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ABSTRACT

Play is generally considered an immature affair. However, adult play is present in several mammal species living
in complex social systems. Here, I hypothesize that adult social play is favored by natural selection in those
species characterized by high level of social tolerance and/or by the need of others’ cooperation to reach a goal
(i.e., leverage). The integration and comparison of bio-behavioral data on non-human primates and wild social
carnivores allows drawing a comprehensive picture on the importance of adult play in facing unpredictable,
novel social situations and in overcoming stressful experiences. The ability to cope with potentially competitive
interactions through play can favor the emergence of egalitarian societies. A further interesting and beneficial
aspect of adult play is its role in synchronizing group activities and favoring collective decision making by
renovating the motivation to cooperate in groupmates. As a last step, some considerations about the presence of
adult play in the most egalitarian and cooperative human groups (e.g., hunter-gatherer societies) allows dis-
cussing the apparent dichotomy between cultural and biological evolution of certain behavioral traits, including

social play in adulthood.

1. Introduction

Living in groups is a complex affair. The level of association and the
variability of social structures derive from a delicate equilibrium be-
tween centrifugal and centripetal forces that are molded by many factors
(e.g., ecological habits, reproductive systems, life span). One of the most
important pillars of social group organization is dominance, which is not
only an intrinsic aspect of individual phenotypes, but also the expression
of social relationships connecting each dyad of groupmates (Hinde,
1976). While affirming that “the subject A is dominant over B” clarifies
the type of relationship existing between the two individuals, affirming
that “the subject A is dominant” does not provide any information about
the real dominance status of the subject. In this perspective, if we want
to determine the entity of the dominance relation between individuals
we need to measure the outcome and the direction of dyadic competitive
encounters such as overt agonistic events, supplantations (e.g., avoid-
ance behaviors in Lemur catta, Norscia and Palagi, 2015), submissive
formal gestures (e.g., bobbing in chimpanzees, Pan troglodytes van
Lawick-Goodall, 1968) and signals (e.g., punt grunts in chimpanzees,
van Lawick-Goodall, 1968; silent bared teeth in some species of ma-
caques, Thierry, 2000; greetings in baboons and spotted hyenas, Dal
Pesco and Fischer, 2020; East et al., 1993). Although during these in-
teractions the difference in social power of the two subjects becomes

E-mail address: elisabetta.palagi@unipi.it.
1 ORCID: 0000-0002-2038-4596

https://doi.org/10.1016/j.neubiorev.2023.105124

obvious, formalized dominance within a dyad is only one of the possible
ways in which power can be expressed. The situation can be more
complex than this. The dominance within a dyad can also depend on
triadic networks of which it is part. To dominate a groupmate, an in-
dividual may obtain the help from another subject, no matter if it is a
subordinate. This means that subjects need to be close to the potential
“helper” when provoking the potential opponent. The individual
cognitive skills, the profound knowledge of competitors’ capabilities,
the propensity to establish bonds and form alliances with highly selected
companions are all factors which may alter the dominance of an indi-
vidual within a social group (Flack and de Waal, 2004). When these
behavioral strategies are at work, weaker subjects can become socially
dominant over physically stronger conspecifics due to their ability to
recruit support. In these cases, we can speak of power asymmetries
rather than a rank order (de Waal, 1986). Power asymmetries can also
emerge when individuals are able to reach their goals against others’
interests without engaging in any form of explicit dominant actions. This
is possible due to a leverage advantage of subordinates over the domi-
nants that, in economic terms, can lead to a debt ratio. When a subor-
dinate individual possesses a resource that cannot be obtained by
dominants through the use of force (e.g., cooperation in hunting, Gersick
et al., 2015; support in disputes, Pallante et al., 2016), dominants need
to negotiate with subordinates by granting and bargaining some benefits
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such as tolerance (Lewis et al., 2022). In these cases, leverage can be one
of the scaffolds for cooperation to evolve also in despotic species where
dominants are generally not tolerant towards subordinates (sensu Veh-
rencamp, 1983, agonistic asymmetry strongly skewed in favor of one of
the subjects forming a dyad). It appears, therefore, that the concepts of
dominance and power distribution have multiple shades of grey that are
shaped by both proximate and ultimate factors. Such variability trans-
lates into a different expansion of social space (i.e., the dimension of
individuals’ social network, Sueur et al., 2011), cooperation (Anderson,
2007) and the degrees of freedom (i.e., the variability of social contacts
with groupmates) that are generally higher in more tolerant than
despotic species (Butovskaya, 2004).

Due to its dual nature of competitive-cooperative interaction, social
play, and particularly play fighting, can be a powerful means to enter in
contact with group members and acquire social/physical information on
others under a relatively safe context at any stages of life (Palagi et al.,
2016; Palagi and Pellis, 2022). The way in which such pieces of infor-
mation are used will depend, in the long term, on the social strategies
animals enact to acquire social power in their groups (Paquette, 1994),
increase their survival probability (e.g., escaping from predators, gath-
ering food resources of good quality, forming alliances against com-
petitors) and reproductive success (e.g., building bonds with subjects of
the opposite sex, obtaining help in rearing offspring). It is therefore
plausible that the emergence, the consistency, and the modality of social
play during the whole life span should be favored in those species
characterized by an enlarged social sphere, a large degree of variability
in affiliative behaviors with groupmates, and a high fluidity in social
bonds as a function of affiliation efforts.

Here, I explore the possibility that adult social play is favored by
natural selection in those species characterized by high level of social
tolerance and/or by the need of others’ cooperation to reach a goal (i.e.,
leverage). Primates and social carnivores are excellent models to test
this hypothesis due to their complex social systems and variability in
social tolerance and cooperative propensity (de Waal and Tyack, 2003).
As a first step, by integrating behavioral, ecological, neurological and
hormonal data, I will try to verify whether a correlation exists between
relaxed dominance styles and the occurrence of adult play. Specifically,
will focus on the role of adult play in coping with immediate unpre-
dictable, novel and potentially stressful social situations, one of the
abilities that can favor the emergence of egalitarian societies. Then, I
will pass to investigate the relationship between cooperation and adult
play according to the fluctuation in the levels of social tolerance. To
better understand such linkage, I will revise the literature possibly
indicating the role of adult play in synchronizing group activities and
favoring collective decision making by renovating the motivation to
cooperate in groupmates. I will conclude with some considerations
about the presence of adult play in the most egalitarian and cooperative
human groups (e.g., hunter-gatherer societies) by discussing the false
dichotomy between cultural and biological evolution of certain behav-
ioral traits, including social play in adulthood.

2. Adult play: a social litmus test

In all the species in which it has been described, play in its multiple
forms is mainly an immature affair (Burghardt, 2005). Although play is
costly, immature subjects need to stretch from solitary to social playful
activities to develop those cognitive, emotional and physical abilities
that will be necessary in the adult phase to increase survival probabili-
ties and reproductive opportunities (Berghanel et al., 2015; Cameron
et al., 2008; Pellis et al., 2010). A clear example comes from a long-term
study on wild brown bears (Ursus arctos) (Fagen and Fagen, 2004). The
authors demonstrated that those cubs engaging in higher levels of play
during their first summer of life survived better to the end of their second
summer. The finding did not change even when controlling for other
factors such as condition at birth, food availability, and maternal fea-
tures. This study illustrates that social play in bears increases short-term
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survival. Another example comes from the chimpanzees of Gombe. By
using a database covering 33 years of data collection, Heintz et al.
(2017) found that infants who engaged in more social play acquired
better motor skills and started developing social competency at earlier
ages. Therefore, short- and long-term benefits seem to be the engine for
juvenile play to become an evolutionary stable strategy (Pellis and
Pellis, 2009). Despite evidence on the importance of immature social
play accumulating, data explaining why this costly (i.e.,
time-consuming, risky) behavioral trait is retained into adulthood in
some species, has yet to be explained in detail. One possible explanation
is that adult play is difficult to study as it is infrequent, thus, requiring a
lot of effort in behavioral data collection (e.g., long periods of obser-
vation, large number of individuals under different conditions). In sum,
adult play is for patient and unyielding researchers. However, the few
studies dedicated to such elusive behavior indicate that adult play exists
in some mammal species (including ours), although its evolutionary
significance is far from being completely understood.

Adult individuals have already completed their development and are
supposed to know the environment in which they move, therefore the
retention of play in adults should seem more a Darwinian paradox than a
real beneficial evolutionary trait. Yet, the physical environment can
change and there is the never-ending necessity to escape from predators
or to actively search for food (i.e., hunting). In this sense, taking care of
physical form is important and locomotor play, by introducing ‘gravi-
tational, kinematic, or positional shocks’ (Spinka et al., 2001, p.143), could
have the important immediate function to maintain the subject in good
health and ready to cope with challenging situations that strongly affect
survival and fitness potentials. Such shock situations are often created
by the player itself. Adult primates closing or covering their eyes by the
hands or objects while jumping from a support to another are eluci-
dating examples (Kavanagh, 1978; Palagi, 2014; Russon and Vasey,
2012).

If the benefits of adult locomotor play can be intuitive, detecting the
advantages of play fighting behavior in adult mammals is much more
challenging. Game theory and the agent-based modelling approaches
suggest a strict linkage between the presence of social play in juveniles
and their level of cooperation as adults (Dugatkin and Bekoff, 2003;
Durand and Schank, 2015). A recent work also states that playing fairly
may have evolved in juveniles to acquire skills for behaving fairly
outside the playful sphere later in life (Schank et al., 2018). Can these
concepts also apply to adult play? Can adult play be seen as an invest-
ment strategy to gain information, communicate the intention to coop-
erate or enact tactical deception to manage potentially dangerous
situations in those fluid societies that build their relationship frames not
on strict hierarchical rules but on the negotiation of resources?

We could start from the fact that in tolerant societies and in those
where the dominants need cooperation from subordinates to gain ben-
efits, adult play can involve lower costs since rank rules do not create
constraints for play to emerge and the benefits deriving from knowing
each other and testing others’ willingness to invest in a relationship can
be high (see Fig. 1 for the graphical representation of the conceptual
framework). Therefore, under particular conditions, adult play seems to
satisfy the sociobiological rule of the cost/benefit ratio. Although, to my
knowledge, no modelling approach has ever addressed this issue, there
are empirical data that concur in sustaining this hypothesis. The
comparative approach is particularly fruitful in delineating the social
factors underlining the retention of adult play into adulthood. The
studies on taxa sharing recent common ancestors that yet differ in their
social relationships and evolutionary environments are particularly
helpful, because they represent the ideal models for natural
experiments.

3. What our closer relatives tell us about the linkage between
adult play and tolerance

Chimpanzees (Pan troglodytes) and bonobos (Pan paniscus) are very
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Fig. 1. The figure shows the covariation between the probability of adult social play and the level of social tolerance in a given society (non-cooperative societies —
dotted line; cooperative societies — solid line). In the cooperative societies, when the dominants need the social support of subordinates (leverage power over
dominants), the probability for adult play to occur increases because it becomes an important tool in social management. The species are arranged on the graph
according to the data available in literature. The representation has the unique aim to illustrate the distribution from a qualitative point of view. Drawings: Fosca

Mastrandrea.

good candidates to test possible ultimate (e.g., functions) and proximate
mechanisms (e.g., neurobiology, development) at the basis of the evo-
lution of adult play and its potential linkage to the tolerant and coop-
erative propensity of the species. The two species diverged about 1.7
million years ago when the common ancestors were separated by the
Congo River. The different ecological factors which translated into a
different resource distribution and feeding competition are likely at the
basis of the divergent social behavior of chimpanzees and bonobos,
including the presence of adult play (Doran et al., 2002).

3.1. Ultimate mechanisms: possible functions of adult play

Despite their genetic closeness and similarities in the fluid social
structure (fission-fusion) and group dynamics (female exogamy), the
two Pan species strongly differ in many aspects of their social behavior.
Within the community, bonobos move in large mixed parties, while
chimpanzees aggregate in small groups, some formed by few females

with their offspring, some involving small groups of males and others
including an estrus female with the dominant male (Furuichi, 2009).
Chimpanzees show a strict dominance hierarchy which is led by one or a
few males (often related) that can form coalitions to strategically obtain
power at the expense of other males (Wrangham, 2018). In bonobos,
coalitions and alliances between unrelated females lead them to occupy
the top of the hierarchy which is, however, not rigidly organized or
reaffirmed by formal signals (Furuichi, 2011; Gruber and Clay, 2016;
Palagi, 2006). Recent data show that chimpanzees are strongly neo-
phobic, while bonobos are strongly neophilic and, therefore, prone to
socially interact with both ingroup and outgroup subjects with each
group maintaining its own identity (e.g., exclusive social and spatial
boundaries) (Samuni et al., 2022; Tan et al., 2017). Hence, the tolerance
of bonobos leads them to have larger fluid social spheres and higher
number degrees of freedom in social relationships compared to chim-
panzees. This does not mean that bonobos do not compete when a
conflict of interest arises, this simply means that they make less use of
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agonistic encounters or formal submissive patterns probably engaging in
more manipulative and cooperative strategies to manage their social
relationships (Wobber et al., 2010a). Differently from the sister species,
bonobos show a large repertoire of socio-sexual interactions (Anza et al.,
2021; de Waal, 1988; Palagi et al., 2020) and an exceptional propensity
to engage in social play at every age, as it has been confirmed by both
captive (Palagi, 2006, 2008, 2018) and wild data (Enomoto, 1994,
Behncke, 2015). Play fighting in bonobos is particularly evident be-
tween adult females and it covaries more with social bonds (e.g.,
grooming, body contact) than with intrinsic features (e.g., body size) or
dominance relationships (Palagi and Paoli, 2007). Hence, the relaxed
dominance interactions of females and their need to build alliances to
get power over males can be two “passports” for adult social play to
evolve in this species. The larger amount of play fighting engaged by
bonobo females is evident starting from adolescence with immature
males and females not differing in their frequency of play fighting
(Palagi, 2006; Palagi and Paoli, 2007). Similar findings have also been
reported for cooperative species in which the females have large roles in
social dominance and reproduction. Meerkats (Suricata suricatta) are a
cooperative breeder species in which females compete more than males
to gain reproductive advantages thus increasing their breeding success.
In a long-term study on wild meerkats, Clutton-Brock et al. (2006) found
that, while play fighting was well balanced between male and female
pups, as animals became adult the mixed playful sessions were more
unbalanced in favor of females that ended up on top of the male and
“won” the session. A similar example comes from spotted hyenas (Cro-
cuta crocuta). Like several primate species, spotted hyenas live in
fission-fusion societies organized in a strict nepotistic but highly coop-
erative system (Drea and Frank, 2003; Smith et al., 2007) where the
members of the clan support each other in rearing offspring (Konig,
1997), hunting, and defending territories (Holekamp et al., 2007). The
females are dominant over males and reach their high ranking status by
forming alliances with other females (Vullioud et al., 2019). The
leverage advantage of low-ranking females over the dominants can be an
important tool to manipulate power asymmetries among individuals. In
this perspective, social play can have a role in increasing social knowl-
edge between the subjects. Accordingly, adult social play is present in
spotted hyenas with frequencies higher than those observed for other
forms of play (Tanner et al., 2007). Play fighting provides opportunity to
immature hyenas to enhance their motor/physical abilities and to adults
to acquire social information on partners with whom they will have to
compete in the future. While the amount of social play in immature
hyenas did not differ between the sexes (Tanner et al., 2007), adult fe-
males have been observed engaging in play fighting more than males
(Kruuk, 1972; Fagen, 1981; Mills, 1994). Social play between adult fe-
males of spotted hyenas can reflect their need to cooperate and form
alliances for territorial defense and control over males (Vullioud et al.,
2019).

All the findings on different taxa concur to suggest that the passage
from juvenility to adulthood is critical in many mammal species (Gra-
ham and Burghardt, 2010) and during such transition it is possible that
the functions of play can shift from satisfying developmental training
necessities to manipulating social situations at least in those species
where the relationships are negotiable (e.g., high levels of tolerance,
leverage/cooperative behavior).

3.2. Proximate mechanisms: development and neurobiological correlates
of adult play

Neoteny is a heterochronic mechanism producing an underdevel-
opment of certain features (or pedomorphosis) through the deceleration
in the developmental rate (McKinney, 1998). As previously discussed,
the two congeneric apes differ in numerous aspects of their social
behavior and several authors attribute such behavioral diversity to the
heterochronic processes characterizing the development of chimpanzees
and bonobos (Brosnan, 2010; Hare et al., 2007; Rosati and Hare, 2012).
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Wobber and collegues (2010a) experimentally tested whether the
changes in social tolerance between bonobos and chimpanzees were due
to the slow behavioral development in the former compared to the
latter. Differently from chimpanzees, bonobos were prone to share food
even when it was easily monopolizable. Additionally, while chimpan-
zees became less tolerant as adults, bonobos did not change their pro-
pensity to share food as they aged, with juveniles being as tolerant as
adults. During their experiments Wobber et al. (2010a) also recorded
data on social play. In chimpanzees, they found a strong negative cor-
relation between the age of the subjects and the number of trials during
which they engaged in playful interactions; whereas in bonobos the
correlation did not reach any statistical significance. In short, under the
same experimental conditions, adult bonobos played more than
chimpanzees.

Similar findings also come from naturalistic observations. By
comparing data on social play in several colonies of immature chim-
panzees and bonobos, Palagi and Cordoni (2012) explored at which
stage of the developmental pathway the two species began to diverge.
Overall chimpanzees engaged in less social play bouts as they aged
compared to bonobos that continued to play from infancy to adulthood
(Palagi, 2018). The infants of the two species did not show any differ-
ence in their playful propensity, however, differences in the engagement
in play activity did emerge during the juvenile period, with chimpanzees
engaging in less play. In juvenile bonobos, the playful sessions lasted
longer and often included a higher number of players compared to those
of chimpanzees. The lower degree of tolerance and/or the higher level of
competition characterizing social play in juvenile chimpanzees led their
sessions to escalate into overt aggression more frequently than in
bonobos. The different ratio of competition/cooperation during play
expressed by the two species seems to reflect their physiological dif-
ferences. Wobber et al. (2010b) showed that, under food-related
competitive contexts, the hormonal responses of the two species
strongly differed, with bonobo males increasing their cortisol and
chimpanzee males their testosterone levels. The authors hypothesized
that chimpanzees viewed the competition as a means to reaffirm their
power thus leading to an increase in testosterone. In 2014, Behringer
and colleagues found that, compared to chimpanzees and humans,
bonobos show prolonged circulation of the thyroid hormone (T3) levels,
whose concentration negatively correlates with aggression propensity in
our species (Behringer et al., 2014). In this view, the temporal extension
of high T3 concentration may be one of the physiological factors
responsible of the high levels of tolerance and cooperative nature of play
in adult bonobos.

As a whole, the findings deriving from both experimental (Wobber
et al.,, 2010a) and naturalistic approach (Palagi and Cordoni, 2012)
strongly suggest that tolerance and social play covariance is sensitive to
the evolutionary changes in the development of neuroendocrine system
of these related species.

Undeniably, interesting hints come also from neurobiology. It has
been for long hypothesized that play is more likely expressed in larger
brained compared to smaller brained species (Fagen, 1981). Actually,
large brained mammalian orders have been found to play more and in
more complex ways (Iwaniuk et al., 2001). However, a within-order
species comparison did not reveal any correlation between play and
brain size. In sum, what was present at a higher taxonomic level, became
inconsistent at a lower taxonomic level (lwaniuk et al., 2001). Then, to
test for a possible covariation between the different kinds of play and the
brain components, scholars began to look at the different brain areas and
their relative sizes (Lewis, 2000; Lewis Graham, 2011; Lewis and Barton,
2004, 2006; Pellis and Iwaniuk, 2002). Through the phylogenetic
comparative approach of independent contrast, it has been found that in
primate species the relative size of striatum (Lewis Graham, 2011),
cerebellum (Lewis and Barton, 2004) and amygdala and hypothalamus
(Lewis and Barton, 2006) is strongly correlated with the rates of social
play. Cerebellum is implicated in the control of accurate cognitive and
motor skills during play fighting, striatum is involved in emotional
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reward and social play performance, and amygdala and hypothalamus
seem to be at the basis of the appropriateness of social response pro-
cesses, emotion regulation, and recognizing/mimicking others’ facial
expressions, all capacities that are essential for social play to successfully
occur (Lewis and Barton, 2004, 2006).

Focusing on bonobos and chimpanzees and comparing their neural
systems, Rilling et al. (2012) found significant differences in the neural
circuitries involved in social cognition and emotional regulation be-
tween the two species. Although the average brain volume of these apes
does not significantly differ, bonobos have higher local gray matter in
specific areas such as the right anterior insula, right dorsal amygdala,
right hypothalamus and right dorsomedial prefrontal cortex. These re-
gions are involved in the distress perception of both oneself and others
thus indicating a relevant capacity for emotional processing. Moreover,
bonobos’ amygdala is largely connected with the ventral anterior
cingulate cortex (Rilling et al., 2012) and has about twice the density of
serotonergic axons compared to chimpanzees (Stimpson et al., 2016).
Such connections are involved in the inhibition of aggressive propensity.
As a whole, the neural diversity of the two Pan species supports not only
their different emotional sensitivity, but also the higher propensity of
bonobos in engaging in peaceful and tolerant behaviors such as
socio-sexual and playful activity to cope with social tension, avoid
conflicts and restore emotional homeostasis in case of competitive in-
teractions (Clay and de Waal, 2015; Clay et al., 2018; Palagi et al., 2004,
2006).

4. “All grown-ups were once children, but only few of them
remember it”: the case of macaques

Macaques are opportunistic primates living in a variety of environ-
ments (Fooden, 1982). They form multimale-multifemale groups char-
acterized by male exogamy and female phylopatry (Thierry, 2007).
Despite the consistency of their social structure, the seminal work by
Bernard Thierry (2004) revealed that the different macaque species can
be arranged according to their distinctive social styles ranging from
tolerant to despotic. Contrary to despotic ones, tolerant macaques show
a lower level of unidirectional agonistic events (Duboscq et al., 2013), a
low asymmetry in dominance power distribution (Balasubramaniam
et al., 2012), a high propensity to reconcile their conflicts (Demaria and
Thierry, 2001), and a stronger tendency to invest in allogrooming with a
lower social preference for kin (Thierry, 2007; Thierry and Berman,
2010).

There is evidence that centralization within social networks affects
the efficiency of networks at all levels of biological systems. The more
efficient networks are those in which an optimal balance between
communication and number of connections between the different en-
tities exists (e.g., genes, proteins, cells, individuals, groups) (Oltvai and
Barabasi, 2002). By studying 24 primate species, Pasquaretta et al.
(2014) suggested that those societies showing mild differences in cen-
trality between subjects are characterized by high tolerance levels that
can translate into a better efficiency in social exchanges and commu-
nication. Looking at macaques, comparative network analyses reveal
clear differences in the distribution of power and affiliation between
tolerant and despotic species. Sueur et al. (2011) found that despotic
species’ social networks show a higher kin-dependent modularity and
that dominant individuals are more central than other groupmates in
despotic compared to tolerant species.

Hence, due to their consistency in social structure and variation in
their inter-individual relations, macaques (Macaca spp.) is another
interesting taxon serving as a natural experiment to test hypotheses on
the linkage between adult social play, tolerance and cooperation in non-
human animals. Unfortunately, there are very few studies focused on
macaque adult play thus making cross-species comparisons challenging.
However, if we look at the data available, we can realize that a possible
covariance between species tolerance levels and adult play distribution
exists. Japanese (Macaca fuscata) and Tonkean macaques (Macaca
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tonkeana) occupy the two extremes of the tolerance spectrum proposed
by Thierry (2000, 2007), with the former (grade 1) much more despotic
than the latter (grade 4). By comparing play at all ages between the two
species, Ciani et al. (2012) detected some important differences in the
expression of this behavior. In general, Tonkean macaques have been
found to be more playful than Japanese macaques (Caine and Mitchell,
1979a; Ciani et al., 2012) with larger playful cliques, which are punc-
tuated by more cooperative elements (Reinhart et al., 2010). Indeed,
both immatures and adults of M. tonkeana scored higher rates of play
fighting than M. fuscata. The adults of the two species also differed in
their partner selectivity. While adult Tonkean macaques did not show
any bias towards the age of the playmates, the adult Japanese macaques
preferred to engage in social play with immatures. Moreover, in Ton-
kean macaques, adult males and females played at comparable fre-
quencies; whereas, in Japanese macaques adult males played more than
females, which never engaged in any playful contacts with other adults
for the whole duration of the data collection (Ciani et al., 2012). A
similar result was also found in the despotic rhesus macaques, where
adults did not substantially contribute in social playing networks
compared to other age-classes (Liao et al., 2018).

As already discussed, several social factors may concur in favoring
the possible retention of a playful attitude in adulthood such as a high
degree of flexibility in hierarchical relations, the necessity of coopera-
tion by subordinates to gain shared goals (i.e., leverage), and the need to
engage in peaceful tactics to managing conflictual situations. Recent
findings on stress (measured via cortisol concentrations in the hair) in
Tonkean and in the despotic long-tailed macaques (Macaca fascicularis)
revealed an unexpected situation, with the former showing higher levels
of cortisol than the latter. Moreover, males and females of Tonkean
macaques did not show any difference in their cortisol concentrations
(Sadoughi et al., 2021). The authors discussed these results in the light of
the different dominance styles of the two species. Due to the high level of
unpredictability and fluidity characterizing their dominance hierarchy,
Tonkean macaques need to continuously test and renegotiate their social
relationships. The higher concentrations of cortisol found in this species
may reflect the instability and lack of control around social interactions.
Interestingly, the similarity in the cortisol levels found in the two sexes
(Sadoughi et al., 2021) mirrors the similarity of adult play frequency
recorded in males and females of Tonkean macaques (Ciani et al., 2012).
Some hints also come from immature rhesus macaques. Wooddell et al.
(2021) found that, in a period of high social instability, juveniles that
occupied more central positions in their social play networks also
exhibited smaller increases in hair cortisol concentrations, thus
revealing a potential stress releasing effect of social play also in imma-
ture subjects of despotic species. In short, being tolerant is costly at least
in term of emotional investment and the role of adult play can be
twofold. It can help manipulate social relationships and, concurrently,
limit stress arising from relaxed hierarchical relationships. Up to now,
we do not have any direct information about the actual linkage between
adult play and cortisol level in tolerant and despotic macaques; how-
ever, the emerging picture seems to support the emotional resilience
hypothesis according to which adult play can help navigate uncertain
and, sometimes, critical situations.

An interesting aspect to explore for understanding the maintenance
of a playful mood in adulthood is the social environment in which in-
fants grow up and the behavioral inputs they receive from the mothers
(Berman, 1982). In short, can such striking diversity in adult play pro-
pensity between tolerant and despotic species plunge its roots in the
immature period? Which is the contribution of the social environment
on the development of tolerance propensity that individuals of some
species exhibit as adults? To test if social environment modifies the so-
cial development in macaques, de Waal and Johanowicz (1993) per-
formed an experiment in which juveniles of rhesus (M. mulatta, despotic)
and stump-tailed macaques (M. arctoides, tolerant) were co-housed for
some months. The specific goal of the study was to understand whether
living together could modify the conciliatory tendency of the subjects
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belonging to species with different social styles. The authors found that,
compared to a control cohort, the propensity to reconcile conflicts
increased three times in rhesus macaques after the period of cohabita-
tion with stump-tailed macaques. The differences were not only limited
to the post-conflict sphere. The frequency of girneys, a vocalization
associated to affiliation and social play in juveniles, strongly increased
in rhesus macaques thus indicating that prolonged contacts with a
tolerant species can modify social attitude in immatures belonging to a
despotic species (de Waal and Johanowicz, 1993). This study suggests
that during the immature period a certain degree of social plasticity
exists and that macaques can adjust their behavior according to the
social inputs they receive. The infant social sphere largely varies across
the different macaque species and this is also due to the control exerted
by the mothers on infants’ movements and social contacts (Caine and
Mitchell, 1979b; Chaffin et al., 1995). Due to their intolerant propensity,
some adult group members can react in an aggressive way to the infants’
play invitations especially when they are frequently reiterated (Fagen,
1981; Flack et al., 2004), such events are much more frequent in
despotic compared to tolerant societies (Mayhew et al., 2020). In rhesus
macaques, the presence of adults inhibits social play in immature sub-
jects. Bernstein and Draper (1964) showed that when the adults were
removed from the enclosure, juveniles significantly increased their
playful contacts. Moreover, the high competitive nature of play fighting
in despotic species makes this social activity particularly risky for
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immatures (Beltran Francés et al., 2020; Petit et al., 2008; Reinhart
et al., 2010; Scopa and Palagi, 2016). For this reason, the mother often
prevents infants to interact with a large number of group members thus
leading to a strong selection in infants’ playmates. The protectiveness of
the mother depends not only on the level of the despotism of the species
but also on her hierarchical status (Liu et al., 2022). In tolerant societies,
mothers are more relaxed and allow their infants interacting with a
variety of group members including unrelated adults (Ciani et al., 2012).
The low level of mother’s protectiveness contributes creating many
playful opportunities for the immatures to develop those cognitive (e.g.,
fine modulation of communication, Scopa and Palagi, 2016) and
emotional abilities (e.g., coping with stress, Sadoughi et al., 2021)
necessary to react in a resilient way to uncertain situations that are
typical of tolerant societies (Fig. 2).

5. As little as necessary: adult play to navigate uncertain social
situations

There is the widespread idea that if a population expresses play
behavior at low frequencies and only under specific circumstances it
probably does not have any significant function in drawing the socio-
ecology of a species. In ring-tailed lemurs (Lemur catta), female sexual
receptivity covers about 72 h per year and during such a handful of
hours all the copulations take place (Jolly, 1967). Therefore, females
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Fig. 2. Graphical abstract showing how social tolerance characterizing a given taxon can affect the social development of infants through the level of protectiveness

of the mothers. The cases of the Macaca genus. Drawings: Fosca Mastrandrea.
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spend about 0.83% of their time in mating per year and it is clearly an
overestimation because copulas do not obviously cover all the period of
receptivity. Despite its extremely low frequency, nobody could argue
that the behavior is not crucial for the species. While the importance of
copulations appears immediately clear to the eyes of an observer, the
importance of play (especially in adults) is much less intuitive and leave
many researchers highly skeptical about its real functions (“[...], l’ess-
entiel est invisible pour les yeux.”, de de de Saint Exupery, 1999, p. 76).
The first of the five criteria listed by Burghardt (2005) to define play
behavior reads as follow: “[...] the performance of the behavior is not fully
functional in the form or context in which it is expressed; that is, it includes
elements, or is directed toward stimuli, that do not contribute to current
survival” (p. 71). The first criterion is certainly challenging and poses one
of the main obstacles that often demotivates researchers to embark on a
path of studying this behavior. However, there is a growing number of
curious researchers who decided to explore the so called not-obvious
functions of adult play (e.g., Asensio et al., 2022; Ciani et al., 2012;
Cordoni and Palagi, 2016; Norscia and Palagi, 2011; Palagi, 2006, 2008;
Paulos et al., 2010; Pellis and Iwaniuk, 1999, 2000).

Coming back to ring-tailed lemurs, some observations carried out in
captive groups revealed that immediately before their restricted repro-
ductive period, during which females increase their tolerance levels
towards males, adult-adult play fighting was present in both sexes
(Palagi, 2009). Males preferred other males as playmates and, at dyadic
level, play fighting negatively correlated with real fighting thus sup-
porting the hypothesis that play can be a substitute of overt aggression in
a period of high male intra-sexual competition. Interestingly, during
their playful interactions with females, adult males engaged in high
levels of tail-play, a signal indicating appeasement and submission dur-
ing courtship (female are always dominant over males in this species,
Jolly, 1967). Interestingly, such signal was rarely displayed during play
sessions involving two males. Therefore, despite the little amount of
time spent playing by lemurs, their flexible use of tail-play indicates that
male-male and male-female playful interactions have diverse functions:
assessing others’ competitive abilities in the former and testing females’
motivation to mate in the latter.

Play fighting between adult males is also present in another lemur
species, the tolerant sifaka (Propithecus verreauxi) (Antonacci et al.,
2010). During the mating season, adult males roam from one group to
another to maximize their reproductive opportunities. The first en-
counters between out-group and resident males are characterized by
weak agonistic contacts that decrease immediately after the first
inter-group play session. In a consolidated group, the presence of new
incomers introduces a certain degree of uncertainty which residents
need to cope with. Although limited to few days during the reproductive
period, play in wild adult sifaka represents an important ice-breaker
mechanism allowing subjects to assess their own and others’ abilities
and overcome tense situations thus limiting the risk of overt aggression.
Actually, after engaging in playful interactions the out-group males
appeared well integrated in the group, they spent time in proximity with
other males and copulated with the females without receiving any at-
tacks from the resident males (Antonacci et al., 2010).

Socioecological factors are fundamental to explain the presence of
adult play and interpret the potential functions of such ephemeral
behavior not only at a species but also at a group level. A recent study on
wild mantled howler monkeys provided interesting information (Asen-
sio et al., 2022). By studying several groups of two subspecies of Alouatta
palliata (A. p. mexicana and A. p. palliata), Asensio et al. (2022) found
that despite its low level (0.61% of the observation time), adult play can
fulfil a significant function in this species. Play in general increased with
group size and adult-adult play was more represented than
adult-immature play. In howler monkeys, both males and females leave
their natal groups at sexual maturity and this dispersal dynamic con-
tributes to form groups mainly made up of unfamiliar subjects
(Arroyo-Rodriguez et al., 2008) that continuously need to test their re-
lationships to maintain group cohesion. Since allogrooming (hereafter,
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grooming) is rare in this species (Crockett and Eisenberg, 1987), this
may have led to engage in other forms of interactions to build social
bonds. It is therefore possible that adult-adult play can function as a
substitute of grooming in this South American primate species (Asensio
etal., 2022). Interestingly, the analysis also revealed that the time adults
spent foraging was positively correlated with the time spent playing. The
authors explained this finding in the light of socioecological factors
characterizing the species. The A. palliata society is not organized ac-
cording to strict dominance rules, with group members showing high
level of tolerance and low aggression rates even when they need to face
conflict of interest generated by clumped food resources (Cristoba-
l-Azkarate et al., 2004). The correlation between the time spent playing
and feeding suggests that adult play can have a role in negotiating
resource distribution especially during highly competitive situations. In
A. palliata, this is particularly true for adult females that, being more
exposed to intra-group food competition compared to males (Isbell,
1991), frequently engage in play with other adults to reduce tension
around food. Similar findings have been also reported for captive adult
bonobos that, by intensively playing just before feeding time, are more
prone to peacefully share food once it has arrived (Palagi et al., 2006).
Therefore, in some cases, play serves to make animals more tolerant
during situations characterized by marked conflict of interest and
potentially risky.

In their interesting paper on the role of adult play in domestic and
captive mammal species, Blois-Heulin et al. (2015) defined adult play as
a “false friend” and stated that it cannot be considered a good indicator
of welfare. Actually, play in adults seems to be effective not only in
avoiding arousal escalation and overt aggression, but also in releasing
anxiety and re-establishing emotional homeostasis accumulated during
stressful periods or after a perturbing event (Norscia and Palagi, 2011;
Palagi and Pellis, 2022; Pellis and Burghardt, 2017). Important findings
coming from the same French research group (Hausberger et al., 2012)
suggest that in horses (Equus caballus) adult play increased as the ani-
mals experienced higher level of stress measured by both behavioral (e.
g., aggressive propensity against humans) and physiological indicators
(e.g., plasmatic cortisol concentrations, oxidative stress). Probably play
in adults, although at low frequency, can also foster emotional resilience
in response to unfavorable conditions. In conclusion, if we want to use a
medical metaphor, there is increasing evidence that adult play is effec-
tive to manage social situations and regulate emotional states even at
low doses, depending on the modality and timing of “administration”.

6. Adult play as an evolutionary convergence trait: looking at
social carnivores in the wild

Primates and social carnivores show a certain level of behavioral and
cognitive convergence (Holekamp and Benson-Amram, 2017). Since the
two taxa are phylogenetically distant with a shared common ancestor
probably living about 100 Myr ago (Springer et al., 2003), due to their
playful life style, some carnivore species are a good model to explore if
and how social living has favored, in an independent way, the persis-
tence of play in adulthood and its possible linkage with cooperative
propensity among group members. Despite only a handful of specific
studies is available on adult play in carnivores, there are some evidence
and observations suggesting the importance of this behavior in man-
aging different aspects of social life and, again, the level of tolerance and
cooperation seem to make the difference.

In a study on the development of infant spotted hyenas, Drea and
colleagues (1996) found that the propensity to aggression in cubs starts
decreasing concomitantly with the emergence of social play which is
intrinsically different in its modality from real aggression. Contrary to
real fighting, that was highly unidirectional, play fighting was charac-
terized by a high level of reciprocity with dominant and subordinate
cubs inviting each other at similar rates. The mother frequently inter-
vened to interrupt the true aggressive interactions, but never during play
fighting (Drea et al., 1996; Nolfo et al., 2021). In hyenas, play fighting is
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the gate to the social life of the pack and during this transition the cubs
are not always main characters with adults playing an important role
too. In the Makalali Reserve (South Africa), Nolfo et al. (2021)
demonstrated that juvenile and adult hyenas spend a similar amount of
time in playful activities. The play invitations between juveniles and
adults were strongly reciprocated thus suggesting that the motivation to
play is age-independent in this species. The playful propensity of adults
was also confirmed by the presence of adult-adult spontaneous playful
sessions that never escalated into real aggression, a clear sign that ani-
mals are able to synchronize their motor actions (Nolfo et al., 2021) and
finely communicate their non-harmful intents (Nolfo et al., 2022). An
accurate frame-by-frame video-analysis revealed that the high levels of
competition characterizing hyenas’ playful sessions positively corre-
lated with their duration: the higher the arousal, the longer the duration.
This led the authors to hypothesize that in a species living in despotic
and nepotistic systems, play is not only a means for cubs to enter the
clan, but it is also used by adults to reciprocally test their social relations
and lay the foundation for future alliances and cooperation (Nolfo et al.,
2021). In a long-term study on captive hyenas, Glickman et al. (1999)
found that play positively correlated with greeting ceremonies, a ritu-
alized behavior used to renovate the relationship after a period of sep-
aration (Mills, 1994). Similar data on the connection of juvenile and
adult play come also from Indian Ocean bottlenose dolphins. Juveniles
of this species engage in male-male sexual play, a playful trait which is
maintained into adulthood. This peculiar type of play seems to translate
into the formation and maintenance of life-long alliances between males
(Mann, 2006). The function of play as a gate to navigate new social
situations emerges also from the observations on another African
carnivore: the African wild dog (Lycaon pictus). The species lives in packs
(2-20 individuals, Maddock and Mills, 1994) which usually consist of
one dominant reproductive pair and a cooperative system of pup rearing
by all group members (Estes and Goddard, 1967; Malcolm and Marten,
1982). The wild dogs are also extremely cooperative in hunting and
express a quasi-linear hierarchy with clear-cut dominance relations
within each sex determined by ritualized displays or mild aggression at
least under periods of social stability (Creel et al., 1997; de Villiers et al.,
2003). To avoid inbreeding, both males and females leave their natal
group (Frame and Frame, 1976; McNutt, 1996; Woodroffe et al., 2020).
In this species, adult play represents a passport for entering the new
pack. In a study carried out in the Serengeti National Park, Frame et al.
(1979) studied the dynamics of group formation and followed some
events of male and female primary migration. When the migrating fe-
males entered the new pack, they solicited resident males to play by
roughly pawing and resident males responded to such invitations with
defensive gestures, but never engaging in overt aggression. The behavior
was similar in the case of male migration. Resident females directed play
invitations to the new males that reacted with ano-genital sniffing or
mounting. These observations strongly suggest that, in African wild
dogs, adult play functions as a mechanism facilitating migration and
transfer (ice-breaker mechanism) as it occurs also in some primate
species (sifaka, Antonacci et al., 2010; howler monkeys, Asensio et al.,
2022).

A further convergent trait characterizing adult play in both primates
and social carnivores is its celebrating function to synchronize group
activities and increase the probability to cooperate. As already stated,
there are evidence that in both great apes and monkeys adult play peaks
just before feeding. In captive bonobos, those dyads engaging in play
sessions before food distribution are also those eating together and
sharing food in a relaxed way (Palagi et al., 2006). In African wild dogs,
Estes and Goddard (1967) observed that adult play is common during
the daily activities of the pack and that it punctuates all the stages of a
hunting event. For wild dogs, hunting is a choral event during which
each member of the group, independently from its own ranking position,
needs to contribute to maximize the probability of success (van Lawick
and Goodall, 1970). The hunting preparatory phase starts with one or
two adult individuals inviting others to play, after short time, all the
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dogs are involved in play fighting and chasing each other. Once the
playful climax is reached, all the members of the pack start twittering
thus communicating their collective agreement to start hunting. The
hunting attack can often be interspersed by short time intervals, during
which the dogs renovate their agreement by short playful interactions
and trotting together. Play is also present at the end of hunting, when the
animals are fully satiated. Due to the African wild dogs’ playful attitude
(“Apart from a certain amount of play and other social activities shortly
before starting to hunt and immediately after feeding, pack members were
usually active only while actually hunting”, Estes and Goddard, 1967, p.
56), it is not surprising that adult play can be a regulator of the pack
activity by favoring collective decision making and, thanks to its sym-
bolic meaning, renovating cooperation among groupmates.

Another carnivore species in which adult play seems to serve as
regulator of social dynamics is the dhole or the Asiatic wild dog (Cuon
alpinus) (Fox, 1984; Johnsingh, 1982). Dholes live in fluid packs made
up of a variable number of subjects ranging from 5 to 25 individuals
depending on the different sites (Durbin et al., 2004). The species is
characterized by a certain level of social complexity with mild hierar-
chical relationships between subjects although a dominant reproductive
pair is present (Fox, 1984). All the pack members regularly participate in
hunting activities, play together and rarely engage in severe aggression
(Durbin et al., 2004). Sometimes different packs form larger aggrega-
tions and during such periods they have been observed playing but
rarely hunting together (Fox, 1984). This tolerant behavior strongly
resembles that expressed by wild bonobos when subjects belonging to
different communities meet each other (Behncke, 2015). In dholes as
well as in African wild dogs, adult-adult play is a ritualized behavior that
helps synchronizing mood around hunting activities (Fox, 1984; John-
singh, 1982). Adult-adult play, which involves same-sex and mixed-sex
chasing, ambushing, and mounting, precedes and follows both suc-
cessful and unsuccessful hunting events. Moreover, as for spotted hy-
enas, adults spend time playing with other adults and cubs at the dens
(Johnsingh, 1982). Therefore, although few data on social behavior of
this species are available, play seems to be an important part of the
dholes’ life tolerant style: “[...] Play is a way of coming together and
staying together for a time, a means of reaffirming friendships and consoli-
dating social bonds. It is stimulating too, not only physically but in the
countless variations and repetitions of sequences that can be created. It is like
dancing, where two or more animals sharing the same mood take up the same
cadence for a while until one sets up a new rhythm, a different pace, a new
variation to the game. Animals that play together stay together; it perhaps best
exemplifies the unity of a family or clan and is one of the most beautiful things
to observe in the wild.” (Fox, 1984, p. 101).

7. Conclusive remarks: intellectual humility and open minds

Humans are playful animals. Playing is a highly rewarding activity
which makes us feel better, both emotionally and physically, especially
when it occurs between family members and friends (Pellegrini, 2010).
No doubt that free play in our species is the expression of joy and so-
ciality that is helpful to build social relationships. In a recent study
carried out via a social network approach, Lira et al. (2021) demon-
strated that free social play increases group cohesiveness and mitigates
ethnic group avoidance in children.

Social play can have a more or less important social roles as a
function of the different human cultures we take into consideration
(Boyette, 2019; Gray, 2009, 2014). It has been argued that free social
play has a role in restraining aggression thus favoring cooperation also
in our species (Fry, 2014). Such assumption is supported by the evidence
that the persistence of free play in adulthood covaries with the levels of
hierarchical relationships characterizing different human social groups,
with more tolerant and cooperative societies showing higher levels of
adult social play (Gray, 2014). Another evolutionary convergence, this
time apparently involving culture and biology. But is this traditional
dichotomy real? Hunter-gatherer societies live in small, nomadic and
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“politically acephalous groups that subsisted primarily by gathering wild plant

foods and hunting wild animals” (Boyette, 2019, p. 302). If we look at the
egalitarian hunter-gatherer systems, it appears clear that adult play is a
means to converge on the most important collective decisions for the
group, in the same way we can find in non-human primates (Asensio
et al., 2022) and social carnivores (Estes and Goddard, 1967; Johnsingh,
1982). In hunter-gatherer societies, playing together means reducing
aggressive tendencies (Fry, 2014) and acting cooperatively (e.g., hunt-
ing, rearing offspring, food sharing, Gray, 2014) thus reaching shared
goals with a lower energy expenditure. This lifestyle translates into an
increased survival probability and a higher fitness at an individual level.
In this societies, there is no space for cheaters or aggressive individuals
that tend to have a marginal role in the group thus contributing less in
the gene pool (Gray, 2014). That is how the boundaries of cultural and
biological evolution of play vanish. For this reason, if we want to really
understand the role of adult play in the evolution of tolerant and
cooperative societies, we need to comparatively study the phenomenon
in human and non-human animals by applying similar conceptual and
methodological approaches. From an intellectually humble perspective,
understanding how non-human animals can manage the complexity of
their social life will redefine our place in nature.
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