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Information transfer about roosts in female
Bechstein’s bats: an experimental field study
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Information transfer among group members is believed to play an important part in the evolution of
coloniality in both birds and bats. Although information transfer has received much scientific interest,
field studies using experiments to test the underlying hypotheses are rare. We used a field experiment to
test if communally breeding female Bechstein’s bats (Myotis bechsteinii) exchange information regarding
novel roosts. We supplied a wild colony, comprising 17 adult females of known relatedness, with pairs of
suitable and unsuitable roosts and monitored the arrival of individuals marked with transponders (PIT-
tags) over 2 years. As expected with information transfer, significantly more naive females were recruited
towards suitable than towards unsuitable roosts. We conclude that information transfer about roosts has
two functions: (i) it generates communal knowledge of a large set of roosts; and (ii) it aids avoidance of
colony fission during roost switching. Both functions seem important in Bechstein’s bats, in which colonies
depend on many day roosts and where colony members live together for many years.
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1. INTRODUCTION

An important advantage of sociality is the ability to learn
from conspecifics about the environment. Information
transfer among group members is widespread and occurs
in eusocial insects (see, for example, Hölldobler & Wilson
1990) and various vertebrates (see, for example, Brown
1986; Galef 1991; Reebs 2000). Information transfer
(about food) is believed to be an important factor in the
evolution of coloniality in birds and bats (see, for example,
Ward & Zahavi 1973; Wilkinson 1992).

Three main hypotheses have been proposed to explain
how information transfer can lead to communal roosting
and breeding (reviewed in Richner & Heeb 1996). The
‘information centre hypothesis’ assumes communal roost-
ing is beneficial because all group members profit from
information transfer at the roost (Ward & Zahavi 1973).
In contrast, the ‘two-strategy hypothesis’ proposes that
inferior foragers profit from information transfer at the
roost while superior foragers profit from other benefits of
communal roosting correlating with group size, such as
safety from predators (Weatherhead 1983). Finally, the
‘recruitment centre hypothesis’ presumes that successful
foragers transfer information at the communal roost to
group members that do not reciprocate in transferring
information, as recruiters profit from the presence of con-
specifics in the foraging habitat (Evans 1982; Richner &
Heeb 1996).

To evaluate the hypotheses about information transfer
empirically, field experiments are required to test their
predictions (Weatherhead 1987). Although information
transfer has received much scientific interest, field studies
using experiments to test the underlying hypotheses are
rare (Galef & Giraldeau 2001) and are primarily restricted
to studies of birds exchanging information about food
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(Weatherhead 1987; Prior & Weatherhead 1991; Marzluff
et al. 1996; Buckley 1997).

Here, we present a field experiment in which we tested
whether communally breeding female Bechstein’s bats
(Myotis bechsteinii) exchange information about novel
roosts. Because colonies of this species use up to 50 day
roosts during one reproductive season, information trans-
fer among colony members could aid the acquisition of
knowledge about suitable roosts (Kerth et al. 2001a).
Bechstein’s bat colonies are matrilineal societies of stable
composition, comprising 15–40 females of different
relatedness (Kerth et al. 2000, 2002). Thus, information
transfer about roosts, if present, could be based both on
reciprocity among long-term associated colony members
and on kin selection among closely related females.

Owing to the biology of Bechstein’s bats, our study dif-
fers from the existing experimental field studies on infor-
mation transfer in three ways. First, we observed a species
that forms stable colonies. Second, we provided novel
roosts instead of food. Finally, we investigated the effect
of kinship that is often ignored in studies of information
transfer because of the transient nature of groups in most
species studied so far (Dall 2002).

We provided a wild Bechstein’s bat colony with pairs
of suitable and unsuitable bat boxes. If females transfer
information, we expected them to recruit each other to
suitable boxes. In this case, we had four predictions: (i) if
information is transferred at the day roost, the information
centre hypothesis should apply if bats reciprocate in
recruiting and following; (ii) if some females consistently
explore and recruit more than others, the two-strategy or
the recruitment centre hypothesis should apply if recruit-
ment at the roost is independent of relatedness; (iii) if rela-
tives are preferentially recruited, kin selection could
explain why information is transferred to colony mates
that do not reciprocate; and (iv) if bats recruit each other
at the novel box (‘local enhancement’ (Thorpe 1963 in
Galef & Giraldeau 2001)), day roosts do not serve as
information or recruitment centres.



512 G. Kerth and K. Reckardt Information transfer in Bechstein’s bats

antenna 

barrier

automatic

transponder

reader 

bat box

Figure 1. ‘Unsuitable’ experimental box: bat box equipped
for continuous monitoring with an automatic transponder
(PIT-tag) reader. A barrier blocking the interior entrance
makes this box unsuitable for roosting (see text for details).

2. METHODS

(a) Study site, animals and monitoring of day
roost occupation

We conducted our study from 27 July to 3 October 2000 and
from 24 April to 21 September 2001 in the home range of the
Bechstein’s bat colony ‘Blutsee’ (Kerth 1998). This colony
occurs in a deciduous forest near the city of Würzburg (northern
Bavaria, Germany) and has been continuously studied since
1993 (Kerth 1998, 2004). All adult females (19 in 2000 and 18
in 2001) were individually marked with transponders (PIT-tags)
(Kerth & König 1996). Furthermore, degrees of relatedness
among 17 females, present in both years, were determined in a
previous study (Kerth et al. 2002). The Blutsee colony roosts
mainly in bat boxes (‘2FN’, Schwegler, Germany). We checked
several times a week for the presence of bats in 118 boxes dis-
tributed in the centre of the colony’s home range (ca. 0.5 km2).
Experimental boxes were checked daily. If bats were observed
in a box, we identified individuals using mobile PIT-tag readers
(Kerth & König 1996, 1999).

(b) Field experiment
We placed 20 pairs of new bat boxes within 300 m of day

roosts used by the Blutsee colony in previous years. All experi-
mental boxes were of the same type used by colony members
since 1993 (Kerth 1998). Each new pair consisted of a ‘suitable’
and an ‘unsuitable’ box, hanging side by side at the same tree.
The boxes had two entrances located after each other. Within
each box pair we randomly created an unsuitable box by block-
ing the interior entrance with a mesh wire. In manipulated boxes
bats could still enter the entrance area through the first entrance,
but roosting was prevented because bats could not pass through
the interior entrance (figure 1). This manipulation mimicked a
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box that cannot be used by bats because it is occupied by nesting
birds or dormice, which is a common situation (G. Kerth, per-
sonal observation).

Each experimental box was equipped for continuous monitor-
ing with an automatic reading device (figure 1). Reading devices
consisted of a reader (EURO 8100, Usling, Germany), an oval
antenna (6 cm × 4 cm) and a battery (12 V/3.6 Ah). Readers
recorded and stored PIT-tag numbers, times and dates of bats
passing the antenna in the box’s entrance area. Data were regu-
larly transferred to a laptop computer. All experimental boxes
were monitored every night, beginning from the day they were
established. We regarded a single experiment (monitoring of one
box pair) as completed when all females had visited one box, or
when the suitable box had been used as a day roost for the first
time. In the autumn of 2000 we stopped the experiments when
the females left for hibernation, resuming them when the bats
reappeared in the spring of 2001. In addition to the experi-
mental boxes, we monitored all day roosts in 2001 (30 bat boxes
and one tree hole) for as long as bats occupied them.

(c) Data analysis
Monitoring bat boxes with automatic PIT-tag readers is new.

Thus, we first tested the efficiency of our method. We determ-
ined the percentage of bats recorded in boxes during the day
with mobile readers that were also recorded by automatic read-
ers when departing the day roosts the following night.

If information transfer occurs, we predicted females recruit
each other to suitable boxes. In this case, more colony members
should be recorded in suitable than in unsuitable boxes. For this
prediction to hold females must not enter unsuitable boxes a
priori (without information transfer) less than suitable boxes. We
tested this by assessing for any bias in initial box preferences.
Subsequently, we tested whether the number of naive bats,
defined as new individuals that entered a box after the visit of
the first bat, differed between suitable and unsuitable boxes. In
14 experimental pairs, single readers failed to record in some
nights owing to occasional power loss. Therefore, we only
included readings from nights where we had been able to moni-
tor both boxes. For comparisons within box pairs (suitable ver-
sus unsuitable boxes) we used Wilcoxon’s matched-pair tests.

To quantify individual recruitment we compared the time
between consecutive readings of bats in a box. We defined
recruitment of a naive bat to a new box as the visitation of a
naive bat to a box within no more than 3 min of an ‘experienced’
bat (an individual that had entered the box on a previous visit).
We allowed for a 3 min delay between readings as females do
not enter a box immediately upon arriving at it: females
returning at night to a day roost usually encircle it for some time
before entering it (G. Kerth, personal observation). For the
same reason we included events of a naive bat entering a novel
roost up to 3 min before the experienced bat. When analysing
individual recruitment, we included only readings from a box
before the first power loss. Thus we avoided misinterpretation
of individual arrival patterns that could also be attributed to
occasional power losses. �2-tests and a Mann–Whitney U-test
were used for independent data; Spearman’s rank correlations
for comparisons of individual behaviour.

For each of the 17 bats present in both study years we quant-
ified the following parameters: (i) number of experimental boxes
it discovered (i.e. how often it was the first bat to enter); (ii)
how often it recruited a colony mate; (iii) how often it was
recruited; (iv) how often it entered a new box without being
recruited.
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Figure 2. Number of naive bats (mean ± s.e.m.) in suitable
versus unsuitable bat boxes (see text for details).

3. RESULTS

(a) Efficiency of the automatic box monitoring
The automatic readers confirmed 1508 of 1548 individ-

ual readings obtained during the day in 2001. Thus, their
efficiency was 97%. Although occasional battery failure
caused some gaps in our automatic box monitoring, on
average we were able to monitor both boxes of a pair in
91% of its observation nights (range: 63–100%).

(b) Discovery and occupation of experimental
boxes

Females discovered 19 of the 20 experimental pairs. On
average a box was entered for the first time 29 nights after
it was introduced (range: 0–118 nights, excluding the time
between October 2000 and April 2001 when bats were
absent). Fourteen of the 19 suitable boxes discovered were
used as day roosts. Time between discovery of a suitable
box and its first use as a day roost ranged from 3 to 151
days (the mean was 88 days).

(c) Number of naive females recorded in suitable
versus unsuitable boxes

The first recorded bat entered the suitable box in 11
and the unsuitable box in 8 of 19 cases (�2 = 0.5, n.s.). Of
the 9 box pairs that had no observation gap before the
arrival of the first bat, this ratio was 5 : 4. After a box had
been discovered by the first bat, the number of naive bats
recorded was significantly higher for suitable than for
unsuitable boxes (n = 19 box pairs, Z = �3.46, p � 0.001;
figure 2). We obtained a similar result when comparing
numbers of naive bats in the two box types before the first
monitoring gap (n = 9 box pairs, Z = �2.37, p� 0.02).

Furthermore, the ratio of recruited to not-recruited bats
was significantly higher in suitable boxes (data before the
first observation gap). In suitable boxes, 37 out of 71 naive
bats were recorded within 3 min of an experienced bat. In
unsuitable boxes this ratio was only one out of 35
(�2 = 24.7, n = 106, p� 0.0001; figure 3). Most recruit-
ment events (84%) occurred between 22.30 and 03.30
and recruitment followed a bimodal distribution with one
peak at 23.30 and the other at 01.30.

(d) Individual box visiting behaviour
We obtained 3101 individual readings at 56 bat boxes

and one tree hole (experimental box pairs and day roosts)
during 201 nights. We found a significant positive corre-
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Figure 3. Time between experienced and naive bats arriving
at experimental bat boxes. Filled bars, suitable boxes; open
bars, unsuitable boxes. (See text for details.)

lation between the number of new boxes a bat discovered,
the number of colony mates it recruited, and the number
of its independent (not-recruited) box visits as a naive bat
(table 1). By contrast, the number of times a bat was
recruited by its colony mates was not significantly corre-
lated with any of the other parameters (table 1).

Recruited bats often arrived in a group. In 12 of the 38
recruitment events the recruited bat entered a box with
more than one experienced female within 3 min. In 12
other instances only one experienced bat was recorded
within 3 min of the naive bat, but further experienced bats
were observed a few minutes later. For further analysis
we aimed to unambiguously identify single individuals as
recruiters. We included only recruitment events, in which
no other experienced bat was observed within 20 min of
the recruiter (the experienced bat that was recorded within
the 3 min period). Confirmed single recruiters did not
recruit colony mates depending on their relatedness. Pair-
wise relatedness between recruiters and recruited bats (14
pairs) did not differ from pairwise relatedness among all
17 females present in both years (median r = 0.02 in both
cases; n1 = 14, n2 = 136, U = 904, n.s.).

4. DISCUSSION

(a) Information transfer about novel roosts
Our data show that female Bechstein’s bats recruited

naive colony mates to suitable roosts. To the best of our
knowledge, this is the first experimental evidence that bats
transfer information about novel roosts. Although there is
also some indication of information transfer about roosts
in evening bats (Wilkinson 1992), little is known whether
this behaviour occurs in other bat species. However, we
do not think that female Bechstein’s bats are exceptional
in exchanging information about roosts. Instead, we
assume that such cooperation is common in bats. Many
bat species frequently switch roosts (Lewis 1995) and
information transfer could help them to avoid colony fis-
sion during roost switching, as has been shown for ant
colonies (Pratt et al. 2002).
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Table 1. Spearman’s rank correlation coefficients (rs) and p values, resulting from comparisons between the box visiting behaviour
of 17 female Bechstein’s bats belonging to one maternity colony. We compared: (i) how many new boxes a bat discovered; (ii)
how often a bat entered a new box without being recruited (independent visits); (iii) how often a bat was recruited to a new box;
and (iv) how often a bat recruited a colony mate to a new box (see text for details).

(i) discovered boxes (ii) independent visits (iii) times recruited

(ii) independent visits rs = 0.51
p = 0.035

(iii) times recruited rs = 0.16 rs = �0.09
p = 0.539 p = 0.737

(iv) times being a recruiter rs = 0.55 rs = 0.76 rs = �0.10
p = 0.023 p � 0.001 p = 0.692

Furthermore, information transfer might generate
communal knowledge of roosts. On average it took about
three months between the discovery of a suitable box and
its first use as a day roost. This indicates that females build
up knowledge of a large set of roosts, from which they
select appropriately. Because female Bechstein’s bats
depend on many different roosts (Kerth et al. 2001a)
communal knowledge of day roosts could be an important
resource for a colony.

(b) Local enhancement versus recruitment at the
day roost

Naive females could have been recruited to suitable
boxes via local enhancement due to scent marks, or by
calls of bats visiting a suitable box. Local enhancement
using scent marks seems unlikely because most naive bats
entered a novel box in the company of experienced bats.
Our data indicate that colony mates had to be present to
attract naive females. Because we did not record sound,
we cannot completely exclude the possibility that calls of
females visiting a suitable box recruited naive bats (see
Barclay 1982). However, this does not explain why naive
bats often arrived within a group, unless we assume that
several bats heard a call at the same time. This seems
unlikely as female Bechstein’s bats generally forage apart
from each other (Kerth et al. 2001b).

Instead, the individual arrival pattern of bats is probably
best explained as recruitment at the day roost. In nights
where we monitored the day roost, naive bats entered the
day roost less than 1 h before in 6 out of 25 recruitment
events. In three cases the recruiter was recorded in the day
roost within 10 min of the recruited bat. Furthermore, our
data probably underestimate the degree of recruitment at
the day roost. Females that recruited while flying around
the day roost, analogous to the aerial displays of commu-
nally roosting birds (e.g. Richner & Heeb 1996), could
not be detected with our method. Recruitment at the day
roost has also been found in evening bats that transfer
information about food (Wilkinson 1992).

(c) Evaluation of the different hypotheses
explaining information transfer

The information centre hypothesis (Ward & Zahavi
1973) requires that colony members alternate when
recruiting each other. Such reciprocity has been found in
cliff swallows (Brown 1986), ravens (Marzluff et al. 1996)
and evening bats (Wilkinson 1992). However, like most
other studies on information transfer (Galef & Giraldeau
2001) we found no evidence for reciprocity in Bechstein’s
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bats. Females that explored and recruited intensively were
not more often recruited than bats that explored and
recruited little. Thus, the information centre hypothesis
seems not to apply to female Bechstein’s bats.

One explanation for the absence of reciprocity during
recruitment would be kin selection. However, kin selec-
tion is unlikely to explain information transfer about roosts
in Bechstein’s bats because females did not preferentially
recruit relatives.

Instead, both the two-strategy and the recruitment
centre hypothesis can explain why bats transfer infor-
mation to unrelated colony mates that do not reciprocate.
Both hypotheses assume that recruiters receive grouping
benefits (Richner & Heeb 1996). The recruitment centre
hypothesis predicts grouping benefits at the novel
resource, whereas the two-strategy hypothesis expects
benefits to occur at the communal roost. In Bechstein’s
bats, social thermoregulation could be such a grouping
benefit. By recruiting colony mates, females probably raise
the roost temperature, which appears to be important for
successful reproduction (Kerth et al. 2001a). Because the
same grouping benefits apply to the day roost and the
novel box, we cannot discriminate between the recruit-
ment centre and the two-strategy hypothesis in our study.

5. CONCLUSION

Communal roosting provides female Bechstein’s bats
with the ability to exchange information about novel
roosts, a resource on which they strongly depend. How-
ever, colony members probably differ in what they gain
from coloniality. Females, which explore little, are likely
to benefit directly from information transfer, whereas indi-
viduals that explore and recruit intensively probably aug-
ment their colony by generating communal knowledge.
We expect that such cooperation is stable, because females
serving as ‘scouts’ receive grouping benefits such as social
warming (see Clutton-Brock 2002).

We thank B. König, M. Manser, K. Safi, I. Schlupp, T. Garner
and two anonymous referees for helpful comments on the
manuscript. We are grateful to N. Bansac, B. Prieur, S. Rauch-
fuss and K. Safi for their assistance in the field, to G. Lexa for
renting her apartment and to B. König for her constant sup-
port. Handling, marking and observation of Bechstein’s bats
were done under licence from the nature conservancy depart-
ment of the government of Lower Frankonia. We gratefully
acknowledge their support and that of the local department of
forestry. This work was supported by the Swiss National
Science Foundation (SNF, 31-59556.99).



Information transfer in Bechstein’s bats G. Kerth and K. Reckardt 515

REFERENCES

Barclay, R. M. R. 1982 Interindividual use of echolocation
calls: eavesdropping by bats. Behav. Ecol. Sociobiol. 10,
271–275.

Brown, C. R. 1986 Cliff swallow colonies as information cen-
ters. Science 234, 83–85.

Buckley, N. 1997 Experimental tests of information-center
hypothesis with black vultures (Coragyps atratus) and turkey
vultures (Cathartes aura). Behav. Ecol. Sociobiol. 41, 276–
279.

Clutton-Brock, T. 2002 Breeding together: kin selection and
mutualism in cooperative vertebrates. Science 296, 69–72.

Dall, S. R. X. 2002 Can information sharing explain recruit-
ment to food from communal roosts? Behav. Ecol. 13, 42–
51.

Evans, R. M. 1982 Foraging flock recruitment at a black-billed
gull colony: implications for the information center hypoth-
esis. Auk 99, 24–30.

Galef, B. G. 1991 Information centers of Norwegian rats: sites
for information exchange and information parasitism. Anim.
Behav. 41, 295–301.

Galef, B. G. & Giraldeau, L. 2001 Social influences on forag-
ing in vertebrates: causal mechanisms and adaptive func-
tions. Anim. Behav. 61, 3–15.

Hölldobler, B. & Wilson, E. O. 1990 The ants. Berlin: Springer.
Kerth, G. 1998 Sozialverhalten und genetische populationsstruktur
bei der Bechsteinfledermaus (Myotis bechsteinii). Berlin: Wis-
senschaft und Technik Verlag.

Kerth, G. 2004 Relatedness, life history and social behaviour
in the long-lived Bechstein’s bat (Myotis bechsteinii ). In Func-
tional and evolutionary ecology of bats (ed. A. Zubaid, G. F.
McCracken & T. H. Kunz). Oxford University Press (In
the press.)

Kerth, G. & König, B. 1996 Transponder and an infrared-
videocamera as methods used in a field study on the social
behaviour of Bechstein’s bats (Myotis bechsteini ). Myotis 34,
27–34.

Kerth, G. & König, B. 1999 Fission, fusion and nonrandom
associations in female Bechstein’s bats (Myotis bechsteinii ).
Behaviour 136, 1187–1202.

Proc. R. Soc. Lond. B (2003)

Kerth, G., Mayer, F. & König, B. 2000 Mitochondrial DNA
(mtDNA) reveals that female Bechstein’s bats live in closed
societies. Mol. Ecol. 9, 793–800.

Kerth, G., Weissmann, K. & König, B. 2001a Day roost selec-
tion in female Bechstein’s bats (Myotis bechsteinii): a field
experiment to determine the influence of roost temperature.
Oecologia 126, 1–9.

Kerth, G., Wagner, M. & König, B. 2001b Roosting together,
foraging apart: information transfer about food is unlikely to
explain sociality in female Bechstein’s bats (Myotis
bechsteinii ). Behav. Ecol. Sociobiol. 50, 283–291.

Kerth, G., Safi, K. & König, B. 2002 Mean colony relatedness
is a poor predictor of colony structure and female philopatry
in the communally breeding Bechstein’s bat (Myotis
bechsteinii ). Behav. Ecol. Sociobiol. 52, 203–210.

Lewis, S. E. 1995 Roost fidelity of bats: a review. J. Mammal
76, 481–496.

Marzluff, J. M., Heinrich, B. & Marzluff, C. S. 1996 Raven
roosts are mobile information centres. Anim. Behav. 51,
89–103.

Pratt, S. C., Mallon, E. B., Sumpter, D. J. T. & Franks, N. R.
2002 Quorum sensing, recruitment, and collective decision-
making during colony emigration by the ant Leptothorax albi-
pennis. Behav. Ecol. Sociobiol. 52, 117–127.

Prior, K. A. & Weatherhead, P. J. 1991 Turkey vulture forag-
ing at experimental food patches: a test of information trans-
fer at communal roosts. Behav. Ecol. Sociobiol. 28, 385–390.

Reebs, S. G. 2000 Can a minority of informed leaders deter-
mine the foraging movement of a fish shoal? Anim. Behav.
59, 403–409.

Richner, H. & Heeb, P. 1996 Communal life: honest signalling
and the recruitment center hypothesis. Behav. Ecol. 7,
115–119.

Ward, P. & Zahavi, A. 1973 The importance of certain assem-
blages of birds as ‘information centers’ for finding food. Ibis
115, 517–534.

Weatherhead, P. J. 1983 Two principal strategies in avian
communal roosts. Am. Nat. 121, 237–243.

Weatherhead, P. J. 1987 Field tests of information transfer in
communally roosting birds. Anim. Behav. 35, 614–615.

Wilkinson, G. S. 1992 Information transfer at evening bat col-
onies. Anim. Behav. 44, 501–518.


