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Social structure, emergence behaviour and roost switching in
female little brown bats,Myotis lucifugus

By Alicia Irwin August/™, 2014

Abstract

Theevolution of sociality involvesdesoffs between benefits.§.protection from
predation, informatiomansfey and costse(gtransér of disease, competitjofhis study
invesigated the potentially sodahaviour of little brown batglyotis Ifoigysat two
maternity colonies in Newfoundland using passively integrated transponders. Emergence
order on théusiest days of the seasonexasnined at different roosts for patterns in the
orderin which bats emergdimergence order wasdigantlyconcordant, but bats
formedonlyweak associations that laste@@daysdasedn proximity in emergence time
There was variation in day roost use by bats, with the number of swdaeligsosts
ranging from O to 37 per season. Night visits tésra@se greater for reproductive bats,
especially during the lactation period. | hypothesized that bats that visited more roosts during
the night would be more social, but there was no support for this, and there was no observed
difference in social meassibetween reproductive classes. These finding suggest that female
little brown bats maintain weak associations throughout a season, and reproductive status

influences their night behaviour, specifically roost visitation frequency.
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Chapter 1 Introduction to sociality

Explaining the variability of animal sociality and how it evolved has been a
challengig task since social ethology began (Crook 197@n&ke benefits difeing
sociaincludeprotection from predation (colobus monkeys, Teichroeb et al. 2012; prairie
dogs, Hoogland 1981; sperm whales, Arnbom & Whitehead 1989; bats, Fenton et al. 1994),
information transfer (African striped mice, Rymer et al. 2008; evening bats, Wilkinson 1992a;
Bechsteinds bat, Kerth & van Schaik 2012;
bat, Dechmann et al. 2010), social warming-(ais)doyles et. &012; Sichuan srub
nosed monkeys, Zhan g-ea bats,dBétts 2020 Kinlselectiomameah s e n d
cooperative breeding (Asian elephants, de Silva et dbraéfigiops glirqeessupial),
Franco et al. 2011; orcas, Foster et al. 20d2ngitule bat, Podasseanu et al. 2008;
greater sawinged bat, Nagy et al. 2007; red wolves, Sparkman et al. 2012; warthogs, White
& Cameron 2011; vampire bats, Wilkinson 1984). Along with these temefitssociated
costs, such as transfer of diseand parasites (raccoons, Cote et al. 2012; zebras, Fugazzola
& Stancampiano 2012, whitese syndrome in temperate aaosting bats of North
America, Dzal et al. 2011), competition (male reindeer, Djakovic et al. 2012; male bats, Safi
2007) and infaitide (cougars, Ruth et al. 2@téater spearosed bat, Bohn et al. 2009).
In mammalsspecifically, exidtse possible costs of milk theft and vertical transfer of
pathogens in scenarios with allonursing (Hayes 2000). Given these potential costs, the
common occurrence of sociality in many different groups of animals (Wilson 1975) is
impressive.

The variability in socialisywideranging from aggregations of animals around a
resource (i.e., marten groups, Newman et al. 2011) to highly complex @@&cjetpen

fissionfusion network in dolphinsaRdic et al. 2012)n aggregation is a group of



individuals whalo not necessariiecognize each other and simplp@zur in an area to

exploit a resource (Kerth 2010). To the other extreme, congxgiesexist that involve

individual recognition, losigrm associations, and intimate interactions such as allogrooming

or allonursing. The vast majority of bats are social (Kerth 2008) and the full spectrum of
societies can be found, from solitary ¢hbat, Klug et al. 2012), to unstable groups (harems

in the greater saanged bat, Nagy et al. 2007), to complex fission fusion groups
(Bechsteinds bats, Kerth & van Schaik 2012
speamnosed bat, Wilkinson Boughman 1998).

The social system of any species has three parts: the organization, the structure and
the mating system (Kappeler & van Schaik Z8@#| organization involves the number of
individuals present, composition of the gramugbits cohesiness The social structure
consistghe relations and interactions between individuals, and how that may form an
overlying pattern or structure. Finally, the mating system, which describes how males and
females interact during the reproductive pas@adother critical component of the social
system, since this social aspect heavily influences the genetics of the group and thus the
connectivity of populations (Kappeler & van Schaik 2002, Kerth 2008).

The first step to cooperative breeding is the exisitagall social groups, which
consist of families and extended family relations (Emlen 1982). The evolution of the family
unit has historically hado main explanatiomsoutlined by Emlen (1998xplainingvhy
young remain with their family insteadispersing to breedhe first explanation involves
the ecological constraint model, which states that there are no viable options for the young
to disperse to for reproduction, generally occurring wheuithlele surroundiregea is
already inhabited saturation with breeding pairs which the young cannot outcompete.

Alternatively, the benefibé-philopatry model is based onrthigeing benefits to staying in



the natal area where the animal wasdydratchedand this may include protection by
parens, increased experience and maturity, and the possibility of inheriting the parental
territory (Emlen 1999n both modelsthe young leahome only when the costs of leaving
incurs a higher inclusive fithédsese models explain why young may be philmut to
explain why they would help their parents raisingyatheg is more complicatdthflen
1992).

Group stability may range from being completely cohesive (moving together as a unit
all of the time) to a dynamic fissfasion group (Kert010). Fissiefusion groups wil
regularly split apart (fissuaed then come back together (fuse), and there are many ways
and different | evels in sWhischntdohiwascdnmnmraedc
to describe several rhoman prime species which display this pattern of group stability as
a result of resource availability (Kummer,1®1eli et al. 2008Since then, there has been
much debate about fissifusion groups and whether they are adaptive or not (Kerth 2005).
It has ben hypothesized that since cohesive groups most likely make a consensus decision,
they gain the most group benefits since all have agreed. In-fuigsiostructure,
subgroups may split off instead of potentially having made a common decisioas and it h
been thought that this is not beneficial because not all of the group benefits are obtained
(Conradt & Roper 2003). In response, Kerth (2005) claims that different species are under
different constraints, and fissimsion may be a coping mechanisnthist and thus
provide the moshdividuabenefits for these species. If species have different life histories,
such as the number of breeders iir ueialgroup, this will impact the ability of the group
to undergo fissiefusion dynamics. For examph honey bees, where there is one breeding
female queen (McGlynn 2012), if a female were to leave the group, she would not be able to

start a colony on her own, and thus leaving would not be beneficial for her. In Asian



elephants there is frequent 8ptitand merging of female groups yet there are also multiple
breeders (de Silva et al. 2011) and thus leaving the group is not detrimental to the one leaving
0 she is still able to reproduce. Kerth (2005) notes that one consensus decision may not
always & best for all, and thus breaking off into smaller groups temporarily may have the
best overall benefit. For example, certain individuals may have specific food preferences and
thus can split up to forage for their favourite foods but later on join gathetoand still
receive group benefits such as social warming.

Only a handful of hdepth studies have looked at fis$itsmon in bats (e.g.
Bec hst eMyasti®bechdidiarths® Van Schaik012, big brown baEptesicus fuscus
Metheny et al 20p&Research on fiss#usion dynamics have been mostly focused on
primates, and it is unclear whether this social system requires higher cognitive skils, decision
making abilities or advanced communicatiorel(Atial. 2008). By including a varietyabf
species, which are known to have a wide range of cognitive skills and communication, the
uncertainty of the requirements for a fisfiigion society may be answered. It is known
that mating systems are correlated with brain size (and perhaps xognétiapecies
(Pitnick et al. 2006). Bat species with promiscuous females tend to have smaller brains than
those withmonogamoumating(Pitnick et al. 2006)hus by completing studies on the
social behaviour of these species, uncovering theirtsaciafess could reveal the brain
size or cognitive abilities required to live in certain social Spdtieough these factors may
be correlated afat caused bydditional ecological facdor
ll. Intrinsic and extrinsic factors

The factors influenagnsocial structure can be classified into two categories: intrinsic
and extrinsic. Intrinsic factors are inherent to the group under study, such as the individuals

and their roles within the group, the interactions between pairs, the mating system, and the



culture (Whitehead 2008). Extrinsic factors are those outside the animal, such as the
environment, and this can include not only climate, bygrals@redators, parasites, etc
(Ebensperger et al. 2018)rinsic and extrinsic factors can functioara¢volutionary time
scaleshaping sociality over vast periods of, tm will focus on the monenmediate
proximateesponse of animals to these factors (Kappeler et ain20&3Xpllowing
chapters
Intrinsi€éactors

One of the main hyjgthesesbout intrinsic factorssed to explain and predict how
sociality affects individual fitness Si | k6s hypot hesissekstoSi | k 20
explain theontinuum of breeding strategies, from singular breeding species to plural
breeding speci@sthoutcommunal care, f@ural breeding species witmmunal care. Silk
predicted that the singular breeding species would have the highest direct fitness
consequences, and this would decreasatasuingalong the continuum faural breeding
speciesvith communal carén singularly breeding species, where parents are the sole care
givers, there will be a higher survival of offspring since the parents are not relying on non
breeders to care for the young (as would be the case in communal raisitgg.ofhere is
support for Silkds hypothesis across mamma
should be considered for any model of mammal social structure.

Intrinsic factors, such as the role or status of an individual, can play a key part in
social structure. In macaque monksrsainndividuals keep order within the group (Flack
et al. 2006). When these policing individuals were removed, aggression increased by 30%,
which had a significant effect on the interactions between individuhlssathe social
structur e. I, someRelanibssconsist of dwtipldocaninaunities held together

by older females (Kerth & van Schaik 2012). These older females may also transfer



information between groups. In African elephants, the agemdttigrch (the leader of the
family group) has a significant effect on group cohesiveness (McComb et al. 2001). If a
matriarch is young, and a call from a neighbouring family is heard, the entire group will
huddle together in close proximity. If the raath isolder, the group does not hudaifeer
hearing a neighbouring family, and this may indicate that they are more relaxed with a leader
who has more experier{é&cComb et al. 20QIherefore, in multiple speciesxedmmals,
the roles of individuals avell as their age can affgoupbehaviour and consequently the
social structure of their groups.

Physiological constraints can also influence social stiMeite®s and badgers are
from the same family and share many similar traits (life hsstogind, ecology) but can
differ greatly in social structure (Newman et al. 2011). Badgers may be either social or not
social, whereas martens are always solitary. Newman et al. (2011) suggested that the
differencan social structuneas due to their amaty, because although they consume the
same resources, badgers can store fat and use torpor whereas marten have to keep slender to
successfully hunt and cannot use tofgwrefore, martelmave stronger physical
constraints placed on thesnd lack the dlity to cope with periods of restricted food,
which the authors claim to be a fundamental precursor to living in social groups. Badgers,
being able to store fat and use torpor are able to go for periods without food, which may
mean that intracompetitigcompetition between those in the speise®)t as severe and
being part of a social group maylve as stressful for thegi mi | ar | y, Bechstei
Daubentonds bats are both small temperat e
tree cavitig yet the males of these groups have different social behaviours (Kerth & Morf
2004, Senior et al. 2005) . I n Bechsteinds

Daubentonds bats, males form soci al groups



individuals)lt is not clear why this difference exists between the male social structure of the
two species given their similar roost and food constrains, as well as the ability of both species
to use torporThe above studies suggest that many intigicsors can influence sociality,
including both traits of the individual (role/experience) as well as physiological constraints
(metabolic limitations).
Extrinsic factors

Extrinsic factorsnay als@lay a role in shaping social structure of manienal
(192) hypothesized that stable environments that were saturated with breeding individuals
or unstable environments with occasional harsh breeding seasons would lead to young
staying with their family for longeariods creating persistent family grodifesnale Asian
elephants group together more during the dry season, creating multifamily units which band
together to defend territoriesich include their water sour@és Silva et al. 2011). On the
ot her hand, f emal e T hherdsrduriogrthe ivet €easoncgandrsmdlldr e s
herds in the dry season (Bercovitch & Berry 2010). The opposite behaviours of elephants
and giraffes is unclear, but could be due to some intrinsic trait, such as the hierarchical
structure of elephant grougise conmu n a | rai sing of youwg (see
the behaviour of defending a water sowtdeh is notisplayed bgiraffes. Not only does
water limit sociality, but food can also play a role. During years of low Chinook salmon
abundance (the fdmf choice), orcas will be less social, forming fewer associations (Foster
et al. 2012). Therefore, the orcas are less social in harsh environments, similar to the giraffes.
These examples sugdbkat the environmemhay influencsocial behaour, howeer at the
same time there may be interactions with intrinsic factors suwdrast social structuring

(e.gelephant ntaarchal society).



In bats, especially those in temperate regions, maternity colonies are often formed
during the reproductive patiof gestation and lactation (Kerth 2008). These maternity
colonies consist of female bats living in close proximity, raising their young together.
Whether the reproductive period would be considered a harslaerdiares more social
time of year for thbats is not apparent. During the winter, little brown bats lose up to 25%
of their body weight (Fenton & Barclay 1980). For juveur@sais even more difficult,
because despite being able to intake the same amount of nutrients before hibeynating, th
lose weight while adults are gaiamdyit is not known whvicGuire et al. 2009). While the
energetic demands are high during this time, and no food is available in their northern range,
they do often form clusters and arouse from torpor synchro(©mstyze et al. 201Byen
thoughfemales will require more energy for pregnancy at the cspE@@fthey use the
same amourdf energyas maleduring hibernation (Jonasson & Willis 2012hdn t
summer, little brown batse torpor, although females it less when pregnant, and both
pregnant and lactating females entered torpor for shorter periods theproductive
females (Dzal & Brigham 2013¢spite using torpor less and for shorter periotls, b
reproductive and nereproductive femalésd similar foraging behaviour, which suggests
that even smiadhallow bouts of torpor helpaalconserve energifhich season is harsher
for females in temperate zones is unclear. In the summeatkeyraise their young,
which would be energeticallyndading, but they do haaecess to fooand the use of
torpor at least in some capacity. In the wiwidrno food, cold temperatures and thus a
loss in body weightt is more likely that wintsra harsher time than the summer sdason
temperate ha

Generally, the above studies show that harsh environments (resource poor) can

affect groups differently, despite the fact that all are female mammals livingfunsf@sion



societies (although it should be noted that the elephant, bat and wikatferapared
seasons within a year, whereas the orca study compared the productive season between
years).

Confounding the problem further are the interactions among extrinsic factors that
influence social structure. For example, arctic foxes showegiiityflin their social
structure, from the female breeding singly, or within a small group, to females communally
caring for young (Norén et al. 2012). The study compared the effect of two extrinsic factors,
food and predation, on social structure. Feasithe most limiting, with groups forming
when the food supply was sufficient to support multiple individuals. An abundance of food
did not guarantee a complex grouping though; to achieve a group of females which
communally cared for young, there netmlbd heavy predation pressure, which likely
increased the need for communal pup guarding. Therefore food was the most limiting factor,
followed by predation, in shaping social structure in the arclibifogutcome in arctic
f oxes s upp ohests§SiIlkRO0T) ksidce whely gmaugh food is present, foxes prefer
to care for their own young, and only when the additional pressure of predation is added do
they communally care for young.

Temperature can also affeatial structure. In Sichuan smoked monkeys,
temperature had a greater influence on clustering behaviour than predation (Zhang et al.
2011). All monkeys slept in trees at night to avoid predation (during the day some slept on
the ground), but the groups were most cohesive duringdéstcoghts. Therefore
temperature, instead of food or predation, was the main factor driving close associations
between individual monkeys.

For bats that live in areas with high raptor abundances, it has been found that

predation is a key factor influggctheir grouping behaviour (Fenton et al. 1994). For



example, when group size was <100 bats, emergence time was more scattered and they
switched roosts often. For groups of more than 100, there were fewer attacks on each
individual, yet individuals woslill emerge earlier than other colonies despite the increased
predation during that time.

From the above studies on extrinsic factors, it seems that there are multiple factors
that significantly influence social structure, and these factors somisractso create
complicating factorl a recent metanalysis on the benefits of sociality in mammals,
Ebensperger et al. (2012) found that although the literature showed conflicting results of
positive, neutral, and negative impacts of socialigywbeer still some overall trends. First,
if offspring were cared for by their own parents rather than communally, then they had a
higher survivalrate whi ¢ h s up p or $esondBmostistddges showado t he s i s
increased advantggetentially agdive)of being social in the tropics as opposed to
temperate zongbut with no common explanatidiis study also pointed out some gaps in
the literature, stating that a langemberof studies were on large carnivores, with data on
large marine and sknaolant mammals (i,@ats) lacking. Further, their finding that sociality
was more beneficial in the tropics could be a correlation of species present instead of an
effect of the environment. For example, most primates are found in the tropics ted thu
tropic data may be biased towards primates. Finally, classifying environments as harsh or
mild is not fine scaknough andther factors such as amount of parasites present must be
incorporatedAdditionally, if an animal evolved in that harshammient, it may not be
important or influential on the behaviour of that aniExg@anding the types of species
studied may help give a better picture of trends in sociality, although it seems that parental

care and environment are key to understandiegubkes of sociality in mammals.
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Additional factors affeé@males specifically, such as the general trend for most
female mammals to group together and remain in their natal areaBobakd989). For
example, female prairie dogs remain in theiran@saand generally do not disperse
(Hoogland 1981). This holds true for most bat species, having females displaying natal
philopatry (Kerth 2008). Female grouping allows for multiple interactions between
individuals, which gives opportunity for a sociattsre to develop (Wilson 1975). It is
important to note that there are examples of mammals, such as dolphins and raccoons,
which live in fissiofusion societies but do not show the typical female bonding behaviour
(Randic et al. 2012; Prange et al.)2B&fnales may make temporary bonds with other
females, but these bretdwn frequently. Instead, the males of these groups form lasting
bondseven thouglthe mother is the main caregiver for the offspring. Overall, female
bonding is quite typicalinmammrh s and f emales wusually do no
bats, Kerth 2005; Asian elephants, de Silva et al. 2011; lions, Arsznov & Sakai 2012;
warthogs, White & Cameron 2011).

Female mammals, often being the caregiver of offspring (Rheingold 1963), have
many demands placed on them since they must physically produce and care for the young
(i.e., gestation and lactation). Since producing and raising young can be very demanding,
there are different ways females interact to meet these demands. Durintniitees of
food resources, females of yellow baboons and hoary marmots will suppress other females
from reproducing, in turn freeing more resources for them and their own young (Wasser &
Barash 1983). Some females instead work together cooperativelihteodaegeinds of
young. During parturition, warthog females form more cohesive groups and these groups
involve reproductively aged Aaneeding individuals which both babysit and even adopt the

offspring of others (White & Cameron 2011). In Sichuarmsrsgmonkeys, lactating

11



females formed closer bonds than other females, indicating that there may be cooperation
between the lactating females, although they did not rely-breadimg individuals like the
warthogs (Zhang et al. 2012). It is important denstand the impact of young on females
since the social structure of females can affect the male social structure as well (Galapagos
sea lion, Wolf et al.2007). Also, adding young to the group increases the group size, and
increases in group size havenli@®wn to increase the number of splittipgand merging
together events of fissifunsion societies (goat antelope, Pepin & Gerard 2008). Thus it
seems that the demands of young can either draw together females, prompting for
cooperation and close irgtetions, or cause negative interactions, such as having some
females stopping others from reproducing.

The demands of young are not the only factor shaping femaldractiaés
Thor ni cr defmaled do ngt seenatb he greatly affected by tlaadet young yet
still show seasonality in their social interactions. The giraffes do not have a breeding season,
with no birth synchrony in the females, yet females are more social in wet seasons than dry
(Bercovitch & Berry 2010). This may indicatefaanding factor in other mammal studies,
where parturition often overlaps seasons of high abundance of food or resources in general,
making it hard to distinguish the cause of social structure in these groups.
[ll. Bat sociality

Bats ar@inderrepresented the animal behaviour literature (Kerth 2g@they
compriseabout25% of all mammal species and the vast majority of them are social (Kerth
2008)In metaanalyses on aspects of sociality in mammals, bats are often excluded or
detailed informatiors inot available for use in the analysis (e.g. Gidtkn2009,
Ebensperger et al. 2014ke other mammals, social behaviolrats is influenced by the

benefits of protection from predation (safety in numbers) as well as cooperation with familiar

12



individuals (Fenton et al. 1994, Kerth & van Schaik 2012, Kerth 2008). Kerth (2008) outlined
three main factors that are thought to specifically influence bat social behaviour: (i) ecological
constraints (roosts), (ii) physiological constraints (socialrégutaton), and (iii)
demographic traits (longevity). These three factors partially explain social behaviour in a few
species, but none fully explain the vast diversity of sociality observeiKartha208)

The vast diversity of social behavioukmtsincludes but is not limited fwod
sharing (Wilkinson 1984), communal nursing (Wilkinson 1992b), pup guarding (Bohn et al.
2009), and group hunting (Dechmann et al. 2010). Additionally, the difference between
sociality of males and females in somgog is not clear. Males and females of little brown
bats (Fenton & Barclay 1980), Be wthest ei nds
bats ofMicrochiroptdrave social females and solitary males desipijthe same types of
roosts(Kerth 2@8)

One unique constraint is that batsifliike any other mammgadsd the cost of
flight is very high (Voigt et al. 2012), so being able to use torpor can save a significant
amount of energy. For females, there are additional constraints, singed@piaricauses
the development of young to take longer, meaning they are pregnant for longer which is
costly as well (Fenton & Barclay 1980). It has been observed that in colder regions, female
bats almost always form maternity colonies (Kerth 2008)evékception of some long
distance migratory bats (i.e. hoary bat, Klug et al. 2012). Thus it may seem that these social
groups are created to gain social thermoregulation benefits while raising young in the cold,
yet the majority of bat species in themwtaopics are also social (Kerth 2008).

Finally, bats are unique in their longevity, with megabats (larger, old world bats) living
for 510 years and microbats (smaller, new world bats) living for over 30 years (Barclay &

Harder 2003).ike most mammalsats often have at least one sex (usually females) which
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display natal philopatry (return to their birth area; Burland & Wilmer 2001). Having bats
return to the same area and living for multiple years creates groups that contain multiple
generations, maig a stable composition. With stable group structure, individuals are
continuously exposed to familiar individuals, which is the ideal scenario for cooperation
(Emlen 1994). These demographic factors may explain why females are social, but it does not
expphi n the sociality observed in males of sc
2005). Thusaither roost constraints, temperatimestraintsior demography explain the
vast diversity of bat socialBiven that bats are so widespread throiffgreht
environments, this finding is expected, since social behaviour should be conte&t specific
influenced by different factors in different environments
IV. Methodology of studying sociality

To continue the investigation of bat sociality, | wilidendifferenvariableshat
can be used to measure socidlityassess and compare sociality between groups, Wilson
(1975) described 10 characteristics of sociality. One of those characteristics,
compartmentalization, has changed immensely in theckdld 2003, network analysis
methods were first applied to animal sesiewhich allowed fomaw way of comparing
and analyzing societies (Whitel288). Network analysitlizes basic interaction data to
expose hierarchies, clusters and keydodls which may keep the individuals and groups
connected. This method was used in the more comprehensive studies on bat sociality
mentioned above (Kerth & van Schaik 2012, Metheny et al. 2008). For most social analysis
on animbbehaviour, the prograBocProdnas been widelised (Whitehead 2009). SocProg
can analyze data of over 1000 individuals, and produce association matrices in the form of
sociograms (showing interconnectedness of individuals), principle component analysis

(grouping factors togeteand cluster analysis (which can reveal hierarchies and
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communities). It is then possible to investigate preferences or avoidances of individuals and
perform temporal analyses, to see how associations change averasoned bpgged
association ras). For example, temporal analysis was used to assess the order in which bats
emerge each night as well as throughout the season. Gillam et al. (2011) found that the order
of emergence of big brown bats is quite consistent over a short period of thise, but
degrades as the season progresses. This shows that the bats cantiemm short
relationships, but they do not maintain them over the season, which is very informative for
assessing how strongly associated individuals are with one another.
V. Objectives

My objectivevas to provide insight into questions surrounding the factoradlyat
influencesociality in female mammalgecifically to continue to search for proximate
causesMore specifically, what are the ways in which female mammals| aiérisocthe
reprodictive season and if there are factors that infltteabehaviour to change
Understanding female social behaviour is important for making conservation decisions in
terms of habitat and resource use (Kerth 200%)egin to tackle &se questions, | first
have tcaddressome basic questions about my spaciels,as: how are female little brown
bats social? What is the social structure or patterning of social relationships? Is it a high
fissionfusion dynamic or a constant cohereotig? Does it change over the season,
through the different reproductive periods? During the time when the demands are highest
from the young, when they are first born and require frequent feedings, females may depend
more on each other for help raising ybung, and thusiewould see high association rates
between the breeding females during lactation, and lower associations during pregnancy and
postlactation. On the other hand, during the highly demanding lactation period, females may

rarely associawgth other females because they only have time and energy to focus on their
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young. Thus would expect high association rates during pregnancy aladtatisn, and
low association rates when lactating.

From tre basic question of understanding the mafich the females are sotial,
canbegin to ask how this varies within a day, within a season and from yeddes/ear.
their social structure persist over time? One way to look at this is to analyze the order in
which they leave the roost in the @awgnwhich may reveal if individuals are following each
other and if they continue to do this throughout the season. Further, why do they switch
roosts during the night? Are they looking for particulaiiduals? Are there dominant
individuals kicking &m out? So far, there have not been any recordings of dominance in
female bats (Kerth 2008); if dominance was found in these females it would be quite
influential on the wagsearchetiink of bat sociality. Additionally, transitioning between
roosts mawlso be seen as exploratory behaviour, and it would be interesting to see if the
bats that like to explore are also bats with strong associations with others, or instead maybe
they do not form strong bonds and thus move through the boxes, having ntretason
in one area to be close to certain other individuals. At a larger time scale, bats also switch
their day roosts from day to day, and although this has been recorded in many species, there
has been no investigation into the pattern of day rotshisgi This would be another
interesting method for looking at social relationships, by looking to see if bats switch roosts
in a similar order.

By tackling investigations of social structure, emergence order, and roost transitions,
| aimto achieve hetter understanding of little brown bat social behaviour. | expect that they
will display fissiefusion dynamics as most well studied bats do, but | do not know what
level of fissiotfusion they will display. In terms of emergence order, a study wwbig b

bats found that there was some consistency between emergence order from day to day, but
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this disintegrated over the season (Gillam et al. 2011). There has been no work done on

characterizing patterns of roost transitions, so this will be an expkmatgsis.

17



References

Arnbom, T. & Whitehead, H. 1989. Observations on the Gumsition and Behavior of
Groupsof Female Sperm Whales Near the Galapslgosls. Canadian Journal of
ZoologyRevue Canadienne De Zoolo§ig 1-7.

Arsznov, B. M. & Sakai,S. T.2012. Pride Diaries: Sex, Brain Size and Sociality in the
African Lion Panthera)emd CougaPma congolBrain Behavior and Evolution,
79 275289. doi: 10.1159/000338670.

Aureli, F., Schaffner, C. M., Boesch, C., Bearder, S. K., Call,Ghapman, C. A.,

Connor, R., Di Fiore, A., Dunbar, R. I. M., Henzi, S. P., Holekamp, K.,
Korstjens, A. H., Layton, R., Lee, P., Lehmann, J., Manson, J. H., Ramos
Fernandez, G., Strier, K. B. & Van Schaik, C. R008. Fissicfrusion Dynamics
New Research Freeworks. Current anthropolod®, 627654. doi:
10.1086/586708.

Barclay, R. & Harder, L.2003. Life histories of bats: lLiifehe slow lane. Bat Ecology
209253.

Bercovitch, F. B. & Berry, P. S. M2010. Ecological determinants of herd size in the
Thornicroft's giraffe of Zambia. African Journal of Ecol§y962971. doi:
10.1111/j.1362028.2009.01198.x.

Betts, B. J.2010. Thermoregulatory mechanisms used in a maternity colony of Townsend's
bigeared bats in northeastern Oregon. Northwestern h&tt@da288298. doi:
10.1898/NWNO90.1.

Bohn, K. M., Moss, C. F. & Wilkinson, G. S2009. Pup guarding by greater spesed
bats. Behavioral Ecology and Sociobio&®)y,6921703. doi: 10.1007/s002669
07768.

Boyles, J. G., Verburgt, L., Mckechie, A. E. & Bennett, N. C.2012. Heterothermy in
two molerat species subjected to interacting thermoregulatory challenges. Journal of
Experimental Zoology PartBcological Genetics and Physiol8dyA 7382. doi:
10.1002/jez.723.

Burland, T. & Wilmer, J.2001. Seeing in the dark: molecular approaches to the study of
bat populations. Biological Revier@s389409. doi: 10.1017/S1464793101005747.

Clutton-Brock, T. 1989. Female Transfer and Inbreeding Avoidance in Social Mammals.
Nature, 337 7072. doi10.1038/337070a0.

Clutton-Brock, T. 2009. Structure and function in mammalian societies. Philosophical
Transactions of the Royal SocieBi@ogical Science€§4 32293242. doi:
10.1098/rsth.2009.0120.

Conradt, L. & Roper, T.2003. Group decisienakirg in animals. Naturé21 155158.
doi: 10.1038/nature01294.

Cote, H., Garant, D., Robert, K., Mainguy, J. & Pelletier, R012. Genetic structure and
rabies spread potential in raccoons: the role of landscape barrierbiasddsex
dispersal. EvolutionaApplications, 393404. doi: 10.1111/j.1752
4571.2012.00238.x.

Crockford, C., Wittig, R. M., Mundry, R. & Zuberbuehler, K2012. Wild Chimpanzees
Inform Ignorant Group Members of Danger. Current BioR#)y1.42146. doi:
10.1016/j.cub.2011.11.053.

Crook, J.1970. Social Organization and EnvironmAspects of Contemporary Social
Ethology. Animal Behaviol:§ 197 doi: 10.1016/S00€8372(70)8002%.

18



Czenze Z. J., Park A. D., & Willis C. K2013. Staying cold through dinner:-cbidate
bats rewan with conspecifics but not sunset during hibernation. Journal of
comparative physiology.B, Biochemical, systemic, and environmental ptiy33ology,
85966.

de Silva, S., Ranjeewa, A. D. G. & Kryazhimskiy, 3)11. The dynamics of social
networks amongemale Asian elephants. BMC Ecolbfj\,5.

Dechmann, D. K. N., Kranstauber, B., Gibbs, D. & Wikelski, M2010. Group
HuntingA Reason for Sociality in Molossid Bats? Plos50e@012. doi:
10.1371/journal.pone.0009012.

Djakovic, N., Holand, O., Hovland, A. L., Roed, K. H., Weladji, R. B., Fjeldstad, E.

& Nieminen, M. 2012. Association patterns and kinship in female reiRdegifér
tarandyisluring rut. Acta Ethologicky 165171. doi: 10.1007/s1020110121x.

Dzal, Y., & Brigham, R. 2013. The trabff between torpor use and reproduction in little
brown batsNlyotis lucifugu®urnal of Comparative Physiology B: Biochemical,
Systemic & Environmental Physiold@3

Dzal, Y., McGuire, L. P., Veselka, N. & Fenton, M. B2011. Going, going, gonkee t
impact of whitenose syndrome on the summer activity of the little browkiyatig
lucifuguBiology Letterd, doi: 10.1098/rsbl.2010.0859.

Ebensperger, L. A., Rivera, D. S. & Hayes, L. 2012. Direct fitness of group living
mammals varies witlhdeding strategy, climate and fithess estimates. Journal of
Animal Ecology81 10131023. doi: 10.1111/j.138656.2012.01973.x.

Emlen, S.1992The Evolution of Helpingrthe American Naturaligt]l9 2939.

Emlen, S.1994. Benefits, Constraints and thellion of the Family. Trends in Ecology &
Evolution,9, 282285. doi: 10.1016/014347(94)9003D.

Emlen, S.1995. A evolutionary theory of the family. Proceedih¢gfse National Academy
of Science92 80928099.

Fenton, M. B. & Barclay, R. M. R.1980. Myois-Lucifugus. Mammalian SpecieS. doi:
10.2307/3503792.

Fenton, M., Rautenbach, I., Smith, S., Swanepoel, C., Grosell, J. & Vanjaarsveld, J.
1994. Raptors and BafBhreats and Opportunities. Animal Behaviéiii9-18.
doi: 10.1006/anbe.199207.

Flack, J., Girvan, M., de Waal, F. & Krakauer, 2006. Policing stabilizes construction
of social niches in primates. Natd39 426429. doi: 10.1038/nature04326.

Foster, E. A., Franks, D. W., Morrell, L. J., Balcomb, K. C., Parsons, K. M., van
Ginneken, A. & Croft, D. P.2012. Social network correlates of food availability in
an endangered population of killer wh@lesnus orénimal Behaviou83 731
736. doi: 10.1016/j.anbehav.2011.12.021.

Franco, M., Quijano, A. & SoteGamboa, M.2011. Communal nesting, activity patterns,
and population characteristics in the-titeaatened monito del monBromiciops
gliroidedournal of mammalo@g, 9941004. doi: 10.1644/M0AMM-A-256.1.

Fugazzola, M. C. & Stancampiano, L2012. Host social raakd parasites: Plains zebra
(Equus quaygad intestinal helminths in Uganda. Veterinary parasit@8dy.5
119. doi: 10.1016/j.vetpar.2012.03.019.

Gillam, E. H., O'Shea, T. J. & Brigham, R. M.2011. Nonrandom patterns of roost
emergence in big browats Eptesicus fusdasrnal of mammalo®g, 12531260.
doi: 10.1644/10/AMM-A-393.1.

19



Hayes, L.2000. To nest communally or not to nest communally: a review of rodent
communal nesting and nursing. Animal Beha&@us77688. doi:
10.1006/anbe.199290.

Hoogland, J.1981. The Evolution of Coloniality in Whitaled and Bla€Kailed Prairie
Dogs (Sciurida€ynomieucuramdCynomysdovicianugcology62 252272. doi:
10.2307/1936685.

Jonasson, K. A. & Willis, C. K. R2012. Hibernation ergetics of freganging little
brown bats. Journal of Experimental Biol2§$,21412149. doi:
10.1242/jeb.066514.

Kappeler, P. & van Schaik, C2002. Evolution of primate social systems. International
Journal of Primatolog®3 707740. doi: 10.1023/A015520830318.

Kappeler, P. M., Barrett, L., Blumsein, D. T., & Clutton-Brock, T.H. 2013.

Constraints and flexibility in mammalian social behaviour: introduction and synthesis.
Philosophical Transactions of the Royal Society B: Biological Sciencghiealloso
Transactions of the Royal Society B: Biological Sck682§€120337.

Kerth, G. & Morf, L. 2004. Behavioural and genetic data suggest that Bechstein's bats
predominantly mate outside the breeding habitat. Ethblq§87999. doi:
10.1111/;.4390310.2004.01040.x.

Kerth, G. & Van Schaik, J2012. Causes and consequences of living in closed societies:
lessons from a lortgrm sociegenetic study on Bechstein's bats. Molecular ecology,
21, 633646. doi: 10.1111/j.13@94X.2011.05233.x.

Kerth, G. 2005 Relatedness, Life History and Social BehavidriwethBdatrsgein's Bat, Myotis
Bechstei@ixford, New York etc.: Oxford University Press.

Kerth, G.2008. Causes and consequences of sociality in bats. BiéSCik3€e46. doi:
10.164/B580810.

Kerth, G.2010. Group decisianaking in animal societies. In: (Ed. by P. Kappeler), pp.
24%265. Heidelberger Platz 31B197 Berlin, &many: Spring&ferlag Berlin.

Klug, B. J., Goldsmith, D. A. & Barclay, R. M. R2012. Roost selection by solitary,
foliageroosting hoary bakésiurus cineyelsing lactation. Canadian Journal of
ZoologyRevue Canadienne De Zoolo§@,329336. doi: 10.1139/Z21139.

Kummer, H. 1971 Primate societies: Group techniques of ecologitét agiaplidinen

McComb, K., Moss, C., Durant, S., Baker, L. & Sayialel, 3001. Matriarchs as
repositories of social knowledge in African elephants. S282hd61494. doi:
10.1126/science.1057895.

McGlynn, T. P.2012. The Ecology of Nest Movement in Stwaktts. Annual Review of
Entomology, Vol 5/7, 291308. doi: 10.1146/annurentc-120716100708.

McGuire, L. P., Fenton, M. B.,& Guglielmo, C.G. 2009. Effect of age on energy storage
during prehibernation swarming in little brown Ibéystfs lucifggCanadian
journal of zoologyg7.

Metheny, J. D., KalcounisRueppell, M. C., Willis, C. K. R., Kolar, K. A. & Brigham,

R. M. 2008. Genetic relationships betweenHmases in a fissieiusion society of
treeroosting big brown batEftesicus fus&ehavioral Ecology and Sociobiology,
62 10431051. doi: 10.1007/s00266~0531y.

Nagy, M., Heckel, G., Voigt, C. C. & Mayer, F2007. Femaleiased dispersal and
patrilocal kin groups in a mammal with resedetence polygyny. Proceedings of
the Royabociety BBiological Sciencés[4 30193025. doi:
10.1098/rspb.2007.1008.

20



Newman, C., Zhou, Y., Buesching, C. D., Kaneko, Y. & Macdonald, D. V2011.
Contrasting sociality in two widespread, generalist, mustelid genera, Meles and
Martes. Mammal Studp, 169188.

Norén, K., Hersteinsson, P., Samelius, G., Eide, N. E., Fuglei, E., EImhagen, B.,

Dalen, L., Meijer, T. & Angerbjorn, A.2012. From monogamy to complexity:
social organization of arctic foXéslpes lagopumscontrasting ecosystems.
Canadiadournal of ZoologiRevue Canadienne De Zoolo§@,11021116. doi:
10.1139/Z201-D77.

Pepin, D. & Gerard, J2008. Group dynamics and local population density dependence of
group size in the Pyrenean chamois, Rupicapra pyrenaica. Animal BERaviour,
361-369. doi: 10.1016/j.anbehav.2006.09.030.

Pitnick, S., Jones, K. & Wilkinson, G2006. Mating system and brain size in bats.
Proceedings of the Royal SocieBidogical Sciences3 719724. doi:
10.1098/rspb.2005.3367.

PopaLisseanu, A. G., Bontadim, F., Mora, O. & Ibanez, C.2008. Highly structured
fissionfusion societies in an aehalking, carnivorous bat. Animal Behavitar,
471482. doi: 10.1016/j.anbehav.2007.05.011.

Prange, S., Gehrt, S. D. & Hauver, 2011. Frequency and duration oftaots between
freeranging raccoons: uncovering a hidden social system. Journal of mag#nalogy,
13311342. doi: 10.1644/M0AMM-A-416.1.

Randic, S., Connor, R. C., Sherwin, W. B. & Kruetzen, M012. A novel mammalian
social structure in Ind®acific bttlenose dolphins (Tursiops sp.): complex male
alliances in an open social network. Proceedings of the Royal Sioletyidal
Science279 30833090. doi: 10.1098/rspb.2012.0264.

Rheingold, H. L. 1963 Maternal Behaviour in Mameal$/ork & London(John Wiley &
Sons, Inc.).

Ruth, T. K., Haroldson, M. A., Murphy, K. M., Buotte, P. C., Hornocker, M. G. &
Quigley, H. B. 2011. Cougar Survival and So&io& Structure on Greater
Yellowstone's Northern Range. Journal of Wildlife Manag@®ard311308. doi:
10.1002/jwmg.190.

Rymer, T., Schradin, C. & Pillay, N.2008. Social transmission of information about novel
food in two populations of the African striped mouse, Rhabdomys pumilio. Animal
Behaviour76 12971304. doi: 10.1016/j.anbehav.2008.86.01

Safi, K.2008. Social Bats: the Males' Perspective. Journal of man@®al8¢1350. doi:
10.1644/08MAMM-S-058.1.

Senior, P., Butlin, R. & Altringham, J2005. Sex and segregation in temperate bats.
Proceedings of the Royal SocieBiddogical Sences272 24672473. doi:
10.1098/rspb.2005.3237.

Silk, J.B. 2007 Social components of fitness in primate groups. SA&RFd8461351.
doi:10.1126/science.1140734.

Sparkman, A. M., Adams, J. R., Steury, T. D., Waits, L. P. & Murray, D. 2012. Pek
social dynamics and inbreeding avoidance in the cooperatively breeding red wolf.
Behavioral Ecolog®3 11861194. doi: 10.1093/beheco/ars099.

Teichroeb, J. A., Holmes, T. D. & Sicotte, P2012. Use of sleeping trees by ursine
colobus monkeys (Colobesllerosus) demonstrates the importance of nearby food.
Primates53 287296. doi: 10.1007/s10329202991.

21



Voigt, C. C., Borrisov, I. M. & Voigt-Heucke, S. L.2012. Terrestrial locomotion imposes
high metabolic requirements on bats. Journal of ExpéalrBeology215 4340
4344. doi: 10.1242/jeb.076224.

Wasser, S. K. & Barash, D. L983. Reproductive Suppression among Female Mammals
Implications for Biomedicine and Sexual Selection Theory. Quarterly Review of
Biology 58 doi: 10.1086/413545.

White, A. M. & Cameron, E. Z.2011. Evidence of helping behavior in araeging
population of communally breeding warthogs. Journal of EtH28p4$9425. doi:
10.1007/s1016@110268y.

Whitehead, H.2009. SOCPROG programs: analysing animal sociaksguBehavioral
Ecology and Sociobiolo®B 765778. doi: 10.1007/s0026680697y.

Whitehead, H.2008 Analyzing Animal Societies: Quantitative Methods for Vertebrate Social
Analysid.ondon: University of Chicago Press.

Wilkinson, G. & Boughman, J.1998. Social calls coordinate foraging in greater spear
nosed bats. Animal Behavidif, 337350. doi: 10.1006/anbe.1997.0557.

Wilkinson, G. 1984. Reciprocal Food Sharing in the Vampire Bat. Ne&rs81184.
doi: 10.1038/308181a0.

Wilkinson, G. 1992alnformationTransfer at Evening Bat Colonies. Animal Behavigur,
501518. doi: 10.1016/0048172(92)90059

Wilkinson, G.1992b. Communal Nursing in the Evening Bat, Nyctideimeralis.
Behavioral Ecology and Sociobiol@dy225235.

Wilson, E. D. 1975 Sociobiology, the New Syiihessd University Press, Massachusetts.

Wolf, J. B. W., Mawdsley, D., Trillmich, F. & James, RR007. Social structure in a
colonial mammal: unravelling hidden structural layers and their foundations by
networkanalysis. Animal Behaviotd, 12931302. doi:
10.1016/j.anbehav.2007.02.024.

Zhang, P., Li, B., Qi, X., MacIntosh, A. J. J. & Watanabe, K012. A Proximitdased
Social Network of a Group of Sichuan SNosed Monkeys (Rhinopithecus
roxellana). Intertianal Journal of Primatolo®3 10811095. doi: 10.1007/s10764
01296081.

Zhang, P., Li, B., Watanabe, K. & Qi, X2011. Sleeping cluster patterns and retiring
behaviors during winter in a fra@ging band of the Sichuan snobed monkey.
Primates52, 221228. doi: 10.1007/s103Q910241y.

22



Chapter 2Emergence behaviour

Abstract

Patterns inhe behaviour of animals can reveal intricacies about their social structure,
especially if the behaviour is in relation to others. To evaluate theekagialb of little
brown batsNlyotis lucifugadlewfoundlandl examined their behaviour during emergence
from their day roosts both absolutely (concordance) and in relation to one another
(relatively). Kendal | 0 ssignficarg €ohcordance betweemf ¢ o n
bats emergence order throughout the season, meaning that the order in which a select few
batsemerged from their day roost was consistent over multiple days through the season.
When bats were considered associated if emargiage proximity to one another (within
15 seconds), association indices had shown weak bonds between individuals. It is not clear
why the bats emerge in a similar absolute order but not relative to one another, but this
could be due to factors such adyboondition or individual needs.
Introduction

Sociality amongst animals has historically been a challenging phenomenon to explain
in terms of botlproximate and ultimatauses (Crook 198mith &S z a tAHL995,
Wilson & Wilson 2007). Alexander ()%i4dte that sociality isniversallgletrimentatiue
to increased competition for resources and risk of parasites and disease tra@dimession.
have argued the opposite, suggesting that sdeialityany benefitsuch as protection
from predationd.g, sperm whales, Arnbom & Whitehead 1989; bats, Fenton et al. 1994)
information transfere(g.African striped mice, Rymer et al. 2008; evening bats, Wilkinson
1992a; Bechsteinds bandsqcial WaminggSi€huananab Sc hai k
noselk monkeys, Zhang e tearhalts, Betds Q01 Whethel socmalitysie n d 6 s

beneficial or detrimenialcontextspecific, and the environment necessdrgve initially
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caused or maintained selection pressuEsiam social behaviourmeens to be

understoodn many casekEbensperger et al. (2012) reviewed the literature on female

mammal sociality and noted that there was no consensus on whether it is beneficial, neutral,
or detrimental to individuals. Two main trends obsenthdt sudysuggesidthat

offspring cared for directly by their own parents had a higher survival rate, and sociality had
greater benefits in th®pics than temperate zonEse researchers also noted that there

was a disproportionately large number of stadiEgge carnivores, and lack of studies on

large marine and small volant mammals (i.e., bats). Further, there was a bias towards studying
certain species, specifically primates, in the tropics.

Bats stand out amongst other social animals, since tipeise@%% of all mammal
species and the majority are social (Kerth 2008). The ubiquitous presence of sociality across
chiropteracombined with the diversity of lifsstories within this groumakethem ideal
for examining the factors mediating soci@ite aspect of bat sociality that has been
focused on is information transfer, particulaftymation aboutesources, such as roost
condition (Kerth 2005) or location of prey (Dechmann et al. 2010). For exaviqlessus
molossusspecies thatied on ephemeral insects for food, bats from the same colony forage
together (Dechmann et 2010). In another species thiab forages cgphemerahsects,
the evening baycticeius humeraisuccessful foragers follow more successful bats on
subsquent foraging bout¥ hefollowerswere more successful than those that foraged
alone following an unsuccessful nfg¥itkinson 1992alf.the bat being followed also
obtains some benefit from being followed, such as individual recognition by thaaindivi
which may result in reciprocity later on, thearmation transfer at roosts may be o
benefit of group livinthat is important to certain bat species under specific or limiting

environmental constraints.
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Understanding how information is transtéatroostss challenging. Kerth (2005)
bl ocked the entrance of new roosts and obs
After an attempt by a bat to enter a bloelédoost, subsequently arriving bats would not
attempt to enter, which suggebat the bats were sharing information about roosts. In the
same species, it has also been observeeldtiges shathe same genefatagingsite
althoughthey do not forage togethéut use different areas within the site at different times
(Mdber et al. 2013Relatedness in coloniedMaflossus molassust known (Dechmann et
al. 2010), but their behaviour was opposit
individuals follow and forage togethfdnats forage together, themiay be expected that
there would be a pattern in tbelerof emergence from roosts at dukther,even if bats
do leave the roost together and travel to the saméhagemay not forage together, but
their groupingsan still inform us about the sdstructureof that species

Studies thdtaveexaminedlustering at emerger@ve found that temperature,
light intensity, large colony size, presence of pups and drought can affect emergence
behaviour and timinghich may not be social in nat(geater horseshoe bat, Maltagliati et
al. 2013; Brazilian fr&sled bats, Frick et al. 201Zi)lam et al. (201&xamined clustering
patterns at a highegsolution the individual level. By evaluating individual patterns of
emergerg insightmay be gaedinto interactions occurring between individuals waidin
roosing groups. Perhaps it is not a reflection of social interactions but rather an action for
individual gain, whenedividuals that emerge earlier heyeaccess tmore or betteprey,
but may be more susceptible to predation (Frick et al. 2@xIMy.otis lucifugihe early
evening feeding bout is when the most food is obtained and when insect availability is
highest (as compared to the second bout that occurs after midnight, &riloozy1977).

This may be especially important for lactating females, who have the highest energy demands
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and were recorded consuming the most prey. Beyond access tis ptaysible that
emergence order could also ceftiominantndividuals leavinfirst to have the best access

to food (such as alpha wolves, Thurber & Peterson @9@8jninate individuals forcing
submissives to leawathough dominance has not yet been recorded amongst female bats
(Kerth 2008).

Bats are volarndthusable taravel quickly, whiamakes tracking them a
challenge for researchdrkey are also very small, which excludes the possibility of using
certain technologies, such as GPS locators. The use of passive integrated transponder (PIT)
tags, first useoh batsdy Kerth & Konig (1996), allows researchers to uniquely identify
individuals with a permanent tag and monitor them without recapturing. PIT tags are small
~7 mm long an&5% of the body weight, amdone longerm studyhave been foun
haveno signifiant effect on survival or reproduction (Rigby et al. 2012). By monitoring
roosts with antennas that will record the unique code of each tagged bat as well as the time it
passed by the antenna, researchers are able to investigate the fine scale mbvements an
interactions of bats around thesenitored roosts. Throughis technology, it is possible to
examine emergence behaviour at the individual level.

Gillam et al. (2011) examiredergence order BfT tagged big brown bats at 16
roosts over 5 yeaasd foundthattherewas concordance of emergence order from day to
day buthatoverall it decreased over the seddats.were considered associated if they
emerged within 15 seconds of each other, which produced low association rates that
degraded aftepproximatelyl0 daysOverall, the authors conclddbat emergence order
can inform researchers about social behaVioey state that combining emergence order
with information of within roost movements and subgroup information could reveal overall

socal structure. Gillam et al. (2011) atgethat patterns in roost emergence may be
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important for bat speci@zatlive in humammade structures, which are expected to have
stronger roost fidelity than tree roosting bats (since there are less roostetirain) ad
thus multiple groups may inhabit that same roost (which is usually larger than a tree roost).
Little brown batsMyotis lucifugase londived, social microbatsth females
forming maternity colonies of 10s to 1000s of indivi(feert®n & Barclay 1980). They are
generaligbredatos and have a more varied diet in northemsbutherratitudegFenton
& Barclay 1980). They often forage over water, and lactating females consume larger prey
than others. Fertilization takes placerimgpand torpor delays gestation, so females seek
warm roosts during this time (Fenton & Barclay 1980). Energy demands are higher toward
the end of pregnancy but are highest during lactation. Maternity colonies consist of females
and theiryoung, with theare occasional ma¥oung can thermoregulate by 10 days old,
and are volant by 3 weeks, and continue to nurae &alditiona2 weeksat which time
they are nearly indistinguishable from adults. @dilmnsummer they typicathpst in man
made straturesn the daybut have been found in trees, under rocks and infrequently in
caves.
The social behaviour of little brown bats around the roost is not well understood.
Little brown bats that roost in trdes/elarger and more variable group sizes@s with
larger diameters (Olson & Barclay 2013). Further, larger diameter trees were used more near
the beginning of parturition, and this is when the bats formed the largesiMyretymy
aims to answer a broad questidmat sthe social behavioaround roosts of female bats in
maternity coloni®$ hypothesize that if females maintain-tengy social links with one
anotherand exchange information abmgourceshee will bepredictabl@atterns in
emergence order ofdiidualsSpecificallybats will emerge in groups of individuals they

have social bonds with, ahdre will be a great degree of concordance of emergence order
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that will be maintained over the seadabsolute emergence order is not maintained,
females will at least emectpse to other females they have strong bonds with, and thus may
be seen to emerge within a short interval of one another.
Materials and Methods
Study area

Bats were capturé@m two maternity coloni@s Eastern Canada, on the island of
NewfoundlandTable 1) The forests in these areas are characterized by cohidemus
dominated by Balsam Fbies balsajead Black Spru¢Bicea mariqmath regular
occurrence of precipitation and fog (Thompson et al. 2003). One stuey Isitated in
Pym 0 s Bvheoec! bat boxesze located outside of a building bordering the woods
(bat boxes attached in pairptstslocated about 3 meters apart). The other studyasite
locded at Salmonier Nature Pavkich has 11 bat box&swere located onts (in pairs on
poles, with two poles 20 m apart near one building, and theadfheent ta building 0.5
km away aboutO mapart from eacbther), and three other boxesrelocated km from
thesg(2 boxes on one pole 1 meter from a garage whiahdthsr box attached to the side
of it). All bat boxes were of similar size, with 4 internal chambers of varying depth.
Capturing and tagging

In 2011 and 2012, bats were captured as theyedimamgthe roosts at duslsing
6 m and 12 m mist neapproxmatelyl m from the roofAvinet Inc, Dryden, New York,
USA) and a harp trap (Admit Research Equipment, Lower Plenty, Victoria, Australia)
During 2013, gaures were made using the 6 m and 12 m misttggsances of 30 m to
2100m from the bat bxes Passively integrated transponders (PIT tagd{E1DO
implantable transponders, EIDAP Inc., Sherwood Park, Alberta, Canada) were placed

subcutaneously between the shoulder blades of each bat, and physiealentasue

28



taken ageestimatedrepoductive statwas determinednd haiand tissue samples were
coll ected. AlIIl the ani mal handling protoco
Animal Care Committegnd permi weregranted by the Government of Newfoundland
and Labrador.
Monioring
PIT-tagantennaat the entrance of each bat bonitoredits useby tagged bats.
Ideally ach time a tagged bat passed through an antenna, the date and time, bat box location
and umque code for that individual weeeorded. These monitoring snitere deployed at
both sites from Magugustin 2012 and Ma@ctober in 2013 (monitoring equipment was
not deployed during 2011).
Analysis
Analysisvasmodelled after Gillam et al. (20Ti§yo types of analyses are outlined
below: concordance (compgrthe order bats emerge in between days, regardless of the
time of emergence) and associations (comparing the proximity in time of bats emerging from
day to day)lo precisely characteremergence time, emergence comets conducted
throughout the seas andit was found thag@mergencgenerallpccurs between 1 and 3
hours after sungeWithin this periocthe first record of each bat waken ags emergence
time, and any subsequent rectnata that individualvere removed.
Concordance
To evaluateoncordance between niglth®, 5nights with largest sample size were
selected and bats present on all those nights were chosen for theTanalggis.
emergence observations d haen noted that batftenemergd from one bat box roost
andwouldfly to anadjacent box. Wether communicatiomasoccuring wa uncleabut,

for that reasorthe emergence ordeom nearbyoostsmight not bendependentOnly
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data from each roofinly sufficient data for roost 6, SNP) or pair of rqpststhose 2
roosts attached to a single paleje considered separately (data was not pooled for all of
Salmonier since batere likelyot in contact/communication with thoserairedistant
boxes).

First,| evaluated whether reproductive andnepnoductive batsmerged at
different times, which would affedtether they would lggouped for the next analysis.
Kendal |l s coef f(Wawaseaculatand R(R CarenTeam, 20 83ing e
vegan: Community Ecology Package (Oksanen et al. 2013), 10 00paandtations
were performetb determine probability of the outcomeFor Kendal | 6s coef
then the order of emergence was the sagtenightwhereas if W is 0, none of the orders
wasthe same. To evaluate if conemck values were tethto the number of dagstween
nights, a mantel test was performed to compare the W value between each pair of top nights
to the temporal distance (number of days) between eatiwasimable to evaluaite
concordance changediwieproductive perd, sincghetop 5 nights for each roost mostly
occured during the pregnancy peritedined abefore July™(first babies appeared in bat
boxes June 8@t SNP, witha significant portion & youngpresent by July 4th). There
was also much variatio birthing time, with pregnant femabesng captured throughout
July, which complicated defining distinct reproductive periods.
Association data

For association data, the busiest roosts were chosen at each site, and bats were
considered associateth#y emerged within 15 seconds of one another (Gillam et al. 2011).
This seems reasonable given that Wilkinson (1992a) folastticztefmales leave
within 10 seconds of one another on subsequent foraging bouts within the same night more

often tharexpected by chamcUsing S&rog (Whitehead 200%mporal analysis was
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conducted with each day set as a different sampling perid,Zaichoniemnly bats with
atleast10recor@sPy n n 6 s rd&ordyantd days wibh atleast20ljaBy nn 6 s
Brook=10)present were includems(peGillam et al. 2011)he half-weight association

index was used to calculatediamdardized lagged associatior($a&R) which is the
measure of likeliness for a pair of bats associated at time zero to bedasstmtiatving

time periods (Whitehead 20@®tween batsoth within aseasomnd between seasons.
Half-weight association indeeasures thmumber of times a pair is observed in the same
group,underestimates associations, allolwmggged individlswhich are present but not
recorded as su€Whitehead 2008). This meivas standardized becausddte were

recorded for different amounts of time and many were not recorded every day (see
Whitehead 2008 for discussion). To calculate the stamdaad the SLAR, temporal
jackknife methqdvhere the analysis is run multiple times, each time omitting one or more
sampling day®ote: this was not performed for alloffhg nnds Br ook roost s
not enough data)

Results

From the initiaR28 992 PIftag records at Salmonier, after filtering for first record
during emergence, 12 469 recor dtagrecerdgsai ned;
with 4 609 filtered records remairigidce here was no obvious difference between
emergeretimes of reproductive and a@productive females at Salmonier (Eigiuthey
were pooled for subsequent analysis.

Concordance of emergence between the top five nights at Salmonier was significant
for all roosts and roost combinations except roos2@L2 and roost7 and 8 in@L2
(Table 2). The two nesignificant concordance roosts only had 5 and 4 bats available for

analysis, respectively, and W values of 0.42 and 0.33. Significant concordance values had W
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values ranging from 0.49 to 0.86 (p=)0.Bor all roosts, despite large differences of greatest
time between pairsithe top 5 nights, there was no significant relationship between
concordance of emergence and time between nights (man@dtes3 6 3 ) . Kendal | @
between each pair of nights at each roost was between 0.6 and 0.9, despite the number of
days between the pair (Figure 2). The values at 0.4 and beltramveyost 6 2012 and
roosts 7 an@ 2012, both of which had a low number tf peesent (5 and 4) and
insignificant W values. Roosts at Pynnds B
1&2, 3&4, and 9&10&1hpd too fewndividual records for the concordance analysis.

Based on associations of emergence within 15 secondsaabther, there were no
strong associations between individuatls a mean association of 0.01 and a maximum
association of 0.10 for the two busiest roosts at Salmonier both within each season and
between seasons (Table 3). There was a generakdaassociation rate over time,
however temporal analysis of standardized association rate was not significantly different
from thenull within each year (Figupe\WWhen data wasstrictedo only bats present for
both seasons, and associations wateaded from one season to the next, there was a
decrease in SLAR through the first season and this remained around the null for the second
season, suggesting bats do not maintain their weak associations from one season to the next
(Figure 3)

At P Brook,dngan associatiomsre low, ranginfgom 0.01 to 0.02, with a
maxi mum association of 0.19. Pynnds Br ook
analysis; at roost 1&2, in 2012 the standardized association rate was not significantly different
from the null, but in 2013 it wasleg than the null (Figurg. Between years, roost 1&2
showed an increase of standardized association ratesendhd season, similar to the

patternobservedn the first season (Figurg ihdicating pairs assoeiatore as the season
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progressedt roost 3&4, the association rate in 2012 is sigtijfibayher than the null

until approximatel®5 days, and analysis could not be performed on®9tSBldck of data
(Figure % Comparing both years at roost 3&4 ,absociation rate did not increaske

second year (Figure Einally, when all bats were pooled at the site, those that were present

both years had a standardized association rate that ditknéda the null (Figure)4
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Table 1New bat captres(not previously taggelom 20132013at Pynnds Br ook
Salmonier Nature PadewfoundlandF=female, M=male.

Adult Juvenile
F M F M
Pynnds Br 2011 17
2012 106
2013 166¥ 1 32 31
Salmonier Nature 2012 322* 2 61 67
Park
2013 345 0 6 20 18

¥ An additionaB4 previouslyaggeddult females were recapturelhte summer
* An additionall4 previouslyagged adult females recapturddtensummer

0 67 previouslyaggeddult females andpteviouslyaggednale were recaptured
throughout the season

Note: One trapping session occurred in 201
Il n 2012, there was an initial trapping ses
Salmonier in May, and a second trapping session owardkgin August only at

Sal moni er . I n 2013, two tr adgealyJugeasdea®lgi ons

August for 23 nights; at Salmonier, trapping occurred from the beginning of June through
to the end of July.
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Figurel. Comparison of emgence time of adult fem#de lucifugae$ known reproductive
status at Salmonier Nature Park, 2013. N/R=saproductive.

35



Concordance

Table 2Concordancanalysis dflyotis lucifugpassemerging from busiest roogtsost
recordspt Salmonier NatufRarkon all top 5 night&ights withgreatest number of tagged
bats emergintprough each seagon

Roost Year n Max Kendall P Mantel r P
days W

Roost6 2012 5 26 0.424 0.061 0.144 0.420

2013 11 27 0.717 *503x1G -0.665 1.000
Roost 2012 7 25 0646 *2.52x16G -0.412 0.753
5&6

2013 14 6 0.859 *4.05x10" -0.030 0.599
Roost 2012 4 31 0.328 0.186 -0.207 0.688
7&8

2013 10 11 0.597 *6.76x10  0.268 0.363
Roosts 5 2012 17 11 0.497 *5.08x16 -0.899 0.991
8

2013 15 33 0.491 *1.70 x10 0.079 0.513

*significant results

Note: Only roost 6 had sufficient data for independent analysis, all others were analyzed as
pairs of roost boxes attached to the same pole. The last analysis pools all roosts, 5 thought 8,
where roost 5&6 are located ~20 m away fi&é1 Kendall W indicates the level of

concordance between the emergence orders of the 5 nighRsnaitthting significanae.

= number of individuals. Max days = greatest number of days between any pair of top
roosting nights at that site.
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this was compared to thember of dayketween the pair of days analyzddh@lpoints
under acoefficienof concordance of 0.4 are from roost B012 and roost 7&8 2012
where only 5 andBhtsrespectively were available for analysis, which was the lowest amount

used for analysis.
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Associations

Table 3Association analis of emergence ordemdyotis lucifudrasn multiple roostsit
SalmonierAssociation index mean and maximnas calculated for each season and both
seasons combineding half weight index. Only days with 20 bats emerging and only bats
with at least@records were includeds number of individuals.

Association (SD)

Roost Year N Mean Maximum

Roost 5&6 2012 58 0.01 (0.01) 0.09 (0.02)
Roost 5&6 2013 82 0.01 (0.00) 0.09 (0.04)
Roost 5&6 20122013 104 0.01 (0.00) 0.09 (0.03)
Roost 7&8 2012 46 0.aL (0.01) 0.10 (0.04)
Roost 7&8 2013 88 0.01 (0.00) 0.09 (0.04)
Roost 7&8 20122013 84 0.01 (0.01) 0.09 (0.05)
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Table 4Association analysis of emergence orddyatis lucifufrasn multiple roosts at

Pynnos

Br ook.

As s oc i mwasealculated fbreeach seasanranda n d
both seasons combined using half weight iGuf#x.days with 10 bats emerging and only
bats with at least 5 records were includedumber of individuals.

Association (SD)

Roost Year n Mean Maximum
Roost 1&2 2012 78 0.01 (0.00) 0.11 (0.04)
Roost 1&2 2013 58 0.01 (0.01) 0.19 (0.08)
Roost 1&2 20122013 32 0.02 (0.01) 0.08 (0.02)
Roost 3&4 2012 58 0.01 (0.01) 0.12 (0.04)
Roost 3&4 2013 46 0.01 (0.01) 0.19 (0.11)*
Roost 3&4 20122013 24 0.02 (0.01) 0.09 (0.03)
All 20122013 56 0.02 (0.01) 0.10 (0.02)

* based on 20 days of data
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Figure3. Temporal analyseéssociations (haifeight indexfor two roost sites of one colony

at Salmonier Nature ParkMyotis lucifugR®ost 5&6 anRoost 7&8 during 2012013

and over both seasorshalyses of standardized lagged association rate of individuals over
time. Vertical lines represent standard error for lagged associations.
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Discussion

My study foundupport for the hypothesis that female little brown bats maintain
somewhalongterm social links thate reflected through the maintenanakisk
emergence order pattefosup t033 daysThere was significant concordance (p>0.05)
between the top 5 nights at the busiest roosts of Salmoni&r.emthd @ rahging from
0.49 to 0.86, which is highearthV observed in big brown bats, ranging from 0.32 to 0.77
(Gillam et al. 2011). There was no relationship between concordance and distance between
pairs of days on which it was analyaagijestinthat concordance of emergence is
maintained throughoutdtseasoim M. lucifugusnlike the big brown bat which only
maintains concordance for short periods (Gillam et al. 2011).

Association rates for both Sal monier an
associations of 0.01 to 0.82d a maximum associatidi®d 9. Generally, standardized
lagged association rates did not differ from the null associatioesatieg there wag
evidence of persistent groups being formed during emetgersame trend was also
observed ibig brown bats (Gillam et al. 2DThe observed concordance of emergence
order but lack of significant associations may mean that emergence order does not indicate
sociality, or thany definition of association, emerging within 15 seconds of one another, is
not appropriate for the col@s under studfhere was a trend at both Salmonier roosts for
an increase in standardized association rate in the second season, after a decline through the
first seasonlhis suggests that when the bats return from hibernation, theyrewd to
stronge associations thithe same individuals during this tih@nthey had in the previous
year. It is possible then that ldagn social bonds are maintained from year to year, but not
throughout the season. This result isstadtsticallgignificant foroost 5&6, although the

pattern is visible in the graph, but for roost 7&8, it is above the null (but only for that short
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window of time). The next step for this study would be to investigate how reproductive
status affects the associations (we did netthaveproductive information for the bats
after censoring data) amdnitoring howhat status changes from year to year (there were
always nomeproductive adult females captured throughout the season).

Given that the bats maintained relative emergeaee evidenced by their general
emergence concordance between nights, it is somewhat surprising that standardized
association rates were not, on average, higher than the null association rates. The emergence
order analysis involved a small subgeggédindividuals, which is due to the nature of the
Kendall 6s coefficient of concordance, whic
evaluated are included. In contrast, the association analysis included many more individuals,
and instead of evatumy relative emergence order for comparison, it examines absolute
emergence order. Therefarseems that the bats emerge relative to one another, but when
associations are based on emerging wishioratime period df5secondsf each other,
this 5 not the cas®ata fom roost 6 and roost 7&8yggesthat the number of bats
included may be correlatedheability to detect trends; these two roosts had the smallest
number of bats included in their analysis, and were the only roosts to lggicants
concordance between nightsonducted a power analysis for a correlation test (there is no
power analysis féte n dsadeffialent) and the sample size was not large enough to detect a
small effect siz8y ncluding more individualsintotkee ndal | 6 s r el ati ve er
analysigesearchersay be better able to understand the connection between relative and
absolute emergence order and the importance they have for the bats.

Other factorgoncerning equipmemntay have influencedy ability to investigate
emergence ordén my study systeymot all individuals are taggaadd those that are tagged

are not always recorded due to equipment failure or lack of sensitivity. Furtthenaore,
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may have bednasresulting fromimiting emegencdimeto the time froml hour after
sunseto 3 hours after sunsethich lefta 2 hou@vindowdfor emergencél'he longest
emergence count observed in the field was 1h 20min, which means that in a two hour
emergence window, there is the opportuoitipdts to come from unmonitored roosts or
roosts where their tag was not recorded due to some malfunction, and they can enter another
roost, and this is actually a roost switch or return from foraging, but may be recorded as an
emergence for that indivaluFurther, only taking the first recording of each bat for each
night may have biased the data since it has been observedrtiatisaitsat the edge of
the bat boxoftenon the antenna, and will sometimes crawl back into tldehnoxtheir
emergece record may not reflect their true emergencéthiméehaviour was observed
several times during emergence counts, but may be due to the presence of researchers and
not a true reflection of the behaviour of the bats) approach of using the fiestord
during the emergence period eliminates the chance of using an emergence time that is the bat
returning to the roost, and this is a traffie

In comparisonbig brown batbave shown concordance between nights that were
close together, but this detgd with increased time intervals (Gillam et al. 2011).
Association rates were low and the lagged association rates did not differ from the null
associations. Gillam et al. (2011) hypothesized that these results could be the reflection of the
fissionfusian dynamics of big brown bats, where individuals formtshorgroups which
break apart and reform into new godje social structure of colonied/ofiucifugis
unknown, but from mfindings it is likely that this specdoes not randomly asseciats
likely that many more years of data may be required for such large colonies, given that for
small coloniesof 205 Bechsteinds bat s, | ong term dat

(Kerth & Van Schaik 2012).
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In a similar species, the standardamgged association rate has showiviyiatis
septentriontdisn groups which remain for approximately 10 days before dissociating, and
some individuaferm longterm relationshiphatare maintained throughout the season
(Garroway & Broders 2007).dirtstudy differs in their definitiori lbats being associated.

For this chapterand Gillam et al. (2011), bats were only considered associated if they
emerged within 15 s of one another, whereas in the Garroway & Broders (2007) study, bats
wereconsideredssociated if they shared the same day roost. For all théhiea@illam et

al. (2011) studshey all shared the same day roost, and s ke considered always
associated according to the definition of assoadisgohin Garroway & Broders (200

The study system Giillam et al (2011) was fundamentally different bemdyskeroost

was monitoredt each site, and thus roost switching could not be recorded, necessitating a
more strict definition of associatibhmited my data in this chapte look at each roost or

pair of roosts separately, for the data to be comparable to Gillam et al. (2011), however the
following chapter will evaluate associations similarly to Garroway & Broders (2007).

Another hypothesis proposed by Gillam et al1§26 that individuals may be under
different energetimonstraints depending on their body condition or reproductive atatus
bats with higher energy demands (reproductive, poor body condition) emeryeéhearlier.
considering all females at Salmdarewvhichl have reproductive status information,
emergence time overlaps between reproductive anejpnoductie individuals.

Unfortunately, tid not have enough data for analysis of concordance of emergence order
between reproductive perio@dlamet al. (2011) suggest that body condition is more likely

to influence emergence ordempothesizing that bats with poorer body condition must

emerge earlier to have more foraging time. In future studies, body condition and emergence

time should be compakren femaléV. lucifugasd other bat species.
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With myresults it remains unclear whether information transfer occurs in colonies of
M. lucifugusince this was not direclgsessedf individuals emerged in groups, it is
possible that they had sharddrmation about resources, such as prey, but no consistent
pattern was observedemergence behaviolihis begs the question of why this species
gathers in coloniéss it only for the shelter of the bat boxes? At Salmonier there are 11 bat
boxes ofimilar dimension, although some are higher than others, different colours, differing
clutter/tree branches around the entrance, diffpraxgmityto the woods and water, and
there igreaérvariance in the number of bttatconsistently occupy the®lson &
Barclay (2013) found larger and more variable group sizes occupied tree roosts of larger
diameters, hosver the bat boxes in siydy site were of similar diameterh&jes
information transfer does occur but is not reflected in the fine sdadelofeaemergence,
but there could be following that occurs with the maintenance of relative emergence order.
In conclusionM. lucifugeshibit significant concordance in relative emergence order
yet they do not form groupssed on associations of enmgrgvithin 15 seconds of one
anotherlt seems likely that this observation may be due to individual qualities, such as social
status or body condition, but not reproductive stBaisieen seasons there is an increase in
lagged association rates at tlggnipéng of the second season, and this may be an indication
of longterm bonds, but it is unclear. Future research should focus on whether groups are
formed after emergence, which could be answered through telemetry studies. Additionally,
analysis of behawur within the bat boxes would inform us about their social strifcture

any, albeit it is challenging given the numerous amount of individuals within each roost.
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Chapter 3 Patterns of roost use
Abstract
The waybats use roosts has often been used to discern their sociality. | examined day

and night roost use of little browridbo@lyotis lucifugusNewfoundland. | found that bats
at a smaller site with fewer roosts tended to use a larger portion of those roosts whereas at
the larger site, they used only a few. Bats switched their day roosts up to 37 times throughout
the seasqg but when analyzing night roosting activity, it was found that bats would switch
roosts often, up to 60 times within a night, with reproductive bats switching more frequently.
Associations based on day roosts revealed weak social bonds betwees.itiieidial
little brown bats seem to switch roosts more often than expected but possibly not based on
relationships with other bats.
Introduction

Behaviour is the most immediate and direct way an animetloaatizéo a
change in the environmentd this may be of utmost importance tq#rsistencef a
species (Kappeler et al. 2013). The diversity observed in mammals, from brain size, longevity,
and especially social complexity, amongst other traits, make this group ideal for studying the
causs of flexibility in social behaviour (Crook 1970, Ebensperger et al. 2012). In a review of
flexibility in mammal sociality, Kappeler et al. (2013) suljgast Tinbergian approach is
necessaity betterunderstand sociality, considering both ultinmat@@ximate causes. The
authors outline developmental, genetic, ecological and evolutionary constraints as the main
factors affecting sociality, insisting they must be examined in conjunction with one another.
This chaptewill focus orproximate causespecificallgnvironmental constraints of

suitableoost availability as well as the intrinsic trait of reproductive status.
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Unlike most mammalsiost bat speciesinnot create their own roosts, and this is
thought toposestrong ecological constraintstibem, especially for temperate zone bats
which are exposed ¢atended periods obldwithout a food sourdgerth 2008). Bats
comprise 25% of all mammal species, and exhibit eanggeof social behaviours (e.g.
pup-guarding, Bohn et al. 2009; febaring, Wilkinson 1984; group hunting, Dechmann et
al. 201)) however there are gaps inuhderstanding of tHfactors influencing their
socialityKerth 2008). In bat research, there has been much interest in roptaise
especially in terms @fdtors and key roost characteristics driving roost selBdgbiaih et
al. 1997Henderson & Broders 20@@ement & Castterry 2013 It is unclear whether the
limited supply ofoosts is the main cause for bats to gather in groups, but given the many
environmentgtropics and temperate areas, availability of different types of roosts in the
area, and so om) whichbat socialitpccurgfrom leaf roosts to rare large caves
unlikely this constraint can explain sociality in bats (see Kertbr2008| discussion)o
uncover the factors causing sociality in mammals, ecological comstrstits considered
in conjunction with other factors, such as life history, genetics and matind<sygtelar(
et al. 2013).

Along with ecological cdrasints animals also experience social constraints, where
social interactions with others are part of the environmeningftbetr lehaviour and
fithess (Kappeler at. 2013). In a recent review of methodology employed in the study of
bat social behawr, Johnson et al. (20t8ntendghat many studies on bat sociality focus
on day roost cbabitation as the measofesociality, and this may provide a mere
superficial understanding of their sociality. The authors give the example of the common
vampie bats studied by Wilkinson (1984) where many individuals may inhabit the same

roost but only food share with certain individuals, and thus there are varying levels of social
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interactions within a énhabited roostThey also give &xampldrom the som@l analysis
of stripedfreetailed batby Rhodes (2007Bats captured at one communal roost were
radiotracked to other small deyosts. Based on deyost use, bats associated with their
dayroostmates less frequently than expected, however theyaltgohgregate at the large
communal roost during the night; the author suggests that night time behaviour be included
in association analysis to gain complete insight (Rhodes 2007)
Day roosting behaviour

Little brown batd\lyotis lucifugosm matenity coloniegonsisting 010s to 1000s
during the summegand may use roosts during the day and nightdtieassually physically
separatehowever day roosts are oftetnumanmade structures (Fenton & Bayc1980,
Anthony et al. 1981IMaternity olonies that use trees durihg reproductive periocghe
been observed to use larger trees at the beginningiofigartvhich is also when group
sizes are largest (Olson & Barclay 20t#yidual little brown bats also swibgtween
roosts throughat the season, but the patterns of this roost use are not BigpWwrown
batsEptesicus fuscesonrandomly associated in a fisdimion network, frequently
switching day roost trees, with the amount of switching correlated withmtiezof bats
using the roost (Willis & Brigham 2004). A-statlied speciedlyotis bechstdingés in
maternity colonies andigchesbetween communday roosten an almost daily bgsasd
individualsare able to maintain loteym social bondsithin structure communities
connected together by older individuals (Kerth 2005, Kerth et al. 2011). When the group of
bats under study experienced a sharp decline after a harsh witegmIbogds were
maintained but the substructure of two communities withioltreyaisappeareBdigger

etal. 2013
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Day roost usenay vary asnergetic needs change. In Daubenton's bats, where both

femalsand males forreeparatsocial groups (with different structure), both sexes use
di fferent roosts through t lyestatodemalesnose( Lul an
warmer roosts whereas males almost exclusively use colder roosts, and this is likely due to
thecosts otorporduring pregnancis juvenilebecome volanadult females use colder
roosts, which mayelp the batsake advantage of torpéit the same time, males are found
in the warmer maternity roosts, asthi ng begi ns ( Lul anlookingHan 8§ k
atroostuse over a season may maskiibre subtle roost selection that occurs as energetic
and environmental factors change, and temporal use must be taken into account.
Night roosting behaviour

For M. lucifugagght roosts are generally separate faymmabsts and are used
between foraging bouts (Anthony et al. 1981). Night roost use varies through the season,
depending on prey, temperature and reproductive staitusight roostased most during
late summer, once juveniles are volant. Night rgaktration is longest on cold nights, and
they are rarely used by reproductive females during lactation, as they must return to the
maternityroostfor the young at this tinf@dnthony et al. 1981).

| hypothesizitthat given the general grouping behawbht. lucifugusombined
with female roost fidelity (0.23 to 0.53 probability of young to netoext year, Frick et al.
2010 and longevity of up to 34 years (Davis and Hitchcock, t@35)ilform social
bonds which will bapparent in their dagost usebut that these bonds magry with
reproductive status, and if s@xpect that lactating females may form stronger social bonds
than nonreproductive femaleSocial bonds may be letegm associations that persist
throughout and between swas or teremay be some var@ti of strong and weak bonds

thatmay degrade over tinfkairther,] may expect that individu#tisthave a high incidence
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of nightly roosvisitsmay have a higher connectedness to others, forming stronger social
bonds, sioce they are exposed to more individuals and thus have more opportunity to
interact and form bond&lternatively, those that remain in the same roost may maintain
stronger bonds with a subset of individuals rather than weak bonds with many individuals.
Methods
Study area

Bats were capturéam two maternity coloni@s Eastern Canada, on the island of
NewfoundlandTable 1)The forests in these areas are characterized by cohidenus
dominated by Balsam Fir and Black Spruce with regular oconirgreceitation and fog
(Thompson et al. 2003). One studywsdie | oc at ed iwhereRlpat Inokesae Br o o k ,
located outside of a building bordering the woods (bat boxes attached in pairs to trees
located about 3 meters apart). The other studyasitecated at Salmonier Nature Park,
which has 11 bat box&swere located on site (in pairs on poles, with two poles 20 meters
apart near one building, and the others at a building 0.5 km away about 10 meters apart from
eachother), and three other bexeerelocated 1knfrom thesg2 boxes on one pole 1
meter from a garage which has another box attached to the sideldiat)boxes were of

similar size, with 4 interrcdlambers of varying depth.
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Whiskey Pond
© 2012 Google

Image © 2012 DighalGlobe GOOgle‘earth

Imagery Date: 4/19/2011 ‘WE 47°16'31.96" N 53°17'10.61" W elev 140 m Eyealt 1.35km ()
Figure 1Site map of@monier Nature ParkH area is 1 km frothe main park and has
three roosts within 1 m. Within the park there are 8 rogstaelby headquarters (HQ) and
5-8 are by the visitors centre (VC). All roosts were monitored in 2012 and 2013 except for
roosts 911 were not monited in 2012.

54



Capturing and tagging

In 2011 and 2012, bats were captured as they were emerging from the roosts at dusk
usingé m and 12 m mist netd m from the roosAvinet Inc, Dryden, New York, USA)
and a harp trap (Aukbat Research Equipment, Lowénty, Victoria, Australia). During
2013, gatures were made using the 6 m and 12 m mist nets at distances d2®®m to
from the bat boxes. Passively integrated transponders (PIT taf3;1BMimplantable
transponders, EIDAP Inc., Sherwood PAHgerta, Canada) were placed subcutaneously
between the shoulder blades of each bat, and physical measurements, age, reproductive
statues, hair samples, and tissue samples were collected. All the animal handling protocols
were approved UniyersitytAeimabGare @ammMee rand @esmitting was
granted by the Government of Newfoundland and Labrador.
Monitoring

PIT-tag monitoring equipment was used to monitor the use of bat boxes by the
tagged bats, with an antenna placed over the entrandelmhedtach time a tagged bat
passed through an antenna, the date and time, bat box location and unique code for that
individual was recorded. These monitoring units were deployed at both sites-from May
August in 2012 and M&ctober in 2013.
Analysis: st use

Whole seasimunderstand how bats used the roosts available tdtteemamber
of roosts used in a season (Figlyrar® specifically the area of roosts usedrab&er
Nature Parkmap Figure 1, roost uSgure3) were examine®ay uséhe number of day
to-day roost switchdgr each year at each site astsnatedFigured). Night usé evaluate

nightroostvisiting frequengyhe number of roostssitedwithin eac24-hour periodwas
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estimatedFigureb). This night visiting behaviowas compared to multiple network
statistics (defindakelow) for each individualitkh a known reproductive status.
Analysis: Social structure

To evaluate social structuraséd the two seasons of data from each site, including
only bats recorded on ®ays, and only days which there was dagost location data for
>9 bats. Analysis was performed acheyear separately, andatsonly present for both
seasonsTo analyze associations,-a#st use for each bat was entered into SocProg
(Whitehea@®008) and the half weight index (ranging from 0=no associations to 1=always
associated) was used to calculate individual and average associations. Network analysis was
performed, calculating individual and overall strength, eigenvector centralitiysteaciy
coefficient and affinitygs defined by Whitehead (208&ength for an individual is the total
of all their associations with every other bat in the analysis. Eigenvector centrality measures
how connected an individual is to others, and htéwheether bats it associates with are
connected, essentially measuring if bats that form strong associations will associate more
with other bats that form strong associations. Reach is important for seeing how behaviour
can propagate through a socity evaluates how individuals are indirectly connected to
others in the network. Clustering coefficient evaluates how well connected the bats
associated with an individual are. Affinity combines strength and association indexes,
comparing the strength afsaciations of a bat associated with the individual and weighting
this by the association index value betieeibat and the associated bamporal analysis
was calculated for each season and the combined seasons for each site.
Results

From SNPand PB, 281 663 PIT tag records were obtained from monitoring during

20122013 Day oost use diffedbeween the two sites. At Rigere vereonly 4known
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roostsand90%and 70 %of taggedas used all the roosts2012 and 2013 respectively
(Figure 2 At SNP, in 2012 it was found that the majority of bats used 4 roosts through the
season. In 2013, with 11 roosts monitored, most bats8sedsts. When examining SNP
roost use by site, it was found that 36% of bats would use both sites thatagrarl
and the rest were only recorded at one general site riqudieating that this is likely the
same colonyith colony defined as a group whede/iduals have the opportunity to
interact with eaabther as pe¥ohnson et al. (201E)gure 13)

Roost switchindrom one day to the nexaried by individuah majority of bats at
SNP switched roastt11 timespneup to 37times(Figure 3. At PB,mostbatsswitched
roosts between 1 andtires, up to 33, in the seaddight roost visitsluring 24 hours
peaked during July, and was most frequently observed from reproductiverferaadesat
SNP than PB (Figuré.5

Most associations were weako(0.1)eft panel, Figuré7), however PB had a
higher frequency of stronger associatAinfSNP, mean associations ranged from 0.05 to
0.11within a seasomvith a maxinm associations ranging from Qa!8.51When bats
present at SNP for both 2012 and 2013 were analyzed, mean association was 0.07 with a
maximum of 0.34At PB, mean assocdats ranged from 0.08 to Ovi4hin a seasomvith a
maximum associations ranging from 0.35 to\WHdn bats present at PB for both 2012
and 2013 were analyzed, mean association was 0.13 with a maximudvefdll40.
network analysis for each sitertitireveal any significant strength, eigenvector centrality,
reach, clustering coefficientadfinity. In the temporal analysis, associations started higher
than the null association untit&®days for SNP 2012, SNP 2013, and PB 2012, but only
until 2530 days foPB 2013 (right panel, Figurd6When data sets from both season

wee combinedbottom right panel, Figure79, both sites initially showed a significantly
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high association rate whitdcreagbthroughout the firstection of the time lagutin
Salmoniethere was an increase in associatiomréite second portion, and these reflect
associations taking place during the second season exclusively given the time elapsed
between the first day associated and 250 days or more laterr{ngttedfirst portion of
the time lag, there may be both associations from either the first or second season). When a
similar analysis was conducted for Pynnos
association rates that did not differ significémm the null.

Comparisons of network measures between reproductive classes to maximum night
roost visits did not show astatisticallgignificant relationships (Figure 8lthough
reproductive bats switched roosts more often, they were not maltg socnected in gn

aspect of network analysistliae norreproductive bats.
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Table 1 Mean and maximum association values using half weight index for lmfthl sites

lucifuguser two years analyzed separately and together. For analysis of geanisingnly
bats present both years were included.

Association (SD)

Roost Year n Mean Maximum

SNP 2012 112 0.11 (0.04) 0.51 (0.14)
2013 267 0.05 (0.02) 0.43 (0.16)
20122013 (bats botregs) 149 0.07 (0.03) 0.34 (0.14)

PB 2012 81 0.14 (0.03) 0.44 (0.11)
2013 63 0.08 (0.02) 0.35 (0.08)
20122013 (bats bottegs) 71 0.13 (0.03) 0.40 (0.10)
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Table 2Network analysis values from associations calculated using half weight index for
both sites over two years analyzed separately and tégetapalysis of combined years,
only bats present both years were included.

Roost Year Strength Eigenvector Reach Clustering  Affinity
centrality coefficient
SNP 2012 11.98 0.09 (0.04) 161.92 0.22(0.05) 13.05 (2.00;
(4.32) (67.13)
2013 12.61 0.05 (0.03) 197.09 0.15(0.06) 14.40( 3.30
(6.18) (120.14)
20122013 10.68 0.07 (0.04) 140.19 0.16 (0.04) 12.52(1.71
(bats both (5.12) (77.74)
yeds)
PB 2012 11.24 0.11 (0.03) 134.05 0.26 (0.03) 11.86(0.48
(2.78) (35.90)
2013 5.25 0.12 (0.04) 29.72 0.22(0.03) 5.58(0.43)
(1.47) (9.57)
20122013 8.98 0.11 (0.03) 85.65 0.25(0.03) 9.49 (0.38)

(bats both (2.24)
yedas)

(23.09)
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Figure 2Day 10ost use biyotis lucifugus Py n nd andSBImamier Natyre Park) (b

in NewfoundlandOnly bats present on 10 days or more were included. Day roosts
characterized by the first record of each bat during the emergence period. Only 8 roosts were
monitored at Salmonier during 2012, and this was expanded to 11 roosts in 2013.
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Figure 3Roostuse at Salmonier Nature Paéfer to site map for locations, Figurelh)o
sites= bats used both the main park area and ther&&l km away. One $tacludes

just theFH areausal (FH), visitors center boxes ofWC), headquarters boxes ofthQ),
and visitocenterand headquarters (VCHQ).
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Figure 4Number ofrecorded incidences of bats switching day roosts over a season. Only
bats with 10 day roosting records for each year were in8hdsdSalmonier Nature Park,
PB=Pynnds Brook.
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