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Demographic characteristics
shape patterns of dawn
swarming during roost switching
in tree-dwelling Daubenton’s bat

Romana Ruzinska®%2, Denisa Lobbova? & Peter Kariuch®**!
I

Frequent roost switching in fission—fusion societies of tree-dwelling bats is closely associated with
swarming behaviour entailing ritualised night-time displays around the roost tree and/or at the roost
entrance to signal its actual location, particularly immediately prior to sunrise. However, effects of
demographic characteristics of individuals in this social behaviour remain unanswered. Using passive
integrated transponders (PIT) and automatic readers, we recorded swarming activity of members

of a Daubenton’s bat (Myotis daubentonii) maternity colony in the vicinity of their roosts. In total,
59,622 activity events of 281 PIT-tagged individuals were recorded on ten monitored roosts during
three summer seasons. We found a gradual increase of swarming activity from midnight to sunrise

in old adult females, whereas young females and juveniles primarily swarmed later at dawn. We
attribute this difference to the learning status of younger bats, which are not yet able to perform a
defined pattern of swarming activity, whereas older bats likely take a more active role in signalling
the position of the roost. Old males exhibited the least swarming activity at maternity roosts, which
mostly occurred between crepuscular periods, presumably due to their solitary lives. A negative
correlation between genetic distance and swarming activity suggests an important role of kinship in
the formation of the maternity colony as well as group cohesion during roost switching.

Animal decision-making requires the gathering and processing of information from their surroundings. Whether
such information is abiotic (e.g. location of the potential shelter or some resources) or biotic (often presence of
competitors or a predator), it includes a social environment represented by signals from conspecifics'. Several
activities, movements or structures serve as signals, although some of them had originally different purposes
and acquired signalling function only by a ritualization. For the successful process of signalling, a receiver has to
notice a correlation between the signal and actions of a transmitter. For enhancing an intensity of a signal, ritu-
alization takes an advantage of stereotypization and thus, increasing its conspicuousness and separate behaviour
from its original function?®. The most frequent example of ritualization in bats is aggressive territorial behaviour,
as was reported in Seba’s short tailed fruit bat (Carollia perspicillata)’, however, ritualised behaviour was observed
also to be a part of promiscuous mating system as a swarming activity at bats’ underground hibernacula*. Addi-
tionally, ritualization extended the function of a swarming behaviour even more.

In 1976, Vaughan and O’Shea® described a ritualised swarming behaviour (hereafter ‘swarming’ or ‘dawn
swarming’) in tree-dwelling Pallid bats (Antrozous pallidus) during dawn period before sunrise. Thus, this
behaviour has long been anecdotally known® however, its function has only been analysed in the last decades.
Whereas increased levels of swarming activity positively enhance cohesion of social groups within colonies”?, it
was assumed serving as a means of information exchange about bats’ intention to switch roosts in non-central-
ised decision-making process’. This is especially important due to the fission-fusion dynamics of bat societies,
whereby colony members freely move between multiple smaller social groups and are also able to fuse to a large
unit'®. Thus the main reason of frequent roost switching in tree-dwelling species in which a set of roosts is re-
used is thought to be mainly social, i.e. to maintain social bonds among a larger number of animals that cannot
fit in a limited space of tree roost as found for example in big brown bats (Eptesicus fuscus)'!. Maternity colonies
of these bats tend to switch roosts every 2-5 days or even daily'% therefore, efficient information transfer among
individuals is needed to prevent group disintegration®®.
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Dawn swarming is based on various behavioural components, including flybys, landings, leaps, crawling,
entrances and departures. In noctule bats (Nyctalus noctula, N. leisleri), this behaviour was recently found to be
performed throughout most of the night but mostly prior to sunrise around the roosting tree and/or at the roost
entrance”®. Cooperating individuals are expected to act as both signallers and receivers that communicate the
locations of potential roosts within the area of a colony home-range. Besides maintaining social bonds, switching
of roosts is likely triggered also by unsuitable conditions in the current tree roost due to unsuitable microclimatic
conditions' and/or parasite overgrowth'¥; however, it may serve as a strategy to avoid predators'. Although
individuals may intersperse with bats from other social groups', relationships between females of tree-dwelling
species within the defined social group remain preserved. Studies examining the social structures of maternity
colonies have shown that some female pairs with a higher degree of kinship may roost together more frequently
over a long time'”. More related individuals thus express similar personality traits in their behaviour'®". There-
fore, individual genetic distance to the rest of the colony may also affect cooperative behaviour associated with
roost switching and social grouping.

However, there are demographic characteristics of individuals which need to be considered first when analys-
ing dawn swarming behaviour. The most prominent are sex- and age-related differences in social behaviour of
bats. Sex-based behavioural differences have been found to be mostly shaped by natural selection and constrained
by factors such as environment, endocrine status or reproductive condition?>*!. Males and females of socially
organised mammalian species have normally different social roles, which correspond with varying behaviours®.
Among bats living in temperate zones, females typically segregate from males in spring after hibernation to form
breeding colonies with stable social structures in which an individual strongly depends on their conspecifics®.
Whereas most temperate zone male bats live solitarily or in bachelor groups during maternity colony formation®,
the occurrence of males in the maternity colony home range could be explained by a shortage of roosting options
or mating opportunities there?>?. These lifestyle differences suggest sex-related characteristics of swarming
behaviour®. Many mammals display sex-related behavioural variations from a young age, and these differences
are linked with adult fitness-correlates?”. However, age-related changes in animal behaviour have also been
observed. Some aspects of juvenile behaviour are specifically adapted for their survival and propagated during
specific period only (e.g. food begging), whereas others are precursors of adult behaviour as a play is. Typically,
the development of juvenile behaviour depends on an interplay between inherent elements and learning®. Social
learning among bats has been demonstrated in food related cues®, vocalisation®, and roost localisation®’.

Demographic characteristics of individuals and their mean relatedness to maternity colony may shape also
cooperative behaviour which maintains cohesion in social groups of bats. This study aimed to understand the
role of sex, age and individual genetic distance from other colony members in dawn swarming of tree-dwelling
Daubenton’s bats during roost switching. We examined three hypotheses: (1) Adult females that remain with
their relatives throughout their lives will evince increased dawn (nocturnal) swarming activity to enhance social
bonds in maternity colonies. Contrary to this, adult males which do not depend on the energetic benefits of
maternity groups during nursing will be less active in swarming. (2) Swarming activity patterns will change
throughout the lifespan, especially in adult females as a result of social learning. (3) Individual genetic distance
will have an impact on the level of swarming activity as the kinship may support roosting together. To study
individual variation in swarming activity according to sex, age and genetic distance, we tracked members of
a maternity colony (adult females and juveniles with an associated proportion of adult males) of Daubenton’s
bats using passive integrated transponders (PIT tags) and a set of automatic PIT tag readers that recorded bats’
activity at tree roost entrances.

Materials and methods

Study species. The Daubenton’s bat (Myotis daubentonii) is a medium-sized bat weighing 6-10 g with a
forearm length of about 40 mm that is common in most of Europe®. This species specialises on chironomids,
which are foraged over calm water surfaces by trawling or aerial hawking®>**; thus, its summer occurrence is
strictly bound with riparian stands, where it mainly roosts in various tree cavities, although maternity colonies
also rarely occupy rock shelters or man-made structures®***. The species has a promiscuous mating system, and
a relatively high proportion of adult males has been recorded in maternity colonies*?¢. The Daubenton’s bat is
considered a short-distance migrant with stable social groups'>*® and a relatively long lifespan of about 4.5 years
on average®’.

Study area. The study was conducted at Celare-Kirt, a small park (~7 ha) located in southern Slovakia
(Ipelska Kotlina Basin): 48.116464 N, 19.489140E, 151 m a.s.l. (Fig. 1a). The park is surrounded by an agricul-
tural landscape, and most of it comprises the remnants of an old hardwood floodplain forest. Dominant tree spe-
cies are native willows (Salix alba), poplars (Populus alba), maples (Acer platanoides), oaks (Quercus robur) and
ashes (Fraxinus excelsior), and there are also apple trees (Malus sp.), horse chestnuts (Aesculus hippocastanum)
and sycamores (Platanus sp.). A dense undergrowth is formed by self-seeding vegetation and various deciduous
shrubs and bushes. The Ipel River and riparian stands are located east- and southward from the park. The park
is connected with the river by a corridor of tree vegetation, which bats use for navigation to the foraging area
during their evening emergence. In addition to Daubenton’s bats (Fig. 1b), Natterer’s bats (Myotis nattereri) and
Common noctules (Nyctalus noctula) have been documented breeding in the park’s trees*, and Alcathoe bats
(Myotis alcathoe), Grey long-eared bats (Plecotus austriacus), Soprano pipistrelles (Pipistrellus pygmaeus) and
Serotines (Eptesicus serotinus) have also been recorded there.

Recording of bat swarming activity. During two breeding seasons (from May to August in 2019 and
2020), we equipped a set of 12 mist-netted bats (preferentially older adult females) with transmitters (PicoPip
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Figure 1. (a) The study area with locations of tree roosts of the Daubenton’s bat in an old park in southern
Slovakia. (b) Maternity colony of Daubenton’s bats in a tree roost. (¢) Automatic PIT tag reader protected by
waterproof case with (d) square-shaped antenna placed over roost entrance (Photo by P. Katluch).

Ag317, weight 0.4 g; Biotrack/Lotek, Inc.) and located their roosts using TRX100 S3 receiver and a three-element
hand-held directional Yagi antenna (Wildlife Materials, Inc.). Some roosts were opportunistically found during
morning observations of swarming behaviour in the park; however, most were identified through radio-track-
ing. Simultaneously, we made mist-netting sessions approximately twice a week on the commuting corridor,
and all animals were labelled with individual identification codes by subcutaneous insertion of PIT tags (ID100
Mini Transponder, diameter 1.4 mm, length 8 mm; Trovan, Ltd.) in their scapular region®. In total, 389 bats
were PIT-tagged in the area. Along with PIT-tagging we installed automatic PIT tag readers (BTS-ID, Sweden;
Fig. 1c) on altogether 10 bats roosts in tree hollows during three consecutive seasons from May 2019 to early
September 2021. The number of monitored roosts differed between seasons according to our knowledge about
their occupancy by adult females and their offspring (4 roosts were successfully monitored in 2019, 8 in 2020
and 7 in 2021). The PIT tag readers antennas placed over roost entrances were square-shaped and measured
30x30 cm (Fig. 1d). Due to technological limitations, this approach may not provide accurate determination of
all displays of swarming behaviour, which is mainly performed around the tree outside the distance recordable
with antennas; however, it can provide reliable summary measures of most events (landings, leaps, crawling,
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entering and departures). We used such events as a proxy of relative bat activity at the roost. The devices read-
ing sensitivity allowed a setting of 1 s as the minimal time for one event, thus all bats which crossed a PIT tag
reader antenna frame or occurred at its close vicinity were recorded (transponders were recognisable outside
the frame of antenna at a distance of 2 cm when tested). Some multiple events of a same individual repeatedly
recorded in continual sequence every second for up to few minutes (e.g. bat did not swarm, but rather sat in the
entrance hole) were deleted from data, presumably indicating behaviour without information value for the rest
of the colony or some technical error. This represented less than 1% of all data. However, simple record from
each such multiple session was maintained. Although records of evening departures from and final entrances
to roosts are not displays in the sense of swarming, they were left in the dataset under the assumption that
these result in minimal bias in swarming patterns. In our setup of PIT tag readers fixed on limited number of
roosts, the amount of recorded activity that we finally collected differs throughout the season. Most activity was
recorded in June and early July during the nursing of juveniles before they were weaned from the maternity
colony (Fig. 2a). First flights of juveniles started in early July. During nursing period when females return also
around midnight to feed juveniles, thus make an extra entrance and departure®, we could expect some effect in
seasonal distribution of data. However, we accepted this possible bias as insignificant, considering the fact that
analysed data presented events pooled from all three years. Therefore we were confident that our robust data set
from all three seasons was suitable to analyse the role of demographic characteristics in swarming behaviour of
bats during roost switching.

In addition to sex, the age of all PIT-tagged individuals was determined on the basis of phalangeal epiphysis*’
and chin-spot colouration*'. Individuals with entirely cartilaginous epiphysis were classified as juveniles, whereas
bats with completely ossified joints were sorted between ‘young adults’ (dark or intermediate chin spot) and ‘old
adults’ (no spot, what indicates an age very likely older than two-three years*?). The younger age categories were
reclassified over time as follows: all juveniles PIT-tagged in one year were classified as young adults in the next
two years; young adults with intermediate chin spot in one year were classified as old in the next year (those with
dark spot were kept as young adults also in the next year).

Genotyping. To explore relative genetic distances amongst individuals in the study population, we geno-
typed all PIT-tagged bats whose activity was recorded on monitored roosts. A tissue sample was taken from the
wing membrane with a small biopsy-punch (2 mm?) and stored in 96% ethanol in freezer (—20 °C) pending
analysis. DNA was extracted with EchoLUTION Tissue DNA Micro Kit (Bioecho Life Sciences, GmbH). Using
three multiplex PCR protocols, 12 microsatellite loci**-*® were screened (multiplex 1: H19, D15, E24, ES43-Mluc,
D9; multiplex 2: C113, A24-Mluc, Paur6; multiplex 3: H29, G9, B15, B22). The PCR protocol required 4 pl of
genomic DNA (~10-20 ng.ul), 0.25 uM of each primer (forward and reverse) and a 1 x PCRBIO HS Taq Mix
Red Master mix (PCRBiosystems, Ltd.) in a 20 ul reaction volume. Fragments of multiplex 1 and 2 were ampli-
fied in the thermocycler TAdvanced (Biometra) at the following steps: initial denaturation at 95 °C for 5 min; 35
cycles of denaturation at 95 °C for 30 s; annealing at 58 °C for 30 s; extension at 72 °C for 90 s; and a final elonga-
tion step at 72 °C for 5 min. Multiplex 3 only differed in annealing temperature (55 °C). The fluorescent labelled
PCR products (dyes ATTO 550, ATTO 565, 6-FAM, Yakima Yellow) were separated by capillary electrophoresis
in an ABI 3730XL genetic analyser, and fragment lengths estimated relative to the size standard LIZ600 were
determined using Geneious Prime 2019 software (Biomatters, Ltd.). Three loci exhibited some elevated fre-
quency of null alleles (D15 and C113 10%; B22 30%) when tested using the Chakraborty et al’s and Brookfield’s
methods in the package ‘PopGenReport’ 3.0.4* of the R 3.6.3 software®®.

Statistical analyses. To test the hypothesis that the frequency of nocturnal swarming activity of individu-
als of different sex and age categories come from the same distribution (i.e. temporal pattern of swarming during
a night did not differ), we compared empirical cumulative distribution functions (ECDFs) for each pairwise
combination of groups (six sex/age categories) by randomisation based two-sample tests. The most powerful test
based on the DTS test statistic, which is the reweighted integral of the distance between the two ECDFs, with
1000 bootstrap iterations was performed in the R package ‘twosamples’ 1.1.1%. Furthermore, differences among
individuals of different sex/age categories according to the mean and maximum number of their swarming
events per night and roost were visualised using bean-plots*® in the R package ‘beanplot’ 1.2°! and determined by
the non-parametric Kruskal-Wallis ANOVA with a post-hoc Dunn test with Bonferroni correction for multiple
comparisons in the R package FSA 0.8.30°%

An individual-based genetic distance measure was extracted from the PC eigenvalues of a principal coordi-
nates analysis (PCoA) performed in the R package ‘adegenet’ 2.1.3%. This multivariate method considers the best
approximation of a dissimilarity matrix of Euclidean and short distances, and its principal components optimise
the representation of the squared pairwise distances between individuals. The relationship between individual
genetic distance relative to other bats in the study population and their activity at roosts was examined by Spear-
man’s rank-order correlation using the R package ‘ggpubr’ 0.4.0°*, which depicted a 95% confidence interval.

Ethical statement. This study adhered to the Guidelines for the Treatment of Animals in Behavioral
Research and Teaching® and the legal requirements of the country (Slovakia) in which the work was per-
formed. The protocol for this research was approved by the Ministry of the Environment of the Slovak Republic
(4021/2017-6.3, 6169/2021-6.3) according to the decision of its own ethics review board. ARRIVE guidelines
for reporting animal research have been followed as much as possible (https://arriveguidelines.org/).
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Figure 2. (a) Density distribution of records of bat behavioural events during summers 2019-2021 with the
outlined length of the darkness during this study period. Frequency of behavioural events from all seasons of
(b) all individuals and (c) individuals categorised by sex and age relative to the sunset and sunrise, respectively
(codes: F=female, M =male, A =adult, O=o0ld, Y =young, ] =juvenile; categories are also colour coded). Events
include any presence of bats at the cavity entrance, mainly emergence, swarming and entering the tree. Each bar
in the histograms represents approximately 15 min (note: night length during season differed but most events
were recorded around midsummer with minimal variation in the night length).

Scientific Reports|  (2022) 12:10014 | https://doi.org/10.1038/s41598-022-14246-2 nature portfolio



www.nature.com/scientificreports/

Roost | Individuals | Nights | Events
A 203 95 14,795
B 179 115 23,149
C 73 43 2528
D 21 9 69

E 12 20 491

F 149 85 7736
G 8 12 117

H 111 62 4140

I 99 54 4250

] 62 18 2347
Total 281 261 59,622

Table 1. Summary statistics of the number of unique PIT-tagged individuals, nights with records and
behavioural events associated with emergence/entering and swarming recorded at ten tree roosts of
Daubenton’s bats during three seasons.

Sex/age Nights Events D010 N0 Ny
FAq 219+1.1 133.2+11.5 66 78 75
FAy 21.3+1.4 131.5+12.3 54 33 46
FJ 9.1+0.8 122.3+24.6 27 30 -
MAg 52+14 27.7+£8.0 2 7 6
MAy 6.5£1.5 39.5+12.9 4 10 5
MJ 7.3£0.7 68.0+10.0 25 24 -

Table 2. Mean number of nights and events with standard error recorded per an individual and season (codes
for sex and age categories: F =female, M =male, A =adult, O=old, Y =young, ] =juvenile). Juveniles were not
PIT-tagged in 2021.

Results

Altogether, 59,622 activity events (an event was any presence of a bat at the cavity entrance, mainly emergence,
swarming and entering the tree) of 281 individuals were recorded on 10 monitored roosts during a total of 261
nights across three summer seasons (Table 1). In average 241.7 (SE +18.8) events of an individual during 37.2
(£2.5) nights were recorded within the whole study period (three seasons) or 118.1 (+7.0) and 17.7 (£0.7),
respectively, during a season (Table 2). This activity was recorded on monitored roosts mostly in June, less at
the turn of July-August (Fig. 2a).

During individual nights, the first peak of swarming activity began on average 15 min after sunset and lasted
for 30 min. This period included emerging events from the roost as well as repeated returns. Based on direct
observations at the site, less frequent data prior to this period should represent unintentional recordings of indi-
viduals positioned in the roost entrance and waiting for dusk (bats typically aggregated at the entrance before
emergence close to the sensitivity range of the PIT tag reader antenna) or some so-called ‘scouts’ that prematurely
emerged and quickly returned due to high light intensity yet. Subsequently, activity rapidly decreased almost
to zero before midnight, and then swarming gradually increased up to the second maximum, which occurred
75-30 min before sunrise when bats returned to roosts (Fig. 2b). However, separate analysis of sex/age categories
found different frequency distribution patterns. First, a gradual increase of swarming activity from midnight
toward sunrise was more pronounced in old than young adult females, the latter of which more closely resembled
that of juveniles, which mostly swarmed during dawn. Secondly, swarming patterns strongly differed between
old and young adult males categories which both swarmed at maternity roosts. Whereas young males’ activity
was similar to female patterns, as they more likely roosted together, old males mostly swarmed around maternity
roosts between crepuscular periods (Fig. 2c). Activity distributions in the categorised groups significantly differed
in all pairwise combinations (P<0.001).

Individual swarming activity within sex and age categories also significantly differed, either measured as
the mean number (y?=29.4, df=5, P<0.001) or the maximum number of events per night and roost (X2 =14.0,
df=5, P=0.015). The number of events was higher in juveniles than adult females, and adult males showed the
least activity (Fig. 3). Measures of genetic variability in the study population (missing data 1.4%) showed that
the mean number of alleles per locus was 16.2 (range 4-25), and the expected heterozygosity was 0.84 (range
0.47-0.93). Genotypes of individuals demonstrated variations in the multivariate PCoA analysis (PC1 =22%,
PC2=18%), and sum of absolute eigenvalues of two first PC axes was used to estimate individual genetic dis-
tance. Relative activity of individuals negatively correlated with their mean genetic distance from the rest of
the colony (p=-0.11, P=0.011; Fig. 4); however, no significant pattern was found when activity was analysed
within demographic categories.
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Figure 3. Relative swarming activity of individuals of different demographic categories of bats collected during
three seasons calculated as (a) the mean number or (b) the maximum number of their events per night and
roost (codes for sex and age categories: F=female, M =male, A=adult, O=o0ld, Y =young, ] =juvenile; categories
are also colour coded). The distribution of individual observations in bean-plots (small horizontal lines) is
shown by a kernel density shape and an median value (bold line). Different lower-case letters denote groups that
significantly differ (P<0.05) from the others according to post-hoc Dunn tests with Bonferroni correction.
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Figure 4. Spearman’s rank-order correlation between genetic distance based on PCoA components and relative
swarming activity of individuals. Local polynomial regression curve fits the deterministic part of the variation
in the data with 95% confidence interval. Different demographic categories of individuals (adult females, adult
males, juveniles) are colour-coded as in Figs. 2 and 3.

Discussion

This study revealed significant variability in swarming patterns according to demographic characteristics of
tree-dwelling Daubenton’s bats. Observed differences between individuals engaged in dawn swarming showed
that this non-centralised decision-making about the position of their roost is even more complex’. The adap-
tive value of roost switching in bats is not strictly restricted to specific age or sex categories®®; however, our
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novel results indicate the important role of these demographic characteristics in shaping cooperative swarming
behaviour, which serves as a mechanism maintaining cohesion of bat groups during this process. In accordance
with our hypothesis we found that adult females performed more swarming activity than adult males which
accompanied maternity groups during nursing period. Similarly, we conformed that swarming activity patterns
changed throughout individual’s lifespan and that kinship may play a role in the level of dawn swarming activity.

Swarming around a tree hollow in dim light conditions enhance the risk of predation'>*, thus light intensity
is assumed to be the main factor forcing bats to return to the roosts®. Maintenance of this potentially dangerous
and energetically demanding activity®' indicates that it should be driven by some individual benefits, presumably
related to the matrilineal societies'”*°. The main factors leading to formation of these groups are the high fidelity
of adult females to the natal area, where they live with their progenitors for their entire lifetime®” and relative
longevity of bats which allows them to form social bonds lasting multiple seasons®®. Such formation opens the
door for the evolution of sex-specific cooperative behaviour, such as dawn swarming, that provides social benefits
for individual participants despite being energetically demanding and risky”'. Therefore, it was not surprising that
old females as a main part of the colony had a high number of swarming events as well as organised, increasing
gradients of behavioural displays during night-time. Juveniles have to undergo various steps of the flight develop-
ment to be able of full-featured flight*, thus we might expect that some stages are necessary also for swarming
behaviour development. Because juveniles and younger females swarm mostly during dawn, we suggest this as
a developmental stage which is necessary to learn and perform a defined pattern of behaviour in adulthood.
Older experienced bats likely take a more active role in signalling about the position of roost. However, these
differences between individuals may not purely follow age characteristics, but it may be consistent for a small set
of individuals that play a central role in leading other bats to roosts®. The development of cooperative behaviour
during the juvenile phase has an impact on social relationships in adulthood®’. Bats must become independent
from maternal care shortly after weaning®; thus, the elevated swarming activity of weaned juveniles is likely
related to their learning necessity, together with benefits gained from colony membership. They should mainly
learn the location of colony roosts®*, and the time spent together with older bats may reflects cooperative social
interactions®. In contrast, males exhibited the lowest amount of activity and did not participate in swarming
shortly before sunrise, the time when decisions concerning roost position are mainly made. It confirms that
old males are not a stable part of the colony** and group cohesion is not a crucial issue for them. However, the
female-like swarming pattern among younger males, which often remain in natal area during their first year,
is in accordance with their higher affinity to the maternity colony explained by familiarity or mating options.

The necessity for cooperation is especially emphasised in fission-fusion societies'’, and among tree-dwelling
bats, this is further enhanced by relatedness in social groups®. Albeit statistically weak, the negative correlation
between genetic distance and swarming activity suggests the cooperative nature of this behaviour and indicates
an important role of kinship in the formation of groups during the roost switching process. Similar to the kin-
selection theory®, we can suggest that individuals more related to the rest of the colony likely give more attention
to maintenance of group cohesion and thus invest more time in swarming activity>®. The importance of related-
ness in shaping social bonds depends on group size. Relatedness acts as a clue mostly in larger groups, whereas
familiarity is sufficient for a smaller group'’. The high number of PIT-tagged Daubenton’s bats (almost four
hundred individuals) in our small study plot indicates large colony size what thus supports an effect of kinship
in development of this cooperative behaviour. An open question remains whether observed patterns of swarming
activity would be similar in smaller colonies of Daubenton’s bats or other tree-dwelling species.

Most swarming events in our data were in fact recorded at roosts that were preferred by females during
their lactation. In this period, maintaining larger groups mirrored in an increased swarming activity is an
energy-saving option to maintain stable roost temperature preventing torpor, which may slow down offspring
development'"®°. However, increasing swarming activity is also an excessive energy loss®! and a trade-off between
costs and benefits for lactating females need to be considered. With the end of lactation, the mean group size
decreases, and the colony disperses into more shelters®. The limited number of PIT-tag readers, which were
only installed on the most frequently occupied roosts, could be a cause of the decline in the number of recorded
swarming events in July. However, the second, smaller peak visible at the turn of July and August result to some
extent from intensive swarming activity of weaned juveniles around the well-established long-term roosts of
maternity colony in the study area®. They might potentially learn the position of roost in a colony home range®!,
also with guidance from their mothers®. Despite current technological limitations, which did not allow us to
record the activity of individuals at a larger distance from the roost (around tree canopies) or at all potential
roosts that can be visited and occupied in the colony’s home-range’, our study provides the first in-depth insight
into this impressive but little explored behaviour of bats. This complex cooperative behaviour in non-centralised
decision-making process during the roost site selection highlights also the importance of sensitive forest harvest-
ing interventions, respecting roosting habits of tree-dwelling bats.

Data availability
Datasets used in this study are included in Supplementary Information files (recorded swarming events “events.
csv” and genotypes “genotypes.csv” of PIT-tagged bats).
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