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Individuals benefit from socially acquired information to avoid predation risks and enhance foraging
efficiency. Spix's disc-winged bats, Thyroptera tricolor, form very stable social groups despite their need to
find a new roosting site daily. Thyroptera tricolor produce two contact calls: inquiry calls, emitted during
flight, and response calls, produced by bats after finding a suitable roost (in a furled leaf). Bats within
social groups exhibit consistent individual differences in vocal behaviour and thus, groups are composed
by a mix of less vocal and more vocal individuals. To date, it is not known whether consistent individual
differences in contact calling behaviour decrease the time required for roost finding and whether vocal
behaviour is correlated with an individual's ability to quickly locate roosts, thus constituting a behav-
ioural syndrome. Here, we compared the time spent by social groups in finding roosts when a bat called
from inside the roost, either frequently or infrequently. Moreover, we estimated how well calling rates
inside a roost predicted a bat's ability to later find a new roost. Results of behavioural experiments and
field observations show that social groups enter roosts faster when the bat inside the roost called more.
This suggests that more frequent calling decreases search time, which may allow groupmates to save
energy and decrease exposure to predators. Moreover, vocal activity also predicted discovery of more
roosts (furled leaves) in their natural habitat, which emphasizes the relevance of more vocal individuals
for the group. Our work represents a step in understanding the importance of communication and in-
dividual vocal behaviour in group formation and stability in gregarious animals.
© 2018 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Animals living in social groups have access to socially acquired
information that may help individuals reduce predation risk (Elgar,
1986; Newman & Caraco, 1989), increase mating opportunities
(Evans & Marler, 1994), recruit assistance in resource defence
(Heinrich & Marzluff, 1991; Wilkinson & Boughman, 1998) and
increase individuals' ability to find food or other resources (e.g.
Brown, Brown, & Shaffer, 1991). In fact, sharing information about
resources is thought to drive the evolution of sociality in species
that utilize patchy and ephemeral resources (Barta & Sz�ep, 1992;
Beauchamp, Belisle, & Giraldeau, 1997; Buckley, 1997; Safi &
Kerth, 2007). In bats, for example, individuals use acoustic cues
from groupmembers to increase their efficiency in food acquisition
(Dechmann et al., 2009) and reduce search time of roost sites
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(Ruczynski, Kalko, & Siemers, 2007). Thus, by picking up on social
cues, bats may be able to reduce the energetic cost associated with
finding and selecting resources.

A species that commonly uses social calls to locate a critical
resource is the Spix's disc-winged bat, Thyroptera tricolor. These
bats roost in furled leaves that are only available from 5 to 31 h
(Findley & Wilson, 1974; Vonhof & Fenton, 2004), and must
therefore locate a new leaf on an almost daily basis. To facilitate this
task, T. tricolor uses two social calls: ‘inquiry’ and ‘response’. The so-
called ‘inquiry calls’ are used to maintain contact with group
members during flight.When an individual finds and enters a roost,
it produces a complex signal called a ‘response call’ in reply to in-
quiry calls from flying group and nongroup members (Chaverri,
Gillam, & Kunz, 2013). This call system facilitates roost location
by group members (Chaverri, Gillam, & Vonhof, 2010). Moreover,
individuals within social groups exhibit consistent differences in
their vocal behaviour (i.e. in the number of response calls emitted)
for periods of up to 3 years, and social groups are composed of
individuals with different calling rates (Chaverri & Gillam, 2015).
evier Ltd. All rights reserved.
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For example, groups are often composed of four to six individuals
and typically there is one that is consistently very vocal, one that
consistently emits some response calls, and the rest are consis-
tently nonvocal (Appendix, Fig. A1). Prior studies support the hy-
pothesis that response calls advertise the location of suitable
roosts; thus, two questions arise. (1) Can groups find roosts faster if
they have individuals that produce more response calls? (2) Do
individuals that produce more response calls locate roosts more
quickly than less vocal individuals?

Social groups are often composed of individuals showing a
range of different personalities (e.g. (Beauchamp, 2000; Hollander,
Van Overveld, Tokka, & Matthysen, 2008). In the context of
exploration behaviour, animals that have a bold or exploratory
personality can produce by-product benefits for groupmates, but
can also suffer higher risks and can be exploited (Beauchamp, 2006,
2000). On the other hand, if the costs of being exploratory are very
high (e.g. predation risk or high costs of foraging), it could be
beneficial for some individuals to rely on bolder individuals capable
of taking the risks (e.g. Dyer, Croft, Morrell,& Krause, 2008; Kurvers
et al., 2009). Moreover, different personality traits can be corre-
lated, a term commonly referred to as personality syndromes (e.g.
Sih, Bell, & Ziemba, 2004). For instance, in foraging groups, bolder,
more exploratory individuals are usually at the leading edge of the
moving group (Beauchamp, 2000; Harcourt, Sweetman, Johnstone,
&Manica, 2009; Kurvers et al., 2009; Schuett& Dall, 2009), and are
also more likely to produce information about resource location
because they are the first to encounter resources (Barta, Flynn, &
Giraldeau, 1997; Kurvers et al., 2009; M�onus & Barta, 2008).
Furthermore, individuals that are more active in exploring the
environment are also more efficient in finding resources when
foraging (e.g. Beauchamp, 2006; Kurvers et al., 2009).

To date, experimental work on animal personalities and per-
sonality syndromes have focused primarily on understanding why
individuals exhibit behavioural consistency (e.g. Hollander et al.,
2008). However, only a few studies have focused on personalities
in the context of vocal behaviour and its consequences for group
cohesion and resource finding. Here, our aim was to determine
whether calling rates influence group roost finding, by comparing
the time that social groups took to enter a roost when a less vocal
versus a more vocal group member was in the roost. We expected
social groups to locate roosts faster when there were more
response calls emitted from the roosts (i.e. there was a more vocal
individual inside the roost), as social information is known to be
critical for resource finding in a diversity of organisms (e.g. Couzin,
Krause, Franks, & Levin, 2005; Kurvers et al., 2009). Moreover,
multiple studies have found that more vocal individuals tend to be
more exploratory (e.g. Friel, Kunc, Griffin, Asher, & Collins, 2016;
Guillette & Sturdy, 2011). Thus, we aimed to determine whether
more vocal individuals are more successful in discovering potential
roost sites compared to less vocal group members.

METHODS

We collected data on response calling production for 24
different social groups (100 individuals) in the Barú Biological
Station in southwestern Costa Rica, in July 2016. We further
examined the response calling and exploration behaviour of 11
social groups (46 individuals) from January to March 2017. Every
day we searched for social groups (i.e. individuals found roosting
together) by locating Heliconia spp., Calathea spp. and Musa spp.
furled leaves, commonly used by T. tricolor as roosting sites (Vonhof
& Fenton, 2004). Once a roost was located, we captured all the bats
inside the tubular leaf and placed them inside a cloth holding bag.
We sexed, aged and determined the reproductive condition for all
bats captured. Moreover, we weighed them and measured their
forearm length (as a measure of body length). We conducted our
experiments during the morning, as T. tricolor performs calling
behaviours during the day, not at night (Chaverri et al., 2010). First,
we measured vocal rates (experiment 1). Then, we conducted
another experiment (experiment 2) to examine whether groups
entered a roost faster if therewas a more vocal bat within it. Finally,
we conducted field observations to answer the question of whether
more vocal bats are more successful in discovering potential roost
sites than less vocal individuals.

Experiments

Experiment 1
In experiment 1, we gauged individual calling behaviour based on

response calling rates. To do this, we removed a furled leaf and
placed it into a small portable flight cage (3� 3 � 2 m). We placed
one bat inside the leaf and we placed a circular piece of mesh at the
entrance to prevent escape. Because bats only produce response calls
after an inquiry call has been emitted (Chaverri et al., 2010), we
prerecorded inquiry calls and broadcast them for 1 min through an
UltrasoundGate Player to a broadband loudspeaker (Ultrasonic
Omnidirectional Dynamic Speaker Vifa, Avisoft Bioacoustics, Berlin,
Germany) placed near the leaf. This recording had a total of 67 in-
quiry calls from a single group that we previously captured near our
study site. Thyroptera tricolor respond indiscriminately to group and
nongroup inquiry calls (Chaverri et al., 2013), and our playback was
effective at prompting response calling from roosting bats. We
categorized ‘nonvocal individuals’ as individuals that did not pro-
duce response calls, while vocal bats were individuals that emitted at
least one response call. We recorded response calls with an Avisoft
condenser microphone (CM16, Avisoft Bioacoustics) through Avi-
soft's UltraSoundGate 116Hm onto a laptop computer running
Avisoft-Recorder software (sampling rate 384 kHz, 16-bit resolu-
tion), placed near the entrance of the furled leaf. We repeated this
process for all individuals captured. For each trial, we measured the
total number of response calls produced per bat per min. We ana-
lysed recordings in SASLab Pro (Avisoft Bioacoustics). We used a chi-
square test of independence (‘chisq.test’ function in MASS) and a
negative binomial regression model (‘glm.nb’ function in MASS) to
determine whether vocal behaviour varies with sex (male and fe-
male), age (adult and juvenile), or their interaction. We selected the
negative binomial model after testing for goodness of fit on the re-
sidual deviance and degrees of freedom. We performed both tests in
R 3.2.2 (R Foundation for Statistical Computing, Vienna, Austria).

Experiment 2
In experiment 2, we aimed to establish whether social groups

locate roosts more quickly when a more vocal bat is inside the
furled leaf. Prior studies have demonstrated that T. tricolor in-
dividuals exhibit strong consistency over time in their response call
behaviour (Chaverri & Gillam, 2015). Thus, we selected as the vocal
bat the individual that produced the most response calls based on
experiment 1, and we placed it inside a furled leaf in a larger flight
cage (3 � 4 � 9 m). Then, we released the rest of the group and
recorded the time that each individual took to enter the leaf. We
tested each group twice, once with a vocal and once with a
nonvocal group member inside the tubular leaf. For the nonvocal
bat, we selected the individual that produced the fewest response
calls, which was always 0. Whenever there was more than one
individual with no response calls recorded, we randomly selected
one for experiment 2. We also randomly assigned the order of the
test, and we performed each test with the leaf randomly positioned
in different sections of the flight cage. We considered a trial un-
successful if a bat was not able to find the leaf after 5 min. We
repeated this experiment for all the social groups captured. To
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analyse the data from this experiment, we log transformed the time
taken to enter the roost and we used a paired t test to compare the
average entering time per group, the time when the first individual
entered and the time difference between the first and last in-
dividuals that entered the roost, when a more vocal versus a less
vocal groupmember was placed in the leaf. To ensure that the vocal
behaviour exhibited in experiment 1 was consistent with the re-
sults found in this experiment, and thus, reinforcing previous
knowledge on consistent vocal behaviour (Chaverri & Gillam,
2015), we looked for an association between the number of
response calls produced per inquiry call in experiment 1 and
experiment 2, using correlation analyses.

Field Observations

We marked all adult bats monitored in the wild with tran-
sponders (ISO 11784/11785; Peddymark Ltd, Essex, U.K.) for indi-
vidual identification. To investigate individual exploratory
behaviour and roost visiting, we monitored 15 furled leaves in the
bats' home range per night with automatic transponder readers
(LID 665-Multi; Euro I.D., Frechen, Germany). We only used leaves
with an opening of 4e20 cm in diameter, which is the preferred
size by T. tricolor (Vonhof & Fenton, 2004). In total, we monitored
40 furled leaves in the home range of each of the 11 T. tricolor
groups (i.e. all monitored leaves were located within a radius
<20 m to one of the former day roosts) over a mean (±SD) time
period of 16.72 ± 2.30 days. We moved the transponder readers to
new furled leaves almost every day and left them until the shape of
the leaves changed or after the leaf had been inspected by one or
several bats during the previous night (maximum time period ¼ 3
nights). We did not remove the reader when we found T. tricolor
roosting inside a monitored leaf, to avoid disturbing the bats. As a
proxy for explorative behaviour, we counted how many of the 40
monitored leaves for each bat groupwere entered first by a focal bat
(an event that we define as ‘discovery’). This means that we only
counted the very first entering of a bat when no bat of the same
group had entered the leaf before. Moreover, bats from other col-
onies must have left the leaf for at least 30 min as they might have
attracted the bat via social calls otherwise. For bats entering the
roost later, it is not clear whether they found the leaf on their own
or whether an experienced bat led them or attracted them to the
potential roost site, as has been observed in other bat species (Kerth
& Reckardt, 2003; Safi & Kerth, 2007).

We investigated whether more explorative bats also produced
more social calls to attract group members. For this, we separately
released the monitored adult bats in the flight cage with artificial
furled leaves. After the bat had chosen a roost,weplayed back inquiry
calls and analysed the produced response calls following the pro-
cedure described in experiment 1. After tracking multiple bats over
time, we have determined that some individuals never produce
response calls after inquiry call playback, while others vary their
calling rates (Chaverri & Gillam, 2015; Appendix, Fig. A2). Thus, to
analyse the relationship between exploratory activity (¼ number of
discovered furled leaves) and the acoustic behaviour of the bats, we
computed zero-inflated models with negative binomial error distri-
butions. We performed the analysis and the model selection (e.g. by
testing for goodness of fit on the residual deviance and degrees of
freedom) using the package ‘pscl’ and ‘MuMIn’ in R 3.4.2. Because
relative body condition of individuals determines whether they are
vocalornot (Humfeld, 2013; Leary, Jessop,Garcia,&Knapp, 2004),we
used bat body condition (assessed via the scaled mass index (SMI);
Peig&Green, 2009) in the logitmodel, as a probable factor explaining
whysome individualsneverproduce response calls,whileothersvary
their vocal rates over time. We expected individuals in worse body
condition to be nonvocal. For females, we used the bodymass either
before pregnancy became obvious or after birth. To calculate the in-
dex, we used bat mass and the forearm length (as a measure of body
length) (see equations (1) and (2), L¼mean forearm length of the
bats, Li ¼ individual forearm length and Mi ¼ body mass of each in-
dividual). Both forearm length and body mass were ln transformed
and used to calculate bSMA (scaling exponent, equation (2)).

Scaled mass index ðSMIÞ ¼ Mi

�
MedianðLÞ

Li

�bSMA

(1)

bSMA ¼ Slopelinear regression
CoefficientPearson correlation

(2)

Moreover, we analysed whether the number of response calls
produced per bat was correlated (Kendall rank correlation test)
with the time that it took an individual to attract a group member
to a day roost. In cases where the same individual was measured
during several time periods attracting groupmates to different
roosts, we calculated the average time per individual.

Ethical Note

All sampling protocols followed guidelines approved by the
American Society of Mammalogists for capture, handling and care
of mammals (Sikes et al., 2016) and the ASAB/ABS Guidelines for
the use of animals in research. This study was conducted in
accordance with the ethical standards for animal welfare of the
Costa Rican Ministry of Environment and Energy, Sistema Nacional
de �Areas de Conservaci�on, permit no. ACOPAC-INV-021-16.

Flight cage experiments
We captured 100 T. tricolor bats (8 juvenile females, 41 adult

females, 13 juvenile males, 38 adult males) in the wild by searching
Heliconia spp., Calathea spp. and Musa spp. furled leaves. To avoid
disturbing bats while in their roosts, we approached the leaf very
quietly. If the leaf was occupied, we placed a transparent plastic bag
in the opening of the leaf and carefully pinched the leaf at the
bottom, so that the bats could crawl to the opening and into the
plastic bag. Once the bats were in the plastic bag, they were
transferred into cloth bags for transportation to flight cages
(experiment 1, 2); capture sites were nomore than 15 min away (by
foot) from the flight cage where experiments were conducted.

While performing flight cage experiments, we kept each social
group together in the same bag to avoid any social disturbance; this
does not result in conflicts andmimics natural social conditions that
may decrease stress. Moreover, we kept bags in a ventilated area
with no direct exposure to sunlight. If bats were participating in
individual trials, after the trial we returned them to the same bags.
We performed the flight cage experiments with minimal manipu-
lation of bats. For this, we liberated the bats inside the flight cage
directly from the cloth bag. If the bats entered the furled leaf placed
inside the cage, we retrieved them following the procedure
explained above. If bats failed to enter the leaf after 5 min, we
captured them using a hand-net. At the end of the flight cage ex-
periments, we providedmealworms (Tenebrio molitor) andwater to
all individuals. We released the entire social group by placing all the
individuals inside the same or a nearby leaf where they were found
roosting earlier in the day. The procedures explained above,
including manipulation, might cause some distress to some in-
dividuals. Thus, we decided not to perform individual trials on bats
that were visually in distress and/or showing uncommon behav-
iours. However, these measures were not necessary during our
experiments.
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Experiments in the wild
To examine exploration behaviour in natural conditions, we

captured 46 adult bats (29 females and 17 males) following the
procedure explained above. For all the bats captured, an experienced
person injected transponders (Mini ISO-Transponder PM-100) sub-
cutaneously using the pre-loaded injector, in the mid-dorsal area to
46 adult bats (29 females and 17 males). These transponders were
1.4� 8.5 mm andweighed 0.09 g. Thus, they represented an average
of 1.87% (range 1.52e2.45%) of the bat's body mass. No anaesthesia
was necessary for this procedure. The transponders were not
removed after the experiments as this is an ongoing project.

RESULTS

Experiments

We performed experiments on 24 social groups, for a total of
100 bats (49 females and 51 males). Groups were composed of an
average of four individuals (range 2e7).

Experiment 1
After playing back inquiry calls, males were more likely to

produce response calls than females (chi-square test: c2
1 ¼ 8.351,

P ¼ 0.004; Fig. 1a), and juveniles were more likely to produce
response calls than adults (c2

1 ¼ 3.905, P � 0 .001; Fig. 1b). How-
ever, when they called, both males and females produced a similar
number of response calls (mean ± SD: males: 42.33 ± 42.12; fe-
males: 51.35 ± 42.02; P ¼ 0.559). Juveniles and adults also pro-
duced a similar number of response calls (juveniles: 44.11 ± 44.04;
adults: 46.12 ± 41.34; P ¼ 0.270). The interaction between sex and
age was also not significant (P ¼ 0.675).
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(grey) and did not produce (white) response calls.
Experiment 2
There was a strong positive correlation (Pearson correlation co-

efficient: rp ¼ 0.64,P < 0.0001)between thenumberof response calls
produced per inquiry call in experiment 1 and experiment 2, sug-
gesting that vocal behaviour was consistent between experiments.

The average time groups spent finding the roost (i.e. from release
to entrance)was significantly lesswhenavocal individualwasplaced
in the furled leaf, compared to trials where a nonvocal bat was inside
(paired t test: t57 ¼ 1.779, P¼ 0.040; Fig. 2a). Moreover, the first in-
dividual entering the leaf did so faster when a vocal group member
was in the roost (t57 ¼ 1.953, P¼ 0.027; Fig. 2b). However, the time
differencebetween thefirst and the last bat entering the roost did not
differ significantly in trials when a vocal versus a nonvocal member
was inside the roost (t36 ¼ 1.147, P¼ 0.129; Fig. 2c).

Field Observations

The 46 adult bats monitored in natural conditions (29 females
and 17 males) found a median of 2.5 (range 0e17) of the 40 furled
leaves monitored per group. In the flight cage, 20 of these bats
produced a median of 67.5 (range 4e251) response calls when in-
quiry calls were played back; 26 bats did not respond at all. The
body condition/body mass of the bats influenced their general
responsiveness, as bats that had poor body condition/low body
mass were more likely to be nonvocal than bats that had good body
condition/high body mass. Additionally, bats that were more
explorative and that found more leaves in natural conditions were
also more responsive to inquiry calls (for statistical details see
Table 1, Fig. 3, Appendix, Table A1).

Overall, the median time that a bat (N ¼ 16) took to attract a
group member to a day roost was 573.5 s (range 2e16 420 s) in
natural conditions. In cases where the first bat was a vocal indi-
vidual (N ¼ 8), themedian time period for a second bat to enter was
7 s (range 2e1960 s). In contrast, if the first bat had not responded
to inquiry calls (N ¼ 8), the time for a group member to enter the
roost was significantly longer (median: 1064 s, range 545e16 420 s;
exact Wilcoxon rank-sum test: W ¼ 5, P ¼ 0.003). The more
response calls that a bat produced, the shorter was the time for a
second bat to find and enter the roost (Kendall rank correlation
test: t ¼ �0.63, P ¼ 0.002).

DISCUSSION

Our results indicate that groups require significantly less time to
locate a roost when the bat announcing its position is more vocal,
which supports the findings of previous studies showing that pro-
duction of social calls promote location of critical resources, such as
roosts and food (Galef& Giraldeau, 2001; Kondo&Watanabe, 2009).
In our experiments and field observations, whenever a vocal bat was
inside a roost, the group invested significantly less time finding and
entering the tubular leaf. On average, bats spent 1.6 min locating a
roost (i.e.flying)whenaquiet batwas inside the roost,whereasflying
individuals spent less than 1 min locating and entering a roost with
the aid of a vocal bat within it. In natural conditions, the time dif-
ference was even more extreme: bats found roosts after 4.5 min on
average, with a more vocal bat; however, it took them 52.9 min to
find the roost when a nonvocal bat entered first. Further studies
should reveal why nonvocal bats do not support their groupmates in
finding potential roosts e a behaviour that could be a risk for group
cohesion. If nonvocal bats are in suboptimal body condition, then
energetic constraints might prevent them from indicating their po-
sition to others. Alternatively, nonvocal bats may be concealing their
position to minimize predation risk. Our results suggest that body
condition influences vocal behaviour due to the energy costs asso-
ciated with call production (Dechmann et al., 2009; Ophir, Schrader,
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Table 1
Results of the zero-inflated models with negative binomial error distributions

Estimate SE Z P

Females
Count component: Exploration activity 0.13 0.06 2.34 0.02
Zero component: SMI �66.65 26.55 �2.51 0.01
Males
Count component: Exploration activity 0.23 0.08 2.68 0.007
Zero component: SMI �55.76 24.72 �2.26 0.02

There was a positive relationship between exploration activity and response call
production of the tested bats. Moreover, the body condition of the bats (SMI)
explained the excess zeros in the data set.
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& Gillooly, 2010; Peig& Green, 2009; Speakman, Anderson,& Racey,
1989). However, it is highly debated whether body condition indices
purely reflect the energy reserves of focal animals andmore detailed
studies will be necessary to justify this observation (Peig & Green,
2009).

The use of social signals in the context of roost finding clearly
decreases search time in T. tricolor, which can reduce the amount of
energy required for powering flight, which is a very expensive mode
of locomotion (for estimates of the energetic impact, see Appendix).
Predation is another potential risk associated with a delay in roost
finding. Many diurnal birds of prey consume bats (e.g. Boinski &
Timm, 1985; Fenton et al., 1994; Robinson, 1994; Speakman, 1991).
Thyroptera tricolor is known to change roosts during the day (G.
Chaverri, personal observation), making them vulnerable to visually
guided predators such as diurnal raptors. Thus, social signalling dur-
ing roost searching may significantly reduce the risk of predation.

Our results also show that bats that were more vocal were also
more efficient at finding potential roosts in the wild. In many
studies of animal personalities and behavioural syndromes, in-
dividuals that are more exploratory (i.e. active in novel environ-
ments) also tend to be more vocal (Friel et al., 2016; Guillette &
Sturdy, 2011; Hollander et al., 2008; Naguib, Kazek, Schaper, van
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Oers, & Visser, 2010). This seems to be true in T. tricolor. However,
bats that did not produce any response calls in our playback ex-
periments strongly varied in their exploratory behaviour. Thus, it is
possible that other factors influence the acoustic activity of these
bats as well. Moreover, other studies in T. tricolor have shown that
many group members seem to find roosts at night without social
signals (Montero & Gillam, 2015), so it seems that all bats, not just
the most vocal ones, are capable of locating roosting resources on a
regular basis. Thyroptera tricolor is known to emit other acoustic
signals (Montero& Gillam, 2015), and further studies are needed to
address whether exploratory behaviour also correlates with pro-
duction of other types of acoustic signals, including inquiry calls.

Overall, our results highlight the importance of vocal behaviour
during location of critical resources; by producing acoustic signals
that help group members quickly find roost sites, more vocal in-
dividuals may decrease the energetic costs of roost finding and
predation risk of conspecifics while allowing groups to remain
cohesive. So far, we do not understand how group composition,
particularly the number of more vocal and less vocal bats, affects
the process of roost finding and maintenance of cohesion. It is
tempting to postulate that having fewer vocal bats may decrease
fitness and group cohesion, yet other studies suggest that only a
small proportion of informed individuals within a group is neces-
sary for effective decision making (Couzin et al., 2005). Another
topic that requires further scrutiny is whether bats within groups
have vocal roles (equivalent to social roles sensu Bergmüller &
Taborsky, 2010); that is, whether some group members are
consistently vocal while others are consistently nonvocal. If groups
are formed based on distinct vocal roles, we would expect that
when the most vocal individual is removed from a group, that
either another individual would increase its calling rate or a new
individual would be recruited into the group to serve in that
necessary ‘vocal role’. Alternatively, vocal behaviour may be
determined by physiological condition; if so, thenwewould expect
that altering the body condition of group members would change
their vocal behaviour. Regardless of the process promoting distinct
calling rates, we now know that having individuals that call
frequently is important during the process of roost finding, yet still
we do not know whether their loss may have significant implica-
tions for the fitness of group members; this topic also clearly re-
quires further research. An answer to these questions will provide a
deeper understanding of how communication and sociality may
affect social interactions in bats and other gregarious animals.
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Table A1
Results of the zero-inflated models with negative binomial error distributions

Estimate SE Z P

Females
Count component: Exploration activity 0.13 0.06 2.16 0.03
Zero component: Body mass �11.46 4.55 �2.52 0.01
Males
Count component: Exploration activity 0.23 0.08 2.68 0.007
Zero component: Body mass �12.99 5.71 �2.28 0.02

There was a positive relationship between exploration activity and response call
production of the tested bats. Moreover, the body mass of the bats explained the
excess zeros in the data set.
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In the flight cage (area ¼ 36 m2), bats invested 54 s to locate
tubular leaves in the presence of response calls and 1.6 min in their
absence. This bat species is known to use roosting home ranges of
0.14e0.19 ha (Chaverri& Kunz, 2011; Vonhof,Whitehead,& Fenton,
2004), which would require an average investment of 62e85 min
to sample for tubular leaves in the absence of social signals or
previous knowledge of the location of suitable roost sites, and
35e47 min with them. The mechanical power needed to sustain
horizontal forward flight near the minimum flight speed in small
bats is approximately 9 J/min (von Busse, Waldman, Swartz, Voigt,
& Breuer, 2014; Norberg, Kunz, Steffensen, Winter,& Vonhelversen,
1993). Therefore, without social signals, the energy invested in
finding roosts could be extrapolated to represent 0.55e0.76 kJ
(depending of the size of the home range), whereas 0.31e0.43 kJ
would be needed to power the search of roosts with the help of
response calls. The energy invested in finding roosts without social
signals thus represents up to 5e6.95% of the total daily energy
intake of some insectivorous bats (Encarnaç~ao & Dietz, 2006;
McLean & Speakman, 1999), whereas the use of social signals re-
duces the percentage of daily energy intake invested for roost
finding to 2e3%. Of course, these numbers are a gross estimate of
the energetics involved during roost finding with and without so-
cial signals in T. tricolor, and the relationship between search time
and area of a patch may not be linear. We still need data on the
mechanical power needed to sustain flight in this species, coupled
with field experiments to determine whether the absence of vocal
individuals increases search time of roosts and consequently in-
dividuals' daily energetic investment.
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