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ABSTRACT

There is much debate as to the proximate and ultimate causationsfuature
in avifauna, as it is relatively rare among bird species. However, the research needed to
understand causation of katructure begins with foundational work on population
demographics and social dynamics. Without sound knowledge of dispersal behavior,
survival rates, and reproductive metrics, one cannot begin to untangle hgeléation
favors the formation of family groups where members increase inclusive fitness through
the passing of personal and shared genes. This is especially important considering how
urbanization and shifting weather patterns may additionally effect species evolved to

remain near kin.

One such species that forms extended family groups is the dested titmouse
(Baeolophus atricristatyBCT]I), a noAmigratory passerine in the Paridae family. My
masterdéds thesis research revealed that in
limit their natal dispersal and establish territories adjacent to their parents the following
spring, foming kin-structured neighborhoods over time. Even though this was an
interesting and novel discovery for tBaeolophugenus, my work prompted additional
guestions as to why BCTI maintain kstructure and how urbanization influences

extended family relains, topics which | addressed in this dissertation.

Because BCTI are commonly observed in rural and urban landscapes within their

range, | first studied if BCTI residing in an urban environment forrrskinctured

XVii



neighborhoods, and if so, to what extekdditionally, | examined home range size,

habitat composition of home ranges, and body conditional indices (BCI) of urban BCTI
and compared them to a rural population. My study site was at four different locations in
San Marcos, Texas, that all varieddiegrees of urbanization. The rural site, where | also
conducted my thesis research, was the Freeman Center (hereafter Freemanhaa 1400
Texas State University property ~10 km from downtown San Marcos. The habitat at
Freeman is a mosaic of native hillurdry vegetation with minimal mamade structures

or roads. My urban sites included Texas State University campus (hereafter Campus),
singlehome residential neighborhoods in San Marcos (hereafter Residential), and public
parks operated by the City of Skllarcos (hereafter Parks). Thus, the rank of locations
from highest to lowest in terms of urbanization is Campus > Residential > Parks >
Freeman. My results revealed that BCTI in urban locations forrstkirctured

neighborhoods but to a lesser extent ttinair rural counterparts. Home range size of

urban BCTI was influenced by habitat composition, where home ranges were larger on
Campus (highly urbanized) and smaller in Residential areas and in Parks (low degrees of
urbanization) compared to BCTI home rargize at Freeman. Additionally, BCTI in

urban and rural locations did not differ in BCI, but there was a high degree of variation of

BCI within and among family groups.

Because there were differences in the extent efkimcture neighborhood
formationbetween urban and rural populations of BCTI, for my second study, |

investigated if there were differences between the two in relation to productivity, nesting

Xviii



success, and timing of reproductive cycle. | also accounted for differences in habitat
compositon and weather variability across the breeding season. My results provided
evidence that urban BCTI begin first clutch initiation ~9 days before rural BCTI, and
average February low temperatures were highly correlated with nest initiation date at
FreemanThough overall productivity was not different between urban and rural

locations, nest fate and daily survival rates of nests were much lower for Residential nests

than nests in any other location.

Results from my second study suggested that additiapallation demographics
of the BCTI may be influenced by urbanization, therefore | addressed this in my third
study. | examined if apparent survival of BCTI varied between urban and rural
populations, between sexes and ages, as well as between breediog-brekding
seasons (summer and winter, respectively). Additionally, | assessed if apparent survival
increased when adult BCTI held territories near kin indtmctured neighborhoods.
Overall apparent survival estimates were higher for males compafethtles, as well
as higher for adults compared to juveniles regardless of location or season. Urban males
had a higher apparent survival than rural males during the sumneeloldr apparent
survivalduring the winter. Moreover, urban females had eloapparent survival than
rural females in both seasons. Thus, rural BCTI apparent survival was more stable over
time for both age classes and sexes, indicating that urban BCTI may be more susceptible
to population fluctuations due to inclement weathertaatatat inconsistencies.

Interestingly, apparent survival for rural BCTI surrounded by kin was lower than that

XiX



estimated for adults not surrounded by kin. Though this seems counterintuitive to kin
selection, | hypothesize that these estimates could tedicat once adults are

established territorially, they tend to remain in-ktructured neighborhoods until they

die, whereas adults not surrounded by kin may be younger, healthier, and still aiming to

achieve kimstructured status.

Finally, in my fourh study, | investigated if there were potential inclusive fithess
benefits for BCTI in kirstructured neighborhoods through the behavior of resource
sharing. By using radio frequency identification (RFID) feeding stations, | was able to
monitor a small paplation of BCTI equipped with passive integrated transponder (PIT)
tags and could record when certain individuals aggregated to share food. Results revealed
that both c¢closely and distantly related ki
foraging bauts together (foraging time together versus frequency of foraging bouts
together). Additionally, males accompany their mate to a high extent on foraging bouts
during the breeding seasasacompared to any other season, likely indicating mate

guarding behawr.

Overall, results from this dissertation indicate that though BCTI are still common
and establish kistructured neighborhoods in urban locations, they likely incur lower
reproductive success and apparent survival due to certain stressors asdlhteae not
as prevalent in rural locations. Therefore, the differences in BCTI social dynamics and

demographics between urban and rural populations may eventually lead to4ess kin

XX



structure in urban areas over time. This in turn could create a pdsitigback loop,

where less kirstructure leads to lower survival and recruitment, which again influences
kin-structure. Because it does not appear that resource sharing is a higgdiekied
behavior among BCTI, future work should examine other behathat potentially

maintain extended family cohesion, such as joint territory defense, predator vigilance, or
the availability of empty territories for juveniles to inherit. Thus, by determining what
behaviors or traits are most important to maintaini@y Bkin-structure, future
conservationists may be able to directly increase apparent survival and reproductive

success should BCTI populations begin to decline.
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I. GENERAL INTRODUCTION

Background Information

Avian sociality

The study okocial behaviors among birds is a growing field that has gained much
attention in the past few decades (Powell 1974, Ekman 2006, Wey et al. 2008, Silk et al.
2014). Group interactions typically occur due to advantages that flock members receive
for participating in social gatherings (Pulliam 1973, Caraco et al. 19&@yever,

untangling the benefits of certain flocking behaviors can be difficult.

One of the maimenefitshirdsreceivefrom social flocks isn theforagingcontext
(Pulliam 1973Roberts 1996)In principle intra and interspecific flocks can gather
information about resources through their knowledge of the area as well as their behavior
of positively locating a food source (Sandlin 2000, Chavaspos 2011). In some
species, paitularly corvids, individuals within a flock share the location of resources
with other membersxpectingthat when resources become scaar®ther member will
do the same, suggesting that there can be benefits of reciprocal a{ivlasriuff et al.

199%). Similarly, migratory birds cue in on signals of foraging residential species that are
familiar with the landscape and thus provide clues as to where potential resources may be
located (Morse 1970, Harrison and Whitehouse 2Hdyvever, there are costs

associated with group foraging; as group membership increases past a certain threshold,
competition for resources increases, as well as the time and energy spent moving to and
from foraging patches (MacArthur and Pianka 1966, Ens et al. 1995). Theitfore,

depends upon the species and the surrounding habitat matrix as to what the ideal



membership number is for foraging flocks to be optimal (Gluck 1987, Shochat et al

2004).

Though foraging in a group may be benefittgbredator detection arldcating
resourcs, there also are ststo such behaviors. Resources are limited and often
dispersed, and all members of a flock will not receive the same net gain from sharing
(Cimprich and Grubb 1994, Lange and LeimarB0UThus, fighting and chasing are
comma in foraging flocks, resulting in extra energy expenditure and potential injury
depending upon how valuable a resource is for survival (Pravosudov et al. 1999). Each
individual is subjected to théness costs and benefa$sharing resourcesithin a
flock, or theyexperiening the alternativef foraging alone and risking greater chances

of predation (Waite 198 Dhondt2012).

A more recent area of study on avian sociality focuses on family flocking
dynamics, a relatively rare phenomenon occurring %6 of bird species (Ekman 2006).
Familial social groups are typically comprised of a male and female pair that is
accompanied by some number of offspring after the breeding season for an extended
period(Condee 1970, Cockburn 260 Juveniles in this siation either: 1) Delay
dispersal and provide no alloparental care to the family group; 2) Delay dispersal and
participate in cooperative breeding; or 3) Limit dispersal and establish a territory of their
own parallel to parents the following year (Ekma®@0Rylandeet al. 2020.

Depending upon the species, the fate of retained offspring may be obligate or facultative
in nature, where current biotic and abiotic factors influence the family flocking structure
for the next year (Emlen 1995, Cockburn 80@hen resources are scarce or when the

surrounding habitat matrix is saturated with dominant conspecifics, juveniles may alter



their dispersal behavior until an opportunity to become independent &etsn(1982,

Komdeur 1992

For familial flocks to eist, selection must produce positive fitness gains for all
individuals within the family unit (Hatchwell 2009). When social groups are comprised
of related individuals, both direct and indirect fitness beneditgribute to an
i ndi vi dual 0ss.Drect fitHesss measearedfatetinheatanceof genes
directly from parent to offspringyhile indirect fitnesss measured as the extra survival
of kin (weighted by the degrafireistiobehavioe| at edn
that come at aprice to the individual (Hamilton 1964, Smith and Ridpath 1$H&rman
1977, Ekman 2006).he prolonged brood care hypothesiggests thdioth parents and
juveniles positively benefit from remaining in a social flock (Ekman and Rosander 1992).
Parents are less aggressive towards offspring which may aid in keeping juveniles on their
natal territoriegDickinson et al. 2009)n other case studies of familial sociality, the
breeding parents6 fitness is decreased whe

the flock(Hatchwell et al. 2001).

For juveniles exhibiting philopatr typically both direct and indirect fithess
benefits can influence their overall inclusive fitness within the familial unit. Direct
benefits to fitness can be described as either current or future net gains. Resource sharing
(Marzluff et al. 1996), heigkned predator vigilance (Powell 1974, Caraco et al. 1980,
Lima 1995), and decreased aggression levels (Pravosudalvd 899 are common ways
in which an individual és direct fitness 1is
with relatives Dickinson et al. 1996 Future direct benefits for juveniles remaining in a

flock can be described as potential admittance to a neighboring territory for breeding



purposes, as well as learning certain valuable behaviors that elder flock members exhibit
(Koenig et al. 1992, Kokko and Ekman 2002) potentially lead to successful passing
of genes directly to offspring if the juveniles establish their own territory the following

year and mate.

While it is uncommon forelated individuals to remain in a flock for an extended
period of time, it is even rarer for juveniles to limit dispersal and establish a breeding
territory of their own next to or overlapping their parents (Ekman 2006, Dickinson et al.
2009). When this awrs, kinstructured neighborhoods are formed over time, where
generations of related families all have established breeding territories adjacent to one
another (Hatchwell 2001, Rylander 2015). Related neighbors typically receive increased
direct and indiect fithess benefits even though they may not flock together at all times.
Long-tailed tits Aegithalos caudatysand western bluebirdSialia mexicanaboth
establish kirstructured neighborhoods, and during times of limited food supply or
predator intrgions, related members of different flocks gather to share resources and/or

heighten the defense against threats (Hatchwell 2001, Dickinson et al. 2009).

Effects ofurbanization

Anthropogenic habitat destruction and degradation is a global threat to
biodiversity in both terrestrial and aquatic ecosystems (McKee et al. 2004, Wessely et al.
2017). Not only do humans directly affect the landscape through development and
urbanization, they also indirectly leave their mark by relegsaligitants, oveexploiting
natural resources, leaching soils, and contributing to the unstable and uncertain effects of
climate change (Kennish 2002, Dirzo and Raven 2003, Wake and Vredenburg 2008).

Many wildlife populationsnay not haveuitablegeneticvariationor behavioal



plasticity needed to persist in a rapidly changing environment, leading to possible
extirpation Prugh et al. 2008, Mills 2013). Therefore, it is of upmost importance to
understand the potential ramifications for organisms that reside within an urbanized

landscape.

During the past half century, the human population has experienced an
exponential growth rate that is debatably reaching, or is already beyond, the carrying
capacity oftarth (Holdren and Ehrlich 1974, Van Den Beggtd Rietveld 2004). Ithe
wake of such growth comes the need for more infrastructure, food, and water. To meet
these demands, anthropogenic activities continue to spread through urbanization and
agriculture (Crist et al. 2017). Though each humate stcture, such as buildings,
bridges, and highways, may seem to have negligible impacts, all structures considered
together across a landscape might have profound repercussions on both flora and fauna

and should be assessed through sound scientific research.

Birds areused as indicators of ecosystem health (Burger and Gochfield 2001,
Gregory et al. 2003, Smits and Fernie 2014). Most avifaunal species typically are easier
to detect than mammals, herpetofauna, and invertebrates because they are readily
observe throughout daylight hours and are present in nearly all habitat types. Auditory
surveys can positively identify the presence of avian species and are inexpensive and
efficient with little technology requirements (Bibby et al. 2000). Birds, unlike many
other organisms, have vagility through powered flight if conditions become unfavorable
for their survival (Gill 2007). Thus, in particular habitats, the pregabsencer

richnesof bird species can be used as an indicator for the status and healttérof ot



organisms that may not be able to move to another location as easily (Burger and

Gochfield 2001).

Many species have adapted over time to urban sprawl, some reaching extremes
that appear to prefer or depend upon anthropogenic influence (Murgui abldbided
2017, Ravinetetal. 2008T hough this kind of Aurban sur vi
of harmony and coexistence, individuals of many avian species able to exist within urban
habitats may suffer decreases in fitness relative to individuals Haltezad habitats

(Caizergues et al. 201.8)his is due to a number of reasons:

1). Resource depletion and alteratioAs urbanization continues, humaesdto
overexploit common resources such as water and timber and manipulate the landscape
by removingnative vegetation and replacing it with roative exotic fauna and flora
(Rottenborn 1999). This ultimately can lead to birds not having the necessities for
reproduction (lack of nesting locations or nesting materials) or survival (food, amder

sheler) (Blewett and Marzluff 2005).

2). Habitat fragmentation The consequences of removing vegetation and
creating smaller discontinuous patches of suitable habitat can cause many problems.
Some species have difficulty dispersing great distances fronteiddiabitat fragments
and therefore end up with limited gene flow, while others attempt to disperse, only to fail
and perish (Fernandeluricic 2000, Doherty and Grubb Jr 2002). Patches of habitat also
may not be large enough for reproductive purposesharsdserve as sinks for particular

species.



3). Exposure to elemeritdUrban areas create pockets of microclimates that are
different from those in rural locations (Atchison and Rodewald 2006). Depending on the
location, urbanization can alter temperature and precipitation. Any of these variations

from the norm may impact avian communities (Doherty and Grubb Jr. 2002).

4). Inter and intraspecific competitioni Because suitable habitat typically is
more limited in urban areas, competition for resources, mates, and space can be
exacerbated due to amcrease in density of individual®kondt2012). Not only are
members of the same species competing for resources, but different species, which can be
native or exotic, also are competing for these same resob®& speciesisually are
more aggresse than natives and frequently outcompete their typically smaller and more

naive counterparts (Case 1996).

5). Increased predatianUrbanized areas often experience shifts in predation
rates, typically stemming from the extirpation of native-tiep predators (mountain
lions, coyotes, bobcats) that can depress mesocarnivore (raccoons, opossums, skunks)
populations (Mills 2013). Without this natural check in the ecosystem, mesocarnivores
can flourish and consume more prey such as birds, their eggs,stimigsgRylander
pers. obs.). Exotic predators also tend to be more abundant in urban areas, with feral and
free-ranging domestic cats being one of the most prevalent, killing billions of birds every
year (Beckerman et al. 2007, Marra and Santella 2&¥Yic rat species, whicklso can
be numerous in urban areas, predate bird nests and serve as vectors for diseases like the

Bubonic plague, Leptospirosis, Toxoplasmoargjotherdisease$Sorace 2002

6). Diseases and stras&xposure to exotic wildie that typically occur within

urban areas can increase transmission rates of diseases (such as toxoplasmosis and avian



pox) that can be transferred to native bird species (Dubey 2002). Birds within altered
landscapes also pass on parasites, patesdigase more frequently due to limited space

and increased physical contact from competition (Hamer et al. 2012). Many urban avian
communities have higher stress levels (seen in H:L blood ratios, breath rate, and more)
when compared to their rural countergdRuiz et al2002, TorneNoguera et al 2014),

which in turn weaken the natural immune system, leading to increased effects of parasites

and di sease on a birddéds health (Murgui and

Recent studies have revealed that projects associatetakitiat restoration,
greenspace designation, and efteendly building design, can drastically alter and
positively influence the presence and persistence of avian species in urban areas (Dobson
et al. 1997, Murgui and Hedblom 2017). Thus, it is impartamperform research and
collect data on bird communities in more rural locations that have not been as altered,
enhancing the understanding of managing wildlife in urbanized areas. It also is important
to note that not allyuobwintareasi aune degra:
existing; downtown zones can be drastically different from residential neighborhoods,
which can, in turn, be different from urban parks and recreational fields (Rottenborn
1999, Conway et al. 2006). Birds use thameas differently and sometimes thrive in
managed urban zone&yrora et al. 2009 though each species have particular
requirements and should be assessed on a case by case basis (Hedblom and Soderstrom

2012).

Shifting demographics

It may not be apparéhow population dynamics of avian species are changing in

time and space, particularly how human and humade stressowfect survivorship,



fecundity, and other vital rates (Peaidiggins and Green 2014). While some

populations may not be affected &gythropogenic pressures, it is likely that most are
influenced to some exte(Robles et al. 2007Thus the exact way in which urbanization
influences the demographics of a population needs investigation. In a recent study by
Reidy et al. (2018), the eadgered goldesheeked warbleiSetophaga chrysopania
responded negatively to edge habitat and lower canopy cover associated with habitat
fragmentation near infrastructure. The number of fledglings produced per territory
decreased as landscape woodland cover decreased. Another study by Stracey and
Robinson(2012) demonstrated that the northern mockingitisnus polyglottok

benefitted from urbanization. Breeding pairs produced more offspring and had increased
apparent survival than those located in a nearby rural habitat patch. Yet Grodsky et al.
(2016)revealed thathe current levels of harvested woody biomass (habitat alteration) in
southeastern forests did not affect territorial densities along with other demographic

metricsin early-successional, breeding bird communities.

Species that establish colep social structures over many generations may
experience populatielevel effects from urbanization, habitat fragmentation, and climate
change on a more profound scale due to their necessity to remain together for persistence
(PearceHiggins and Green 2@, LaytonMatthews et al. 2018). Avifauna that receive
fithess benefits by living in a group could be more susceptible to anthropogenic stressors,
especially if they disrupt membership recruitment for reproductive purposes (Griesser
and Lagerberg 2012).yler and Sillett (2015) modeled predicted climate change patterns
effects onthe lekking behaviors of wirailed manakinsKipra filicaudg) in the Amazon

rainforest. Over time, shifts in precipitation may disrupt male recruitment to established



leks, reslting in a less stable mating system for this spedtiesierstanohg how current

and future anthropogenic stressdifect the vital rates and population dynamics of kin
oriented species that may not be able to adapt or emigrate to new locations as a group
will allow for more specific management plans that can focus on the group of individuals

as a functional entity.

Study species profile

To understand how urbanization and weather patterns influences&risatured
bird, | studieda species of passeritteat is common within its range in both urban and
rural landscapes, th#ack-cresteditmouse Baeolophus atricristatyshereafter BCTI).
The BCTI is a small songbird that resides in the western half of Texas, southern portion
of Oklahoma, and into Mexticat its southern extreme in Veracruz (Dunn and Alderfer
2011). This species is typicalbpservedn woodland and edge habitats because it relies
on mature trees for nesting cavities and much of its food sources. As an omnivore, the
BCTI eats insects, bees, seeds and nuts, and its large eyes enable it to be constantly

vigilant as it forages and sings (Patten and Siétien 2008).

The BCTIl is a social species that forms inttad interspecific flocks during
different times of the yeabfxon 1955 Rylanderet al.2020). During the fall and winter,
titmice, chickadees, woodpeckers and warblers forage together while alarming and
alerting each other of potential predators nearby (Dixon 1961). In thémesting
season, BCTI usually form family flock®nsisting ofaterritorial male and female pair,
one or two of their offspring that delay dispersal, and sometimes unrelated floaters that
are accepted into the flo§Rylander 2015Patten and SmitRatten 2008). Although

uncommon, BCTI can cooperatiydbreed when the dominant (and typically heaviest)

1C



mal e offspring from the previous year 6s cl
by feeding nestlings (Rylander 2015). Yet, it is more frequent that the dominant male
offspring establishes atarrior y next to or overl apping his

structured neighborhood over time (Rylandeal. 2020.

Because the BCTI is a residential species where both adults and limited dispersing
juveniles have high sitBdelity from year toyear (Rylander 2015), it is possible to
capture and color band individuals for focal monitoring through multiple seasons. BCTI
also frequent humamade nestboxes, easing access to eggs, nestlings, and adults for
banding and measurement purposes (Ryla2des). Coupling the ease of capture and
the lack of seasonal migration, the BCTI is a species that is ideal for research involving
annual behavioral trends, particularly those involving social interactions that are not

apparent without detailed observatimma marked population.

Until recently,the BCTIwas considered a subspecies ofttifeed titmouse
complex Baeolophus bicolgrhereafter TUTI) (Banks et al. 2002). Though these two
species readily hybridize along a thin zone that runs north to south from Oklahoma to
southeastern Texas (Dixon 1955), the BGasenough genetic differentiation to be
considered a separate specks(n et al. 1984, Avise and Zink 1988, Banks et al.
2002). Both biotic (certain premating isolation barriers) and abiotic (ecoregion vegetation
and climate) factors maintain theproductive isolatioof TUTI and BCTI on either side
of the contact zonehough it becomes complicated in areas of Oklahoma where-TUTI
BCTI contact is historically more recent (Dixon 1955, Curry and Patten 2014). Therefore,
past studies thatombineBCTI with TUTI should be deciphered with caution, especially

the inferencedrawn from populatios of TUTI nowhere near the contact zone with

11



BCTI (Patten and SmitRatten 2008). Thus, the BCTI is a spetiedneed additional
research comparing urban and rural population demographics, reproductive parameters,

and social structure.
Research Objectives

The following chapters of my dissertation addeekargeted questions through

specific objectives using the BCTI as a model species.

Il - Welcome to suburbia: the effects of urbanization omlispersal patterns ofa kin
structured songhrd, the black-crestedproductivity
Objectives
1. | examinedactors that influence urban BCTI home range.size
2. | assessed family flocking dynamics and dispersal behaviors of urban
BCTI.
3. | compared body condition between urban and npoalulations of
BCTI adults and nestlings
[Il. Whether city -slicker or country-bumpkin, black-crested titmice adapt to
urbanization regarding nesting success and productivity
Objectives
1. I examined BCTI nesting characteristics, including initiation dates of
first and second clutches, the frequency distribution of eggs,
nestlings, and fledglings per nest, and factors influencing nest fate.
2. lassessed BCTI annual productivity across yeagda@cations.

3. | calculated daily survival rates (DSR) of BCTI nests.
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IV. The big picture: assessing kirselection in population demographics and
dynamics of a socialstructured passerine in rural and urbanlandscapes
Objectives
1. | assessethe effects ohabitat composition and weather apparent
survivalof adult and juvenile BCTI in rural and urban landscapes
2. | examined if kinselection influenced rural adult BCTI apparent
survival.
V. Living at home: assessing inclusive fitness benefissociated with resource
sharing in a familial flocking songbird
Objectives
1. I documented differences in BCTI feeding behaviors among age
groups, between sexes, and across seasons at reliable food sources.
2. | examined if kinselection favors resource shagibetween two
separate, but related, BCTI family groups compared to two unrelated
family groups.
3. | assessed if BCTI parents display nepotistic behaviors towards
retained juveniles in relation to resource allocation.
4. | determined if BCTI mated pairs visitcommon food resource
more often in the presence or absence of the other.

Study sie

For all chapters of my dissertation, | used a series of 306 nestboxes installed

across four locations San Marcdgxas USA (29.8833° N;97.9414° W): 1) the

Freeman Center; 2) Texas State Universityéo

13



and 4) singldamily home residential neighborhoods in S4arcos (Figure 1.1). The
BCTI is common, conspicuous, and readily usestinoxes in all locations (Rylander
pers. obs.), making it convenient to capture and individually color band entire family

flocks during the nesting season (Marchune).

The northern half of the Freem®®BhaCent er
property owned by Texas State University and located ~10 km northwest of downtown
San Marcos. The habitat is a mosaic of-pakper woodlands@Quercus fusiformisQ.
buckleyj Juniperus ashgi(46%), open grassland savannaBstliriochloa ischaemm,
Schizachyrium scopariuriospyros texangrorestiera pubescen$22%), and a
mixture of grassland/woodland interface (32%). During the winter of 2012 and 2013, |
installed 40 and 31 nestboxes, respectively, and during the winter of 2017, | installed an
additional 75 nestboxes (Figure 1.2). | positioned all nestboxes ~3 m higostst and
in the winter of 2015, | installed P\/fipe style predator baffles ofpbsts below the

nestbox to maintain robust sample sizes of banded BCTI (Figure 1.3).

During the winter of 2016, | installed 40 nestboxes across Texas State
Uni versityéds campus (hereafter 6Campusd),
multistory buildings, parking lots, and parking garages. | also installed 34 nestboxes
duringthisame ti me frame at public City of San
contained > 2.5 ha of contiguous greenspace patches witraidh trees (Dunbar,
Crookdés Par k, Prospect, Schulle Canyon, Ch
Cemetery). Finajl, | installed 86 nestboxes in singtamily home residential areas of
San Marcos (hereafter OResidential 6) durin

contained mature trees and other vegetatio
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instead 60 nestboxes, with sites ranking from high to low urbanization (the amount of
impervious cover) as follows: Campus > Residential > Parks (Figure 1.4). | affixed all
urban nestboxes with screws or ratchet straps and placed them on various tree species >

15cm diameter at breast height (DBH) betweed &h from the ground (Figure 1.3).
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Figure 1.2Nestbox placement on the Freeman Center in San Marcos,
Texas 2013 2017.A. Aerial imagery of vegetation surrounding
nestboxesB. Arc GIS vegetative layer (TPWD 2020) usedhabitat
composition analyses.
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Figure 1.3Nestbox instdation methods at urban and rural study locations

San Marcos, Texa#é. An urban nestbox mounted directly to a tree using
ratchet straps (or screw$. A rural nestbox mounted to an3 t-post with
PVC-style predator baffle below. Though both nestboxes are slightly different
in appearance, both had the same dimensions.
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Figure 1.4Nestbox placement across three urban locatiGampus, Parks, and
Residential areas San Marcos, Texa2016 2017.A. Aerial imagery of vegetation
surrounding nestboxeB. Arc GIS vegetative layer (TPWD 2020) used in habitat
composition analyses.
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II. WELCOME TO SUBURBIA: THE EFFECTS OF URBANIZATION ON
DISPERSAL PATTERNS OF A KIN -STRUCTURED SONGBIRD, THE BLACK -

CRESTED TITMOUSE

Abstract

Urbanizationis altering avian behavior and survivBlepending on the life
history and behavioral plasticity of tpepulation demographics may shifaasing
population declines or increasd® assesshe influence of anthropogenic landscapes on
avian home range, dispersal patterns, and body condition, | studiedtaudtured
passerine, the blaakrested titmouseBaeolophus atricristatyhereafteBCT]I) in urban
areas of San Marcos, Texas. | cdbanded and monitored= 35 urban BCTI families
between 2017 2019. Urban BCTI home range size vasean + SD) 9.11 + 5.06 ha and
was positively correlated with the proportion of high urbanization (alessnated by
impervious cover) within the home range (95% CR#665.69]). Limited dispersal
(when juveniles eventwually establish a
influenced by the proportion of low urbanization habitat (area®oindustrial
infrastructure and some impervious cov®5% Cl = [-2.25 -0.33)), as well as by sex
(95% CI=[1.121 24.36) and massank @5% CI = [0.211 1.28]),indicating heavier
malebiased philopatry. | conducted a similar study on a rural papnlat BCTI in San
Marcos in 2013 2015. BCTI nestling and adult body condition did not differ between
urban and rural populations, year, or fledge date, but adult males had a higher body
condition (higher standardized mass to tarsus length ratio) (952402371 1.13]) in

both populations. Similar to rural populations, urban BCTI construestkuctured
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neighborhoods, though urban landscapes are influencing home range and the proportion

of juveniles able to establish territories near family.

Introducti on

Humancaused habitat destruction is threatening biodiversity arounsidtid,
especially through the conversion of natural landscapes into urbanized terrain (McKee et
al. 2004, Dirzo and Raven 2003, Wessely et al. 208#)oughwildlife haslong
coexsted with humans, noticeable anthropogenic impacts on the environment have
accelerated in the last half century (Holdren and Ehrlich 1974, Van Den Bergh and
Rietveld 2004). Many specieannot tolerateapid land conversion and are either forced
to emigrae or suffer fithess consequences (Prugh et al. 2008, Mills 2B&B)e avian
species may provide an exceptiB@cause most species are capable of flight, birds can
temporarily or permanently emigrate from an area if it is not suitable for their survival
(Murgui and Hedblom @17). Therefore, overalspecies richness nativeavian
communities oftenndicates the status and health of other wildlteexathatcamot

dispersdo another location as easily (Burger and Gochfield 2001).

The effect of urbanization on a given avian species is unpredicyableany
bird species thrive in urbanized landscageen if some individualsuffer decreases in
fitness relative to menars that reside in natural habitats (Rottenborn 1999, Chamberlain
et al. 2009). Fitnesmaybe compromisedly, for exampleresource depletion (Blewett
and Marzluff 2005), exposure to elements (Atchison and Rodewald 2006), increased
predation (Sorace 200Rlarra and Santella 2016), and increased iraed intraspecific
competition (Case 1996, Dhont 2012hese consequences stem from increased habitat

fragmentation and conversion of land for anthropogenic use (Doherty and Grubb Jr 2002,
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Murgui and Hedblon2017).By contrasturbanized areas with ample greenspace may
provide avifauna with an abundance of food and other valuable resources,jmgcreas
individual fitness andurvival (Aurora et al. 2009, Heblom and Soderstrom 2042).
such instances, greenspa aremportantresources for populatiorsf some species
especially if they are interconnected with wildlife corridors and migratory flyways

(Fernandezluricic 2000, Murgui and Hedblom 2017).

It is an open question as to which bird species may leetalhrive in an
urbanized landscape. In particular, little is known about social spgbeiedepend upon
kin for survivalor reproduction (Beck and Heinsohn 20@iesser and Lagerberg 2012).
Not only do familyoriented species experience the samespres from humanause
stressors, but they possitdye subject to additionéitness consequences when family
members are not able to reside nedttayton-Matthews et al. 2018Y.he retentiorof
juveniles that ultimately form kin groups is altered inamized landscapes when
dispersal patterns are disrupt&dkihan 2006Griesser and Largerberg 2Q12uveniles
thatotherwisereside near kin may be forced to disperse if urbanized landscapes lack
resources, available mates, and suitable habitat pgt€bewieur 1992, Beck and
Heinsohn 2006, Dickinson et al. 2009). In shocompounded effects dtin-structured

socialspeciesnay accrualue to their inability tacopeas the landscape changes.

Theblackcrested titmouseBaeolophustricristatus hereafter BCTI) is a kin
structured passerine in the Paridae fartibt is common in urban and rural landscapes
within its rangg(Patten and SmitRPatten 2008)It residesn semiarid woodlands of
Texas, Oklahoma, and Mexico, and it bregdsarly spring and summer (MarcRune)

(Dixon 1978). After the breeding seas®CT]I often areobservedn family groups of

33



three (sometimes four), with membership comprised of a male and female territorial pair
andone oftheir offspringfrom the samgear(Rylander 2015)These family groups

typically remain cohesive until the beginning of the following breeding season, when the
retained juvenile either: 1) disperses into a neighboring territory with a mate of his own,

thus creating a kistructuredei ghbor hood; 2) becomes a help
or 3) disappears altogether due to either predation or complete dispersal (difficult to
distinguishbetweerthe two) (Rylandeet al. 2020). For these reasons the BCTI is a good
candidate to addresffects of urbanization on juvenile dispersal behavior and individual

fithess of a kirstructured passerine.

In this studyI: 1) examined factors that influence urban BCTI home range size
2) assessethmily flocking dynamics and dispersal behaviofsidan BCTIl;and3)
compared body condition between urban and rural populations of BCTI adults and
nestlings. | predicted that BCTI home ranges would be larger in highly urbanized
locations GalinasMelgoza et al. 2013, Clement et al. 2D2dnd that kirstructured
neighborhood formation would be lower (due to forced juvenile dispersal) in patchier
habitat (LaytorMatthews et al. 2018). | also predicted that body condition of both adults
and nestlings would be lower in highly urbanized arb&sllere et & 2017, Seress et al.
2020, and that sexes would have similar body conditions as both participate in feeding
nestlings and territorial defense which require high energy expenditure (GBrtiok

1991 ,Liker and Szekly 2005, McNamara and Houston 2008
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Methods

Study site

| monitored BCTI dispersal and flocking behavior across varying landscapes in
San Marcos, TX, USA (29.8833° N7.9414° W), which is located within the Edwards
Plateau EcoregioffFigure 1.1) Because of human populatignowth, San Marcos makes
an ideal location to perform research on avian species in response to effects of

urbanization(Davila 2015) During the winter of 2016, | installed 40 nestboxes across

Texas State Universityos wmapspslage nfjullistorye af t er

buildings, parking garagedormitories, and parking lotélso, during the winter of 2016,

|l installed 34 nestboxes within public Cit

Schull e Canyon, Crookos &spectkandth€é Ban Marcoe n 6 s
City Cemetery) that contained large (7+ acres) contiguous patches of greenspace and old
growth trees. During the winter of 2017, | installed an additional 86 nestboxes in single
family home residential areas of San Marcos (héereaf O Resi denti al 6) ,
lots contained mature trees and other vegetation (as opposed to houses located in more
recent cleacut areas). Thus, the 160 nestboxes placed within San Marcos (Fijure 1

rank from high to low urbanizations as falls: Campus > Residential > Parks. Due to
logistics and university/city restraints, | was unable to completely randomize nestbox
installation locations across the three sites. However, | intentionally placed nestboxes
across a variety of habitats, vegetatatasses, and degrees of urbanization. | affixed all
nestboxes either with screws or ratchet straps betwdem Zrom the ground on various

tree species > 15 cm diameter at breast height (DBH) (Fig8re
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For body condition comparisons, | incorporated banded BCTI from the Freeman

Center, a rural 1400a Texas State University property located 10 km northwest of San
Marcos, Texas. The northern half of the Freeman Centesistf a mosaic of oak

juniper woodlandsQuercus fusiformigQ. buckleyj Juniperus ashgi(46%), open
grassland savannahi3dthriochloa ischaemun$chizachyrium scopariur®iospyros
texana Forestiera pubescen$22%), and a mix of grassland/woodland irded (32%)
(Barnes et al. 2000). In previous years, researchers installed 40 (winter 2012) and 31
(winter 2013) nestboxes at the Freeman
(Sialia sialis)and BCTI studies. During the winter of 2017, | instabedadditional 75

nestboxes, bringing the total of nestboxes on property up to 146 (Ei@urBlestboxes

Cen

were placed in both random roadway and grid arrangements, and all boxes were installed

~ 3 m high on+posts (Figurel.3). | installed PVCpipe stylepredator baffles during the
fall and winter of 2015 as to maintain robust sample sizes of banded BCTI that
successfully fledged for other research projects on Freeman. Thus, there were 306
nestboxes between the three urban (Campus, Parks, ResidentRi)rahsgtudy

locations.

Capture, banding, and measurements

Bet ween February and July of 2017712019,

identify those containing BCTI nesting substrate (moss, fur, and typically snakeskin;

Patten and SmitRatten 2008)Once BCTI were confirmed nesting, | documented

nesting stage (incubation, hatchlings), nest age, and confirmed either successful fledging

or failure (depredation, abandonment,

days old, | captured adultstin the nestbox by hand as they fed young (Rylander et. al

36

unkn



2020). | affixed adults with a registered United St&eological Service (USGS)

aluminum band and a unique combination of 1 to 3 Darvic color bands (Avinet Research
Supplies, Portland, Maine)determined sex of adults (cloacal protuberance on males,
brood patch on females), recorded their mass usinggaF&ola Micre_ine spring

scale, and measured lengths of tatength wi ng chord (hereafter
(mm) before release. Betwe&0 and 14 days pekatching, | colotbanded nestlings

with individual combinations and recorded tarsus (mm) and mass (g) to the closest 0.01
g. Because | was unable to band and measure all broods on the same-taychost
assigned individuals withia brood a massank score (Caro et al. 2016, Rylander et al.
2020) with heaviest individuals as 1, next heaviest as 2, and so on. | recorded fledging
date as the first date in which no nestlings were present in the nest (using the Julian
calendar) and detmined brood size as the number of individuals banded within the nest,

given that all individuals eventually fledged.

At the time of banding, | was unable to determine the sex of nestlings because
BCTI are not sexually dimorphic. However, in instancesmjuvenile BCTI remained in
the vicinity of their natal home ranges, | assigned each individual to a particular sex
based on behaviors such as singing, courtship displays, and on occasion nesting behaviors
if the individual was observed the following spyi(Patten and SmitRatten 2008).

When this occurred, | updated the banding records with the new sex code retrospectively.

Though no genetic work was performed on our BCTI population, | determined
familial relationships (father, mother, offspring) aftepetitive and detailed focal
monitoring at nestboxes during the entirety of the nesting cycle. Because adults were

captured, banded, and sexed at nestboxes while feeding young, | repeatedly recorded the
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same male and female entering the nestbox, asawdie same adults feeding their
fledglings outside of the nest. Though | acknowledge that actual paternity is not known
for these family groups, | assume that the BCTI experiences similarly low rates ef extra
pair copulations as its sister taxa, the aifitnouse, which had been recorded at 8.8%

(Baeolophus bicolgrPravosudova et al. 2002).
Home range monitoring and habitat composition

Through focal monitoring of banded individuals, | delineated BCTI home ranges
by recording specific GPS locations (68 Garmin Ltd., Olathe, KS). Once every two
weeks (O 5 days between visits with positi
and identified individuals within each family flock. | varied the times of day | searched
for family groups (0700 to 18009 taccount for potential bias in BCTI behavior around
dawn and dusk near roosting sites (Bibby et al. 2000). Once located, | followed banded
BCTI groups for O 30 anypotentid influemce Gntizi® m t o r e
movement. If family groups were npositively detected or identified while searching, |
returned to the same site withindldays to relocate. However, if | was unable to detect
banded groupsoveraie e k period (O 5 negative detecti
group from our analyses. | follved the territorsholding male if groups spilt during
observation periods. I n summary, | recorde
times throughout the breeding season each year (Marlg), and continued following
the same flock once every twaeeks during the nebreeding season for the remainder

of the year (Augu$february; Bibby et al. 2000, Rylander et al. 2020).

To assess habitat composition of BCTI home ranges, | used ArcGIS Pro 2.6.1

(Environmental Systems Research Institute 2020phstcuct minimum convex
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polygons from recorded GPS locations for each banded family each year, thus providing

me with a delineated home range. | utilized a Texas Parks and Wildlife Department

(TPWD 2020) 36m by 3@m pixel vegetation geographic informatisystem (GIS) layer

to provide habitat composition within each BCTI home range. Due to the large number of
detailed vegetation categories provided by this GIS layer, | reclassified vegetation into

five broad categories: woodland, grassland, mixed shrib &imix between woodland

and grassland), low urbanization, and high urbanization. Vegetation polygons containing

< 25% woodl ands were classified as grassl a
classified as mixed, and O daBRwanderétlalands w
2020). |1 did not need to reclassify low urbanization and high urbanization polygons as

they were already staralone categories in the original GIS layer. As described by

TPWD, low urbanization idefinedagi ar e a s t Jumbtt ncd enterelylcaverdd by
impervious cover and includes mostofthesion dust ri al areas within
TPWD descri bes hi g-bpareaskarad widetrartsporation eogidofsb u i | t
t hat are dominated by getaigneolyganowere redagsifiedr . 0 O
| calculated the percentage of each of the five vegetation categories per total family group

home range area, allowing for vegetation to be analyzed across all home ranges.

To examine if there were differences in thailable versus occupied vegetation
categories being used by urban BCTI, | used ArcGIS Pro to pair each occupied nestbox
with a randomly generated point 40600 m from the nestbox, representing a distance
far enough to be considered a separate teriotyot outside of reasonable BCTI
foraging range (Rylander 2015, Rylander et al. 2020). | then created-bedtiffer

around each random point, and within each buffer, extracted the percentage of each of the
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five previously listed vegetation categoriésised 9.07 ha as the chosen buffer size
because previous work on a nearby population of BCTI documented home range size

averaging 9.07 ha (Rylander et al. 2020).

Dispersal

| placed fledged young into three categories based on their dispersal or lack

thereof: AComplete disperserso included of
their natal home ranges (O 400 m; Hat chwel
disperseds i ncl uded offspring that remained nea

postfledge but dispersed before the next breeding season (February the following year).

Finally, #Alimited di sperserso included off
eventub | y established a territory near their
m; Ekman 2006; Sharp et al. 2008, Ryl ander

and Adel ayed dispersers, o0 contain some of
eventually changed status to limited dispersers if they remained near natal home ranges

the following season), | never incorporated these two categories in a single model due to
violating independence of samples. However
d sperserso and dAlimited di sperserso separ a
between individuals that remain but eventually disperse and those that remain

permanently.

Because | could not determine the absolute fate of all dispersing offspthig in
study, many fAcomplete dispersingo BCTI juv
In many social avian species, dispersing juveniles tend to exhibit increased mortality

rates compared with offspring that exhibit philopatry (Griesser et al. 280@)ever,
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because | was not interested in absolute dispersal fate for our study, | still examined

factors involved in delayed and limited dispersal behavior of BCTI.

The methodsisedin this study were conducted in accordateénstitutional
Animal Careand Use Committee (IACUG}#201532811), federal Master Banding
Permit (#24108), U.S. Fish and Wildlife Permit (MB1211H2and Texas Parks and
Wildlife Collection Permit (#SPR®417107). All birds were handled professionally as

advised by the Ornithologat Council's Guidelines for wild avifauna in research.

Data Analyses

Home range

| used software R (version 4.0.2, R Development Core Team 2020) for all
statistical analyses in this study. | first used asthiared test of independence to assess if
there were differences in occupied versus available habitat of urban BCTI for the five
vegetation categories. | then examined if there was a difference in habitat composition
(specifically high urbanization habitat) within each BCTI home range across the three
urban locations. For this analysis, | conducted an analysis of variance (ANOYA) wi
percent high urbanization within each home range as the response variable and location
(Campus, Parks, and Residential) as the tlees categorial predictor. | then assessed if
BCTI home range size (ha) was influenced by percentage of high urbamizabitat
within the home rangdyy percentage of high urbanization habitat within the home range,
location (Campus, Parks or Residential), fledge date, brood size, and year using
generalized linear regression. The response variable, home range sinedal gamma

distribution, and all covariates were plotted against the response variable to confirm
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linear relationships. | omitted variables with a variance inflation factor (VIF > 3).
Continuous covariates were scaled and centered. Though BCTI inhalliewds more

than other vegetation categories in the study (Patten and-Batign 2008), | was
interested in the effects of urbanization on BCTI home range size. Therefore, | neade an
priori decision to include % high urbanization and % low urbanizatidhe models after
assessing their correlation. | used backwards selection to remove factors that were not
significant in the global model (confidence intervals overlapping 0) to create the most

parsimonious model (Zuur et al. 2009).

Delayed and limitedlispersal

| examined the influence of dispersal behavior on home range size (ha) of the
natal group, percentage of low and high urbanization habitat within the home range,
|l ocation, brood size, fledge dat swasthand yea
binomial response variable, where (0) indicated all juveniles within a family unit
compl etely dispersed away from their natal
within a family unit delayed dispersal. | also performed a separate ¢ogagtiession
(with the same covariates) where (1) indic
limiting dispersal from their natal home range. | again utilized VIF to assess
multicollinearity among independent covariates, as well as scaled and ceiitered a
continuous covariates. | then used backwards selection to create the most parsimonious

model.
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Mass and sex

To assess if BCTI dispersal was influenced by mnask of nestlings within a
brood, lusedatwb ai | ed Fi sher 06s e ¥ishert1934).d examined i nde
i f a nes-thnhgbsei mgs beavich e o r i flighbeptirad the (

medianmass ank value of the entire brood affect

Adel ayed dispersal . o | adctdesttocassesdisrogtaskd a s e
influenced fAdi spersedo or #Alimited dispers
| performed additionaltw® ai | ed Fi sher 6s exact tests

sex on juvenile BCTI delayed and limiting dispersal behaviorsuragd that if

philopatry is not biased towards male or female BCT]I, then a 1:1 ratio of males to
females that either delay or limit their dispersal should be observed. If philopatry is sex
biased, however, then | predicted that one sex, specifically malelsave a greater

frequency of delayed/limiting dispersal behavior over the other (Rylander et al. 2020).

Morphology and conditional indices

To compare body condition of both nestling and adult BCTI in urban and rural
landscapes, | used tarsus (mm) bBody mass (g) measurements to generate body
conditional indices (hereafter BCI) which can be indicative of overall BCTI health (Peig
and Green 2009, Borowske et al. 2018). To calculate BCI, | usedeasssapling
bootstrap regression to account for eassociated with tarsus measurements (Sahinler
and Topuz 2007). | then computed the residual value for each individual as the raw data
point for mass subtracted from the bootstrapped regression (raw pragscted

regression mass = BCI). Once BCI residuals were calculated, | used a linear mixed
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effects model to assess if body condition of BCTI nestlings was influenced by location
(Campus, Parks, Residential, Rural), Julian date when measurements wergdake
bander who recorded the measurements, and
independence of nestlings within the same nest. | also used a linear regression to examine
if nestling BCI influenced limited or delayed dispersal of juveniles @drf82and 2019

urban BCTI. In addition, | calculated BCls for adult BCTI captured in 2018 and 2019

using a separate casesampling bootstrap regression to examine if Julian date of

capture, location, year, or sex influenced body condition using a lineassen.

Results

Capture and banding

Between 20172019, | colorbanded 468 individual BCTI in urban locations (136
on Campus, 129 in Parks, and 203 in Residential; Tab)eThis included 84 adults and
384 nestlings that comprised 75 family units. However, some nests failed due to
depredatin, abandonment, or unknown causes, thus | used 47 family units for mass/sex
analyses and 35 family units for home range and habitat composition analyses. In
addition, for the body condition analyses, | collected data from 52 urban nests and 57

rural nestg548 total BCTI in the rural population; 91 adults, 457 nestlings) (TaB)e

Home range and habitat composition

Home range size for urban BCT £ 35) was (mean + SD) 9.11 + 5.06 ha
(Figure2.1), with home range size ranging from 3.28.47 ha. Low urbanization habitat
was represented the most within home ranges (mean + SD) (6.29 £ 4.02 ha), followed by

high urbanization (1.09 + 1.90 ha), woodland habitat (0.84 £ 1.76 ha), mixed (0.68 = 0.94
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ha), and finally grassland (0.38 £+ 1.06 ha) (Fig2r®. By location, home range size was
the largest among Campus BCTI (14.04 £ 4.55 ha), followed by Parks (6.87 + 2.85 ha),

and Residential (6.10 £ 2.45 ha). Additionally, there was no difference in trentsges
of each vegetation category between available and occupied habitat for urbaréBETI (

1.73,p = 0.79).

There was a difference in the percentage of high urbanization habitat within home
ranges across our three urban locations (ANOVAs=2465,p< 0. 01) . Tukeyod
posthoc test revealed that Campus (17.82 + 10.90%) differed from both Parks (1.27
2.08%) and Residential (0.72 + 1.84%) locations significantly (p&tl®.01).

Residential and Parks did not differ in their percentages ofurlggmization habitat

within home mpadidBeBEgu@Bukeyds,;

The most parsimonious generalized linear regression model explaining home
range size included predictors low urbanization and high urbanization @-3plé 10%
increase in therpportion of low urbanization habitat decreased BCTI home range by 0.3
hectares (Figur2.4). A 10% increase in the proportion of high urbanization habitat
increased BCTI home range by 4.4 hectares (Figie . |l removed covaria
as it was higly correlated with percent high urbanization (VIF = 4.07), which also can be

explained bythe previous ANOVA.
Delayed and limited dispersal

Due to limited sample size of family units£ 5 in 2017n =15 in 2018, and =
15 for 2019), | performed an ANOVA to examine if pooling data across years was

possible § = 35). The proportion of families with delayed and limited dispersers was the
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response variable, and the fixed effect was each of the three years. There was no
difference among the three years in regard to the proportion of families containing a
delayed disperser (ANOVA,#32)= 0.05,p = 0.96) or a limited disperser (ANOVA,
F,32)= 0.14;p = 0.87), thus | proceeded using the pooled sample size with further

andyses.

Of the 35 BCTI family groups monitored,
the delayed dispersal time period (9 monthsposte dge) , and 18 (51 %)
limit its dispersal and establish a territory adjacent to its natal home ranfygdldhving
year. | was unable to observe the absolute fate of the 8 juveniles that delayed but failed to

limit their dispersal.

Based on the logistic regression models, urban BCTI delayed dispersal behavior
was not influenced by any habitat or enviromtaé predictors (Tabl2.4, Figure2.6).
However, the proportion of low urbanization within BCTI home range influenced limited
dispersal behavion(= 3 5 ;1.16+ 048z=-2.43;95% ClI ={2 . 2@®3B];p=0.02)
(Figure2.7). As the percentage of low urbanization decreased within a BCTI home range,

the family group was more likely to have a juvenile limit its dispersal.

Mass and sex

Delayed and limited dispersal were influenced by urban BCTI-nsassand sex.
Of the 270 estlings sampled from 38 nests, 37 individuals delayed their dispersal, 24 of
which were assigned a massk below the median massnk of their family unitig =
270; 95% CI =[0.17 0.82];p=0.01). 27 individuals limited their dispersal, 16 of which

were assigned a masank below the median massnk of their family unitig = 270;
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95% CI =[0.2171 1.28];p = 0.15)(Table 2.5) On average, juveniles that delayed their
dispersal were 0.86 masanks lower than juveniles that completely dispersed, arskth
that limited their dispersal were 0.91 maasks lower than those that completely

dispersed.

Sex influenced delayed and limited dispersal behavior of urban BCTI. | was able
to determine the sex of 29 of the 37 individuals that delayed their disgafsaose 29
juveniles, 25 were male and 4 were female 9; 95% CI = [1.43 28.05];p < 0.01). |
determined the sex of 25 of the 27 limited dispersing individuals; 21 were male and 4
were femaler{= 25; 95% Cl =[1.12 24.36];p = 0.03) (Table.6)). Of those that

limited dispersal, males were on average 1.50 wraadss lower than females.
Conditional indices

Because mass was not recorded using the same scale during 2017 for both BCTI
nestlings and adults, | used only the measurements collaated @018 and 2019. | first
determined that the relationship between BCTI nestling tarsus and mass was knear (
684;2t ai | ed -Bstilges0.95(ps 0.34). Thus, | did not need to use a scaling
factor when calculating nestling BCI. My &ar mixed effects model revealed that none
of the fixed predictors influenced BCTI nestling BCI (Takl@. However, random
predictor OFamilydéd accounted for 55% of th
whereas the fixed predictors only accounted fd#d.of the variation (conditional’R:

0.564, marginal R= 0.014) (Figur@.8) . Limited (b = -03113 N 0. 2.
056];p= 0.57) and del ayed -0.560 &G59]p=0.47)jNenile. 19 ; 9

BCTI dispersal was not influenced by the BCI of individuals during the nestling stage.
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For adult BCTI, | used the measurements from146 individuals (83 females
and 63 mkes). | determined that the relationship between tarsus and mass was hnear (2
tail ed Sastuldsg=1.06 = T.20). Therefore, | did not use a scaling factor
for calculating BCI and proceeded with a linear relationship. In the linear segresex
was the only significant predictoirlly;f BCTI
p < 0.01), whereas factors Julian date, year and location were not influential. On average,
males had a BCI of 0.48 and females a BGIOa37, a differencef 0.85 between the
sexes. The average actual mass of males (mean £ SD) (19.3 £ 0.68 g) was greater than
the average predicted mass (18.82 + 0.48 g), and the average actual mass of females

(17.89 + 0.989) was less than the average predicted mass (185%5g).0
Discussion

BCTI in urbanized habitats form kstructured neighborhoods through limited
natal dispersal behavior of heavier juvenile males. Though previous work by Rylander et
al. (2020) described this kistructured neighborhood formation inuaal population of
BCTI, it has never been documented in urban BCTI populations. Thus, to my knowledge,
the BCTI is the first documented New World Paridae to have 1geiterational family
structure analyzed across a variety of habitat types. Other meaileesParidae family
have been scarcely documented displaying limited natal dispersal and cooperative
breeding behavior, including bridled titmid@aeolophus wollwebér{Nocedal and
Ficken 1998) and tufted titmice (Brackbill 1970). Yet, amonghbecle and
BaeolophuspeciesBCTI are the only parid with extensive documentation on kin

structured neighborhood formation.
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BCTI kin-structured neighborhoods are formed in urban habitats through limited
natal dispersal by juveniles, although they are fariess frequently than in rural BCTI
populations (51% of families containing a limited disperser in urban habitats compared to
68% in rural, Rylander et al. 2020). Urban juveniles may attempt to forstikiotured
neighborhoods but cannot for various masgiven that the percentage of urban BCTI
family groups that contained a juvenile that delayed natal dispersal was greater than the
percentage that ultimately limited their dispersal (74% compared to 51%, respectively).
The lack of suitable habitat or tea (Pruettlones and Lewis 1990, Kokko and Lundberg
2001) or the lack of natural resources (food, water, and roosting cavities; Mortberg 2001,
Coetzee et al. 2018) may force urban BCTI juveniles farther from their natal home
ranges. Verhulst et al. (199@iscovered that high quality habitat facilitates natal
dispersal in great titdP@rus majoy, and juvenile males are more likely to be observed
closer to their natal home ranges in less patchy environments. Young male Seychelles
warblers Acrocephalus séw®llensi3 are less likely to disperse into neighboring habitat
when territories are fully occupied by more dominant males (habitat saturation
hypothesis; Komdeur 1992). In addition, landscapes that contain greater percentages of
urbanization also may ledd higher mortality rates by both native and mmative
predators, as well as through collisions with infrastructure and vehicles (Dunn 1993,

Rottenborn 1999, Murgui and Hedblom 2017

As in other songbirds, including members of the Paridae family, G
follow the pattern of makeiased philopatry (Greenwood et al. 1979, Prdettes and
Lewis 1990, Rylander et al. 2020). However, in urban areas, | observed that 16% of

limited dispersing juveniles were female. Though | may have overlooked phitopatri
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females in the rural study, | could have observed a greater percentage in urban San
Marcos due to constraints on dispersal behavior. Some species, such as the brown jay
(Cyanocorax morijy exhibit femalebiased philopatry (Williams and Rabenold 2005)
when females locate nearby social groups that contain few members of the same sex.
Marsh tits Parus palustri¥ display a mixture of male and femdd@sed philopatry

(Nilsson 1989). Though BCTI may be adapting to urban environments with different
dispersal sategies, it is unlikely because femdliased philopatry is relatively rare in

avian species (Williams and Rabenold 2005).

My results agree with previous studies examining natal dispersal behavior and the
positive influence of nestling mass (Nd2déenzr et al. 2001, Ekman 2006, Rylander et
al. 2020). It is hypothesized that heavier siblings have a competitive advantage over
lighter individuals due to their larger size and possible increased fithess (Fitzpatrick and
Woolfenden 1984, Mumme et al. 2018).the great tit, Drent (1983) and Tinbergen and
Boerlijst (1990) discovered through different approaches that lighter nestlings have a
lower likelihood of acquiring a territory compared to heavier nestlings once fledged.
However, previous work composed Bgrrins (2001) demonstrated that great tit nestling
weight, when coupled with fledging date and year, influences recruitment and survival.
Because | was unable to determine lay date for every BCTI nest in my study, nestling
mass on was not recorded thensaday poshatch across nests. Thus, additional research
using actual nestling BCTI mass, instead of relative rmmeassings, could prove useful in
disentangling limited dispersal behavior when other factors like fledge date and year are

considered.
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Forthe BCTI and other avian species, home range size tends to be positively
correlated with proportions of highly urbanized habitat (Redpath 1995, Hindmarch 2017).
It is speculated that birds travel further in patchy, less suitable habitat to obtain
sustainate resources (Sol et al. 2013). Clement et al. (2020) observed home range sizes
of barred owls $trix varig), a woodlanebwelling species, increases with the proportion
of urbanization and treeless area within the home range. SMilgsza et al(2013)
also observed this same trend in yeHoaped parrotsAmazona auropalliata where
patchy vegetation results in individuals moving ten times further that those within
concentrated, suitable vegetation. Results from previous work with BCTI in an
unfragmented landscape display family groups with smaller home ranges (mean + SD)
(9.14 + 4.18 ha) than those of Campus BCTI (14.04 + 4.55 ha) which had the greatest
proportion of highly urbanized habitat (Rylander et al. 2020). In contrast, home ranges
for Parks (6.87 = 2.85 ha) and Residential (6.10 + 2.45 ha) BCTI were smaller, on
average, than those of rural BCTI. It is hypothesized that supplementary food and water,
often in the form of bird feeders and tended gardens, may lead to smaller home range size
(Brittingham and Temple 1992, Chamberlain et al. 2009, Coetzee et al. 2019). A study
involving darkeyed juncosJunco hyemaljsrevealed that home range size and
movement rates decrease when individuals are exposed to supplementary feeders (Roth
and Vette 2008). However, Santangeli et al. (2012) suggests supplemental feeders did
not alter home range size of boreal odgolius funereyamales but did restrain
conspecific femalebs movements. Thus, ma p p
could fill knowledge gaps on behavioral plasticity of BCTI inhabiting varying grades of

urbanized habitat (Wilson 1994).
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It is not uncommon for males and females to differ in BCI during various part of
the annual cycle (ClutteBrock 1991, McNamara and Houston 20B8yrison et al.
2013), especially if females are more invested during reproduction (Liker and Szekly
2005). Though male and female BCTI providghrental care to offspring, females are
solely involved in nest building and incubation (Patten and SRaten 2008, Rylander
pers. obs.) which could result in females having a lower BCI than males. Female seaside
sparrows Ammodramus maritimlisa species that providesarental care to offspring,
and female saltmarsh sparrowgr(imodramus caudacufys speies that the female is
the only sex involved rearing young, both had consistently lower body mass and body
condition (scaled mass index method (SMI), Peig and Green 2009) than their male
counterparts during all stages of the annual cycle (Borowske &1a8).2ZIhus, it has
been proposed that breeding body condition, especially of females, among other
indicators of fitness and health, may caomer into winter and result in lower survival
(Liker and Szekly 2005, Harrison et al. 2013). However, many eatdogiarn that more
than one index for body condition should be examined when relating physicality to
survival or individual fitness. Therefore, more work is needed assessing BCI of BCTI
during the norbreeding season to examine potential cakrgr effectsmpacting

survival and reproductive output.

Contrary to other studies, differences in BCI were not detected between BCTI
nestlings in urban and rural populations. Extensive work performed on-a food
supplemented control populations of urban and faedestling great tits demonstrated
that unsupplemented urban nestlings have lower body mass and body condition-than un

supplemented forest nestlings (Seress et al. 2020). This same experiment also concluded
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that foodsupplemented urban nestlings have simitadybcondition to ursupplemented

forest nestlings, arguing that food may be the limiting resource altering young bird
health. Similarly, Meillere et al. (2017) measured lower BCI (SMI method) and poorer
feather condition in urban fledgling house sparroResgéer domesticusompared to

rural fledglings. Though nestling titmice did not differ in BCI between urban and rural
populations, | may have overlooked the effect of sex on nestling BCI and mass (Oddie
2000, Nicolaus et al. 2009), given the differencadilt BCTI body condition. | was

unable to perform genetic testing on nestlings, and therefore the high amount of variation

of BCI observed within clutches could be more of an effect from sex than location.

The importance of supplemental cavities inhtygurbanized areas has been
discussed in recent decades (Newton 1998, Martin and Eadie 1999, Mortberg 2001,
Tomasevic and Marzluff 2017). The greatest density of breeding BCTI consistently using
nestboxes each year were in the Campus location (refeguoeki5 & 6), which also was
the most urbanized landscape in the study. This is consistent with Gladalski et al. (2016)
observing that great tits occupy more nestboxes at a greater density in a highly urbanized
park in Poland when compared to a contiguousst patch 10 km away. Tomasevic and
Marzluff (2017) discovered that native secondary cavity nesters (those that do not
excavate their own cavities) are more likely to inhabit highly urbanized areas with few
natural snags if nestboxes are present. Tgppthesized that many primary cavity
nesting species (those that excavate their own cavities) are less common in highly
urbanized areas, and thus cavities may be a limited resource for secondary cavity nesting
species. However, research performed on hepagows demonstrated that pairs occupy

a greater number of nestboxes in rural compared to urbanized habitat (Angelier and
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Brischoux 2019). Thus, understanding the life history and breeding behavior of the study
species is important when implementing mamagnt practices, such as supplementary

cavity provisioning (Chamberlain et al. 2009, Sol et al. 2014).

Though results suggest that BCTI{dgtructured neighborhoods are less likely to
form in urbanized environments, there are still knowledge gaps ragald effects of
kin-structure on individual survival, fecundity, and population persistence. As a
generalist species that frequents bird feeders and utilizesnmade structures for nesting
(Patten and SmitRatten 2008), the BCTI may be adapted, ana exadl-suited, for life
in the city. A study of European great tits discovered that udiaggiling individuals
have an increased survival rate compared to rural individuals, possibly due to food
supplementation or milder microclimates (Horak and Lebre®@8)LA metaanalysis on
multiple avian species suggested that though urban populations tend to have lower clutch
size and lower productivitger nesting attempt, the presences of hupranided food
resources may increase adult survival and overall ptpualdensities within cities
(Chamberlain et al. 2009). However, this study also emphasized that their analyses are
biased towards generalist species that tend to beadlafited to anthropogenic
disturbance. Thus, the pattern they discovered may not apfawily-oriented species.
Layton-Matthews et al. (2018) revealed that habitat fragmentation alters demography and
dispersal patterns of Siberian j@efisoreus infaustydamily groups, ultimately leading
to localized population decline. Therefore uigt work should focus on the interactions
between environmental and social factors that are potentially disruptistykatured

neighborhood formation of the BCTI.
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Table 2.1 The number of nestling and adult blamiested titmiceBaeolophus atricristatysanded and measured
across four locations in San Marcos, TexZ8d 74 2019.

Urban

Rural
Campus Parks Residential Freeman
Year Nestlings Adults Nestlings Adults Nestlings Adults Nestlings Adults
2017 23 7 23 9 -- -- 89 9
2018 47 5 37 7 90 28 163 51
2019 49 6 45 8 70 15 205 32
Total 119 18 105 24 160 43 457 91




9%

Table 2.2Morphometric measurements and calculated body conditional indices (BCI) recorded for addtdséedk titmice
(Baeolophus atricristatyscaptured during the spring of 2018 & 2019 in San Marcos, Texas.

Female Male
Measurement Campus Parks Residential Rural Campus Parks Residential Rural
Body Mass (g) 18.14+1.07 18.05+0.72 18.13+1.05 17.71+0.97 18.88+0.63 19.30+0.97 19.56 + 0.68 19.22 + 0.61
Tarsus (mm)  19.47 £0.73 19.22+0.47 19.59+0.71 19.18+0.52 19.79+0.47 19.72+0.97 20.13+0.51 19.91+0.B
BCI -0.25+0.9 -0.13+0.® -0.38+0.99 -043+0.9 0.20+0.72 0.68+0.83 0.58+0.84 0.44+0.76
Wing (mm) 72.14+1.07 70.80+0.63 71.0+1.89 71.72+166 73.9+0.58 75.20+1.79 7500+2.72 75.22+1.96
Culmen (mm) 10.61+0.33 10.800+0.65 10.47 +0.54 10.3+0.38 10.90+0.32 10.39+0.40 10.39+0.49 10.46 +0.41




Table 2.3The top generalized linear regression model for
predicting home range size (ha) of urban blasted titmice
(Baeolophus atricristatysn San Marcos, Texa2017 2019.
Percent high and low urbanization are proportions of those
vegetation categories Iaea within each home range.

Covariate b+SE twvalue p 95% ClI

(Intercep} 9.25+0.56 16.41 <0.01 8.247 10.46
% highurban 4.01+£0.78 5.18 <0.01 2.667 5.69
% low urban  -0.84+0.41 -2.04 0.05 -1.65--0.12
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Table 2.4The global model from the logistic regression where no

factors significantly influenced delayed dispersal behavior in juvenile
blackcrested titmiceBaeolophus atricristatysn urban San Marcos,

Texas 2017 2019. Percent low urbanization is the promortof that
vegetation category located within the home range, fledge number is the
number of total nestlings per family unit that successfully left the nest,
and Julian date is the calendar date in which nestlings were banded (a
proxy for fledge date).

Covariate b N Szvalue p 95% Cl

(Intercept) 148+£054 274 <0.01 0.561 2.76
Fledge number -0.89+0.54 -1.64 0.10 -2.127 0.06
Home range 0.712+0.61 1.15 0.25 -0.3371 2.15
% low urban -0.79+053 053 0.14 -1.9971 0.15
Julian date -0.36 £ 0.50 0.50 0.43 -1.4871 0.57
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Table 2.5The number of black

crested titmouseBaeolophus

atricristatug nestlings in urban San

Marcos, Texas that delayed o

limited dispersal based on if their

massrank fell below or above the

median massank for each nest.

Delayed dispersal is defined as

juveniles remaining in their natal

home range fo+r O 9 months post
fledge but eventually dispersing after

that. Limited dspersal is defined as

juveniles remaining in their natal

home range fo+r O 9 months post
fledge and eventually establish a

territory adjacent to their fath
following spring.

Mass-rank Below Above

Delayed 24 13
Dispersed 96 137
Limited 16 11
Dispersed 106 137
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Table 2.6 The number of observed versus
expected juvenile male and female blacksted
titmice (Baeolophus atricristatyghat delayed or
limited their dispersal in urban San Marcos,

Texas 2017 2019. Delayed dispersal defined

as juveniles remaining in their natal home range
for O 9 -iewgetlt evenpualg t
dispersing after that. Limited dispersal is defined
as juveniles remaining in their natal home range
for O 9 -icwgetardsvenually t
establishater i t ory adj acent t
foll owing spring. The i
assuming that philopatry is not sbkased, thus
providing a 50:50 ratio of males to females that
delay dispersal.

o their fat
expectedo n

Dispersal Sex Observed Expected

Delay Male 25 15
Female 4 14
Limit Male 21 13
Female 4 12
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Table 2.7The global model for the linear mixed effects regression

explaining that none of the fixed effects influence blasted titmouse

(Baeolophus atricristatysestling body conditionahdices (BCl) in San

Marcos, Texa20182 01 9 . However, random effect
significantly influence nestling BCI, as there was much variation (55% of

total variation) among family units. Fixed factor Bander was the individual
responsible for recordg measurements, and Julian date is the calendar

date in which measurements were recorded.

Covariates b N <Sz-value p 95% Cl

(Intercep} 0.17+0.59 0.29 0.78 -0.971 1.30
Location [Freeman] -0.29+0.29 -0.98 0.33 -0.85i 0.28
Location[Parks] -0.20£0.39 -0.51 0.61 -0.9571 0.55
Location [Residential] -0.48+0.34 -1.42 0.16 -1.14i 0.17

Julian date 0.01+0.01 059 055 -0.01i 0.01
Bander [RR] -0.24+0.24 -101 0.31 -0.701 0.21
Year [2019] -0.01+0.20 -0.05 0.96 -0.401 0.38
Random Family Variance = 1.0 1.01 R =0.56, R?=0.01
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Figure 2.1Delineated home ranges of the blaxksted

titmouse Baeolophus atricristatyBCTI), 2017 2019 across

an urban gradient in San Marcos, Texas. A. Home ranges
separated by year, and B. Vegetation categories located within
delineated BCTI home ranges.
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Figure 2.2The proportion of different vegetation categories located within
blackcrested titmouseB@aeolophus atricristatyshome ranges in San Marcos,
Texas 2017 2019.
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Figure 2.3The proportion of high urbanization habitat within blaxksted titmouse
(Baeolophus atricristatyshomeranges across Campus, Parks, and Residential
locations in San Marcos, Tex&0174 2019.
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Figure 2.4 Predictive plot of hovblack-crested titmouseBaeolophus

atricristatug home range (ha) is influenced by the proportion of low

urbanization habitat within the home range in San Marcos, Texas
2017 2019.
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Figure 2.5Predictive plot of how blackrested titmouse
(Baeolophus atricristatyshome range (ha) is influenced by the
proportion of high urbanization habitat within the home range in
San MarcosTexas 20171 2019.
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Figure 2.6 An effect size plot demonstrating how none of the
predictors in the logisticegression model influenced delayed dispersal
behavior in the blackrested titmouseB@eolophus atricristatysn

urban San Marcos, Texa®)17 2019.
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Figure 2.7 The proportion of low urbanization within blackested titmouse
(Baeolophus atricristatyshome range in San Marcos, Texas influences the likelihood
that a juvenile will limit its dispersal.
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Figure 2.8 Boxplots representing the variation of nestling body conditional indices (BCI) withiaraodg family units of
blackcrested titmiceBaeolophus atricristatysn San Marcos, Texas. Though blawested titmice were captured and
measured for BCI during 20182019, this graph is only depicting variation among 2019 family units.
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lll. WHETHER CITY -SLICKER OR COUNTRY -BUMPKIN, BLACK -CRESTED
TITMICE ADAPT TO URBANIZATI ON REGARDING NESTING SUCCESS

AND PRODUCTIVITY
Abstract

Urban environments pose novel challenges for breeding songbirds, where
additional stressors in the form of phenological shifts;matve predators, and
heightened intraspecifimtompetition can influence population persistence. However, the
degree of urbanization and intensity of habitat change also influence thietong
impacts that avian species endure, especially when provisioning young. Thus, research
comparing nesting parasters and productivity rates between urban and rural avian
populations is indispensable when establishing management recommendations and
conservation plans. To understand the impacts of varying degrees of urbanization on first
clutch initiation (date firsegg was laid), nesting success, nesting daily survival rates
(DSR), clutch size, and productivity, | studied a banded population of-btasked
titmice Baeolophus atricristatyBCTI) that utilized a series of nestboxes | installed
across four varioucation types in San Marcos, Texas. Location types ranged from high
urbanization (Texas State University campus; Campus), to low urbanization (San Marcos
residential areas; Residential), to natural areas surrounded by urbanization (San Marcos
public parks Parks), to rural (1,4008a property with native habitat and minimal human
infrastructure; Freeman Centefyom20132021, | monitored 380 BCTI nests; 252 at
the Freeman Center, 36 on Campus, 31 in Parks, and 61 in Residential areas. Rough
estimatesof@st i ng success ( Querégreatestfor®aksand! f | edgl

Campus (83.87% and 83.33%, respectively), followed by the Freeman Center (73.02%)
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and Residential areas (59.02%), with depredation being the leading cause of failure in
any location. BCTaverage clutch size wémean = SD) 5.99 + 0.90 for all successful
nests (i = 276), and generalized linear models (GLM with Poisson distribution) revealed
there were no differences in clutch size between locations or years, nor was it influenced
by clutch initiation date. However, number of successful fledglingsvegatively

correlated with clutch initiation date € 2 7 6-0.00d€+ 0:801; xalue=-3.021; 95%
Cl=[-0 . 0 00001; p=0.003), with fewer fledglings produced per nest latethi;
season. DSR of nests (estimated through program MARK) were influenced by the date in
which clutches were initiated and by location, but not by habitat or weather covariates.
DSR decreased as the season progressed, and nests in Residential areas katleDSR
than all other locations. First clutch productivity (GLM with Poisson distribution) was
not affected by location or year. Yet, first clutch initiation date was influenced by
location (urban nests initiated ~9 days earlier than rural nests, geeeratiear mixed
effects model with year as random predictor), and first clutch initiation dates between
2014 2021 at the Freeman Center were negatively influenced by February average low
temperatures (GLM with Poisson distributign)= 7 ;-1.9% + &:2; t-value=-4.57,

95%CI =[-3 . 0-B.85]; p=<0.01). Overall, our results suggest that BCTI are adapting
to urban environments with earlier lay dates, and that clutch sizes remain roughly the
same across the urban gradient. Although productivity was similar across all locations,
Residential areas had &derably higher rates of nest failure due to depredation. Thus,
neighborhoods that contain a high number of cats, racoons, and rat snakes may act as

ecological traps for nesting BCTI.
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Introduction

Urbanization rapidly changes landscapes by fragmehtabgat, altering natural
resources, creating microclimate shifts, and introducing novel predators and food sources
into the food web (Dirzo and Raven 2003, McKee et al. 2004, Murgui and Hedblom
2017). These changes pose both opportunities and threattatma worldwide,
depending on the species and intensity of change (Gill and Brumm 2014, Beninde et al.
2015, Marzluff 2016). Though birds have the ability to fly and can often vacate an area
more easiljthan other taxa, species still must either adafitew new surroundings,
suffer reproductive or fithess consequences, or permanently emigrate to a new location
(Blair 1996, Mills 2013, Sol et al. 2013). However, as remaining contiguous patches of
natural habitat become increasingly scarce and often demsely populated with birds
(Mortburg 2001, Evans et al. 2009, Reidy et al. 2016), species that reach carrying
capacity may ultimately force leis individuals into urbanized locations, thus creating
sourcesink dynamics that may or may not becomelstaber time (Marzluff 2005,

Meffert and Dziock 2013). Thus, it is important to understand which species are urban
exploiters, urbaradaptors, or urbaavoiders when creating management plans and

deciding upon which habitats to conserve (Evans et al. Fativell and Marzluff 2013).

Not all forms of urbanization are equal, and the degree to which the landscape is
altered is highly variable=ernandeguricic2000, White et al. 2005). For example,
residential neighborhoods that preserve large trees apdgaly plan for greenspace are
less intense forms of change than cleatrpractices where higiises and shopping
centers are built. The shape and size of the altered habitat also is important (Meffert and

Dziock 2013, Myczko et al. 2014), as well as serounding habitat matrix (Mills 2013),
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as many bird species will not cross large patches of bare ground or navigate through
highly developed metropolitan complexes (Desrochers and Hannon 1997, Prugh et al.
2008). Additionally, the duration and time ofayen which native land is urbanized also
encourages or discourages species to remain or leave, with rapid habitat degradation and
fragmentation during the breeding season likely being the most disruptive (Newton 1994,

VergaraTabaret al. 2020).

Though some bird species appear common in urbanized environments, it is
important to focus on their nesting behaviors and reproductive success within these
altered landscapes to understand how populations are fluctuating over time (Hedblom and
Soderstrom 2012Marzluff 2016). The breeding season often is the most stressful and
energetically taxing period on both males and females because food resources are shared
and time for selinaintenance is divided to provide for young (Thomas et al. 20Kdr,
and Szekly2005. Subsequent stressors in the form of air, light, and sound pollution,
increased predators, and, ultimately, phenological mismatch have been documented
having consequences on productivity and overall nesting success of urban bird
populations (Marzldf2016, Hindmarch et al. 2017). Nonetheless, in other circumstances,
reliable and abundant resources in the form of bird feeders and stableadamesting
structures, such as nestboxes, have increased clutch size and reproductive output for some
speciegPurcell et al. 1997, Martin and Eadie 1999). Thus, there is an increased
importance to understammd) how urban and rural populations compare in breeding
performance, coupled with apparent survival and recruitment, to better predict how
continued urbanizain will impact a species in the future (Ryder et al. 2010, Reynolds et

al. 2019).

84



To assess if varying degrees of urbanization are impacting breeding parameters
and nesting success of a species that appears stable in an urban environment, hstudied t
blackcrested titmouseB@eolophus atricristatysereafter BCTI), a nemigratory social
member of the Paridae family (hereafter #dfp
of its range (central, south, and west Texas, into portions of southm&dteahoma, and
into northcentral portions of Mexico) (Dixon 1978, Patten and S+Riditten 2008). Even
though the BCTI is not threatened or endangered, it is unknown how urban populations
compare to their rural counterparts regarding productivity, ckizsh lay date, and
nesting success, among other nesting characteristics. The BCTI also makes an ideal study
species because few researchers have consistently monitored BCTI nesting parameters, as
current information on clutch size and breeding seasatidarcomes from collections
in the Western Foundation of Vertebrate Zoology, from observational studies with small
sample sizes (Allen 1907, Bent 1946, Dixon 1955, Harrap and Quinn 1995), or are

assumed to be similar to its sistaron, the tufted titmose Baeolophus bicolgr

To compare nesting behavior of urban and rural BCTlI) examined BCTI
nesting characteristics, including initiation dates of first and second clutches, the
frequency distribution of eggs, nestlings, and fledglings per nest, and factors influencing
nest fate; 2) assessed BCTI annual productivity across gedrlocations; and 3)
calculated daily survival rates (DSR) of BCTI nests. | predicted first clutch initiation
dates would be earlier for urban BCTI than rural BCTI due to microclimates in urban
locations causing temperatures to be slightly warmer tvah locations (Chamberlain et
al. 2009), and that clutches initiated earlier in the season would be more likely to fledge

young successfully because temperatures are milder and food more abundant (Gill and
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Brumm 2014, Murgui and Hedblom 2017). Lastlyyégicted that urban nests would
have a lower annual productivity per nesting pair and lower DSR than rural BCTI pairs
due to more predators and less reliable food sources for young in urban locations (Robb

et al. 2008, Marzluff 2016).

Methods

Study site

Between 20182021, | monitored BCTI nesting behavior across four locations in
San Marcos, TX, USA (29.8833° N37.9414° W): 1) the Freeman Center, 2) Texas
State Universityés main campus, 3) San Mar
neighborhoods in Savarcos. In all four locations, the BCTI is common, conspicuous,
and readily nests in natural and nraade cavities (Rylander pers. obs.), making it an
ideal species to compare nesting behavior across a variety of different landscapes through

the use of néboxes.

During November and Decembef 2012 and 2013, | installed 40 and 31
nestbooxes respectively, in the northern half o
a rural 140eha Texas State University property ~10 km northwest of downtown San
Marcos. The habitat here isv@saic of oaluniper woodlandsQuercus fusiformisQ.
buckley, Juniperus ashgi(46%), open grassland savannaBstliriochloa ischaemum
Schizachyrium scopariur@iospyros texangorestiera pubescen$22%), and a
mixture of grassland/woodland interface (32%). During the winter of 2017, | installed an
additional B nestboxes at Freeman, bringing the nestbox total on property to 146 (Figure

1.2). All nestboxes were positioned ~3 m high gosts and were installed randomly
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along roadways except for 20 that were placed in a grid arrangement (in attempts for
anotheresearcher to attract eastern bluebi8ialia sialis Harrod et al. 2014). Due to a
high number of depredation events during the spring of 2015 by racd®megdn lotor)
and Texas rat snakeSlaphe obsoleta lindheim@rihat appeared to have recoguize
trails to nestboxes, | installed PMtipe style predator baffles to maintain robust sample

sizes of banded BCTI for additional research projects on property.

| installed 40 nestboxes during the fall and winter of 2016 across Texas State
Uni versmpugdé¢ heaeafter O6Campusd), a highly

buildings, parking garages, dormitories, and parking lots. Additionally, | installed 34

nestboxes within public City of San Marcos
ha ofcontiguous greenspace patches withgld o wt h t rees (Dunbar, Cr
Prospect, Schulle Canyon, Childrenés Par k,

the winter of 2017, | installed 86 nestboxes in sifighaily home residential areas of San

Marc os (hereafter O6Residential 6), where resi
vegetation (as opposed to housing developments located in recentigutleaeas).

Thus, in total, Il installed 160 fmhgbano ne
to low urbanization (the amount of impervious cover) as follows: Campus > Residential >
Parks (Figurdl..4). | affixed all nestboxes in urban locations with either screws or ratchet

straps on various tree species > 15 cm diameter at breast heidty fpBveen 2 4 m

from the ground. Because these nestboxes were installed on trees as opppsstbto t

(as on Freeman), | was unable to install predator baffles. However, when possible, |

installed nestboxes away from fences, rooftops, bird feedersyaas with dense

understory vegetation to reduce the potential of depredation of BCTI nests (Cornell Lab
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of Ornithology 2021). Additionally, I installed urban nestboxes higher on trees, but still
within normal BCTI nesting height, 17 m (Patten and SnhitPatten 2008), so they

would be somewhat camouflaged and less likely to be tampered with by humans.
Nestbox monitoring

| monitored nestboxeki 2x a week between late Februargarly July to
identify those containing BCTI nests (comprised of moss, fur, and snakeskin; Patten and
Smith-Patten 2008). Once BCTI were confirmed nesting in a particular box, | increased
visits to 2i 3x a week andatumented what stage the nest was in (building, incubation,
hatchlings), number of eggs, number of nestlings and their approximate age, confirmed
either successful fledging or failure, and cause of failure (depredation, abandonment,
infertile eggs, compdton, or unknown) for each nest. | considered nests to be
isuccessfulo if O 1 nestling fledged, and
eggs, I did not wuse it for analyses. Il al s
the date irwhich the first egg was likely laid, using prior knowledge of BCTI nesting
stages and nesting cycle length as a guide (Patten and Battiém 2008Rylander
2015. BCTI typically lay one egg per day (Rylander pers. obs.), and once all eggs are
laid, inculation takes ~14 days. Once eggs hatch, it takes another ~16 days for young to
fledge, making the total nesting cycle from initiation date (first egg laid) to fledging
roughly 32 36 days (Rylander pers. obs.). Thus, | was able to approximate clutch
initiation date through backdating of known hatching date, nestling age, and/or fledging

date because | did not check every nest exactly when the first egg was laid.

| monitored nestboxes on Freeman between 22031, excluding 2020 due to

restricted access dag the COVID19 pandemic shutdown. | monitored nestboxes on
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Campus and in Parks between 202021, and in Residential areas between 2Q0&0.
However, | was limited to only checking first clutches on Campus and in Parks (earlier in
the season) during 202fie to the COVIBL19 shutdown, whereas | monitored first and
second clutches in Residential locations in 2020. | did not monitor Residential nestboxes

in 2021 due to time restraints.
Capture, banding, and resights

To assess if the same BCTI pairs deutmooded in a given year, or if second
year (SY; first breeding season) birds differed in nesting success than after second year
birds (ASY; birds > 2 years of age), | color banded entire family groups that used
nestboxes between 2002019. When nestims wer e O 5 -cdpuyed ol d, |
adults within the nestbox when adults returned to feed their young (Rylander et. al 2020).
| affixed adults with a unique combination of 1 to 3 Darvic color bands (Avinet Research
Supplies, Portland, Maine) and a regisd United States Geological Service (USGS)
aluminum band. | sexed adults based on the presence of a brood patch (females) or
cloacal protuberance (males) when possible. | dodmded nestlings with unique
combinations between 104 days poshatching.l did not catch both adults on the same
date as to allow for one adult to continue feeding young during the banding process, and |
also conducted the nestling banding ~100 m from the nestbox to prevent unnecessary

stress on the tending pair.

| performed esights for previously banded BCTI during the breeding season
(Februaryt June) from 20142020. Once a BCTI was positively identified occupying a
nestbox, | waited ~50 m from the nestbox, concealed by vegetation, until an adult

appeared. Iftheadultwabka eady banded, I recorded the B
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combination, age, and sex (if known). Usually, | delayed resighting adult BCTI until it
was apparent the nestling phase began, indicated by adults making trips to and from the
nestbox with food in billl monitored each BCTI nestbox until both adults were either
positively identified based on their bands or until captured using methods described

above.
Habitat composition

To assess the influence of habitat composition on DSR of BCTI nests, | used
ArcGIS Pro 2.6.1 (Environmental Systems Research Institute 2020). | creatdth9.07
circular buffers centered around each nestbox occupied by nesting BCTI based on the
average home range size of BCTI (9.07 ha) in a previous study (Rylander et al. 2020).

Oncel constructed buffers, | used a GIS vegetation layer provided by the Texas Parks

and Wildlife Department ( her-eaB0kmepixel 6 TP WDSH6;

resolution to calculate the proportion of five vegetation categories within each buffer:
woodlard (polygons containing > 75% woodland cover), mixed shrub (polygons
containing 25% 75% woodland cover), grassland (polygons containing < 25%

woodland cover), low urbanization, and high urbanization. TPWD classified low
urbani zati on altsup fuanoterdirely doverad by ianpeevious aover and
includes mostofthenenndustri al areas within cities
ur bani zati on -ppaileasgna wide transporfativm dorridors that are

domi nated by i mpervious cover.o

9C

a



Weather covariates

To examine the relationship between weather and BCTI clutch initiation dates, |
utilized data sets collected at San Marcos weather stations by the National Weather
Service (NOAA 2021) for each February, 2013021, as February reggents the month
leading up to nesting season (Patten and SRatken 2008). | calculated for each year of
the study: 1) average of daily high temper
daily | ow temperatur es i hpreéipgdtionamourysin( i Feb |
February (AFeb precipd). To assess if weat
rates, | calculated the following weather covariates: 1) average daily high temperatures
during incubation per i avdragé daily lo® ®roperatmess t ( A i
during the incubation period for each nest
incubation period for each nest (Ainc prec
hatchling presencehd)o;r 5e)a cahv enreasgte (diahialtyc hh ihg
during hatchling presence for each nest (A

hatchling presence for each nest (Ahatch p

(Decembei February) before the nesting seaso( Awi nt preci po) .

| conducted all research in accordamgth Institutional Animal Care and Use
Committee (IACUC)#201532811), Federal Master Banding Permit (#24108), U.S. Fish
and Wildlife Permit (MB121162), and Texas Parks and Wildlife CollectiBarmit

(#SPR0417107).
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Data Analyses

Nesting characteristics and parameters

For all statistical analyses, | used software R (version 4.0.2, R Development Core
Team 2020) and scaled covariates when they were contirifogsassessed if the
number of eggs, nestlings, and fledglings per successful nest were influenced by clutch
initiation date, location (i.e., Freeman, Campus, Parks, Residential), and year by using
three generalized linear regressions (GLM) with Poisson distributions. | included only
successful nests in these specific analyses because nesting fate and annttaligrodu
analyses included failed nests into their calculations. | also assessed if male age (SY or
ASY) influenced the number of fledglings per successful nest by performing a separate
MannWhitney U test because age was not known for all males nestoxés ( = 276
versusn = 106 with known ages). | was not able to perform the same analyses using
female age as a covariate due to a low known number of SY females using nestboxes (

4).

| conducted a generalized linear mixed effects model (hereaftéiM3 lwith a
Poisson distribution to assess differences in first clutch initiation dates across the four
locations (Freeman, Campus, Parks, and Residential) using year as a random factor
covariate. | used only data gathered from 2018 and 2019 for this ianaky#
represented the two years when all four locations were monitored simultaneously.
Additionally, | performed a KruskalVallis test specifically assessing differences in first
clutch initiation dates at Freeman among years (22@R21). | exclude@013 pilot data
in this analysis due to small sample size=@). If results from the Kruskaallis test

were significant, | used a pelsbc Dunn test to assess differences among years. To
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follow up, | assessed if median Freeman first clutch initiateesicorrelated with

weat her covariates AFeb | ow0 temperatures,
using a GLM.I omitted weather covariates from the same model that contained a

variance inflation factor (VIF) > 3 to account for multicollinearity(Z 2009). Lastly, |

performed a GLMM to assess if male BCTI age (SY or ASY) influenced first clutch

initiation dates, with general locatigrural [Freeman] versus urban [Campus, Parks, and
Residential combined]) and yeas random factor covariates tantml for variability in

clutch initiation dates between locations and years. | also only used data from 2018 and

2019 nests with known age males=(58) because these were the only two yearsith

1 individual from each year for each age group.

To examine if nest fate was dependent on location, clutch initiation date, or year, |
used a GLM with a binomial distribution, where nests either failed (y = 0) or succeeded
(y =1). lincluded all nests from all clutches for this analysis. | also perforrGad/évi
assessing if nest fate was influence by BCTI male age, blocking by general location

(urban versus rural) to only examine variability due to age.

Productivity

| calculated BCTI first clutch productivity as the number of fledglings produced
per BCTI @ir during the early season (Marci\pril, representing all first nests).
Because of the focus of the study, | was limited to monitoring nesting activities in
nestboxes and was not able to locate, observe, and keep record of second clutches in
natural caities. However, when banded BCTI did use nestboxes for both first and second

clutches, | calculated overall annual productivity. For first clutch productivity, |
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conducted a GLM with the number of fledglings per nest as the response variable

(Poisson distbution) and location and year as fixed covariates.
Daily survival rate (DSR) of nests

| estimated DSR of BCTI nests using program MARK (White and Burnham 1999,
Dinsmore et al 2002, Cooch and White 2006, Rotella 2006), implemented through the
RMark packae in program R (Laake 2013). To estimate DSR, | used the following data
collected on all nests across the four sites: 1) first day the nest was found; 2) last day the
nest was checked and eggs/chicks were alive; 3) last day the nest was checked; 4) nest
fate (0O = success, 1 = failure); 5) total number of nests with the same encounter history
(Dinsmore et al. 2002, Rotella 2006). From this information, | calculated clutch initiation
date (date first egg was laid), nest age (approximate age from firsiadg@utal nest
stage (whether the nest was in incubation or nestling phase) for each nest. Additionally, |
standardized all dates among years by using the first clutch initiation date for any year as
the first day of the season, and the last successfgjifigar failure date for any year as
the last day of the season (Rotella 2006). Thus, for BCTI, | used Febriagjutian
calendar date 59) as Day 1, and Jih(&ulian calendar date 187) as Day 125, defining a
124-day nesting season in total. | foled the assumptions described in Rotella et al.

2004.

When building models, | included the following covariates: 1) DSR varies
linearly over time (Time); 2) DSR remains constant over time (null); 3) DSR is
influenced by location; 4) DSR varies based anphrcentage of woody vegetation
located near the nestbox (Wood); 5) DSR is influenced by various weather covariates

(previously mentioned); 6) DSR varies by year; 7) DSR is influenced by nest stage and/or
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nest age; and 8) DSR is influenced by the presenabsence of a predator baffle
(Freeman20162021). To reduce the number of mode
Burnham and Anderson 2002), | identified the top four most influential weather

covariates using a sequentigtsubmodel strategy (Morinteal. 2020) and used those

when creating final candidate models. Additionally, | checked for overdispersion and

failure of model convergence and removed these models from candidal@ksets.

omitted variables from the same model that had a VIF > 3 (Z009).

Once the candidate model set was created (26 model385, Supplementary
Table3.1) , I used Akaikebds I nformation Criteri
1973). When the top model inthe AiCa b | e hawdalaue @I Z units froc
second top model, | selected the top model to estimate parameters. When two or more
mo del s hoealliese2, AnhoGehveraged to obtain parameter estimates (Burnham

and Anderson 2002).
Results

| monitored 385 BCTI nests lve¢en 20182021 (Table3.1), with 257 nests
located at the Freeman Center and 128 across the three urban sites. | used data only from
380 nests due to 5 nests being parasitized by conspecifics at the Freeman Center (2 in
2014, 1 in 2015, and 2 in 2016), atimg difficulties in estimating lay date, clutch size,
and number of fledglings from attending pair. Of the failed nests104), | determined
that 73 were depredated, 26 were abandoned (causes unknown), 2 contained unviable
eggs (female incubated fo038 days), and 3 nests were outcompeted by other species

building nests on top of BCTI eggs (TalBle). Additionally, | captured and banded 1387
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BCTI in nestboxes between 201219, with 918 banded at Freeman and 469 banded

across the urban sites.
Nestingcharacteristics and parameters

Of the successful BCTI nests £ 276), the average clutch size Wasean £+ SD)
5.99 = 0.90, average number of nestlings was 5.46 + 1.15, and average number of
fledglings was 5.36 £ 1.27The frequency distribution of the number of eggs, nestlings,
and fledglings per nest was left skewed with six as the most common number of each
(Figure3.1). The number of eggs per nest was not influenced by clutch initiation date,
year, or location . Hoewver, the number of nestlings per nest( 2 7 60.00bx =
0.001; zvalue =-2.878; 95% CI ={0 . 0 006001];p = 0.004) and fledglings per nest
(n= 2 7 60.005+ 0601; walue =-3.021; 95% CI =0 . 0 006001];p = 0.003)
was influenced bylatch initiation date but not by year or location (Fig8r8). For
successful nests with tending males of known agel06), age did nahfluence the

number of fledglings (W = 104%,= 0.59).

For all nestsr{= 380), start dates displayed arbodal distribution with first
clutch initiation ranging from March®ito April 15" (Julian calendar dates 60.05) and
second clutch initiation ranging from April %o June % (Julian calendar dates 109
156) (Fgure3.3). GLMM results estimated that during 2018 and 20198 {14),
Freeman differed from the other locationgirst clutch initiation dat€Table 33, Figure
3.4). Though Campusl(lian date/7.23 £ 9.34), Parks (73.92 + 6.26), and Residential
(73.94 + 7.48) locations did not differ in first clutch initiation date, they all differed

significantly from Freema(B3.43 £ 6.57). Overall, rural (Freeman) first clutch initiation
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dates (83.43 6.57)were ~9 days later than urban dafe$.70 £ 7.71)Campus, Parks,

and Residential data combined).

First clutch initiation dates for the Freeman Center BCTI (Krug¥allis; n =
174; Z = 55.3; df = 6p < 0.01) varied between years (Fig@rg), with Dum 6 s -hpco s t
tests revealing 2017 initiation dates being earlier than all other years, and 2015 initiation
dates being later than all other years (T&3x1@. First clutch initiation dates during 2019
were earlier than those in 2014 and 2021. Average Beplow temperatures each year
correlated best with the median value of first clutch initiation date ( 7 ;-1.76+ =
0.52 t-value =-3.35; 95% CI = [3.0971 -0.41]; p=0.02) (Figure3.6) more so than
average February high temperatures or total pitatipn. As average February low
temperatures increased by 5° C, BCTI median first clutch initiation date shifted ~9 days
earlier at Freeman. Lastly, GLMM results revealed that BCTI male age did not influence
first clutch initiation date(= 5 8 ; $0.03; 2@lued=20.75;95% CI=0 . 04 1

0.09]; p = 0.46) when general location and year were random predictors.

BCTI nest fate was influenced by clutch initiation date and location but not by
year (Table3.5). Rough estimates of nesting success r@tescessful nests / total nests,
= 380) were greatest for Parks and Campus (83.87% and 83.33% respectively), followed
by the Freeman Center (73.02%) and Residential areas (59 BZ%)nesting in
Residential locations were 1.5x more likely to fail than BCTI nesting at the Freeman
Centerand 2.5x more likely to fail than those at Parks or on Campus. Additionally, BCTI
nests in Residential locations were more likely to fail than succeed if nest initiation date
began after April 10 (Julian date 100), whereas nests at the Freeman CedtPasks

were more likely to fail after May 30th (Julian date ~150) and Campus after Jine 20
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(Julian date 170) (Figur@7). GLMM results revealed that BCTI male age did not
influence nestfaten(= 13 1; b =-vdlue30.77;/05%CI 408.; 6 DBOJIp =

0.44) when general location was used as a random blocking factor.
Productivity

First clutch productivityr§ = 276) for BCTI pairs across all years and all locations
was 4.33 * 2.54 fledglings per pair. S#gecific productivity was greatest for Campus
BCTI (5.20 £ 2.24), followed by Parks (4.56 + 2.59), Freeman (4.33 % 2.44), and
Residential locations (3.742:95). However, productivity did not differ across locations
for first nestsii= 2 7266.00;af=3p=0.11) or across years€ 2 76 13.94; df
= 8;p=0.08). For known banded BCTI pairs that attempted a second clutch in nestboxes
(n=37), overall annual productivity from first and second nests combined was 8.00 +
2.48 and ranged between 4 and 13 fledglings per pair. No third clutch attempts were

detected.
DSR

The top model Socation + TimeWas used to estimate beta values (T8¢and real
parameter estimates (data available upon request) for BCTI nestingh3S#85%), as it
had ap A Ic€ 2 units lower than the next competing model and was heavily weighted
(0.79). Weather covariates, year, nest age, nest stage, predator baiftftiost and
percent woodland habitat surrounding the nestbox did not influence BCTI nesting DSR.
Location was the most influential covariate for nest DSR, with Residential nests having
lower DSRs than all other locations during any portion of the s€&sgure3.8).

Additionally, Time influenced DSR, with nests initiated later in the season having a
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lower DSR than those initiated at the beginning of the season. Estimated survival rates of
nests initiated early in the season (Marti April 71") were geater than those initiated

late in the season (Jun&ilJuly 8", and estimated survival rates of nests varied across
locations (Table&.7). Early nests on Campus were 2x as likely to survive to completion
compared to late nests in the same locatidrereas early nests in Residential locations
were 18x more likely to survive to completion compared to late Residential nests. Early
nests at Freeman, Parks, and Campus were ~1L4X as likely to survive to completion

as Residential nests during the sdime frame.
Discussion

Location appears to influence BCTI nesting success and nesting DSR, with nests
in Residential areas having a lower likelihood of successfully fledging young than
Campus, Parks, or Freeman. Lower reproductive success of otheparids has been
linked to house sparrowwrasser domesticusompetition for nest sites (Goldshtein et al.
2018), a reduction of food sour¢esich asaterpillars (Gladalskiet al. 2017, Pollock et
al. 2017), metal pollution accumulation in urban food sources (Chatelain et al. 2021), and
an increase in human disturbance (Gladalski et al. 2016). Interestingly, nestboxes placed
in Residential areas did not contain the propartbhighly urbanized habitat Campus
nestboxes were exposed to, nor were they as rural as the boxes at the Freeman Center or
in Parks. Thus, Residential BCTI nests may be more susceptible to depredation by feral
cats, raccoons, rat snakes, and jays tleatiracted to bird feeders, tended gardens, and
numerous personal trash cans not typically found in the other three locations (Marzluff
2016). Though Campus nestboxes likely receive the highest human disturbance through

foot and vehicular traffic, this ostant disturbance and disruption of natural habitat also
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may deter predators from taking up permanent residence in the vicinity (Segura and
Reboredo 2012). Nestboxes in Parks and at Freeman are surrounded by woody vegetation
that may hold enough naturaky for predators to obtain, leaving less nests disturbed per
unit area (Chamberlain et al. 2009, Ryder 2010). Thus, while BCTI may be able to adapt
to humandominated landscapes, certain locations, such as residential aredishatiayn

as an ecologicdtap if a high proportion of nests fail each season.

Members of the Paridae family display considerable variability in nesting
behaviors across various degrees of urbanization (Mennill et al. 2007). Like the BCTI,
the clutch size of coal tit$*eriparusater), great tits Parus majo), and blue tits
(Cyanistes caeruledisiesting in boxes on a university campus did not differ from those
in nearby rural populations (Perry 2003), nor did the clutch size of mountain chickadees
(Poecile gambelivary across anrban gradient (Marini et al. 2017). However, in other
studies involving blue and great tits, urban clutches are smaller than their rural
counterparts (Schmidt and Einlsktc henback 1984, Vel 6ky and K
in fewer successful fledglingepnest and an overall lower productivity per nesting pair.
Smaller clutch sizes have been associated with both intrinsic and extrinsic stressors on
females, with changes in diet (Ramsay and Otter 2007), ambient temperatures
(Pendlebury and Bryant 2005ndfemale age (Winkel and Winkel 1987, Dhondt 1989)
having effects on the number of eggs laid. Though results suggest BCTI have stable
clutch sizes and first clutch productivity rates across locations in San Marcos, Texas,
future work that focuses on fereahge (SY vs ASY), availability of artificial foods
t hough bird feeder s, and if different | oca

or productivity will assist in avian conservation.
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Earlier first clutch initiation dates for urban BCTInapared to rural BCTI
complkement results of mountain chickadees (urban ~19 days earlier; Marini et al. 2017)
and great tits (urban ~10 days earli-er; Ve
parid species (Chamberlain et al. 2009). Though this studyadifibcus on factors
triggering egdgaying of BCTI, the difference in timing across the urbanization gradient
could be attributed to temperature differences (Lack 1966, Stevenson and Bryant 2000),
timing of food abundance peaks (Hajdasz et al. 2019)adnléy of artificial food
(Nager et al. 1997, Anderies et al. 2007), or the lack of suitable nesting cavéeiem(
1994, Tomasevic and Marzluff 20l Based on results, February temperatures, the
month prior to egg laying, lra some influence on BCTlral nest initiation, which has
been similarly observed in female great tits in Switzerland (Nager and van Noordwijk
1995) and grasheaded chickadeeBdecile cinctain Finland (Eeva et al. 2000). Though
slight differences in February microclimates bedaweirban and rural locations may
trigger female BCTI to lay earlier, observations also have been made of banded BCTI at
artificial feeding stations surrounding residential nestbox locations (Rylander pers. obs.).
As with great tits (Nager and van NoordwijR95, Seki and Takano 1998), female BCTI
with access to reliable, calofich diets may have more energy to invest in nest initiation
compared to females that rely more on seasonal climate shifts and natural insect booms to
trigger nesting behavior (Raagand Otter 2007, Chamberlain et al. 2009). Thus, female
BCTI may have been triggered to lay earlier clutches because of the slightly warmer

temperatures or food abundance in urban areas.

As in other parids, including the closely related tuttedouse (Pogue and Carter

1995), BCTI nesting success and DSR are influenced by clutch initiation date, with
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earlier clutches more likely to succeed than later clutches. Pogue and Carter (1995)
attributed a high percent of late nesting failure of bottetLifitmouse and Carolina
chickadeeRoecile carolinensijsto rat snake depredation as the season progressed, an
observation also made for the same species in Louisiana and Kansas (Johnston 1964,
Mowbray and Goertz 1972) and appears likely for the BCTlaRder pers. obs.).

However, Pogue and Carter (1995) also calculated tufted titmouse daily nesting success
(Mayfield method) being higher during the nestling phase (0.933 + 0.03) than the
incubation phase (0.883 + 0.004), which differs from BCTI (higheR [d8ring

incubation). Many studies have hypothesized that DSR and nesting success is lower
during the nestling phase because adults are rapidly flying into the nest to feed young,
making the nest more obvious to predators (Skutch 1949, Segura and Re&@Bda

Yet for other species, such as the northern card@eidjnalis cardinali3, earliest

clutches were more heavily depredated and overall nest survival rates improved as the
season progressed (Shustack and Rodewald 2011). In other studies, DSRsmyitov

nest age (Segura and Reboreda 2012), as adults become more invested and aggressive
towards predators when feeding nestlings, as witnessed in willowdiéxi{e montanys
(Rytkonen et al. 1990). Thus, though the tufted titmouse and BCTI aretaisaethey

may have adapted different strategies to achieve relatively high nesting success rates.

BCTI male age did not influence first clutch initiation date, number of successful
fledglings, or nest fate, indicating that male age does not equattpedence or
efficiency for certain nesting behaviors. This trend was observed in mountain chickadees,
where male or female age, regardless of location, did not attribute to overall nesting

success (Marini et al. 2017). Additionally, Amininasab et all§2@&ssessed blue tit male
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attentiveness (through feedings) to incubating females and discovered no difference
between SY or ASY in this behavior. In contrast, reproductive success of great tits was
correlated to male age, with sabult males fledging fegr chicks per nest, likely due to
differences in parental care behavior and not because of infertility (Pigeault et al. 2020).
However, this study also cautioned the importance of assessing the age and quality of the
nesting pair because drawing conclusifmom a single parent could lead to biased
interpretations. Thus, future work with BCTI nesting behavior should focus on female
age in combination with habitat quality and food availability, as has been done with other
parids (Ramsay and Otter 2007, Amiasab et al. 2016, Marini et al. 2017). Extensive
work by Dhondt (1989) on nesting blue and great tits suggests that females for both
species lay earlier and increase clutch sizes after theiy@estbreeding (as ASYSs).

Once ASYs, age has no effect ay bate, clutch size, nesting success, or-fhedling

juvenile survival until females of both species were 4+ or 6+ years old for great and blue
tits, respectively, after which nesting success decreased (Dhondt 1989). Contrastingly,
Winkel and Winkel (887) noted that great tit female age did not affect clutch size or
number of young fledged, but that age positively influenced clutch size and fledging

success in coal tits.

Other than the influence of February temperatures on BCTI first clutch mritiati
date, there was no indication of yaatyear fluctuation in number of eggs, nestlings, or
fledglings per successful nest, nor were there differences in productivity, DSR, or nest
fate. This could be an indicator that regardless of location, the Sao$4aopulations of
BCTI have stable food availability and/or did not succumb to any extreme weather events

between 20132021,as was documented in the bridled titmouBagolophus
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wollweber) of southeastern Arizona (Christman 2002). Between-bablack years

(1998 and 1999), bridled titmice experienced a large difference in productivity caused by
extreme drought (4.4 fledglings per breeding pair in 1998 compared to 0.4 in 1999), and
only half of the pairs monitored during 1999 attempted to breed (comipai®@% of

pairs in 1998). This could be an indicator that titmice may be able to adapt their
reproductive efforts in extreme years when nesting success and overall productivity are
relatively low (Christman 2002). Yet, when abrupt weather events ocangdbe

nesting season, there is likely no option to forgo reproduction, as withessed in 1983 when
60% of great tit nests in a German study suffered 100% mortality of first brood young

due to starvation (Winkel and Winkel 1987). Additional years of dataation utilizing

the nestboxes installed across San Marcos could elucidate if extreme weather fluctuations

before or during breeding season influences BCTI productivity or nesting success.

BCTI using nestboxes may experience greater nesting sukmessgdepredation
rates, and higher productivity than BCTI using natural cavities, a trend that was observed
in oak titmice Baeolophus inoratygPurcell et al. 1997) and great tits (Nilsson 1984).
Similarly, BCTI that nested in abandoned woodpecker ieawtith smaller openings and
minimal tree decay were more likely to succeed than BCTI nesting in cavities formed by
natural decay (Hardin et al. 2021). Thus, it appears nestboxes may mimic fresh cavities
excavated by woodpeckers, indicating the potemtipbrtance of primary cavitpesting
species to the nesting success of BCTI and other sececaldty nestersTlomasevic
and Marzluff 2017)Yet, in many urban locations, woodpeckers and other excavating
species are uncommon as they are more sensitar@hoopogenic disturbancklyczko

et al. 2014. Natural snags and decaying trees also are removed due to potential harm to
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humans or their property (Blewett and Marzluff 2005). Therefore, the use of nestboxes
for management purposes, especially in urbahizedscapes, may be assisting the
persistence of BCTI populations as habitat becomes fragmebiadia{ski et al 2016
However, in residential locations where BCTI nesting success and DSR were lowest, the
use of predator baffles may be necessary to ptew@ntentional depredation of BCTI in

nestboxes.

Overall, this work suggests that BCTI are adapting to various degrees of
urbanization, a similar diagnosis made for other parids in both the New and Old World
(Marini et al. 2017). Though this researctl dot span the number of years of other
nestbox studies involving parids (14 yedtadalski et al 2016; 18 years, Lambrechts et
al. 201§, it is the first to extensively document BCTI nesting success, DSR, clutch
initiation date, angbroductivity acrosan urban gradient using a consistent, large, marked
population. Future work hopefully will reveal how BCTI in other portions of its range

compare to central Texas BCTI regarding nesting characteristics.
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Table 3.1Successful and failed blackested titmouseBaeolophus atricristatysests across

four locations in San Marcos, Tex2813 2021. Numbers in parentheses represent the sample
size used for analyses, as some nest outcomes were difficult to determioedngpecific egg
dumping.

Freeman Campus Parks Residential
Year Success Failure Success Failure Success Failure Success Failure
2013 3 1
2014 20 (19) 6 (5)
2015 11 11 (10)
2016 17 (15) 5
2017 18 4 3 2 3 2
2018 30 10 7 2 6 0 16 4
2019 35 15 11 0 8 1 11 11
2020 3 1 6 1 9 10
2021 52 18 5 1 3 1
Total 187 (184) 70 (68) 30 6 26 5 36 25

257 (252) 36 31 61




Table 3.2Failure type of blackrested titmouseBaeolophus
atricristatug nests across four locations in San Marcos, Texas
2013 2021.

Failure type Freeman Campus Parks Residential

Depredation 52 4 2 15
Abandonment 11 2 3 10
Infertile eggs 2 0 0 0
Competition 3 0 0 0




Table 33 Generalized linear mixedffects regression results displaying how
blackcrested titmouseB@eolophustricristatug first clutch initiation dates

are influenced by location during 202819 in San Marcos, Texagéear was

used as a random predictor to account for variability between years. Results in

bold are significant at U = 0.05.
Covariate b N ¢ zvalue p 95% Cl
(Intercept) 4.34+0.04 11343 <0.01 4.251 4.43
Location [Freeman] 0.08+£0.03 231 0.02 0.017 0.15
Location [Parks] -0.04£0.05 -0.81 0.42 -0.137 0.05

Locationi [Residential] -0.04 £0.04 -1.17 0.24 -0.1271 0.03

Random Year Variance 0.0009 + 0.0 R =0.25, R2=0.20
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Table 34D u n n 6 $hoc pest eevealing
the differences of blackrested titmouse

(Baeolophus atricristatydirst brood

initiation dates between years (2014

2021, excluding 2020) at thereeman

Center in San Marcos, Texas. Results in
significant

bol d are

Years Z p

20147 2015 2.48 0.01
20147 2016 -0.82 0.41
20147 2017 -4.48 <0.01
20147 2018 -1.36 0.18
20147 2019 -2.57 0.01
20147 2021 -0.19 0.85
20157 2016 -3.05 <0.01
20157 2017 -6.66 <0.01
20157 2018 -3.95 <0.01
20157 2019 -5.13 <0.01
2015 1 -3.08 <0.01
201671 2017 -3.33 <0.01
201671 2018 -0.34 0.73
201671 2019 -1.41 0.16
201671 2021 0.77 0.41
20177 2018 3.53 <0.01
20177 2019 2.46 <0.01
20177 2021 5.04 <0.01
20181 2019 -1.31 0.19
20181 2021 1.46 0.14
2019 1 2.98 <0.01

at
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Table 3.5Generalized linear regression results where covariates clutch

initiation date and location influence blackested titmouseBaeolophus

atricristatug nesting fate (success or failure) in San Marcos, T&Hs3

2021. Results in =063.d are significant at U

Covariate b+ SE z-value p 95% ClI

(Intercept) -3.79+£0.69 -545 <0.01 -5.227 -2.48
Clutch initiation date 0.02 £0.005 4.40 <0.01 0.017 0.03
Location[Freemah 0.53+£0.48 1.10 0.27 -0.361 1.57
Location[Park$ 0.37+£0.69 0.54 0.59 -1.017 1.73

Location [Residentiall 151+054 2.80 <0.01 0.5171 2.65
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Table 3.6Top model §ocation + Timebeta estimates for
blackcrested titmouseB@aeolophus atricristatysesting
daily survival rates (DSR) in San Marcos, Tex¥13

2021. Results in bold ar
Covariate b N S 95%Cl
(Intercept) 6.43+£0.49 5.4771 7.39
Location[Freemah -0.47 £0.43 -1.3171 0.37
Location[Park$ -0.37£0.62 -1.5871 0.84
Location [Residentia] -1.48 £0.46 -2.391 -0.57
Time -0.02+0.01 -0.0371 -0.02
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Table 3.7Calculated blacicrested titmouseBaeolophus atricristatysest

survival rates (to completion) from estimated daily survival rates (DSR) based on
a 36day period, assuming 6 days faying, 14 days for incubation, and 16 days

for nestlings to fledge.

Hypothetical nesting intervals Freeman Campus Parks Residential

March 37 April 71 0.86 0.91 0.88 0.67
April 18t7 May 6" 0.74 0.83 0.76 0.45
May 17 June & 0.54 0.68 0.57 0.19
June i July @" 0.29 0.45 0.32 0.04
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Figure 3.1Frequency distribution of the number of eggs, nestlings, and fledglings
found insuccessful nests € 276) of blackcrested titmiceBaeolophus
atricristatug, 2013 2021, in San Marcos, Texas.
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Figure 3.2The influence of clutch initiation date (Julian calendar) on the number of-btasted titmouse
(Baeolophus atricristatyseggs, nestlings, and fledglings (with 95% confidence intervals) per successful nest
(n=276) 2013 2021, in San Marce, Texas.






