Vocal learning by greater spear-nosed bats

Janette Wenrick Boughman

Department of Loological Research, National Zoological Park, Smithsonian Institution and Department of Loology, University of Maryland,

College Park, MD 20742 USA (boughman@umail .umd.edu)

Vocal learning is well known among passerine and psittacine birds, but most data on mammals are equi-
vocal. Specific benefits of vocal learning are poorly understood for most species. One case where vocal
learning should be favoured by selection is where calls indicate group membership and group mates are
unrelated. Female greater spear-nosed bats, Phyllostomus hastatus, live in stable groups of unrelated bats
and use loud, broadband calls to coordinate foraging movements of social group mates. Bats benefit from
group foraging. Calls differ between female social groups and cave colonies, and playback experiments
demonstrate that bats perceive these acoustic differences. Here I show that the group distinctive structure
of calls arises through vocal learning. Females change call structure when group composition changes,
resulting in increased similarity among new social group mates. Comparisons of transfers with age-
matched half-sibs indicate that call changes are not simply due to maturation, the physical environment
or heredity. These results suggest that studies testing vocal learning in mammals could profit by focusing

on vocalizations that signify group membership.
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1. INTRODUCTION

Animals that live in stable social groups often produce
vocal signals that indicate group membership (Schaller
1972; Feekes 1977; Harrington & Mech 1979; Mammen &
Nowicki 1981; Raemackers & Raemaekers 1984; Brown et
al. 1988; Wright 1996). Frequently, social groups are
composed of kin, as in many mammals, and some aspects
of signals are heritable indicators of kinship (Scherrer &
Wilkinson 1993). Less often, unrelated animals form
groups and signals are acquired through association with
the group, as in some passerine and psittacine birds
(Nowicki 1989; Farabaugh et al. 1994). Few mammals
form stable social groups of wunrelated individuals.
Selection should favour this type of social modification
only for calls whose function is enhanced by the degree of
similarity to social partners, whether these are territorial
neighbours, mates, or members of a social group. Socially
mediated vocal changes should be especially favoured
when calls are badges of group membership (or passwords,
Feekes 1977) and heritable variation cannot produce group
differences, such as when group members are not relatives.

There is little evidence that taxa other than birds
modify calls in response to their social environment. Most
data on mammals are equivocal. Many studies have failed
to find convincing evidence of vocal learning (Snowdon
1990; Owren et al. 1992; reviewed in Janik & Slater 1997).
Other studies provide some evidence, but are equally
consistent with low gene flow between populations (Winn
et al. 1981; Ford & Fisher 1983; Thomas & Stirling 1983) or
matching of call types in a partially shared repertoire
(Tyack 1986; McCowan & Reiss 1995). A few captive
bottlenose dolphins have mimicked arbitrary whistled
sounds in the lab (Richards et al. 1984; Reiss &
McCowan 1993) which demonstrates vocal plasticity.
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Further study is required to establish that vocal learning
occurs naturally and to address the functional significance
of such plasticity (Tyack & Sayigh 1997). Descriptions of
changes over years in humpback whale song (Payne &
Payne 1985) and bat echolocation call frequencies (Jones
& Ransome 1993) are consistent with vocal learning, but
have not been experimentally tested.

Female greater spear-nosed bats, Phyllostomus hastatus,
give broadband, audible frequency group contact calls,
termed screech calls (figure 1), that differ among social
groups, yet individuals within groups are statistically
indistinguishable (Boughman 1997). This species gives
what appears to be a single call type, and social groups
differ in frequency and temporal characteristics of this
basic call type. Female social groups are very stable, yet
are composed of unrelated individuals (McCracken &
Bradbury 1981; McCracken 1987). Consequently, the
between-group differences and within-group convergence
observed in these signals does not result from shared genes.
Instead, call structure may be modified through associa-
tion with the social group—a form of learning.

Observational and experimental evidence demonstrates
that screech calls function as group signatures. Field obser-
vations suggest that screech calls facilitate recognition of
social group mates who forage together on rich food
resources (Goodwin & Greenhall 1961; Wilkinson &
Boughman 1998a). Group foraging provides direct benefits
(Wilkinson & Boughman 19984,6) and group living
appears to be obligate since we do not observe females
roosting alone (G. S. Wilkinson & J. W. Boughman,
unpublished data). Females that call when they exit their
roost cave and at foraging sites are more likely to be
accompanied by a roost mate, and bats in groups are
more likely to give calls (Wilkinson & Boughman 1998a).
Analyses of screech call acoustic structure reveal that calls
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Figure 1. Sonagrams and power spectra for representative
screech calls from a bat in each group prior to transfer. (a) Bat

1021 from Group one. (4) Bat 1022 from Group two.

Proc. R. Soc. Lond. B (1998)

contain relevant information to function in group
recognition (Boughman 1997). Habituation—discrimina-
tion experiments (Cheney & Seyfarth 1988) demonstrate
that bats can discriminate between calls given by their
group mates and other bats, but bats do not respond as
though they discriminate among individuals in their
group (Boughman & Wilkinson 1998). The difficulty of
finding group mates during evening emergences of several
hundred bats may favour group distinctive rather than
individually distinctive calls in this species. Calls also
differ among three caves in Trinidad (Boughman & Wilk-
inson 1998). Geographic variation is often cited as
evidence of song learning in birds (Catchpole & Slater
1995) and may also reflect vocal learning of screech calls
in P, hastatus.

2. METHODS

(a) Social manipulation

To test the hypothesis that group differences and within group
convergence arise through social modification of screech calls, I
mimicked naturally occurring dispersal. I transferred bats
reciprocally between two social groups housed in separate
rooms at the Department of Zoological Research, National
Zoological Park. I moved bats at ages they would be expected to
disperse in the wild. Offspring of both sexes disperse from the
natal group during the first year to roost temporarily with other
young bats. Females join an existing adult social group when
reproductively mature, at about two years (McCracken &
Bradbury 1981). Individual females remain with the same group
for many years with a few individuals occasionally transferring
to a new group (G. S. Wilkinson and J. W. Boughman,
unpublished data).

The two captive groups are composed of wild-caught adults
(11 and 12 respectively) and their descendant offspring (32 and
29 respectively). Prior to the social manipulation most offspring
had partially segregated into a secondary roost of each group, in
patterns similar to those observed for dispersal in the wild
(McCracken & Bradbury 1981). Prior to this partial dispersal,
acoustic analyses demonstrated that bats within a roost sounded
similar, whereas social groups differed markedly in frequency
and temporal characteristics of screech calls (Boughman 1997).
Subsequent to this dispersal but before I transferred bats
between groups, acoustic differences between roosts in the same
group began to emerge (between roosts in group 1 Wilks’
A=0.977; p=0.1832; between roosts in group 2 Wilks’ A=0.961;
p=0.0071), although overall group differences remained substan-
tial (Wilks’ A=0.941; p=0.0001).

From the secondary roost in each group I moved two reproduc-
tively mature 2—3 year-old females and three one-year old juvenile
females. Each transfer had at least one female age-matched
paternal half-sib that remained resident in the natal group. These
resident half-sibs serve as controls for the social manipulation, and
allow me to test hypotheses that calls change due to maturation or
the physical environment, or reflect heritable variation. After
transfer, roosting affiliations coalesced quickly with most transfers
joining the secondary roost of their new group, although adult
transfers joined the primary roost in one group.

(b) Call recording and measurement

I recorded screech calls from ten transfers and 13 resident
females (including six half-sibs) repeatedly prior to and after
moving bats with a Marantz PMD 430 cassette recorder using a
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Sennheiser ME 66 microphone onto metal tapes (the system has a
flat response (42.5dB) up to 18 kHz). All recordings were made
in a single experimental room that was quite similar to the rooms
that housed the bats, reducing the chance that physical acoustics
would cause divergence in calls. The walls, floors, ceiling and
roosts were constructed out of similar materials in both roost
rooms and the experimental room, which were adjacent to one
another. The rooms were approximately the same size (room one
was 4.7 x4.3 x39m; room two was 54 x4.3x39m; experi-
mental room was 5.4 X 4.3 x 3.9 m). Light cycle, temperature and
humidity are controlled from the same source. These rooms are
virtually identical and any physical changes that occur in one
room are very likely to occur simultaneously in the other room.
Consequently, acoustic accommodation should also occur simul-
taneously and should not cause acoustic divergence. I recorded
bats flying freely around the experimental room in small groups.
All bats were individually marked with unique combinations of
coloured Scotchlite (3M) on metal wing bands and unique
bleach-marked patterns on their backs and shoulders. I identified
individuals in flight by their Scotchlite combinations and bleach
marks, and only analysed calls I could unambiguously assign to
an individual. I analysed 12 acoustic variables for 665 calls (see
Boughman 1997 for variable description). I digitized calls using
RTS: Real-Time Spectrogram (Engineering Design, Belmont
MA), sampling at 46.5 kHz. I measured acoustic features of calls
with SIGNAL: Digital Signal Analysis Language (Engineering
Design, Belmont MA). When computing spectrograms I set the
FFT window size to 512 points, used a Hanning window and
obtained a frequency resolution of 91 Hz. I computed power
spectra across an entire pulse with a maximum FFT of 32,000
points, and smoothed the resulting curves by computing a
running average with window size of 50 Hz.

(c) Statistical analysis

Prior to analysis, I calculated average values for measured vari-
ables for each call. I analysed these data by two factor univariate
and multivariate ANOVA, with group (four levels: group one resi-
dents, transfers to group one, group two residents, transfers to
group two), period (three levels: pre-move, one month post-
move, and five months post-move), and their interaction. I
followed this analysis with univariate and multivariate contrasts
among residents and transfers to test differences pre-move, one
month post-move, and five months post-move and then compared
transfers and half-sibs pre- and post-move. Change of frequency
characteristics is likely to be more constrained than change of
temporal characteristics (Janik & Slater 1997). I tested whether
calls changed in frequency characteristics by conducting separate
MANOVA contrasts including and then excluding temporal vari-
ables. I explored the influence of roosting affiliation and age on
initial patterns in a separate MANOVA. I also performed a cano-
nical linear discriminant analysis with the 12 measured variables
(Johnson & Wichern 1991). I collapsed the 12 measured variables
into two dimensions that represent composite scores of the original
variables so that I could track how calls move in multivariate
space. Data from residents pre-move were used to construct the
discriminant function to separate groups, which was then used to
classify calls from transfers pre-move and all post-move calls.
From these analyses I obtained average canonical scores for indi-
viduals pre-move and post-move and calculated group averages
for plotting. To determine how well groups could be separated
post-move, I also conducted a separate discriminant analysis to
compare all transfers and residents in group one with all bats in
group two post-move.
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Table 1. Variables that differ between residents and transfers
before and after moving bats.

Probabilities from univariate contrasts averaged across two
groups calculated for 665 calls from 23 bats.

one month five months

variable type pre-move post-move post-move
peak 1 (Hz) F 0.3995 0.0134 0.6982
peak 2 F 0.0007 0.0313 0.0017
—12.dB below peak 1 F 0.0008 0.0788 0.5267
(Hz)
—12dBabove peak2 F 0.0009 0.0129 0.2782
(Hz)
bandwidth (Hz) F 0.0001 0.0032  0.454
frequency rise to peak ~ F 0.0426 0.5112  0.325
1 (dB/Hz)
frequency fall from F 0.3121 0.2661  0.735
peak 2 (dB/Hz)
amplitude difference F 0.1475 0.1488 0.3045
pkl & pk2 (dB)
number of peaks F 0.234 0.2028 0.313
number of pulses T 0.0003 0.4146 0.1275
pulse repetition T 0.0056 0.3359 0.5987
interval (ms)
call duration (ms) T 0.1279 0.1579 0.4959
total differences 7 4 1

3. RESULTS

Experimentally altering the social environment directly
affects call structure. Both transfers and residents change
characteristics of their calls in response to changing
group membership. Before the move, bats who will
transfer differ significantly from the residents in their
eventual group for seven variables (table 1). These differ-
ences disappear over time. One month post-move,
transfers and residents show fewer differences, and after
five months of living together transfers and residents are
indistinguishable for all but one variable. Both frequency
and temporal variables show changes (figure 2). For some
variables, residents show the largest changes (e.g. band-
width in both groups, figure 24), while for others,
transfers change most (e.g., repetition interval in group
two, figure 25). These univariate results are corroborated
by MANOVA contrasts that indicate significant differ-
ences between residents and transfers pre-move (group
one Wilks’s A=0.962; p<0.007; group two Wilks’s
A=0.829; p<0.0001). Five months later residents and
transfers do not differ (group one Wilks’s A=0.982;
p=041L group two Wilks’s A=0.975; p=0.123). These
patterns of change are not altered when temporal variables
are removed from the analysis (pre-move differences:
group one Wilks’s A=0.992; p <0.0063; group two Wilks’s
A=0.83]; p<0.0001 and post-move differences: group one
Wilks’s A=0.987; p<0.4101; group two Wilks’s A=0.974;
p<0.1175) indicating that bats have changed frequency
characteristics of their calls. Initially, power spectra of
residents and transfers are relatively dissimilar in both
groups, but overlap considerably five months post-move
(figure 3). Irequency and temporal changes result in
substantial acoustic convergence. After living together for
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Figure 2. Bats in both social groups change call structure with changing social environment. Univariate means =£s.e. for three
periods: prior to moving bats (pre-move), one month, and five months after the move (post-move). Solid bars are residents and
open bars are transfers. Comparisons for one representative frequency and one temporal measure previously shown to be important
in differentiating groups. (a) Bandwidth. () Repetition interval. Contrasts are calculated for 23 bats and 665 calls. **, p<0.001;

*** p<0.0001.

five months, the calls of transfers and resident bats in both
groups more closely resemble each other than those of
their old group mates in multivariate space (figure 4, 5).
It appears that all bats adjust their calls to resemble the
bats they live with. Although groups are more similar at
the end of the study, reciprocal convergence has not abol-
ished group differences (Wilks’s A=0.928; p <0.0033).

If calls change passively because of maturational
changes in vocal tract morphology or actively in response
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to a changing physical environment, then transfers and
their age-matched half-sibs should show similar patterns
of change in call characteristics. Changes that occur
should be in parallel in multivariate space. However, if
the social environment plays an important role in
structuring calls, transfers and half-sibs who differ in
their social environment should show different patterns
and non-parallel changes. I tested these hypotheses by
comparing the difference between transfers and their
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Figure 3. Residents (heavy line) and transfers (light line)
converge in frequency characteristics, as illustrated by the
increasing overlap in power spectra post-move as compared to
pre-move. (a) Group one pre-move. (b) Group one post-move.
(¢) Group two pre-move. (d) Group two post-move.

age-matched half-sibs before and after the move (table
2). Both adult and juvenile transfers and their age-
matched half-sibs have changed the degree of resem-
blance to one another (figure 4, 5). Resident bats who
continue to live together change calls in parallel, while
transfers who have new social partners diverge from resi-
dent half-sibs. Juvenile transfers joined the secondary
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Figure 4. Calls from residents and transfers converge in multi-
variate space after living together for five months. Mean
canonical scores for residents and transfers in both groups in
two dimensions. Small symbols indicate mean values prior to
moving bats; large symbols indicate means five months post-
move. Closed symbols are residents and open symbols are bats
transferring, or immigrating into a new group. Arrows indicate
how each subset changed during the course of the experiment.
Standard errors (x, y) for group one residents pre-move = 0.31,
0.12 and post-move=0.035, 0.16; transfers to group one pre-
move=0.16, 0.10 and post-move=0.073, 0.13; group two resi-
dents pre-move =0.15, 0.36 and post-move=0.12, 0.30;
transfers to group two pre-move=0.39, 0.074 and post
move=0.051, 0.094.
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Figure 5. Transfers (triangles) and their age-matched half-sibs
(squares) diverge in multivariate space once they no longer
share roosts. I show canonical means for group two pre-move
(small symbols) and five months post move (large symbols).
Filled symbols are adults and open symbols are juveniles.
Residents change calls in parallel and transfers diverge from
residents, as predicted if the social environment influences call
structure.

roost In their new group while adults joined the
primary roost, resulting in additional divergence from
each other. These comparisons indicate that observed
changes cannot be explained by maturation or the
physical environment alone. The social environment
clearly influences acoustic structure of calls.
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Table 2. Number of univariate contrasts of 12 total that indicate
divergence of resident and transferred half-sibs

2-3 year-old juvenile MANOVA
half-sibs half-sibs Wilks’s A
group one 2 2 0.97%%**
group two 9 10 0.92%**
4. DISCUSSION

Evidence presented here demonstrates that acoustic
convergence within social groups and differences between
groups arise through vocal learning. Greater spear-nosed
bats achieve this convergence with group mates not by
matching of call types in an existing repertoire, but by
changing subtle frequency and temporal characteristics of
their single call type. Changes are reciprocal, indicating
that females respond acoustically to their group mates as
group composition changes. These dynamic responses are
not likely to lead to a static set of group identifying char-
acters. Instead, calls are likely to move in acoustic space to
maintain differences between social groups and similarity
within. The degree of resemblance depends on the amount
of social interaction. Each social group is partially segre-
gated into two roosts in a single room that give calls
sounding somewhat different. Individuals spend most of
their time in their own roost, but bats from both roosts
feed together and socialize outside the roost. Acoustic
changes post-move reflect these affiliations. Call modifica-
tion in P hastatus is not limited to juveniles—essential
since females join new groups as adults.

Social modification of screech calls is consistent with
predictions for social learning (Laland et al. 1996) of calls
that coordinate (Wilkinson &
Boughman 19985). When an individual’s social environ-
ment changes often, for instance when social groups are
not stable, group membership is unlikely to be favoured.
What matters is probably group size, not group composi-
tion, so we do not expect that the calls animals use to form
groups (Elgar 1986; Brown et al. 1991) will convey caller
identity. Individual variation in morphology may produce
individual variation in call parameters and individual
learning can occur, but calls are not likely to be susceptible
to social modification. When the environment changes
very slowly, for instance when individuals do not disperse
but remain with their natal group, genetic transmission
should be favoured and calls should be heritable indicators
of kinship. When the social environment changes at an
intermediate rate, for instance when individuals disperse
from their natal group to form stable social groups, social
learning should be favoured. Calls that coordinate group
movements should indicate group membership and be
modifiable by the social environment. Consistent with
these predictions, female P hastatus appear to copy only
their group mates, ensuring that calls remain different
between groups and can effectively indicate group
membership. Continually high transfer rates could even-
tually wash out differences between groups, but adult
females change group affiliation rarely (McCracken &
Bradbury 1981; G. S. Wilkinson and J. W. Boughman

group movements
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unpublished data) which should help maintain group
differences. In this experiment, transferring several bats
simultaneously may have contributed to the magnitude of
changes exhibited by resident bats.

Group differences may also be maintained if group
members actively differentiate themselves from other
groups in the same cave. Not only should this improve the
ability to discriminate groups, but may also be important
to resist encroachment by conspecifics. When foraging
groups control rich resources it may pay individuals from
other groups to feign their identity to obtain access to food
Evolutionarily stable indicators of group
membership should therefore be difficult or costly for
outsiders to imitate (Grafen 1990). Large differences
between groups may make copying relatively difficult.
Controlling subtle frequency characteristics in these noisy
calls may also be difficult, which could make changing
calls physiologically costly. Possibly more important in P,
hastatus are the costs of acquiring the group specific char-
acteristics. Group convergence takes time. Potential
cheaters must overcome initial aggression and invest
considerable time in attempting to associate with the
group, listening to the group’s calls to determine the
group’s characteristics, and changing calls to match. This
kind of time investment makes cheating unlikely to be
cost effective.

Vocal learning is clearly not limited to birds and
humans, and bats are a promising group for further study.
Many bat species show remarkable vocal control during
pursuit and capture of prey, changing the structure of
echolocation pulses in precise ways to maximize prey
detection and localization (Kalko & Schnitzler 1993).
The work of Jones & Ransome (1993) on Rhinolophus
JSerrumequinum suggests that infants may fine-tune echoloca-
tion pulses through learning. Some social calls may also be
learned. Phyllostomus discolour infants give isolation calls
that facilitate reunion with mothers, and calls of infants
raised in isolation differ from infants who hear maternal
directive calls (Esser 1994) suggesting a role for auditory
experience.

Calls that function to indicate social affiliation may
have been selected to be modifiable by social experience.
Consequently, study of group signatures is likely to
change our view of the prevalence of vocal learning in
mammals.

resources.

I would like to thank Jerry Wilkinson, Daven Presgraves, Lin
Chao, Gene Morton, Dave Yager, Art Popper and two anon-
ymous reviewers for comments that improved the manuscript,
and the Department of Zoological Research for expert bat care.
This work was supported by fellowships from the Smithsonian
Institution, the Department of Zoology and the Graduate School
at the University of Maryland, and a dissertation improvement
grant from the National Science Foundation.

REFERENCES

Boughman, J. W. 1997 Greater spear-nosed bats give group
distinctive calls. Behav. Ecol. Sociobiol. 40, 61-70.

Boughman, J. W. & Wilkinson, G. S. 1998 Greater spear-nosed
bats discriminate group mates by vocalization. Anim. Behav.
(In the press.)

Brown, C. R., Brown, M. B. & Shaffer, M. L. 1991 Food sharing
signals among socially foraging clift swallows. Anim. Behav. 42,
551-564.



Vocal learning by bats ~ J.W. Boughman 233

Brown, E. D., Farabaugh, S. M. & Veltman, C. J. 1988 Song
sharing in a group-living songbird the Australian magpie,
Gymnorhina tibicen: 1. Vocal sharing within and among groups.
Behaviour 104, 1-28.

Catchpole, C. K. & Slater, P. J. B. 1995 Bird song: biological themes
and variations. Cambridge University Press.

Cheney, D. L. & Seyfarth, R. M. 1988 Assessment of meaning
and the detection of unreliable signals by vervet monkeys.
Anim. Behav. 36, 477-486.

Elgar, M. A. 1986 House sparrows establish foraging flocks by
giving chirrup calls if the resources are divisible. Anim. Behav.
34, 169-174.

Esser, K. -H. 1994 Audio-vocal learning in a non-human
mammal: the lesser spear-nosed bat, Phyllostomus discolour.
NeuroReport 5, 1718—1720.

Farabaugh, S. M., Linzenbold, A. & Dooling, R. J. 1994 Vocal
plasticity in budgerigars (Melopsittacus undulatus): evidence for
social factors in the learning of contact calls. J. Comp. Psychol.
108, 81-92.

Feekes, F. 1977 Colony specific song in Cacicus cela (Icteridae,
Aves): the password hypothesis. Ardea 65, 197-202.

Ford, J. K. B. & Fisher, H. D. 1983 Group-specific dialects of
killer whales (Orcinus orca) in  British Columbia. In
Communication and behavior of whales (ed. R. Payne), pp. 129-161.
Boulder: Westview Press.

Goodwin, G. G. & Greenhall, A. M. 1961 A review of the bats of
Trinidad and Tobago. Bull. Am. Mus. Nat. Hist. 122, 195-301.
Grafen, A. 1990 Biological signals as handicaps. J Theor. Biol.

144, 517-546.

Harrington, F. H. & Mech, L. D. 1979 Wolf howling and its role
in territorial maintenance. Behaviour 68, 207—-249.

Janik, V. M. & Slater, P. J. B. 1997 Vocal learning in mammals.
Advances Study Behav. 26, 59-99.

Johnson, R. A. & Wichern, D. W. 1991 Applied multivariate statis-
tical analysis. Englewood Cliffs, NJ: Prentice Hall.

Jones, G. & Ransome, R. D. 1993 Echolocation calls of bats are
influenced by maternal effects and change over a lifetime. Proc.
R. Soc. Lond. B252,125-128.

Kalko, E. K. V. & Schnitzler, H. -U. 1993 Plasticity in echoloca-
tion signals of European pipistrelle bats in search flight:
implications for habitat use and prey detection. Behav. Ecol.
Sociobiol. 33, 415-428.

Laland, K. N., Boyd, R. & Richerson, P. J. 1996 Developing a
theory of animal social learning. In Social learning: the roots of
culture (ed. B. I. Gulef & C. Heyes), pp. 129-154. New York:
Academic Press.

Mammen, D. L. & Nowicki, S. 1981 Individual differences and
within-flock convergence in chickadee calls. Behav. Ecol.
Sociobiol. 9, 179—186.

McCowan, B. & Reiss, D. 1995 Whistle contour development in
captive-born bottlenose dolphins (Zursiops truncatus): role of
learning. 7. Comp. Psychol. 109, 242-260.

McCracken, G. F. 1987 Genetic structure of bat social groups. In
Recent advances in the study of bats (ed. M. B. Fenton, P. Racey &

Proc. R. Soc. Lond. B (1998)

J- M. V. Rayner), pp. 281-298. Cambridge (MA): Cambridge
University Press.

McCracken, G. F. & Bradbury, J. W. 1981 Social organization
and kinship in the polygynous bat Phyllostomus hastatus. Behav.
Ecol. Soctobiol. 8, 11-34.

Nowicki, S. 1989 Vocal plasticity in captive black-capped chicka-
dees: the acoustic basis and rate of call convergence. Anim.
Behav. 37, 64-73.

Owren, M. J., Dieter, J. A., Seyfarth, R. M. & Cheney, D. L.
1992 ‘Food’ calls produced by adult female rhesus (Macaca
mulatta) and Japanese (M. fuscata) macaques, their normally-
raised offspring, and offspring cross-fostered between species.
Behaviour 120, 218-231.

Payne, K. & Payne, R. 1985 Large scale changes over 19 years
in songs of humpback whales in Bermuda. & Tierpsychol. 68,
89-114.

Raemaekers, J. J. & Raemaekers, P. M. 1984 The ooaa duet of
the gibbon (Hylobates lar): a group call which triggers other
groups to respond in kind. Folia Primatol. 42, 209-215.

Reiss, D. & McCowan, B. 1993 Spontaneous vocal mimicry and
production by bottlenose dolphins (Zursiops truncatus): evidence
for vocal learning. 7. Comp. Psych. 107, 301-312.

Richards, D. G., Wolz, J. P. & Herman, L. M. 1984 Vocal
mimicry of computer-generated sounds and vocal labeling of
objects by a bottlenose dolphin, Tursiops truncatus. [J. Comp.
Psych. 98, 10—-28.

Schaller, G. B. 1972 The Serengeti lion: a study of predator—prey rela-
tions. Chicago University Press.

Scherrer, J. A. & Wilkinson, G. S. 1993 Evening bat isolation
calls provide evidence for genetic signatures. Anim. Behav. 46,
847-860.

Snowdon, C.T. 1990 Language capacities of nonhuman animals.
Yearbook Phys. Anthropol. 33, 215—243.

Thomas, J. A. & Stirling, I. 1983 Geographic variation in the
underwater vocalizations of Weddell seals (Leptonychotes
weddelli) from Palmer Peninsula and McMurdo Sound,
Antarctica. Can. J. Zool. 61, 2203-2212.

Tyack, P. 1986 Whistle repertoires of two bottlenose dolphins,
Tursiops truncatus: mimicry of signature whistles? Behav. Ecol.
Sociobiol. 18, 251-257.

Tyack, P. & Sayigh, L. S. 1997 Vocal learning in cetaceans. In
Social Influences on Vocal Development (ed. C. T. Snowdon & M.
Hausberger), pp. 208-233. Cambridge University Press.

Wilkinson, G. S. & Boughman, J. W. 19984 Social calls coordi-
nate foraging among greater spear-nosed bats. Anim. Behav.
(In the press.)

Wilkinson, G. S. & Boughman, J. W. 19984 Social influences on
foraging in bats. In Social learning among mammals (ed. H. O.
Box & K. A. Gibson). Symp. Zool. Soc. Lond. 73.

Winn, H. E., Thompson,T. J., Cummings,W. D., Hain, J., Hudnall,
J., Hays, H. & Steiner, W.W.1981 Song of the humpback whale—
population comparisons. Behav. Ecol. Sociobiol. 8,41-46.

Wright, T. F. 1996 Regional dialects in the contact call of a
parrot. Proc. R. Soc. Lond. B 263, 867-872.






