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ABSTRACT

Rough-and-tumble play (RT) is a widespread phenomenon in mammals. Given that it involves
competition, whereby one animal attempts to gain some advantage over another, RT runs the risk of
escalation to serious fighting. Even though the competition is typically curtailed by some degree of
cooperation, a variety of signals help to negotiate potential mishaps during RT. This review provides a
framework for such signals, showing that they range along two dimensions: one from signals borrowed
from other functional contexts to ones that are unique to play, and the other from purely emotional
expressions to highly cognitive constructions. Some lineages of animals have exaggerated the inter-play
between the emotional and cognitive aspects of play signals, yielding admixtures of communication that
have led to very complex forms of RT. This complexity has been further exaggerated in some lineages
by the development of play specific novel gestures that can be used not only to negotiate playful mood
but also to entice reluctant partners. These play-derived gestures may provide new mechanisms by
which more sophisticated forms of communication can evolve. An example in our own lineage may be
the transition from manual gesturing to verbal speech. Therefore, the sophisticated versions of RT and
playful communication provide a window into the study of social cognition, emotional regulation and

the evolution of communicative systems.
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INTRODUCTION

Defining play is a difficult matter. Compared to so-called “serious” behavior patterns, whose
modalities and functions are more easily detected, play remains an intriguing challenge. Burghardt
(2005, 2011) developed five criteria to identify play. Play is behavior that is not completely functional in
the form or context in which it is performed because it does not seem to contribute to current survival
(first criterion). Play is spontaneous, voluntary, intentional, pleasurable, rewarding, reinforcing, or
autotelic (“done for its own sake”) (second criterion). Compared to other ethotypic behaviors, play is
incomplete, exaggerated, awkward, or precocious and it generally involves patterns modified in their
form, sequencing, or targeting (third criterion). During a play session, the behavioral pattern is
performed repeatedly but not in a manner that is rigidly stereotyped (fourth criterion). Play is initiated
when animals are relatively free from environmental and social stressors (fifth criterion).

Beyond its definition, among all social activities, social play stands out for its versatility,
plasticity, and unpredictability (Fagen 1993; Burghardt 2005, 2012; Spinka et al., 2001; Palagi et al.,
2007). Nonetheless, social play does follow rules that, if violated, can lead to serious aggression (Pellis
& Pellis 1998a; Pellis et al., 2010). While rules are followed in both free play (e.g., play fighting) and
structured games (e.g., rugby matches), the nature of the rules differs (Power 2000, Burghardt 2005).
Structured games, unlike free play, are built on a priori and written rules and the participants have to
follow such pre-set rules to avoid being penalized in some form. In animal and child "free play" rules
exist and are often based on instinctive and neural mechanisms, but they are not formalized and fixed
(Pellegrini 2009). Each new play session is a new item on the agenda during which the ‘rules’ are
continually being redefined. Partners, age, context, physical and emotional states, etc. are continuously
shifting. Thus, the formulation and application of such hic et nunc codes depend on vast arrays of

variables that can change continuously. Indeed, the rules are rearranged and re-negotiated as a function
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of the players involved (gender, rank, age, size, kin) and the kind of play performed (tickling,
locomotor-rotational activities, fighting). Finally, unlike structured games where the rules may be
enforced by a third party (e.g., umpire), during free play, not only are the rules negotiated by the
participants, but so is the enforcement of the agreed upon rules. Therefore, managing new playful
interactions requires sophisticated and complex communicative skills - skills which themselves may
need to change as a play bout unfolds. Thus, social play involves considerable communicative effort,
improvisation, strategic timing, and creativity. For these reasons, play may be more mentally demanding
than engaging in many other non-aggressive behavioral contexts. Indeed, comparative studies of
primates have shown that those species that engage in more social play also have an enlargement of
several of the brain areas involved in regulating play. No such species differences in brain size exist
among species that differ in the amount of non-social (solitary) play (Graham and Burghardt 2010).
Because of these demands on flexibility and improvisation during social play, this behavior has been
hypothesized to be the engine of much behavioral innovation (Fagen 1993). For the present purpose, we
suggest that it is also the reason why social play is an ideal context to study communication and

cognition.

1. Why communication is fundamental for rough-and-tumble (RT) play

Social play, especially in its complex forms focused on here, is intimately associated with
communication. Indeed, play communication, we argue, may be among the most complex
communication system seen in nonhuman and human animals. In its most elemental form,
communication can be characterized as a behavior in which it is to the real or perceived advantage of the
signaler (or the signaler’s group) for it to get its message across to another organism (Burghardt, 1970).

The prolonged reciprocal interactions that occur during play involve a situation in which the players are,
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often simultaneously, both signalers and receivers. Often dyadic in nature, play that involves teams (as
in the aforementioned rugby match) incorporates the broader aspect of the definition of communication
given above.

Rough-and-tumble (RT) is, arguably, the most complex form of social play in animals, including
children, because it involves physical contact between partners and may include patterns typical of real
fighting. Although there are rules of interaction that differ between RT and its serious counterparts
(Pellis et al. 2010), many ambiguous situations arise, such as when a playful attack occurs unexpectedly.
In such cases, additional information, such as that provided by particular signals, are important (Aldis
1975). Although not invariably unambiguous themselves (Pellis and Pellis 1996, 1997), in many
circumstances such signals can reduce the uncertainty arising from contact during play (Palagi 2008,
2009). Specific actions, gestures, gaits, vocalizations, facial expressions, and even odors may
communicate the playfulness of a potentially dangerous act (Fagen 1981, Bekoff 2001a, Palagi 2006).
Signals can help to avoid escalation to real aggression and may prolong play (Burghardt 2005, Waller
and Dunbar 2005, Mancini et al. 2013a). Bekoff (1995) stressed the importance of play signals as
"punctuation” during playful interactions, especially when play includes elements of hostility. Moreover,
communicative signals can also have a major role in expressing positive emotions, which can make the
session pleasurable and rewarding for the players (Kuczaj and Horback, 2013). In this view, managing a
playful interaction successfully can favor the development of cooperation beyond the play session itself
(Palagi and Cordoni 2012).

RT uses both movements and signals recruited from other functional behaviors (e.g., predatory,
antipredatory, mating, intra-species agonism) (Bekoff and Byers 1981; Fagen 1981, 1993; Pellis 1988)
and others exclusive to play (Petra et al. 2009). Examples of the former are chasing, pouncing (derived

from fighting) and lip-smacking (derived from grooming). Examples of the latter are canine play bows
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(Bekoff 1995), head rotation (Petra et al. 2009), tickling (van Lawick-Goodall 1968), vocalizations
(Rasa 1984) and play faces (Pellis and Pellis 1997, Palagi 2008) (Figure 1).

Communication during RT can also vary along another dimension. At one extreme are behaviors
such as facial expressions that occur independently of the actions of the partner, and so appear to be
primarily determined by the emotional state of the performer (Cordoni and Palagi 2011; Pellis et al.,
2011). At the other extreme are movements, such as hand gestures in great apes, which the animals use
in contexts where they appear to be soliciting the attention of a potential play partner, and so are closely
linked to the behavior of the partner (Horowitz, 2009). Other signals fall in-between these extremes
(Figure 1). In practice, many play behaviors may fall closer to the middle of one or the other of these
dimensions. This framework is useful because it includes many different aspects of play communication,
some of which have ancient evolutionarily roots and are, therefore, shared among many species
(plesiomorphic), as well as others that take highly variable forms across different species (apomorphic).
This inclusive approach facilitates cross-species comparisons and identification of homologous and
derived/convergent processes in the evolution of play. Although RT, play fighting, and tussle play have
been described in many eutherian and marsupial mammals as well as in other vertebrates, including
birds and frogs (Burghardt, 2005), here we focus on the extensive research available on the most

commonly studied mammalian taxa: rodents, carnivores, non-human primates, and humans.

2. RT communication patterns recruited from other functional behaviors

The incorporation and elaboration of communication signals across functional behavior systems is
well known in the contexts of feeding, courtship, agonistic attack/defense, and parent-offspring
interactions, and was termed ritualization by the early ethologists (Cullen 1966, Thorpe 1966,

Burghardt, 1973). That play behavior may both recruit the use of ritualized behavioral elements and also
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provide the source for other ritualized behavior has not been sufficiently recognized (Burghardt, 2012)
and thus merits increased research attention.

During serious fighting animals use tactics of attack to deliver blows or bites and use tactics of
defense so as to block those strikes. Moreover, attacking animals face the threat of retaliation, as a
successful parry can be followed by a counterattack by the original defender (Geist 1978). To effectively
attack while minimizing the likelihood of retaliation, offensive maneuvers frequently incorporate a
defensive component (Pellis 1997). The situation is different in RT: for RT to remain playful it has to
sometimes be reciprocal, so the animals’ maneuvers often work to facilitate role reversals (i.e.,
successful counterattacks) (Pellis et al. 2010). To do this, rats, monkeys and other species will playfully
attack, but do so without an associated defensive component, and this leads to an increase in the
probability of a successful counterattack by the recipient of the attack, and so a role reversal (Pellis and
Pellis 1998a).

Rodents. During RT, rats attack and defend the nape of the neck, which if contacted is nuzzled
with the snout (Pellis and Pellis 1987, Siviy and Panksepp 1987). As juveniles, the most common tactic
to block the attack to the nape is to roll over to supine, pressing the nape against the ground and using
the forepaws to fend off further attacks. The attacking rat, in turn, stands over the supine partner, using
its forepaws to restrain the partner while maneuvering to gain access to the nape (Pellis and Pellis 1987).
Leverage to control the supine partner is provided by keeping the hind legs firmly planted on the ground,
yet juveniles will frequently interject a self-defeating movement when in this on-top position. They will
stand on the squirming supine partner with all four feet, compromising their postural stability (Foroud
and Pellis 2002, 2003). Indeed, when the supine partner lunges up at the other’s nape, the probability of

a successful role reversal (so that the animal standing on top ends up on its back) is about 30% when the
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partner’s hind feet are anchored on the ground, but jumps to over 70% when standing with all four feet
on the supine rat (Pellis et al. 2005).

But not all species appear to be so restrained in the use of offensive tactics during RT (Thompson
1998). Some species, such as the South American rodent, the degu (Octodon degu) combine defense
with attack in play as well as in serious fighting, yet play fights do not proceed to all out fighting. This
species appears to use a different strategy to ensure playful reciprocity — once an attack tactic is
successfully delivered, the performer does not follow this up with further attack, but rather stops, and
allows the recipient to recuperate and counterattack (Pellis et al. 2010). In serious fighting a successfully
delivered attack is followed by further attack. There are, then, a variety of ways in which species have
evolved strategies for ensuring reciprocity (Pellis et al. 2010). In rodents, with a paucity of play signals
(see below), the role of postural and movement-related facilitators of play is probably greater than in
lineages with a richer repertoire of play signals. Thus, in rats, the fighting movements performed during
play incorporate self-handicapping postures, and in species like the degu, play facilitating postures can
be performed after a successful attack (Figure 1).

Carnivores. Domestic dog RT involves several different types of movements (Bauer and Smuts
2007, Handelman 2008), which are not strict categories, since elements from any one type may be
included in or interspersed with other types. RT among adult wolves has not been systematically
described, but it appears to involve all of the play behaviors shown by dogs and, probably, a few others
unique to wolves (Cordoni 2009). In two five-week old wolf cubs, contact games are mainly
characterized by softly biting the partner's ears, cheeks, limbs, and tails; after the second month of age,
the bites are primarily directed towards the throat and shoulders combined with shake movements,
embracement, and pouncing (Feddersen-Petersen 1991). A similar ontogenetic shift in play biting

performance can be observed also in polecats (Mustela putorius) (Poole 1978). For wolves, the first



175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

four-six weeks of life are also characterized by high frequencies of games involving mimicking, during
which the two cubs imitate each other’s facial expressions (muzzle-wrinkling, lip-retraction) without
being in physical contact (Feddersen-Petersen 1991). In contrast to wolves, for poodles, games in which
they mimic one another mainly involve playful communication in the acoustic modality (e.g. bark
games). This form of acoustic play reaches its peak during the fourth month of life (Feddersen-Petersen
1991).

Drea et al. (1996) found that in spotted hyenas (Crocuta crocuta) playful bites lasted longer
compared to ones performed during aggression and were never associated with rapid side-to-side head
shaking. Coyotes (Canis latrans) punctuated their vigorous play sessions with patterns recruited from
the affiliative behavioral repertoire (e.g., tail wagging) (Way 2007). All these findings clearly show that
the plasticity (e. g., modality, intensity, body targets, duration, and timing) characterizing the
performance of patterns recruited from other functional contexts may in itself represent a playful signal.
Such plasticity appears to be lacking in the play of golden jackals (Canis aureus), which is highly
stereotyped and has a paucity of communicative elements; in fact, during the first four-six weeks of life,
play fighting in cubs frequently escalates into serious fighting (Feddersen-Petersen 1991).

Henry and Herrero (1974) described RT in young wild black bears from the ages of four months to
four years. In low intensity RT, bites were quickly released or performed without contact. Moreover,
these authors pointed out that social play in young bears includes many motor patterns also
characteristic of canid play, including the play face, face-pawing, neck-biting in an attempt to push the
partner over, placing the front paws on the partner's back or shoulders, and rearing up on the hind legs
facing the partner accompanied by paw-sparring.

Nonhuman primates. Most of the research on RT and playful communication on primates has been

conducted on monkeys and apes (haplorrhines). However, data from a wider array of primate taxa are
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needed for a more comprehensive understanding of the possible roles of play communication and the
cognitive skills required supporting such communication (Armstrong 1985). Lemurs, which are
relatively small brained, form an independent primate radiation and represent the most ancestral group-
living primates (Tattersall 1982). Comparing lemurs to the haplorrhines is especially useful because
these two distantly related primate groups share basic features of natural history. The ringtail lemur
(Lemur catta) is a diurnal and highly terrestrial species, which forms multimale/multifemale social
groups characterized by strong female dominance and male dispersal (Jolly 1966). The tail of this
species, with its white and black rings, is used to communicate and regulate many aspects of social life.
The "stink fights" engaged in by males during their agonistic interactions are the most striking example
(Jolly 1966). Males place their tails between the legs and upward in front of the torso and anoint them
with the secretion produced by specialized antebrachial glands on wrist and forearm (anoint-tail). Then,
the animal may repeatedly flick the tail downward over the top of its head to spread the odor secretion
(wave-tail). During the agonistic wave-tail pattern, with his ears flattened against the top of his head, the
male faces and gazes at the opponent. Mature males also anoint and wave their tails toward females as
signals of appeasement or even submission during courtship (solicitation of copulation; Jolly 1966).
There is also a playful version of the communication pattern involving tail use (Jolly 1966): a good
example of a pattern recruited from other functional contexts to communicate during play.

During RT, ringtailed lemurs anoint their tails neither facing the playmate nor even gazing at the
playmate (tail-play). Infants begin to perform tail-play during the weaning period (about 6 months;
Palagi et al. 2002). Analysis of the dynamics of RT in juvenile ringtail lemurs indicates that such play
strongly resembles real aggression (Pellis and Pellis 1997). In a number of species, adult RT has been
reported to be rougher, having a greater likelihood of escalation into serious fighting (Fagen 1981, Pellis

2002, Palagi and Cordoni 2012). However, the low levels of escalation found in lemurs (Palagi 2009)
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suggest that ringtailed lemurs are able to cope with possible ambiguous situations, with tail-play
probably having a role. During play, males generally direct tail-play mostly toward females, which can
be very aggressive towards them (Jolly 1966). Hence, playing with females may be particularly risky for
males, who need to clearly signal their own “playful intentions” to avoid misinterpretation. Ringtailed
lemurs also frequently use tail-play when playing with less-familiar group members (as determined by
low grooming rates). When play occurs between potentially dangerous partners, RT is often
characterized by a redundancy of signals (Bekoff 1974, Henry and Herrero 1974, Power 2000). In fact,
RT between two individuals, which socially interact at a very low frequency, may be particularly unsafe
due to the limited information (physical strength, self-handicapping skill, and movement rapidity) they
have about each other. Social play is often contagious, and so can attract additional partners leading to
multi-animal bouts of play (Hayaki 1985; Miklosi 1999). Managing polyadic sessions may be
considered as especially challenging, making the appropriate use of communication particularly
important. The hypothesis seems to be supported by the prominent use of tail-play during polyadic
sessions among adult ringtail lemurs. In conclusion, tail-play may represent a useful tool for
communicating the motivation to play in this species (Figure 1).

Humans. In humans, structural descriptions of play have focused on three main characteristics:
exaggeration, sequence variability and incompleteness (Pellegrini 2009). Specific body movements
alone, like running and jumping, are not necessarily indicative of play. Instead play movements are
recognized when associated with a constellation of features, for example exhibiting a play face while
jumping, running in an exaggerated manner (e.g., leaping strides), or running with a variable sequence
(e.g., zig-zagging). Incomplete body movements, like punching near a play partner’s arm but not
actually making contact, are also used to communicate during play. Blurton Jones (1972), in an

observational study of 2- and 4-year-olds, found in a factor analysis that the RT play factor had high
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loadings for laughing-play face, run, jump, hit at, and wrestle. RT play was not associated with
aggression, and the aggression factor had high loadings for different body movements including hit,
push, and take-tug-grab. Unfortunately, body movements involved in play have not been a major focus
of research among humans. While human ethologists (see Blurton Jones 1972) initially focused on the
movements performed by children when playing, most contemporary research on the play of children

has focused less on the structural components of play and more on its social aspects.

3. RT communication patterns exclusive to play

RT varies in complexity across species (Pellis and Pellis 1998b). More complex RT seems related
to more complexity in the specific play signals used to manage play sessions in some lineages, such as
in Primates and Carnivores (see below).

Rodents. In rodents, irrespective of the complexity of play, there is little evidence for the existence
of specific play signals. There has been the suggestion of a play specific odor in one species of vole
(Micotus agrestis) (Wilson 1973) and during RT rats emit 50 kHz vocalizations (Knutson et al. 1998).
However, play-specific odors have not been confirmed in other species, and the use of 50 kHz
vocalizations is not restricted to play, but rather these calls are emitted in a variety of positively affective
situations (Burgdorf et al. 2008). It has yet to be determined whether these calls are performed
specifically to solicit play or are simply a reflection of positive mood. More typically associated with
play in rodents is the presence of locomotor-rotational movements (van Oortmersen 1971, Pellis and
Pellis 1983), which, like the case for bonobos (see above), appear to stimulate playful activity in the
observer. Indeed, playfulness in one rat is contagious, making other animals engage in more play even if
they have ceased playing due to fatigue or satiation (Pellis and McKenna 1995; Reinhart et al. 2006).

Carnivores. The play bow is the most familiar carnivore specific play signal. The performer bows

in front of the playmate while wagging its tail and play panting (breathy exhalation) (Bekoff 1995). Play
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bow is shown by most canids as well as by lions (Schaller 1972) and, surprisingly, by Arabian babblers
(Turdoides squamiceps) (Pozis-Francois et al. 2004). An anecdotal report on wolves illustrates the
importance of the play bow as a signal to promote friendly contact (Stahler et al. 2002). A 2.5 year old
male (#21), from a neighboring pack, attempted to join the all-female Druid pack. Male #21 followed
the Druid females and firstly interacted with a nearly full-grown pup by wagging its tail and eliciting
several play bows in response. Next the alpha female approached #21 and she play bowed three times.
About one hour later the beta female approached #21 for the first time by sniffing his neck and play
bowing several times. Then the alpha female started jumping around #21 by giving a series of play bows
too. Wolf #21 remained with the Druids as their alpha male for the rest of his life. Thus, the Druid
females used play signals both during their initial interactions with the unfamiliar male and also,
apparently, as "acceptance” signals as their interactions became more intimate.

Many carnivores also display facial signals during play. Young black bears (Ursus americanus)
exhibit a puckered-lip facial expression and a distinctive ear posture (‘crescent ears,' in which the pinnas
face to the side and stand out perpendicularly from the side of the head). Head butting, play nipping and
a relaxed, open mouth also seem to function as play signals. Five different ear postures were shown
during RT in black bears, including flattening of the ears, which occurred when RT became more
intense; this signal usually terminated play (Henry and Herrero, 1974).

Fox (1970) described the early development of play faces in grey (Urocyon cincreoargenteus), red
(Vulpes vulpes) and arctic (Alopex lagopus) foxes as well as in coyotes (Canis latrans) and wolves
(Canis lupus). He emphasized "...that the facial expressions of the wolf and coyote are much more
variable and show greater degrees of graduation...in contrast to the more stereotyped and less variable
expressions of the foxes" (p. 59). Domestic dogs clearly illustrate this graduation in intensity of the

canine play face. At low intensity, the mouth is relaxed, so that only the upper parts of the frontal lower
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teeth are visible. At a slightly higher intensity, the mouth is opened wider so that most or all of the
bottom teeth can be seen. At highest intensity, the mouth is wide open so that both top and bottom teeth
are visible (Handelman 2008). The first two faces may be analogous to the primate play face and the
third to the full play face of primates (see below). The degree of mouth opening has not been studied as
a function of the context or accompanying behaviors. Informal observations suggest that the play face is
common during play invitations, running and chasing and sometimes during brief pauses in play,
whereas the full play face tends to appear in conjunction with bite intentions or bite attempts and
attempts to parry bites (Smuts, personal observation). During jaw sparring, dogs fence with wide-open
mouths (Handelman, 2008) and an audible ‘clicking' occurs when teeth clash. However, in contrast to a
real bite attempt where the head would be thrust forward toward the other dog, in jaw sparring the heads
tend to tip back and forth sideways, so that teeth do not approach the other dog's skin (Smuts, personal
observation).

Non-human primates. In some species of cercopithecines, head and torso rotations are body
movements peculiar to play (Bekoff 1974, Wilson and Kleiman 1974, Byers 1984, Donaldson et al.
2002, Petrt et al. 2008). As some of them may serve as play signals, they are sometimes labeled "play
markers". In Hanuman langurs, a third of the play repertoire consists of patterns that are unique to play
(Petrti et al. 2009). Since they have no counterpart in other types of behavior, either in adulthood or
other stage of ontogeny, they cannot serve to train specific skills needed in “serious” behavior. Some of
these play-specific patterns may have a signaling function, as is probably the case of play face, eyes
closing, or play gallop. Thus, they do not have a function beyond the boundary of play, but rather serve
to keep the play going and thus allow other play elements to be performed and fulfill their function.
Some other patterns (play tumble, head rotation, somersaults, flips, leaps) are also unique to play and

may, therefore, serve as play signals. However, specialized signals are usually encoded in rather
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stereotypic movements to transmit information reliably (Morris 1966, Zahavi 1979, Hinde 1982,
McFarland 1987) but Petrii et al. (2009) found these patterns very variable. Moreover, they were present
in solitary play as well, so how these actions function as possible play facilitating signals remains to be
resolved.

The typical expression of social play is the relaxed, open-mouth display (or play face, PF), which
can be performed in two different configurations (van Hooff and Preuschoft 2003). In some species,
such as in bonobos and chimpanzees (Pan spp.), geladas (Theropithecus gelada) and Tonkean macaques
(Macaca tonkeana), play face (PF) and full play face (FPF) represent two different degrees of the same
playful expression. In the PF, the mouth is opened with only the lower teeth exposed, whereas in the
FPF the mouth is opened in a relaxed mood with both upper and lower teeth exposed (Palagi 2008,
Palagi and Mancini 2011). It has been hypothesized that these playful expressions are ritualized versions
of the biting movement that precedes the play bite, a very common behavior in RT (van Hooff and
Preuschoft 2003, Palagi 2006). The PF is widespread in almost all primate species, and for this reason it
is considered to be the most ancestral configuration of the playful facial displays in this taxon. On the
other hand, the presence of FPF seems to follow a patchy distribution, apparently random with respect to
phylogeny (Preuschoft and van Hooff, 1997). Humans (Homo sapiens), bonobos (Pan paniscus) and
gorillas (Gorilla gorilla) habitually use FPF, whereas chimpanzees (Pan troglodytes) use the classical
PF (Palagi 2006, Palagi et al. 2007, Cordoni and Palagi 2011, Palagi and Cordoni 2012).

In some cercopithecine species, the use and structure of particular facial expressions can converge
as a function of their species-typical baseline levels of tolerance and affiliation (Thierry et al. 1989, Petit
et al. 2008). For example, in Sulawesi macaques (Macaca nigra), mandrills (Mandrillus sphinx), and
geladas (Theropithecus gelada), all well-known as the most tolerant cercopithecine species, the FPF is

not a more intense version of PF