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Abstract

1. Bats are known for their gregarious social behaviour, often congregating in
caves and underground habitats, where they play a pivotal role in providing
various ecosystem services. Studying bat behaviour remains an
underexplored aspect of bat ecology and conservation despite its ecological
importance.

2. We explore the costs and impacts of overcrowding on bat social behaviour.
This study examined variations in bat behavioural patterns between two
distinct groups: aggregated and non-aggregated male Rousettus
amplexicaudatus, within the Monfort Bat Cave Sanctuary on Mindanao Island,
Philippines.

3. We found significant variations in the incident frequencies of various bat
behavioural activities, particularly regarding aggression and movement,
between these two groups. The increase in aggregation was closely related to
negative social behaviour among bats.

4. In contrast, sexual behaviour was significantly related to the positive
behaviour of individual bats and was headed in less crowded areas. The
disparities in bat behaviour with an apparent decline in bat social behaviour
because of overcrowding, with more aggressive behaviours emerging, align

with the ‘behavioural sink” hypothesis.
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5. Our study underscores the importance of considering habitat quality and
availability of resources in the management and conservation of bat colonies,
as these factors can reduce the occurrence of aggressive and negative social
behaviours in colonies with high population density by providing alternative

habitats.

Keywords: Aggression, antipredator behaviour, caves, ethology, group size effects

Introduction

Bats are one of the most widely distributed mammalian taxa worldwide, with
a variety of habitats and diverse roles within ecosystems. Given the high diversity of
more than 1400 described species, bats may be specialists or generalists in diet,
habitat, and roost sites (Simmons & Cirranello, 2020; Tanalgo et al., 2022). Caves are
one of the most important roosting sites for roughly half of the bat species (679,
48%), probably because they reduce the risk of predation and provide thermally
stable environments in which bats can safely shelter (Furey & Racey, 2016; Tanalgo
et al., 2022). Many cave-dwelling bats are hypersocial, and their guano can form the
basis of food webs in cave communities (Meierhofer et al., 2023). Colonies can host
millions of individuals, and some species cluster in tight groups (Phelps et al., 2016;
Barros et al. 2020). However, this reliance on caves means that loss of roost sites or
high disturbance may lead to displacement or increased stress and crowding within
cave sites. Furthermore, roost selection within cave environments not only relates to
species-specific preferences but within a species may relate to reproductive modes
and status, as well as dominance level (Ho & Lee, 2003; Lima & O’Keefe, 2013).

Numerous animal species, including bats, exhibit aggregation (Philippe et al.,
2016), wherein they are either attracted to a resource or socially drawn to other
individuals, generally forming groups to reduce predation risk or improve access to
resources and mates (Kerth, 2008; Safi, 2008). Interactions between individuals

within these aggregates can subsequently alter the overall behaviour of the group
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(Kerth, 2008). Most bat species have an optimal roost type and interindividual
spacing, which varies based on aggression, body size, air temperature and other
factors. Many species use darker spaces of the cave that are further from the
entrance of the roost, and larger or more aggressive species may be more likely to
have more space between individuals to reduce stress and the possibility of
overheating (Medina-Bello et al., 2023; Rodrigues et al., 2003). Multiple variables can
influence the well-being of roosting bats, including the structure of the roosts,
surrounding ecological conditions, and anthropogenic interventions within cave
ecosystems (Nagy & Postawa, 2011; Sedlock et al., 2014). Thus, factors that change
interactions between individuals could increase stress and affect individual bat
health (Allen et al., 2011; Zagmajster, 2019) and susceptibility to disease and
parasitism (Hayman et al., 2013; Webber et al., 2015).

Research on cave-dwelling bat ecology is increasing (Tanalgo et al., 2022). Yet
most studies have concentrated on their responses to ecological changes (Cajaiba et
al., 2021), and very few on their behavioural responses to intrinsic and extrinsic
factors. Empirical data on density-dependent responses remains scarce for many
species (e.g., stress behaviour, overcrowding, and diseases) (Chaverri et al., 2018;
Hoyt et al., 2021). A more precise understanding of the impacts of overcrowding is
clearly needed, especially given that most mammals become more susceptible to
pathogens when stressed (Horton et al., 2020; Webber et al., 2015).

Understanding how bats react to suboptimal conditions presents a major
challenge in ecology. Most investigations have centred on non-cave bat species in
their natural roosts or enclosures (Thomson et al. 1998; Hengjan et al. 2017; Garca-
Rawlins et al. 2020). Thus, little work has been done to explore these phenomena in
cave bats, likely due to the difficulty and expense of studying bats in the wild
(Revilla-Martin et al. 2020; Reeder et al. 2004). Studies investigating bat responses to
intrinsic and extrinsic factors usually measure stress levels using hormones requiring
blood or urine samples (Allen et al., 2011; Davy et al., 2017; Reeder et al., 2004), but

this approach is costly and sometimes unreliable (Reeder et al., 2004). Therefore, less
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intrusive, and economically efficient techniques are required to understand how bats
react to stress under natural conditions.

The loss of roost sites, such as due to mining, may displace bats from previous
roost sites and increase density at remaining sites, potentially causing overcrowding,
as well as forcing bats to roost in suboptimal conditions based on loss of more
suitable sites (Pretorius et al., 2021). Overcrowding in bat colonies can increase
negative interactions and even increase individual body temperature. The
‘behavioural sink’ hypothesis, initially introduced by ethologist John B. Calhoun in his
tamous experiments with rodents in the mid-20th century (Calhoun, 1966, 1973),
posits that when population density exceeds a specific threshold, there is a
significant decline in behavioural and social patterns among individuals (Calhoun,
1966, 1973). Such behavioural changes may typically manifest as heightened
aggression within the population (Calhoun, 1973). However, while the ‘behavioural
sink” hypothesis has been demonstrated in laboratory experiments in other mammals
(Ramsden, 2009), few natural conditions are likely to lead to comparable patterns of
overcrowding, which could lead to such consequences under natural conditions;
thus, the differing density in roosts within the cave provides the perfect arena to test
these theories under natural conditions.

Tropical environments often host the most diverse bat assemblages. The
Philippines is home to at least 78 bat species, and almost 40 are cave dwellers
(Lawrence et al., 2010; Tanalgo & Hughes, 2018). The world’s largest colony of
Rousettus amplexicaudatus is estimated to be approximately 1.8 million individuals in
the Monfort Bat Cave Sanctuary (MBCS) in the Island Garden City of Samal in
Davao del Norte, Philippines (Carpenter et al., 2014). The bat population at the roost
can differ significantly between the walls and the ceiling. On average, the colony has
a 427.9 9 bats/m?*density, but the estimated density in the Monfort Bat Cave
Sanctuary is predicted to be higher (Carpenter et al., 2014). There is no prior study
on the average population range of R. amplexicaudatus in Philippine caves. Previous

surveys have an average estimate of more than 100 individuals in a single cave
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system (e.g., Sedlock et al., (2014) in Central Visayas and Tanalgo & Tabora (2015) in
Southcentral Mindanao). However, more intensive population surveys in Panay
showed that even the larger cave systems have a smaller population, ranging from
6,500 to 198,000 individuals, compared to the smaller cave of the MBCS (Mould,
2012). Previous field observations in MBCS further speculate that bats that roost in
cave areas with a higher density of individual aggregations within their colonies
exhibit more pronounced ‘aggressive’ and ‘restless” behaviours throughout the day,
suggesting individual overcrowding (Tanalgo et al., 2020).

The diurnal activities of bats have been investigated in a number of species,
with a particular focus on Pteropus species, both in their natural habitats and in
captivity (Hengjan et al., 2017; Manandhar et al., 2018; Ramanantsalama et al., 2019;
Roy et al., 2020; Thomson et al., 1998), yet there are no clear studies that assess bat
social behaviour (i.e., negative and positive) in response to gregarious behaviour
(e.g., overcrowding in colonies). The interest in the behavioural investigation of
cave-dwelling bats and their social interactions (Cardiff et al., 2012; Ramanantsalama
et al., 2019) is increasing, but only a few caves are considered to hold a hyper
population, e.g., Bracken cave in the United States and Monfort cave in the
Philippines. However, it should be noted that establishing what constitutes
overcrowding for specific species is challenging due to the lack of data, as well as
potentially confounding factors which may alter density. Testing how behaviours
vary based on overcrowding remains an interesting topic that requires further
research, especially as increased negative interactions that may increase because of
overcrowding can have major health outcomes.

Here, we investigate whether the patterns of diurnal behaviour among cave-
dwelling bats are influenced by their roosting density (aggregated vs. non-
aggregated) in their cave colony. To do this, we observed two aggregations of male
Rousettus amplexicaudatus in Monfort Bat Cave Sanctuary and assessed notable
disparities in frequency incidents within various bat behavioural categories and

units between aggregated roosting colonies and those that did not. Specifically, we
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estimate the effects of density on the occurrence of ‘positive” and ‘negative’
behaviours. We then test if there are correlations between the incident frequencies of
these behavioural units. We made predictions on the association between the
frequency of incidents within behavioural categories and aggregations and their
effects on the occurrence of “positive” and ‘negative” actions and interactions in
roosting bats. We predict that (1) aggregated colonies sleep less than non-
aggregated colonies and (2) increased colony aggregation increases aggressiveness
and negative behaviours. We posit that increased negative interactions in
aggregated colonies likely result from overheating due to increased density and

possibly even irritability due to repeated contact and disturbances.

Materials and Methods

Study sites and species

Our observations were carried out within the Monfort Bat Cave Sanctuary
(MBCS), situated on Samal Island in the Garden City of Samal, Davao del Norte,
Philippines (7.050°N and 125.733°E) (Figure 2), and the data collection period
spanned August 2018 to March 2019. The Monfort family privately owns the cave
sanctuary and has been responsible for its conservation for nearly a century. This
cave has gained international acclaim and is documented in the Guinness Book of
World Records for its estimated population of approximately 1.8 million individuals
of R. amplexicaudatus (based on 2018 estimates). These bats are known to inhabit the
walls and ceiling, with an average occupancy of approximately 403 bats/m? and 452
bats/m?, respectively. The cave is approximately 150 m long, 3 m high, and 5 m
wide. In particular, the cave is open to ecotourism and scientific research, although
visitors are not allowed to enter the cave (Figure 1).

The Geoffroy’s Rousette fruit bat (Rousettus amplexicaudatus) is a medium-
sized colony-forming fruit bat with a body size of approximately 128-154 millimetres

and a forearm of approximately 80-92 millimetres. This species is widely distributed
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throughout Southeast Asia and is mainly found in caves in karstic environments.
Unlike other Old-World fruit bats, R. amplexicaudatus has enhanced auditory acuity,
an acute sense of smell, and relatively good eyesight. Collectively, these sensory

attributes enhance aerial manoeuvrability, particularly during nocturnal flight.
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Figure 1. Cave map and entrances (upper photograph) showing two fruit bat colony
aggregations in Monfort Bat Cave Sanctuary (MBCS): (a) aggregated and (b) non-
aggregated roosting areas. The red grid lines indicate the sampling grid of the

behavioural scan.

Video recordings
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Based on the density of individuals within the observed area, we classified bat
aggregations into two distinct categories ‘aggregated” and ‘non-aggregated’.
Aggregated colonies are described when bat individuals cluster together to form a
sizable colony. Conversely, non-aggregated groups were characterized by evenly
spaced individuals at least 0.305 metre (1 foot) from each other within their roosting
area, lacking significant clustering (Figure 2AB). We filmed the diurnal behaviour of
R. amplexicaudatus using a Sony™ DSC-WX500 digital camera (maximum 30x optical
zoom) on the two aggregations. Within each colony aggregation, our filming
sessions covered an approximate area of 1 x 1.5 metres within the roosting site. We
filmed colonies once every hour, for 10 minutes every hour from 07:00 to 17:00 (for
example, Connell et al. 2006). To minimize the influence of observers on bat
behaviour, the observer wore neutral clothing and was located at least 5 to 10 metres

from the roosting colonies.

Behavioural ethograms

Cave bat videography was observed and timed using Behavioural
Observation Research Interactive Software (BORIS) (Friard & Gamba, 2016).
Behaviour was assessed from the recordings in each observation dataset. Behaviour
observation was replicated by dividing the observed colony into 3 x 3 plane grids in
the BORIS interface (http://www.boris.unito.it/). We then randomly selected a single
individual from the three grids, designating them as focal subjects for behavioural
observation. Although it is challenging to confirm that we tracked the same specific
individual within the same grid all day, our initial observations indicated that bats
tend to stay within the same colony throughout the day.

The behaviours recorded included sexual activity, self-maintenance,
thermoregulation, positive social behaviour, negative social behaviour, territorial
behaviour, and non-categorized behaviour following Friard & Gamba (2016) and
Hengjan et al. (2017) (Table 1). The two openings of the cave are vertical, and bats

roosting in these areas are prone to predation, and some colonies move in the inner
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part during heavy rains. We only included and analyzed complete diurnal
observations in the colonies to reduce bias and excluded recordings disturbed by
predators or weather conditions.

We exported and cleaned the data from BORIS and quantified the frequency
(count) of incidents of each behavioural unit and category by tallying the number of
times a specific behaviour occurred within the designated time frame of observation.
Similarly, we determined the duration of each behavioural category and unit by
calculating the ratio of the observed time (t, seconds) for each behavioural unit to the
total observation period (T, seconds) (Connell et al., 2006; Hengjan et al., 2017). In
our final analysis, we only analyzed the frequency of incidents because we found a

strong correlation between frequency and duration of behaviour.

Table 1. Ethogram of the diurnal behaviour observed in colonies of R.

amplexicaudatus.

Behaviour Behavioural Unit Description
Category

Sexual activities ~ Courtship/Fellatio The male approaches the male and licks
the genital area of the conspecifics.
Masturbation The male starts to lick his penis, leading
to an erection, continuously licking the
erect penis for more than one minute
without urination and ejaculation.

Self-maintenance  Self-grooming Licking wing membranes or occasional
bouts of the genitals, including the head.
Thermoregulation Wing flapping Fanning body on the wing membrane.
Positive social Mutual grooming Licking the body of the conspecifics.
behaviour
Play Mock biting or mock wrestling with an
absence of vocalization.
Negative social Aggression Aggressive vocalizations, wing shaking,
behaviour chasing, biting, and/or fighting between
individuals.
Hang alert They are hanging bipedally or

monopedally with eyes open and ears
moving.
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Relaxed Sleeping Immobile, eyes closed, wings wrapped
behaviour around the body.

Hanging relax Hanging bipedally or monopedally with
wings folded or wings open and eyes
open, looking around.

Movement Moving along a cave wall without flying.

Excretion Turning the body upright to urinate
and/or defecate.

Data Analysis

We found that none of our datasets conformed to the assumption of normal
distribution. We used the Mann-Whitney U test to compare whether there was a
significant difference in the frequency of incidents of behavioural units between the
aggregated and non-aggregated groups. A separate Kruskal-Wallis test was then
performed to test the difference in the frequency of incidents between behavioural
units between the aggregations. Subsequently, we used Kendall’s 1-B correlation
analysis to examine the correlation of incident frequency in behavioural categories.
Furthermore, we constructed a separate complete Poisson generalized linear
regression (GLM) to predict the effects of aggregation and behavioural categories on
the frequency of incidence of positive and negative social behaviour of bats. We
included bat colony aggregation, frequency of incidence of sexual behaviour, self-
maintenance, thermoregulation, and relaxed behaviour as explanatory variables.

All data and statistical analyses were performed using the open software
Jamovi 2.3.22 (The Jamovi Project, 2023). Data visualizations were performed with
GraphPad Prism 9 (GraphPad Prism, 2022). Statistical significance was set at p <

0.05. Data were presented as mean * standard deviation (SD) or 95% CL

Ethical Considerations
We adhered to all relevant international, national, and institutional
regulations that govern the ethical treatment and use of animals under Philippine

and Chinese law. We conformed to the protocols and guidelines established by the
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Animal Behaviour Society (ABS) and the Association for the Study of Animal
Behaviour (ASAB) recommendations for animal handling in behavioural research

and teaching (ASAB Ethical Committee & ABS Animal Care Committee, 2022).

Results

We analyzed a total of 59,400 seconds of observations from 99 male focal
individuals in Monfort Bat Cave (aggregated = 60; non-aggregated = 39). Our study
found a significant variation in the allocation of bat behavioural units in the time
budget between aggregations (Figure 2). Among aggregated colonies, sleeping was
the most frequent behaviour throughout the day (27.20%), while hanging relax was
more dominant among non-aggregated colonies (33.73%). Sleeping was the second
most frequent behaviour observed in non-aggregated colonies (24.73%). We found
the highest difference between the aggregation in behavioural incidents in wing
flapping (93.57%) and aggression behaviour (89.32%) (Figure 2A).

We compared the differences in behavioural units between aggregated and
non-aggregated groups. We found that the five behavioural units differed
significantly between the aggregations (Figure 3). Aggregated groups (mean =3.18 +
2.63) had a higher frequency of individual movement behaviour compared to the
non-aggregated groups (mean = 1.85 £ 1.65) (MWU test = 827.50, p = 0.01).
Aggregated bats (mean = 0.88 + 1.15) were also more aggressive compared to those
in non-aggregated groups (mean = 0.03 = 0.16) (MWU test = 626.50, p <.0001).
Aggregated colonies (mean = 0.37 + 0.84) also had a higher incidence of dominant
wing flapping behaviour compared to non-aggregated colonies (mean = 0.03 + 0.16)
(MWU test =963, p = .01). Furthermore, the incident frequency of the behavioural
units differed significantly between the aggregated and non-aggregated colonies

(KW test, H=460.5, p <0.0001 and KW test, H = 327.4, p <0.0001, respectively).
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Figure 2. Comparison of the proportion of incident frequency of behavioural units

(A and B) and the correlation plot of behavioural categories throughout the day.

Each dot represents the correlation coefficient values.
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Figure 4. Correlation dot plot (Kendall’s t-B) showing the relationship among
behavioural units and time of the day in (a) aggregated and (b) non-aggregated

colonies of R. amplexicaudatus. Each dot represents the correlation coefficient values.

Although we did not find statistical significance in the correlation between
time of day and frequency of behavioural categories, we observed a contrasting
relationship in all behavioural categories except relaxation behaviour (Figure 4). For
example, aggregated colonies have increased thermoregulation, negative behaviour,
and less self-maintenance throughout the day. When comparing each colony group,
bats in the aggregated groups showed a positive and significant correlation between
self-maintenance and sexual behaviour (Kendall’s t-B = 0.341, p = 0.0022), while a
similar correlation pattern was observed in relaxation behaviour with self-
maintenance (Kendall’s t-B = 0.267, p = 0.005), and positive social behaviour
(Kendall’s t-B = 0.262, p = 0.01) (Figure 4A). In the non-aggregated group sexual
behaviour was positively correlated with self-maintenance (Kendall’s ©-B = 0.322, p =
0.0164), positive social behaviour (Kendall’s t-B = 0.384, p = 0.0082), and relaxation

behaviour (Kendall’s t-B = 0.362, p = 0.0063). Furthermore, relaxation behaviour was
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significantly and positively correlated with self-maintenance behaviour (Kendall’s t-
B =0.551, p <0.0001) and positive social behaviour (Kendall’s t-B = 0.364, p = 0.0045)
(Figure 4B).

We constructed two separate Poisson generalized linear models (GLMs) to
predict the frequency of occurrence of positive and negative social behaviour (Table
2). There was a significantly higher incidence of negative social behaviour in the
aggregated colony (B =3.997, p <0.0001). Interestingly, we found that the increased
frequency of incidents of sexual behaviour positively influenced positive social

behaviour among bats (B = 0.114, p = 0.0097).

Table 2. Results of the generalized linear model (GLM) predicting the effects of the
frequency of (A) positive social behaviour and (B) negative social behaviour with

colony aggregation and other behavioural categories. Values in bold are significant.

A. Positive social behaviour B SE Lower Upper p
(Intercept) 0.106 0.103 -0.104 0.3 0.303
Aggregated (Non-aggregated)  0.278 0.204 -0.685 0.116 0.172
Sexual behaviour 0.114 0.044 0.025 0.198 0.010
Self-maintenance behaviour -0.012 0.022 -0.057 0.030 0.590
Relaxation behaviour 0.084 0.020 0.044 0.124 <.0001
Thermoregulation behaviour -0.211 0.149 -0.529 0.059 0.156
B. Negative social behaviour 8 SE Lower Upper p
(Intercept) -1.694 0.505 -3.131 -0.938 0.0008
Aggregated (Non-aggregated) 3.997 1.012 2.476 6.873 <.0001
Sexual behaviour -0.126 0226 -0.612 0.27 0.578
Self-maintenance behaviour 0.018 0.041 -0.065 0.096 0.657
Relaxation behaviour 0.031 0.025 -0.018 0.078 0.204
Thermoregulation behaviour 0.032 0.129 -0.238 0.272 0.807
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Discussion

The effects of overcrowding on animal social behaviour are not well
established, especially in natural situations. Our study is the first attempt to
understand the differences and costs in behaviours between aggregated and non-
aggregated groups of bats. Here, we demonstrate that individual bats showed
increased aggression, movement, and negative interactions within high-density
aggregations compared to those in non-aggregated groups. At the same time,
increased sexual behaviour was related to more positive interactions and increased
in less aggregated colonies. The variation we observed in bat diurnal activities in the
two groups suggests that animal social dynamics may shape the behaviour of these
male bats, with possible implications for individual health (Hengjan et al., 2017;
Manandhar et al., 2018).

Differences in behaviour

Sleeping was the most frequently observed behaviour, comprising over a
quarter of the total observed behaviour, and the frequency between the two groups
and throughout the day was not significantly different, as this is a universally
important activity for bats (Harding et al., 2022; Roy et al., 2020). The most key
difference between the two aggregations can be indicated by the significant
increased observation of negative behaviour including aggression, movement, and
wing flapping in aggregated colonies compared to non-aggregated ones.

Hanging relax was more dominant in the non-aggregated than the aggregated
group, indicating that solitary or loosely associated bats may exhibit a different
energy allocation strategy, possibly involving increased vigilance to defend against
potential threats (Harten et al., 2018; Kelm et al., 2021; Markus & Blackshaw, 2002).
Sleep was the second most frequently observed behaviour in non-aggregated bat
colonies (25% of their activities) (Harding et al., 2022; Lewis, 1996; Roy et al., 2020).

Generally, the observed alertness in both aggregations can be associated with the
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presence of aggressive predators in the bat cave, which prey on bats irrespective of
roosting density (Tanalgo et al., 2020). In a behavioural study of gulls, Beauchamp
(2009) observed that individuals even within a smaller group (i.e., less crowded)
were more likely to have interrupted sleeping bouts to scan their surroundings when
their neighbours were alert. This proposes that animals perceive threats similarly
and would “copy’ the vigilance of their neighbours, which can help them better
assess the risk of predation (Beauchamp, 2009).

The incidence of other active behaviours differed between aggregated and
non-aggregated colonies, particularly in wing flapping and aggressive behaviour.
Wing flapping in aggregated colonies showed a 94% difference versus non-
aggregated. This difference in behaviour is likely associated with increased
temperatures due to heightened physical activity levels within large groups
attributed to individual proximity, potentially leading to increased interaction and
movement. Overcrowding increases colony temperature (Arends et al., 1995), and
the dominance of wing-flapping behaviour among bat individuals in more
aggregated colonies facilitates thermoregulation (Reher & Dausmann, 2021).
Aggregated colonies exhibited a significantly higher incidence of wing-flapping
behaviour, which is also used to assert dominance within a group and may be more
prevalent in densely populated aggregations with limited space (Beauchamp, 2007;
Kerth, 2008). Furthermore, aggregated groups exhibited a higher frequency of
individual movement than their non-aggregated counterparts, possibly due to
disturbing each other and being hotter and, therefore, uncomfortable (Hengjan et al.,

2017; Ramanantsalama et al., 2019).

Intrinsic Correlations of Gregarious Bat Social Behaviour

In contrast to aggregated colonies, non-aggregated groups exhibited different
correlation patterns between times of day. Thermoregulation, negative behaviours,
and self-maintenance exhibited an increasing trend throughout the day. This may be

because bats in aggregated colonies may adjust their behaviour in response to a
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change in daily ambient temperature, possibly to optimize thermoregulation and
self-maintenance, and given increased heat in larger-bodied bats, they may need to
work harder to stay cool as temperature increases (Czenze et al., 2020; Stones &
Wiebers, 1965). We observe a positive correlation between sexual, self-maintenance,
positive social, and relaxation behaviour, hinting that the animals in non-aggregated
colonies may prioritize positive activities throughout the day (Byerly et al., 2021).
This could be related to less crowded conditions in non-aggregated settings,
allowing bats to engage in social interactions.

We found that there is a positive and significant correlation between self-
maintenance and sexual behaviour within aggregated groups. It may imply that
bats in these colonies allocate their energy resources strategically, as self-
maintenance behaviour is crucial for individual health and reproductive success. A
similar correlation pattern was also observed in relaxation behaviour, suggesting a
potential connection between relaxation and energy conservation strategies (Luo et
al., 2021). Furthermore, the positive correlation between relaxation and
thermoregulation behaviour indicates that bats in aggregated colonies may alternate
between cooling down and resting (Becker et al., 2012; Komar et al., 2022).
Additionally, the positive correlation between relaxation behaviour and self-
maintenance, as well as positive social behaviour, implies that bats in non-
aggregated colonies might use relaxation to recharge and engage in social
interactions during their active hours, which could enhance their overall fitness and
well-being (Hengjan et al., 2017).

The increased aggression and negative behaviour pattern in overcrowded bat
populations is consistent with the ‘behavioural sink” hypothesis concept in social
animals such as bats. Overcrowding leads to higher levels of aggression and stress.
Such negative behaviours may not only impact individual well-being but can also
have far-reaching consequences for the overall health of the bat colony and could
perpetuate the spread of pathogens (Eby et al., 2023; Ruiz-Aravena et al., 2022). The

high population density and proximity can increase competition for resources, such
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as roosting sites and foraging opportunities, which may escalate social conflicts
within bat colonies (O’Connor et al., 2015), and drive negative interactions among
individuals (Dai et al., 2018; Fernandez et al., 2014; Holekamp & Strauss, 2016;
O’Connor et al., 2015). Previous observations of pigs showed that reducing the
space allotted per individual increases the frequency of aggressive interactions,
except during feeding, where the decrease in space primarily influenced the quality
of interactions (Ewbank & Bryant, 1972). Understanding the ‘behavioural sink’
hypothesis in the context of bats and other social species is useful for conservation
efforts and population management, which highlights the importance of considering
habitat quality and resource availability but does not account for the impacts of over-
population which may result from a loss of key resources, such as roosts.
Furthermore, when a group becomes overcrowded, individuals often face challenges
related to resource competition, increased stress, and restricted access to potential
mates. Such stressors can substantially affect bat immune systems and overall
health, potentially making them more susceptible to pathogen transmission (Hing et
al., 2016). Understanding the link between physiological stress and pathogen spread
is crucial because it provides insight into the health of bat populations and has
implications for human health (Moreno et al., 2021).

Another particularly interesting finding was the contrasting relationship
between the incidence of sexual behaviour and positive social behaviour. Positive
social behaviour could include grooming, affiliative interactions, or cooperative
behaviours. Sexual behaviour can be regulated within the colony to minimize
conflict and maintain overall social harmony (Alves et al., 2013). Additionally,
sexual behaviour may act as a bonding mechanism, fostering cooperation and
coordination among individuals (Diaz-Munoz et al., 2014; King et al., 2021). For
example, Tan et al. (2017) found that fellatio among short-nosed fruit bats Cynopterus
sphinx facilitates a longer copulation time during sexual activities. Similar
behaviours were observed among colonies of the Indian flying fox Pteropus giganteus,

showing that oral sex increases positive sexual behaviour; however, the same-sex
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interactions have not been well explored in bats but play roles in bonding in other
social mammals (Vasey et al., 2007; Archie et al., 2014). Maintaining sexual
behaviour within an overcrowded group of bats may have implications for
maintaining reproductive success within the population (Maruthupandian &
Marimuthu, 2013; Tan et al., 2009). Understanding the mechanisms by which sexual
behaviour influences positive social behaviour could have important implications for
our comprehension of the evolution of social behaviours in bats and other social

animals.

Limitations and Conclusions

This is the first study to compare bat behaviour with different roost densities
in their natural roosting habitat. Bats in aggregated colonies displayed a higher
aggression level than those in non-aggregated groups. These findings highlight the
importance of understanding social interactions within bat colonies, as increased
movement and increased aggressive behaviour could be attributed to resource
acquisition, space competition, or territorial disputes within the confines of the
aggregation (Hengjan et al., 2017; Kilgour & Brigham, 2013a; Ramanantsalama et al.,
2019). For example, Big brown bats (Eptesicus fuscus) exhibited higher levels of
aggression within groups, which were associated with improved competitive
abilities for resources (Kilgour & Brigham, 2013b).

However, our current methods present limitations, including a greater
understanding of the role of hormones and the influences of predator presence and
other ecological factors in predicting social behaviour (Allen et al., 2011; Reeder et
al., 2004). In addition, a deeper exploration of the ecological and evolutionary
consequences of these behavioural differences is also essential. For example,
understanding how increased aggression in aggregated colonies affects mating
success, individual health, resource utilization, and overall colony dynamics can

provide valuable insights into bat ecology and conservation.
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In conclusion, our work highlights the nuanced impacts of overcrowding in
shaping the interplay of bat behaviour. The observed differences in behavioural
units and incident frequencies between aggregated and non-aggregated groups
emphasize the need for a holistic understanding of bat behaviour that considers
individual and group dynamics. Recognizing the connection between bat social
behaviour and roosting site conservation has several implications for conservation
efforts. First, it emphasizes the importance of preserving roosting sites, not just as
physical locations but as social hubs for bat communities; furthermore, it
underscores that overcrowding has negative implications for bat colonies. Bats
usually choose particular roosting locations and conditions influenced by various
ecological factors, with safety being one of them (Lima et al., 2005; Lima & O’Keefe,
2013). Conservationists can prioritize the protection of these sites to ensure the
continued well-being of bat populations (Meierhofer et al., 2023; Tanalgo et al., 2022).
More importantly, we highlight the importance of recognizing the link between
understanding bat social behaviour and the conservation of roosting sites,
underscoring the need to consider roost behaviour and a nuanced approach to bat
conservation, significantly as loss or disturbance of roosts may drive overcrowding
at remaining sites.

Furthermore, our findings raise the question of how these patterns may be
influenced by environmental factors or social structure within bat colonies. Our
study highlights the intricate relationship between bat aggregation, social behaviour,
and the role of sexual behaviour in shaping these interactions and the positive and
negative impacts that may occur as a result of overcrowding. Based on our findings,
we also propose exploration in future studies, particularly of the drivers of bat
aggregations in caves. The absence of apparent anthropogenic disturbance
surrounding the cave has potentially increased the population of bats (i.e., spillover
effects), consequently increasing predator recruitment (Tanalgo et al., 2020). To deter
predators, we hypothesize that bats adopt a ‘many-eye” behavioural strategy to

collectively survey and monitor their environment for any signs of imminent danger
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from predators, and this may be particularly important on the edges of roosts when
exposed to additional predators (such as crows) (Lima, 1995; Lima & O’Keefe, 2013).
Future research can build on these findings to explore the underlying mechanisms
and external factors influencing these observed associations, providing a more

comprehensive understanding of social behaviour in bat populations.

Reference

Allen, L. C., Turmelle, A. S., Widmaier, E. P., Hristov, N. 1., Mccracken, G. F., &
Kunz, T. H. (2011). Variation in Physiological Stress between Bridge- and
Cave-Roosting Brazilian Free-Tailed Bats. Conservation Biology, 25(2), 374-381.
https://doi.org/10.1111/j.1523-1739.2010.01624.x

Alves, J., Alves da Silva, A., Soares, A. M. V. M., & Fonseca, C. (2013). Sexual
segregation in red deer: Is social behaviour more important than habitat
preferences? Amnimal Behaviour, 85(2), 501-509.
https://doi.org/10.1016/j.anbehav.2012.12.018

Arends, A., Bonaccorso, F. J., & Genoud, M. (1995). Basal Rates of Metabolism of
Nectarivorous Bats (Phyllostomidae) from a Semiarid Thorn Forest in
Venezuela. Journal of Mammalogy, 76(3), 947-956.
https://doi.org/10.2307/1382765

ASAB Ethical Committee & ABS Animal Care Committee. (2022). Guidelines for the
treatment of animals in behavioural research and teaching. Animal Behaviour,

183, I-XI. https://doi.org/10.1016/S0003-3472(21)00389-4



533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

23

Barros, J. de S., Bernard, E., & Ferreira, R. L. (2020). Ecological preferences of
neotropical cave bats in roost site selection and their implications for
conservation. Basic and Applied Ecology, 45, 31-41.
https://doi.org/10.1016/j.baae.2020.03.007

Beauchamp, G. (2007). Exploring the role of vision in social foraging: What happens
to group size, vigilance, spacing, aggression and habitat use in birds and
mammals that forage at night? Biological Reviews, 82(3), 511-525.
https://doi.org/10.1111/j.1469-185X.2007.00021.x

Beauchamp, G. (2009). Sleeping gulls monitor the vigilance behaviour of their
neighbours. Biology Letters, 5(1), 9-11. https://doi.org/10.1098/rsbl.2008.0490

Becker, N. I, Encarnacao, J. A., Kalko, E. K. V., & Tschapka, M. (2012). The effects of
reproductive state on digestive efficiency in three sympatric bat species of the
same guild. Comparative Biochemistry and Physiology. Part A, Molecular &
Integrative Physiology, 162(4), 386-390.
https://doi.org/10.1016/j.cbpa.2012.04.021

Byerly, P. A., Zaluski, S., Nellis, D., & Leberg, P. L. (2021). Effects of Colony
Disturbance on Reproductive Success and Nest Defense Behaviors in
Caribbean Roseate Terns. Waterbirds, 44(4), 463-471.
https://doi.org/10.1675/063.044.0407

Cajaiba, R. L., Périco, E., da Silva, W. B., Vieira, T. B., dos Santos, F. M. B., & Santos,
M. (2021). Are neotropical cave-bats good landscape integrity indicators?

Some clues when exploring the cross-scale interactions between underground



555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

24

and above-ground ecosystems. Ecological Indicators, 122, 107258.
https://doi.org/10.1016/j.ecolind.2020.107258

Calhoun, J. B. (1966). The Role of Space in Animal Sociology. Journal of Social Issues,
22(4), 46-58. https://doi.org/10.1111/j.1540-4560.1966.tb00548.x

Calhoun, J. B. (1973). Death Squared: The Explosive Growth and Demise of a Mouse
Population. Proceedings of the Royal Society of Medicine, 66(1P2), 80-88.
https://doi.org/10.1177/00359157730661P202

Cardiff, S. G., Ratrimomanarivo, F. H., & Goodman, S. M. (2012). The effect of
tourist visits on the behavior of Rousettus madagascariensis (Chiroptera:
Pteropodidae) in the caves of Ankarana, northern Madagascar. Acta
Chiropterologica, 14(2), 479-490. https://doi.org/10.3161/150811012X661783

Carpenter, E., Gomez, R., Waldien, D. L., & Sherwin, R. E. (2014). Photographic
estimation of roosting density of Geoffroys Rousette Fruit Bat Rousettus
amplexicaudatus (Chiroptera: Pteropodidae) at Monfort Bat Cave,
Philippines. Journal of Threatened Taxa, 6(6), Article 6.
https://doi.org/10.11609/JoTT.03522.5838-44

Chaverri, G., Ancillotto, L., & Russo, D. (2018). Social communication in bats.
Biological Reviews, 93(4), 1938-1954. https://doi.org/10.1111/brv.12427

Connell, K. A., Munro, U., & Torpy, F. R. (2006). Daytime behaviour of the grey-
headed flying fox Pteropus poliocephalus Temminck (Pteropodidae:
Megachiroptera) at an autumn/winter roost. Australian Mammalogy, 28(1), 7-

14. https://doi.org/10.1071/am06002



577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

25

Czenze, Z.]., Naidoo, S., Kotze, A., & McKechnie, A. E. (2020). Bat thermoregulation
in the heat: Limits to evaporative cooling capacity in three southern African
bats. Journal of Thermal Biology, 89, 102542.
https://doi.org/10.1016/j.jtherbio.2020.102542

Dai, X., Zhou, L.-Y,, Cao, J.-X,, Zhang, Y.-Q., Yang, F.-P., Wang, A.-Q., Wei, W.-H., &
Yang, 5.-M. (2018). Effect of Group Density on the Physiology and Aggressive
Behavior of Male Brandt’s Voles (Lasiopodomys brandtii). Zoological Studies,
57, e35. https://doi.org/10.6620/25.2018.57-35

Davy, C. M., Mastromonaco, G. F., Riley, J. L., Baxter-Gilbert, J]. H., Mayberry, H., &
Willis, C. K. R. (2017). Conservation implications of physiological carry-over
effects in bats recovering from white-nose syndrome. Conservation Biology,
31(3), 615-624. https://doi.org/10.1111/cobi.12841

Diaz-Munoz, S. L., DuVal, E. H., Krakauer, A. H., & Lacey, E. A. (2014). Cooperating
to compete: Altruism, sexual selection and causes of male reproductive
cooperation. Animal Behaviour, 88, 67-78.
https://doi.org/10.1016/j.anbehav.2013.11.008

Eby, P., Peel, A. ], Hoegh, A., Madden, W., Giles, J. R., Hudson, P. J., & Plowright, R.
K. (2023). Pathogen spillover driven by rapid changes in bat ecology. Nature,
613(7943), Article 7943. https://doi.org/10.1038/s41586-022-05506-2

Ewbank, R., & Bryant, M. J. (1972). Aggressive behaviour amongst groups of
domesticated pigs kept at various stocking rates. Animal Behaviour, 20(1), 21—

28. https://doi.org/10.1016/S0003-3472(72)80169-6



599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

26

Fernandez, A. A., Fasel, N., Knornschild, M., & Richner, H. (2014). When bats are
boxing: Aggressive behaviour and communication in male Seba’s short-tailed
fruit bat. Animal Behaviour, 98, 149-156.
https://doi.org/10.1016/j.anbehav.2014.10.011

Friard, O., & Gamba, M. (2016). BORIS: A free, versatile open-source event-logging
software for video/audio coding and live observations. Methods in Ecology and
Evolution, 7(11), 1325-1330. https://doi.org/10.1111/2041-210X.12584

Furey, N. M., & Racey, P. A. (2016). Conservation Ecology of Cave Bats. In C. C.
Voigt & T. Kingston (Eds.), Bats in the Anthropocene: Conservation of Bats in a
Changing World (pp. 463-500). Springer International Publishing.
https://doi.org/10.1007/978-3-319-25220-9_15

Garcia-Rawlins, A. M., Nassar, J. M., & Tarano, Z. (2020). Roosting behaviour and
time budgets of the Curagaoan long-nosed bat, Leptonycteris curasoae
(Phyllostomatidae, Glossophaginae) in captivity. Acta Chiropterologica, 22(2),
295-314. https://doi.org/10.3161/15081109ACC2020.22.2.006

GraphPad Prism. (2022). GraphPad Software, Inc., San Diego, CA (Version 9)
[Computer software]. https://www.graphpad.com/

Harding, C. D., Yovel, Y., Peirson, S. N., Hackett, T. D., & Vyazovskiy, V. V. (2022).
Re-examining extreme sleep duration in bats: Implications for sleep
phylogeny, ecology, and function. Sleep, 45(8), zsac064.

https://doi.org/10.1093/sleep/zsac064



620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

27

Harten, L., Matalon, Y., Galli, N., Navon, H., Dor, R., & Yovel, Y. (2018). Persistent
producer-scrounger relationships in bats. Science Advances, 4(2), e1603293.
https://doi.org/10.1126/sciadv.1603293

Hayman, D. T. S., Bowen, R. A., Cryan, P. M., McCracken, G. F., O’Shea, T. J., Peel, A.
J., Gilbert, A., Webb, C. T., & Wood, J. L. N. (2013). Ecology of Zoonotic
Infectious Diseases in Bats: Current Knowledge and Future Directions.
Zoonoses and Public Health, 60(1), 2-21. https://doi.org/10.1111/zph.12000

Hengjan, Y., lida, K., Doysabas, K. C. C., Phichitrasilp, T., Ohmori, Y., & Hondo, E.
(2017). Diurnal behavior and activity budget of the golden-crowned flying fox
(Acerodon jubatus) in the Subic bay forest reserve area, the Philippines. Journal
of Veterinary Medical Science, 79(10), 1667-1674.
https://doi.org/10.1292/jvms.17-0329

Hing, S., Narayan, E. J., Thompson, R. C. A., Godfrey, S. S., Hing, S., Narayan, E. J.,
Thompson, R. C. A., & Godfrey, S. S. (2016). The relationship between
physiological stress and wildlife disease: Consequences for health and
conservation. Wildlife Research, 43(1), 51-60. https://doi.org/10.1071/WR15183

Ho, Y.-Y., & Lee, L.-L. (2003). Roost Selection by Formosan Leaf-Nosed Bats
(Hipposideros armiger terasensis). Zoological Science, 20(8), 1017-1024.
https://doi.org/10.2108/zsj.20.1017

Holekamp, K. E., & Strauss, E. D. (2016). Aggression and dominance: An
interdisciplinary overview. Current Opinion in Behavioral Sciences, 12, 44-51.

https://doi.org/10.1016/j.cobeha.2016.08.005



642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

28

Horton, D. L., Breed, A. C.,, Arnold, M. E., Smith, G. C., Aegerter, ]. N., McElhinney,
L. M., Johnson, N., Banyard, A. C., Raynor, R., Mackie, I., Denwood, M. J.,
Mellor, D. J., Swift, S., Racey, P. A., & Fooks, A. R. (2020). Between roost
contact is essential for maintenance of European bat lyssavirus type-2 in
Myotis daubentonii bat reservoir: “The Swarming Hypothesis.” Scientific
Reports, 10(1), Article 1. https://doi.org/10.1038/s41598-020-58521-6

Hoyt, J. R,, Kilpatrick, A. M., & Langwig, K. E. (2021). Ecology and impacts of white-
nose syndrome on bats. Nature Reviews Microbiology, 19(3), Article 3.
https://doi.org/10.1038/s41579-020-00493-5

Kelm, D. H., Toelch, U., & Jones, M. M. (2021). Mixed-species groups in bats: Non-
random roost associations and roost selection in neotropical understory bats.
Frontiers in Zoology, 18(1), 53. https://doi.org/10.1186/s12983-021-00437-6

Kerth, G. (2008). Causes and Consequences of Sociality in Bats. BioScience, 58(8),
737-746. https://doi.org/10.1641/B580810

Kilgour, R. J., & Brigham, R. M. (2013a). The Relationships between Behavioural
Categories and Social Influences in the Gregarious Big Brown Bat ( Eptesicus
fuscus ). Ethology, 119(3), 189-198. https://doi.org/10.1111/eth.12052

Kilgour, R. J., & Brigham, R. M. (2013b). The Relationships between Behavioural
Categories and Social Influences in the Gregarious Big Brown Bat ( Eptesicus

fuscus ). Ethology, 119(3), 189-198. https://doi.org/10.1111/eth.12052



662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

29

King, S. L., Connor, R. C,, Kriitzen, M., & Allen, S.J. (2021). Cooperation-based
concept formation in male bottlenose dolphins. Nature Communications, 12(1),
Article 1. https://doi.org/10.1038/s41467-021-22668-1

Komar, E., Fasel, N. J., Szafranska, P. A., Dechmann, D. K. N., Zegarek, M., &
Ruczynski, I. (2022). Energy allocation shifts from sperm production to self-
maintenance at low temperatures in male bats. Scientific Reports, 12(1), Article
1. https://doi.org/10.1038/s41598-022-05896-3

Lawrence, H., Dolar, L., Balete, D. S., Esselstyn, J. A., Rickart, E. A., & Sedlock, J.
(2010). Synopsis of Philippine Mammals.
http://archive.fieldmuseum.org/philippine_mammals/

Lewis, S. E. (1996). Low roost-site fidelity in pallid bats: Associated factors and effect
on group stability. Behavioral Ecology and Sociobiology, 39(5), 335-344.
https://doi.org/10.1007/s002650050298

Lima, S. L. (1995). Back to the basics of anti-predatory vigilance: The group-size
effect. Animal Behaviour, 49(1), 11-20. https://doi.org/10.1016/0003-
3472(95)80149-9

Lima, S. L., & O’Keefe, ]J. M. (2013). Do predators influence the behaviour of bats?
Biological Reviews, 88(3), 626—644. https://doi.org/10.1111/brv.12021

Lima, S. L., Rattenborg, N. C,, Lesku, J. A., & Amlaner, C. J. (2005). Sleeping under
the risk of predation. Animal Behaviour, 70(4), 723-736.

https://doi.org/10.1016/j.anbehav.2005.01.008



683

684

685

686

687

688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

30

Luo, J., Greif, S., Ye, H., Bumrungsri, S., Eitan, O., & Yovel, Y. (2021). Flight rapidly
modulates body temperature in freely behaving bats. Animal Biotelemetry,
9(1), 45. https://doi.org/10.1186/s40317-021-00268-6

Manandhar, S., Thapa, S., Shrestha, T. K., Jyakhwo, R., Wright, W., & Aryal, A.
(2018). Population Status and Diurnal Behaviour of the Indian Flying Fox
Pteropus giganteus (Briinnich, 1782) in Kathmandu Valley, Nepal. Proceedings
of the Zoological Society, 71(4), 363-375. https://doi.org/10.1007/s12595-017-
0219-x

Markus, N., & Blackshaw, J. K. (2002). Behaviour of the Black Flying Fox Pteropus
alecto: 1. An Ethogram of Behaviour, and Preliminary Characterisation of
Mother-Infant Interactions. Acta Chiropterologica, 4(2), 137-152.
https://doi.org/10.3161/001.004.0203

Maruthupandian, J., & Marimuthu, G. (2013). Cunnilingus Apparently Increases
Duration of Copulation in the Indian Flying Fox, Pteropus giganteus. PLOS
ONE, 8(3), €59743. https://doi.org/10.1371/journal.pone.0059743

Medina-Bello, K. I., Orozco-Lugo, C. L., & Ayala-Berdon, ]. (2023). Differences in
thermal energetics of the cave myotis (Myotis velifer) from a cool and a warm
environment of central Mexico. Canadian Journal of Zoology.
https://doi.org/10.1139/cjz-2022-0190

Meierhofer, M. B., Johnson, J. S., Perez-Jimenez, J., Ito, F., Webela, P. W., Wiantoro, S.,

Bernard, E., Tanalgo, K. C., Hughes, A., Cardoso, P., Lilley, T., & Mammola, S.



704

705

706

707

708

709

710

711

712

713

714

715

716

717

718

719

720

721

722

723

724

31

(2023). Effective conservation of subterranean-roosting bats. Conservation
Biology, €14157. https://doi.org/10.1111/cobi.14157

Moreno, K. R., Weinberg, M., Harten, L., Salinas Ramos, V. B., Herrera M., L. G,,
Czirjak, G. A., & Yovel, Y. (2021). Sick bats stay home alone: Fruit bats practice
social distancing when faced with an immunological challenge. Annals of the
New York Academy of Sciences, 1505(1), 178-190.
https://doi.org/10.1111/nyas.14600

Mould, A. (2012). Cave bats of the central west coast and southern section of the
Northwest Panay Peninsula, Panay Island, the Philippines. Journal of
Threatened Taxa, 2993-3028. https://doi.org/10.11609/JoTT.03104.2993-3028

Nagy, Z. L., & Postawa, T. (2011). Seasonal and geographical distribution of cave-
dwelling bats in Romania: Implications for conservation: Seasonal and
geographical distribution of cave-dwelling bats. Animal Conservation, 14(1),
74-86. https://doi.org/10.1111/j.1469-1795.2010.00392.x

O’Connor, C. M., Reddon, A. R, Ligocki, I. Y., Hellmann, J. K., Garvy, K. A., Marsh-
Rollo, S. E., Hamilton, I. M., & Balshine, S. (2015). Motivation but not body
size influences territorial contest dynamics in a wild cichlid fish. Animal
Behaviour, 107, 19-29. https://doi.org/10.1016/j.anbehav.2015.06.001

Phelps, K., Jose, R., Labonite, M., & Kingston, T. (2016). Correlates of cave-roosting
bat diversity as an effective tool to identify priority caves. Biological

Conservation, 201, 201-209. https://doi.org/10.1016/j.biocon.2016.06.023



32

725  Philippe, A.-S., Jeanson, R., Pasquaretta, C., Rebaudo, F., Sueur, C., & Mery, F. (2016).

726 Genetic variation in aggregation behaviour and interacting phenotypes in
727 Drosophila. Proceedings of the Royal Society B: Biological Sciences, 283(1827),
728 20152967. https://doi.org/10.1098/rspb.2015.2967

729  Pretorius, M., Markotter, W., & Keith, M. (2021). Assessing the extent of land-use
730 change around important bat-inhabited caves. BMC Zoology, 6(1), 31.
731 https://doi.org/10.1186/s40850-021-00095-5

732  Ramanantsalama, R. V., Noroalintseheno Lalarivoniaina, O. S., Raselimanana, A. P.,

733 & Goodman, S. M. (2019). Seasonal variation in diurnal cave-roosting

734 behavior of a Malagasy fruit bat (Rousettus madagascariensis, Chiroptera:
735 Pteropodidae). Acta Chiropterologica, 21(1), 115-127.

736 https://doi.org/10.3161/15081109ACC2019.21.1.009

737  Ramsden, E. (2009). The urban animal: Population density and social pathology in
738 rodents and humans. Bulletin of the World Health Organization, 87(2), 82.
739 https://doi.org/10.2471/BLT.09.062836

740  Reeder, D. M., Kosteczko, N. S., Kunz, T. H., & Widmaier, E. P. (2004). Changes in

741 baseline and stress-induced glucocorticoid levels during the active period in
742 free-ranging male and female little brown myotis, Myotis lucifugus
743 (Chiroptera: Vespertilionidae). General and Comparative Endocrinology, 136(2),

744 260-269. https://doi.org/10.1016/j.ygcen.2003.12.020



745

746

747

748

749

750

751

752

753

754

755

756

757

758

759

760

761

762

763

764

765

33

Reher, S., & Dausmann, K. H. (2021). Tropical bats counter heat by combining torpor
with adaptive hyperthermia. Proceedings of the Royal Society B: Biological
Sciences, 288(1942), 20202059. https://doi.org/10.1098/rspb.2020.2059

Revilla-Martin, N., Budinski, I., Puig-Montserrat, X., Flaquer, C., & Lépez-Baucells,
A. (2020). Monitoring cave-dwelling bats using remote passive acoustic
detectors: A new approach for cave monitoring. Bioacoustics, 0(0), 1-16.
https://doi.org/10.1080/09524622.2020.1816492

Rodrigues, L., Zahn, A., Rainho, A., & Palmeirim, J. M. (2003). Contrasting the roosting
behaviour and phenology of an insectivorous bat (Myotis myotis) in its southern and
northern distribution ranges. 67(3), 321-336.
https://doi.org/10.1515/mamm.2003.67.3.321

Roy, K., Saha, G. K., & Mazumdar, S. (2020). Seasonal influence on the diurnal
roosting behaviour of free-ranging Indian flying fox Pteropus giganteus in an
urban landscape, India. Biologia, 75(11), 1955-1961.
https://doi.org/10.2478/s11756-020-00472-4

Ruiz-Aravena, M., McKee, C., Gamble, A., Lunn, T., Morris, A., Snedden, C. E,,
Yinda, C. K., Port, J. R., Buchholz, D. W., Yeo, Y. Y., Faust, C., Jax, E., Dee, L.,
Jones, D. N., Kessler, M. K., Falvo, C., Crowley, D., Bharti, N., Brook, C. E., ...
Plowright, R. K. (2022). Ecology, evolution and spillover of coronaviruses
from bats. Nature Reviews Microbiology, 20(5), Article 5.

https://doi.org/10.1038/s41579-021-00652-2



766

767

768

769

770

771

772

773

774

775

776

777

778

779

780

781

782

783

784

785

786

34

Safi, K. (2008). Social Bats: The Males’ Perspective. Journal of Mammalogy, 89(6),
1342-1350. https://doi.org/10.1644/08-MAMM-5-058.1

Sedlock, J. L., Jose, R. P., Vogt, J. M., Paguntalan, L. M. J., & Carino, A. B. (2014). A
survey of bats in a karst landscape in the central Philippines. Acta
Chiropterologica, 16(1), 197-211. https://doi.org/10.3161/150811014X683390

Simmons, N., & Cirranello, A. (2020). Bat species of the World: A taxonomic and
geographic database. https://batnames.org/

Stones, R. C., & Wiebers, J. E. (1965). A Review of Temperature Regulation in Bats
(Chiroptera). The American Midland Naturalist, 74(1), 155-167.
https://doi.org/10.2307/2423129

Tan, M., Jones, G., Zhu, G,, Ye, J., Hong, T., Zhou, S., Zhang, S., & Zhang, L. (2009).
Fellatio by Fruit Bats Prolongs Copulation Time. PLOS ONE, 4(10), e7595.
https://doi.org/10.1371/journal. pone.0007595

Tan, M. K., Artchwakom, T., Wahab, R. A, Lee, C.-Y., Belabut, D. M., & Tan, H. T. W.
(2017). Overlooked flower-visiting Orthoptera in Southeast Asia. Journal of
Orthoptera Research, 26(2), Article 2. https://doi.org/10.3897/jor.26.15021

Tanalgo, K. C., & Hughes, A. C. (2018). Bats of the Philippine Islands— A review of
research directions and relevance to national-level priorities and targets.
Mammalian Biology, 91, 46-56. https://doi.org/10.1016/j.mambio.2018.03.005

Tanalgo, K. C., Monfort, N., & Hughes, A. C. (2020). Attacked from above and below:

New ethological evidence on the predation strategies of corvid and varanid



787

788

789

790

791

792

793

794

795

796

797

798

799

800

801

802

803

804

805

806

35

on a cave-roosting bat. Ethology Ecology & Evolution, 32(6), 596-610.
https://doi.org/10.1080/03949370.2020.1771773

Tanalgo, K. C., Oliveira, H. F. M., & Hughes, A. C. (2022). Mapping global
conservation priorities and habitat vulnerabilities for cave-dwelling bats in a
changing world. Science of The Total Environment, 843, 156909.
https://doi.org/10.1016/j.scitotenv.2022.156909

Tanalgo, K. C., & Tabora, J. A. G. (2015). Cave-dwelling bats (Mammalia: Chiroptera)
and conservation concerns in South central Mindanao, Philippines. Journal of
Threatened Taxa, 7(15), Article 15. https://doi.org/10.11609/jott.1757.7.15.8185-
8194

The Jamovi Project. (2023). Jamovi (Version 2.3.22) [Computer Software]. Retrieved
from https://www .jamovi.org

Thomson, S. C., Brooke, A. P., & Speakman, J. R. (1998). Diurnal activity in the
Samoan flying fox, Pteropus samoensis. Philosophical Transactions of the Royal
Society of London. Series B: Biological Sciences, 353(1375), 1595-1606.
https://doi.org/10.1098/rstb.1998.0312

Webber, Q. M. R., McGuire, L. P., Smith, S. B., & Willis, C. K. R. (2015). Host
behaviour, age and sex correlate with ectoparasite prevalence and intensity in
a colonial mammal, the little brown bat. Behaviour, 152(1), 83-105.

https://doi.org/10.1163/1568539X-00003233



807

808

809

810

Zagmajster, M. (2019). Chapter 13—Bats. In W. B. White, D. C. Culver, & T. Pipan
(Eds.), Encyclopedia of Caves (Third Edition) (pp. 94-101). Academic Press.

https://doi.org/10.1016/B978-0-12-814124-3.00013-3

36



