Animal Cognition (2024) 27:18
https://doi.org/10.1007/510071-024-01854-w

ORIGINAL PAPER q

Check for
updates

Gestural communication in wild spider monkeys (Ateles geoffroyi)
Felipe Villa-Larenas' - Miquel Llorente’? - Katja Liebal®* - Federica Amici®*

Received: 14 February 2023 / Revised: 10 October 2023 / Accepted: 20 October 2023
© The Author(s) 2024

Abstract

Gestures play a central role in the communication systems of several animal families, including primates. In this study, we
provide a first assessment of the gestural systems of a Platyrrhine species, Geoffroy’s spider monkeys (Ateles geoffroyi). We
observed a wild group of 52 spider monkeys and assessed the distribution of visual and tactile gestures in the group, the size
of individual repertoires and the intentionality and effectiveness of individuals’ gestural production. Our results showed that
younger spider monkeys were more likely than older ones to use tactile gestures. In contrast, we found no inter-individual
differences in the probability of producing visual gestures. Repertoire size did not vary with age, but the probability of
accounting for recipients’ attentional state was higher for older monkeys than for younger ones, especially for gestures in
the visual modality. Using vocalizations right before the gesture increased the probability of gesturing towards attentive
recipients and of receiving a response, although age had no effect on the probability of gestures being responded. Overall,
our study provides first evidence of gestural production in a Platyrrhine species, and confirms this taxon as a valid candidate
for research on animal communication.

Keywords Visual and tactile gestures - Communication - Repertoire size - Intentionality - Platyrrhines

Introduction

Nonhuman animals (hereafter, animals) communicate
with conspecifics in a variety of ways, relying on different
forms and mechanisms across multiple modalities, such as
tactile, visual, auditory and olfactory ones (Bradbury and
Vehrencamp 2011). In several taxa, animals share with
humans important characteristics of their vocal communi-
cation systems, including aspects of phonology, syntax and
vocal learning (Fishbein et al. 2019). Over the last decades,
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moreover, researchers have provided increasing evidence
that also gestures play a central role in the communication
systems of several primate species (Call and Tomasello
2007; Cartmill and Maestripieri 2012; Pika and Liebal
2012). Gestures have been defined as discrete physical
movements of limbs or head, and body postures, which: 1)
are directed to a specific recipient (i.e. a conspecific involved
in the communication exchange), 2) are mechanically inef-
fective (i.e. their action alone could not mechanically pro-
duce the response shown by the recipient), and 3) are pro-
duced in a goal-directed, intentional way (i.e. implying the
accomplishment of specific goals, means-end dissociation,
response-waiting, persistence and/or elaboration; see Genty
et al. 2009; Hobaiter and Byrne 2011a, 2017; Pika 2008;
Tomasello and Call 2007; Tomasello et al. 1985, 1994).

To date, research on primate gestural communication
has largely focused on great apes, as manual gestures with
communicative purposes were long considered to be rare
or absent in other primate species (for a discussion, see
Call and Tomasello 2007; Liebal and Call 2012). Important
exceptions included studies of gestural communication in
small apes (siamangs, Symphalangus syndactylus: Liebal
et al. 2004) and macaques (e.g. Macaca spp.: Gupta and
Sinha 2016, 2019; Maestripieri 1996a, b, 1997; Meunier
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et al. 2013), which evidenced the existence of well-devel-
oped gestural communication systems also in species other
than great apes. Macaques, for instance, often used gestures
and other signals, like facial expressions, to convey infor-
mation about their emotional states, but they also directed
signals to other group members to request participation in
different social activities (Maestripieri 1997), with several
signals being used by individuals of specific sex and rank
categories (Maestripieri 19964, b). In siamangs, researchers
identified around thirty intentionally used signals, including
12 tactile gestures and 8 visual gestures, which individuals
flexibly used across different contexts (Liebal et al. 2004).

Moreover, some of these studies evidenced differences
across conspecifics in the use of gestures, also depending on
the modality in which they were produced. In siamangs, for
instance, the number of gesture types produced by males in
the tactile modality was on average twice the number of ges-
ture types produced in the visual modality (12:6), whereas
females produced a similar number of gesture types in both
modalities (8:7; Liebal et al. 2004). Also in red-capped
mangabeys (Cercocebus torquatus), males had a stronger
tendency to produce tactile gesture types, as compared to
females (males: 60% in the visual modality, 33% in the tac-
tile modality; females: 71% in the visual modality, 21% in
the tactile modality; Schel et al. 2022). These results are in
line with studies on great apes, which also showed differ-
ences in the use of tactile and visual gestures, with the for-
mer being more common in males and younger individuals,
than in females and older conspecifics, and visual gestures
following an opposite pattern (e.g. Frohlich et al. 2016; Sch-
neider et al. 2012). Possibly, these differences between sexes
or across age reflect differences in the activities in which dif-
ferent classes of individuals engage (e.g. younger individuals
are more likely to interact with their mothers, with whom
they are often in body contact, and like males they are also
more likely to engage in contact play behaviour like sparring
and wrestling than older individuals and females — likely
implying a higher frequency of tactile gestures; e.g. Beltran
Francés et al. 2020; Soben et al. 2023).

More recently, researchers have started to systematically
investigate other important aspects of gestural
communication, like repertoire size and intentionality
(Freeberg et al. 2012; Prieur et al. 2020). Repertoire size,
for instance, measures the number of different gesture
types produced by individuals of a given species (Graham
et al. 2017; Prieur et al. 2020). For some authors, larger
repertoires allow primates more accurate communication
and more elaboration when goals are not reached, favouring
the establishment and maintenance of more complex social
relationships (Roberts et al. 2014; Roberts and Roberts
2019). Repertoire size is known to vary both across and
within species. In monkeys, for instance, repertoire size
includes 67 visual, tactile and audible gesture types in olive
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baboons (Papio anubis; Molesti et al. 2020), 24 gesture
types in Barbary macaques (Macaca sylvanus; Hesler and
Fischer 2007), and 21 in mangabeys, mostly in the visual
modality (Schel et al. 2022). However, direct comparisons
of gestural repertoires across species are not necessarily
informative, as repertoire size is highly dependent on how
gesture types are defined across different species, and on the
inclusion of finer-grained distinctions between gesture types.
Studies of intra-specific variation, in contrast, do not suffer
from these limitations, and suggest differences in repertoire
size depending on individuals’ age. Repertoire size, for
instance, decreases with age in olive baboons (Molesti et al.
2020), whereas in siamangs it peaks in juveniles to decline
in adults (Liebal et al. 2004), as it also happens in great
apes (e.g. Hobaiter and Byrne 201 1a; Schneider et al. 2012).
These longitudinal changes in repertoire size have often been
interpreted as individuals first acquiring the fine motor traits
necessary to produce gestures during the first years of their
development (see Briindl et al. 2021), and then reducing
their repertoires through adulthood to the gesture types that
are more effective in the specific context they experience
(Byrne et al. 2017; Genty et al. 2009; Hobaiter and Byrne
2011a).

Another important aspect of gestural communication
systems is intentionality (Freeberg et al. 2012; Prieur et al.
2020). Intentionality can be inferred when individuals
produce gestures in the presence of social partners, and
account for the recipients’ attentional states as required
by the modality in which gestures are produced (Call and
Tomasello 2007; Liebal et al. 2007, 2013; Prieur et al. 2020;
Roberts et al. 2014). If visual gestures are used intentionally,
for instance, they should be more likely when recipients
direct their visual attention to the signaller, as they can
only be perceived by visually attentive recipients (Call and
Tomasello 2007; Liebal et al. 2007). In great apes, several
species seem to produce gestures intentionally, despite
important variation across individuals (Liebal et al. 2007;
Prieur et al. 2020; Tomasello and Call 2019). In chimpanzees
(Pan troglodytes), for example, older individuals are more
likely than younger ones to produce intentional gestures
(Frohlich et al. 2018), and the probability of accounting for
recipients’ attentional states increases with age, especially
for visual gestures (Amici and Liebal 2022a). For example,
while ape infants accounted for recipients’ attentional states
in 90% (+12% SD) of cases of visual gestural production,
the ten oldest individuals of the study group did so in all
cases (Amici et al. 2022). In contrast, when recipients are
visually not attentive, primates may preferentially rely on
the production of tactile or auditory gestures, or they can
use attention-getting behaviours to attract the recipient’s
attention before producing visual gestures (e.g. clapping
hands, spitting; see Tomasello and Call 2019).
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Studies on intentionality in species other than great apes,
however, are scanter. Red-capped mangabeys, for instance,
produce the majority of gestures when recipients are visually
attentive, and when not, they preferentially rely on audi-
tory or tactile gestures, rather than visual ones (Schel et al.
2022). Similarly, siamangs (Liebal et al. 2004) and olive
baboons (Molesti et al. 2020) are more likely to use visual
signals when recipients are attentive. In other species, there
are no studies on intentionality during spontaneous gestural
communication with conspecifics, but experimental studies
using food-requesting paradigms suggest that monkeys can
also adjust their gestural production to the visual attention of
human experimenters. When humans are not visually attend-
ing, for instance, monkeys may produce less visual gestures
(e.g. tufted capuchin monkeys, Cebus apella: Defolie et al.
2015; squirrel monkeys, Saimiri sciureus: Anderson et al.
2010), they may increase the frequency of attention-getting
gestures (e.g. olive baboons: Bourjade et al. 2014) and gaze
alternation (e.g. rhesus macaques: Canteloup et al. 2015),
or they may move within the recipient’s visual field (e.g.
mangabeys: Aychet et al. 2020; Japanese macaques, Macaca
fuscata: Castellano-Navarro et al. 2021).

Finally, there might be variation in how effective gestural
communication is at achieving the communication goals. In
chimpanzees, for instance, the probability of eliciting recip-
ients’ response is higher for older individuals, suggesting
that individuals learn through experience how to increase
the effectiveness of their communication, by for instance
reducing the frequency of gestural sequences and/or better
accounting for others’ attentional states (Amici and Liebal
2022a; Hobaiter and Byrne 2011b). Moreover, visual ges-
tures may be more effective if they are preceded by atten-
tion-getters, which are audible signals that beyond serving a
communicative function per se might also be used to attract
the attention of inattentive recipients towards the gestur-
ing individual (see Tomasello and Call 2019). In monkeys,
there are no systematic studies yet on the factors affecting

the effectiveness of gestural communication. However, the
percentage of gestures that elicit a response by recipients
appears to be similar to that of apes, with 63% of gestures
being responded in chimpanzees, 62% in orangutans (Pongo
abelii), 66% in siamangs (see Amici and Liebal 2022a), and
65% in red-capped mangabeys (Schel et al. 2022).

Here, we provide a first assessment of the gestural com-
munication systems of a Platyrrhine species, to contribute
to the study of the evolutionary origins of communication
systems. For this purpose, we observed a wild group of 52
Geoffroy’s spider monkeys (Ateles geoffroyi) and assessed
individual variation in the probability of producing visual
and tactile gestures, in the size of individual repertoires, and
in the probability of accounting for receivers’ attentional
state (as a form of intentionality) and receiving a response
(as a form of effectiveness) when producing gestures. Spider
monkeys are an ideal model to study gestural communica-
tion, as they live in complex socialities similar to those of
chimpanzees, which are characterized by high levels of fis-
sion—fusion dynamics (i.e. individuals frequently split and
merge again into subgroups of varying size and composi-
tion; Aureli et al. 2008). For some authors, high levels of
fission—fusion might favour the emergence of larger reper-
toires, which would allow individuals to more effectively
deal with the dynamic sociality in which they live (Aureli
et al. 2008).

First, we hypothesized that the probability of using
tactile and visual gestures would vary across individuals
depending on their sex and age (Table 1). In particular,
based on literature in other species (e.g. Frohlich et al.
2016; Liebal et al. 2004; Schel et al 2022; Schneider et al
2012), we predicted that tactile gestures would be more
likely produced by males (Prediction 1a) and younger indi-
viduals (Prediction 1b), as compared to females and older
individuals; in contrast, we predicted that visual gestures
would be more likely produced by females (Prediction
2a) and older individuals (Prediction 2b), as compared to

Table 1 Predictions of the study, model used to test them, and whether they were confirmed

Predictions Model test predictors Confirmed?
1 Males (1a) and younger monkeys (1b) produce more tactile gestures 1 ~sex, age, subgroup activity la: no
than females and older monkeys 1b: yes
2 Females (2a) and older monkeys (2b) produce more visual gestures 2 ~sex, age, subgroup activity 2a: no
than females and older monkeys 2b: no
3 Repertoire size varies through age, first increasing and then decreas- 3 ~age (squared) 3:no
ing (3)
4 Probability of producing gestures towards attentive recipients 4 ~modality*age, 4a: yes

increases with age, especially in the visual modality (4a), and if

gestures are preceded (but not followed) by a vocalization, especially

in the visual modality (4b)

5 Probability of gestures being responded increases with age (5a), and if 5
gestures are preceded (but not followed) by a vocalization, especially

in the visual modality (5b)

modality*vocal. before,
modality* vocal. after

4b: yes (but across modalities)

5a: no
5b: yes (but across modalities)

~age, modality*vocal.
before, modality*vocal.
after
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males and younger individuals. Moreover, it is possible
that the use of tactile gestures or visual gestures depends
on the functional context: while spider monkeys might
rely more on the visual modality during travelling, when
individuals are likely spread and contact may be difficult,
tactile gestures might be more likely during social interac-
tions, when physical contact is not only possible but also
likely to be expected. As there are no studies yet assess-
ing how gesture types are used in different contexts by
this species, however, we refrained from making specific
predictions.

We further hypothesized inter-individual variation in
repertoire size (Table 1). We predicted that repertoire size
would first increase during the very first years of monkeys’
development, and then decrease during adulthood (Predic-
tion 3), as in other species (Hobaiter and Byrne 2011a;
Liebal et al. 2004; Schneider et al. 2012).

Furthermore, we hypothesized that the probability of
producing gestures towards attentive recipients would
vary depending on gesture modality, signallers’ age and
the use of attention-getters (Table 1). In particular, we
predicted that older individuals would be more likely than
younger ones to account for recipients’ attentional state,
but only/more when gestures were produced in the visual
modality (Prediction 4a). Moreover, we predicted that the
probability of producing gestures towards attentive recipi-
ents would increase if gestures were preceded (but not
followed) by a vocalization, but only/more when gestures
were produced in the visual modality (Prediction 4b).

Finally, we hypothesized that the probability of receiv-
ing a response would vary depending on signallers’ age
and the use of attention-getters (Table 1). In particular,
we predicted that gestures would be more likely responded
when produced by older individuals, as compared to
younger ones (Prediction 5a), and if preceded (but not
followed) by a vocalization, but only/more when gestures
were produced in the visual modality(Prediction 5b).

Methods

Ethics. Permission to conduct the study was granted by
the Mexican institutions CONANP (Comision Nacional de
Areas Naturales Protegidas) and SEMARNAT (Secretaria de
Medio Ambiente y Recursos Naturales). Our study complied
with the Principles for the Ethical Treatment of Nonhuman
Primates by the American Society of Primatologists (2001).

Field site and study subjects. We conducted the study
in the natural protected area Otoch Ma’ax Yetel Kooh in
Yucatan, Mexico (20° 38’ N, 87° 38’ W), which includes
old-growth, semi-evergreen medium forest and 30-50-year-
old successional forest (Ramos-Ferndndez and Ayala-
Orozco 2003). We observed a group of 52 well-habituated
Geoffroy’s spider monkeys, including 14 adult females, 9
adult males, 3 subadult females, 2 subadult males, 9 juve-
nile females, 6 juvenile males, 4 infant females and 5 infant
males (i.e. infants: < 2 years; juveniles: 2-5 years; subadults:
6-7 years; adults: > 8 years; see Shimooka et al. 2008; Soben
et al. 2023; Table 2). In contrast to juveniles, infants are
highly dependent on their mothers, which frequently nurse,
carry and are in body contact with them; however, both
infants and juveniles typically travel with their mothers and
join the same subgroup (Shimooka et al. 2008; Soben et al.
2023). Given the relatively large group size of our study
sample (which included several individuals of different age
class and sex) and its high levels of fission—fusion dynamics
(which allow group members to merge with different part-
ners into the same subgroup), individuals in our study group
had the opportunity to interact with many different partners
of different sex and age. All monkeys could be individually
recognized through facial features and differences in fur col-
oration, and their age was determined through demographi-
cal records collected over several years.

Data collection. We collected data from January to
June 2022, for 5 days a week, from 06:00 to 13:30. In

Table 2 List of study subjects for each sex and age class. In parentheses, we report the number of different gesture types produced by each sub-

ject, out of the total number of gestures produced during the study

Sex Age Study subjects
Female  Infant Chikich (17/52), Corona (0/0), Selva (6/9), Yuli (14/65)
Juvenile Aura (10/24), Braga (14/50), Canela (8/22), Eek (13/32), Ixchel (9/19), Luna (15/39), Luz (7/11), Sacbe (11/31), Yalit
(20/80)
Subadult  Bekech (1/2), Morita (10/29), Nit (7/10)
Adult Antena (1/2), China (7/14), Flor (0/0), Ikil (7/8), Joanne (5/12), Lola (7/8), Mandibula (4/8), Marylin (4/6), Mich (8/11),
Pancha (21/38), Rwanda (5/8), Tanga (14/28), Verdnica (3/3), Xibalba (7/9)
Male Infant Alma (1/1), Cacao (6/16), Chaac (11/44), Covid (13/37), Sol (4/5)
Juvenile Fabrizio (15/32), Jesus (0/0), Pekin (24/108), Poncho (15/45), Puma (13/44), Voldemort (15/51)
Subadult  Nacho (15/29), Valentin (13/37)
Adult Andrés (11/31), Apolo (8/10), Boxhuevos (14/28), Digit (13/20), Eulogio (11/26), Juan (13/28), Marcos (8/15), Sancho

(11/34), Wiguiberto (12/25)
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the first 2 months, monkeys were observed ad libitum by
the first author, to prepare an inventory of all the gestures
exhibited by the individuals in the study group. The first
author categorized as potential gestures all the discrete
physical movements of limbs or head and all the body
postures observed, which: 1) were directed to a specific
recipient, 2) were mechanically ineffective actions, and 3)
were produced in a goal-directed, intentional way (; see
Genty et al. 2009; Hobaiter and Byrne 2011a, 2017; Pika
2008; Tomasello and Call 2007; Tomasello et al. 1985,
1994). The first author first described these potential ges-
tures, by specifying as applicable the position of arms,
hands, fingers and/or body also relatively to the recipient,
and the context in which they usually were produced. We
then compared these potential gestures to the gestural cat-
egorizations currently used in other primate species (e.g.
Hobaiter and Byrne 201 1a; Liebal et al. 2004, 2006) and to
the definitions and ethograms used in literature on spider
monkeys (e.g. Schaffner et al. 2012). These comparisons
to literature allowed us to further refine categories when
needed (e.g. to differentiate between gesture types like
arm wrapping and embrace, or tap and touch, which can
have a different function despite having a similar form),
or to merge them (e.g. if formal differences described by
the first author appeared to be functionally irrelevant, and
likely reflected mere formal variation of the same gesture
type, rather than different gesture types). Finally, if these
potential gestures were seen at least twice in the study
group, they were included in our ethogram, which ended
up including 43 different gesture types (see Table 3 for the
complete list of gestures and definitions). For the cumula-
tive number of new gesture types observed in the study
group as a function of the observational effort, please refer
to Fig. 1.

From March to June 2022, we conducted 15-min focal
animal samples with continuous sampling (Altmann 1974),
for a total of 551 focal samples (mean +SD: 2.8 +0.6 h per
subject). We observed all the individuals in the group on
a pseudorandomized basis (i.e. starting focal observations
from the first individual on a list where all the individuals
were randomly ordered). We recorded focal samples with
CyberTracker on mobile devices (Blackview BV9700 PRO,
Runbo F1 4G 5.5), with one to two observers dictating and
the third one writing into the device. We started data col-
lection only after the observers reached 80% inter-observer
reliability for the coded behaviours (see below). During the
focal samples, we recorded all the gestures produced by the
focal individual, the subgroup main activity during the focal
observation (i.e. feeding/foraging, resting, travelling, social
interactions and other behaviours, the latter including sub-
group activities that were rarely recorded, like fission—fusion
events), which was one during each focal sample, and the
exact duration of the focal observation (i.e. removing the

time in which the individual was out of view), beyond other
information on social interactions that were used for other
studies.

Whenever a gesture occurred, we recorded: (i) the gesture
type produced; (ii) the identity of the monkey producing
the gesture (i.e. signaller), and (iii) the identity of the mon-
key to which it was directed (i.e. recipient); (iv) the func-
tional context in which the gesture was produced (which, by
only referring to the signaller and recipient, could be more
detailed than the subgroup activity, and included: feeding/
foraging, resting, travelling, affiliative interactions, sexual
interactions, agonistic interactions, social play, solitary play,
fusion events); (v) the recipient’s response (i.e. whether they
reacted by changing their behaviour, and/or looking at the
focal individual, within 5 s from the gesture); (v) the recipi-
ent’s attentional state (i.e. whether they had direct eye with
the focal individual, or their body was oriented towards the
focal and this was in their field of vision, and their atten-
tion was not distracted by other individuals or events); (vii)
whether the gesture was tactile or visual (i.e. whether the
gesture implied physical contact or not); and (viii) whether
the focal individual also produced a vocalization within the
2 s preceding the gesture, and (ix) within the 2 s following
the gesture. Coding both functional context and recipient’s
response was not redundant, as it allowed us to differentiate
between the activity in which the signaller engaged right
before gesturing, and the reaction that the gesture triggered
in the recipient. For instance, if the signaller was playing
alone when gesturing, and the recipient responded to the
gesture by starting a social play session, we coded context as
solitary play, and response as social play. When the recipient
responded to the gesture and the response was clearly vis-
ible, we described the recipient’s response and assigned it to
one of the following categories, which were based on studies
in other primate species (e.g. Hobaiter and Byrne 2014) and
adjusted during the first 2 months of the study based on our
observations of the study group: accept sniff, approach, arm
wrapping, body contact, climb, dangle, embrace, embrace
tail, groom, move away, nurse, social play, sex, stop previ-
ous activities, submission. Moreover, we collected ad libi-
tum all visible instances of gestures occurring in the group,
also coding the behaviours above (i-ix). This resulted in
880 gestures recorded during focal observations, and fur-
ther 306 gestures recorded during ad libitum data collection,
for which we could also record the behaviours above (i-ix).

Statistical analyses. We ran generalized linear mixed
models (Baayen et al. 2008) in R (R Core Team 2020), using
the package glmmTMB (Brooks et al. 2017). We ran the first
two models to assess inter-individual variation in the prob-
ability of producing gestures in the tactile and visual modali-
ties. For this purpose, we only used the gestures recorded
during focal observations, for which observational effort
could be controlled for — something that was necessary to
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Table3 List of gesture types observed with their definition, the
modality (V =visual, T=tactile, A=auditory) and context (1 =affili-
ative, 2=agonistic, 3=feeding/foraging, 4=fusion, 5=resting,
6=sex, 7=social play, 8=solitary play, 9=travelling) in which
they usually happened, the response they usually elicited (i.e. accept
sniff, approach, arm wrapping, body contact, climb, dangle, embrace,
embrace tail, groom, move away, nurse, play, sex, stop previous activ-
ities, submission), preceded by the number of gestures followed by
a clearly visible response, the number of times they were observed
(N) and number of individuals producing it (I) during this study; con-
texts are ordered so that the most frequent ones are listed first, and

the second most frequent ones are listed in parentheses; responses
are ordered so that the more frequent ones come first; although most
gestures types could only be produced in one modality, seven gesture
types were usually produced in one modality but in few specific cases
were produced in other modalities, so that the second modality is
also included in parentheses in the respective column (e.g. Big loud
scratch, Gallop, Leaf clipping and Stomp were usually produced in
the visual modality, but in few cases they were also audible and in
those cases they were thus considered to be produced in the auditory
modality)

Gesture Definition

Modality Context  Response N 1

Arm shake

Arm wrapping

Beckon

Big loud scratch
Bipedal stance
Bite

Body shake
Bow

Dangle

Dangle shake

Embrace

Embrace tail

Frontal threat

Gallop

Grab/ Grab hold

Grab pull

Hand on
Hand shake

Head butt

The actor shakes his arm, repeatedly moving it back and
forth

The actor wraps one arm around the recipient’s back, who
also wraps the other’s back, while maintaining physical
contact and aggressively facing forward towards a third
party

The actor moves his hand in an upward sweep, from the
elbow or wrist towards himself

The actor exaggeratedly scratches his own body with strong
scratching movements

The actor has a bipedal posture, often holding arms out later-
ally and turning the back to the recipient

The actor gently bites the recipient’s body with his lips or
teeth

The actor repeatedly shakes his whole body in the direction
of the recipient

The actor bends forward from the waist, while standing
upright

The actor hangs from a branch above another individual,
using one or both arms or the tail

The actor hangs from a branch above another individual,
using one or both arms or the tail, while (repeatedly) shak-
ing his body

The actor wraps one or both arms around the recipient’s
back or neck, while maintaining physical contact and fac-
ing each other

The actor wraps his tail around the recipient’s tail while
facing each other, so that the two tails are intertwined with
each other

The actor leans in the direction of the recipient, extending
his back while being supported by one lower limb and one
upper limb (sometimes also the tail), whereas the other
limbs are free

The actor makes exaggerated running movements, so that
the contact of his hands and feet on the branches is clearly
audible

The actor holds his hand firmly closed over the recipient’s
body (if longer than 2 s, it is considered a Grab hold)

The actor holds his hand firmly closed over the recipient’s
body, but force is exerted to move the recipient from his
position

The actor places his hand on the recipient (typically his
palm), and maintains contact for at least 2 s

The actor repeatedly moves the hand back and forth, from
the wrist

The actor briefly and firmly pushes his head towards the
recipient’s body

v

T

V (A)

V(A

v (T)

1

9(1,3,6,7)

1,2,5,7

7(2.,5)

7(2,8)

1,7

7(1)

1(4)

5

23,7

7Q)

7(6)

7(1)

12,3)

7(1,2)

1(5

2: Move away

4: Arm wrapping

5: Climb, Play
2: Move away

5: Play

110: Play, Move away

0

1: Stop

93: Play, Dangle, Move away

1: Play

64: Embrace, Accept sniff

12: Embrace tail

16: Submission, Move away

112: Play, Move away

147: Play, Move away

49: Play, Move away

5: Body contact, Move away

3: Play

9: Nurse

128

26

117

169

31

28

28

33

30
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Table 3 (continued)

Gesture

Definition

Modality Context

Response

Head shake
Hit other

Leaf clipping

Object shake

Open mouth

Pectoral sniff

Pirouette
Poke

Pounce
Present climb

Present genitals

Present grooming
Pull tongue

Push

Roll over

Shake hands

Slap

Somersault

Stift walk

Stomp

Tandem walk

Tap other

Touch

The actor shakes his head, repeatedly moving it back and
forth

The actor moves his whole arm, leading to a brief but hard
contact of the closed fist with the recipient’s body

The actor tears strips of a leaf/leaves off with the teeth or
mouth, which he holds in his hand, thereby producing a
flashy sound

The actor shakes an object, repeatedly moving it back and
forth, while looking at the recipient

The actor opens his mouth, by lowering the lower lip and
raising the upper lip with short repetitive movements, and
teeth may become visible

The actor places his head in the area of the recipient’s chest-
axilla

The actor turns around the vertical axis of his body

The actor firmly and briefly pushes one or more fingers on
the recipient’s body

The actor moves through the air to land quadrupedally on the
recipient’s body

The actor (usually a mother) extends his arm or leg to an
immature to facilitate climbing onto his body

The actor (usually a female) approaches the recipient (usu-
ally a male) from behind, exposing the swelling or anus to
the recipient’s attention

The actor exposes an area of his body to the recipient’s
attention, as if soliciting grooming

The actor sticks out his tongue in the direction of the recipi-
ent

The actor puts the palm of his hand in contact with the
recipient’s body, exerting force in an attempt to displace
the recipient

The actor rolls onto his back exposing his stomach, usually
while repeatedly making arm and/or leg movements

The actor grasps the recipient’s hand with his own hand, and
then makes small repeated movements back and forth from
the wrist

The actor moves his arm from the shoulder, so that the hand
or fingers come in short but hard contact with the recipient

The actor curls his body into a compact position on the floor
and rolls forward, so that his feet go over his head before
he returns to a seated position

The actor walks quadrupedally with slow exaggerated move-
ments

The actor vertically lifts one foot/both feet and brings the
sole into brief audible contact with the surface on which it
rests (i.e. ground or branch)

The actor puts his arm over the recipient’s body and both
walk forward while maintaining this position, often in a
play context to recruit other players

The actor moves his arm from the wrist or elbow, leading to
a repetitive firm short contact between his fingers and the
recipient’s body

The actor places his hand or fingers on the recipient, main-
taining contact for less than 2 s

\% 7()

T 7Q)

V@) 7

A% 2(6,7)

T 4(1)

T 7(5)

TV) 72

v 309

v 6

vV (T) 1(5)

T 7(1)

T 7(5)

T 7Q)

V@A 70

T 7(09)

T 7(1)

5: Play, Approach
33: Play, Move away

0

2: Move away

3: Move away, Stop

45: Accept sniff

1: Play
13: Play

61: Play, Move away
9: Climb, Play

3: Sex

79: Groom

11: Play, Move away

1: Play

11: Play

35: Play, Move away

2: Play, Move away

1: Play

6: Play, Move away

1: Play

6: Play, Move away

3: Play, Move away

36

50

22

72

39

11

14

25

13

19
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account for the fact that study subjects were observed for
different amounts of time. In the dataset, we entered one line
for each focal observation (N=551). Our binomial response
was whether the focal subject produced at least one gesture
in the tactile modality (Model 1) or in the visual modal-
ity (Model 2) during the focal observation. Therefore, if an
individual produced at least one tactile gesture and at least
one visual gesture in the same focal observation, this was
entered as a positive response in both Model 1 and Model
2. In both models, we included as test predictors the focal
individual’s sex and age (as a continuous variable, in years),
and the subgroup main activity during the focal observation.
This allowed us to test our predictions about possible sex-
and age-differences in the probability of using tactile and
visual gestures (Predictions 1-2 in Table 1). As offset term
we further included the duration of the focal observation,
and as random factor the focal individual’s identity.
Models 3 to 5, in contrast, provided information on
variation in repertoire size, probability of accounting for
receivers’ attentional state (as a form of intentionality)
and probability of receiving a response (as a form of
effectiveness). In these models, we did not include sex as test
predictor (but only as control), because we did not expect
sex differences in the responses. Model 3 assessed individual
variation in repertoire size. In the dataset, we entered one
line for each study subject that was observed gesturing more
than once during the study (N=48). We operationalized
repertoire size as the number of different gesture types
produced by each study subject throughout the study
(including gestures observed during focal observations and
ad libitum), which we modelled with a Poisson distribution.
We included as test predictors the individual’s age (also as
squared term, as the relation between repertoire size and
age might not be linear), and as control the individual’s
sex and the cumulative number of gestures observed for
that individual. Including the last control allowed us to

@ Springer

Number of gestures observed

measure the variety of different gesture types used, while
accounting for the fact that individuals were not observed
for the same amount of time and differed in the frequency
with which they gestured. Including the duration of focal
observations as offset term was instead not possible, as our
dataset included gestures observed during focal observations
and also ad libitum. Removing this control from the models
led to similar results (i.e. no difference between full and
null model; see below). Model 3 therefore allowed us to
test our prediction that repertoire size would vary through
age, first increasing and then decreasing (Prediction 3 in
Table 1), while accounting for the cumulative number of
gestures observed.

The dataset for Models 4 and 5 included one line for each
gesture observed (N=1186). As we analysed the specific
characteristics of gestures (i.e. whether they were produced
when others were attentive, and were responded to), and not
their distribution, we did not have to include observational
effort in these models and we could include both gestures
collected ad libitum and with focal observations. Model 4
assessed whether the recipient was attentive when a gesture
was produced, and whether this was influenced by the
signaller’s age, gesture modality and the use of vocalizations
(before/after the gesture). Our binomial response was
whether the recipient was attentive when the gesture was
produced. As test predictors, we included the three 2-way
interactions of gesture modality (i.e. tactile or visual)
with signaller’s age, with a binomial variable measuring
whether the gesture was preceded by a vocalization, and
with a binomial variable measuring whether the gesture was
followed by a vocalization. These interactions allowed us
to test our prediction that older individuals would be more
likely than younger ones to account for recipients’ attentional
state when producing visual gestures, and that recipients
would be more likely attentive to gestures in the visual
(but not in the tactile) modality that were preceded (but not
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followed) by a vocalization (Prediction 4 in Table 1). In this
model, we also controlled for signaller’s sex, recipient’s
sex and age, and for the context in which the gesture was
produced, entering the signaller’s and recipient’s identities
as random factors. Including these controls allowed us to
account for the fact that our datapoints were not equally
distributed depending on these variables, as for instance
we did not have the same number of observations for each
context or recipient’s sex and age. This, however, might be
problematic, because in some contexts, for instance, it might
be logistically more challenging for individuals to account
for others’ visual attention (e.g. when travelling).

In Model 5, we finally assessed whether the probabil-
ity of receiving a response depended on signaller’s age and
on the use of vocalizations before the gesture, especially
in the visual modality. Our binomial response was whether
the recipient responded to the gesture, and the test predic-
tors, controls and random factors were identical to Model
4 (except that we included signaller’s age as main term,
instead of its interaction with modality, as we did not expect
gesture modality to mediate the link between signaller’s age
and probability of receiving a response). In particular, as test
predictors we included signaller’s age and the two 2-way
interactions of gesture modality (i.e. tactile or visual) with
a binomial variable measuring whether the gesture was pre-
ceded by a vocalization, and with a binomial variable meas-
uring whether the gesture was followed by a vocalization.
This allowed us to test our prediction that gestures would be
more likely responded when produced by older signallers
and when preceded (but not followed) by a vocalization,
especially in the visual modality (Prediction 5 in Table 1). In
this model, we also controlled for signaller’s sex, recipient’s
sex and age, and for the context in which the gesture was
produced, entering the signaller’s and recipient’s identities
as random factors.

We z-transformed all continuous predictors (i.e. age, num-
ber of gestures observed) to facilitate model convergence
and interpretation of model coefficients. We used likelihood
ratio tests to compare each of the full models described
above to a null model, which was identical to the full one
but did not include the test predictors (Dobson and Barnett
2018). In case of a significant difference between the full and
the null model, we used the drop1 function to assess which
test predictors were significant. In case interactions were not
significant, the model was re-run after removing the non-sig-
nificant interactions and entering their terms as main effects.
In case of significant categorical predictors with more than
two categories (i.e. context), we used the emmeans package
to run post-hoc comparisons with Tukey adjustments (Lenth
2020). Below we only report significant post-hoc compari-
sons; all other comparisons had a p value >0.05. We checked
model assumptions with the “DHARMa” package (Hartig
2022), including residual diagnostics and overdispersion.

We used the “performance” package (Liidecke et al. 2021)
to check for multicollinearity, which was low (maximum
variance inflation factors across models =2.87; Miles 2005).

Results

Individual variation in the probability of using tactile and
visual gestures. The percentage of gestures produced in the
tactile modality was 56% in females (i.e. 338 occurrences)
and 58% in males (i.e. 335 occurrences). Through age, the
percentage of gestures produced in the tactile modality
decreased, reaching 62% in infants (i.e. 42 occurrences),
57% in juveniles (i.e. 399 occurrences), 60% in subadults
(i.e. 65 occurrences) and 55% in adults (i.e. 167 occur-
rences). Whereas 27% of the focal observations included
at least one tactile gesture (i.e. 149/551 focal observations),
30% of the focal observations included at least one visual
gestures (i.e. 163/551 focal observations). Focal observa-
tions in which at least one tactile gesture was produced were
conducted when the subgroup main activity was feeding/
foraging (i.e. 64 occurrences), resting (i.e. 40 occurrences),
travelling (i.e. 13 occurrences), social interactions (i.e. 24
occurrences) and other behaviours (i.e. 8 occurrences).
Focal observations in which at least one visual gesture was
produced were conducted when the subgroup main activity
was feeding/foraging (i.e. 56 occurrences), resting (i.e. 60
occurrences), travelling (i.e. 8 occurrences), social inter-
actions (i.e. 27 occurrences) and other behaviours (i.e. 12
occurrences).

In Model 1, the full model significantly differed from the
null model, with both age and subgroup activity having a
significant effect (Table 4). In particular, the probability of
using at least one tactile gesture during the 15-min focal was
higher for younger than older individuals (Fig. 2). Moreo-
ver, post-hoc tests showed that the probability of using at
least one tactile gesture during the focal was also higher
when the subgroup was mainly engaged in social interac-
tions, rather than feeding/foraging (p =0.013) or resting
(p=0.001; Fig. 3). In Model 2, the full model significantly
differed from the null model, but only subgroup activity had
a significant effect (Table 4). Post-hoc comparisons showed
that the probability of using at least one visual gesture dur-
ing the 15-min focal was higher when the subgroup was
mainly engaged in social interactions or other behaviours,
as compared to feeding/foraging (p <0.001 and p=0.002
for social interactions and other behaviours, respectively),
resting (p=0.023 and p=0.035, respectively) or travelling
(»=0.001 and p=0.002, respectively; Fig. 4).

Characteristics of gestural production. We observed 43
different gesture types, which were produced in many different
contexts, including social play (where we observed the use of
33 different gesture types), resting (22), affiliative interactions
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Table 4 Results of the five MODELS Estimate SE  2.5%t097.5%Cl LRT df p
models run, with estimates,
§tandarlcl ercrfrs fiEi;hcon(lfldepce Model 1: Probability of tactile gestures (GLMM, y*>=6.05, df=6, p<0.001)
i‘e‘irv(i;% fi)e;g;eZsl 0‘;‘;@2‘;‘1‘3‘; Intercept 792 018 -828t0-7.56  — - -
(df), and p values for each test Signaller’s sex (male) 0.16 0.22 —0.28 t0 0.60 0.50 1 0.480
predictors (marked with an Signaller’s age —0.31 0.13  —-0.57to —0.04 5.56 1 0.018*
asterisk when significant) and Subgroup activity (other) 0.79 051 —0.21t01.80 1686 4  0.002*
fo.r each control (in italics), . Subgroup activity (resting) —0.28 024 -0.741t00.19
with the reference category in
parentheses Subgroup activity (social interactions)  1.11 035 043t01.78
Subgroup activity (travelling) —0.01 036 —-0.71t00.70
Model 2: Probability of visual gestures (GLMM, y*>=40.90, df=6, p <0.001)
Intercept -8.19 0.23 —-8.63to—-7.75 - - -
Signaller’s sex (male) 0.18 0.28 -0.37t00.73 0.42 1 0.519
Signaller’s age —0.09 0.15 —-0.381t00.20 0.38 1 0.538
Subgroup activity (other) 2.15 0.56 1.04t03.25 3844 4 <0.001*
Subgroup activity (resting) 0.55 0.24  0.09to0 1.02
Subgroup activity (social interactions)  1.68 0.37  0.95t02.41
Subgroup activity (travelling) -0.37 043 -1.21t00.48
Model 4: Probability of accounting for others’ attentional state (GLMM, *>=41.78, df=7, p <0.001)
Intercept 1.71 0.37  0.99 to 2.44 - - -
Modality * Signaller’s age 0.47 025 —0.02t00.96 4.13 1 0.042*
Modality 0.83 021 042t01.25 - - -
Signaller’s age 0.01 0.15 —-0.28t00.31 - - -
Vocalization before gesture 2.49 0.72  1.09 to 3.89 7.08 1 <0.001*
Vocalization after gesture -0.18 0.65 —-1.45t01.09 0.08 1 0.777
Recipient’s age —0.27 0.13  —0.51to —0.02 4.18 1 0.041
Signaller’s sex (male) 0.31 0.25 -0.22t00.78 1.45 1 0.228
Recipient’s sex (male) —-0.29 0.25 -0.79t00.20 1.31 1 0.252
Context (agonistic) -0.93 0.59 -2.09t00.24 28.74 8 <0.001
Context (feeding) —1.13 0.48 —2.08to —-0.18
Context (fusion) 1.55 1.09 —-0.58103.68
Context (resting) 0.12 042 —0.71t00.95
Context (sexual behaviour) -2.19 0.65 —-3.46t0-0.91
Context (social play) 0.06 036 —0.65t00.78
Context (solitary play) -1.27 0.65 —2.55t00.00
Context (travelling) —0.01 0.88 —1.73t01.70
Model 5: Probability of being responded to (GLMM, *=15.62, df=3, p=0.001)
Intercept 4.31 0.69 2.95t05.67 - - -
Signaller’s age 0.24 0.22  —-0.20 to 0.67 1.21 1 0.272
Vocalization before gesture 2.75 1.17  0.45t05.04 8.65 1 0.003*
Vocalization after gesture 0.71 1.01 -1.27t02.70 0.53 1 0.468
Modality —-0.80 032 -1.43t0-0.18 6.58 1 0.010*
Recipient’s age -0.77 024 -1.24t0-0.30 10.74 1 0.001
Signaller’s sex (male) 0.02 045 —-0.87t00.90 0.00 1 0.969
Recipient’s sex (male) -1.19 0.56 —2.29to —0.08 4.44 1 0.035
Context (agonistic) —0.68 0.78 -2.21t00.84 1443 8 0.071
Context (feeding) 1.54 0.94 -0.31t03.39
Context (fusion) -0.12 0.95 -198to1.75
Context (resting) 0.01 0.50 —0.98to 1.00
Context (sexual behaviour) —1.66 1.01 -3.64t00.32
Context (social play) 0.50 0.54 —-0.56to0 1.56
Context (solitary play) —1.84 0.87 —3.56to -0.13
Context (travelling) —0.06 1.23  -2.471t02.35
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Signaller's age

Fig.2 Probability of producing at least one gesture in the tactile
modality during the 15-min focal, as a function of the signaller’s
age (in years; infants:<?2 years; juveniles: 2-5 years; subadults:
6-7 years; adults: > 8 years). Circles represent the mean probability
of producing tactile gestures for each signaller (N=49), after aggre-
gating the data points used for Model 1. The line represents the fit-
ted model, which was like Model 1 but unconditional on all the fac-
tors that were standardized, and with observational effort expressed
in 15-min intervals. The probability of producing tactile gestures was
significantly higher for younger than older individuals
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Subgroup activity

Fig.3 Probability of producing at least one gesture in the tactile
modality during the 15-min focal, as a function of subgroup activ-
ity. The thick lines of the box plots represent the mean probabilities
for each subgroup activity, as estimated by the fitted model, which
was like Model 1, but unconditional on all the other factors that were
standardized. The ends of the boxes represent the estimated standard
errors, and the ends of the whiskers represent the 95% confidence
intervals. The probability of producing tactile gestures was signifi-
cantly higher when the subgroup was mainly engaged in social inter-
actions, rather than feeding/foraging or resting

(19), agonistic interactions (19) and feeding/foraging (18).
Please see Table 3 for more details. Gestures were usually
performed by a signaller towards a recipient, but they could
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Fig.4 Probability of producing at least one gesture in the visual
modality during the 15-min focal, as a function of subgroup activ-
ity. The thick lines of the box plots represent the mean probabilities
for each subgroup activity, as estimated by the fitted model, which
was like Model 2, but unconditional on all the other factors that were
standardized. The ends of the boxes represent the estimated standard
errors, and the ends of the whiskers represent the 95% confidence
intervals. The probability of producing visual gestures was signifi-
cantly higher when the subgroup was mainly engaged in social inter-
actions or other behaviours, as compared to feeding/foraging, resting
or travelling

also involve two individuals interacting with each other while
facing a third party, like in the case of arm wrapping (Table 3).
On average, individuals produced 10 different gesture types
during this study (individual range: 1-24). In Model 3, there
was no significant differences between the full and the null
models (Table 4), suggesting that repertoire size did not vary
depending on signaller’s age. However, this model should be
taken with caution, as it was the only one suggesting some
problems with the residual distribution. In particular, although
QQ plots revealed no significance in the KS distribution test,
dispersion test and outlier test, the function plotting residuals
against the fitted value showed a humped-shape pattern, sug-
gesting irregularities in the distribution of residuals, which
in our case was likely due to the relatively low sample size
(N=48).

The probability of accounting for the recipient’s attentional
state was relatively high when producing gestures both in the
visual modality (91%) and in the tactile one (85%). Tactile ges-
tures were responded 96% of the times (i.e. 648 times), whereas
visual gestures were responded 91% of the times (i.e. 468 times).
In Model 4, the full model significantly differed from the null
model, with the interaction of signaller’s age and gesture modal-
ity being significant (Table 4). In particular, the probability of
accounting for recipients’ attentional state was higher for older
individuals, but only for visual gestures, remaining instead simi-
lar for tactile gestures (Fig. 5). Moreover, the probability that the
recipient was attentive (when the gesture was produced) was
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Fig.5 Separately for the tactile modality (in grey) and the visual
modality (in black), probability of accounting for recipients’ visual
attentional state when producing a gesture, as a function of the signal-
ler’s age (in years; infants: <2 years; juveniles: 2-5 years; subadults:
6—7 years; adults: > 8 years). Circles represent the mean probability
of accounting for recipients’ attentional state for each signaller and
modality, after aggregating the data points used for Model 4 (5 indi-

higher when gestures were preceded by a vocalization (Fig. 6),
but not when they were followed by a vocalization (Table 4).
Finally, in Model 5, the full model significantly differed from the
null model, with the probability of being responded increasing
when gestures were preceded by a vocalization (Fig. 7), but not
when they were followed by a vocalization, and being overall
higher for gestures produced in the tactile rather than the visual
modality (Table 4).

Discussion

Our study provides a first description of gestural
communication in a Platyrrhine species. The observation
of a wild group of spider monkeys revealed the use of a
large variety of gestures, which we categorized into 43
different gesture types (Table 3). These gestures were
produced in two main modalities (visual and gestural) and
in many different contexts. They were usually performed by
a signaller towards a recipient, but they could also involve
two individuals interacting with each other while facing a
third party, like in the case of arm wrapping (Table 3). Our
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viduals were observed in only one modality and the total number
of data points is therefore 93). The line represents the fitted model,
which was like Model 4, but unconditional on all the factors that were
standardized. The probability of accounting for recipients’ attentional
state was higher for older individuals, but only for visual gestures,
remaining instead similar for tactile gestures

results further showed that younger spider monkeys were
more likely than older ones to use tactile gestures within
the 15-min focal observations, despite no sex- and age-
differences in the probability of producing visual gestures
(Table 1). Repertoire size did not vary through age, but the
probability of accounting for recipients’ attentional state was
higher for older monkeys than for younger ones, especially
for visual gestures (Table 1). Using vocalizations right before
the gesture increased the probability of gesturing towards
attentive recipients and of receiving a response (regardless
of the modality in which the gesture was produced), but age
had no effect on the probability of gestures being responded
(Table 1).

The probability of using tactile gestures within the
15-min focal observations was higher for younger individu-
als. These results are in line with our predictions (Predic-
tion 1b) and with literature on great apes showing that the
proportion of tactile gestures significantly decreases through
age in bonobos (Pan paniscus), gorillas (Gorilla gorilla) and
chimpanzees (Schneider et al. 2012). As motility increases
through development, immatures increase their distance
to their mothers, and tactile gestures between mothers and
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Fig. 6 Probability of recipients being attentive, as a function of vocal-
izations being produced (Vocalization) or not being produced (No
vocalizations) in the 2 sec preceding the gesture. The thick lines of
the box plots represent the mean probabilities in the two conditions,
as estimated by the fitted model, which was like Model 4, but uncon-
ditional on all the other factors that were standardized. The ends of
the boxes represent the estimated standard errors, and the ends of the
whiskers represent the 95% confidence intervals. The probability of
recipients being attentive when the gesture was produced was signifi-
cantly higher when gestures were preceded by a vocalization, as com-
pared to when they were not
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Fig.7 Probability of gestures being responded, as a function of
vocalizations being produced (Vocalization) or not being produced
(No vocalizations) in the 2 sec preceding the gesture. The thick lines
of the box plots represent the mean probabilities in the two condi-
tions, as estimated by the fitted model, which was like Model 4, but
unconditional on all the other factors that were standardized. The
ends of the boxes represent the estimated standard errors, and the
ends of the whiskers represent the 95% confidence intervals. The
probability of gestures being responded was significantly higher when
gestures were preceded by a vocalization, as compared to when they
were not

immatures may become less likely (Schneider et al. 2012).
If tactile gestures are mostly directed to mothers, this could
explain why their use decreases through age.

However, in contrast to Prediction 2b, we found no devel-
opmental changes in the production of visual gestures. These
results might be explained in at least two ways. First, Schnei-
der and colleagues (2012) found an increase in the propor-
tion of visual gestures produced before and after 14 months
of age. In our study, however, the largest majority of study
subjects was older than one year of age, so that we might
have failed to detect differences between developmental
stages (which, in spider monkeys, might also occur earlier
than in apes). Second, Schneider and colleagues (2012) com-
pared the proportion of gestures produced through age in the
different modalities, so that a decrease in the use of tactile
gestures would have automatically also led to an increase in
the proportion of visual gestures used. Therefore, it is pos-
sible that the use of visual gestures does not increase through
development in absolute terms, but only in relation to the
use of tactile gestures. Longitudinal approaches (rather than
cross-sectional ones) would be surely important to address
these open issues. We found no effect of sex on the prob-
ability of producing tactile and visual gestures within the
15-min focal observations, in contrast to our Predictions la
and 2a. However, tactile and visual gestures were used with
a different probability depending on the main activity of
the subgroup. Both tactile and visual gestures, in particular,
were less likely to occur when the subgroup fed/foraged or
rested (as compared to when the subgroup engaged in social
interactions), but visual gestures were also less likely when
the subgroup travelled, and the visual attention of potential
recipients might have been lower. As different gesture types
might more likely occur in certain contexts, and as in cap-
tivity some of these contexts may not be present (e.g. trav-
elling), these results highlight the importance of studying
conspecific groups of primates that live in different settings
(e.g. wild and captivity) and socio-ecological conditions, to
fully understand their communication systems.

In our study, repertoire size did not vary through age. In
contrast to Prediction 3, we found no effect of age on the
number of different gesture types produced by individuals,
neither as linear nor as non-linear relation. This is in con-
trast with other studies showing developmental changes in
repertoire size, with repertoire size either decreasing with
age (e.g. Molesti et al. 2020) or peaking in juveniles before
declining again (e.g. Call and Tomasello 2007; Hobaiter
and Byrne 2011a; Liebal et al. 2004; Schneider et al. 2012).
Developmental changes in repertoire size have been exten-
sively studied in other species, because they provide impor-
tant insights into the emergence of gestural communication.
According to the Phylogenetic Ritualization hypothesis, for
instance, gestures are largely innate, individual repertoires
should be identical at birth across conspecifics, and only
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contract through age if individuals identify gesture types that
are more effective in the specific context they experience,
discarding others (e.g. Hobaiter and Byrne 2011a). Accord-
ing to the Ontogenetic Ritualization hypothesis, in contrast,
gestures are created by individuals that reciprocally adjust
their behaviour during repeated social interactions, so that
repertoire size should increase through age (e.g. Call and
Tomasello 2007). Therefore, our results are more in line with
the Phylogenetic Ritualization hypothesis (and with other
studies done in great and small apes, including chimpanzees,
bonobos, gorillas and siamangs, Symphalangus syndactylus:
Amici and Liebal 2022b; Genty et al. 2009; Hobaiter and
Byrne 2011a, b), although we found no significant decrease
in gestural repertoire size through age.

One reason why we might have failed to detect
variation in repertoire size through age is that we did not
follow individuals longitudinally, but rather compared the
repertoires of individuals having different ages. Given that
there might be inter-individual differences in repertoire
size, it is possible that developmental changes were
masked by these differences. Therefore, caution is needed
when interpreting our findings, and more studies with a
longitudinal approach are necessary to understand the role
played by experience and socialization for the emergence of
communication systems (see also Bard et al. 2014; Pika and
Frohlich 2019). Alternatively, it is possible that repertoire
size did not change through age because spider monkeys
develop their gestural communication system very rapidly
and had therefore already reached their adult full repertoire
in the very first months of their lives. Longer observational
efforts with a developmental perspective will thus be crucial
to follow individual developmental patterns of gestural
communication, to more reliably monitor whether gestural
repertoires change through age also in spider monkeys
and when individuals first show the repertoires that will
characterize their adult life.

Older monkeys were more likely than younger ones to
account for recipients’ attentional states, but only for ges-
tures produced in the visual modality. In line with our Pre-
diction 4a, therefore, spider monkeys, like apes and Cer-
copithecines (e.g. Amici and Liebal 2022a; Frohlich et al.
2018; Liebal et al. 2004; Molesti et al. 2020; Schel et al.
2022), differentiate between gestures depending on their
modality, and accordingly adjust their production. In our
study, the probability of accounting for recipients’ atten-
tional state was relatively high in both modalities (91% for
visual gestures, 85% for tactile ones; Fig. 3), in line with
literature in species other than great apes, where the larg-
est majority of visual and tactile gestures are produced
when recipients are attentive (e.g. 95% of all gestures in
red-capped mangabeys: Schel et al. 2022). Crucially, the
probability of accounting for recipients’ attentional states,
especially in the visual modality, also increased with age,
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in line with previous findings in great and small apes (e.g.
Amici and Liebal 2022a). Through age, individuals may
become increasingly exposed to others’ gestures and acquire
direct experience about the effectiveness of their own com-
municative signals. Therefore, they may gradually learn that
accounting for others’ visual attention increases the prob-
ability of eliciting recipients’ response, without this neces-
sarily implying a cognitive understanding of these processes
(see Amici and Liebal 2022a).

Using vocalizations right before the gesture increased
the probability that monkeys would gesture towards atten-
tive recipients (in line with our Prediction 4b) and would
be responded (in line with our Prediction 5b). When spi-
der monkeys vocalized before gesturing, the probability
that recipients would be attentive during gestural produc-
tion increased from 86% to 98%, whereas the probability of
eliciting a response increased from 93% to 99%. Therefore,
the multimodal combination of signals might be a powerful
tool for spider monkeys to make their communication more
effective. These results are partially in line with studies in
great apes, which report that individuals may use auditory
or tactile attention-getters (e.g. clapping hands or spitting)
before visual gesturing, likely to attract recipients’ attention
(see Tomasello and Call 2019). In spider monkeys, however,
using vocalizations before a gesture increased the effective-
ness of their communication regardless of the gesture modal-
ity. Therefore, rather than using vocalizations to specifically
attract recipients’ attention when necessary (i.e. for visual
gestures), spider monkeys might fail to discriminate between
the contingencies of the two modalities, and indiscriminately
rely on vocalizations to increase the probability that oth-
ers will react to their gestures. Indeed, vocalizations could
even merely reflect signallers’ arousal, which might enhance
recipients’ attention towards the signaller and the probability
of responding to it. In the future, it would be interesting to
further investigate whether the vocalization preceding the
gesture serves as an attention-getter, or also has an independ-
ent communicative function (e.g. to transmit other informa-
tion to receivers). In contrast, we found no effect of age on
the probability of gestures being responded (in contrast to
our Prediction 5a).

Our study had several important limitations. First, we
only observed one group of monkeys. However, includ-
ing more groups would be useful not only to increase the
generalizability of our results but also to assess whether
gestural repertoires differ across conspecific groups. Inter-
group variation in gestural repertoires, for instance, might
provide support to the ontogenetic emergence of gestures
(e.g. Tomasello and Call 1997, 2019), whereas similar-
ity in gestural repertories across different groups would
rather support the hypothesis that gestures are largely
innate (e.g. Hobaiter and Byrne 2011a, b). Second, we
only observed the study group for six months. Although
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this time was likely sufficient to make a reliable estimate
of the individuals’ repertoires (see Fig. 1), a longer obser-
vational effort would be important to also allow the detec-
tion of gestures that might happen very rarely. In spider
monkeys, for instance, males are known to sporadically
conduct raiding parties into the territory of neighbouring
groups, during which males silently move on the ground
(Aureli et al. 2006). In the future, it would be interesting
to monitor whether the frequency of gestures increases
during these events, and if males use specific gesture types
that we could not detect in other contexts. Third, gestures
are likely to trigger specific responses by recipients, and
these responses can be used to infer the meaning of ges-
tures (see Hobaiter and Byrne 2014). In this study, we
did not systematically address whether specific gesture
types are associated to specific responses also in spider
monkeys, but future work should surely investigate this
topic. Fourth, our study only focused on gestures and
body postures that likely served a communicative func-
tion, without including vocalizations and facial expres-
sions. However, communication in primates is known to
be multicomponent and multimodal, and future studies
in this species should ideally include signals produced in
different modalities (Liebal et al. 2022; Slocombe et al.
2011). In the same line, it would be interesting to analyse
whether some signals are more likely to co-occur than
others, and also whether these combinations might acquire
novel meanings as compared to the individual signals (see
Amici et al. 2022).

Overall, our study provides a first assessment of ges-
tural communication in a Platyrrhine species, and shows
that spider monkeys, like apes and Cercopithecines, share
with humans several aspects of their communication sys-
tems, including large repertoires, variation in the use of
tactile and visual gestures, and sensitivity to the atten-
tional state of recipients. Therefore, some properties that
were long thought to be necessary prerequisites of human
language evolution appear to be widely shared across spe-
cies, and it is possible that the divide between communica-
tion in humans and other animals may be narrower than
usually thought.
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