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Klaus Zuberbiihler

Predator-specific alarm calls in Campbell’s monkeys,

Cercopithecus campbelli

Abstract One of the most prominent behavioural fea-
tures of many forest primates are the loud calls given by
the adult males. Early observational studies repeatedly
postulated that these calls function in intragroup spacing
or intergroup avoidance. More recent field experiments
with Diana monkeys (Cercopithecus diana) of Ta Forest,
Ivory Coast, have clearly shown that loud male calls
function as predator alarm calls because calls reliably (1)
label different predator classes and (2) convey semantic
information about the predator type present. Here, | test
the alarm call hypothesis another primate, the Camp-
bell’s monkey (C. campbelli). Like Diana monkeys, male
Campbell’s monkeys produce conspicuous loud calls to
crowned hawk eagles (Stephanoaetus coronatus) and
leopards (Panthera pardus), two of their main predators.
Playback experiments showed that monkeys responded
to the predator category represented by the different
playback stimuli, regardless of whether they consisted of
(1) vocalisations of the actual predators (crowned hawk
eagle shrieks or leopard growls), (2) alarm calls to
crowned hawk eagles or leopards given by other male
Campbell’s monkeys or (3) alarm calls to crowned hawk
eagles or leopards given by sympatric male Diana mon-
keys. These experiments provide further evidence that
non-human primates have evolved the cognitive capacity
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to produce and respond to referential 1abels for external
events.
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Introduction

Vervet monkeys (Cercopithecus aethiops) are known to
produce acoustically distinct alarm calls in response to
leopards, eagles or snakes (Struhsaker 1967). Field play-
back experiments demonstrated that these alarm calls
were aone sufficient to elicit adaptive anti-predator re-
sponses from recipients in the same way as the corre-
sponding predator normally would (Seyfarth et al. 1980).
When hearing recordings of conspecifics eagle alarm
calls, for example, monkeys looked up into the sky, ap-
parently searching for an eagle. Because the vervets
alarm calls refer to external objects, similar to the way in
which human words refer to externa objects, they have
been called semantic (Seyfarth et al. 1980; Seyfarth and
Cheney 1992; but see Evans 1997).

In the meantime, little research has been conducted
on other simian alarm call systems. We do not know,
therefore, whether the vervet alarm call behaviour, the
associated mental capacities and the general theories
about non-human primate communication that have been
developed from the vervet behaviour are supported by
data from other species. Recent work on wild Diana
monkeys (C. diana) in Ta forest, Ivory Coast, however,
suggests that communication about predator classes may
be a common feature of primate alarm-calling behaviour.
In this species, both males and females produce acousti-
cally distinct alarm calls to crowned hawk eagles (Ste-
phanoaetus coronatus) and leopards (Panthera pardus)
two of their main predators (Zuberbuhler et al. 1997).
Further experiments suggested that Diana monkeys have
a rather sophisticated understanding of the meaning of
their own alarm calls. When primed with a playback of a



conspecific's leopard alarm calls, for example, recipients
no longer responded to a subsequent playback of leopard
growls, a normally extremely powerful stimulus. Instead,
they seemed to have already anticipated the presence of
the leopard. If animals were primed with a playback of a
conspecific’s eagle alarm calls, however, the response to
leopard growls was as strong as under unprimed condi-
tions. Since they could not have anticipated the presence
of aleopard, the strong response seemed to reflect their
surprise when hearing the growls. These and other data
were taken to imply that non-human primates are able to
form mental representations of different predator catego-
ries when hearing conspecific or heterospecific alarm
calls (Zuberbihler et a. 1999a; Zuberbihler 2000a,
2000c, 2000d). A related study showed that when giving
alarm calls to aleopard or a crowned hawk eagle, Diana
monkeys did not respond to the predator’s imposed
threat (meaning its nearness or direction of attack), but
callers reliably labelled the predator’s biological catego-
ry (Zuberbthler 2000D).

Campbell’s monkeys (C. campbelli) resemble Diana
monkeys in a number of ways. Both species live in West
African rainforests (Wolfheim 1983), are closely related
phylogenetically (Napier and Napier 1985) and live in
small one-male groups with several adult females and
their offspring (Galat and Galat-Luong 1985). The males
of both species produce loud and conspicuous calsin re-
sponse to a number of disturbances, including the pres-
ence of a predator. The two species improve their anti-
predation strategies by frequently forming mixed species
associations and by responding to each other’s alarm
calls (Zuberbihler 2000c). Early observational studies
repeatedly postulated that these loud male calls function
in spacing, for example by providing an acoustic ‘re-
union point’ for other group members after a disturbance
(Struhsaker 1969; Gautier and Gautier 1977). The Diana
monkey work, however, is somewhat at odds with the
spacing hypothesis, because male calls reliably label dif-
ferent predator classes (Zuberbiihler 2000b) and because
calls convey information about the predator type present
(Zuberbuhler et a. 1999a).

This study investigated whether Campbell’s monkeys
are able to produce acoustically distinct alarm calls to
different predators and whether these calls function as
warning signals to indicate the presence of a certain
predator class. For this, callers must be shown to really
label the actual predator category and not, for example,
respond to the threat imposed by a predator. Threat-gov-
erned alarm call systems have been described for a num-
ber of animal species, for example California ground
squirrels (Spermophilus beecheyi). In this species, indi-
viduals produce two acoustically distinct alarm calls, the
‘whistles’ to raptors and the ‘ chatter-chat’ alarms to ter-
restrial predators (Owings and Virginia 1978; Owings
and Leger 1980). However, these calls are not labels for
raptors and terrestrial predators because the squirrels
give ‘whistles’ whenever a predator arrives suddenly and
there is little time for escape. ‘Chatter-chat’ alarms, on
the other hand, are given to predators that have been
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spotted at a distance. Typically, these predators are mam-
malian carnivores but it is not unusual for the squirrels to
give ‘chatter-chat’ alarms to a distant hawk (Leger et al.
1980). The predators of monkeys in the Ta forest also
differ in their hunting techniques, and hence so do the
threats imposed on the monkeys. Crowned hawk eagles,
for example, suddenly attack through the canopy
(Gautier-Hion and Tutin 1988), while leopards approach
slowly or hide on the ground (Zuberbthler et al. 1999b).
Hence, in observational studies, predator category and
imposed threat will naturally be confounded, which
makes it difficult to decide to which dimension the mon-
keys are actually responding when giving alarm calls. In
the first experiment, therefore, | simulated the presence
of either a crowned hawk eagle or a leopard by playing
back typical vocalisations of these two predators. At the
same time, | manipulated the predator’s apparent threat
by varying the distance of the speaker. Second, for alarm
cals to function as warning signals for predators, con-
specifics must be shown to react to a specific alarm call
as they would to the corresponding predator. | predicted
that Campbell’s monkeys would show the same vocal re-
sponse to playbacks of predator vocalisations as to play-
backs of alarm calls originally given to that predator. |
tested the responses of Campbell’s monkeys to play-
backs of both conspecific Campbell’s and sympatric Di-
anamonkey alarm calls to either aleopard or an eagle.

Methods
Study site and species

Field playback experiments were conducted in the Ta Nationa
Park, lvory Coast, between June 1995 and February 1999. The
study area consisted of approximately 50 km? of primary rain for-
est surrounding the field station of the Centre de Recherche en
Ecologie (5°50' N, 7°21' W) about 25 km south-east of the town-
ship Ta. Campbell’s monkeys live in one-male groups with several
adult females and their offspring. They occupy stable home ranges
of approximately 60 ha throughout the study area (R. No&, unpub-
lished data). By selecting groups that were found at least 1 km
apart from each other, | ensured that a particular group was only
tested once for a given playback stimulus. The vocalisations of the
single adult male are very loud and conspicuous and acoustically
different from those of the other group members. Thus the males
vocal behaviour could be studied without making direct visual
contact with the group. Male Campbell’s monkeys produce two
different kinds of alarm calls: (1) attacks of the crowned hawk ea-
gle elicit short alarm calls with a low dominant frequency and lit-
tle frequency transition over the call, and (2) leopards elicit alarm
calls of a longer duration that start with a higher dominant fre-
quency and show a falling frequency transition over the duration
of the call. Figure 1 (audio clips S1, S2) illustrates representative
exemplars of the Campbell’s monkey alarm calls given to two pre-
dators.

Materials and data collection

In conducting playback experiments, | systematically searched the
study area for monkey groups. Groups were selected from within
the 50-km2 study area, containing at least 50 different Campbell’s
monkey groups. Once a group was located, typically by hearing
their vocalisations, | determined their geographical location on a



(a) Campbell’s monkeys alarm call to a leopard (b) Campbell’s monkeys alarm call to a crowned-hawk eagle
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Fig. 1 Spectrograms of the alarm calls of two male Campbell’s
monkeys to real predators: leopard (a) and crowned hawk eagle
(b) (256-point Fourier transformation, Hanning window function,
684 Hz analysis resolution, 10.77 Hz spectral resolution,
4096 points window length, 0.72 ms temporal resolution)

detailed map of the study area and monitored their voca behav-
iour to ensure that they were unaware of my presence. Ta primates
are subject to significant predation pressure due to human poach-
ing and unhabituated groups show strong anti-predator behaviour
to humans. Typically, after giving a few alarm calls, individuals
quickly and silently flee to hide somewhere in the canopy. If this
occurred, | did not use the group for further experimentation that
day. Otherwise, | silently positioned the speaker in the vicinity of
the group, but outside their visual range, which is typically less
than 20 m in the Ta forest. No group was tested more than once
with a particular playback stimulus (see below), and samples sizes
therefore reflect the number of different groups tested.

As outlined above, monkeys might be more at risk of a preda-
tor when the predator is close. At the same time, predator threat
will depend on the density of the local vegetation and the general
illumination of the forest. To experimentally vary the degree of
threat | varied the distance of the speaker to the group to be either
‘close’ (about 25 m) or ‘far’ (about 75 m). For each tria, | deter-
mined whether the local vegetation was ‘dense’ (thick under-
growth, upper canopy not visible) or ‘open’ (little undergrowth,
several tree crowns visible) and whether the general illumination
was either ‘dark’ (no shadows on ground, sky heavily overcast or
twilight) or ‘light’ (shadows visible, sky only slightly overcast, or
direct sunlight). For each playback stimulus, | finally varied the
amplitude of the stimulus playback (range 7799 dB, measured at
1 m from the sound source).

The playback equipment was positioned close to the ground
(0-2 m). Both crowned hawk eagle and leopards have been ob-
served to vocalise from the ground, indicating that the experiment
simulated a natural situation. | simulated predator presence by
playing back either predator vocalisations or monkey alarm calls.
These was either (1) the shrieks of a crowned hawk eagle, (2) the
growls of aleopard, (3) Campbell’s monkey eagle alarm calls, (4)
Campbell’s monkey leopard alarm calls, (5) Diana monkey eagle
aarm calls, or (6) Diana monkey leopard alarm calls. All sounds
were recorded in the study area except for leopard growls (Nation-
a Sound Archive, London). Playbacks of predator vocalisations
consisted of a 15-s continuous recording. Playbacks of monkey
alarm calls consisted of a natural series of alarm calls over a
roughly equal period of time. Each playback tape was edited such
that a 5-min period of empty tape preceded the actual playback
stimulus. During these 5 min, | positioned myself about 25 m
away from the playback equipment and started recording the mon-
keys' vocal behaviour. Predator vocalisations have been success-
fully used to simulate predator presence in a number of studies
(e.g. Hauser and Wrangham 1990). The spectrographic representa-
tions of the playback stimuli depicted in Fig. 2 illustrate that all
six playback stimuli differ acoustically from each other (to various
degrees), the only resemblance being the predator types that ini-
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Fig. 2 Spectrograms of the playback stimuli used in this study
(256-point Fourier transformation, Hanning window function,
684 Hz analysis resolution, 10.77 Hz spectral resolution,
4096 points window length, 0.72 ms temporal resolution)

tially caused the calls. In other words, the six different call types
used as playback stimuli were al given by (or in response to the
presence of) two different predator classes, despite various de-
grees of acoustic similarity.

Playback stimuli were broadcast with a Sony WMD6C Profes-
sional Walkman connected to a Nagra DSM speaker-amplifier. Vo-
calisations were tape-recorded with a Sony TCM5000EV recorder
and a Sennheiser ME88 or ME67 directional microphone. Stimu-
lus intensities were measured with a Radio Shack Sound Level
Meter 33-2050, C-weighting, at 1 m distance from the speaker.
Spectrograms were made with the software package Canary 1.2.4
(Charif et al. 1995).

Acoustic analyses

Recordings of vocalisations were digitised at a sampling rate of
44.1 kHz with 16 bits accuracy. Quantitative analysis of calls was
carried out using a 256-point Fourier transformation with a Hann-
ing window function that resulted in wide-band spectrograms with
an analysis resolution of 684 Hz. The accuracy of the spectral pa-
rameters was determined by a resolution of 10.77 Hz, implying a
window length of 4096 points. The accuracy in the temporal do-
main was determined by a resolution of 0.72 ms. For illustrative
purposes, | did not depict the entire 22-kHz frequency range of the
spectrograms if it did not contain any acoustic energy, but calls
were never down-sampled. Spectrally, Campbell’s monkey alarm
calls are best described as having a very low fundamental frequen-
cy and one prominent band of acoustic energy. This concentration
of acoustic energy was termed the dominant frequency. The acous-
tic measurements are defined as follows. Fundamental: the funda-
mental frequency of each call, calculated by counting the number
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Fig. 3 Spectrogram of a male Campbell’s monkey aarm call,
showing the acoustic parameters measured. A call onset, B call
middle, C call end, D DF at call onset, E DF at call middle, F: DF
at cal end. G striation caused by individual glottal pulses. Early
transition: the transitions of the spectral peaks across the call from
onset (D) to middle (E). Late transition: the transitions of the spec-
tral peaks across the call from middle (E) to end (F) (256-point
Fourier transformation, Hanning window function, 684 Hz analy-
sis resolution, 10.77 Hz spectral resolution, 4096 points window
length, 0.72 ms temporal resolution)

of striations (i.e. glottal pulses) in the spectrogram over the entire
call and divided by the duration of the call. Three different domi-
nant frequency (DF) measurements were taken by determining the
frequency at which the highest spectral amplitude occurred in a
small range at the beginning, middle or end of the call (see Charif
et a. 1995, p. 88) — DF-onset: dominant frequency at the begin-
ning of a call; DF-middle: dominant frequency in the middle of a
call; DF-end: dominant frequency at the end of a call. Duration:
the duration of the call. From the spectral peaks, | calculated the
transitions by determining the differences in the spectral peaks in
the following way. Early transition: the transitions of dominant
frequencies across the call from onset to middle. Late transition:
the transitions of dominant frequencies across the call from middle
to end. Overall transition: the transitions of dominant frequencies
across the entire call. Suffix: the presence or absence of a hooting-
type element immediately following the call. | chose these particu-
lar acoustic parameters and analysis procedures to alow compari-
sons with a previous study conducted on Diana monkey alarm
cals. That study showed that these parameters sufficiently distin-
guished Diana monkey alarm calls given to crowned hawk eagles
and leopards (Zuberblhler 2000b). Figure 3 illustrates how the
acoustic parameters were measured.

According to the procedure outlined above, | analysed a partic-
ular male'sfirst three calls recorded with sufficient acoustic quali-
ty. All calls were given during the first minute after the beginning
of aplayback stimulus. For the three calls, | calculated the median
for each acoustic variable and then used these median values for
statistical analyses.

Pseudo-replication

Pseudo-replication has been recognised as a potential problem in
all experimental science, including studies using playback stimuli
(e.g. Kroodsma 1986). It occurs when treatments are not repeated
or are not statistically independent, for example, when the same
subject is tested several times using the same stimulus. | addressed
this issue by making different playback tapes for each stimulus
type (crowned hawk eagle shrieks. n=3, leopard growls: n=5,
Campbell’s monkey eagle alarm calls: n=3, Campbell’s monkey
leopard alarm calls: n=2, Diana monkey eagle alarm calls: n=4,
Diana monkey leopard alarm calls: n=3). Each playback tape con-

tained the calls of one individua only. Within treatments, | ob-
tained statistical independence by testing different monkey groups
throughout the 50-km? area, such that each group heard a particu-
lar playback stimulus only once. It is highly unlikely that recipi-
ents knew the callers individually. Again, this simulated a natural
event because both Campbell’s and Diana monkey males leave
their natal group as adults to live either solitarily or associated
with other species. Solitary males have been observed to produce
alarm calls (unpublished data).

Results
Experimentally elicited alarm calls
To predator vocalisations

Ten different groups of Campbell’s monkeys either heard
playback of leopard growls (n=5) or crowned hawk eagle
shrieks (n=5). The males responded by producing their
loud and low-pitched aarm calls. During the first
minute, males produced between 6 and 26 alarm calls
(median 13) to leopard growls and between 14 and 68
alarm calls (median 19) to eagle shrieks.

To conspecific alarm calls

To determine whether Campbell’s monkeys perceived
and responded to the acoustic differences between their
own leopard and eagle alarm calls, | played back exam-
ples of conspecifics alarm calls to leopard or eagle and
analysed the subjects voca response. Ten different
groups of Campbell’s monkeys either heard a playback
of a conspecific male’s leopard alarm calls (n=5) or ea-
gle alarm calls (n=5). The males responded by producing
their loud and low-pitched alarm calls. During the first
minute, males produced between 11 and 15 alarm calls
(median 13) to conspecific leopard alarm calls and be-
tween 10 and 44 aarm calls (median 34) to conspecific
eagle dlarm calls.

To Diana monkey alarm calls

To determine whether Campbell’s monkeys perceived
and responded to the acoustic differences between
sympatric Diana monkeys' leopard and eagle alarm calls,
| played back examples of male Diana monkeys alarm
calls to leopard or eagle and analysed the subjects’ vocal
response. Ten different groups of Campbell’s monkeys
heard either playback of a male Diana monkey’s |leopard
alarm calls (n=5) or eagle alarm calls (n=5). Again, the
males responded with their own corresponding alarm
calls and produced between 5 and 24 alarm calls (median
14) to Diana monkey leopard alarm calls and between 9
and 41 alarm calls (median 17) to Diana monkey eagle
alarm calls during the first minute.

An analysis of variance shows that Campbell’s mon-
keys gave significantly more alarm calls in response to
playback stimuli that indicated the presence of a



Table1l Analysisof variance

of the number of alarm calls Predator information Sum of squares df F-ratio P
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el ey Alarm calls (yes/no) 130.000 1 0.662 0.423
Conspecific calls (yes/no) 5.000 1 0.025 0.874
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Frequency transition
Early 0.641 0.158 1.099 0.218 0.061 7.187*
Late 1.742 0.028 0.016 0.398 0.699 7.954**
Overall 0.118 0.017 0.156 0.011 0.382 10.101***
Suffix 5.290* 1.780 0.380 1.498 0.235 4.449*

crowned hawk eagle than to stimuli that indicated the
presence of aleopard (Table 1). The identity of the call-
er (i.e. whether or not they heard the actual predator or
a conspecific) had no significant effect; the only signif-
icant effect was caused by the predator class responsi-
ble for the calls, either in the form of vocalisations of
the predators or as alarm calls given to the two preda-
tors.

Overall acoustic analyses

Although the alarm calls to crowned hawk eagle and
leopards are similar in their overall acoustic structure,
they differ from each other in subtle ways as a function
of predator category (Fig. 1, audio clips S1, S2). Alarm
calls to crowned hawk eagles are shorter, have a lower
DF at call onset, and show little frequency transition
over the entire call. Leopard alarm calls are longer, start
with ahigher DF, and show afalling frequency transition
over the duration of the call. To quantify these observa-
tions, | calculated for each male, the median value of all
acoustic parameters from the three calls given in re-
sponse to a playback, leading to a total sample size of
n=30 per acoustic variable (6 conditionsx5 trials each).
When each of the six independent variables was investi-
gated for their effect on the different acoustic measure-
ments, the information content or ‘meaning’ of the play-
back stimuli (i.e. whether the calls were caused by an ea-
gle or a leopard) explained the largest amount of varia-
tion in all acoustic parameters, as indicated by the r2 val-

ues (Fig. 4). Univariate analyses of variance revealed
that all acoustic parameters showed significant differ-
ences as a function of the calls' meaning (Table 2). Dis-
criminant-function analysis indicated that only the inde-
pendent variable ‘meaning’ had a significant effect on
the acoustic variables considered (Wilks' lambda=0.145,
Fg14=9.199, P<0.001). No significant effects were found
for the other variables (conspecific: Wilks lamb-
da=0.540, Fq,,=1.325, P=0.307, alarm call: Wilks
lambda=0. 792 Fg14=0.409,P=0.910; stimulus ampli-
tude: Wilks' lambda=0.767, F9.14=0.473, P=0.870; vege-
tation density: Wilks lambda=0.813, Fo,14=0.358,
P=0.937; illumination of surroundings: Wilks lamb-
da=0.852, Fq4,,=0.269, P=0.973; distance to speaker:
Wilks lambda=0.527, F914=1.397, P=0.277).

Effects of predator distance

Table 2 indicates that the acoustic structure of Camp-
bell’s monkey alarm calls was strongly affected by the
predator class, i.e. whether the playback stimuli referred
to a leopard or an eagle. However, the predators’ dis
tance also affected the position of the DF in the middle
of the call, because close predators tended to elicit calls
with a higher middle DF than distant predators. In addi-
tion, close predators were less likely to elicit calls with a
suffix than more distant predators (Fig. 4, Table 2), sug-
gesting that the distance of the predator may have some
additional effects on the acoustic structure of male
Campbell’s monkey alarm calls.



Fig. 4 Results of acoustic ana-
lyses of the different measure-
ments on the alarm calls of dif-
ferent males. Each data point
represents the median value for
the measurements taken from
three alarm calls from asingle
male
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Discussion

Male Campbell’s monkeys produce loud alarm calls to
leopards and crowned hawk eagles. These alarm calls
can be elicited experimentally by playing back predator
vocalisations from a concealed speaker. Although the
male alarm calls to leopards and eagles were similar in
their overall acoustic structure, they differed for a num-
ber of parameters as a function of the predator type (au-
dio clips S1, S2). Alarm calls to eagles were shorter, had
a lower DF at cal onset, and showed little frequency
transition over the entire call. Leopard alarm calls, by
contrast, were longer, started with a higher DF, and
showed a falling frequency transition over the duration
of the call. Campbell’s monkeys responded to recordings
of conspecific alarm calls as if the corresponding preda-
tor were present. Males produced leopard alarm calls
when hearing leopard growls or conspecific leopard
alarm calls and eagle alarm calls in response to eagle
shrieks or conspecific eagle alarm calls, indicating that
Campbell’s monkeys were able to use their own alarm
calls to refer to two different externa events. Similarly,
when hearing the acoustically different alarm calls of
sympatric Diana monkeys, Campbell’s males consistent-
ly responded to the predator type that had originally elic-
ited the Diana monkey alarm calls, indicating that the
acoustic structure of the calls served to access associated
mental representations of the predators.

Previous work on savannah-living vervet monkeys
has shown that individuals respond to playbacks of their
own alarm calls with specific escape responses. Playback
of leopard alarm calls, for example, caused animals to
run into the trees, as they do when detecting a leopard
(Seyfarth et al. 1980). The locomative behaviour of the
Ta monkeys in response to predators is far less distinct.
In general, playbacks of either of these two predator vo-
calisations or the corresponding alarm calls do not usual -
ly cause immediate locomotive responses in recipients.
Monkeys may increase their scanning rates but they do
not usually show any immediate escape responses as has
been described for the vervet monkeys (Seyfarth et al.
1980). Two different locomotive patterns can be ob-
served, nevertheless, as responses to these two predators.
When hearing eagle-related stimuli, adult male Diana
and Campbell’s monkeys typically move rapidly towards
the hidden speaker, apparently to search for and attack
the eagle, while the rest of the group stays behind. When
hearing growls of a leopard or the leopard alarm calls of
other monkeys, the entire group often approaches the
speaker, apparently to search for the presumed leopard
(Zuberblhler et al. 1999b). For arboreal forest primates,
no distinct escape rules exist for these two predators.
Both leopards and crowned hawk eagles can attack from
below or above, requiring situationally based decisions
that depend on the location and type of the predator, the
structure of the habitat, and the monkeys own position
within the canopy. A more effective strategy in the forest
habitat, therefore, is the transmission of information
about the type and distance of the predator and, if effec-
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tive, communicating directly to the predator (if that in-
terferes with its hunting strategy, e.g. signalling detec-
tion or readiness to attack). In the open habitat, vocally
based anti-predator responses seem to be less important.
Interestingly, only one of Seyfarth et a.’s 220 playback
trials elicited a vocal response from one of the listeners
(R.M. Seyfarth, personal communication). Vervet mon-
keys that had heard an alarm call first became vigilant or
fled to safety, but then waited until they had actually
seen the predator before giving alarm calls themselves
(Seyfarth et al. 1980). In marked contrast, forest mon-
keys readily respond with their own alarm calls to play-
back of conspecific and heterospecific alarm calls.

Males of many primate species produce loud and con-
spicuous calls that carry over long distances (several
hundred metres, personal observation), like those de-
scribed in this study (e.g. Gautier and Gautier 1977).
Typically, these calls have been interpreted to function in
intra-specific communication, for example to serve as an
acoustic focal point for other group members (Struhsaker
1969), to dissuade conspecific neighbouring groups (e.g.
Waser 1975) or to keep away solitary males (e.g. van
Schaik et a. 1992). Although male Campbell’s monkeys
may gain fitness benefits if their calls keep away rival
males, this study strongly suggests that Campbell’s mon-
key loud calls function as anti-predator signals. At the
same time, these calls do not fit the traditional concep-
tion of alarm calls as warning signals (e.g. Maynard-
Smith 1965), mainly because softer and |ess conspicuous
cals, like those of the adult females, would fulfil the
same purpose in a less costly way (Zuberbihler et al.
1997; Uster and Zuberbuhler, in press). The remarkably
conspicuous acoustic structure of the male alarm calls
may have evolved in the context of predator-prey com-
munication. Both Diana and Campbell’s monkey males
(but not females) have been observed to attack crowned
hawk eagles and approach leopards while giving their
loud and conspicuous alarm calls (Zuberbthler et al.
1997). Once detected, leopards tend to give up their hid-
ing position and move to another monkey group, proba-
bly because their hunting success depends strongly on
prey being unaware of their presence (Zuberbuhler et al.
1999b). Perhaps natural selection has additionally fa-
voured these loud and low-pitched calls because they are
more effective than softer and higher-pitched alarm calls
in driving away predators. Natural selection might also
favour males who produce consistent acoustic variation
in response to the different predator categories, thereby
providing important information for relatives. In species
where one escape response protects against all predators
(for example, where individuals are safe by running into
a burrow), natural selection is unlikely to favour differ-
ent alarm calls for different predators. However, in spe-
cies that cannot rely on one or afew simple anti-predator
responses, individuals will benefit from signals convey-
ing information about the predator class present. Camp-
bell’s monkeys fal into this latter group because their ar-
boreal life in the lower forest strata does not provide
them with one safe microhabitat that protects them from



predation. Alarm calls, in other words, become useful as
labels for discrete concepts of the different predator
classes, including their morphology and hunting behav-
iour.

In conclusion, this study provides another example of
primate flexibility in perceiving and understanding their
own and other species voca signals (Tomasello and
Zuberbuhler, in press). As signalers, the alarm calls of
both Diana and Campbell’s monkeys tend to label the
categorical features of the predators, while for recipients,
alarm calls refer to the different predator types. These
and other studies (e.g. Gouzoules et al. 1984) indicate
that non-human primates are capable of mentally repre-
senting relevant aspects of their social and ecological en-
vironment (Tomasello and Call 1997). Convincing evi-
dence that recipients are indeed responding to the mean-
ing of such calls, and not to such aspects as their emo-
tional intensity, come from habituation experiments in
which individuals habituated to some calls show disha-
bituation only when the meanings of the calls are
changed (e.g. Cheney and Seyfarth 1988; Zuberbiihler et
al. 1999a; Zuberblhler 2000c). Similarly, there is evi-
dence that some primates are able to take into account
eliciting causal reasons of calls, both social and ecologi-
cal, rather than simply and directly responding to the
physical attributes of the calls themselves (Zuberbihler
2000a, 2000d; Cheney et a. 1995). Finally, this study
supports the notion that the learning skills used in call
comprehension show almost unlimited flexibility, since
primates can learn to use effectively the calls of various
other sympatric species, both primate and non-primate.
Diana monkeys, for example, understand the meaning
and underlying cause of Campbell’s monkeys aarm
calls (Zuberblhler 2000c), guinea fowl aam calls
(Zuberbihler 2000d) and different kinds of chimpanzee
screams (Zuberbihler 2000a). Particularly puzzling, in
this context, is that comparable data of such referential
abilities are not available from any free-ranging ape spe-
cies, the closest possibility being chimpanzees' differen-
tial use of food grunts for different amounts of food
(Hauser and Wrangham 1987; Hauser et al. 1993). This
seems strange, because chimpanzees are also hunted by
leopards (Boesch 1991). Moreover, chimpanzees re-
spond to leopards by producing specific alarm screams
(Goodall 1986), which Diana monkeys are able to use to
infer the presence of a leopard (Zuberbihler 2000a).
Hence, it would be highly surprising if chimpanzees
were not also able to understand playbacks of their own
alarm calls as well as the various alarm calls of other pri-
mate species that reliably predict the presence of a leop-
ard. A simple playback experiment that compares the be-
havioural responses of wild chimpanzees to either Diana
monkey eagle or leopard alarm calls, for example, might
answer the question whether wild great apes possess the
semantic abilities that they have, so far, demonstrated
only in the laboratory (e.g. Premack 1970).
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