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Abstract

Play is a multifunctional behavior that may confer different advantages depending
on the context, the species, sex, and age of the players. Despite numerous studies of
social play in primates, we know little about this behavior in platyrrhines. This study
was designed to provide a systematic description of social play in a wild group of
Geoffroy’s spider monkeys (Ateles geoffroyi). We conducted behavioral observations
of acrobatic social play, object social play, cuddling play, and rough-and-tumble play
in a large group of spider monkeys (N=54) in Yucatan, Mexico. Over 5 months,
we recorded and analyzed 104 play sessions. The probability of engaging in social
play was higher for infants and juveniles than for subadults and adults, and it did
not differ between sexes. Moreover, the probability of engaging in different types
of social play did not vary across individuals based on their sex and age, nor on the
frequency of play faces. Play sessions lasted longer when both players were younger
and with a higher number of players, but there was no significant variation in session
length associated with the frequency of play faces or players’ sex. Overall, our study
revealed patterns of play behavior that suggest substantial flexibility in play in this
species, in line with the high levels of tolerance that characterize spider monkeys.

Keywords Acrobatic play - Object play - Cuddling play - Rough-and-tumble play -
Play faces - Platyrrhine species

Introduction

Play has been defined as a spontaneous, repeated, self-rewarding, and seemingly
nonfunctional behavior that differs from nonplayful behaviors either structurally,
contextually, or developmentally and mostly occurs in relaxed, nonstressful contexts
(Burghardt, 2014; Nathan & Pellegrini, 2012). When playing, individuals require
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energy and time that often is diverted from other activities (De Almeida Rocha
et al., 2014; Palagi, 2007, 2018), leading researchers to speculate about the adaptive
function of this behavior (Bekoff & Allen, 1998; Burghardt, 2005).

Play is considered a multifunctional behavior (Palagi, et al., 2016a), which can
confer different advantages depending on the context in which it occurs: the spe-
cies, sex, and age of the individuals involved, and their physiological and emotional
states (Palagi, et al., 2016a). The benefits that play provides can either be immediate
(Palagi et al., 2004, 2006) or delayed (Berghinel et al., 2015; Blumstein et al., 2013;
Nunes, 2014). Social play (i.e., play that involves at least two individuals) provides
immediate advantages as a buffer during stressful events (Palagi et al., 2004, 2006),
and in the longer term, it can facilitate the acquisition of new motor, cognitive, and
social skills (Burghardt, 2006; Lewis, 2000; §pinka et al., 2001). In particular, social
play can allow individuals to acquire information about other group members, foster
the acquisition of social skills, strengthen and facilitate the creation of social bonds,
and provide individuals with the opportunity to acquire novel behavioral patterns
that may be useful in the future (Beltran Francés et al., 2020; Heintz et al., 2017,
Paquette, 1994; Pellegrini et al., 2007; Pelletier et al., 2017; Pellis et al., 2010a,
2010b; Pellis & Pellis, 2012).

Play occurs sporadically across animal taxa; it is present in some fish, bird, and
reptile species (Burghardt, 2006), and it is quite common in mammals (e.g., brown
bears, Ursus arctos: Clapham & Kitchin, 2016; wolves, Canis lupus: Cordoni & Pal-
agi, 2016; deers, Odocoileus spp.: Carter et al., 2019; rats, Rattus norvegicus: Pellis
& Pellis, 2007). In nonhuman primates (hereafter, primates), play is especially wide-
spread (Burghardt, 2006). Compared with other taxa, for instance, primates spend
a large percentage of their daily activity budget in play, up to 18% in infants and
10% in juveniles (Berghénel et al., 2015; Iki & Hasegawa, 2020; Palagi et al., 2004).
Some authors hypothesize that this is because play, by fostering the acquisition
of new motor, cognitive, and social skills (Burghardt, 2006; Lewis, 2000; §pinka
et al., 2001), might be especially relevant for primates to develop the complex cog-
nitive and behavioral skills that characterize them (Iwaniuk et al., 2001; Kerney
et al., 2017; Montgomery, 2014). Indeed, there is a positive association between
the amount of play shown by primate species and both the occurrence of complex
behaviors (e.g., innovation, extractive foraging, tool use; Montgomery, 2014) and
the relative size of the corticocerebellar system, which has been linked to primate
complex cognition and behavior (Kerney et al., 2017).

In some primate species, social play appears to be more frequent in males than
females from the beginning of their lives (e.g., blue monkeys, Cercopithecus mitis
stuhlmanni: Forster & Cords, 2005; rhesus macaques, Macaca mulatta: Kulik et al.,
2015; olive baboons, Papio anubis: Owens, 1975; Western lowland gorillas, Gorilla
gorilla gorilla: Maestripieri & Ross, 2004). In other species, sex differences in
social play emerge through development. In chimpanzees (Pan troglodytes), males
reach a peak in social play earlier than females (Lonsdorf et al., 2014), whereas
in Japanese macaques (Macaca fuscata) the time spent playing decreases through
development more slowly in males than in females (Eaton et al., 1986; Nakam-
ichi, 1989). Because sex differences in primate play are common and often emerge
early during development, they often are considered to be genetically encoded or
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determined by environmental effects that act very early during primate life (Cords
et al., 2010; Lonsdorf et al., 2014). In other species, however, there are no clear
sex-differences in patterns of social play (see Marley et al., 2022, for a review). For
some authors, this interspecific variation is explained by the extent of behavioral
and morphological differences between male and female adults that characterize the
species, with sex differences in play behavior only emerging when primates show
marked behavioral dimorphism as adults (Palagi, 2018; Paukner & Suomi, 2008;
Watts & Pusey, 1993). If adult males are more likely than adult females to engage
in fights and conflicts, males also may engage more often in play (and especially in
play fighting behavior) from a young age (Paukner & Suomi, 2008). When behav-
ioral and morphological dimorphism is minimal, in contrast, there may be no sex
differences in social play (Cleveland & Snowdon, 1984; Maestripieri & Ross, 2004;
Stevenson & Poole, 1982; Watts & Pusey, 1993).

When playing, primates use a variety of different behaviors. Social play, for
instance, may entail behaviors that imply no physical contact between players, as
in acrobatic play (i.e., two or more individuals perform pirouettes and chasing) and
object play (i.e., two or more individuals play with an object). However, social play
can imply physical contact, such as cuddling play (i.e., one individual kicks softly
while being gently grabbed by the other) and in rough-and-tumble play (i.e., also
known as wrestling or play fighting, in which two or more individuals are in close
body contact and use patterns typical of real fight, such as bites, kicks, or slaps;
see Ciani et al., 2012; Petit et al., 2008). Depending on their individual character-
istics, primates may preferentially engage in different play behaviors, because this
might provide them with specific selective advantages (Palagi, 2018). For instance,
rough-and-tumble play is usually the most common type of social play (Burghardt,
2005), especially in juveniles (Bekoff & Fagen, 1981), whereas acrobatic play is
more common in younger individuals (Palagi & Cordoni, 2012). These differences
might reflect variation in the selective advantages that these types of play provide.
Acrobatic play and object play provide vestibular stimulation and information about
objects and might thus especially foster motor development—something especially
important in very young primates. In contrast, cuddling play and rough-and-tumble
play provide individuals with information about other group members’ strength and
competitive skills—something that may be more important as primates approach
adulthood and more often engage in affiliative and aggressive interactions (Fagen,
2011; Palagi & Cordoni, 2018; Pellis & Pellis, 2009).

Social play is a risky behavior, especially when it involves physical contact,
because it may easily escalate into serious fighting (Palagi, 2007, 2018; Waller &
Dunbar, 2005). To reduce this risk, primates have evolved communicative tools that
may prevent aggressive escalations and increase the duration of social play (Flack
& de Waal, 2004; Mancini et al., 2013; Palagi & Mancini, 2011; Scopa & Palagi,
2016; gpinka et al., 2016; Yanagi & Berman, 2014). Play faces (i.e., relaxed open
mouth facial expressions), for instance, are spontaneous emotional expressions
(Scopa & Palagi, 2016) that convey a playful meaning to behaviors that may oth-
erwise appear agonistic (Bekoff & Allen, 1998; Palagi, 2008, 2009; Pellis & Pellis,
1996). By decreasing the risk of misinterpreting the meaning of the interaction, play
faces are expected to be especially frequent when misinterpretation is particularly
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likely or costly. In line with this, primates appeared to more frequently use play
faces with a higher number of players (Palagi, 2008), when play involved physical
contact (Chevalier-Skolnikoff, 1974; Demuru et al., 2015; Fedigan, 1972; Palagi,
2007; Palagi & Paoli, 2007) and under space reduction (Tacconi & Palagi, 2009).
Moreover, a higher frequency of play faces increased the duration of play sessions
(Palagi, 2007, §pinka et al., 2016; Waller & Cherry, 2012), so that play faces might
be crucial not only to decrease the risk of aggressive escalations but also to sustain
play behavior (Demuru et al., 2015).

Play duration may be affected by the number and identity of the individuals
involved. When many individuals play together, the risk of aggressive escalations
may increase, and play sessions are more likely to abruptly come to an end (Palagi,
2018; Petit et al., 2008; Reinhart et al., 2010). Play sessions may last longer when
individuals are better matched in terms of sex and age and thus are more likely to
play in a similar way. According to Thompson (1998), for instance, play provides
immediate feedback on the development of players’ locomotor and social skills,
especially during competitive play sessions with equally matched partners (i.e., hav-
ing similar age sex or rank). Indeed, there is some evidence that, at least in some
species, individuals preferentially play with group members that are similar in terms
of sex, age, and/or rank (Lutz et al., 2019).

Although many studies have investigated social play in primates, we know much
less about this behavior in platyrrhines. In squirrel monkeys (Saimiri spp.), for
instance, individuals strongly differ in how frequently they engage in social play
(Baldwin & Baldwin, 1973, 1974) and flexibly adjust their play behavior to the spe-
cific characteristics of the partners, more often reversing roles when playing with
partners differing in sex and/or age (Biben, 1986, 1989). Other studies in platyr-
rhines suggest sex- and age-variation in play behavior, with social play being higher
in juvenile males than females (tufted capuchins, Sapajus apella: Fragaszy et al.,
2004; Paukner & Suomi, 2008) and peaking in early juveniles (mantled howler mon-
keys, Alouatta palliata: Baldwin & Baldwin, 1978; Zucker & Clarke, 1992). In spi-
der monkeys (Ateles spp.), groups are characterized by high levels of fission—fusion
dynamics (i.e., frequent changes in subgroup size and composition; Aureli et al.,
2008) and play may be especially important to maintain and reinforce social bonds
across group members (Antonacci et al., 2010; Palagi, 2023), as the frequent fission
and fusion events may generate social uncertainty (Pellis & Pellis, 2009). In this
species, most play faces during rough-and-tumble play occur before play bites to
reaffirm the playful context when the risk of escalation is very high and partially to
promote play behavior, although head shakes also are used for this purpose (Pellis &
Pellis, 1997, 2011).

In this study, we provide a systematic description of social play in wild Geof-
froy’s spider monkeys (Ateles geoffroyi), a platyrrhine species characterized by low
sexual dimorphism (Aureli & Schaffner, 2010; di Fiore & Campbell, 2007) and high
levels of fission—fusion dynamics (Aureli & Schaffner, 2008). We examined the
influence of age, sex, and play face use on patterns of play and tested five hypoth-
eses. First, if immatures rely on play to acquire novel motor, cognitive, and social
skills (Burghardt, 2006; Lewis, 2000; §pinka et al., 2001), we predicted that social
play will be overall more likely in immatures than adults (Prediction 1). Second, if
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sex differences in play occur in sexually dimorphic species (Palagi, 2018; Paukner
& Suomi, 2008; Watts & Pusey, 1993), then male and female spider monkeys will
not differ in their likelihood of engaging in social play (Prediction 2a), nor in the
play types they engage in (Prediction 2b), because they are not sexually dimorphic.
Third, if play is important for infants to practice their motor skills, but for juveniles
and subadults to acquire social information about potential partners (Fagen, 2011;
Palagi & Cordoni, 2018; Pellis & Pellis, 2009), then we predicted that play behav-
iors with no physical contact between players (i.e., acrobatic play and object play)
will be more likely in infants (Prediction 3a), whereas cuddling play and rough-and-
tumble play will be more likely in juveniles and subadults (Prediction 3b). Fourth,
if play faces serve to avoid escalation, then we predicted that play faces will more
likely occur during cuddling play and rough-and-tumble play, because cuddling
play and rough-and-tumble play involve physical contact and are thus more likely
to escalate in aggressive interactions (Chevalier-Skolnikoff, 1974; Demuru et al.,
2015; Fedigan, 1972; Palagi, 2007; Palagi & Paoli, 2007) (Prediction 4). Finally, if
play faces reaffirm the playful intention of the interaction and sustain play behavior
(Demuru et al., 2015), then we predicted that play sessions will last longer with a
higher frequency of play faces (Prediction 5a) in the presence of fewer players (Pre-
diction 5b), because the presence of many players may increase the risk of aggres-
sive escalations (Palagi, 2018; Petit et al., 2008; Reinhart et al., 2010), and when
players are matched in terms of sex (Prediction 5c) or age (Prediction 5d), because
they are more likely to play in a similar way and play sessions may thus last longer
(Lutz et al., 2019; Thompson, 1998).

Methods
Ethical note

We conducted a purely observational study, after obtaining the permits by the
CONANP (Comisién Nacional de Areas Naturales Protegidas) and SEMARNAT
(Secretaria de Medio Ambiente y Recursos Naturales). During the study, we fol-
lowed the American Society of Primatologists (ASP) Principles for the Ethical
Treatment of Nonhuman Primates and the Code of Best Practices for Field Primatol-
ogy by the American Society of Primatologists. The authors declare that they have
no conflict of interest.

Data availability The dataset resulting from the focal observations we analysed is

provided as supplementary material. More data and information are available from
the corresponding author on reasonable request.

Study site and study subjects

We conducted our study in the Yucatan Peninsula, Mexico, in the protected area of
Otoch Ma’ax Yetel Kooh (20° 38’ N, 87° 38’ W), which includes an undisturbed
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fragment of semi-evergreen medium forest, successional forest, regenerating for-
est and lakes (Ramos-Fernandez & Ayala-Orozco, 2003). The area hosts a group of
wild Geoffroy’s spider monkeys that has been followed longitudinally for more than
20 years, so that demographic records were available for all group members. Individ-
uals were fully habituated to human observers and individually recognizable from
their facial and body characteristics. At the onset of the study, the group included 54
subjects (i.e., 13 adult females, 10 adult males, 3 subadult females, 1 subadult male,
9 juvenile females, 6 juvenile males, 3 infant females, 8 infant males, and 1 infant of
unknown sex; see Shimooka et al., 2008 and Table I, for age categories).

Data collection and coding

Two observers (SCR and EMCS) collected data between November 2022 and March
2023, 5 days a week, between 6.30 and 14.00 { AU: Is this time of day?}, using two
different methods. First, we conducted 10-min focal samples on 46 individuals (i.e.,
all group members, except for 7 infants that were born few weeks before/after we
started data collection, and one subadult female that joined the group when we were
about to end data collection). We conducted a total of 1019 samples (mean+SD
3.7+ 1.14 h per focal subject), selecting focal subjects on a pseudorandomized basis
(i.e., prioritizing those that had been more rarely sampled). During focal samples,
one observer observed the focal subject and dictated information (i.e., observation
day, focal subject, occurrence, and duration of social play, play partner, time spent
out of view) to the other observer, who entered it on a tablet using CyberTracker.
Second, whenever a social play session started during a focal sample, the observer
dictating information also video-recorded the play session with a camera (Panasonic
FULL-HD HC-V180), recording until the session came to an end. We considered a
play session as starting when at least one subject approached at least one other group
member and directed a playful behaviour (i.e., acrobatic play, cuddling play, rough-
and-tumble play, play face, play bite) toward the latter, and to end either when the
composition of the players changed (in which case, we started recording a new play
session with different players), or when the players showed no play behaviour for at
least 10 s (Gallo et al., 2021).

From the videos, we later coded 1) the number and 2) identity of the players. For
each player, we also coded the occurrence and exact duration of 3) acrobatic play,
4) cuddling play, and 5) rough-and-tumble play; the occurrence and number of 6)
play faces, 7) play bite, and 8) aggressive interactions; and 9) play session duration.
We never observed object play. Social play occurred in 77 focal samples and a total
of 155 play sessions across the 6 months. Of these 155 sessions, we discarded 51,
because players were not clearly visible on the video and we could not code their
play behaviour reliably (i.e., they were too high on the canopy, covered by dense
foliage). Therefore, our final sample consisted of 104 video-recorded play sessions.

To ensure interobserver reliability, we started data collection only on reaching
80% interobserver reliability during focal observations. We assessed interobserver
reliability during five focal observations with individuals of different sex and age
classes, based on the occurrence of social play, proximity to other group members,
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Tablel For each member of our
study group (which consisted of
a wild group of spider monkeys,
Ateles geoffroyi, in the Otoch
Ma’ax Yetel Kooh protected
area in Yucatan, Mexico, from
November 2022 to March
2023), sex and age class (i.e.,
infants: <2 years; juveniles:

2-5 years; subadults: 5-8 years;
adults: > 8 years), number of
10-min focal samples conducted
and number of play sessions

in which they were involved
(study subjects who were not the
subject of focal samples could
be involved in play sessions if
they played with the subject of a
focal sample)

Study subject Sex Age class No. focal No. play
samples sessions

Alamo Male Infant 25 8
Antena Female Adult 25 1
Apolo Male Adult 23 0
Aura Female Juvenile 25 16
Bekech Female Subadult 25 0
Boxhuevo Male Adult 24 1
Braga Female Juvenile 24 37
Cacao Male Infant 26 16
Canela Female Juvenile 25 11
Casper Male Infant 0 0
Chaac Male Juvenile 4 0
Chickich Female Juvenile 24 22
China Female Adult 26 0
Colis Male Infant 0 3
Covid Male Infant 25 29
Cria Mich Female Infant 0 0
Cria Rwanda Male Infant 0 0
Cria Tanga Unknown Infant 0 0
Digit Male Adult 15 2
Dobby Male Infant 0 1
Erbse Male Adult 4 1
Eulogio Male Adult 25 0
Fabrizio Male Juvenile 25 19
Tkil Female Adult 4 0
Ixchel 2 Female Subadult 0 0
Joane Female Adult 26 0
Juan Male Adult 19 0
Lola Female Adult 25 0
Luna Female Juvenile 25 10
Luz Female Juvenile 25 9
Mandibula Female Adult 26 0
Marcos Male Adult 13 0
Marylin Female Adult 25 0
Mich Female Adult 26 0
Nacho Male Adult 23 1
Nit Female Subadult 20 0
Pancha Female Adult 26 1
Pekin Male Juvenile 26 14
Poncho Male Juvenile 26 9
Puma Male Juvenile 25 22
Rwanda Female Adult 25 0
Sacbe Female Juvenile 25 3
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Table I (continued)

Study subject Sex Age class No. focal No. play
samples sessions

Sancho Male Adult 7 0

Selva Female Infant 25 18

Sol Male Infant 26 17

Tanga Female Adult 25

Valentin Male Subadult 24 7

Veronica Female Adult 26

Voldemort Male Juvenile 26 38

Wiguiberto Male Adult 3 0

Wishona Female Infant 0 0

Xibalba Female Adult 26

Yalit Female Juvenile 26 11

Yuli Female Juvenile 25 14

individual identities of the focal and the partners, occurrence of vocalizations, ges-
tures, and vigilance (i.e., all the behaviors we recorded during the focal observations
and that we used for this or other studies). Moreover, a second rater recoded all the
behaviors coded from the videos in 20% of the play sessions (N=31), showing very
good reliability (i.e., Spearman’s correlation for duration of play sessions: p=0.92;
Cohen’s k for probability of acrobatic play: k= 1.00; for probability of cuddling play:
k=0.87; for probability of rough-and-tumble play: k=0.85; for number of players:
k=1.00; for number of play faces: k=0.71; for number of play bites: k=0.85; for
number of aggressive interactions: k=1.00; all N=31, all p <0.001).

Statistics

We ran five generalized linear mixed models (Baayen et al., 2008) in R (R Core
Team, 2020) with the glmmTMB package (Brooks et al., 2017), using two different
datasets. The first dataset was based on the focal observations and contained one line
for each focal sample (N=1019), including focal subject identity, sex and age class
(i.e., infant, juvenile, subadult, adult), observation day, time the focal spent in social
play, and observational effort (i.e., the duration of the focal sample, subtracted the
time out of view). We then modelled (Model 1) whether the probability of engaging
in social play during the focal sample varied depending on the interaction of sub-
ject’s sex and age class, including observational effort as offset term, and observa-
tion day and players’ identity as random factors.

The second dataset included one line for each play session observed (N=104),
with players’ identity, sex and age class, number of players, whether players engaged
in acrobatic play, cuddling play and rough-and-tumble play, observational effort,
whether players produced play faces, and how frequently (i.e., number of play faces
produced during the play session). Originally, we aimed to model the proportion
of time players spent in acrobatic play, cuddling play, and rough-and-tumble play.
However, models with proportions as responses failed to meet the model predictions
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and led to serious convergence problems. Therefore, we opted to use binomial distri-
butions instead. In particular, we modelled whether the probability of players engag-
ing in acrobatic play (Model 2), cuddling play (Model 3), and rough-and-tumble
play (Model 4) varied depending on players’ sex combination, age combination,
and occurrence of play faces (as test predictors), with observational effort as offset
term and players’ identity as random factor. However, we had to simplify Model
2, because it otherwise failed to converge due to complete separation in the data.
We removed occurrence of play faces from the predictors (as no play faces were
produced during acrobatic play), and we did not differentiate between infant-adult
and juvenile-adult play sessions (i.e., merging the two levels of age combination, as
there were no infant-adult sessions with acrobatic play). Finally, we modeled (Model
5) whether play session duration varied depending on the number of players, the
frequency of play faces in the session (both z-transformed), players’ sex combina-
tion, and age combination (as test predictors), including players’ identity as random
factor.

For each model, we used the “performance” package (Liidecke et al., 2021) and
the “DHARMa” package (Hartig, 2022) to check model assumptions, including
residual distribution, convergence, overdispersion, and multicollinearity (max VIF:
1.86; Miles, 2005). None of the models presented showed any issues, except for
Model 5, which showed a significant deviation in the Kolmogorov—Smirnov test, but
plotting residuals against all predictors revealed no clear pattern in their distribution.
We then compared each of the full models above to a null model (i.e., containing the
same random factors and offsets, but no test predictors) using chi-square tests, and
then used the dropl function to assess the significance of single test predictors. If
the interaction was not significant, we reran the model only including the terms of
the interaction as main terms. If significant predictors were categorical predictors
with more than two categories, we used the emmeans package for post-hoc analyses
(Lenth et al., 2023).

Results

Occurrence of social play

Focal subjects engaged in social play in 77 of 1019 focal samples. In Model 1,
the full model significantly differed from the null model (GLMM, X2=52.91,
df=7, p<0.001), with age having a significant effect on the probability of playing

(Table II). Post-hoc tests showed that the probability of social play was highest in
infants, intermediate in juveniles, and lowest in subadults and adults (Fig. 1).

Variation in play behavior

Spider monkeys engaged in acrobatic play in 25 of 104 play sessions, in cuddle
play in 26 of 104 sessions, and in rough-and-tumble play in 65 of 104 sessions. On
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Table Il Results of significant full models testing the influence of sex and age on play in a wild group
of spider monkeys (Ateles geoffroyi) in the Otoch Ma’ax Yetel Kooh protected area in Yucatan, Mexico,
from November 2022 to March 2023. Reference categories are in parentheses, and significant predictors
are marked with an asterisk

MODELS and test predictors Estimate SE 2.5% 10 97.5% CIs Likeli- daf p
hood ratio
tests

Model 1: Probability that focal subjects engaged in social play during the focal sample

Intercept -11.75 056 —-12.84t0—10.66 - - -
Sex (male) 0.37 0.30 —-0.21t00.95 1.55 1 0214
Age (infant) 3.28 0.55 2.20t04.35 47.42 3 <0.001*
Age (juvenile) 2.85 0.50 1.87t03.83
Age (subadult) 0.37 1.12 —-1.83t02.57
Model 5: Duration of play sessions
Intercept 86.44 39.72 8.58 to 164.29 - - -
Sex combination (male—female) —-32.62 17.72 —-67.36t02.11 5.29 2 0.071
Sex combination (male—male) —-5.06 18.81 —41.93to 31.80
Age combination (infant—infant) 34.09 3848 —41.331t0109.52 9.98 4 0.041*
Age combination (infant—juvenile) 29.76 38.71 —46.10to 105.62
Age combination (juvenile—adult) —32.03 41.71 -113.79t0 49.73
Age combination (juvenile—juvenile) —6.74  37.48 —80.21 to 66.73
Frequency of play faces in the session —3.90 6.37 —16.38108.58 0.37 1 0.540
No. players 2743 6.57 14.56t040.31 16.12 1 <0.001%*
0.25

2020

)

5 0.15

z i

% 0.10

B 1

@ 0.05 -+

0.00 - | [ —

Infants Juveniles Subadults Adults

Fig. 1 Probability of engaging in social play during focal observations, as a function of the focal sub-
ject’s age class in a wild group of spider monkeys (Ateles geoffroyi), in the Otoch Ma’ax Yetel Kooh
protected area in Yucatin, Mexico, from November 2022 to March 2023. The thick lines of the box plots
represent the mean probabilities as estimated by the fitted model (i.e., Model 1, but unconditional on the
other categorical variables that were standardized, so that the values reported here are slightly different
from the ones reported in the text). The ends of the boxes represent the estimated standard errors, and the
ends of the whiskers represent the 95% confidence intervals
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average (mean=SD), they spent 22+41% of play session time in acrobatic play,
22 +40% in cuddling play, and 55 +48% in rough-and-tumble play. Most play ses-
sions involved young players (i.e., only juveniles: 52/104; only infants: 20/104;
infants and juveniles: 19/104), with few sessions also including adults (i.e., with
infants: 3/104; with juveniles: 10/104). Most play sessions included both female
and male players (51/104) or only male players (34/104); a minority only included
female players (19/104). Play faces occurred in 25 play sessions; none of these ses-
sions included acrobatic play, 9 of 25 included cuddle play, and 16 of 25 included
rough-and-tumble play. We found no significant difference between the full and null
models for Models 2 to 4 (GLMM, Model 2: X2=6.26, df=5, p=0.281; Model 3:
X2=9.50, df=1, p=0.219; Model 4: X2= 12.58, df=17, p=0.083), which modeled
whether the probability of players engaging in acrobatic play, cuddling play, and
rough-and-tumble play varied depending on players’ sex combination, age combina-
tion, and occurrence of play faces.

Duration of play sessions

Play sessions lasted on average 74 +70 s (mean + SD), ranging from four to 333 s.
Most sessions included only two players (77/104) or three players (17/104), with
five of 104 sessions, including four players; three of 104, including five; one of 104,
including six; and one of 104, including seven players. The frequency of play faces
was on average 0.41 +1.03 per min, ranging from 0 to 5.13 play faces/min. Moreo-
ver, 24% of the play faces observed were followed (i.e., within 3 s) by play bites
produced either by the signaler (19%) or by another player (5%). Across all play
sessions, there was only one instance of aggressive behavior, with two female juve-
nile players only engaging in rough-and-tumble play and producing no play faces.
In Model 5, the full model significantly differed from the null model (GLMM,
X2=24.21, df=8, p=0.002), with number of players and age combination having a
significant effect on the duration of play sessions. In particular, sessions were longer
when more players were involved (Table II; Fig. 2). Moreover, post-hoc tests showed
that play session duration was longest when players were all infants, or infants and
juveniles, intermediate when players were all juveniles, or infants and adults, and
lowest when players were juveniles and adults (Fig. 3).

Discussion

Our results partially supported our hypotheses, which were largely based on liter-
ature concerning other species. In particular, play was more likely in infants and
juveniles than in subadults and adults (in line with Prediction 1). Moreover, the
probability of engaging in social play did not significantly differ between males and
females, neither overall (in line with Prediction 2a), nor in terms of the play types
they engaged in (in line with Prediction 2b). However, in contrast to our predictions,
the probability of engaging in acrobatic play, cuddling play, and rough-and-tumble
play did not vary across individuals depending on their age (Predictions 3a and 3b),
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Fig.2 Play session duration (in seconds) as a function of the number of players in the session in a wild
group of spider monkeys (Ateles geoffroyi) in the Otoch Ma’ax Yetel Kooh protected area in Yucatan,
Mexico, from November 2022 to March 2023. Circles represent the individual play sessions and are
slightly jittered on the x axis to increase visual clarity. The line represents the fitted model, which was
like Model 5 but unconditional on the other categorical variables that were standardized

nor it was linked to differences in the frequency of play faces observed (Prediction
4). Finally, play session duration did not increase with a higher frequency of play
faces (in contrast to Prediction 5a) or depending on the players’ sex (in contrast to
Prediction 5¢). However, it increased with a higher number of players (in contrast to
Prediction 5b) and when players had a similar age (in line with Prediction 5d).
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Fig. 3 Play session duration (in seconds) as a function of players’ age classes in a wild group of spi-
der monkeys (Ateles geoffroyi) in the Otoch Ma’ax Yetel Kooh protected area in Yucatin, Mexico, from
November 2022 to March 2023. The thick lines of the box plots represent the mean probabilities as esti-
mated by the fitted model (i.e., Model 5, but unconditional on the other categorical variables that were
standardized, so that the values reported here are slightly different from the ones reported in the text).
The ends of the boxes represent the estimated standard errors, and the ends of the whiskers represent the
95% confidence intervals

@ Springer



Beyond the Canopy: Social Play Behavior in Wild Spider Monkeys. ..

Play was more likely in younger (i.e., infants and juveniles) than older (i.e., sub-
adults and adults) individuals, in line with abundant literature showing that imma-
tures are more likely to play than older individuals, especially in species that are
characterized by prolonged immaturity and extended parental care, such as primates
(Cordoni et al., 2019; Pellegrini, 2010; Pellis & Pellis, 2009). During the infant and
juvenile stages, play may be crucial to acquire and practice social skills that may be
useful during adulthood (Lewis, 2000; Pellis et al., 2010a, 2010b) and to foster the
development of flexible motor, behavioral, and emotional responses, especially in
unpredictable contexts (Antonacci et al., 2010; Palagi, 2012; §pinka et al., 2001).

Males and females did not differ in their probability of engaging in social play,
nor in the play types they engaged in. These results support the lack of consist-
ent sex differences in primate patterns of social play (see Marley et al., 2022, for a
review) and support the hypothesis that sex differences in play behavior may only
emerge when adults show marked behavioral dimorphism and sex differences in
play patterns are thus adaptive to foster the acquisition of sex-specific motor, cogni-
tive, and social skills (Palagi, 2018; Paukner & Suomi, 2008; Watts & Pusey, 1993).
The lack of clear sex-differences in spider monkey play behavior is well in line with
the fact that this species shows low sexual dimorphism (Aureli & Schaffner, 2010; di
Fiore & Campbell, 2007). Moreover, these findings are in line with studies in other
species that found no clear sex differences not only in the frequency of play behav-
ior, but also in the occurrence of specific play types, such as rough-and-tumble play
(e.g., red titi monkeys, Callicebus cupreus: Chau et al., 2008; yellow baboons, Papio
cynocephalus: Young & Hankins, 1979; red colobus monkeys, Procolobus rufomi-
tratus: Worch, 2010; Western lowland gorillas: Palagi et al., 2007).

The probability of engaging in acrobatic play, cuddling play, and rough-and-tum-
ble play did not differ significantly across individuals based on their age. In addition,
we never observed social object play, although Carpenter (1935) described solitary
object play with sticks and other objects in this species. Possibly, for arboreal spe-
cies, it may be physically too challenging to engage in social play while dangling
from the trees with objects in their hands, as suggested by other studies in arboreal
species that showed no evidence of social object play (Baldwin et al., 1974; Baldwin
& Baldwin, 1973, 1978).

Play faces did not have the crucial role we had expected. Play faces occurred in
only 22 of 104 play sessions, and their occurrence did not increase session duration.
These findings are contrast with studies of other species showing a link between the
frequency of play faces and play session duration (Palagi, 2007; Spinka et al., 2016;
Waller & Cherry, 2012; but see Beltran Francés et al., 2020). However, they are
partially in line with the other study on play faces in this species, which showed that
spider monkeys may not use play faces to increase the duration of play, but rather
to reaffirm the playful context when the risk of escalation is especially high (e.g.,
before play bites; Pellis & Pellis, 1997). Nonetheless, in our study, only 24% of play
faces were followed by play bites, mostly by the same player that had produced the
play face. Further studies are needed to better understand the function of play faces
in spider monkeys.

The probabilities of engaging in acrobatic play, cuddling play and rough-and-
tumble play were not linked to differences in the frequency of play faces. However,
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we never observed play faces during acrobatic play, although they occurred during
cuddle play and rough-and-tumble play. These results are largely in line with the
hypothesis that play faces are produced mostly during ambiguous contact situations
to reaffirm the playful context and prevent the situation from escalating into real
aggression (Mancini et al., 2013; Palagi et al., 2014; Pellis & Pellis, 2009). Interest-
ingly, we only observed aggressive escalations once, suggesting that the use of com-
municative tools to convey the playful intention may be very effective in this species
(see Aureli et al., 2008).

Play session duration did not increase depending on the players’ sex, but it
increased when players were younger. These results do not support the hypothesis
that individuals play preferentially with partners that match their age and are thus
more similar in body size (Govindarajulu et al., 1993; Lutz et al., 2019). Whereas
play sessions were longest when players included only infants, or both infants and
juveniles, their duration decreased when players included only juveniles or both
infants and adults, and even more when players were juveniles and adults. Therefore,
it is likely that longer play sessions were linked to the presence of younger individu-
als, rather than to the presence of players of similar age. Finally, play session dura-
tion in our study increased with the number of players. When play sessions include
more players, they can be harder to maintain because of the higher number of par-
ties that need to regulate and communicate their behavioral intentions (Palagi et al.,
2016b). However, play sessions with multiple players may be especially important
to foster the acquisition of new social partners and enlarge individuals’ social net-
works (Cordoni et al., 2019; Palagi, 2018), and effective communication tools might
allow spider monkeys to engage in these more complex forms of social play.

Our study had several limitations. First, we only observed one group of spider
monkeys, which clearly limits the generalizability of our findings. Moreover, our
study lasted only a few months and may not capture seasonal variation in play fre-
quency and behavior. Finally, the setting of our study did not allow us to capture
other behaviors that may be very important during social play, such as head shakes
and mimicking of facial expressions, as it is hard to observe these behaviors when
individuals are high in the canopy. In the future, it will be important to include these
behaviors to understand the communicative function that they might have within
and without the social play context (Pellis & Pellis, 1997, 2011). These limitations
emphasize the need for caution when extrapolating from our results to the entire
species and highlight potential avenues for future research, including larger study
samples and the use of more detailed ethograms.

Overall, this study provides a preliminary overview of social play in a wild group
of spider monkeys. Our findings reveal patterns of play behavior that are in line with
the low sexual dimorphism of this species and that are suggestive of substantial flex-
ibility in how social play is instantiated, mirroring the high levels of tolerance that
characterize this species (Aureli & Schaffner, 2008, 2010). Males and females did
not differ clearly in their play behavior, sex and age did not predict the play style of
individuals, and play faces seemed to have a limited function during play sessions,
although they were more common when play implied body contact. The fact that
our hypotheses, which were mostly based on literature on other species, were only
partially supported, suggests high variation across species in their play behavior and
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calls for more studies of spider monkeys and other platyrrhines to better understand
the mechanisms and functions of social play.

Inclusion and diversity statement While citing references scientifically relevant for
this work, we also actively worked to promote gender balance in our reference list.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s10764-024-00442-6.

Acknowledgements We are sincerely grateful to the Editor, to Andreas Berghinel, and to an anonymous
reviewer for their extensive and highly constructive feedback through the revision process. Many thanks
to Augusto Canul Aban, Eulogio Canul Aban, and Macedonio Canul Chan for their support and assis-
tance during fieldwork. Our gratitude extends to the entire Mayan community in Punta Laguna for their
dedication to the conservation of the forest and its biodiversity. We are especially grateful to Laura Vick,
Gabriel Ramos Fernandez, and Colleen Schaffner for sharing long-term data on spider monkeys, and par-
ticularly to Filippo Aureli for providing substantial support throughout this study. During this study, ML
was supported by the Spanish Ministerio de Ciencia e Innovacién (PID2020-118419 GB-100; PLEIS-
HOATA [PID2021-122355NB-C32]), as well as the Universitat de Girona (Programa d’Ajuts de Suport a
la Recerca del Departament de Psicologia 2023).

Funding Open Access funding enabled and organized by Projekt DEAL.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by/4.0/.

References

Amici, F., Kulik, L., Langos, D., & Widdig, A. (2019). Growing into adulthood — a review on sex differ-
ences in the development of sociality across macaques. Behavioral Ecology and Sociobiology, 73,
18. https://doi.org/10.1007/s00265-018-2623-2

Antonacci, D., Norscia, 1., & Palagi, E. (2010). Stranger to familiar: Wild strepsirhines manage xenopho-
bia by playing. PLoS ONE, 5(10), e13218. https://doi.org/10.1371/journal.pone.0013218

Aureli, F., Schaffner, C. M., Boesch, C., Bearder, S. K., et al. (2008). Fission-fusion dynamics: New
research frameworks. Current Anthropology, 48, 627-654. https://doi.org/10.1086/586708

Aureli, F., & Schaffner, C. M. (2008). Social interactions, social relationships and the social system of
spider monkeys. Spider Monkeys. https://doi.org/10.1017/cbo9780511721915.009

Aureli, F., & Schaffner, C. M. (2010). Spider monkeys. Current Biology, 20(15), R624-R626. https://doi.
org/10.1016/j.cub.2010.06.040

Baayen, R. H., Davidson, D. J., & Bates, D. M. (2008). Mixed-effects modeling with crossed random
effects for subjects and items. Journal of Memory and Language, 59(4), 390-412. https://doi.org/
10.1016/j.jm1.2007.12.005

Baldwin, J. D., & Baldwin, J. I. (1973). The role of play in social organization: Comparative observations
on squirrel monkeys (Saimiri). Primates, 14(4), 369-381. https://doi.org/10.1007/BF01731358

Baldwin, J. D., & Baldwin, J. I. (1978). Exploration and play in howler monkeys (Alouatta palliata). Pri-
mates, 19(3), 411-422. https://doi.org/10.1007/BF02373305

@ Springer


https://doi.org/10.1007/s10764-024-00442-6
https://doi.org/10.1007/s10764-024-00442-6
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00265-018-2623-2
https://doi.org/10.1371/journal.pone.0013218
https://doi.org/10.1086/586708
https://doi.org/10.1017/cbo9780511721915.009
https://doi.org/10.1016/j.cub.2010.06.040
https://doi.org/10.1016/j.cub.2010.06.040
https://doi.org/10.1016/j.jml.2007.12.005
https://doi.org/10.1016/j.jml.2007.12.005
https://doi.org/10.1007/BF01731358
https://doi.org/10.1007/BF02373305

S. Cardoso Rodriguez et al.

Baldwin, J. D., & Baldwin, J. I. (1974). Exploration and social play in squirrel monkeys (Saimiri). Ameri-
can Zoology, 14, 303-315. https://academic.oup.com/icb/article-abstract/14/1/303/2066770
Bekoff, M., & Allen, C. (1998). Intentional communication and social play: how and why animals negotiate and
agree to play. In Cambridge University Press, 97-114. https://doi.org/10.1017/cbo9780511608575.006

Bekoff, M., & Fagen, R. (1981). Animal Play Behavior. Evolution, 35(6), 1254. https://doi.org/10.2307/
2408140

Beltran Francés, V., Castellano-Navarro, A., Illa Maulany, R., Ngakan, P. O., MacIntosh, A. J. J., Llorente, M.,
& Amici, F. (2020). Play behavior in immature moor macaques (Macaca maura) and Japanese macaques
(Macaca fuscata). American Journal of Primatology, 82(10), €23192. https://doi.org/10.1002/ajp.23192

Berghinel, A., Schiilke, O., & Ostner, J. (2015). Locomotor play drives motor skill acquisition at the
expense of growth: A life history trade-off. Science Advances, 1(7), e1500451. https://doi.org/10.
1126/SCIADV.1500451

Biben, M. (1986). Individual- and sex-related strategies of wrestling play in captive squirrel monkeys.
Ethology, 71(3), 229-241. https://doi.org/10.1111/1.1439-0310.1986.tb00586.x

Biben, M. (1989). Effects of social environment on play in squirrel monkeys: Resolving Harlequin’s
dilemma. Ethology, 81, 72-82. https://doi.org/10.1111/1.1439-0310.1989.tb00758.x

Biben, M., & Symmes, D. (1986). Play vocalizations of squirrel monkeys (Saimiri sciureus). Folia Pri-
matologica, 46(3), 173—182. https://doi.org/10.1159/000156250

Blumstein, D. T., Chung, L. K., & Smith, J. E. (2013). Early play may predict later dominance relation-
ships in yellow-bellied marmots (Marmota flaviventris). Proceedings of the Royal Society b: Bio-
logical Sciences, 280(1759), 20130485. https://doi.org/10.1098/RSPB.2013.0485

Brooks, M. E., Kristensen, K., van Benthem, K. J., Magnusson, A., Berg, C. W., Nielsen, A., Skaug, H.
J., Michler, M., & Bolker, B. M. (2017). glmmTMB balances speed and flexibility among pack-
ages for zero-inflated generalized linear mixed modeling. R Journal, 9(2), 378-400. https://doi.org/
10.32614/RJ-2017-066

Burghardt, G. M. (2005). The genesis of animal play: Testing the limits. The MIT Press. https://doi.org/
10.7551/mitpress/3229.001.0001

Burghardt, G. M. (2014). A Brief Glimpse at the Long Evolutionary History of Play. Animal Behavior
and Cognition, 2(2), 90. https://doi.org/10.12966/abc.05.01.2014

Byers, J. A., & Walker, C. (1995). Refining the motor training hypothesis of play. American Naturalist,
146, 25-40.

Carpenter, C. R. (1935). Behavior of Red Spider Monkeys in Panama. Journal of Mammalogy, 16(3),
171. https://doi.org/10.2307/1374442

Carter, R. N., Romanow, C. A., Pellis, S. M., & Lingle, S. (2019). Play for prey: Do deer fawns play to
develop species-typical antipredator tactics or to prepare for the unexpected? Animal Behaviour,
156, 31-40. https://doi.org/10.1016/j.anbehav.2019.06.032

Chau, M. J., Stone, A. 1., Mendoza, S. P., & Bales, K. L. (2008). Is play behavior sexually dimorphic in
monogamous species? Ethology, 114(10), 989-998. https://doi.org/10.1111/j.1439-0310.2008.01543.x

Chevalier-Skolnikoff, S. (1974). Male-Female, Female-Female, and Male-Male sexual behavior in the
stumptail monkey, with special attention to the female orgasm. Archives of Sexual Behavior, 3(2),
95-116. https://doi.org/10.1007/BF01540994

Ciani, F., & Dall’Olio, S., Stanyon, R., & Palagi, E. (2012). Social tolerance and adult play in macaque
societies: A comparison with different human cultures. Animal Behaviour, 84(6), 1313-1322.
https://doi.org/10.1016/j.anbehav.2012.09.002

Clapham, M., & Kitchin, J. (2016). Social play in wild brown bears of varying age-sex class. Acta Etho-
logica, 19(3), 181-188. https://doi.org/10.1007/s10211-016-0237-0

Cleveland, J., & Snowdon, C. T. (1984). Social development during the first twenty weeks in the cotton-
top tamarin (Saguinus o. oedipus). Animal Behaviour, 32(2), 432—444. https://doi.org/10.1016/
S0003-3472(84)80279-1

Cordoni, G., Norscia, 1., Bobbio, M., & Palagi, E. (2019). Differences in play can illuminate differences
in affiliation: A comparative study on chimpanzees and gorillas. PLoS ONE, 13(3), €0193096.
https://doi.org/10.1371/journal.pone.0193096

Cordoni, G., & Palagi, E. (2016). Aggression and hierarchical steepness inhibit social play in adult
wolves. Behaviour, 153(6-7), 749-766. https://doi.org/10.1163/1568539X-00003326

Cords, M., Sheehan, M. J., & Ekernas, L. S. (2010). Sex and age differences in juvenile social priori-
ties in female philopatric, nondespotic blue monkeys. American Journal of Primatology, 72(3),
193-205. https://doi.org/10.1002/ajp.20768

@ Springer


https://academic.oup.com/icb/article-abstract/14/1/303/2066770
https://doi.org/10.1017/cbo9780511608575.006
https://doi.org/10.2307/2408140
https://doi.org/10.2307/2408140
https://doi.org/10.1002/ajp.23192
https://doi.org/10.1126/SCIADV.1500451
https://doi.org/10.1126/SCIADV.1500451
https://doi.org/10.1111/j.1439-0310.1986.tb00586.x
https://doi.org/10.1111/j.1439-0310.1989.tb00758.x
https://doi.org/10.1159/000156250
https://doi.org/10.1098/RSPB.2013.0485
https://doi.org/10.32614/RJ-2017-066
https://doi.org/10.32614/RJ-2017-066
https://doi.org/10.7551/mitpress/3229.001.0001
https://doi.org/10.7551/mitpress/3229.001.0001
https://doi.org/10.12966/abc.05.01.2014
https://doi.org/10.2307/1374442
https://doi.org/10.1016/j.anbehav.2019.06.032
https://doi.org/10.1111/j.1439-0310.2008.01543.x
https://doi.org/10.1007/BF01540994
https://doi.org/10.1016/j.anbehav.2012.09.002
https://doi.org/10.1007/s10211-016-0237-0
https://doi.org/10.1016/S0003-3472(84)80279-1
https://doi.org/10.1016/S0003-3472(84)80279-1
https://doi.org/10.1371/journal.pone.0193096
https://doi.org/10.1163/1568539X-00003326
https://doi.org/10.1002/ajp.20768

Beyond the Canopy: Social Play Behavior in Wild Spider Monkeys. ..

De Almeida Rocha, J. M., Pedreira Dos Reis, P., & De Carvalho Oliveira, L. (2014). Play behavior of the
golden-headed lion tamarin in Brazilian cocoa agroforests. Folia Primatologica, 85(3), 192-199.
https://doi.org/10.1159/000362813

Demuru, E., Ferrari, P. F., & Palagi, E. (2015). Emotionality and intentionality in bonobo playful commu-
nication. Animal Cognition, 18(1), 333-344. https://doi.org/10.1007/s10071-014-0804-6Di Fiore,
A., & Campbell, C. J. (2007). The Atelines: variation in ecology, behavior, and social organization.
In Campbell, C. J., Fuentes, A., Mackinnon, K. C., Panger, M., & Bearder, S. K. (Eds.). Primates
in perspective. Oxford: Oxford University Press. (pp. 155-185).

Eaton, G. G., Johnson, D. F., Glick, B. B., & Worlein, J. M. (1986). Japanese macaques (Macaca fuscata)
social development: Sex differences in Juvenile behavior. Primates, 27(2), 141-150. https://doi.
org/10.1007/BF02382594

Fagen, R. M. (2011). Play and development. In A. Pellegrini (Ed.), The Oxford handbook of the develop-
ment of play (pp. 83—100). Oxford University Press.

Fedigan, L. M. (1972). Roles and activities ofMale geladas (Theropithecus gelada). Behaviour, 41(1-2),
82-90. https://doi.org/10.1163/156853972x00211

Flack, J. C., & De Waal, F. (2004). Dominance Style, Social Power, and Conflict Management in Macaque Soci-
eties: A Conceptual Framework. Cambridge Studies in Biological and Evolutionary Anthropology. 41.

Forster, S., & Cords, M. (2005). Socialization of infant blue monkeys (Cercopithecus mitis stuhlmanni):
Allomaternal interactions and sex differences. Behaviour, 142(7), 869-896. https://doi.org/10.
1163/1568539055010138

Fragaszy, D. M., Visalberghi, E., & Fedigan, L. M. (2004). The complete capuchin: The biology of the
genus Cebus. Cambridge University Press.

Gallo, A., Caselli, M., Norscia, 1., & Palagi, E. (2021). Let’s unite in play! Play modality and group mem-
bership in wild geladas. Behavioural Processes, 184, 104338. https://doi.org/10.1016/j.beproc.
2021.104338. PMID: 33513433.

Govindarajulu, P., Hunte, W., Vermeer, L. A., & Horrocks, J. A. (1993). The ontogeny of social play in a
feral troop of vervet monkeys (Cercopithecus aethiops sabaeus): The function of early play. Inter-
national Journal of Primatology, 14(5), 701-719. https://doi.org/10.1007/BF02192187

Hartig, F. (2022). DHARMa: Residual Diagnostics for Hierarchical (Multi-Level / Mixed) Regression
Models. CRAN.

Heintz, M. R., Murray, C. M., Markham, A. C., Pusey, A. E., & Lonsdorf, E. V. (2012). The relationship
between social play and developmental milestones in wild chimpanzees (Pan troglodytes schwein-
furthii). American Journal of Primatology, 79, https://doi.org/10.1002/ajp.22716.

Iki, S., & Hasegawa, T. (2020). Face-to-face opening phase in Japanese macaques’ social play enhances
and sustains participants’ engagement in subsequent play interaction. Animal Cognition, 23(1),
149-158. https://doi.org/10.1007/S10071-019-01325-7

Iwaniuk, A. N., Nelson, J. E., & Pellis, S. M. (2001). Do big-brained animals play more? Comparative
analyses of play and relative brain size in mammals. Journal of Comparative Psychology, 115, 29.

Kerney, M., Smaers, J. B., Schoenemann, P. T., & Dunn, J. C. (2017). The coevolution of play and the
cortico-cerebellar system in primates. Primates, 58, 485-491.

Kulik, L., Amici, F., Langos, D., & Widdig, A. (2015). Sex differences in the development of social
relationships in Rhesus macaques (Macaca mulatta). International Journal of Primatology, 36(2),
353-376. https://doi.org/10.1007/s10764-015-9826-4

Lenth, R. V. (2023). Estimated marginal means, aka least-squares means. CRAN. http://cran.stat.auckl
and.ac.nz/web/packages/emmeans/index.html

Lewis, K. P. (2000). A comparative study of primate play behaviour: Implications for the study of cogni-
tion. Folia Primatologica, 71(6), 417-421. https://doi.org/10.1159/000052740

Lonsdorf, E. V., Markham, A. C., Heintz, M. R., Anderson, K. E., Ciuk, D. J., Goodall, J., & Murray, C.
M. (2014). Sex differences in wild chimpanzee behavior emerge during infancy. PLoS ONE, 9(6),
€99099. https://doi.org/10.1371/journal.pone.0099099

Liidecke, D., Ben-Shachar, M., Patil, I., Waggoner, P., & Makowski, D. (2021). Performance: An R pack-
age for assessment, comparison and resting of statistical models. Journal of Open Source Software,
6(60), 3139. https://doi.org/10.21105/j0ss.03139

Lutz, M. C., Ratsimbazafy, J., & Judge, P. G. (2019). Use of social network models to understand play
partner choice strategies in three primate species. Primates, 60(3), 247-260. https://doi.org/10.
1007/s10329-018-00708-7

@ Springer


https://doi.org/10.1159/000362813
https://doi.org/10.1007/s10071-014-0804-6Di
https://doi.org/10.1007/BF02382594
https://doi.org/10.1007/BF02382594
https://doi.org/10.1163/156853972x00211
https://doi.org/10.1163/1568539055010138
https://doi.org/10.1163/1568539055010138
https://doi.org/10.1016/j.beproc.2021.104338
https://doi.org/10.1016/j.beproc.2021.104338
https://doi.org/10.1007/BF02192187
https://doi.org/10.1002/ajp.22716
https://doi.org/10.1007/S10071-019-01325-7
https://doi.org/10.1007/s10764-015-9826-4
http://cran.stat.auckland.ac.nz/web/packages/emmeans/index.html
http://cran.stat.auckland.ac.nz/web/packages/emmeans/index.html
https://doi.org/10.1159/000052740
https://doi.org/10.1371/journal.pone.0099099
https://doi.org/10.21105/joss.03139
https://doi.org/10.1007/s10329-018-00708-7
https://doi.org/10.1007/s10329-018-00708-7

S. Cardoso Rodriguez et al.

Maestripieri, D., & Ross, S. R. (2004). Sex differences in play among Western lowland gorilla (Gorilla
gorilla gorilla) infants: implications for adult behavior and social structure. American Journal of
Physical Anthropology, 123(1), 52-61. 0.1002/ajpa.10295

Mancini, G., Ferrari, P. F., & Palagi, E. (2013). In play we trust. Rapid facial mimicry predicts the duration of
playful interactions in geladas. PLoS ONE, 8(6), e66481. https://doi.org/10.1371/journal.pone.0066481

Marley, C. L., Pollard, T. M., Barton, R. A., & Street, S. E. (2002). A systematic review of sex differences
in rough and tumble play across non-human mammals. Behavioral Ecology and Sociobiology, 76,
158. https://doi.org/10.1007/s00265-022-03260-z

Miles, J. (2005). Tolerance and Variance Inflation Factor. Encyclopedia of Statistics in Behavioral Sci-
ence. https://doi.org/10.1002/0470013192.bsa683

Nakamichi, M. (1989). Sex differences in social development during the first 4 years in a free-ranging
group of Japanese monkeys. Macaca Fuscata. Animal Behaviour, 38(5), 737-748. https://doi.org/
10.1016/S0003-3472(89)80106-X

Nathan, P., & Pellegrini, A. D. (2012). The Oxford Handbook of the Development of Play. In the Oxford
Handbook of the Development of Play. https://doi.org/10.1093/0xfordhb/9780195393002.001.0001

Nunes, S. (2014). Juvenile social play and yearling behavior and reproductive success in female Belding’s
ground squirrels. Journal of Ethology, 32(3), 145-153. https://doi.org/10.1007/S10164-014-0403-7

Owens, N. (1975). Social play behaviour in free-living baboons, Papio anubis. Animal Behaviour, 23,
387-408. https://doi.org/10.1016/0003-3472(75)90087-1

Palagi, E. (2006). Social play in bonobos (Pan paniscus) and chimpanzees (Pan troglodytes): Implica-
tions for natural social systems and interindividual relationships. American Journal of Physical
Anthropology, 129(3), 418-426. https://doi.org/10.1002/AJPA.20289

Palagi, E. (2007). Play at work: revisiting data focusing on chimpanzees (Pan troglodytes). Journal of Anthro-
pological Sciences, 85, 153—164. http://isita-org.com/jass/contents/2007 vol85/articoli/jasspdfaggiunte/
palagi2007colour.pdf

Palagi, E. (2008). Sharing the motivation to play: The use of signals in adult bonobos. Animal Behaviour,
75(3), 887-896. https://doi.org/10.1016/j.anbehav.2007.07.016

Palagi, E. (2009). Adult play fighting and potential role of tail signals in ringtailed lemurs (Lemur catta). Jour-
nal of Comparative Psychology, 123(1), 1-9. https://doi.org/10.1037/0735-7036.123.1.1

Palagi, E. (2012). Playing at every age: Modalities and potential functions in non-human primates. The Oxford
Handbook of the Development of Play. https://doi.org/10.1093/oxfordhb/9780195393002.013.0007

Palagi, E. (2018). Not just for fun! Social play as a springboard for adult social competence in human
and non-human primates. Behavioral Ecology and Sociobiology, 72, 90. https://doi.org/10.1007/
$00265-018-2506-6

Palagi, E. (2023). Adult play and the evolution of tolerant and cooperative societies. Neuroscience & Biobe-
havioral Reviews, 148, 105124. https://doi.org/10.1016/j.neubiorev.2023.105124

Palagi, E., Antonacci, D., & Cordoni, G. (2007). Fine-tuning of social play in juvenile lowland gorillas (Gorilla
gorilla gorilla). Developmental Psychobiology, 49(4), 433—445. https://doi.org/10.1002/dev.20219

Palagi, E., Burghardt, G. M., Smuts, B., Cordoni, G., & Dall’Olio, S., Fouts, H. N., Rehékové—Petrﬁ, M., Siviy,
S. M., & Pellis, S. M. (2016a). Rough-and-tumble play as a window on animal communication.
Biological Reviews, 91(2), 311-327. https://doi.org/10.1111/brv.12172

Palagi, E., & Cordoni, G. (2012). The right time to happen: Play developmental divergence in the two
Pan species. PLoS ONE, 7(12), e52767. https://doi.org/10.1371/journal.pone.0052767

Palagi, E., Cordoni, G., & Borgognini Tarli, S. M. (2004). Immediate and delayed benefits of play behav-
iour: New evidence from chimpanzees (Pan troglodytes). Ethology, 110(12), 949-962. https://doi.
org/10.1111/J.1439-0310.2004.01035.X

Palagi, E., Cordoni, G., Demuru, E., & Bekoff, M. (2016b). Fair play and its connection with social toler-
ance, reciprocity and the ethology of peace. Behaviour, 153(9-11), 1195-1216. https://doi.org/10.
1163/1568539X-00003336

Palagi, E., & Mancini, G. (2011). Play and primates: Social, communicative, and cognitive aspects of one
of the most puzzling behaviour. Atti Della Societa Toscana Di Scienze Naturali, Memorie Serie B,
118, 121-128. https://doi.org/10.2424/ASTSN.M.2011.32

Palagi, E., Norscia, 1., & Spada, G. (2014). Relaxed open mouth as a playful signal in wild ring-tailed
lemurs. American Journal of Primatology, 76(11), 1074—1183. https://doi.org/10.1002/ajp.22294

Palagi, E., & Paoli, T. (2007). Play in adult bonobos (Pan paniscus): Modality and potential meaning.
American Journal of Physical Anthropology, 134(2), 219-225. https://doi.org/10.1002/ajpa.20657

@ Springer


https://doi.org/10.1371/journal.pone.0066481
https://doi.org/10.1007/s00265-022-03260-z
https://doi.org/10.1002/0470013192.bsa683
https://doi.org/10.1016/S0003-3472(89)80106-X
https://doi.org/10.1016/S0003-3472(89)80106-X
https://doi.org/10.1093/oxfordhb/9780195393002.001.0001
https://doi.org/10.1007/S10164-014-0403-7
https://doi.org/10.1016/0003-3472(75)90087-1
https://doi.org/10.1002/AJPA.20289
http://isita-org.com/jass/contents/2007
https://doi.org/10.1016/j.anbehav.2007.07.016
https://doi.org/10.1037/0735-7036.123.1.1
https://doi.org/10.1093/oxfordhb/9780195393002.013.0007
https://doi.org/10.1007/s00265-018-2506-6
https://doi.org/10.1007/s00265-018-2506-6
https://doi.org/10.1016/j.neubiorev.2023.105124
https://doi.org/10.1002/dev.20219
https://doi.org/10.1111/brv.12172
https://doi.org/10.1371/journal.pone.0052767
https://doi.org/10.1111/J.1439-0310.2004.01035.X
https://doi.org/10.1111/J.1439-0310.2004.01035.X
https://doi.org/10.1163/1568539X-00003336
https://doi.org/10.1163/1568539X-00003336
https://doi.org/10.2424/ASTSN.M.2011.32
https://doi.org/10.1002/ajp.22294
https://doi.org/10.1002/ajpa.20657

Beyond the Canopy: Social Play Behavior in Wild Spider Monkeys. ..

Palagi, E., Paoli, T., & Tarli, S. B. (2006). Short-term benefits of play behavior and conflict prevention
in Pan paniscus. International Journal of Primatology, 27(5), 1257-1270. https://doi.org/10.1007/
s10764-006-9071-y

Paquette, D. (1994). Fighting and playfighting in captive adolescent chimpanzees. Aggressive Behavior,
20(1), 49-65. https://doi.org/10.1002/1098-2337(1994)20:1

Paukner, A., & Suomi, S. J. (2008). Sex differences in play behavior in juvenile tufted capuchin monkeys
(Cebus apella). Primates, 49, 288-291. https://doi.org/10.1007/s10329-008-0095-0

Pellegrini, A. D. (2009). The role of play in human development. Oxford University Press. https://doi.org/
10.1093/acprof:0s0/9780195367324.001.0001

Pellegrini, A. D., Dupuis, D., & Smith, P. K. (2007). Play in evolution and development. Developmental
Review, 27(2), 261-276. https://doi.org/10.1016/j.dr.2006.09.001

Pelletier, A. N., Kaufmann, T., Mohak, S., Milan, R., Nahallage, C. A. D., Huffman, M. A., Gunst, N.,
Rompis, A., Wandia, I. N., Arta Putra, I. G. A., Pellis, S. M., & Leca, J.-B. (2017). Behavior sys-
tems approach to object play: stone handling repertoire as a measure of propensity for complex
foraging and percussive tool use in the genus Macaca. Animal Behavior and Cognition, 4(4), 455—
473. https://doi.org/10.26451/abc.04.04.05.201

Pellis, S. M., & Pellis, V. C. (1996). On knowing it’s only play: The role of play signals in play fighting.
Aggression and Violent Behavior, 1(3), 249-268. https://doi.org/10.1016/1359-1789(95)00016-X

Pellis, S. M., & Pellis, V. C. (1997). Targets, tactics, and the open mouth face during play fighting in three spe-
cies of primates. Aggressive Behavior, 23(1), 41-57. https://doi.org/10.1002/(sici)1098-2337(1997)23:1

Pellis, S. M., & Pellis, V. C. (2007). Rough-and-tumble play and the development of the social brain. Current
Directions in Psychological Science, 16(2), 95-98. https://doi.org/10.1111/j.1467-8721.2007.00483 x

Pellis, S. M., & Pellis, V. C. (2004). Play and fighting. Oxford University Press, 298-306. https://doi.org/10.
1093/acprof:0s0/9780195162851.003.0028

Pellis, S. M., & Pellis, V. C. (2009). The playful brain: venturing to the limits of neuroscience. Oneworld
Publications.

Pellis, S. M., & Pellis, V. C. (2011). To whom the play signal ils directed: A study of headshaking in black-
handed spider monkeys (Ateles geoffroyi). Journal of Comparative Psychology, 125(1), 1-10. https:/
doi.org/10.1037/a0020547

Pellis, S. M., & Pellis, V. C. (2012). Play and the development of social engagement: a comparative perspec-
tive. The Development of Social Engagement: Neurobiological Perspectives, 247-274. https://doi.org/
10.1093/acprof:0s0/9780195168716.003.0009

Pellis, S. M., Pellis, V. C., & Bell, H. C. (2010a). The function of play in the development of the social brain.
American Journal of Play, 2(3), 278-296. http://files.eric.ed.gov/fulltext/EJ1069225.pdf

Pellis, S. M., Pellis, V. C., & Reinhart, C. J. (2010b). The evolution of social play. Formative Experiences:
The Interaction of Caregiving, Culture, and Developmental Psychobiology, 404-431. https://doi.org/10.
1017/CB0O9780511711879.037

Pellis, S. M., & Pellis, V. C. (2013). The playful brain: Venturing to the limits of neuroscience. Oneworld
Publications.

Petit, O., Bertrand, F., & Thierry, B. (2008). Social play in crested and Japanese macaques: Testing the covaria-
tion hypothesis. Developmental Psychobiology, 50(4), 399-407. https://doi.org/10.1002/dev.20305

R Core Team. (2020). A language and environment for statistical computing. R Foundation for Statistical
Computing.

Ramos-Fernandez, G., & Ayala-Orozco, B. (2003). Population size and habitat use of spider monkeys at Punta
Laguna, Mexico. Primates in Fragments, 191-209. https://doi.org/10.1007/978-1-4757-3770-7_13

Reinhart, C. J., Pellis, V. C., Thierry, B., Gauthier, C.-A., VanderLaan, D. P., Vasey, P. L., & Pellis, S. M.
(2010). Targets and tactics of play fighting: competitive versus cooperative styles of play in Japanese
and Tonkean macaques. International Journal of Comparative Psychology, 23(2). https://doi.org/10.
46867/ijcp.2010.23.02.05

Scopa, C., & Palagi, E. (2016). Mimic me while playing! Social tolerance and rapid facial mimicry in
macaques (Macaca tonkeana and Macaca fuscata). Journal of Comparative Psychology, 130(2), 153—
161. https://doi.org/10.1037/com0000028

Shimooka, Y., Campbell, C. J., Di Fiore, A., Felton, A. M., Izawa, K., Link, A., & Wallace, R. B. (2008).
Demography and group composition of Ateles. In Campbell, C. J. (Ed.). Spider monkeys: behavior,
ecology and evolution of the genus Ateles. Cambridge University Press. (pp. 329-350).

gpinka, M., Newberry, R. C., & Bekoff, M. (2001). Mammalian play: Training for the unexpected. Quar-
terly Review of Biology, 76(2), 141-168. https://doi.org/10.1086/393866

@ Springer


https://doi.org/10.1007/s10764-006-9071-y
https://doi.org/10.1007/s10764-006-9071-y
https://doi.org/10.1002/1098-2337(1994)20:1
https://doi.org/10.1007/s10329-008-0095-0
https://doi.org/10.1093/acprof:oso/9780195367324.001.0001
https://doi.org/10.1093/acprof:oso/9780195367324.001.0001
https://doi.org/10.1016/j.dr.2006.09.001
https://doi.org/10.26451/abc.04.04.05.201
https://doi.org/10.1016/1359-1789(95)00016-X
https://doi.org/10.1002/(sici)1098-2337(1997)23:1
https://doi.org/10.1111/j.1467-8721.2007.00483.x
https://doi.org/10.1093/acprof:oso/9780195162851.003.0028
https://doi.org/10.1093/acprof:oso/9780195162851.003.0028
https://doi.org/10.1037/a0020547
https://doi.org/10.1037/a0020547
https://doi.org/10.1093/acprof:oso/9780195168716.003.0009
https://doi.org/10.1093/acprof:oso/9780195168716.003.0009
http://files.eric.ed.gov/fulltext/EJ1069225.pdf
https://doi.org/10.1017/CBO9780511711879.037
https://doi.org/10.1017/CBO9780511711879.037
https://doi.org/10.1002/dev.20305
https://doi.org/10.1007/978-1-4757-3770-7_13
https://doi.org/10.46867/ijcp.2010.23.02.05
https://doi.org/10.46867/ijcp.2010.23.02.05
https://doi.org/10.1037/com0000028
https://doi.org/10.1086/393866

S. Cardoso Rodriguez et al.

épinka, M., Pale¢kové, M., & Rehikova, M. (2016). Metacommunication in social play: The meaning of
aggression-like elements is modified by play face in Hanuman langurs (Semnopithecus entellus).
Behaviour, 153(6-7), 795-818. https://doi.org/10.1163/1568539X-00003327

Stevenson, M. F., & Poole, T. B. (1982). Playful interactions in family groups of the common marmoset
(Callithrix jacchus jacchus). Animal Behaviour, 30(3), 886-900. https://doi.org/10.1016/S0003-
3472(82)80163-2

Tacconi, G., & Palagi, E. (2009). Play behavioural tactics under space reduction: Social challenges in
bonobos, Pan paniscus. Animal Behaviour, 78, 469-476.

Thompson, K. V. (1998). Self assessment in juvenile play. Animal Play, 183-204. ://doi.org/https://doi.
org/10.1017/CB0O9780511608575.010

Waller, B. M., & Cherry, L. (2012). Facilitating play through communication: Significance of teeth expo-
sure in the gorilla play face. American Journal of Primatology, 74(2), 157-164. https://doi.org/10.
1002/ajp.21018

Waller, B. M., & Dunbar, R. I. M. (2005). Differential behavioural effects of silent bared teeth display and
relaxed open mouth display in chimpanzees (Pan troglodytes). Ethology, 111(2), 129-142. https://
doi.org/10.1111/1.1439-0310.2004.01045.X

Watts, D. P., & Pusey, A. (1993). Behavior of juvenile and adolescent great apes. In M. E. Pereira & L.
A. Fairbanks (Eds.), Juvenile primates: Life history, development, and behavior (pp. 148-167).
Oxford University Press.

Worch, E. A. (2010). Play behavior of red colobus monkeys in Kibale National Park. Uganda. Folia Pri-
matologica, 81(3), 163-176. https://doi.org/10.1159/000317744

Yanagi, A., & Berman, C. M. (2014). Body signals during social play in free-ranging rhesus macaques
(Macaca mulatta): A systematic analysis. American Journal of Primatology, 76(2), 168—-179.
https://doi.org/10.1002/ajp.22219

Young, G. H., & Hankins, R. J. (1979). Infant behaviors in mother-reared and harem-reared baboons
(Papio cynocephalus). Primates, 20(1), 87-93. https://doi.org/10.1007/BF02373830

Zucker, E. L., & Clarke, M. R. (1992). Developmental and comparative aspects of social play of mantled
howling monkeys in Costa Rica. Behaviour, 123, 144—171. https://doi.org/10.1163/156853992X00165

Authors and Affiliations

Sara Cardoso Rodriguez’ - Eva Corral' - Miquel Llorente' - Katja Liebal®* -
Federica Amici>*

P4 Federica Amici
amici@eva.mpg.de

Sara Cardoso Rodriguez
scardosorod @ gmail.com

Eva Corral
corralserranoeva@gmail.com

Miquel Llorente
miguel.llorente @udg.edu

Katja Liebal
katja.liebal @uni-leipzig.de
Fundacié UdGInnovacié I Formacid, Universitat de Girona, Girona, Spain

Comparative Minds Research Group, Departament de Psicologia, Universitat de Girona,
Facultat d’Educacio6 I Psicologia, Girona, Spain

Faculty of Life Sciences, Institute of Biology, Human Biology and Primate Cognition, Leipzig
University, Talstrasse 33, 04103 Leipzig, Germany

Department of Comparative Cultural Psychology, Max-Planck Institute for Evolutionary
Anthropology, Leipzig, Germany

@ Springer


https://doi.org/10.1163/1568539X-00003327
https://doi.org/10.1016/S0003-3472(82)80163-2
https://doi.org/10.1016/S0003-3472(82)80163-2
https://doi.org/10.1017/CBO9780511608575.010
https://doi.org/10.1017/CBO9780511608575.010
https://doi.org/10.1002/ajp.21018
https://doi.org/10.1002/ajp.21018
https://doi.org/10.1111/J.1439-0310.2004.01045.X
https://doi.org/10.1111/J.1439-0310.2004.01045.X
https://doi.org/10.1159/000317744
https://doi.org/10.1002/ajp.22219
https://doi.org/10.1007/BF02373830
https://doi.org/10.1163/156853992X00165
http://orcid.org/0000-0003-3539-1067

	Beyond the Canopy: Social Play Behavior in Wild Spider Monkeys (Ateles geoffroyi)
	Abstract
	Introduction
	Methods
	Ethical note
	Study site and study subjects
	Data collection and coding
	Statistics

	Results
	Occurrence of social play
	Variation in play behavior
	Duration of play sessions

	Discussion
	Acknowledgements 
	References


