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Abstract 

 
Multimodal communication, as well as vocal and gestural repertoire were investigated in a group of 
wild Barbary macaques (Macaca sylvanus) living in the Middle Atlas mountains of Morocco. Thirty 
minutes continuous focal animal samples were collected daily for five months consisting of the 
compilation of all gestures and facial expressions, occurrences and the recording of all vocalisations.   
Spectrograms were produced to clarify variations in the different call types and contexts for each call 
type were determined. The analyses revealed that there is a peak of calls’ utterance in infancy while 
adults communicate more with gestural and facial signals. Infants are able to utter all call types but 
tend to combine it with a higher and more diversified rate than adults do. Moreover, analyses showed 
that some calls are sex-specific. Regarding multimodal signals, they were formed for the most part by 
facial expressions and communicated mostly during agonistic interactions. The discovery of new 
gestures and the development of infants’ vocal repertoire are discussed. The results suggest that wild 
populations give a more and new accurate picture of the species’ natural repertoire. 

 
        Keywords: Macaques, Multimodal communication, Gesture and Facial expression, Vocal repertoire. 
 
 
INTRODUCTION 
 
Research on non-human primate communication allows a better understanding of the emergence of human language as 
its evolution is one of the hardest mystery in science. Knowing the function of vocalisations, gestures and facial 
expressions are necessary to draw insights on which modality is the precursor of human language (Liebal et al., 2013). 
Chimpanzees, our closest relatives, are the most studied species for this issue although monkey communication 
systems can highlight language properties that evolved earlier during phylogeny. Barbary macaques are the least 
studied species in the genus Macaca that originated in Africa although all current sister groups are Asian. I am not 
aware of any previous literature on multimodal communication in Barbary macaques and before introducing the topic, I 
will highlight previous studies on gestural communication and I will then discuss findingsof their vocalisations. 
 
Gestural communication 
 
In the genus Macaca, gestures play a significant role in communication. They are used in many different contexts, for 
example, to engage a grooming interaction, to play, while mating or to get agonistic support (Maestripieri,1997). 
Throughout the years, the definition of gesture has been debated and authors do not agree of a universal one. For this 
master thesis, I will use the following definition: a gesture is “a behaviour that, unlike an action, is motorically ineffective, 
is produced in the presence of an audience and is tailored to the attention of the audience” (Liebal et al., 2013, p.78). 
The differentiation between a gesture that has a communicative intention and an action that has a non-communicative 
goal can be tricky, for example, when an individual wipes its nose (Liebal et al., 2013). A gesture can be audible as the  
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chest beat of gorillas or tactile as when an individual slaps another (Liebal et al., 2013). Some authors, such as Hesler 
and Fischer (2007),consider facial expressions and postures as gestures, while Genty et al. (2009) do not. 

Two types of mechanism affect the expression of a gesture: proximate and developmental (Liebal et al., 2013). Only a 
few studies have considered gestures present from birth (Liebal et al., 2013) and onto genetical development of gestural 
repertoire in Barbary macaques is not well thorough. Hesler and Fischer (2007) summarised it in their study on captive 
Barbary macaques and concluded that gestural repertoire expands with age. While infants are able to perform five 
gestures, adults can achieve 31. Interestingly, this is different for great apes, such as chimpanzees, where infants are 
able to perform more gestures than adults (Tomasello et al., 1997). Infants Barbary macaque are able to execute 
gestures, such as touch genitalia, touch body, head-flag, teeth-chatter and relaxed open mouth face (Hesler and 
Fischer, 2007). Every species has its own gestural repertoire, though apes and monkeys share some, such as embrace, 
grab, touch, bite, and slap or pull (Hesler and Fischer, 2007). Hesler and Fischer’s (2007) research is the only one to my 
knowledge about the entire gestural repertoire of Barbary macaques. Other studies have focused on a specific gesture 
as Mehlman (1996) on branch shaking display or Faraut, Northwood and Majolo(2015)on non-reproductive mounts. 
Gestural repertoires of apes and monkeys are quite flexible and Hesler and Fischer (2007) emphasised flexibility in 
Barbary macaques’ use of gestures. Flexibility means that the same gesture has several meanings or that different 
gestures are performed to reach the same goal. For instance, bared-teeth can mean a submissive or affiliative 
behaviour and open mouth, ground slap or stare are shown for a threat. Despite a thorough knowledge on gestures’ 
function, little is known about what a recipient understands when a gesture is expressed by a conspecific (Liebal et al., 
2013). To answer this issue, it is essential to have a complete knowledge of the gestural repertoire of a species. 
 
Vocal communication 
 
Vocal communication of Barbary macaques has been studied wider compared to their gestural repertoire. However, only 
a score of studies was carried out and all of them on captive populations on tourist sites. The Barbary macaques’ vocal 
repertoire is graded and discrete (Hammerschmidt and Fischer, 1998b; Hammerschmidt and Todt, 1995).Their 
vocalisations mainly consist of noisy and modulated screams, pants, grunts, geckers and girneys divided into six call 
types (Fischer and Hammerschmidt, 2002). These call types are not context specific and individuals from all age-classes 
are able to produce them (Hammerschmidt and Fischer, 1998b). In Barbary macaques, research has focused on 
copulation calls, alarm calls, playing vocalisation and dusk chorus. The structure of their vocalisations is influenced by 
age, body weight and the sex. Despite diverse research on their calls, it is not clear if the classification of the vocal 
repertoire by Fischer and Hammerschmidt (2002) is perceptually salient to the individuals (Hauser, 1996).To extend 
research on this subject and complementary issues, it is crucial to identify the function of vocalisations and their 
meaning. 
 
Multimodality 
 
Humans talk in a multimodal fashion incorporating vocal, gestural and facial signals in their communication and the 
suggestion that animals communicate by integrating signals from different modalities was expressed by Darwin in 1872 
(Higham and Hebets, 2013; Semple and Higham, 2013). Insects as honeybees, spiders, frogs, lizards, fowls, pigeons, 
squirrels and primates commonly use multimodal signals (Higham and Hebets, 2013; Liebal et al., 2013). A signal is 
multicomponent when it contains several stimuli of one sensory modality and multimodal when it contains several stimuli 
from different sensory modalities (Rowe, 1999). A multimodal signal is considered as redundant if the different 
components have similar connotations and as no redundant if the components have diverse significations (Liebal et al., 
2013; Partan and Marler, 1999). Multimodal communication has its benefits for both the signaller and the recipient of a 
signal. Considering that multimodal communication carries a message through several sensory systems at the same 
time, it can be hypothesised that it increases the amount of information perceived (available) by the receiver (Liebal et 
al., 2013). Furthermore, the psychological research identified that multimodal communication allows better detectability, 
a faster answer from the receiver compared to unimodal signals, improves memorability and decreases ambiguity in 
signal comprehension (Liebal et al., 2013). Albeit multimodal communication brings benefits to the receiver and the 
signaller, it can lead to some drawbacks as well (Liebal et al., 2013). For instance, a multimodal message may further 
expose individuals to predators and the signaller and the recipient may spend more energy (Partan & Marler, 2005)to 
elicit and to process a multimodal rather than a unimodal signal. Moreover, multimodal signals are suitable for short-
distance rather than long-distance communication (Partan and Marler, 2005). This means that they are more appropriate 
for intra-group communication (Partan and Marler, 2005). 

A progress occurred on multimodal communication research in the years 2000 although there is still paucity in the 
number of investigations and the range of species studied. Indeed, the studies on multimodal communication in 
nonhuman primates are marginalised with only 5% that examined multimodal communication in an integrated  
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fashion(Slocombe et al., 2011). Research on multimodal communication can be achieved at two levels, through the 
investigation of brain areas involved when a multicomponent signal is expressed and through the observation of specie’s 
behaviour. 

On a neural level, Arbib et al. (2008)emphasise that “aphasia of signed and spoken languages may result from lesions 
to Broca’s area” (Pp.1053). This makes clear that Broca’s area should be associated with multimodal language 
generation instead of vocal communication solely (Arbib et al., 2008). In chimpanzees, Taglialatela et al. (2011) showed 
that Broca’s area homologue is involved in gestural and vocal signals. 
In Broca’s area, mirror neurons exhibit activity both when an individual (human or animal) performs an action and when 
it observes another individual (especially of its kind) perform the same action or even when he imagines such action. 
This discovery might be strategic to understand auditory actions and language evolution(Kohler et al., 2002; Gazzola et 
al., 2006) and revealed a large intricacy of communication (Arbib et al., 2008). Since neural methods are invasive, the 
behavioural methods are a requirement to study wild animals. 

On a behavioural level, an experiment by Ghazanfar & Logothetis(2003) showed that rhesus monkeys (Macaca 
mulatta) are able to match the vocalisation to the correct facial expression. This demonstrates that it is important to 
consider communication as its entirety involving all modalities to understand accurately multicomponent signals. 
Furthermore, these studies elicit a shift of interpretation from a unimodal to a multimodal origin of language, commonly 
gestural coupled to vocal, but the combination could also include facial communication (Slocombe et al., 2011). Indeed, 
language may have developed by means of «an integrated combination” of the three (Slocombe et al., 2011, Pp.923). 
Other studies usually report an isolated behaviour, such as multicomponent lip-smacking in crested macaques (Macaca 
nigra)(Micheletta et al., 2013) or examine the frequency and the nature of multimodal signals as in captive chimpanzees 
(Taglialatela et al., 2015). Primate communication is often multimodal and unimodal research tells only part of the 
answer (Slocombe et al., 2011) so it is necessary to expand research. 
 
 
METHODS  
 
Study site and subjects 
 
This study was conducted on a wild group of Barbary macaques living in a deciduous forest of cedars (Cedrus atlantica) 
and holm oaks (Quercus ilex).The study site (33°24’N 005°09’W) is situated in Ifrane National Park, in the Middle Atlas 
mountains of Morocco near the city of Azrou, at an altitude between 1700 and 2100 meters above sea level. The home 
range for the group was much larger than what has been mentioned in the literature, around 2000 hectares (ha) while it 
is usually about 18.4ha (Fooden, 2007). The group consisted of Fifty one ( 51) individuals at the end of the study: seven 
(7) adult males, four (4) adult females, six (6) sub adult males, twelve (12) sub adult females, fourteen (14) juveniles and 
eight (8) infants when I left it. When I finished data collection at the end of March 2016, two (2) females gave birth, one 
(1) baby was born and one was stillbirth and there are currently fourteen (14) babies. Individuals were divided into 

fourage-classes according to their morphology: infants, juveniles, sub adults and adults (Error! Reference source not 
found.). I refer to babies as individuals who were born in March 2016. Infants were distinguished from juveniles by size 

and juveniles were distinguished from sub adults by size and hindquarters. Seasons were divided as follows: mating 
season from September to December identified by female copulation calls, mating-birth season from January to March 
when female copulation calls finished, birth season from March to July when the first infant born and birth-mating season 
from July to September after the last baby is born. Information on kinship was not available for the study group. 

 
Table 1. The composition of the study group 

 

Age-classes Sex Age (years) N 

Infants  <1 8 
Juveniles  1 to <4 14 
Sub adults Females 

Males 
4 to <5 
4 to <7 

12 
6 

Adults Females 
Males 

5 
7 

4 
7 

 
Habituation and identification 
 
The research focused on a wild group not well habituated to humans. The habituation process I conducted with a Ph.D. 
student lasted several months from July 2015 until October 2016, five days a week. At the end of the study, not all the 
individuals were fully habituated, especially the adult females, but this did not affect data collection. Habituation 
consisted of approaching the group as close as possible and when the monkeys started to scream, the Ph.D. student  
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and I stopped moving immediately to not disrupt their welfare. We were fully visible so the monkeys were never 
surprised by our presence and I took the habit to clear my throat so they would learn to identify and get used to us. I 
identified adult males, adult females, and sub adult males only with the help of binoculars and a video camera. For the 
sub adult females, it was not possible because of their large number and physical similarity. Because dominance rank is 
not well established in infants and juveniles and because they are difficult to follow, I did not identify them either. Natural 
marking such as scars, moles and fur or skin color pattern facilitated the recognition of identified individuals. 
 
Data collection 
 
Data were collected daily between 08:00 and 17:00 in the winter and between 06:00 and 21:00 in the summer, ideally 
five (5) days a week. Data were collected during five (5) months from November 8

th,
 2015 until March 31

st,
 2016, using 

an iPod PCs loaded with Pendragon Forms Version 5.1 (Pendragon Software Corporation, Chicago, IL, U.S.A.). The 
study was entirely observational and my data collection was not invasive. Thirty (30) minutes continuous focal animal 
samples(Altmann, 1974) were collected several times a day on a daily basis following three observation blocks: between 
6.00am and 10.15am, between 10.16am and 13.30pm and between 13.31pm to 16.45pm(Table 1). Since the group’s 
activity varied throughout the day with resting periods, it avoids bias in communicative rates. Because of the hilly terrain 
and forest density, I had to stop occasionally a focal sampling because I could not follow the individual. If this happened 
for less than 5 minutes, I continued the focal until it reached 30 minutes in total, which I added to the first observation 
block. If the individual was out of sight for more than 5 minutes, I discarded the sample. I collected all signals performed 
by the focal individual, even those not targeted, and only considered a recipient if the focal animal looked to a co 
specific. By signal, I mean “the entire set of communicative features (“components”) of an animal’s behaviour, [be they 
gestures, vocalisations or facial expressions] that occur [alone or] simultaneously” (Partan and Marler, 2005, 
Pp.232)followed by a pause of >1s. In every focal, all occurrences of gestures given and received were recorded (for a 
complete description of the gestural repertoire of Barbary macaques, see the ethogram p.viin the appendices). To avoid 
confusion with previous studies, I considered facial expressions as gestures in this research to be able to compare my 
results with prior outcomes. I considered tactile signals (Partan and Marler, 2005) as touch body, pull, push and so on as 
manual gestures. Regarding multimodality, I classified a signal as such only if it consisted of at least two components 
from different modalities (gestural, vocal) expressed at the same time. I only considered the occurrence of simultaneous 
combinations of signals and not the production of signals into sequences. When a focal animal expressed a signal, the 
context associated was the one occurring during the communicative event or, failing that, immediately preceding it. 
 
Table 1. Observation blocks respected for the data collection, number and duration in hours for the focal scans  
 

Age class Sex Individual identity 
Observation blocks (number of 30 min focals) 

Total (in hours) 
6.00 – 10.15 10.16 – 13.30 13.31 – 16.45 

Adults 

Males 

DI 2 2 2 3 

MA 2 2 2 3 

OL
 

2 2 2 3 

PA 2 2 2 3 

KE 2 2 2 3 

CY 2 2 2 3 

NO 2 2 2 3 

Females 

AD 2 2 2 3 

FA 2 2 2 3 

BI 2 2 2 3 

YU 2 2 2 3 

Sub adults 
Males 

SA 2 2 2 3 

DA 2 2 2 3 

JA 2 2 2 3 

GA 2 2 2 3 

UC 2 2 2 3 

HU 2 2 2 3 

Females - 8 8 6 11 

Juveniles 
Males - 1 1 1 1.5 

Females - 1 2 1 2 

Infants - - - - - - 

Total focals’ number   44 45 42 65.5 

 
Dominance hierarchy 
 
Dominance rank is important when studying monkey behaviour (Baker et al., 2015). In macaques societies, the 
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approach-avoidance system (“approach-retreat interactions”,  Maestripieri, 2005) allows determining individual’s rank.  

In my study group, I inferred the hierarchy by observing dyadic agonistic interactions between individuals ad libitum 
(Altmann, 1974; Deag, 1977). I recorded agonistic behaviours (aggression: open mouth display, lunge, ground slap, 
stare, slap, bite; submission: present, bared teeth display, teeth-chatter) including combinations of two or more 
components aforementioned. An interaction was taking into account only if the result was clear-cut. Usually, kinship 
knowledge helps to establish a hierarchy (Bernstein, 1976) but it was not known for this group. 
 
Definitions, acoustic  
 
The definition I use for multimodal communication is based on the channel (physical property) exploited by the signaller 
to convey a signal (Higham and Hebets, 2013) because my study was based on signallers’ signal transmission. I did not 
investigate olfactory communication because its occurrence was too limited. Besides, I did not include visual signals as 
swellings or colors in my study because it is too challenging to construe outcomes on recipients and signallers. I 
considered only free multimodal signals where every component is unimodal (independent, isolated) contrary to fixed 
multimodal signals that cannot be divided such as lips movements (Higham and Hebets, 2013).I considered multimodal 
the association between scream face and fear scream only if the scream face was unvocalised before or after the 
vocalisations was uttered. If the individual opened his mouth just to utter the fear scream, I did not consider it as 
multimodal. 

In addition to multimodal communication, this study construes call variations that are discussed scantily in previous 
research. All vocalisations uttered and received by the focal animal were recorded with a Marantz PMD661 and a 
Sennheiser microphone (ME 88). By vocalisations, I mean calls “that form a temporally coherent acoustic pattern” (Todt 
et al., 1995, Pp.145). To interpret vocalisations I recorded, I realised my spectrograms with Raven Pro 1.5 Beta Version 
and then I did an auditory-visual assignment with the help of spectrograms from previous work on Barbary macaques 
completed by Fischer and Hammerschmidt (2002).For sake of clarity, I present my results in a fashion similar to Fischer 
and Hammerschmidt (2002) otherwise, it would be confusing. I consider a call type as “a cluster of calls that are identical 
or at least similar in their acoustic shape (Todt et al., 1995, p.145). Vocalisations can be combined in series, where two 
or more calls are uttered with a pause inferior to 1 second between each vocalisation. 

Because of background noise, I discarded vocalisations (N=24) of the study for which the type could not be specified. 
Acoustic disturbances originated from logging trucks and woodcutters talking, shepherds with sheep and dogs barking, 
birds’ song, planes or helicopters passing by, the wind, when I can hear my footsteps in the snow, when the snowmelts 
and falls from the trees and when several animals vocalised at the same time. Besides, during data collection, I could 
not record all types of vocalisations. In the first place, I could not gather material on females giving birth because it 
happens during the night when I cannot be present on the field. Hammerschmidt and Ansorge (1989) managed to in 
captivity. Moreover, I could not record dusk chorus since I had to leave the field site before sunset when individuals are 
not yet in the trees to sleep. I do not have any playing vocalisationin my recordings because I could not get really close 
to individuals due to their wildness and as playing vocalisations are of low frequency, I was often too far with the 
microphone (around 10 meters away minimum from the individual). Furthermore, considering that gestures and 
vocalisations come together quickly during a playing interaction, it was usually impossible to attribute the vocalisation to 
the signaller. 

 
Statistic analysis 

 
The data has been analysed by IBM SPSS 21.For check whether the various categories of a factor differ significantly or 
not, we evaluate effects of age-sex classes (adult males, adult females, sub adult males, sub adult females) on mean 
gestures’ rate per hour via a Linear Mixed Model analysis (LMM). Mean gestures’ rate per hour was the dependent 
variable. Age- sex classes were entered as fixed variables. Individual Identity was entered as random factors (nominal 
variables). We tested each combination involving the variables of interest .spanning from a single-variable model to a 
model including all the fixed factors (full model). 

For the vocalisations, I used a Linear Mixed Model analysis (LMM).For investigate if age-classes have significant 
effects on mean calls’ rate per, I chose mean calls’ rate per the dependent variable. Age- sex classes were entered as 
fixed variables. Individual Identity was entered as random factors (nominal variables). Then, I used to determine the 
significant differences between the groups’ means (age-classes) via Linear Mixed Model analysis (LMM). The 
significance level was set at 0.05 for all tests. The box plots and graphs were carried out with SPSS Statistics 21 as well. 
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With: Yij = response of j-th member of cluster i, i = 1, . . . ,m, j = 1, . . . , ni, m = number of clusters, ni = size of cluster i, xij 
= covariate vector of j-th member of cluster i for fixed effects, ∈ R

p
, β = fixed effects parameter, ∈ R

p
, uij = covariate 

vector of j-th member of cluster i for random effects, ∈ R
q
, γi = random effect parameter, ∈ R

q
 

 
For the vocalisations, I used a MANOVA (Multiple Analysis of Variance) to investigate if age-classes have significant 
effects on mean calls’ rate per hour. Then, I used Tukey HSD test to determine the significant differences between the 
groups’ means (age-classes). The significance level was set at 0.05 for all tests. The box plots and graphs were carried 
out with SPSS Statistics 21 as well. 
 
 
RESULTS 
 
Dominance hierarchy 
 
Rank could be determined for adults of both sexes and sub adults males. I classified individuals into one of three 
categories: high, middle or low ranking depending on their dyadic interactions with conspecifics (Table 2). I could not 
differentiate sub adult females because they were similar and numerous (N=12). There is no rank hierarchy for infants 
and it is uncertain for juveniles. Thus, when doing the statistical analysis with the rank data involved, only adult males, 
adult females and sub adult males were considered. 
 

Table 2.Every two letters code represent one individual. 1 This individual left the group on November 
13th, 2015. 2 This individual migrated in the group on December 05th 2015 

 

Age-classes                      Adults Sub adults 

Ranks Males Females Males 

High DI, MA, QU
1 

AD DA, SA 
Middle PA, OL

2 
FA, BI JA, GA 

Low NO, CY, KE YU UC, HU 

See table 2 for more details on individuals 

 
Communication 
 
I collected N=131 focals, which represents 65.5 hours (124 focalsexcluding juveniles, for a total of 62 hours). I did not do 
focals on infants because they are difficult to follow and the group is protective towards them. However, since there were 
eight of them, they are substantially present in the data. The chance of an infant walking near a focal animal was 27% (8 
infants /29 focal animals). 
 
Gestural signals 
 
In total, I recorded N=1287 gestures (N=1246 excluding juveniles), N=1148 without gesture combinations. This section 
includes data about gestures given and received by the focal animal although gesture combinations are not included 
and are presented below. Gestures received by infants are included in the total but since their sex and rank were 
unidentified, they are not present in most of the analysis. These gestures are classified as facial expressions and 
movements, manual gestures or postures.  

Contexts that induced most gestures were vigilance (N=353), feeding (N=290), affiliative (N=183) and traveling 
(N=163). Facial expressions and movements are the most common gestures communicated by individuals (N=573), 
followed by postures (N=350) and manual gestures (N=218). Facial expressions are the most common type of gesture 
expressed by individuals in most contexts, except during mating. Males (N=726) expressed more gestures than females 
(N=381). High-ranking individuals communicated more gestures (N=336) than low-ranking (N=284) and middle-ranking 
individuals (N=261). 
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Concerning mean gestures’ rate per hour, it varied from 7 to 25 per individual for a grand total of 16.23for all individuals 
(Table A and figure a p.i in the appendices).  

The Type III of Fixed effects (Table  3) represent overall test of significance for age-sex classes included in the model. 
These F tests are especially useful to investigate when looking at omnibus tests of significance for age sex classes. 
Therefore, the Type III F test for the interaction between sex-age classes and mean gestures’ rate per hour (without 
facial expression) is significant at the 5% level, suggesting that the age-sex classes have an effect on mean gesture rate 
per hour (F(1, 142.14)= 257.174 , p=0.000***). 
 

Table  3. Tests of Fixed Effect for the interaction between age-sex classes' and men gestures' rate per hour of wild population of Barbary 
macaques 

 

 

Numerator df Denominator df F Sig. 

Intercept Fixed Factors 1 53.579 67.548 0.0000 

Relationship quality 1 24.978 25.154 0.0053 

mean gestures’ rate/h 1 324.145 245.475 0.0007 

age-sex classes 1 142.140 329.727 0.0145 

age-sex classes X mean gestures’ rate/h 2 15.157 257.174 0.0000 

 
The Estimates of Fixed effects represent the maximum likelihood estimates of the fixed effect parameters (or 

regression coefficient) in the LMM being fitted. There is significant positive linear relationship of sub adults, with the 

estimated fixed effect being 0.455, and this fixed effect is significantly different from 0 based on the t test (There is also a 

significant interaction between age-sex classes and mean gestures’ rate per hour, with a low mean by 0.167 for Adults 

and 0.289 by sub adults (Table 4). That meaning the sub adults expressed more gestures per hour than adults 

(p=0.0075) ( 

Figure 1). 
 

Table 4. Estimates of Fixed Effects for the interaction between age-sex classes' and men gestures' rate per hour of wild 

population of Barbary macaques 
 

Parameter Estimate SE df t p 

Intercept 16.152436 0.998461 24.984 16.177 .000 
Age-sex classe 0.455 0.087068 24.655 9.165 .000 
AG=(Male Ad) 0.3 0.747242 24.714 3.457 .0745 
AG=(Female Ad) 0.289 1.564289 24.984 .808 .129 
AG=(Sub Ad 0.476 0.136409 24.655 2.362 .0075 

Random factor 0 0    

 
 

 
 

Figure 1. Mean gesture rate per hour in relation to sex and age-class. Only gestures given by the focal 

animal are considered but not gestures received 

 

 

Figure 1. Mean gesture rate per hour in relation to sex and age-class. Only gestures given by the focal animal are considered 
but not gestures received 

Age-classes’ groups 



The Estimates of Covariance Parameters (Table 5) represent the maximum likelihood estimates of the covariance 
parameters (variances of the random effects, covariances of the random effects, variances and covariance’s of the 
random errors, etc.) in the LMM that is being fitted. There are two covariance parameters defining the error covariance  
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structure in the model for the growth study data: the variance of the random errors [AR1, diagonal in the AR (1) 
covariance structure], and the correlation of adjacent errors (in terms of the amount of time between adjacent measures, 
or 2 years; this is AR1 rho). The variance of the random errors is estimated to be 1.19, which means that random errors 
associated with the growth observations (taking the fixed effects into account) are sampled from a normal distribution 
with variance 1.19. The estimates suggest that adjacent errors in the model actually have a negative correlation (0.473), 
which means that when conditioning on the fixed effects and random effects in this model, errors associated with 
observations from the same child at adjacent time points have a negative correlation; this might bring the covariance 
structure into question, prompting investigation of alternative covariance structures. 
 

Table 5. Estimates of Covariance Parameters of the interaction between age-sex classes' and men gestures' rate per hour of wild 
population of Barbary macaques 

 

Parameter  Estimate SE Wald Z Sig. 

Repeated  
Measure 

AR1 
Diagonal 
AR rho 

1.192410 
 

-0.473280 

0.235547 
 

0.187112 

5.062 
 

-2.529 

.000 
 

.011 

Intercept + Id UN(1.1) 
UN(1,2) 

11.377451 
- 0.814984 

4.928971 
0.415695 

2.308 
-1.961 

.021 

.050 

 
Although, I did not collect focal scans on infants, I was able to observe that their gestural repertoire was developed to a 
greater extent. Infants were capable of displaying bared teeth, bite, yawn, slap at hands, push, grab, headstand, expose 
belly, head bob and branch shake (Table B p.ii in the appendices). Besides, I identified mounting between infants in a 
playing context. In total, they are able to express 16 gestures of a repertoire consisting of 40, which represents 40%. 
There are four gestures missing in my data. First of all, I have never seen “drag a hind leg” on the study group which is a 
gesture that was observed occasionally in captive populations (Hesler and Fischer, 2007). In semi-free groups, the 
occurrence of “push and pull” was periodic although I did not witness it within the study group. I do not have “staring 
open mouth pant face” or “check-look” in my focals but I have seen it regularly during conflicts in the study group. These 
two expressions are quite hard to see because it happens mainly during aggressive interactions.  
 
Gesture combinations 
 
I did not consider gesture combinations as multimodal communication but rather as “multiple components [signals] 
within one sensory modality” (Higham and Hebets, 2013, Pp.1384).This section includes juveniles in the analyses 
except when the rank and the sex was a component of the analysis. In total, I recorded N=126 occurrences of gesture 
combinations made up of 62 different combinations (Table Cp. in appendices). The most frequent gestures’ combination 
was “open mouth” coupled with “stare” (N=55) and “open mouth” accompanied by “stare” and “ground slap” (N=19).As 
single gestures, gesture combinations are essentially facial expressions and movement coupled (N=59), coupled with 
manual gestures (N=47) or coupled with postures (N=19). Gesture combinations were mostly expressed in a feeding 
context. 
 
New gestures 
 
I also observed novel gestures not mentioned in the previous literature. The first signal is when males, especially adults, 
gave a small “push” in the back of females who were sitting to make them getting up and inspect their hind quarters. 
This behaviour occurred often during the mating and birth seasons. This cod behaviour was a sub adult female “clapping 
in her hands” in front of an adult male to get his attention in the aim of having sex with him. The third signal I noticed 
several times is an individual teeth-chattering to himself or chattering at his body parts presumablyas an expression of 
high-stress levels. Finally, I observed homosexual mounts between females on several occasions, although this does 
not strictly qualify as a gesture. The mounts involved two sub adult females, an adult female on a sub adult female or 
even a sub adult female on a sub adult male.  
 
Vocal signals 
 
In total, I recorded N=1860 vocalisations (N=1833 excluding juveniles). This does not include 33 series of vocalisations 
for which I was unable to count the number of single calls. Among these 33 series, the type of 18 vocalisations could be 
identified. Among the 1860 vocalisations, eleven could not be identified. This section includes data about vocalisations 



given and received by the focal animal. Calls received by infants and juveniles were included in the total but when an 
analysis factor was about sex or rank, they were excluded from the analysis. Likewise, sub adult females were excluded 
from the analysis when the rank was involved as a statistical factor. 
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Contexts that induced most vocalisations were vigilance (N=384), feeding (N=334) and affiliative (N=199). Females 
(N=640) uttered more vocalisations than males (N=94) (infants excluded). Modulated and complex screams, pants, and 
rasping calls (vocalisations of type 2) are the most diversified in term of acoustic structure and include nine distinct 
subtypes. Compared to Fischer & Hammerschmidt (2002), I added three new subtypes g, h and i. g subtype 
characterises grunts, h characterises yawning and i characterises panting-grunts. Grunts (type 2g) are the most uttered 
2 type calls by both sexes (N= 46 for females and N=36 for males). Moreover, it seems like some calls as 2c and 2f 
types are sex-specific, with only females uttering it. Regarding utterance of several call types in the same series of 
vocalisations, it is worth noting that infants combine several call types in a same series of vocalisations the most (N=390 
vocalisations). The number of different combinations made of several call types in the sameseries decreases with age. 

Concerning mean calls’ rate per hour, it varied from zero to 66.33 per individual for a grand total of 8.80 for all 
individuals (Table D and figure B p.iv in the appendices). Females expressed more vocalisations per hour than males 

(Error! Reference source not found.).  
 

 
 

Figure  2. Mean call rate per hour in relation to sex and age-class. Only vocalisations 
uttered by the focal animal are considered but not vocalisations received 

 
The Type III of Fixed effects (Table 6) represent overall test of significance for age-sex classes included in the model. 

These F tests are especially useful to investigate when looking at omnibus tests of significance for age sex classes. 
Therefore, the Type III F test for the interaction between sex-age classes and mean call rate per hour is significant at the 
5% level, suggesting that Age-classes have an effect on mean call rate per hour (F(1,138.547)=70.08, df=138.547, 
p=0.000***). 
 

Table 6.Tests of Fixed Effect for the interaction between age-sex classes' and men call rate per hour of wild population of Barbary 
macaques 

 

 Numerator df Denominator df F Sig. 

Intercept  Fixed Factors    1 57.8 67.548 0.0000 
Relationship quality 1 80.1 25.154 0.0053 
mean call rate per hour 1 324.145 1767.0 0.0007 

age-sex classes 1 118.9 329.72 0.0145 
age-sex classes X mean call rate per hour 2 138.547 257.1747 0.0000 

 
The Estimates of Fixed effects represent the maximum likelihood estimates of the fixed effect parameters (or regression 
coefficient) in the LMM being fitted. There is significant positive linear relationship of sub adult males and females, with 
the estimated fixed effect being 0.62, and this fixed effect is significantly different from 0 based on the t test. There is 
also a significant interaction between age-sex classes and mean call rate per hour, with a low mean by 0.3 for Adults 
and 0.476 by sub adults. That meaning the sub adults and female adult’s expressed more call per hour than adults Male 

(p=<0.0005) (Error! Reference source not found.). 
 

Table 7.Estimates of Fixed Effects for the interaction between age-sex classes' and men call rate per hour of wild population of 
Barbary macaques 

 

Parameter Estimate SE df t p 

Intercept 14.02 0.197452 18.245 14.222 .000 

Age-sex classes 0.455 0.087068 7.1745 25.42 .000 
AG=(Male Ad) 0.3 1.564289 24.5752 3.457 .0157 

 

 

 

Age-sex classes’goups 



AG=(Female Ad) 1.264698 .457572 12.2145582 .62 <0.0005 
AG=(Sub Ad 0.476 0.04544 42.25633 .62 <0.0005 

Random factor 0 0    
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The Estimates of Covariance Parameters (Table  8) represent the maximum likelihood estimates of the covariance 
parameters (variances of the random effects, covariances of the random effects, variances and covariance’s of the 
random errors, etc.) in the LMM that is being fitted. There are two covariance parameters defining the error covariance 
structure in the model for the growth study data: the variance of the random errors [AR1, diagonal in the AR (1) 
covariance structure], and the correlation of adjacent errors (in terms of the amount of time between adjacent measures, 
or 2 years; this is AR1 rho). The variance of the random errors is estimated to be 4.63, which means that random errors 
associated with the growth observations (taking the fixed effects into account) are sampled from a normal distribution 
with variance 4.63. The table 4 shows that the random id is 11.377451.That suggest that adjacent errors in the model 
actually have a positive correlation, which means that when conditioning on the fixed effects and random effects in this 
model, errors associated with observations from the same child at adjacent time points have a positive correlation; this 
might bring the covariance structure into question, prompting investigation of alternative covariance structures. 
 

Table  8. Estimates of Covariance Parameters (Random effect) for the interaction between age-sex classes' and men call rate per hour of wild 
population of Barbary macaques 

 

Parameter  Estimate SE Wald Z Sig. 

Repeated Measure AR1 

Diagonal AR rho 

4.63 

4.25.473280 

0.235547 

0.187112 

5.062 

-2.529 

.000 

.011 
Intercept + Id  11.377451 3.94492 2.5523 <0.0005 

 

In summary, Age-classes have an effect on mean call rate per hour .In order to determine the significant differences 
between group means, we found that age-sex classes sub adult males and female have significantly affect the 
distribution of the mean call rate per hour.  

There are types of call missing in my data. I did not have the occasion to record clucking barks, a subtype of alarm call 
when individuals encounter a snake. Regarding calls from type 5, I did not record pants, low-frequency soft pants and 
clear calls. 

In general terms, to compare gestures and calls’ frequencies, the frequency of gestures increases with age and 

frequency of vocalisations decreases from infants to juveniles’ class and then increases up to adulthood ( 

Figure 1). Infants utter much more vocalisations than adults do and there is a significant decrease of utterance from 
infants to juveniles’ class. Regarding gestures, there is a peak frequency of use in sub adults and a slight decrease from 
sub adults to adults’ class. To sum up, infants express much more vocalisations than gestures and adults express more 
gestures than vocalisations. 
 



 
 

Figure 2. The frequency of gestures and vocalisations in relation to the age-class of the signaller. Newborns 
are not included in this graph. Gestures’ rate includes combinations. Signals are given and received  
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Contexts of the calls 
 
The analysis revealed that the function of many callsis unknown. Furthermore, most call types are uttered in various 
contexts. However, some calls as modulated tonal screams (type 2a) were expressed exclusively in an agonistic 
context. Grunts (type 2g) and complex screams (type 2d) are the most unspecific calls since they were uttered in eight 
different contexts. The results about contexts in which the calls were uttered are summarised in table 10 below. 
 
Table 9.Contexts of theutterance of the calls.Call names in yellow were not recorded during data collection. V means that the call type was uttered in 

the corresponding context. Call names highlighted in bold are new compared to previous studies 
 

 



 
 
Call Variations 
 
I present call variations in a table structure classified by types. For every vocalisation, I put a spectrogram, the recorded 
sound, which individuals uttered and received the call, I tried to identify what exactly triggered the calls and I commented 
when it was necessary. 
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Table 10.Call type N°1 
 

Call type N°1 

C
a
ll 

s
u
b
ty

p
e

 

Spectrogram Sound recording Context Comments 

 

C
a
ll
 
ty

p
e

s
 

C
a
ll
 

s
u

b
t
y
p

e
s
 

Call names Agonistic Sexual Travelling Feeding Vigilance Playing Resting 
Groomin
g 

Affiliative 
Context of the 
calls 

1 a Noisy and complex scream   v v v v v v v 

b Complex scream v   v v  v v  

c Noisy arched scream        v  

d Complex scream v  v v v   v v 

e Noisy and complex scream v    v   v  

2 a Modulated tonal scream v         

b Squeak and modulated tonal scream   v v v v  v v 

c Tonal scream v  v v v     

d Complex scream v  v v v v v v v 

e Pant v  v v v  v v  

f Rasping call v  v v    v  

g 
 

Grunt 

v v v v v  v v v 

h Yawning       v   

i Panting-grunt   v       

3 a Shrill bark (alarm call)          

b   v  v     

c Rasping call   v       

d Clucking bark          

4 a Oestrus call 
(copulation call) 

Rhythmic 
pant-grunt 

 v v v v     

b  v v v    v v 

5 a Squeak        v v 

b Pant          

c Low-frequency soft pant          

d Pant bark    v      

e Clear call          

6 a Gecker    v v   v v 

b Girney    v      



b 

 

250316SAFRY.aif
 

Shriek uttered by a sub adult 
female to a sub adult male. The 

event that triggered the call is 
unknown in a feeding context. 

It looks like a call 
uttered by an 

infant. 

d 

 

131215AD_IFRY.aif
 

Calls uttered by an infant after 
being slapped by its mother while it 
wanted to suckle in an affiliative 

context. 

 

d 

 

280316HU_IFCW5.aif
 

Call uttered by an infant to a sub 

adult male. I think the infant wanted 
to be carried by the sub adult male 
n a feeding context. 

 

Shorter than 

usual. 

d 

 

211115PA_FARYdebut.aif

 

Calls uttered by an adult female 

because she was harassed by an 
adult male in a vigilance context. 

These 

vocalisations can 
be long or short. 

d 

 

270316AD1stcall3emeserie.aif

 

Noisy scream uttered by an adult 

female aggressed by an adult male 
who wanted to take its infant in a 
feeding context.  

Lower frequency 

than usual. 

e 

 

280116JF3emeserie2ndcall.aif

 

Call uttered by a juvenile female 

after she has been severely 
aggressed (bitten) by an adult 
female. The adult female wanted to 

be groomed but did not give further 
notice before her actions in a 
feeding context. 

 

e 

 

270116ADserie3.aif
 

Calls uttered by an adult female 

witnessing an aggression with a 
sub adult female during a grooming 
interaction. 
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Table 11 .Call type N°2 
 

Call type N°2 



C
a
ll 

s
u
b
ty

p
e

 
Spectrogram Sound recording Context Comments 

B 

 

280116BI_IFtype2bnew.aif

 

Call uttered by an infant to its 
mother, an adult female, during 
a grooming interaction. 

 

B 

 

280116GA_IF2b.aif
 

Call uttered by an infant to a sub 

adult male because the infant 
wanted to be carried in an 
affiliative context. 

 

B 

 

280316SAF_IFCW3.aif

 

Call uttered by an infant to its 
mother, a sub adult female, 
because he wanted to suckle in 

an affiliative context. 

 

B 

 

290116SAF_IFpart13emeserie.aif

 

Call uttered by an infant to its 
mother, a sub adult female, 
because he wanted to suckle in 

a grooming context. 

This call is grading 
towards type 1d. 

B 

 

141115SA_SAFunknown.aif

 

Call uttered by a sub adult 
female to a sub adult male in an 

affiliative context. The event that 
triggered the call was unknown. 

 

C 

 

270116UC_SAFunknown.aif
 

Tonal scream uttered by a sub 
adult female to a sub adult male 
after he aggressed her by a 

lunge in a feeding context. 

 

C 

 

270316AD_newtype2c.aif

 

Call uttered by an adult female 
after an adult male tried to take 
her infant in a feeding context. 

Even if these calls 
are of the same type 
and subtype and 

spectrograms look 
similar, they sound 
really different. 

C 

 

281115FARYpart1stserie.aif

 

Calls uttered by an adult female 
because she was harassed by 
an adult male in a feeding 

context. 

c 

 

291115ADFS15.aif
 

Call uttered by an adult female 
witnessing a males’ fight. 

This call is formed by 
the fundamental 
frequency only. 
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Continuation Table 12 .Call type N°2 
 

d 

 

270116UC_JU.aif
 

Calls uttered by a juvenile to a sub 
adult male after he aggressed him by a 

lunge in a feeding context. 

d 

 

270116UC_SAF2d.aif
 

Call uttered by a sub adult female to a 
sub adult male after he aggressed her 
by a lunge in a feeding context. 

d 

 

270116UC_SAFRY4.aif
 

Call uttered by a sub adult female to a 
sub adult male after he aggressed her 

by a lunge in a feeding context. 

d 

 

270116UC_SAFRY5.aif
 

Call uttered by a sub adult female to a 
sub adult male after he aggressed her 
by a lunge in a feeding context. 

d 

 

270116UC_SAFRY2.aif
 

Call uttered by a sub adult female to a 
sub adult male after he aggressed her 
by a lunge in a feeding context. 

d 

 

300116DI_ADRY1.aif
 

Call uttered by an adult female to an 
adult male after he aggressed her by a 
lunge in a feeding context.  

d 

 

300316HU_IF2dtype.aif
 

Call uttered by an infant to a sub adult 
male. The event that triggered the call 

is unknown in an affiliative context. 

d 

 

300316UC_HU2dnew.aif
 

Calls uttered by a sub adult male to 
another sub adult male because he 
was grabbed by him in a feeding 

context. 

f 

 

241215AD_GR1&2.aif
 

Calls uttered by an adult female to a 
sub adult female during a grooming 
interaction. The event that triggered 

the call was unknown. 

g 

 

260316CYGR1&2.aif
 

Rough grunts uttered by an adult male 
witnessing a group agonistic 
interaction from 60 meters away in a 

resting context. 

g 

 

260316SAFGR.aif
 

Tonal grunts at 0.2 and 1.6 seconds 
uttered by a sub adult female in a 

feeding context. The event that 
triggered the calls was unknown, as 
well as the recipient of these calls. 
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Continuation Table 13 .Call type N°2 
 

g 

 

280116BI_GR.aif
 

Rough grunt uttered by an adult female in an 

affiliative context. The event that triggered the calls 
was unknown, as well as the recipient of these calls. 

 

g 

 

280316OLfoodGR.aif
 

Food grunt uttered by an adult male in a feeding 
context. He did not have neighbours when he 

grunted. This call is considered as a rough grunt. 

g 

 

280316PAGR3&4.aif
 

Two rough grunts uttered by an adult male while he 

was witnessing an aggression between other group’ 
members in a vigilance context. The recipient of 
these calls was unknown. 

g 

 

300116GAGR.aif
 

High-frequency rough grunt uttered by a sub adult 

male in a vigilance context. The event that triggered 
the call was unknown, as well as the recipient of this 
call. 

g 

 

310316GA_GR1.aif
 

Rough grunt uttered by a sub adult male while he 
was witnessing an aggression between other group’ 

members in a vigilance context. The recipient of this 
call was unknown. 

g 

 

080116HU_GR1.aif
 

Rough grunt uttered by a sub adult male in a 
vigilance context. The event that triggered the call 
was unknown, as well as the recipient of this call. 

g 

 

030316UC_SAFrGR.aif

 

Rough grunt uttered by a sub adult female to a sub 
adult male because he aggressed her by a lunge in a 

feeding context. 

h 

 

300116GAyawn.aif
 

Low-frequency vocalisation uttered by a sub adult 
male when yawning in a resting context. 

 

i 

 

310316GAGR3.aif
 

Panting grunt uttered by a sub adult male in a 
traveling context. The event that triggered the call 
was unknown, as well as the recipient of this call. 
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Table 14. Call type N°3 
 

Call type N°3 

C
a
ll 

s
u
b
ty

p
e

 Spectrogram Sound recording Context Comments 

b 

 

131215YU_AC1.aif
 

Alarm call uttered by an adult 

female to the group because there 
were dogs around 150 meters 
away in a vigilance context. 

. For the same 

disturbance, the 
same individual 
uttered different 

alarm calls in 
the structure, 
even if they 

seem to be of 
the same type 

b 

 

281115FAAC4.aif
 

Alarm call uttered by an adult 
female to the group because there 

were dogs several hundred meters 
away in a vigilance context 

b 

 

281115FAAC6.aif
 

Alarm call uttered by an adult 
female to the group because there 

were dogs several hundred meters 
away in a vigilance context 

b 

 

281115FAAC11.aif
 

Alarm call uttered by an adult 
female to the group because there 

were dogs several hundred meters 
away in a vigilance context 

c 

 

131215YUAC8.aif
 

Alarm call uttered by an adult 
female to the group because there 

were dogs around 150 meters 

away in a traveling context. 

 

 
 
Table 15. Call type N°4 
 

Call type N°4 

C
a
ll 

s
u
b
ty

p
e

 

Spectrogram Sound recording Context Comments 

a 

 

061215SAF_CCO.aif
 

Oestrus calls uttered by 

a sub adult female to a 
sub adult male to attract 

him in a vigilance 

context. 

 

b 

 

061215MA_BICC.aif
 

Copulation calls uttered 

by an adult female to an 
adult male during 

copulation. 

Pant-grunts are 

not always 
rhythmic. 
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Table 15. Call type N°5 
 

Call type N°5 

C
a
ll 

s
u
b
ty

p
e

 Spectrogram Sound recording Context Comments 

a 

 

280116GA_IFSQ1.aif
 

Squeak uttered by an 
infant to a sub adult 

male because he 
wanted to ride him in 
an affiliative context. 

 

d 

 

080116HU_IFCW3.aif
 

Pant bark uttered by 

an infant to a sub 
adult male in a 

traveling context. The 

event that triggered 
the call was unknown 

 

 
 
Table 16. Call type N°6 
 

Call type N°6 

C
a
ll 

s
u
b
ty

p
e

 Spectrogram Sound recording Context Comments 

a 

 

261115FA_IF1st&2call.aif
 

Gecker calls uttered by 
an infant to its mother, 

an adult female, 
because he wanted to 
suckle in a grooming 

context. 

 

b 

 

060116OL_IFunknown.aif
 

Girney uttered by an 
infant to an adult male in 

an affiliative context, 
during dorsal carriage. 

Infants are 
capable of 

uttering 
girney and it 
is very similar 

to adults. 
 

 
 
Multimodal signals 
 
In total, I recorded N=30 occurrences of seven different multimodal signals. This section includes given and received 
signals by the focal animal. The context that induced multimodality the most was agonistic (N=13). The multimodal 
signals were formed the most by facial expressions (N=25), followed by manual gestures (N=4) and postures (N=1). 
Adult (N=26) expressed more multimodal signals than sub adult (N=4). I did not observe juveniles or infants 
communicated multimodal signals. Females (N=18) expressed more multimodal signals than males (N=12). High-
ranking individuals communicated more multimodal signals (N=14) than middle-ranking (N=8) and low-ranking 
individuals (N=7). The most frequent gesture was unvocalised scream face (N=18) (Table E p.v in the 
appendices).Twenty-three signals were composed of type 2 vocalisations, five were composed of type 4 vocalisations 
and two signals had their call types not identified. Tonal screams (vocalisations of type 2c, N=11) and grunts 
(vocalisations of type 2g, N=7) were the most uttered in multimodal signals. 
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DISCUSSION 
 
Principal findings 
 
Gestural communication 
 
This research allowed to discover new gestures as “push the back” to inspect female sexual swellings. The most 
surprising were the manifestation of homosexual behaviours between females. Barbary macaques communicate more 
with vocalisations at a young age and adults express more gestures. Infants have a limited gestural repertoire though 
they are able to express 16 gestures of a repertoire consisting of 40, which represents 40%. Adults communicate on 
average with 16.23 gestures per hour, with facial expressions prevailing in all contexts, except sexual. Facial 
expressions expressed as unimodal gesture or part of gesture combinations are communicated the most by males and 
especially high-ranking individuals. Regarding sub adults, they are the age-class that expresses gestures the most 
surpassing adults with sub adult females expressing more gestures than sub adult males. 
 
Vocal communication 
 
In Barbary macaque, there is a peak of calls utterance in infancy. Infants are able to utter all call types but tend to 
combine it with a higher and more diversified rate than adults do. Adults and sub adults communicate on average with 
8.80 vocalisations per hour with females vocalising much more than males. It seems that call types as 2c and 2f are sex-
specific, with only females uttering it. Vocalisations of type 2are the most diversified in term of acoustic structure and 
include nine distinct subtypes. Among these calls, grunts (type 2g) are the most uttered calls by both sexes and in 
various contexts.  
 
Multimodal communication 
 
Multimodal signals were formed for the most part by facial expressions and communicated mostly during agonistic 
interactions. Adults and especially high-ranking individuals expressed scream face coupled with vocalisations of type 2 
to a greater extent. 
 
Relations with previous work 
 
Gestures 
 
Research on gestural communication is lacking in wild environments (Liebal et al., 2013)and most of the studies on 
gestural repertoire were conducted on captive populations (Liebal et al., 2013; Slocombe et al., 2011).In the wild group, 
adult males communicated the majority of facial expressions, certainly because the great part of facial expressions 
communicate threats and males are superior to females in the hierarchy. For the same reason, high-ranking individuals 
expressed more gestures. The fact that sub adults are the age-class that expresses gestures the most could be 
explained by their strategic link in the network, playing with juveniles and learning from adults, which makes them having 
the most social interactions in the group. Since sub adult females express more gestures than sub adult males that 
could be explained by matri lines. Indeed, females may have stronger links between them because they are linked 
genetically.  

Infants communicate more by vocalisations though their gestural repertoire was more developed that what Hesler and 
Fischer (2007) asserted. The possible interpretation for this variation in the repertoire between captive and wild 
individuals could be the distinction in environmental conditions. For instance, predators are numerous for wild individuals 
being one of the driving forces of dexterity’s stimulation that could lead to a faster repertoire’s expansion compared to 
captive populations. This implies that captive animals would take an extended time to acquire gestural repertoire. 
 
Gesture combinations 
 
Gestures’ combinations are frequent in the communication of Barbary macaques and they are redundant signals (Partan 
and Marler, 1999, 2005) for the most part, meaning that every component taken unimodally elicits an equivalent 
response from the receiver. Thus, threat gestures will be associated together, as well as affiliative and agonistic 
gestures. However, it is not clear if gesture combinations are more likely to elicit a response than a gesture elicited alone 
(Liebal et al., 2013).  
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New gestures 
 
The most surprising gesture discovered was the manifestation of homosexual behaviours between females. 
Homosexual interactions are well documented in most Anthropoidea species.  Wolfe (1981) observed females having 
homosexual interactions in Japanese macaques and mounting between females has been observed in stumptail 
macaques (Macaca arctoides) (Maestripieri, 1997). To my knowledge, it has never been reported that females Barbary 
macaques practice mounting between each other. I observed several times sub adults female mounting each other or a 
female mounting a sub adult female. This can be an approach to attract males in the aim of copulation. Moreover, I 
witnessed a sub adult female mounting a sub adult male. This can be to encourage the male to start copulation 
(Maestripieri, 1997) or to appease tensions afterward an agonistic interaction. 

“Push” the back occurred often during the mating and birth seasons, certainly to have cues on females’ fertile phase in 
the first case and to get an olfactory indication about gestation in the second case. 
 
Vocalisations 
 
Vocal repertoire of Barbary macaques is complex and not fully puzzled out yet. Todt et al., (2005) asserted that 
frequency of vocalisations decreases with age although I identified a slight increase between juveniles and adult stages. 
In the adults, middle-ranking and low-ranking female’s uttered copulation calls the most. This could mean that copulation 
calls are a strategy to attract a mate since the highest-ranking female uttered only one vocalisation.  
Among type 2 calls, grunts (type 2g) were the most uttered calls by both sexes. Even if this type of vocalisation is largely 
mentioned in the literature (Fischer and Hammerschmidt, 2002; Hammerschmidt and Fischer, 1998b), there is no 
explicit information about it. To my knowledge, even in reviews (Fischer and Hammerschmidt, 2002), there is no 
spectrogram or description for this call type. I think that grunts are uttered sometimes as a form of greeting but it is hard 
to assess and I am not aware of previous literature about this issue in Barbary macaques. Grunts are used for greeting 
alone of coupled with facial expressions in pigtail macaques (Maestripieri, 1997). Even if it was asserted that Barbary 
macaques do not vocalise when discovering food (Hauser, 1996), I could observe at least one occasion when an adult 
male uttered food grunts when foraging. Since Barbary macaque grunt a lot, it is challenging to assess the contexts, the 
function and the recipients of these calls.  
 
Multimodality 
 
To my knowledge, this is the first study on multimodal communication in Barbary macaques. Multimodal signals justified 
the signal redundancy hypothesis rather than the simultaneous message hypothesis (Rowe, 1999).Contrary to 
chimpanzees (Taglialatela et al., 2015), Barbary macaques in most cases perform signals directed to a conspecific. 
They were not numerous which could be explained by the fact that wild Barbary macaques have various predators. 
Because multimodal signals expose individuals more than unimodal signals, this could justify the reason why Barbary 
macaques do no express it often. Since I observed multimodal communication in adults and sub adults exclusively, it 
seems that mechanisms involved in multimodality require a certain level of cognition that younger individuals have not 
developed yet (Liebal et al., 2013). 

Because the main contexts in multimodal communication were aggression and sexual, we can theorise that it evolved 
from these two peculiar contexts to be ubiquitous in human communication. During aggressive and sexual contexts, 
individuals need to be in a high attentional state and multimodality can facilitate the transfer of information and 
understanding by the receiver. This fits with the “evolutionarily urgent contexts” hypothesis emphasised by Liebal et al. 
(2013, p.118).  

In Barbary macaques, the vocalisations studied in more depth are the calls utter during the mating season. When it 
occurs, females give oestrus calls to attract males and copulation calls (“mating calls”, Pohl and Todt, 1984) during or 
immediately after mounting (Pfefferle et al., 2011). At several occasions during copulation, females combined copulation 
calls with a gesture, “mountee reaches back”. This combination could have an impact on the reproduction’s outcome. 
Perhaps it could increase male mating success (Partan and Marler, 2005)because the combination would be more 
attractive for the male. 
 
 
LIMITATIONS 
 
Facial expressions in Barbary macaques are characterised by several features as scream face when the monkey pulls 
its eyebrows and scalp, flattens its ears against the head, pulls up its lips, shows its teeth and usually its gums. In some 
studies about multimodal communication, all these components are taken separately in the analysis but it was too  
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challenging to do so in my research. With the same idea, some studies on multimodal signals record the number of 
gestures, facial expressions and vocalisations as part of the same communicative units. To be accurate, I think this 
should be recorded on videotapes because the sequences are fast. I was able to record unit for vocalisations only and I 
collected occurrences of gesture combinations, facial expression combinations and combinations of both gestures and 
facial expressions. 

An accurate manner to define multicomponent signals is to understand how the receiver perceives signals (Rowe, 
1999). This study was focused on multimodal signals expressed by signallers but not on the response of recipients or 
audience. However, I witnessed many occurrences of individuals who “commented” interactions between other 
individuals, especially during agonistic and mating contexts. 
 
 
FUTURE RESEARCH 
 
Further studies should investigate how recipient answers to multimodal signals to identify a potential stronger response 
compared to unimodal signals, as well as how the recipient receives, interprets, and integrates these signals (Higham 
and Hebets, 2013). 

Future research should investigate the presence of accessory cues(Rowe, 1999) before a vocalisation, a gesture or a 
multimodal combination is uttered. For instance, a gesture or a call may be uttered before a multimodal communication 
to get the attention of the recipient so he is more likely to receive a stronger message. Besides, since multicomponent 
signals are more detectable (Rowe, 1999), perhaps they are used as accessory cues themselves so the signaller has 
the full attention of the recipient to convey the main message. 
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APPENDICES 
 

Tables and figures 
 
Gestures 
 

 
 

Figure A. Box plot representing gesture rates per individual per hour except for sub adult females (SAF) for which it is the whole 
age-class. Individuals are classified from highest to lowest ranking from left to right 

 
Table A. The total number of gestures expressed by individuals and mean gesture rates per hour and individual. This table does 

not include situations when the individual who elicited the gesture was unknown and the gestures are all expressed by the 
focals, not received. Gesture combinations are included, with a combination counting as one gesture. Since sub adult females 
were not identified, the column “SAF” (sub adult females) represents the whole age-class and not a unique individual 

 

Age-class Individual identity Total of gestures expressed by individuals Mean gesture rate per hour 

Adult males 

DI 56 18.67 
MA 93 31 
OL 23 7.67 

PA 57 19 
KE 31 10.33 
CY 35 11.67 

NO 33 11 

Adult females 

AD 53 17.67 
FA 23 7.67 

BI 31 10.33 
YU 40 13.33 

Sub adult males 

SA 48 16 

DA 70 23.33 
GA 45 15 
JA 44 14.67 

UC 86 28.67 
HU 81 27 

Sub adult females - 100 9.09 

Grand total 842 16.23 

 

 

 

 

Gestures’ 

frequencies 

Identity of individuals 
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Table B. Age-classes in which gestures were observed updated from Fischer and Hesler (2007). “+” means 
frequently, “o” means rarely and “?” means unsure. In green are the differences I found compared to Fischer & Hesler 

(2007) 
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Facial Expressions and 
Movements 

relaxed open mouth face + + + + + o o 

lip-smack   + + + + + + 

teeth-chatter + + + + + + + 

bared teeth display + + + + + + + 

unvocalised scream face       + + + + 

stare     + + + + + 

open mouth display   + + + + + + 

staring open mouth pant face       + + + + 

bite + + + + + + + 

yawn + + + + + + + 

chatter at body parts     + + + + + 

bared teeth gecker face         + + + 

chew-smack         + + + 

Manual 

touch body + + + + + + + 

hug     + + + + + 

knead       + + + + 

touch genitalia + + + + + + + 

hip-touch   + + + + + + 

slap at hands +   + + + + + 

slap   + + + + + + 

ground slap     + + + + + 

pull   + + + + + + 

push + + + + + + + 

push and pull               

grab + + + + + + + 

sweep               

touch own genitalia       + + + + 

mountee reaches back       + + + + 

embrace     ? ? + + + 

Postures 

headstand +   +   + + + 

head-flag +     + + + + 

expose belly +   +   +     

invitation to ride     +   + + + 

present     + + + + + 

mount +     + + + + 

lunge       + + + + 

check-look       + + + + 

head bob + + + + + + + 

drag a hind leg               

branch shake 
+ + + + + + + 
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Table C. Gesture combinations and their frequencies 
 

Gesture combinations Combinations’ frequency 

BI+GB 1 
BI+TB 2 

CBP+KN 1 
HG+TC 2 
HT+CBP 1 

LU+SF 1 
MRB+TC 1 
OM+GS 1 

OM+LU 2 
OM+SL 3 
OM+ST 55 

OM+ST+GS 19 
OM+TC 1 
P+LS 1 

SF+ST 3 
SL+LU 1 
ST+GS 7 

TB+TC 1 
TC+EM 2 
TC+HT 1 

TC+M 13 
TC+P 2 
TC+TOG 1 

TG+CBP+EM 1 
TG+TC 3 
Grand total 126 

 

Vocalisations 
 
 

 
 

Figure B. Box plot representing call rates per individual per hour except for sub adult females (SAF) for which it is the 

whole age-class. Individuals are classified from highest to lowest ranking from left to right 
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Table D. The total number of calls uttered by individuals and mean calls’ rate per hour per individual 
 

Age-class Individual identity Total of vocalisations per individual Mean call rate per hour 

Adult Males 

 
 
 

 
 

DI 3 1 
MA 2 0.66667 

OL 1 0.33333 
PA 11 3.66667 
KE 3 1 

CY 11 3.66667 
NO 0 0 

Adult Females 

 
 
 

AD 68 22.6667 

FA 199 66.3333 
BI 27 9 
YU 49 16.3333 

Sub adult Males 
 
 

 

SA 11 3.66667 
DA 0 0 

GA 5 1.66667 
JA 1 0.33333 
UC 0 0 

HU 4 1.33333 

Sub adult Females - 100 9.09091 

Grand total 495 8.79735 
 

This table does not include situations when the individual who elicited the call was unknown and the calls are all uttered by 

the focals, not received. Since sub adult females were not identified, the column “SAF” (sub adult females) represents the 
whole age-class and not a unique individual 

 
Multimodality 
 

Table E. Type of gestures and vocalisations involved in multimodal signals and their frequency. For an 

explanation about gestures, see the ethogram in appendices 
 

Type of gesture / Type of vocalisation 2 4 Unknown Grand total 

MRB 
 

4 
 

4 

M 
  

1 1 
OM+ST 1 

  
1 

SF 18 
  

18 

ST 2 1 1 4 
TC 1 

  
1 

YA 1 
  

1 

Grand total 23 5 2 30 

 


