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Abstract

This study provides an overview of the vocalizations of Barbary macaques,
Macaca sylvanus. Spectrographic displays of calls are presented along with pho-
tographs of the accompanying facial gestures. We give a general description of
the contexts in which the different calls are uttered, with special regard to the
age and sex of the caller. The vocal repertoire of Barbary macaques mainly con-
sists of screams, shrill barks, geckers, low-frequency pants and grunts, with
gradation occurring within and between call types. The spectrograms document
that typically, Barbary macaques produce series of several consecutive calls.
The influence of habitat, social structure and phylogenetic descent on the mor-
phology of the repertoire and call diversity are discussed in comparison to other
species.

Copyright © 2002 S. Karger AG, Basel

Introduction

Although quantitative analyses of behaviour are the gold standard in ethology,
and rigorous hypothesis testing is viewed as the norm, detailed descriptions of the
behaviour patterns of the species under study (‘ethograms’) still form the founda-
tion for any behavioural analysis. In the gestural or social domain, such ethograms
typically consist of lists in which the relevant behaviour patterns are described in as
much detail as possible [1-4], whereas overviews of vocal gestures typically fea-
ture spectrographic displays of calls [5-11]. Ethograms fulfil three major functions:
firstly, they promote the use of a single terminology for the different behaviours
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across different researchers, secondly, they form the foundations for comparative
studies, and thirdly, they are useful for newcomers to a particular species who em-
bark on a study of its behaviour.

In this paper, we aim to provide an overview of the vocal behaviour of Barbary
macaques (Macaca sylvanus L.1758). Barbary macaques are the only members of
the genus Macaca living in Africa. Based on fossil and morphological [12], and
molecular evidence [13-15], Barbary macaques form a separate species group,
placed at the base of the clade Macaca, being a sister group to all Asian macaques.
Presently, their occurrence is restricted to the mountainous regions of Algeria and
Morocco [16, 17]. Barbary macaques are largely terrestrial during the day, but
climb into trees and sleeping cliffs during the night and aso during day-time rest-
ing periods [18, 19]. Their variable diet, consisting of the leaves and bark of the
evergreen cedar, fruit, seeds, annual herbs, and insects [20], enables them to sur-
vive in a variety of habitats. Adults reach a shoulder height of about 40 cm, their
head-to-tail length is up to 60 cm. Fully grown males weigh about 18 kg, females
13 kg [21]. Barbary macaques live in female-bonded multi-male, multi-female so-
cial groups. Presumably as an adaptation to their habitat, Barbary macaques are
seasonal breeders with a mating season in autumn, and a birth season in spring [22].
Females are assertive and frequently approach males to initiate copulations. Their
mating system has been termed ‘ promiscuous’ [23, 24].

In this paper, we present spectrographic displays of calls along with a general
description of the contexts in which the different calls are uttered, with special re-
gard to the age and sex of the caller. This documentation supplements detailed
quantitative analyses of the acoustic morphology of the Barbary macaque vocal
repertoire [25]. As this previous paper heavily focussed on the method to describe
the acoustic morphology of the vocal repertoire, and the quantitative results, a more
illustrative description was lacking. The purpose of the present paper is to make up
for this shortcoming.

In the quantitative analysis, we had used a cluster analysis and found that some
acoustic configurations occurred more frequently than others within a continuously
distributed acoustic space, i.e. these configurations emerged as different clusters
and could be defined as ‘call types'. However, due to the probabilistic and graded
structure of the repertoire, different cluster solutions were appropriate to partition
the data set. Therefore, the Barbary macaque call system was viewed as a prime
example of a ‘graded signalling system’ [26]. In the present paper, we aim to illus-
trate the characteristics of the Barbary macaque vocalizations with spectrographic
displays of the calls used in different contexts. The spectrograms document that
typically, Barbary macaques produce series (‘bouts’) of several consecutive calls.
We have added photographs of facial gestures which accompany some of the calls
presented below.

Method

We recorded the vocal behaviour of Barbary macaques living in an outdoor enclosure
at Rocamadour, France (size: 15 ha). The enclosure is a visitor park where monkeys range
freely while visitors are restricted to a path. Individuals are well habituated to human ob-
servers and are tattooed with an individual code on the inside of the thigh. The monkeys are
provisioned with monkey chow provided in feeder huts, and with apples, grain, and seeds

Barbary Macaque Vocal Repertoire Folia Primatol 2002;73:32—-45 33

016 2:30:11 PM

&
=




which are spread throughout the park. For details on park management and park size, see
Turckheim and Merz [27]. We established five age classes: (1) infants up to the age of 1
year, (2) young juveniles of 1-2 years, (3) older juveniles of 2-3.5 years, (4) subadults:
females of 3.5-5 years and males of 3.5-7 years, and (5) adult females older than 5 years
and adult males older than 7 years of age [28].

We conducted the recordings between 1987 and 2001 as part of a number of studies on
the monkeys vocal communication [overview in 29]. We used a Marantz cp 430, a Sony
WM DC6, or a Sony DAT TCD-D3 or D100 cassette recorders with Sennheiser micro-
phones (KN3 power module and ME8O or MES88 or K6 with ME66 with Sennheiser wind-
screen) at a distance of 1-10 m. Analogue recordings were subsequently transferred to a
DAT tape (Sony TCD-D3 DAT recorder) for storage. We selected calls presented in this
paper from a database containing more than 15,000 calls from 92 individually identified
subjects, 40 males and 52 females. We used Avisoft (version 3.93, 2001, R. Specht, Berlin)
to generate the spectrograms. When available, we complemented the spectrograms with
photographs of the facial expressions accompanying the calls depicted. Note, however, that
for technical reasons, the video recordings were taken at other times or from other animals
than the sound recordings.

Results

Figure 1 shows examples of calls given in highly charged agonistic contexts
by members of all age and sex classes. Overall, these calls exhibit a noisy structure.
Figures 1a and b present call bouts given by an infant and a juvenile, respectively.
Some of these calls show insertions of a periodic window in the otherwise noisy
(chaotic) structure of the call [30]. Similarly, the calls depicted in figure 1d re-
corded from an adult female exhibit diagnostics of period-doubling bifurcations
(insertions of subharmonic episodes with approximately Fo/2, 3Fq/2 etc. [see 30 for
details]). The juvenile screams presented in figure 1b were given while the subject
appeared to recruit allies for support [31, 32], as she was turning her head and look-
ing around. Figure le presents calls recorded from an adult male during a ‘scream
fight” during which a number of subjects sit in an area and scream loudly.

Figure 2 presents calls given in variety of aversive situations. Figure 2a shows
calls recorded from an infant while in care of a male alloparent. These calls can be
classified as undulated screams. In many cases, males will return infants to their
mother either when the mother attempts to retrieve the infant or when the infant
attempts to return to its mother [33]. Some males, however, restrain the infant for
long periods of time, causing considerable distress for the infant and the mother
[33, 34]. In such cases, the screams may also exhibit a more noisy structure, similar
to the one depicted in figure la. Infant and juvenile screams are individualy dis-
tinct [35] and mothers can make use of such calls when monitoring the infant’'s
activity [36]. Figure 2b presents calls recorded from a half-year old at dusk during
sleeping cluster formation while it was trying to gain access to the same sleeping
cluster as the mother, but was being rejected by her [19]. This calling has been
viewed as an expression of the parent-offspring conflict [37].

Figures 2c and d show tonal and complex screams recorded from adult females
after being threatened and displaced by other group members, respectively. The last
three calls of figure 2d exhibit some structural similarity with calls given after dis-
turbances in the surroundings (see fig. 3), illustrating the view that similar sounding
calls may be given in very different contexts. Figure 2e depicts a short series of
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Fig. 1. Noisy and complex screams. Spectrograms (frequency on the y-axis, time on the x-
axis) showing (a) noisy and complex screams recorded from an infant bitten by its mother;
(b) complex screams from a 3.5-year-old male who challenged a female and appeared to
recruit support from allies. The photograph presents a 4.5-year-old male in a similar
situation; (c) noisy arched screams recorded from an adult female. She had been threatened
by an adult male who was holding her infant, after she had tried to approach him to retrieve
it; (d) complex screams recorded from an adult female who had been harassed and chased
by several other group members. Note the period doubling in the second call from the left.
The photographs shows a subadult female screaming; (e) noisy and complex screams uttered
by an adult male during a male-male scream fight.
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Fig. 2. Modulated and complex screams, pants, and rasping calls. (a) Modulated tonal
screams recorded from a 2-month-old infant in care of an adult male. The male prevented
the infant from returning to its mother by holding it at the ankle; (b) squeaks and modulated
tonal screams recorded from a yearling who attempted to establish contact with its mother
during sleeping cluster formation at dusk. The mother had repeatedly rejected the yearling;
(c) tonal screams recorded from a 3-year-old female after she had been threatened by an
adult male. Note the phase shift in the last call of the sequence; (d) complex screams
recorded from an adult female who had been displaced from a feeder hut by an adult male.
The photograph shows a 3-year-old female with a scared-threat grimace that can accompany
such calls. The mouth is open and the teeth are visible; (e) pants recorded from an adult
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Fig. 3. Shrill barks. (a) Shrill barks recorded from an adult female after the animals had
been disturbed on their sleeping trees at night. The photograph shows a male sitting in a tree
who had spotted a dog and gave shrill barks; (b) shrill barks recorded from a juvenile male
given in response to a dog in the monkeys' vicinity; (c) rasping calls recorded from an adult
male given in response to a vulture flying towards a group of monkeys sitting at the edge of
acliff; (d) clucking barks recorded from a subadult male given in response to a snake.

female who was threatening another female. The accompanying photograph shows the threat
grimace of an adult male: the lips are protruded and the eyebrows are raised; (f) rasping call
recorded from an adult female who observed a fight in a distance, with the accompanying
facial expression: The jaw is dropped and the corners of the mouth are not retracted.
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Fig. 4. Oestrus calls. (a) Rhythmic pant-grunts recorded from an adult female in oestrus;
(b) rhythmic pant-grunts recorded from an adult female during copulation.

threat pants given by an adult female. While mild threat displays consist of a stare
with the eyebrows dightly raised, a more intense form involves protruding the lips
and forming a round opening, often, but not always accompanied by threat pants.
These threat pants have a staccato-grunt structure, and the single units making up
the call resemble the units of the mating call (see below).

Barbary macagues do not only call when they participate in interactions with
other group members, but also when they observe interactions between third par-
ties. In some cases, it appears as if they are supporting one of the parties. Interest-
ingly, these calls may also be given from more than 50 m away from the agonistic
interaction. One such call bout is presented in figure 2f, a rasping call recorded
from an adult female while watching an agonistic interaction in the distance.

Figure 3 presents examples of calls given in response to different disturbances
in the monkey’s surroundings. These calls have been described as high-pitched
shrill barks [38—40]. An acoustic analysis of this general call type revealed signifi-
cant variation in relation to the stimulus that elicited the calling. Playback experi-
ments also showed that the subjects themselves were able to discriminate calls
given in response to different stimuli [39, 40]. In some cases, animals also emit
lower frequency rasping calls (fig. 3c). This is often the case when animals ap-
proach the source of the threat and mob it.

Figure 4 shows calls that were given in the mating season. During copulation,
females utter a rhythmic series of low-frequency grunts. Males, in contrast, typi-
cally remain silent. While in oestrus, females sometimes utter a call that sounds
similar to the mating call although the female is not engaged in any mating activity.
An analysis revealed that there are structural differences in the single units accord-
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Fig. 5. Squeaks, pants and tonal calls. (a) Squeaks uttered by a 3-month-old infant that
made its first attempts to climb a branch; (b) pants recorded from a group of juvenile males
during rough-and-tumble play with the accompanying relaxed open-mouth play face. The
lips cover the teeth, and the jaw is dropped.; (c) low frequency soft pants given by a
subadult female who observed an interaction with a young infant; (d) pant barks recorded
from an adult female who observed an interaction with ayoung infant; (e) clear calls uttered
from an adult female in search of her infant.
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Fig. 6. Gecker and girney. (a) Geckers uttered by a 3-year-old juvenile who attempts to
make contact with a group of other animals huddling on the ground after descent from the
slegping trees in the morning; (b) girney recorded from an adult female during interaction
with an infant. This call exemplar also exhibits a grumbling component. The photographs
show an adult female and an adult male producing a girney with a chewing jaw movement
and the tongue flapping.

ing to whether the call was uttered during copulation or in another situation [29].
Further analysis of the temporal and spectral characteristics of these calls also indi-
cates that there are differences in relation to the phase of the oestrus during which
the call is emitted [41]. Playback experiments showed that this variation is percep-
tually salient to males [41, 42].

Figure 5 presents calls that were given during a variety of situations. Figure 5a
shows calls recorded from an infant in a non-social situation while it attempted to
climb a branch. Figure 5b presents vocalizations emitted during play, consisting of
staccatos of soft aspirated low-frequency grunts. During play, animals typically
display arelaxed open-mouth round face [43] while they vocalize [S. Kipper and D.
Todt, unpubl. data]. Vocalizations of a similar acoustic structure are also given by
adults when they watch infants (fig. 5¢). As mentioned before, Barbary macaques
vocalize during interactions between other group members. Figure 5d presents an
example of a series of pants that were given while the subject was observing a tri-
adic interaction involving an infant (see below). Figure 5e depicts four clear calls
recorded from a female whose infant was out of sight with an alloparent. Similar
calls could be recorded from females whose dead infant had been removed by the
park staff.

Figure 6, finally, shows two call types given while the callers were in close
contact with other group members. Figure 6a presents a series of geckers that were
recorded from a juvenile who was part of a huddle that broke apart. Such calls may
also be recorded from animals who try to establish contact with such a huddle. Fig-
ure 6b depicts a ‘girney’ recorded from an adult female who participated in a so-
called ‘triadic interaction’, also known as ‘agonistic buffering’ [24, 44-47)]. Before
and during such episodes, animals proceed through an elaborate greeting procedure
that predominantly consists of retraction of the lips and rapid teeth-chattering,
while often also rapidly flapping the tongue with the mouth half open. Occasion-
aly, animals also retract the scalp or shake their heads. This behaviour has also
been characterized as ‘smacking’ [21], and may grade into the ‘silent bared-teeth
display’ [43]. Interestingly, girneys can also be heard when the group travels into
another area of the park.
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Discussion

The vocal repertoire of Barbary macagues can be characterized as variations
on a few themes, namely screams, shrill barks, geckers, and low-frequency pants.
Occasionally, Barbary macagues produce tonal ‘coo’-like calls, and nasally sound-
ing girneys. Intergradations occur frequently, and in our quantitative analysis [25],
no unique cluster solution emerged. According to this analysis, we defined as ‘call
types' those call exemplars that represented cluster centres. However, the delinea-
tions between clusters were not always obvious. As we illustrate in this present
paper, there was no clear-cut relationship between call types and the situations in
which they occurred. For instance, pant calls are given in agonistic encounters
when one animal is threatening another, but also when a subject observes an inter-
action between group members and an infant, clearly an affiliative situation. Like-
wise, tonal calls were recorded from females that were threatened as well as from
females who were in search of their infant. Although noisy and complex screams
were most often observed in highly charged contexts such as contact aggression, it
is important to keep in mind that this context category encompasses a wide variety
of situations. Some call types, for instance noisy screams, are given by members of
all age-sex classes. The same is true for shrill barks, with the exception that infants
do not produce them. Highly undulated screams, in contrast, are most frequently
given by infant and juvenile macagues, and only rarely by members of older age
classes[25].

We cannot rule out the possibility that extended periods of observations of
wild Barbary macaques would reveal additional calls or differences in call usage.
However, during a 4-week observation period on wild members of this species liv-
ing in the Middle Atlas in Morocco, we found no differences in terms of the acous-
tic structure or usage of alarm calls and screams [19]. Also, Semple's description of
the acoustic characteristics and usage of mating calls by Barbary macaques living
in Gibraltar [41, 42] confirmed the view that our observations reflect species-
typical vocal behaviour.

It still remains difficult to compare the repertoires of different species as there
is no standard method to classify call types. Also, the characterization of calls ei-
ther according to presumed function or context may vary from study to study. To
date, there are few comprehensive studies on the vocal repertoires of other ma-
caques species, for instance Green’s study on Japanese macaques, M. fuscata [10],
Palombit’s description of the vocal repertoire of on long-tailed macaques, M. fas-
cicularis [9], or Hohmann's overview of the calls of the lion-tailed macaques, M.
silenus [11]. Most other studies addressing macaque voca behaviour dealt with
more specific aspects, for instance the use of ‘food calls in toque macagques, M.
sinica [48], acoustic variation within and between contexts [32, 49], or relation to
age and sex [50-52], and individual differences in vocalizations [53-55]. It is
worth noting that in contrast to some other macagque species [48, 56], we never ob-
served any vocalizations in the context of encountering food or highly preferred
food. In sum, it seems that — despite the differences in the set-up and presentation
of the above-mentioned studies — Barbary macagues, the only African macaques,
use considerably more harsh and noisy vocalizations and have a very limited use of
‘coo calls' compared to the Asian macaques. This seems also to be true in compari-
son with another terrestrial macaque, the stump-tailed macaque, M. arctoides [57].
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The investigation of the structure of vocal repertoires of different species is
particularly interesting in the light of the question of which factors underlie reper-
toire morphology. Traditionally, repertoires have either been described as ‘graded’
or ‘discrete’, or a mixture of the two [26, 58, 59]. A graded signal system is charac-
terized by continuous acoustic variation between and/or within signal types, with
no obvious distinct boundaries that allow a listener to discriminate easily between
one signal type and another. Discrete repertoires, on the other hand, contain signals
with no intermediates between call types. Marler [26, 59] hypothesized that graded
vocal repertoires should evolve when individuals inhabit relatively open habitat and
interact at high rates and at close range with conspecifics. In contrast, discrete vo-
cal repertoires should be favoured when auditory signals must operate without ac-
companying visual or other contextual cues; for example, in forest habitats or when
being broadcast over long distances. At first glance, the Barbary macaques’ reper-
toire fits with Marler's hypothesis. However, Marler also hypothesized that long-
distance calls should be acoustically distinct because other cues may be lacking.
With regard to the Barbary macaques’ shrill barks, this certainly is not the case.

By now, a number of studies have revealed that Marler’'s predictions are not
always met. For instance, the alarm calls of female baboons grade into contact calls
[60], and similarly, male baboon alarm wahoos grade into contest calls [61]. Both
female barks and male wahoos are used in long-distance communication, and one
would assume that there is some cost to ambiguity. Arboreal New World monkeys
generally exhibit calls with a very different structure. Their repertoires mainly con-
sist of high-frequency tonal calls, twitters, chucks and a variety of peeps [8, 62].
Yet, at the same time, these calls exhibit pronounced inter- and intra-call type
variation [63]. To make matters even more complicated, the repertoire of the arbo-
real squirrel monkeys, Saimiri sciureus, consists not only of call types that are typi-
cal for arboreal species, such as chatters and twitters, but also of a large variety of
calls that are typically attributed to terrestrial monkeys, i.e. screams, barks, caws,
growls and cackles [6, 64]. Furthermore, there is considerable variation within and
between call types [65]. Similar ‘mixed’ vocal repertoires could be found in arbo-
real Old World monkeys, such as many guenons [66]. Another example are the
semi-terrestrial red-fronted lemurs, Eulemur fulvus, which produce a number of
vocalizations that can typically be attributed to terrestrially living species, for in-
stance croaks, grunts, and woofs [67]. However, during close contact social interac-
tion, they also utter high-frequency tonal peeps [C. Fichtel and K. Hammerschmidt,
unpubl. data]. Possibly, the habitat type does not so much determine the extent of
gradation within call types, but rather the overall diversity of call types [52]. A
systematic comparison would surely be warranted.

Currently, it seems that no single factor can account for the variation in reper-
toire diversity. Other factors such as body size, phylogenetic descent, and social
structure presumably also play arole in shaping a species repertoire [11, 68]. As
these factors are also related to one another, it will be difficult to extract the pri-
mary driving forces. Nonetheless, we believe that a systematic study of the diver-
sity and variability of different non-human primate repertoires could provide im-
portant insights into the selective pressures and evolutionary constraints operating
on the vocal behaviour of our closest living relatives.

42 Folia Primatol 2002;73:32-45 Fi scher/Hammerschmidt

016 2:30:11 PM

S
>




Acknowledgments

We thank Ellen Merz and Gilbert de Turckheim for permission to conduct this study at

Rocamadour, Viveka Ansorge and Dietmar Todt for crucial contributions in the early period
of our Barbary macaque studies, and Catherine Crockford and the anonymous reviewers for
helpful comments on the manuscript.

A wWN

10

11
12

13

14

15
16
17

18
19
20

21
22
23

References

DeWaal FBM: The communicative repertoire of captive bonobos (Pan paniscus), compared to
that of chimpanzees. Behaviour 1988;106:183-251.

Hall KRL, DeVore I: Baboon social behavior; in DeVore | (ed): Primate Behavior: Field Studies
of Monkeys and Apes. New Y ork, Holt, Rinehart & Winston, 1965, pp 53—-110.

Mastripieri D: Gestural communication in macaques: Usage and meaning of nonvocal signals.
Evol Comm 1997;1:193-222.

Tomasello M, Call J, Warren J, Frost GT, Carpenter M, Nagell K: The ontogeny of chimpanzee
gestural signals: A comparison across groups and generations. Evol Comm 1997;1:223-259.
Rowell TE, Hinde RA: Vocal communication by the rhesus monkey (Macaca mulatta). Proc Zool
Soc Lond 1962;138:279-294.

Winter P, Ploog D, Latta J: Vocal repertoire of the Squirrel monkey (Saimiri sciureus), its analy-
sis and significance. Exp Brain Res 1966;1:359-384.

Aich H, Moos-Heilen R, Zimmermann E: Vocalizations of adult Gelada baboons (Theropithecus
gelada): Acoustic structure and behavioural context. Folia Primatol 1990;55:109-132.

Cleveland J, Snowdon CT: The complex vocal repertoire of the adult cotton-top tamarin
(Saguinus oedipus oedipus). Z Tierpsychol 1982;58:231-270.

Palombit RA: A preliminary study of vocal communication in wild long-tailed macagues (Macaca
fascicularis). 1. Vocal repertoire and call emission. Int J Primatol 1992;13:143-182.

Green S: Variation of vocal pattern with social situation in the Japanese monkey (Macaca fus-
cata): A field study; in Rosenblum LA (ed): Primate Behavior. New Y ork, Academic Press, 1975,
vol 4, pp 1-102.

Hohmann G, Herzog MO: Vocal communication in lion-tailed macaques (Macaca silenus). Folia
Primatol 1985;45:148-178.

Delson E: Fossil macaques, phyletic relationships and a scenario of deployment; in Taub DM
(ed): The Macaques: Studies in Ecology, Behaviour and Evolution. New York, Van Nostrand
Reinhold, 1980, pp 10-30.

Morales JC, Melnick DJ: Phylogenetic relationships of the macaques (Cercopithecidae: Macaca),
as revealed by high-resolution restriction site mapping of mitochondrial ribosomal genes. J Hum
Evol 1998;34:1-23.

Hayasaka K, Fujii K, Horai S: Molecular phylogeny of macaques: Implications of nucleotide
sequences from an 896-base pair region of mitochondrial DNA. Mol Biol Evol 1996;13:1044—
1053.

Tosi AJ, Morales JC, Melnick DJ: Comparison of Y chromosome and mtDNA phylogenies leads
to unique inferences of macaque evolutionary history. Mol Phylogenet Evol 2000;17:133-144.

Fa JF, Taub DM, Menard N, Stewart PJ: The Barbary macaque; in Fa JF (ed): The Barbary Ma-
caque: A Case Study in Conservation. New Y ork, Plenum Press, 1984, pp 79-111.

Von Segesser F, Menard N, Gaci B, Martin RD: Genetic differentiation within and between iso-
lated Algerian subpopulations of Barbary macaques (Macaca sylvanus): Evidence from micro-
satellites. Mol Ecol 1999;8:433-442.

Ansorge V, Hammerschmidt K, Todt D: Communal roosting and formation of sleeping clustersin
Barbary macagues (Macaca sylvanus). Am J Primatol 1992;28:271-280.

Hammerschmidt K, Ansorge V, Fischer J, Todt D: Dusk calling in Barbary macaques (Macaca
sylvanus): Demand for social shelter. Am J Primatol 1994;32:277-289.

Drucker GR: The feeding ecology of the Barbary macaque and Cedar forest conservation in the
Moroccan Moyen Atlas; in Fa JF (ed): The Barbary Macaque: A Case Study in Conservation.
New York, Plenum Press, 1984, pp 79-111.

Paul A: Zur Sozialstruktur und Sozialisation semi-freilebender Berberaffen (Macaca sylvanus L.
1758); Diss, Gottingen 1984.

Kaster J, Paul A: Female-female competition and male mate choice in Barbary macaques
(Macaca sylvanus). Behaviour 1996;133:763-790.

Small MF: Promiscuity in Barbary macaques (Macaca sylvanus). Am J Primatol 1990;20:267—
282.

Barbary Macaque Vocal Repertoire Folia Primatol 2002;73:32—-45 43

o
-
b
S
®
&
©
S
S|
S




24

25
26

27

28
29

30
31
32
33

35

36

37
38

39
40
41
42
43

45
46

Taub DM: Female choice and mating strategies among wild Barbary macaques (Macaca syl-
vanus); in Taub DM (ed): The Macaques: Studies in Ecology, Behaviour and Evolution. New
York, Van Nostrand Reinhold, 1980, pp 287-344.

Hammerschmidt K, Fischer J: The vocal repertoire of Barbary macaques: A quantitative analysis
of agraded signal system. Ethology 1998;104:203-216.

Marler P: Social organization, communication and graded signals: The chimpanzee and the go-
rilla; in Bateson PPG, Hinde RA (eds): Growing Points in Ethology. Cambridge, Cambridge
University Press, 1976, pp 239-280.

Turckheim GD, Merz E: Breeding Barbary macaques in outdoor open enclosures; in Fa JF (ed):
The Barbary Macaque: A Case Study in Conservation. New York, Plenum Press, 1984, pp 241-
261.

Small MF: Alloparental behaviour in Barbary macaques, Macaca sylvanus. Anim Behav 1990;
39:297-306.

Todt D, Hammerschmidt K, Ansorge V, Fischer J: The vocal behaviour of Barbary macaques:
Call features and their performance in infants and adults; in Zimmermann E, Newman JD, Jirgens
U (eds): Current Topics in Primate Vocal Communication. New York, Plenum Press, 1995, pp
141-160.

Wilden |, Herzel H, Peters G, Tembrock G: Subharmonics, biphonation, and deterministic chaos
in mammal vocalizatons. Bioacoustics 1998;9:171-97.

Gouzoules H, Gouzoules S, Marler P: Rhesus monkey (Macaca mulatta) screams: Representa-
tional signalling in the recruitment of agonistic aid. Anim Behav 1984;32:182-193.

Gouzoules H, Gouzoules S: Recruitment screams of pigtail monkeys (Macaca nemestrina) —
Ontogenetic perspectives. Behaviour 1995;132:431-450.

Riechelmann C, Hultsch H, Todt D: Early development of social relationships in Barbary ma-
caques (Macaca sylvanus): Trajectories of alloparental behaviour during an infant’s first three
months of life; in Roeder JJ, Thierry B, Anderson JR, Herrenschmidt N (eds): Current Primatol-
ogy. Strasbourg, Université Louis Pasteur, 1994, pp 279-268.

Todt D: Serial calling as a mediator of interaction processes. Crying in primates; in Todt D, Goe-
deking P, Symmes D (eds): Primate VVocal Communication. Berlin, Springer, 1988,
Hammerschmidt K, Todt D: Individual differences in vocalizations of young Barbary macaques
(Macaca sylvanus): A multi-parametric analysis to identify critical cues in acoustic signalling.
Behaviour 1995;132:381-399.

Hammerschmidt K, Fischer J; Maternal discrimination of offspring vocalizations in Barbary
macagues (Macaca sylvanus). Primates 1998;39:231-236.

Trivers RL: Parent-offspring conflict. Am Zool 1974;14:249-264.

Fischer J, Hammerschmidt K, Todt D: Factors affecting acoustic variation in Barbary macaque
(Macaca sylvanus) disturbance calls. Ethology 1995;101:51-66.

Fischer J: Barbary macaques categorize shrill barks into two call types. Anim Behav 1998;55:
799-807.

Fischer J, Hammerschmidt K: Functional referents and acoustic similarity revisited: The case of
Barbary macague alarm calls. Anim Cog 2001;4:29-35.

Semple S, McComb K: Perception of female reproductive state from vocal cues in a mammal
species. Proc R Soc Lond B 2000;267:707—712.

Semple S: The function of Barbary macague copulation calls. Proc R Soc Lond B 1998;265:287—
291.

Preuschoft S: ‘Laughter’ and ‘smile’ in Barbary macagues (Macaca sylvanus). Z Tierpsychol
1992;91:220-236.

Deag JM, Crook JH: Social behaviour and agonistic buffering in the wild Barbary macaque,
Macaca sylvanus. Folia Primatol 1971;15:183-200.

Deag JM: Interactions between males and unweaned Barbary macaques: Testing the agonistic
buffering hypothesis. Behaviour 1980;75:54-81.

Taub DM: Testing the ‘agonistic buffering’ hypothesis. 1. The dynamics of participation in the
triadic interaction. Behav Ecol Sociobiol 1980;6:187-197.

47  Taub DM: Male caretaking behaviour among wild Barbary macaques; in Taub DM (ed): Primate
Paternalism. New York, Van Nostrand Reinhold, 1984.

48 Dittus W, Evans CS, Evans L, Marler P, Godfray HC: Toque macaque food calls: Semantic com-
munication concerning food distribution in the environment. Anim Behav 1991;352:328-330.

49 Hauser MD: Sources of acoustic variation in rhesus macaque (Macaca mulatta) vocalizations.
Ethology 1991;89:29-46.

50 Inoue M: Age gradations in vocalizations and body weight in Japanese monkeys (Macaca fus-
cata). Folia Primatol 1988;51:76-86.

51 Green SM: Sex differences and age gradations in vocalizations of Japanese and lion-tailed mon-
keys (Macaca fuscata and Macaca silenus). Am Zool 1981;21:165-183.

52  Hohmann G: Comparative analyses of age-specific and sex-specific patterns of vocal behavior in
four species of Old World monkeys. Folia Primatol 1991;56:133-156.

44 Folia Primatol 2002;73:32-45 Fi scher/Hammerschmidt

16 2:30:11 PM




53

55
56
57

58
59

60
61
62
63

65
66
67
68

Gouzoules H, Gouzoules S: Matrilineal signatures in the recruitment screams of pigtail macaques,
Macaca nemestrina. Behaviour 1990;115:327-347.

Rendall D, Rodman PS, Emond RE: Vocal recognition of individuals and kin in free-ranging
rhesus monkeys. Anim Behav 1996;51:1007-1015.

Rendall D, Owren MJ, Rodman PS: The role of vocal tract filtering in identity cueing in rhesus
monkey (Macaca mulatta) vocalizations. J Acoust Soc Am 1998;103:602-614.

Hauser MD, Marler P: Food-associated calls in rhesus macaques (Macaca mulatta). 1. Socio-
ecological factors. Behav Ecol 1993;4:194-205.

Lillehei R, Snowdon CT: Individual and populational differences in the vocalizations of young
stumptail macaques (Macaca arctoides). Behaviour 1978;65:270-281.

Marler P: Animal communication signals. Science 1967;157:769-774.

Marler P: On the origin of speech from animal sounds; in Kavanaugh JF, Cutting JE (eds): The
Role of Speech in Language. Cambridge, MIT Press, 1975, pp 11-37.

Fischer J, Hammerschmidt K, Cheney DL, Seyfarth RM: Acoustic features of female chacma
baboon barks. Ethology 2001;107:33-54.

Fischer J, Hammerschmidt K, Cheney DL, Seyfarth RM: Acoustic features of male baboon loud
calls: Influences of context, age, and individuality. J Acoust Soc Am 2002;111:1465-1474.
Moody MI, Menzel EW: Vocalizations and their behavioral contexts in the tamarin Saguinus
fuscicollis. Folia Primatol 1976;25:73-94.

Schrader L, Todt D: Contact call parameters covary with social context in common marmosets,
Callithrix j. jacchus. Anim Behav 1993;46:1026-1028.

Schott D: Quantitative analysis of the vocal repertoire of squirrel monkeys (Saimiri sciureus). Z
Tierpsychol 1975;38:225-250.

Fichtel C, Hammerschmidt K, Jurgens U: On the vocal expression of emotion. A multiparametric
analysis of different states of aversion in the squirrel monkey. Behaviour 2001;138:97-116.
Gautier JP, Gautier-Hion A: A basis for recognition in forest guenons; in Todt D, Goedeking P,
Symmes D (eds): Primate Vocal Communication. New Y ork, Springer, 1988, pp 15-30.

Fichtel C, Kappeler P: Anti-predator behavior of group-living Malagasy primates: Mixed evi-
dence for areferential alarm call system. Behav Ecol Sociobiol 2002;51:262-275.

Hauser MD: The evolution of nonhuman primate vocalizations: Effects of phylogeny, body
weight, and social context. Am Nat 1993;142:528-542.

Barbary Macaque Vocal Repertoire Folia Primatol 2002;73:32—-45 45

016 2:30:11 PM




