are otherwise unoccupied or have had low
sparrow densities. Furthermore, if sparrows occur and nest in these habitats and achieve
reproductive successjgivalent to that of established populations, the inherent suitability
of these unoccupied marshes would be demonstrated. Alternatively, a lack of response

would provide support for the hypotheses that the habitat at these marshes is unsuitable,
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that conpecific cues are not an important component of habitat selection at this scale, or
that our experimental approadbes not test the right cues

Use of conspecific attraction can lead to patch size effebirein population
density varies in relation taapch sizein fragmented landscapes (e.g., Fletcher 2006,
2009). Both experiments may shed light on why area sensitivity is seen in the species
(Benoit and Askins 2002; Shriver et al. 2007), the mechanisms for which are currently
unclear (e.g., Bayard arifiphick 20108. In addition, for species of conservation
concerrsuch as the saltmarsh sparrthat are vulnerable tointate change and séavel
rise (Chapter 4), assisted colonization and habitat creation/restoration are likely to
become important maggementonsiderationsn the future (e.g., Hunter 2007;
McLachlan et al. 2007). Understanding whether conspecific attraction is an important
component of habitat selection asettlement is thus an important concnnfuture

conservation efforts.

METHODS
Study Sites
We conducted field research on the effects of conspecific attraction on sparrow
settlement behavior in two separate experiments. For the waithigh settlement study
we selected two salt marshes located on the central Connecticut fdoasg dsland
Sound in the northeastern U.S.: Hammonasset State Park5Ml17 0 N, 72U 32Nj 55
and East River (410 16N 240N, 720 39Nj 120W
approximately 8 km apart, are distinct marsh systems lying within different watersheds,

and are separated by nsaltmarsh (suburban/forest) habitat.e$& marshes were
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chosen because of their large sizes (209 ha and 289 ha, respectively), abundance of
suitable habitat, and high density of nesting sparrows relative to other sites (based on
field data from 20022007: Gjerdrum et al. 20Q0&Iphick et al. 209). Prior research at
these marshes also indicates that sparrow abundance varies considerably within each
marsh and that only a relatively small portion of this variation can be attributed to habitat
characteristics (Gjerdrum et 2005,2008). We dichot conduct préreatment density
surveys, but we used data on past sparrow presence at both marshes as evidence of their
suitability (Bayard and ElphicR01Q Chapter 2C. Elphick unpub. data). Ten 100 x 200
m (2 ha) plots were established at each msush that all plots were a minimum of 100
m apart(Appendix C) Due to constraints in marsh size, plots were located in a
somewhat uniform pattern to maximize the number of plots sampled per marsh. Five
plots at each marsh were randomly selected tovetee audio broadcast treatment (see
Audio treatment

For the landscapscale marsh settlement study we selected 11 salt marshes that
contained seemingly suitable high marsh habitat but had either low sparrow numbers (< 5
individuals) or no sparrows @sent in prior years. These marshes were selected based on
data collected as part of an unrelated saltmarsh sparrow study (Elphick et al. 2009).
Three to five pointcount surveys were conducted at randomly placed 1 ha plots at these
sites in 2004 (two miahes, five surveys), 2006 (six marshbseesurveys), 2007 (one
marsh, five surveys) or 2008 (two marshes, five surveys). We used data from three
surveys from each styglot asa baseline, praéreatment basis for comparison in the
current study.Three point count surveys at a given dis been estimated yeld a >

90% chance of detecting sparrows when they are pré€Sekteiman pers. comm.)The

86



marshes sampled in this portion of our study included: Farm River State Park, Branford

6ha41U 15-R2W86MNj] 290W), Indian Neck2U B&&Njf o
530W), Stony Creek, Br7anhU o4 xNj(R740 W)a,, JalrUv ils
Branford (28 -hay 44N 25b6WwWe70Nopadley Creek,
ha, 41°1 5 Nj 577200N,43 Nj 480W), Long Cove-72QGu#lLNjord
100W), Fence Creek, Mamal on5Nj1720 Wa,, wplple rl 6C
Old Saybrook (3D20a23HKM1U9d4aWN], M@hmdtoom Long |
longPoint( 17 ha, 2 pl-528,0NM13)5 dWNR HDMNj1 2 8jo Wp N, a

Cottrell Marsh, Ston7@@t 6@Nj(2Bokvh, 410 20N;j

Audio Treatment
For the withinmarsh experiment, two broadcast stations were placed at the boundary of
each 2haplot such that they were 100 m apart, with speakers aimed towards the center
of the plot. For the marslevel experiment, one broadcast station was placed at the
boundary of each-ha plot such that the unit was oriented towards the center of the plot.
Consideration of how prospecting sparrows might enter the marsh was also used to
determine callbox placement at these plots, i.e., broadcast units were placed so that they
faced away from upland boundaries where sparrows do not occur and towards open water
or other marsh areas.

The design for our audio broadcast units was based on the prototype conceived by
Ward and Schlossberg (2004). We worked with Modern Outpost
(www.modernoutpost.com) to select the appropriate electronic and solar components for

a 1% solarpowered, waterproof broadcast unit. We used T@tgeneration 2G
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Nano mp3 players, coupled wigtirtekamplified speakerd_gi Electronics, Ing.that
were powered by Powerfilm 12 v solar panels, and all electronic components were
housed in avaterproof plastic box. These components were mounted on PVC piping and
installed in the ground at a height of approximately 1 ensureno loss of equipment
from tidal flooding Although our broadcast stations were positioned above the
surrounding egetation, male saltmarsh sparrows sing from a variety of positions,
including song posts and in flight.

Each station broadcast a playlist consisting of 5.5 hours of sparrow songs and
calls on a daily basis between 26 May and 27 August 2008 and 11 k2@ akily 2009
at Hammonasset and East River, &odh 6 May to 7 August 2009 at the
unoccupied/lowdensity sites. Male saltmarsh sparrows generally arrive on the breeding
grounds in early to midllay and females arrive later in the month; breeding tapférs
significantly in early August with fall migration occurring from September through mid
October (Greenlaw and Rising 1994). The importance ebpeding versus post
breeding season cues appears to vary by species (e.g. Nocera et al. 2006; Figher 20
therefore we designed our broadcast schedule to provide both breeding alniakedistg
season cues in 2008 and {breeding and breeding season cues in 2009. Only pre
breeding and breeding season cues were provided in the 2009levais$tudy.
Sdtmarsh sparrows sing sporadically throughout the day (T. Bayard, unpub. data; C.
Field, unpub. data); therefore daily broadcasts were initiated using tHe Ipod
alarm/playlist function at 7 a.m. to achieve morning to-dagf coverage and take

advantage dthe increased solar energy available following sunrise.
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Recordings of saltmarsh sparrow songs from the local region were obtained from
the Borror Laboratory of Bioacoustics, the Stokes Field Guide, and the personal bird song
| i brari es ofc hliundgy Spiaertrho wsiowavti deo) and Chri
sparrows are not territorial and sing a quiet complex whisper song on an intermittent
basis (Greenlaw and Rising 1994), obtaining quality recordings of their vocalizations is
extremely difficult. This constraintimited us to seven individuals in our broadcast
repertoire. Saltmarsh sparrow song was interspersed with periods of silence and
occasional vocalizations from other heterospecific birds of the salt marsh, including
seaside sparrow&modamus maritimus willets (Catoptrophorus semipalmatuand
redwing blackbirds Agelaius phoenicelis Call notes from female sparrows and chicks
were also included. Sparrow song rate was programmed to match natural song rates
observed in the field (2.533 SD songs per 15 min, T. Bayard, unpub. data) and

vocalizations were audible from a distance of 50 m, which is similar to natural levels.

Sparrow Surveys

Sparrow abundance and activity at each plot were quantified usmg &nlimited

radius pointcounts. Point count surveys were located at the center of each plot. Sparrow
presence, behavior, and distance from the center of the plot were noted at each survey
and care was taken to avoid counting the same individuals multiplewiitieés a given

suvey. Sparrow sex was identified through vocalizations or provisioning behavior when
possible. Point count surveys were conducted at Hammonasset SP and East River on a
weekly basighroughout the breeding season in 2008nG 26 May to 27 Augu3tand

through the peak of the breeding season in 26081 25 May to 19 July) Point count

89



surveys were conducted at the unoccupied marsheweeR intervals from 27 May to

13 August in 2009.

Nest Monitoring

Each plot was systematically searched two to thneestweekly. Plots at the low
density/unoccupied marshes were searcheddeparatéimes, which was consistent

with pretreatment survey efforts. Nests were found by traversing the plot on foot and
carefully searching the vegetation when birds werghital. Behavioral signs of

breeding activity, e.g., alarm calls and females carrying food, were also used to locate
nests. Nest locations were recorded with a Garmin GPSMap76; a small flag was placed
approximately 5 m from each nest to identify the tasttion, while limiting the

potential for it to act as a cue to predators. Care was also taken to avoid trampling the
vegetation in the vicinity of the neahd to avoid creating trail leading to and from the

nest. Nests were monitored every Baysto track the outcome of the nesting attempts;
nests that fledged at least one chick were considered successful for the purposes of this
analysis. The number of fledglings was based on the number of chicks observed in the

nest at the final nest check priorthe expected fledging date.

Analysis

Weekly point count estimates of sparrow abundance from the occupied marshes were
analyzed using repeated measures ANOVA. In addition to testing for the effect of the
experimental broadcast treatment, we weterested in how sparrow response might

differ in the first year of the study, when breeding and-poséding season cues were
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provided, versus the second year, when sparrows may have reacted to either the post
breeding cues provided during the previou8&8eason, or to the pbeeeding cues

provided prior to settlement in 2009. We were also interested in how sparrows responded
to the experimental treatment at different points of the breeding season and in relation to
the number of weeks since the newano Sparrows that initiate breeding within a few

days of thehighest monthly springde have a higher chance of success (Shriver et al.
2007) and sparrows often become synchronized with the lunar cycle in response to the
devastating flood tides that occapproximately every 28 days. Sparrow activity could

thus vary based on the progression of the breeding season (i.e., week) or in synchrony
with the approximately 28ay lunar cycle (i.e., lunar week). The two temporal

covariates were compared in altatime models. Treatment (broadcast vs. control), year
(2008, 2009), site identity (Hammonasett SP, East River), weekQ)l lunar week

(weeks since the new moon: 4) were examined. To test how sparrow responses might
vary within the breeding seasang., if sparrow response was heightened during certain
parts of the breeding cycle, we included the interasti@iween treatment afwbth
weekandlunar week. We also included the interaction between treatment and year of the
study to test how spamoresponse might differ irelationto differenttiming of cues.

The interactions betweerbothweekandlunar week and yeavereincludedto test

whether sparrow responses varied according to both the year of the study and the timing
of the surveyithin the breeding season. We calculated the total nest abundance
observed in each plot across the entire breeding season and assessed the effect of
treatment and site for each year separately because of unequal sampling effort between

years (nests were monitat for 12 weeks in 2008 and 8 weeks in 2009) using ANOVA.
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Pre and postreatment sparrow and nest abundance at our 1-Hémsity/unoccupied

marshes were compared using pairéeists.

RESULTS
The number of sparrows observed in our witmarshsettlemeat study ranged from D
13 per survey in control plots and @1 in audio treatment plots; the number of nests per
plot ranged from @ 10 nestsn both treatments (Table 2). High nest failure rates due to
tidal flooding contributed to extremely low figing rates in both treatment and control
plots in 2009 (Table 2). There were no detectable differences in sparrow abundance (F
17=0.13,p = 0.73), nest abundance (2008;,7= 0.46,p = 0.51; 2009: F1,=0.20,p=
0.66), orthenumber of younglédged (2008: £17= 0.36,p = 0.56; 2009: E17=0.07,p
= 0.80) between audio treatmenb{sl and control plots (Tables 8,Figurel).
Significantly higher densities adparrows were found at Hammonasset SP (Table 3).
However, nest and fledglingumbers did not differ between the two sites (Table 4),
indicating that differences in abundance at the two sites dicheah that there were
population level reproductive differences. Additionally, more birds were wodxbén
2009 than 2008 (Table 3) but there was no interaction between year and treatment as
would be expected if the conspecific attraction response lagged by a year. Finally, bird
numbers changed over the course of the breeding season, with the greatest number
observed five weeks intitie sampling period, but there was no evidence for variation in
response to the lunar cycle (Table 3). We used the mean number of birds detected in our
control plots to calculate the statistical power achieved under two hypothetical outcomes.

We achieved4% power to detect a mean difference of 2.0 {edsiivalent to effect
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size=0.38, and 26% power to detect a mean difference of one (1.0) bird (effeet size
0.19).

Beforetreatment observations at our lalensity marshes averaged 0.15 sparrow
sightings per survey (five sightings 33 surveys) at the 11 plots, versus 0.24 sightings
per survey (eight sightings 33 surveys) during the broadcast treatment of 2009. Nest
detection was also low; two nests at two marshes were found durhbigeah@ent
suveys in 2006 and 2007 and two nests were found at two marshes during the 2009
treatment season, only one of which was at a previously unoccupied marsh (Table 2).
The number of birds and nests did not differ betweerapcetreatmenperiodsamples

(birds t-testo=0.41,p = 0.69; nestst-testo= 0,p= 1.0; Tabls 2, 4).

DISCUSSION
We found no evidencehat saltmarsh sparroswresponl to conspecific density cues in our
experimentswhich suggests that conspecéiitraction is not importario this specie®
settlementdecisionsat either the local or landscape scales. Not only were sparrow
numbers very similar in treatment and experimental plots, and -trgaement and
treatment plots, but the number of nests and fledglings produced were simikdt. as
Given the results of our previous work relating sparrow nesting activity to the frequency
of different types of sparrow behavior (Chapter 1), the unexplained variability in sparrow
densities in and among marshes (Benoit and Askins 2002; Shrive2@04; Gjedrum et
al. 2005,2008), and both the lack of territoriality and the extremely promiscuous mating
system of the species (Hill et al. 2010), this lack of response is at odds with our

expectation of how conspecific density cues would affect spabehavior. Specifically,
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we had determined previously thidte number of active nests and nests in the incubation
phase are positive and significant predictors of the total number of sparrows in the
vicinity (Chapter 1), suggesting that the relativeratance of sparrows within the marsh
could potentially be a useful cue of local breeding activity and thus habitat quality.
Furthermore, Hill et al. (2010) demonstrated that the number of male partners per female
increased with male density; therefore dwmd make sense for females to be attracted to
placeswhere conspecifics are abundant, assuming it is advantageous for females to mate
with multiple males, or that there are other advantages to living in groups (Allee 1951).
If this were the case, one widwexpect sparrows to be attracted to experimentally
enhanced plots.

Although unexplained variance in sparrow abundance within and among marshes
(Benoit and Askins 2002; Gjgrum et al. 20052008) initially led us to suspect that
social cues such as @pecific attraction might be an important factor driving saltmarsh
sparrow distributions, more recent work on the spatial distribution of nesting sparrows
does not support this line of reasoning. Contrary to previous accounts efclemal
aggregationand clustered nesting by saltmarsh sparraag (Townsend in Forbush
1929; Murray 1969), spatial analyses of sparrow nest locations indicate that females nest
randomly with respect to the location of other breeding females and to prior nest
locations (Eayard and ElphicR01Q Chapter 2). Thus our spatial analyses supboet
view that females are not attracted to settle near one another and that where they settle
within the marsh may not be fundamentally important for their fitness. This may be due,
in part, to the reproductive biology of the species; most nest failures can be attributed to

tidal flooding, whichaffects nestsegardless of differences in nesting substrate
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(Gjerdrum et al. 2005; Shriver et al. 2007; Chapter 4). After a certain pomnat m
elevation differences gained by nesting within particular areas of the marsh are likely
inconsequential in the face of the higpringtides that inundateuch of the high marsh
plane. On averagehe difference between the maximtide heightthatsuccessful

versus failed nestsan withstand without flooding only 5 cm(Chapter 4). Théack of
experimental evidender conspecific attraction at the local level is thus consistent with
our spatial analyses of nesting patterns.

Our statistical poweto detect a mean increase of two birds across the treatment
plots was high, suggesting that the lack of effect was not due to insufficient sample size.
It is possible that our results may be attributable to factors unrelated to conspecific
attraction, €., the habitat could have already been saturated and/or otherwise unsuitable
(in the marskscale study); song rates may have already been above an asymptote beyond
which additional cue intensity provides no additional information (witharsh study);
orour broadcast cues may have been insufficient or inappropriate to elicit a response.
However, as was noted previously, we designed our study to encompass a range of
possible responses, from cues operating at different spatial scales to marshes known to
sypport sparrows versus those with low densities. We broadcasinur@ostoreeding
cues, in addition to breedirgason cues, and we measured reproductive parameters such
as nest and fledgling abundance in order to document the demographic consedquences o
our broadcast treatment. Given ttumpletelack of evidencdor conspecific attraction
in our study, and ouwrse of astudy desigrihatbroadlyspannedhe rangef conditions
that might elicit a responsae considerour resultgo support the conclisn that

conspecific attraction does not operate at the local or landscape level for this species.
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In contrasto our resultsaudio playback experiments in other (territorial)
songbird species have detected conspecific attraction with audio broadcastscuent
as every other day f &pizelld @ewdriconewerbiarBsoreeve r 6 s s
al. 2009) and with as few as seven experimental plots (e.g.-tdpped vired/ireo
atricapilla, Ward and Schlossberg 2004). Some researchers haveuecerded in
attracting individuals into completely unsuitable sites (e.g., bobdlinkchonyx
oryzivorus,Nocera et al. 2006). Of the conspecific attraction studies published to date,
seven of nine species have shown a significant, positive respatigeaodio broadcast
treatment (Table 1). Of the two species that failed to show an effect, both were
AmmodramuspeciesB a i r d 6 sA. bapdi (Alleoing et al. 2006) and the Acadian
Ssubspeci es of A NasbnssabnrgasudNsceraat al2006). Although the
sample size for t he Baseemdriikely thay differencewinst udy
study design account for the lack of effect found in what is now fmeaodramus
species. The wide range of approaches taken across all cdiospté@iction studies
lends credibility to the possibility that conspecific attraction may not be an important
component of the habitat selection process in this genus.

It should be noted that of the ten experimental studies of conspecific attraction in
songbirds we found in the literature (Table 1) most lasted for just one to two years,
including our own. Parameters relating directly to reproductive output, such as nest
success and the number of breeding pairs, were measured in only two ctueli¢ha
ours(Ward and Schlossberg 2004; Harrison et al. 2009, respectivedg} studies
looked primarily at male settlement. Given the substantial investment in equipment and

monitoring effort that is needed to implement audio broadcast studies, more tdorma
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Is needed on both ttehort andong term demographic consequences of these
manipulations and on how patterns of conspecific social cue use vary across life history
strategies and taxonomic groupthe need for such informatieespecially importanf

we are to promote the use of the broadcast methods implemented in these studies for
applied songbird conservation and restoration efforts, as is frequently done (e.g., Ward
and Schlossberg 2004; Hahn and Silverman 2007). For example, in attempéstpie

a species to an unoccupied or restored area, the extent and duration of audio broadcast
treatments necessary to elicit a response would be a critical piece of information.
Likewise, if males respond to broadcast treatments but are unable tquseribeattract
mates to these areas if breeding success is low, the utility of implementing audio
broadcast treatments is loglthough the longterm effects of artificial social attraction
techniques are better understood for colonial seabirds Keags 1983, Kress and
Nettleship 1988, Parker 2007), the applicability of these results for songbird species is
not certain. Only when we have a better understanding of how fitness is affected by the
use of artificially simulated social cues can thesfbility of audio broadcast treatments

for songbird restoration efforts be adequately assessed.

In light of the many efforts that are underway to restore ecosystem function to
threatened habitats such as coastal salt marshes, understanding the methainisms
promote colonization by target species is critical (Reed 2004; Gilroy and Sutherland
2007). Even when prand postrestoration monitoring is achieved in restoration
projects, the lack of experimental controls often precludes an understanding of what
specific elements promoted the success or failure of a particular project (e.g., Seigel et al.

2005). This deficiency is further fueled by our basic lack of understanding of the
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relative importance of social versus ecological cues in animal settlee@siotts. The
current debate on assisted colonization also places a premium on information that allows
us to understand how animals respond to cues pertaining to habitat suitability (e.qg.
McLachlan et al. 2007; Ricciardi and Simberloff 2009). For sp¢hasare unable to
respond to rapid changes in their habitats due to climate change, our ability to promote
habitat use at new or restored sites will be directly related to our knowledge of the
mechanisms driving habitat selection. Clearly experimetidles of conspecific

attraction will continue to advance our understanding of the role of social cues in the
habitat selection process, as well as begin to shed light on larger questions pertaining to

species distribution patterns and colonization bemavio
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Table 1. Summary of published experimental results of conspecific attragpenments on songbird species.

Species Plot$ Plot Treatment Timing/ Seasoh Parameters  Effect? Citation
Size Duration measured
Least flycatcher 5 8 ha Conspecific decoy, 10 hrs/day  Settlement (1) Male visitation N/A (no analysis  Mills et al. 2006
Empidonax minimus songs and calls 14 days performed, but
effect is
suggested)
Least flycatcher 7 0.79 ha Local conspecific 6 hrs/day Settlement (2) Density Yes Fletcher 2007
Empidonax minimus song ~65 days Breeding (2)
Black-capped vireo 7 1571 Cowbird removal, 6.5 hrs/day Settlement (2) Density Yesi density Ward & Schlossberc
Vireo atricapilla ha local conspecific ~115days Breeding (2) Nest Success Yesi breeding 2004
song and decoy, success (cowbird
heterospecific song control plots only)
Pied flycatcher 4 50 x50 Conspecific song ~ 7 hrs/day Settlement (1) Occupancy Yes Alatalo et al. 1982
Ficedula hypoleuca m 21 days
Nel sonéafledst 20022 50m Conspecific sogand 6 hrs/day Settlement (2) Male settlement No Nocera et al. 2006
sparrow radius  decoy 10-12 days Postseason 2)
Ammodramus nelsoni circle
subvirgatus
Bairdbs Spib6 9 ha 5 local conspecific 6 hrs/day Breeding (1) Density No Ahlering et al. 2006
Ammodramus bairdii songsheterospecific 75 days
song
Brewer ds s} 44 100 m  Local conspecific 6 hrs every Settlement (1) Male visitation  Yesi male Harrison et al. 2009
Spizella breweri radius  song other day Breeding (1) Territory visitation
breweri circle 18 days occupancy Noi breeding
pairs
Black-throated blue 8 800 m 12 local conspecific 9.5 hrs/day Settlement (1) Male abundance/ Yes Hahn & Silverman
warbler transect songs 31 days territories 2007
Dendroica caerulescen
Black-throated blue 36 N/A Local conspecific 10hrs/day  Postbreeding  Prospecting Yesi prospecting Betts et al. 2008
warbler songs, 1012 days (1) Male settlement Yesi male
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Dendroica caerlescens fledgling/female, Female

decoys settlement
American relstart 12 9 ha Local onspecific 9.5 hrs/day Settlement (2) Male density
Setophaga ruticilla song (75 individuals) 31 days
American redstart 7 0.79 ha Local mnspecific 6 hrs/day Settlenent (2)  Density
Setophaga ruticilla song ~65 days Breeding (2)
Bobolink 2022 50m Conspecific song 6 hrs/day Settlement 2)  Male settlement
Dolichonyx oryzivorus radius  Decoy 10-12 days Postseason (2)

circle

settlement
Yesi female
settlement

Yes

Yes

Yes

Hahn & Silverman
2006

Fletcher 2007

Nocera et al. 2006

#Number of experimental pts (controls not included)
®Number of seasons in which cues were broadcast in parentheses.
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Table 2. Mean number of saltmarsh sparrows, nests, and chicks fledged per plot + SD (N

= 20) at highdensity, occupied study marshes and atdtemsity/unoccupi study

marshes (N = 11). Mih max in parentheses.

High-Density Marshes

# Birds 2008
2009
# Nest8 2008
2009
# Fledged 2008
2009

Low-Density Marshes
# Birds

# Nests

# Fledged

Control(N = 10)

TreatmentiN = 10)

4.3+2.9 (0 13)
4.7 + 2.5 (0 10)

3.2+ 2.4 (0 8)
6.1+ 3.1 (1 10)

6.1+ 4.7 (0 14)

3.7+2.5 (0 11)
4.9 +2.3 (0 11)

2.7+2.2 (0 8)
5.5 + 3.2 (1 10)

4.6 6.1 (0 16)

0.5+ 0.8 (0 2) 0.4+ .0 (0 3)

Pre Treatmertt Treatment

09+18(05) 07 +1.8 (0 6)

0.2+0.4 (0 1) 0.2+0.4 (0 1)
0 0

% Nest searching/monitoring occurred for 12 weeks in 2008 and eight weeks in 2009.
® Pretreatment surveys took place in 2004, 2008, depending on the site.
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Table3. Results of repeated measures ANOVA relating saltmarsh sparrow abundance to
audio treatment effect using fAiweeko (top)
Al unar weeko ( bott om)he&tveershbctsttestmesultsware ¢ o v a

identicalfor both models

DF SS MS F p
Between subjectBpth Model}
Treatment 1 2.23 2.23 0.13 0.73
Site 1 184.53 184.53 10.30 0.005
Residuals 17 304.38 17.91
Within subjects \Veek Modgl
Week 7 154.77 22.11 453 <0.001
Year 1 48.83 48.83 10.01 0.002
Treatment*Week 7 34.45 4,92 1.01 0.43
Treatment*Year 1 10.15 10.15 2.08 0.15
Week*Year 7 9290 13.27 2.72 0.01
Residuals 277 1350.97 4.88

Within subjects l(unar Mode)

Lunar 3 7.53 2.51 0.45 0.72
Year 1 48.83 48.83 8.76 0.003
Treatment*Lunar 3 1.61 0.54 0.10 0.96
Treatment*Year 1 10.15 10.15 1.82 0.18
Lunar*Year 3 13.81 4.60 0.83 0.48
Residuals 289 1610.13 5.57
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Table 4. Results of ANOVA relating 2008/2009 saltmarsh spanestyabundance (top)
and fledgling abundance (bottom) to audio treatment and site. Years were analyzed
separately due to unequal sampling effort between years.

DF SS MS F P

Nest Abundance

2008

Treatment 1 5 5 0.46 0.51
Site 1 16.2 16.2 1.48 0.24
Residuals 17 186.0 10.94

2009

Treatment 1 1.8 1.8 0.20 0.66
Site 1 242 24.2 2.69 0.12
Residuals 17 153.2 9.01

Fledging Abundance

2008

Treatment 1 11.25 11.25 0.36 0.56
Site 1 1.25 1.25 0.04 0.84
Residuals 17

2009

Treatment 1 0.05 0.05 0.07 0.80
Site 1 245 2.45 3.35 0.09
Residuals 17 12.45 0.73
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Figurel. The number of saltmarsh sparrows (top), sparrow nests (middleamove
fledglings (bottom) observed in control plots versus audio treatment plots iF22038

The maximum and minimum values observed for each variable are represented by the
whiskers, the Z2Band 7% quartiles are represented by the lower and uppes bf the

box, and the dark shaded lines represent the median values. Outliers are symbolized with

a *. No significant differences between control and treatment groups were detected.
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CHAPTER4: PLANNING FOR SEA LEVHE. RISE: QUANTIFYING PATTERNSOF SALTMARSH

SPARROW NEST FLOODIE& UNDER CURRENT SEALEVEL CONDITIONS

ABSTRACT
Climate change and séavel rise pose an imminent threat to the survival of coastal
ecosystems and the species associated with them, but the mechanisms by which terrestrial
animalsinhabiting these areas may be affected by these changes are not well studied.
During 20072009, we quantified the frequency and duration of nest flooding events at
two salt marshes located in the Northeast United States that are of global importance to
sdtmarsh sparrovAmmodramus caudacutasnservation. Although nest flooding is a
major cause of nest failure for this species, the difference between the tide heights at
which sparrow nests experience lethal vs.-ledhal flooding is not documented, nerii
known how frequently nests are inundated. We tested whether variables associated with
the timing of nest initiation, tide height and the number of flooding events can be used to
estimate three aspects of nest fate; the probability of nest suceepsybhbility of nest
failure due to flooding, and the number of offspring lost to flooding, using logistic and
zeroinflated Poisson models. Only 28 of 191 nests did not experience flooding and just
35 nests were successful; 103 failed due to floodinigc@nfailed for other reasons. The
mean (x SD) number of flooding events observed was 2.8 + 2.Infan 01 10) and on
average, the difference between the maximumfiod height for successful and failed
flooded nests was just 5 crithe top performig model for each measure of nest fate
included variables related to tidal metrics, but model composition among the three model
typesdifferedin regards to the importance of particular tidal variables and the timing of
nest initiation. These results higight the extreme vulnerability of saltmarsh sparrows to
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even slight increases in sea level and demonstrate the importance of making clear
distinctions about which aspects of nest fate are of interest when studying the

mechanisms driving nest fate.
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INTRODUCTION
The International Panel on Climate Change (IPCC) estimates that global mean sea level
will rise at a rate of 1.5 to 9.7 mm/yr throughout th& @dntury, resulting in an increase
of 0.18 to 0.59 m by 2100 (IPCC 2007). More recent estimatexprgdater setevel
rise, of 0.5 to 2.0 m by 2100 (e.g., Rahmstorf 2007; Pfeffer et al. 2008). The current
acceleration of global sdavel rise is apparent from records taken in the @ntury;
sealevel rise averaged between 1 and 2 mm/year in grigg, a rate ten times that of
the past 3000 years (IPCC 2001). The most significant processes contributing to the
acceleration of sekevel rise at the global scale are the thermal expansion of sea water
and the melting of continental ice sheets dugldébal warming (Parmesan and Matthews
2006). At the local scale, processes such asgiasial land rebound, changes in
climatic and meteorological patterns, and groundwater extraction produce variation in the
extent of sedevel rise observed at any oloeation (Valiela 2006).

Sealevel rise, along with increases in temperature and changes in precipitation
(IPCC 2007), poses an imminent threat to the survival and persistence of coastal
ecosystems and their associated species (e.g., Erwin et al.CGt@fitet al. 2009; Gedan
and Bertness 2009). Coastal marshes are particularly vulnerable to climate change due to
their sensitivity to alterations in the frequency and magnitude of tidal inundation (Reed
1990; Morris et al. 2002) and climate (Bertness Badnings 2000). Changes in
vegetation zonation, food web dynamics, and the frequency of tidal inundation are just a
few ways in which climate change and-$exzel rise may particularly affect avian species
occupying these habitats (Hughes 2004; Erwial.2006). However, few studies to date

have focused on exactly how these mechanisms will affect species persistence and as a
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result, their relative importance is not well documented. An understanding of the extent
to which the species that rely on thesesystems for foraging, breeding, stopover, or
overwintering habitat have the capacity to respond or adapt to the ecosystem changes
wrought by climate change, given their life history requirements, is critical for
establishing conservation priorities aactions.

Here, we focus on a species inhabiting the high marsh zone of the Atlantic coast
of North America. The saltmarsh sparron{modramus caudacutugmily:
Emberizidae) occurs exclusively in salt marshes and as such is among the group of
marshnesting birds most threatened by sea level rise along the Atlantic coast (Erwin et
al. 2006) It is currently considerea specie®f conservation concetsothglobally
(IUCN: Vulnerable;BirdLife International 2009and nationally Redlist; American Bird
Conservancy 2007), and has been identified by Partners in Flight (an international
cooperative partnership for bird conservation efforts) as a species in need of immediate
conservation actiofRich et al. 2004)The entire global breeding range of this siesds
contained within the narrow band of tidal marsh present from coastal Maine to Virginia;
up to half of the global breeding population is estimated to breed in southern New
EnglandDettmers and Rosenberg 2008)lack of comprehensive surveys thrdwgt
the speciesd range makes estimation of glo
preliminary estimates put the population size in the range of ~ 30,50@00
individuals(Elphick et al. 2009).

Even more so than other saltmarsh birds, saitmaparrow breeding success is
intimately tied to the lunar tidal cycle (Greenberg et al. 2006). Successful nests are

characterized by a close synchronization to the tidal cycle such that-Bi¥ed2®/ nesting
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period (egg laying, incubation, and carenestlings) falls within the approximately-28
day lunar cycle; females that initiate breeding within 2.9 £ 0.6 SD days after a flood tide
have a greater chance of successfully fledging young, regardless of nesting substrate
vegetation type or elevation (Gum et al. 2005; Shriver et al. 2007). It is thought that
extreme flooding events during spring tides, which occur during the new and full moons,
synchronize nesting activity by flooding nests and forcing simultaneenssteng (e.g.,
Shriver et al. 207). Nest flooding also occurs in association with large storm events that
increase water flow in the marshesdo waters
indicate that approximately 60% of all nest failures occur as a result of nest flooding
(DeRaon 1988 Gjerdrum et al. 20Q55hriver et al. 2007) and even nests that succeed in
fledging young sometimes experience partial losses due to flooding (Humphreys et al.
2007; Gjerdrum et al. 2008).

Previous studies have examined the role of domed nefsteanture in reducing
risk of egg loss due to flooding (Humphreys et al. 2007), and shown that eggs can survive
nest inundation if they do not float out of the nest (Gjerdrum et al. 2008). Even nestlings
may withstand short periods of nest inundations &videnced by partial losses within a
given nestatthough the exact mechanisms by which nestlings avoid drowning are not
known (Gjerdrum et al. 2008)I'he frequency, duration and timing of nest flooding in
relation to tide height are not well undestiphowever,and it is unclear to what extent
most nests experience inundation under current climatic conditions. Similarly, the effects
of multiple flooding events and the potential consequences of nest flooding at different
phases of the nest cycle amknown. For example, although we know that nests

sometimes experience partial losses due to floodindid@beight at which sparrow
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nests experience lethal vs. Alethal flooding is not known. To understand how even
small changes in sea level candspected to affect saltmarsh sparrow breeding success,
it is necessary to understand the mechanisms currently causing nest flooding and failure.
In this study, we used temperature data loggers to explore the relationship
between nest flooding events amekst fate in a large sample of nests at two sites thought
to be of considerable i mportance for the s
guantified the frequency and duration of flooding events and determined the relative tide
heights associatlewith flooding versus neflooding, andwith lethal flooding versus
nonlethal flooding. We also tested whether variables associated with the timing of nest
initiation ard high tide heightan be effectively used to model the probability of nest
successthe probability of nest failure due to flooding, and the number of offspring lost to

flooding.

METHODS
We collected data on nest fates between 21 May and 24 Augusin2§i0dy areast
two marshedocated along the central Connecticut coastline of Ustand Sound in the
northeastern U.S. (Hammonasset Stata Pk , 4 1 U1 5 NjaV7 stuly area732.8) 3 3 Nj5 5
ha; East Riverl2dawWU1l16éN2dy Nar @ 2Had®tNxatdda ) , a
in the vicinity of these study areas from 6 May to 5 August 2008 and 25 May to 24 July
2009. The Hammonasset and EaseRsalt marshes were chosen because of their large
size (209 ha and 289 ha, respectivalygpresence of higimarsh habitatised by
breeding saltmarsh sparrovasd high densisof nesting sparrows relative to other sites

(Gjerdrum et al. 2005). Thevo sites are approximately 8 km apart and are distinct
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marsh systems, lying within different watersheds and separated salorarsh

(suburban/forest) habitat.

Nest Monitoring

Both study areas were sampled such that nest searching effort was cbasrstenall

portions of the two sites. Study areas were systematically searched twice weekly, with
additional nest searching occurring during nest monitoring activities. Nest locations were
recorded with a Garmin GPSMap76; a flag was placed approximatelfrom each nest

to identify the nest location, while limiting the potential for the flag to act as a cue to
predators. Nests were monitored evety @to track the outcome of the nesting

attempts. We used temperature datgers (Thermochron iBtdans, Maxim,

Sunnyvale, California) to track the exact timing of flooding events and nest failure or
fledging (cf. Gjerdrum et al. 2008) in an opportunistic selection of nests each year. The
iButtons were programmed to collect nest temperature datanainbfe intervals;

additional iButtons were deployed in empty nests to measure the corresponding ambient
temperatures. The timing of iButton deploymen¢athnest was dependent on when the
nest was found, therefore the onset of temperature samelaige to nest initiation

varied among nests. Because nests that did not receive iButtons lacked reliable
measurements ohe timing and duration of flooding evemisofthe exact timing of

fledging or failure, we excluded these nests from this study.
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Nest Fate and Flooding
Nests that fledged at least one chick were considered to be successful for the purposes of
this analysis, whereas nests that failed to fledge at least one chick and showed evidence
of flooding were considered to have failed due toltild@ding. Nests that experienced
partial flooding (one or more eggs or dead chicks observed outside of the nest cup
following a high tide) prior to a lethal predation event were considered to have failed due
to predation (i.e., nest failure was takeréothe point at which the last egg or chick was
lost from a nest). For a nest to be considered to have failed due to flooding, the following
conditions were both required:
1) Nest temperature data had to indicate at least one flooding event, defined as
rapid drop in temperature corresponding to the timing of a high tide (cf. Gjerdrum
et al. 2008) such that nest temperature
one 15minute sampling period. The average temperature of active saltmarsh
sparrownestsrages from a mean (N SD) of 33.6
depending on nest stage and time of day
during flooding (Gjerdrum et al. 2008).
2) Regardless of how many flooding events occurred prior to nest failure, the
ultimate timing of nest failure had to correspond with a flooding event. Nests that
failed within 12 hours of a flooding event and had additional evidence that the
failure was due to flooding (see below), rather than subsequent predation, were

also consideed failed due to flooding.

The following nest conditions were also used to determine failure due to flooding:

118



1) if the nest was observed to be underwater during a high tide and a subsequent

nest check confirmed that the nest was empty;

2) if the nst was observed with intact eggs outside the nest (presumably after

floating out) following a high tide;

3) if the nest was observed with dead chicks inside or close to the nest following a

high tide;

4) if the nest was observed to be intact with eggsviiea¢ cold, wet, and dirty

following a high tide.

The timing and duration of flooding events were determined for each nest by
examining nest temperature data in relation to ambient temperatures and local tide
heights. Raw data on observed tide heightsteming came from the Tides and Currents
website of the U.S. National Oceanic and
Service (NOAA 2009). Tide data were retrieved from the New Haven Station
(#8465705, 42L7Nj, 7254.9\Y), the closest tide statiado our study areas
(approximately20 - 30 km from East River and Hammonasset SP, respectively), where
the timing of tides is approximately 15 minutes delayed relative to our study sites
(www.ctdep.gov). We used the mean lower low water (MLLW) tidalmiedind the local
standard/local daylight savings time. MLLW refers to the average height of the lower of
the two low tide heights of each tidal day observed over the National Tidal Datum Epoch
(NOAA 2009). Although the specific tide heights associatet warious aspects of nest
flooding are included in our study, information on how the tide heights at our study
marshes vary in relation to that of New Haven Station is not available. As a result, we do

not assume that the tide measurements are equidldr three sites, rather, the tide
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data provided in this study serve as a basis for comparison when assessing the differences
among tide heights associated with nest fate and flooding.

Theonsetof each flooding event was taken to be the time at whiemést first
experienced a sudden drop in temperature
from this point until theimeat whi ch t he nest temperature
temperatures or other temperature fluctuations that did natideiwith the timing o
high tide were not considered flooding events. Inthese cases, it is likely that the iButton
was positioned within the nest in such a way that it was exposed to ambient conditions.

In 54 of our 191 nests, flooding events werggled at least once wherein the nest
temperatures cooled to the threshold flooding temperature more than an hour before the
high tide, or remained depressed long after flood waters would have receded (< 8% of all
events). Because these nests subsequemilgined viable, it was difficult to discern the
exact duration of the flooding event or determine whether the cool temperatures were due
to submersion rather than female or nestling behavior at the nest. For example, early in
the nestling phase when chécire small, they could be positioned in the nest cup in such
a way that they have no contact with the iButton. As a result, the subsequent temperature
readings would reflect only the ambient air temperature for those periods. Alternatively,
when the chiks are more developed, they may climb in and out of the nest, also leaving
the iButton exposed. Other explanations such as females moving the iButtons to the edge
of the nest cup, or leaving the nest unattended for prolonged periods of time are also
possble. To assess whether the prolonged low temperatures observed in 42 flood events
lasting more than 300 min could possibly be attributed to nestling behavior, we

determined when ithe nestycleeach evenhappened Only 14 of theeprolonged
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events ocurred during the nestling stage, however, so other possible explanations such as
female behavior are likely. Because, physiologically, it is the prolonged low temperature
that affects the viability of eggs or chicks, all flood durations were ultimatédyned;

however, there are a number of possible reasons why nest temperatures might remain
depressed. Given the uncertainty associated with determining the precise duration of

flooding events, this variable was retamiredin our statisticabnalyses

Analysis

Summary statistics were calculated for the frequency and mean duration of nest flooding

events observed at each nest, the maximum tide height that the nest withstood without

flooding, and the maximum tide height experienced both during tempesatugging at

the nest and during the nestodéds entire acti

determined, including the number of days for which temperature data were collected, the

stage at which the nest was first found (day thofibation= day 1 of the nesting cycle),

and the stage in which the iButton was deployed at the nest. To assess how the

probability of nest flooding and failure due to flooding varied throughout the nesting

cycle, we standardized the data from all years by nest pheletmt the first day of

incubation equaled day one of the nest phase. We then calculated the proportion of

sampled nests that flooded or failed due to flooding on each day of the nesting cycle.
Prior to our analysis of nest fate, we grouped 11 explanatwiables into three

categoriesbased on our expectation tifajthe timing of nest initiation relative to the

tidalcycle( it i mi n g pandv(lAtheimadgnitueéesand frequency of hightided t i d e 0

variables)would likely be important in explaing nest fateandthat (c)various sampling
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effects related to the timing and duration of iButton deployrfefits a mp | i ngo v ar i

couldcomplicate interpretation of the daf&able 1). Because sampling parameters do

not actually affect nest fate, we laggby selecting the best performing sampling model
from six combinations of four sampling variables using informati@oretic model

selection (Burnham and Anderson 2002). This model was then used as a baseline to
which all other combinations of tidal dtiming variables were added (e.g., Nordby et al.
2009). Tencandidate modelselated to timing (five models) and the tide (five models)
were created based on our understanding of the biology of nest fate in this system; a post
hoc model ( Hhwas asb ereatedvby comingathe best performing timing
model with the best performing tide modeldetermine whether doing so further

improved model fit. All models were estimated for three aspects of nest fate: (1) nest
success vs. failure (Nest Sss moda), (2) nest failure due to flooding vs. all other

fates (Flooding Failure modg) and (3) number of eggs/chicks lost to flooding (Fitness
Loss moded). Although nests that failed due to flooding were a subset of all failed nests,
we were integsted in modeling nest fate in a way that specifically addressed how

flooding events lead to nest failure. In addition, because simple binary outcomes such as

Afailured or Asuccesso do not capture the

consicered it important to include the fitness loss model. Pairwise correlations and
variance inflation factors (Zuur et al. 2010) for all covariates indicated that collinearity
was not an issue (all VIF < @vith the exception of maxtide and maxtideib, whickrev
never used in the same model) and all variables were retained in our models. All

analyses were computed in R (R Development Core Team 2009)
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Although the binary dependent variables for the Nest Success and Flooding
Failure models were suitable for Istic regression analysis, the dependent variable for
the Fitness Loss model was a count of the total number of offspring (eggs and/or chicks)
lost to flooding at each nest. Because of the excessive number of zeros observed for this
count, we modeld fitness loss using a zenoflated Poisson model (Zuur et al. 2010).
Zero-inflated models account for excess zeros in one of two ways. The zeros can either
be modeled in two separate steps using a binomial nodeddel the probability that a
positive counis observednd a truncated Poisson model for 1z@mo count data (ZAP
model), or, the probability of measuring false zeros can be analyzed using a binomial
model while the Atrued zeros and count dat
model (GLM) (ZIP model) Zeileis et al. 2008Zuur et al. 2009). The basic difference
between ZIP and ZAP models is that the nature of the zeros is left undefined in ZAP
models. For our purposes, we had no prior reason to distinguish between true or false
zeros inour analyses; therefore we ran both types of models to check for consistency, but
report only the results of the ZAP models.

The twosets of 10 models were compared separately using inforrrhonetic
model selection (Burnham and Anderson 2002) ardstgnificance of individual
predictors in the top performing model s wa

are given = SD.

RESULTS
We collected temperature data from a total of 191 nasts3@, 2007n = 68, 2008n =

90, 2009). On averagi®uttons were deployed on day 5.7 + 3.3 d of the nesting cycle
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(day 1 = first day oincubation most nests hav@5 egg$. Thirty-five nests (18%) were
successful, fledging an average of 2.5 = 1.1 chicks, while losing an average of 0.6 + 1.0
offspring b flooding. One hundreandthree nests (54%) failed due to flooding, losing

an average of 3.5 £ 0.9 offspring to flooding, and 53 (28%) failed due to predation or
undetermined reasons, losing an average of 0.3 + 0.6 offspring to flooding. Overall, 56%
of all eggs and chicks were lost to flooding. Only 28 nests (15%) experienced no
flooding events during the time in which they were sampled; 133 nests (70%) flooded at
least two times. The average number of flooding events observed across all nesBs was 2.
+ 2.1 (miri max: Q 10; Figurel) and the average duration of depressed nest
temperatures, including the 42 prolonged events, was 140 + 10&igumg2). The

mean maximum tide height occurring during all observed flood events was 2.31 £ 0.12 m
above MLLW (mini max: 1.712.76 m), while the mean maximum tide height was 2.29 +
0.10 m above MLLW for nottethal flood events (which flood the nests, but do not cause
complete nest mortality) and 2.30 = 0.13 m above MLLW for lethal flood events. The
mean maximuntide height that nests experienced without flooding was significantly

lower than that of all flood events (maximum rideod height: 2.19 £ 0.07 m above

MLLW, mini max: 1.982.40 m,t;g9=-5.14,p < 0.001).

Sampling

The meanday in the nesting cyclenowhich nests were found was similar for
failed and successful nests (successful: 4.6 + 4.0 d, failed: 4.1 +tg2=k0.77,p =
0.45) and for nests that failed due to flooding and other nestdi¢fad: 3.8 + 2.8 d,

other: 4.6 £ 3.9 diygo= 1.62,p = 0.11), although nests that were successful were
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unsurprisingly sampled over longer periods than were those that ultimately failed
(successful: 14.5 + 4.0 d, failed: 7.0 = 4.4,65=-9.29 p < 0.001). The stage at which
iButtons were deployed aests also was similar for failed and successful nests
(successful: 6.6 £ 4.0 d, failed: 5.5 + 3.2;¢3=-1.69, p = 0.09) but occurred slightly
earlier in nests that failed due to flooding than for other nestdiffad: 5.2 + 3.1 d,

other: 6.3 = 3.@l, tigo= 2.23 p= 0.03). Nest timing and tidal flooding varied among
years; in 2009, nests were initiated later relative to the new moon than in other years
(2007: 8.5+ 6.7 d, 2008: 6.1 £ 5.0 d, 2009: 11.9 + 5B gks= 21.98,p < 0.001) and
experenced higher maximum tide heights (2007: 2.33 £ 0.07 m, 2008: 2.39 + 0.07 m,
2009: 2.40 + 0.11 nf,188= 8.98, p < 0.001). The mean duration of flooding events
was greatest in 2008 (2007: 116 + 99 min, 2008: 158 + 120 min, 2009: 136 + 94 min;

F2,188: 5.22,p = 0.01).

Nest Flooding

Successful nests withstood higher tides without flooding, on average, than did
failed nests (successful: 2.23 + 0.07 m, failed: 2.17 £ 0.09ss% -3.69,p < 0.001),
indicating that successful females either selectedittaat higher elevations or placed
their nests higher in the vegetation. When nests that failed due to flooding were
compared to all other nests, flooded nests clearly had a lower tide height at which they
began to flood (faiflood: 2.16 + 0.11 m, othis: 2.21 + 0.06 mt;g9 = 3.69,p < 0.001)
although the difference, on average, was only 5 tmaddition, they were subjected to
higher maximum tides over the period in which they were activef{daid: 2.39 + 0.11

m, othes: 2.37 £ 0.09 m{159=-1.96,p = 0.05) and experienced more flooding events
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than nests of other fates (fdlibod: 3.2 £ 1.8 events, other: 2.3 + 2.2 evefits;= -3.20,
p=0.002). When nest data across all years were standardized by nest phase to assess
daily survival, the poportion of nests that experienced flood events peaked on day two of
the incubation period and again on day eight of the 10 day nestling pleaskay 20 of
the nesting cycle), whereas the proportion of nests that failed due to flooding peaked on

day sk of the nestling phasé&igure3).

Nest Fate Models

In addition to the clear differences found in the timing and extent of flood events
observed between failed and successful pastsbetween nests that failed due to
flooding and nests of other fategjr model selection process indicated that the best
performing models included several variables related to tidal metrics. The best
performing logistic model for Nest Success consisted of the base sampling model
(Sampled + Dayfound + Dayibut) plus the riuem of flooding events experienced during
temperature sampling (Table 2). The Akaike weight for this madel@.25) suggests
thatit performed moderately wah predicting nest successlative to all other models.
Conversion of parameter estimatesthisratios (&) indicates thafor each additional
flooding event experienced, the odds of success decreased by a factor of 0.68 (32%),
though the 95% confidence interval for this variable included the value 1.0, indicating
that it is not astrongpredictor of nest swess (Table 3). When each variable was
considered at the U = 0.05 levelButtomnly t he
deployment remained significant predictors of nest success (Table 3). Pooling the top

performing models fnm both the top timingnd top tide modelsesulted in no
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improvement in the model variance explained (Pse®dof 0.75for both modelsand
the model weight was lowew(= 0.14).

In contrast to the Nest Success model, the best performing logistic model for
Flooding Failure wa composed of the base model, plus the maximum tide height
experienced during iButton sampling, the maximum tide height withstood without
flooding, the number of flood events, and the yeHnis model howeverhad a low
weight v = 0.09) and model fit wamuch improved in the pooled model, which included
an additional timing variabldescribingthe number of daysetweerthe new moon and
nest initiaton (Table 2). The Akaike weight for this model suggests that it performed
much better than all other mdden predicting failure due to floodingv= 0.83),
however, the low Pseud®’ value (0.26) indicates that a substantial amount of variance
remains unexplained.

When each variable was considered at
were significant in explaining failure due to flooding: the maximum tide heaigiwhich
nests did not floogthe number of days initiated post new moon, and the number of days
on which temperature data were collected (TableTeodds of failing due to flooding
rose for each additional day the nest was initiated after a new moon. Conversely, for
every additional centimeter increase in the maximum tide htighthe nest cdd
withstand without floodingthe odds of failing due to flooding fell by a factor of 0.92
(8%), when all other variables are fixed.

The selection process for the best Fitness Loss model identified the base model
with two tide variables addédthe maximum tide height experienced during iButton

sampling and the maximum tide height a nest withstood without floddasgthe best
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performing modelyW = 0.79) (Table 2). Comparison of Akaike weights for all fitness

loss models suggests that model performaves not improved in the pooled modei£

0.16). For the top Fitness Loss model, only the number of days the nest was sampled was
significant in explaining the number of offspring lost in the truncated Poisson npodel (
0.03). Both tide variables wesgnificant in explaining the probability ofests losing

one or moreffspringto flooding(p < 0.001, both variables; Table 5). The probabiity

losing offspringto flooding decreased by a factor of 0.90 (10%) for every centimeter
increase in the maxium tide height withstood ithout flooding andncreased by a factor

of 1.14 (14%) for every centimeter increase in the maximum tide experienced during

iButton deployment (Table 5).

DISCUSSION
Our study of flooding in saltmarsh sparrow nests indicdtaisihundation due to tidal
flooding is not simply a sporadic event, nor does it always lead to nest failure. Instead, it
appears to be a regular and frequent featu
15% of the nests evaluated in this studyrthd experience a single flooding event during
our temperature sampling, and even these nests may have flooded before iButtons were
depl oyed. Whet her this pattern is typical
already observing the effects sdalevel rise, is not knownRegardlessgiven that the
two salt marshes sampled in this study are thought to be among the most important in the
species6 breeding range (El phick et al. 20
observed in this atly, our findings have serious implications for the prospects of

saltmarsh sparrows under current-&aeel rise projections.
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Gjerdrum et al. (2008) first noted the tendency of saltmarsh sparrow females to
resume incubation after nest flooding, a behathat was confirmed in our study by the
large number of nests in which the female continued to attend the nest following tidal
inundation. Exactly how female behavior in response to nest flooding is determined is
not known, but the duration and timingtbé flood event in relation to the stage of egg
development would seem to have important physiological implications (Webb 1987).
Experimental work by Olson et al. (2006) indicates that zebra fiaeimiopygia guttata
embryos exposed to frequent coolirgripds experience reduced growth efficiency and
impaired growth rates compared to control embryos kept at constant incubation
temperatures. Tests of the physiological effects of prolonged depressed temperatures
combined with saltwater submersion on embeapad chick development are lacking,
however. In our study, we were unable to determine if eggs that had been subject to tidal
submersion and subsequently failed to hatch failed because of the flooding, or for other
reasons such as female abandonmenerdstingly, nests containing chicks sometimes
experienced only partial losses due to drowning. In these cases, we speculate that
surviving individuals climbed out of the nest and clung to higher vegetation until flood
waters receded. Chicks within a nestnetimes differ noticeably in their rates of
physical development (T. Bayard, pers. obs.), suggesting that some offspring might be at
an advantage if temporary evacuation of the nest is an option. Video recording at the nest
would be a helpful future sp in determining exactly how nestlings behave during
flooding events.

Our data suggest that the maximum high tide a nest experiences is correlated with

the number of eggs and chicks lost to flooding. Nests that are capable of withstanding

129



higher tides whout flooding also tend to have a better chance at sucCesaverage
however the maximuntide heightwithstoodwithout floodingfor successfuhestswas
just 5 cmhigher than that fofailed flooded nestsndicating just how precarious the
s p e csituatwrdis When theséide variables were incorporated into our models of nest
success and nest flooding, they were sometimes outperformed by variables related to the
magnitude of sampling effort. Thigsultis in some ways unsurprising; samplingpef
has long been recognized to have an important influence on the apparent level of nest
success observed in a study population (Mayfield 1961). Conventional wisdom holds
that successful nests are more likely to be discovered than are nests thatlylfariat
simply because they exist for a longer period of time. In our dataset, most nests were
found early in the nesting cycle and there was no difference in the timing of initial nest
discovery for failed and successful nests. Not surprisingly, hemyveests that were
ultimately successful had significantly more days for which temperature data were
sampled. IButtons were deployed marginally (on average 1 d) earlier in nests that failed
due to flooding than in nestgth other fates, a result that vaéribute to the earlier
deployment of iButtons in 2008 and 2009 than 2007, a year in which the proportion of
nests that failed due to flooding was low relative to other years.

Althoughthe best model for each measure of nestifefeded variables fated
to tidal metricsthe specific variables differed among model$ie Flooding Failure and
Fitness Loss models included the maximum tide height experienced ddwitgni
sampling and the maximum ndiood tide height, whereas the top Nest Successeiod
included the number of flooding events experienced. Although we find all of these

models to be biologically plausible, this discrepancy highlights how the commonly used
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approach of modeling nest fate simply as success versus failure, where sucaagsycan
as few as one offspring has fledged or as many as a complete brood, can influence our
understanding of the biology of nest fate in ways that are not always apparent. We chose
to examinemodes of fitness loss because this measure isolates the effedthin-nest
mortality from variation in egg production and thus emphasizes reductions from an
i ndividual 6s reproduction potential, whate
young fledged) could be modeled instead. Because these metria®etly celated to
fitness, we contend that whenever possible, counts of fitness loss or gain are better than a
simple binary measure of success when identifying important factors that influence nest
fate in breeding birds.

Previous studies have documenitlee importance of nest timing and synchrony
with the lunar tidal cycle in predicting saltmarsh sparrow nest success (e.g., DeRegon
1988; Shriver et al. 2007; Gjerdrum et al. 2008). In our study, the timing of nest
initiation relative to the new moon wagmgnificant in thebestFlooding Failure model
only, and was not included in the top models for Nest Success or Fitness Loss. One
possible explanation for thigsultmay be the extremely high rate of nest failure due to
flooding that we observed in oud@9 nests, which constituted 47% of our overall
sample. Daily high tides averaged 19.8 cm and 18.6 cm higher than predicted during
June and July of 2009, versus tide heights that were only 9.8 cm higher than predicted in
July 2007, and 11.3 cm and 9 crglmér than predicted in June and July of 2008 (NOAA
2009). The high tides of 2009 were at least partially related to higher than normal
rainfall. Based on Connecticut State data for the period 189®9, precipitation was

5.7 cm greater than normal innk 2009 and 6.8 cm greater than normal in July (NRCC
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2009). In contrast, precipitation registered 5.5 cm lower in July 2007 compared to July
2009, while 2008 precipitation levels were 3 cm lower than 2009 in June and 2 cm lower
in July.

The fact that dily high tides were on average higher than predicted in each of the
peak breeding months sampled across the three years of our study, and that precipitation
was greater than normal in four out of the five peak breeding months sampled, suggests
that our déa either come from three woregannormal years, or that sdevel rise and
climate change are already having an effect on nesting saltmarsh sparrows. Although
climate models suggest that an increase in global precipitation is likely under increased
global temperatures, changes in the New England region may involve longer, drier,
warmer summers with periodic heavy rainstorms (Frumhoff et al. 2007). If this is the
case, an understanding of how drier, hotter temperatures will affect saltmarsh ecosystem
function is critical. Alternatively, should a lotigrm increase in precipitation levels in
the northeastern U.S. occur along with increases in sea level, the prognosis for saltmarsh
sparrow persistence is especialjsave Failure due to flooding comprides6% of all
failures during our study period, compared to 60% of failed nests (N = 80) at the same
study sites in 2002003 (Gjedrum et al2005) and nest success rates (i.e., at least one
fledgling produced) dropped from around 41% of all nests in-2008 to 18% in 2007
2009.

In southern New England, which is thought to support a substantial portion of the
global population of saltmarsh sparrows (Elphick et al. 2009), salt marshes are already an
imperiled ecosystem. In Connecticut, approximately 3@%alh marshes were lost in the

last century (Rozsa 1995) and comparisons of the current extent of salt marsh acreage to
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historical records from the early i@entury indicate that Rhode Island has lost 53% of
its salt marshes (Bromberg and Bertness 200%pddition, the rate of sdavel rise in
Connecticut during the 30century was greater than the global mean. During-1964
1999, tide gauge data indicate that-keel rise ranged from 2 mm/yr in the eastern
portion of the state (New London) to Zxn/yr in the more westerly portion of the state
(Bridgeport) (Peltier 2001). This high rate is partially attributable to the geological
history of the state; during the last glaciation ever22®00 yr ago, the weight of the
ice sheet caused the landwi@a r p and wupl i ft the Earthds cru
the ice sheet began to retreat around 18,000 years ago, the land responded by slowly
sinking at a rate of approximately 0-089 mm/yr (Gornitz et al. 2004), a process
known as glacial isoatic adjustment. Saltmarsh accretion, whereby marshes maintain or
build vertical elevation, is not expected to keep pace with both isostatic adjustment and
accelerated selavel rise in this part of Long Island Sound (Donnelly and Bertness 2001).
Saltmash migration into upland areas is a possibility (Pethick 2001), but the sheer
density of human settlement along the northeast Atlantic coast makes it unlikely that
natural processes will provide sufficient habitat within the timescale necessary for
relatively shortlived organisms such as sparrows to persist. Furthermore, while state and
private entities are currently discussing the possibility of managing conversion of upland
habitats to salt marsh, the feasibility and effectiveness of this approactit fioassh
ecosystem conservation is completely unknown.

In other parts of the saltmarsh sparrow range, the outlook for the high saltmarsh
community is similarly poor. Early estimates suggested that around 50% of coastal New

England salt marshes were losthuman alteration and settlement between 1886 and
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1976 (Nixon 1982), and more recent estimates suggest average losses of 37% across

Maine, New Hampshire, Massachusetts and Rhode Island since European colonization

(Bromberg and Bertness 2005). Althougicration rates in New England salt marshes

have generally kept pace with or exceeded rising sea level over the past century (Warren

and Niering 1993; Kennish 2001), the projected rate cfeses rise is expected to

overcome accretion rates, generatingecretion deficit (Donnelly and Bertness 2001).

Salt marshes along the miaind southern Atlantic coast are already failing to achieve

accretion rates that exceed subsidence antesebrise rates, and thus will continue to

be lost as sekevel rise irtreases (e.g., Delaware Bay, Phillips 1986; Chesapeake Bay,

Wrayf et al. 1995, Kennish 2001; North Carolina, Hackney and Cleary 1987). A wide

variety of anthropogenic impacts, including subsidence caused by subsurface extraction

of water, oil and gas (Kersh 2001), and ecosystem changes, such as saltmaitshottie

in response to altered coastal food webs (Silliman et al. 2005), are also major factors

currently driving the degradation of saltmarsh communities along the Atlantic seaboard.
If sealevel riee increases the frequency, duration and magnitude of tidal flooding

in high saltmarsh habitats, an important question to consider is whether or not any type of

physical intervention to reduce the magnitude of tidal flooding (e.g., tide gates) is

warrantedand/or desired. Tide gates have been used to establish the desired hydrological

pattern in restored coastal marshes (Boumans et al. 2002), but the feasibility of financing

and achieving widespread installation of these structures to combat salt marsh

subnergence is not known. Ultimately, it may be the potential loss of the ecosystem

services provided by salt marshes and other coastal habitats (e.g., storm surge protection,
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ecological productivity, waste treatment; Craft et al. 2009) that provide theireen

necessary to spur action on mitigating the effects ofesesd rise on coastal habitats.
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Table 1. Variables used in models of saltmarsh sparrow nest fate. Variable names are givi

paentheses.

Variable

| Description

Tide Variables

Maximum tide height
(maxtide*)

The maximum tide height recorded during the time the nest v
active

Maximum tide height iButton
(maxtideib)

The maximum tide height recorded during the time temperaty
data was collected at the nest

Maximum nonflood height

The maximum tide height the nest withstood without flooding

(maxnonflood)
# of flood events The number of flooding events observed at the nest, includin
(events) event resulting in failure

Timing Variables

Days post new moon

The timing of nest initiation (first egg) in relation to the most

(dayspstnm) recent new moan

Day in breeding season The day in the breeding season the nest was initiated, where
(dbs) 1 = first day of incubatio for first nest of year

Year The year the nest was sampled.

(year)

Baseline Model Variables

# of days sampled The number of days nest temperature dateewollected (nests
(sampled) were often monitored several times before iButtons were add
Day iButton added The day in the nesting cycle that temperature sampling bega
(dayibut) standardized so that day 1 of incubation = Day 1

Day nest found The day in the nesting cycle that nest monitoring began,
(dayfound) standardized so that day 1 n€ubation = Day 1

Site identity HM = Hammonasset State Park

(site) ER = East River

* Maxtide and maxtideib were never used in the same model
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Table 2. Model comparison results for three types of nest fate models, ranked in order by
model performanceyithin groups All models include the same top performing base
model consisting of Sampled, Dayibut, and Dayfound. The pooled model for each group
consists of the base model plus the top tide model and the top timing model. Ranking is
based on the smaBt AIC valuek is the number of parameters in the models the

Akaike weight. Variables are defined in Table 1.

Modelvariables Log- k Pseudo a&Al @« w
likelihood R

NEST SUCCESS MODELS
Tide variables added

(C) events -23.1 4 0.75 0 0.25
(D) maxtide -24.3 4 0.73 2.54 0.07
(E) maxnonflood -24.7 4 0.73 3.22 0.05
(B) maxtide + maxnonflood -24.2 5 0.73 4.35 0.03
(A) maxtide + maxnonflood + events + -22.0 7 0.76 5.83 0.01
year
Timing variables added
() dbs -23.7 4 0.74 1.39 0.12
(H) dayspstnm -23.8 4 0.74 1.44 0.12
(F) dayspstnm + dbs + year -22.1 6 0.76 4.14 0.03
(G) dayspstnm + year -23.5 5 0.74 4.88 0.02
(J) year -24.6 4 0.73 511 0.02
BASE MODEL: sampled + dayibut + -24.7 3 0.73 1.24 0.13
dayfound
POOLED MODEL: model C + model | -22.6 5 0.75 1.09 0.14
NULL MODEL: intercept only -91.0 0 0 127.84 <0.01
FLOODING-FAILURE MODELS
Tide variables added
(A) maxtideib + maxnonflood + events -100.5 7 0.24 4.38 0.09
year
(B) maxtideib+ maxnonflood -103.7 5 0.21 4.82 0.07
(C) events -108.6 4 0.18 1261 <0.01
(D) maxtideib -111.8 4 0.15 18.86 <0.01
(E) maxnonflood -114.7 4 0.13 2470 <0.01
Timing variables added
(G) dayspstnm + year -109.7 5 0.17 18.78 <0.01
(F) daypstnm + dbs wyear -108.8 6 0.17 18.95 <0.01
(H) dayspstnm -113.7 4 0.14 22.72 <0.01
(J) year -115.4 4 0.12 28.14 <0.01
() dbs -117.1 4 0.11 28.14 <0.01
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BASE MODEL: sampled + dayibut +
dayfound

POOLED MODEL: model A + model G
NULL MODEL: intercept only

FITNESS LOSS MODELS
Tide variables added
(B) maxtideib + maxnonflood
(A) maxtideib + maxnonflood + events
year
(C) events
(D) maxtideib
(E) maxnonflood
Timing variables added
(H) dayspstnm
(G) dayspstnm + year
() dbs
(F) dayspstnm + dbs year
(J) year
BASE MODEL: sampled + dayibut +
dayfound
POOLED MODEL: model B + model H
NULL MODEL: intercept only

-117.3

-97.3

-131.80

-301.6
-298.5

-308.1
-317.6
-321.6

-319.3
-317.5
-321.7
-316.0
-322.1
-323.1

-301.2
-331.9

wWwhoh~opb A DD ~N o1

oo

0.11

0.26

N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A

27.99

50.94

5.82

9.16
28.04
36.10

31.56
35.91
36.33
36.79
41.00
35.08

3.25
40.74

<0.01

0.83
<0.01

0.79
0.04

0.01
<0.01
<0.01

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

0.16
<0.01
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Table 3. Parameter estimates for the top saltmarsh sparrow Nest Success model

Variables are defined in Table 1.

Variable  Estimate Std. Error Z-value p Oddsratio 95% ClI
Intercep -26.76 6.16 -4.35 <0.001

Sampled 1.53 0.36 4.29 <0.001 4.62 2.63 10.94
Dayibut 1.46 0.35 414 <0.001 4.29 241 981
Dayfound  -0.33 0.18 -1.87  0.062 0.72 0.50 1.00
Events -0.39 0.23 -1.70  0.089 0.68 0.41 1.03

Table 4. Parameter estimates tiop saltmarsh sparrow Flooding Failure modéariables

are defined in Table 1.

Variable Estimate Std. Error Z-value p Oddsratio 95% ClI
Intercept 8.35 6.13 1.36 0.173

Sampled -0.17 0.06 -2.86 0.004 0.84 0.74 0.94
Dayibut -0.14 0.08 -1.61 0.107 0.87 0.74 1.03
Dayfound -0.05 0.07 -0.67 0.505 0.95 0.82 1.10
Maxtideib 0.05 0.03 1.71 0.087 1.05 099 111
Maxnonflood -0.09 0.03 -2.63 0.009 0.92 0.86 0.96
Events 0.21 0.14 151 0.129 1.24 0.94 1.65
Year2008 0.78 0.59 1.33 0.185 2.19 0.69 7.15
Year2®9 -0.55 0.54 -1.01 0.315 0.58 0.19 1.66
Dayspstnm 0.11 0.05 2.42 0.016 1.12 1.02 1.23

146



Table 5. Parameter estimates for top saltmarsh sparrow ZAP Fitness Loss Imadlois|

modeling approach a truncated Poisson model is used to modehakro count data

and abinomial models used to modehe probability that positive counis observed

Variables are defined in Table 1.

Truncated Poisson with log link

Variable Estimate Std. Error Z-value p Oddsratio 95% ClI
Intercept 2.82 1.18 2.39 0.017

Sampled -0.03 0.01 -2.16  0.031 0.97 0.94 0.99
Dayibut -0.03 0.02 -1.25 0.211 0.97 0.92 1.02
Dayfound <0.01 0.03 0.12 0.905 1.00 0.95 1.05
Maxtide iButton <-0.01 <0.01 -0.07  0.946 1.00 0.99 1.01
Maxnonflood <-0.01 0.01 -1.09 0.277 0.99 0.98 1.00
Binomial with logit link

Variable Estimate Std. Error Z-value p OddsRatio 95% ClI
Intercept -6.15 5.86 -1.05 0.294

Sampled -0.09 0.04 -2.32  0.030 0.91 0.84 0.99
Dayibut -0.13 0.8 -1.70  0.089 0.88 0.76 1.02
Dayfound -0.01 0.07 -0.11  0.911 0.9 0.87 1.14
Maxtide iButton  0.13 0.03 536 <0.001 1.14 1.09 1.20
Maxnonflood -0.10 0.03 -3.49 <0.001 0.90 0.85 0.96
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CONCLUSIONS
In my research on saltmarsh sparrdmmodramusaudacutudabitatselection behavior
| have addressed the possible use of conspecific social cues at multiple lidegjan by
characterizing a number béhaviors that could serve as cues of habitat quality and
explored the relationship between these behaviors and nesting activity to determine their
relative importance. | then explored the possibility that saltmarsh sparrows use
conspecific cues in their ssssment of breeding habitat using both spatial analyses of
nesting patterns and experimental manipulations of apparent sparrow densities at the
local and landscape scales. Based on the results of this work, it ajppearses related
to the total numhreof sparrows in the vicinity (e.g. number of active individuals, total
number of sparrows) are more strongdlated tonesting activity than are cues that
specifically reflect local breeding activity, such as male song or female provisioning
behavior. Tis suggests that density related cues could serve as an indicator of local
reproductive activity and thus habitat quality. However, saltmarsh spadiowot
respoi to conspecific density cues in the experimental broadcast study ingittzt
conspeiffic attraction is not important at either the local, witinmarsh scale, or tHarger
landscape scale. Not only were sparrow numbers similar in both treatment and
experimental plots, and in pteeatment and treatment plots, but the number of nests and
fledglings produced werextremelysimilar as well. In additiortests of aggregation at
cumulative and discrete distance classes failed to deteetvatgnce for amonrandom
pattern in nest placement; consistent with the hypothesis that nest placeraedbm
with respect to other nests. When the timing of nesting attempts was taken into account

such that only previous or currently active nests were considered, there was still no
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evidence that female sparrows attempted to nest closer to othehaestéxpected given
random nest site selection.

The lack of social cue use observed in this study may be related to the
evolutionary life history of saltmarsh sparrows. At the landscape scale, prior studies
suggest that saltmarsh sparrows are area sendenoit and Askins 2020) at least in
some contexts (Shriver et al. 2004) and that some variation in sparrow abundance can be
explained by the presence of high marsh vegetation (Gjerdrum et al. 2005, 200&a). Th
observationsuggests that the sizetbk marsh, as well as the abundance of high marsh
habitat, may bamongthe primary cuethatsparrows pay attention to in determining
marsh suitability. In addition, if site fidelity is moderate to higé recent studies suggest
(Post and Greenlaw 198RiQuinzio et al. 2001), many sparrows may simply return to
the same marshes year after year, rendering habitat selection and social cue use at the
marsh landscape scale largely irrelevant for most individuals in most years.

At the withinmarsh scalethevariation in sparrow abundance and nest density
observed in past studies (Gjerdrum et al. 2005, 2008a)d suggest that certain areas of
marsh represent better quality nesting halitah othersor at leasthave different uses.

My spatial analysesf nest patternshowever,indicates that contrary to common
perception, nesting sparrows are not clustered in certain areas of thg Bagsatd and
Elphick 201Q Chapter 2).Furthermore, given that nest failure is primarily caused by
flooding events assiated with monthly higlspringtides (>60% of all failures: DeRagon
1988; Shriver 2007; Gjerdrum et al. 2005; Chapter 4); and females that nest
synchronously with the tideycle have a greater chance of successfully fledging young

(Shriver et al. 2007)yegardless of nest vegetation characteristics (Gjerdrum et al. 2005),

151



exactly where sparrows nest within the marsh may not matter in years of especially high
tides. This means that social cues related to sparrow presence, abundance, or
reproductive succesmay not necessarily be correlated with future reproductive success
for a particular area withia marsh.

Although nest failure due to flooding has long been documented as a regular
feature of saltmarsh sparrow breeding biology (Lewis 1920; Hill 196BaDen 1988;
Greenlaw and Rising 1994; Gjerdrum et al. 2005, 2008b; Shriver et al. 2007), the degree
of nest failure due to flooding documentedhrs study, coupled with new information
on the frequency of multiple flood events, is alarmi@gapter 4) Only 15% of the nests
evaluated did not experience a single flooding event during temperature sampling, and
even these nests may have flooded before iButtons were deployed. Whether this pattern
i's typical of the speci eeadyobsevwwmd theteffectsnohr y hi
sealevel rise, is not knownHowever, given that the difference in tide heights between
successful nests and nests thaetidue to flooding was on average, just 5 cm, it appears
that saltmarsh sparrow population persisteis under imminent thredtie to even
incremental changes in séavel or precipitation patterns. To fully understand the
implications of future se&vel rise on saltmarsh sparrow populations, more information
on their annual survival and-reesting atesis urgently needed. In addition, although site
fidelity has been investigated on a limited basis in both Rhode Island and New York, and
appears to be relatively high (Post and Greenlaw 1982; Diquinzio 2001), further study is
needed across otherpant t he speciesd range to verify

information on survival rates, individual productivity, and site fidelity will allow us to
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determine the rate at which we can expect saltmarsh sparrow populations to decline under
the currenknown threats.

Saltmarsh sparrows are just oneld thany species of conservatibat are faced
with multiple threats to their persistence, the greatest of which now includes fundamental
changes to their habitat due to climate change antesebrise(Parmesan and Yohe
2003; Root et al 2003; Thomas et al. 200dhowing whethesuchspeciesare capable
of respondingo changes in their habitat oroving to new habitat areas, if availabls,
critical for promoting targeted conservation efforts (eagsisted colonizatiotjunter
2007; McLachlan et al. 2007 5tudies of the feasibility of marsh migration into upland
areas, whether natural or artificial, are neeiflege are to plan for saltmarsh sparrow
persistenceas this is the onlgurrentsolution for the expected loss of saltmarsh habitat
to sealevel rise. In addition, although we know that changes in temperature and
precipitation will likely cause substantial changes to the ecologgltharsh
ecasystens; how this might play out among tropHevels is uncertain. A recestudy of
experimental warmingf saltmarsh vegetation indicates tlggtartina patensa plant
species commonly used by nesting saltmarsh sparrows, will be favored under increased
temperature conditions, but that overall viagjen diversity will decline (Gedan and
Bertness 2009)What this would mean for sparroes is uncle@inally, careful analysis
and documentation of the economic value of the ecosystem services provided by salt
marshes (e.g., Craft et al. 2009) will instrumental in garnering public support for

saltmarsh preservation.
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APPENDIXA. Each of the five behaviors considered in our saltmarsh sparrow social cue
models is plotted in relation to the number of nests (top panel), numbestsfin the
incubation phase (middle panel), and number of nests in the nestling phase (bottom

panel). Spearman correlations are given for all pairs.
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Figure A.1. Spearman correlations between the total number of females versus: number
of nestsRho=0.12,p = 0.03;number of nests in the incubation phakap= 0.13,p =

0.0%, number of nests in the nestling phaRap< 0.01,p = 0.75.
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Figure A.2. Spearman correlations between the total number of individuals involved in

mate acquisition versuaumber of active nestRho= 0.08,p = 0.14; number of nests in

the incubation phas&ho= 0.15,p = 0.0L number of nests in the nestling phaRap=

-0.12,p=0.03.
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Figure A.3. Spearman correlations between the total number of songs wersber of

active nestsRho= 0.08,p = 0.13; number of nests in the incubation ph&e= 0.08,p

= 0.14 number of nests in the nestling phaRap= - 0.04,p = 0.50.
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Figure A.4. Spearman correlations between the total nuaflaetive indivduals versus:
number of active nestRho= 0.18,p < 0.01; number of nests in the incubation phase,

Rho= 0.14,p < 0.0, number of nests in the nestling phalap= 0.12,p = 0.03.
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Figure A.5. Spearman correlations between the total numbadefuersus: number of

active nestsRho= 0.19,p < 0.01; number of nests in the incubation ph&e= 0.17,p

< 0.0% number of nests in the nestling phaR&p= 0.09,p = 0.09.
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APPENDIXB. Model outputs for the fivpotential saltmarsh spaw cues considered in

our study versus three measures of nesting ac{@inapter 1) The probability of

measur i

ng false

Zzer os

was

anal yzed

usi ng

count data are modeled using a Poisson or negative binomebdénear model in a

zerainflated framework. Variable codes are as follows: Temp = temperature, measured

in the field at the time of survey; Wind = average daily wind speed; DaysNM = number

of days since the most recent new moon; TimeHT = time elanseel the most recent

high tide; Week = week of survey-(2).

Table B.1. Number of female saltmarsh sparrows versus the total number of nests.

Negative binomial with log link

Variable Estimate Std. Error Z-value p
Intercept -0.46 1.08 -0.43 0.669
Nest 0.06 0.08 0.80 0.427
Temp <0.01 0.01 0.07 0.943
Wind 0.12 0.06 2.01 0.044
DaysNM 0.02 0.01 1.58 0.114
TimeHT -0.04 0.02 -1.75 0.080
Week -0.13 0.03 -3.92 <0.001
Log(theta) 1.06 0.51 2.07 0.039
Binomial with logit link

Variable Estimate Std. Err@ Z-value p
Intercept -15.09 8.39 -1.80 0.072
Nest 0.13 0.09 1.34 0.166
Temp 0.13 0.09 1.39 0.166
Wind 1.46 0.66 2.22 0.027
DaysNM 0.04 0.09 0.45 0.098
TimeHT -0.29 0.18 -1.65 0.098
Week -1.28 0.66 -1.95 0.056
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Table B.2. Number of female saltrsh sparrows versus the number of nests in the

incubation phase.

Negative binomial with log link

Variable Estimate Std. Error Z-value p
Intercept -0.42 1.08 -0.39  0.695
NestEgg 0.14 0.11 1.23 0.217
Temp <-0.01 0.01 -0.02 0.984
Wind 0.11 0.06 1.90 0.057
DaysNM 0.02 0.01 1.78 0.076
TimeHT -0.04 0.02 -1.78  0.076
Week -0.12 0.03 -3.65 <0.001
Log(theta) 1.07 0.52 2.06 0.039
Binomial with logit link

Variable Estimate Std. Error Z-value p
Intercept -15.77 8.30 -1.90 0.058
NestEgg 0.02 0.81 1.57 0.118
Temp 0.13 0.08 1.57 0.118
Wind 1.50 0.67 2.25 0.025
DaysNM 0.05 0.08 0.57 0.568
TimeHT -0.31 0.19 -1.65  0.099
Week -1.32 0.69 -1.91  0.056
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Table B.3. Number of female saltmarsh sparrows versus the number of nests in the

nestling phase.

Negative bmomial with log link

Variable Estimate Std. Error Z-value p
Intercept -0.42 1.08 -0.39 0.696
NestChick 0.05 0.14 0.34 0.731
Temp <0.01 0.01 0.08 0.934
Wind 0.124 0.06 2.07 0.039
DaysNM 0.02 0.01 1.55 0.121
TimeHT -0.04 0.02 -1.78  0.076
Week -0.13 0.03 -4.09 <0.001
Log(theta) 1.07 0.52 2.03 0.042
Binomial with logit link

Variable Estimate Std. Error Z-value p
Intercept -15.63 8.37 -1.87  0.062
NestChick 1.53 1.01 151 0.132
Temp 0.13 0.08 1.55 0.122
Wind 1.56 0.71 2.20 0.028
DaysNM 0.04 0.08 0.50 0.619
TimeHT -0.29 0.19 -1.56  0.119
Week -1.39 0.70 -2.00 0.046
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Table B.4. Number of saltmarsh sparrows involved in mate acquisition versus the total

number of nests.

Truncated Poisson with log link

Variable Estimate Std. Error Z-value p
Intercept 0.56 1.28 -0.44  0.663
Nest -0.11 0.10 1.15 0.250
Temp 0.01 0.02 0.35 0.726
Wind 0.19 0.07 2.80 0.005
DaysNM 0.01 0.01 0.84 0.404
TimeHT -0.05 0.03 1.77 0.077
Week -0.19 0.04 -4.24  <0.001
Binomial with logit link

Variable Estimate Std. Error Z-value p
Intercept -6.46 4.19 -1.54  0.123
Nest -0.38 0.39 -0.98 0.327
Temp 0.05 0.05 1.14 0.255
Wind 0.54 0.24 2.24 0.025
DaysNM 0.03 0.03 0.98 0.329
TimeHT -0.12 0.08 -1.41 0.16
Week -0.23 0.15 -1.49  0.137
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Table B.5. Number of saltmarsh spavsoinvolved in mate acquisition versus the

number of nests in the incubation phase.

Truncated Poisson with log link

Variable Estimate Std. Error Z-value p
Intercept -0.85 1.26 -0.68  0.498
NestEgg 0.04 0.12 0.33 0.739
Temp 0.01 0.02 0.47 0.640
Wind 0.19 0.07 2.73 0.006
DaysNM 0.01 0.01 1.01 0.315
TimeHT -0.05 0.03 -1.72  0.085
Week -0.18 0.04 -491 <0.001
Binomial with logit link

Variable Estimate Std. Error Z-value p
Intercept -7.06 4.26 -1.66  0.098
NestEgg -0.48 0.41 -1.18  0.240
Temp 0.06 0.05 1.27 0.205
Wind 0.56 0.25 2.24 0.025
DaysNM 0.55 0.25 2.24 0.025
TimeHT -0.12 0.08 -1.49  0.137
Week -0.21 0.14 -1.53  0.127
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Table B.6. Number of saltmarsh sparrows involved in mate acquisition versus the

number of nests in the nestling phase.

Truncated Poisson with log link

Variable Estimate Std. Error Z-value p
Intercept -1.26 1.25 -1.01 0.313
NestChick -.99 0.29 -3.47 <0.001
Temp 0.02 0.02 0.99 0.321
Wind 0.20 0.06 3.14 0.002
DaysNM 0.01 0.01 0.85 0.395
TimeHT -0.06 0.03 -2.31 0.021
Week -0.18 0.03 -5.51 <0.001
Binomial with logit link

Variable Estimate Std. Error Z-value p
Intercept -10.77 4.81 -2.24  0.025
NestChick -12.93 38254 -0.034 0.973
Temp 0.11 0.06 1.92 0.055
Wind 0.70 0.25 2.77 0.006
DaysNM 0.02 0.03 0.50 0.614
TimeHT -0.16 0.09 -1.82  0.068
Week -0.33 0.18 -1.82  0.069
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Table B.7. Total number of songs versus the total number of nests.

Negative binomial with log link

Variable Estimate Std. Error Z-value p
Intercept 2.19 0.77 2.85 0.004
Nest -0.08 0.06 0.20 0.841
Temp <0.01 0.01 0.20 0.841
Wind -0.08 0.04 -2.02 0.044
DaysNM -0.01 0.01 -1.59 0.112
TimeHT 0.01 0.01 0.60 0.547
Week -0.13 0.02 -6.08 <0.001
Log(theta) 0.64 0.14 4.47 <0.001
Binomial with logit link

Variable Estimate Std. Error Z-value p
Intercep -1840.5 1810.6 -1.01 0.312
Nest 86.92 88.89 0.98 0.328
Temp -2.37 2.91 -0.82  0.415
Wind 5.78 5.83 0.99 0.322
DaysNM -2.26 2.77 -0.82 0.414
TimeHT 28.58 28.94 0.98 0.323
Week 158.22  157.47 1.00 0.315
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Table B.8. Total number of songs versus theoer of nests in the incubation phase.

Negative binomial with log link

Variable Estimate Std. Error Z-value p
Intercept 2.19 0.77 2.86 0.004
NestEgg -0.13 0.08 -1.52 0.128
Temp <0.01 0.01 0.24 0.813
Wind -0.08 0.04 -2.03 0.042
DaysNM -0.01 0.01 -1.74  0.082
TimeHT 0.01 0.01 0.55 0.581
Week -0.13 0.02 -6.15 <0.001
Log(theta) 0.64 0.14 4.49 <0.001
Binomial with logit link

Variable Estimate Std. Error Z-value p
Intercept -624.45 609.25 -1.03 0.305
NestEgg 36.38 38.84 0.94 0.349
Temp -0.45 0.86 -052  0.604
Wind 1.27 1.31 0.97 0.333
DaysNM -0.36 0.66 -0.54  0.592
TimeHT 9.35 8.38 0.94 0.345
Week 52.23 52.20 1.00 0.317
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Table B.9. Total number of songs versus the number of nests in the nestling phase.

Negative binomial with log link

Variable Estmate Std. Error Z-value p
Intercept 2.19 0.76 2.88 0.004
NestChick -0.15 0.10 -1.48  0.139
Temp <0.01 0.01 0.16 0.871
Wind -0.09 0.04 -2.31  0.021
DaysNM -0.01 0.01 -1.34  0.180
TimeHT 0.01 0.01 0.64 0.520
Week -0.12 0.02 -5.86 <0.001
Log(theta) 0.64 0.14 4.43 <0.001
Binomial with logit link

Variable Estimate Std. Error Z-value p
Intercept -1062.2 2034.3 -0.52 0.602
NestChick 29.73 144.65 0.21 0.837
Temp -1.54 5.12 -0.30 0.764
Wind 1.46 12.38 0.12 0.906
DaysNM -3.71 8.03 -0.46  0.644
TimeHT 26.71 55.46 0.48 0.630
Week 91.01 176.60 0.52 0.606
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Table B.10. Number of saltmarsh sparrows involved in active behavior versus the total

number of nests.

Negative binomial with log link

Variable Estimate Std. Error Z-value p
Intercept 2.06 0.57 3.61 <0.001
Nest 0.16 0.04 3.63 <0.001
Temp -0.02 0.01 -2.64  0.008
Wind -0.04 0.03 -1.47  0.142
DaysNM <0.01 0.01 0.37 0.715
TimeHT <-0.01 0.01 -0.08 0.936
Week 0.03 0.02 1.96 0.050
Log(theta) 2.15 0.41 5.28 <0.001
Binomial with logit link

Variable Estimae Std. Error Z-value p
Intercept -9.96 6.46 -1.54 0.122
Nest 13.25 8.31 1.59 0.111
Temp <0.01 0.15 0.01 0.996
Wind -2.74 1.35 -2.03  0.043
DaysNM -0.62 0.36 -1.73  0.084
TimeHT 0.80 0.48 1.65 0.098
Week 9.15 5.87 1.56 0.119
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Table B.11. Number ofadtmarsh sparrows involved in active behavior versus the number

of nests in the incubation phase.

Negative binomial with log link

Variable Estimate Std. Error Z-value p
Intercept 2.22 0.58 3.84 <0.001
NestEgg 0.17 0.07 2.55 0.011
Temp -0.02 0.01 -2.83  0.005
Wind -0.04 0.03 -1.48  0.139
DaysNM <0.01 0.01 0.77 0.444
TimeHT <-0.01 0.01 -0.32  0.752
Week 0.03 0.02 1.92 0.055
Log(theta) 2.03 0.37 5.47 <0.001
Binomial with logit link

Variable Estimate Std. Error Z-value p
Intercept -120.80 219.00 -0.55 0.581
NestEgg 18.65 33.06 0.56 0.573
Temp 0.005 0.19 0.03 0.980
Wind -2.41 2.07 -1.17 0.244
DaysNM -0.81 1.21 -0.67  0.502
TimeHT 0.43 0.63 0.69 0.492
Week 11.00 18.47 0.60 0.551
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Table B.12. Number of saltmarsh sparrows involved in active behaafisus the number

of nests in the nestling phase.

Negative binomial with log link

Variable Estimate Std. Error Z-value p
Intercept 2.27 0.58 3.94 <0.001
NestChick 0.13 0.07 1.87 0.062
Temp -0.02 0.01 -2.63  0.008
Wind -0.03 0.03 -0.96 0.336
DaysNM 0.01 0.01 1.46 0.145
TimeHT <0.01 0.01 0.28 0.702
Week -0.02 0.02 -1.24  0.215
Log(theta) 2.01 0.38 5.32 <0.001
Binomial with logit link

Variable Estimate Std. Error Z-value p
Intercept 14.45 10.48 1.38 0.168
NestChick -6.79 111.88 -0.06 0.952
Temp -0.29 0.17 -1.68  0.092
Wind -0.72 0.47 -1.54  0.125
DaysNM -0.03 0.07 -0.36 0.721
TimeHT 0.89 0.39 2.29 0.022
Week -0.066 0.30 -2.19  0.028
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Table B.13. Total number of saltmarsh sparrows versus the total number of nests.

Negative binomial with log link

Variable Estimate Std. Error Z-value p
Intercept 3.02 0.47 6.41 <0.001
Nest 0.08 0.04 2.25 0.024
Temp -0.02 0.01 -2.62  0.009
Wind -0.02 0.02 -0.81 0.416
DaysNM 0.003 0.004 0.68 0.494
TimeHT <0.01 0.01 0.09 0.925
Week -0.02 0.01 -1.17  0.243
Log(ther) 1.63 0.17 9.36 <0.001
Binomial with logit link

Variable Estimate Std. Error Z-value p
Intercept -1.78 2.49 -0.72  0.474
Nest -0.27 0.25 -1.10 0.272
Temp <0.01 0.03 0.11 0.913
Wind -0.04 0.11 -0.36  0.720
DaysNM -0.06 0.02 -2.44  0.015
TimeHT 0.08 0.06 1.46 0.144
Week 0.03 0.07 0.41 0.680
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Table B.14. Total number of saltmarsh sparrows versus the number of nests in the

incubation phase.

Negative binomial with log link

Variable Estimate Std. Error Z-value p
Intercept 2.06 0.47 6.49 <0.001
NestEg 0.11 0.06 1.98 0.047
Temp -0.02 0.01 -2.72  0.007
Wind -0.02 0.02 -0.84  0.400
DaysNM <0.01 <0.01 0.96 0.337
TimeHT <0.01 0.01 0.03 0.976
Week -0.01 0.01 -1.00 0.316
Log(theta) 1.62 0.17 9.29 <0.001
Binomial with logit link

Variable Estimate Std. Hror Z-value P
Intercept -1.72 2.46 -0.70  0.485
NestEgg -0.15 0.30 -0.51  0.609
Temp <0.01 0.03 0.02 0.984
Wind -0.05 0.11 -0.41 0.681
DaysNM -0.06 0.02 -2.54  0.011
TimeHT 0.09 0.06 1.55 0.120
Week 0.040 0.07 0.59 0.555
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Table B.15. Total number shltmarsh sparrows versus the number of nests in the

nestling phase.

Negative binomial with log link

Variable Estimate Std. Error Z-value p
Intercept 3.08 0.47 6.50 <0.001
NestChick 0.06 0.06 0.91 0.362
Temp -0.02 0.01 -2.54  0.011
Wind -0.01 0.02 -0.61  0.544
DaysNM <0.01 <0.01 0.54 0.591
TimeHT <-0.01 0.01 -0.15 0.878
Week -0.02 0.01 -1.70  0.090
Log(theta) 1.60 0.17 9.31 <0.001
Binomial with logit link

Variable Estimate Std. Error Z-value P
Intercept -1.83 2.47 -0.74  0.460
NestChick -0.48 0.58 -0.84  0.403
Temp <0.01 0.03 0.04 0.971
Wind -0.05 0.11 -0.43  0.668
DaysNM -0.05 0.02 -2.24 0.03
TimeHT 0.08 0.06 1.48 0.138
Week 0.05 0.06 0.72 0.471
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APPENDIXC. Location of experimental and control study plots used in saltmarsh sparrow

conspecit attraction experiment 2068009 (Chapter 3)

FigureC.1L Hammonasset State Park, Madison, CT.
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FigureC.2 East River Marsh, Guilford/Madison, CT
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