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Abstract Visual signals convey emotions and intentions be-
tween individuals. Darwin underlined that human facial ex-
pressions represent a shared heritage between our species and
many other social mammals. Social play is a fertile field to
examine the role and the potential communicative function of
facial expressions. The relaxed open-mouth (or play face) is a
context-specific playful expression, which is widespread in
human and non-human mammals. Here, we focus on playful
communication by applying Tinbergen’s four areas of inquiry:
proximate causation, ontogeny, function, and evolution. First
of all we explore mimicry by focusing on its neural substrates
and factors of modulation within playful and non-playful con-
text (proximate causation). Play face is one of the earliest
facial expressions to appear and be mimicked in neonates.
The motor resonance between infants and their caregivers is
essential later in life when individuals begin to engage in
increasingly complex social interactions, including play
(ontogeny). The success of a playful session can be evaluated
by its duration in time. Mirroring facial expressions prolongs
the session by favoring individuals to fine-tune their own mo-
tor sequences accordingly (function). Finally, through a com-
parative approach we also demonstrate that the elements con-
stituting play communication and mimicry are sensitive to the
quality of interindividual relationships of a species, thus
reflecting the nature of its social network and style (evolution).
In conclusion, our goal is to integrate Tinbergen’s four areas of

ethological inquiry to provide a broader framework regarding
the importance of communication and mimicry in the play
domain of humans and other social mammals.
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Introduction

Behavioral mimicry is virtually present in any kind of social
interaction, occurring both as a simple behavioral/motor reso-
nance and as a more sophisticated mechanism by which an
individual can experience another’s affective state (Duffy &
Chartrand, 2015). Nowadays, many researchers are chal-
lenged to find the most suitable experimental condition or
the best setting to unveil mimicry phenomena. As soon as
one starts to analyze the causation of the components concur-
ring in activating a multi-faced phenomenon, it appears clear
that such components may not only be inter-linked, but also
associated with other processes that can be totally dissimilar
and apparently detached from the phenomenon itself
(Diversity organizes unity which organizes, Morin, 1977).
Tinbergen (1963) used this reasoning in his magnum opus
about aims and methods on ethology. In his paper,
Tinbergen underlines the importance of an integrative over-
view coming from neurophysiology and ethology. While neu-
rophysiologists tended to investigate proximate causations of
any phenomenon by applying an Bascending^ approach, the
ethologists tended to apply a Bdescending^ approach by dis-
sembling the phenomenon in several building-blocks. In his
work, Tinbergen states that Bno-man's land between ethology
and neurophysiology is being invaded from both sides' and
that a rapprochement was occurring between neurophysiolo-
gists that were studying gradually more and more complex
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phenomena and ethologists that were doing gradually more
focused research so that was becoming difficult to say 'where
ethology stops and neurophysiology begins.^

Starting from the top of this conceptual iceberg, ethologists
investigate the nature of a phenomenon in terms of the sys-
tematic description of specific environmental circumstances
that can affect the behavior under study. This cause-effect
linkage is explored in each developmental stage of the life
history of an individual (ontogeny). For this reason, following
the ontogenetic pathways of any phenomenon characterizing
the adult phase can unveil the process thereby and the reason
why a particular behavioral pattern appears early in life to be
modified or optimized later in adulthood. As for mimicry,
tracing back to its first developmental manifestations is imper-
ative to identify the evolutionary selective pressures that it
underwent and, more importantly, the potential functions that
mimicry has in so many different species. Following
Tinbergen’s rationale, the survival values are another key-
point of the ethological investigation of a behavior. Mimicry
finds its complete expression in the play domain, a ubiquitous,
plastic, and positive-emotional behavior (Burghardt, 2005).
Ethologists, sociobiologists, and anthropologists defined
play as all activity, which has no immediate benefits and
which involves motor patterns, typical of serious contexts.
Burghardt (2005) listed several criteria to define a playful
motor action. A playful pattern must be incompletely func-
tional, autotelic, structurally or temporally modified, and re-
petitive. The synchronization occurring between players
passes through their motor resonance thus creating a positive
feedback loop that promotes and reinforces social affiliation.
In this perspective, mimicry is not only the mere perception
and replication of a motor sequence, but rather an unconscious
mechanism favoring the formation of inter-individual emo-
tional bridges (function).

Tinbergen (1963, p. 428) stated that "the first task…[of evo-
lutionary studies]…is being pursued mainly through comparison
of groups of closely related species." Here, we also extended
Tinbergen's comparative lens to culturally similar human socie-
ties. After a meticulous comparison of how mimicry is socially
modulated in several non-human mammal species and in differ-
ent human societies, what appears clear is that both laboratory
and naturalistic approaches are essential to reliably understand
which are the evolutionary foundations of mimicry.

This review aims at putting together different pieces of the
same puzzle in order to gain a new viewpoint on mimicry by
giving an integrated interpretation of the information available
in the literature and of some original data.

For the sake of writing convenience, we kept the four areas
of inquiries separated in different paragraphs. However, the
reader will find in each paragraph continuous references to the
others due to the impossibility to conceptually disentangle the
four inquiries in order to obtain a valid holistic framework
regarding the mimicry phenomenon.

Proximate causes of mimicry: The neural bases
and modulating factors

With the term mimicry we refer to the unconscious and unin-
tentional imitation of behavior shown by two interacting part-
ners (Hess & Fischer, 2013). The Btrue^ imitation occurs
when the observer both recognizes the goal of the demonstra-
tor and reaches that goal by exactly copying the sequence of
actions made by the demonstrator (Call & Tomasello, 1995;
Whiten et al., 2009). The exact reproduction of hand move-
ments operated by infant chimpanzees while observing the
motor hand-patterns made by their mothers during nut crack-
ing is an example of true imitation sensu Tomasello and co-
workers (1993). When the copying action does not involve
any recognition of the goal, the Bimitative^ phenomenon is
called mimicry (Tomasello et al., 1993).

From an operational point of view, facial mimicry implies
the activation of a congruent facial expression in response to
the mere observation of another’s facial expression (Seibt
et al., 2015). The mimicry response is quantifiable by measur-
ing the recruitment of facial muscles whose activation deter-
mines a specific facial expression. The same facial muscle
involvement produces the same facial expression in the two
interacting individuals. Changes in muscle recruitment are
measured as the difference between the reaction score (the
muscle activity while watching the expression) and the base-
line (the muscle activity during the second before the onset of
the stimulus). Given that the muscle reaction begins within the
first 500 ms after the perception of the stimulus, the extremely
rapid reaction time indicates that mimicry is outside of con-
scious awareness and of voluntary control, at least in part
(Dimberg & Thunberg, 1998). Therefore, facial/body rapid
mimicry can be defined as a reflex reaction (Seibt et al.,
2015). Since rapid mimicry is far from being a mere motor
replication of muscle movements, in the last decades it has
been the subject of many studies regarding human and non-
human mammals with its social function and evolution being
revaluated (Hecht et al., 2012).

One of the neurological substrates at the basis of the mech-
anism of imitative processes is the Mirror Neuron System
(MNS). Mirror neurons, located in the prefrontal cortex, fire
not only when a subject enacts a motor action but also when
he/she watches the same action performed by others (di
Pellegrino et al., 1992; Gallese et al., 1996; Parr et al., 2005;
Rizzolatti et al., 1996a,b). MNS contributes differently to dif-
ferent forms of imitation. MNS can act in concert with other
cortical structures through an Bindirect pathway^ thus produc-
ing delayed responses (true imitation, Thorpe, 1963;
Tomasello & Call, 1997; response facilitation, Byrne, 1994;
emulation, Nagell et al., 1993; delayed mimicry, Davila-Ross
et al., 2011) and it can also directly influence the motor out-
come through a Bdirect pathway^ as it occurs in very fast
responses such as rapid mimicry (Davila-Ross et al., 2008;
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Ferrari et al., 2009; Hess & Fischer, 2013; Mancini et al.,
2013a).

When dealing with neurological processes underlying au-
tomatic mimicry, comparative psychologists refer to the
perception-action mechanism to describe the phenomenon
(Preston & de Waal, 2002). The perception-action model
states that the perception of the emotional state of others in-
voluntarily produces a corresponding state in the receiver,
which in turn stimulates the corresponding somatic and un-
conscious responses (Preston & Waal, 2002). This leads the
two interactans to share not only the same facial expression
(facial mimicry) but also the same emotion (emotional mim-
icry) (Dezecache et al., 2015; Gallese et al., 2004; Hatfield
et al., 1994). Several authors referred to this phenomenon as
Bprimitive emotional contagion^ (Flack, 2006; Stepper &
Strack, 1993).

Mimicry, however, is not an all-or-nothing process, but it is
socially, context, and previous-experience modulated. As for
previous experience, Murata et al. (2016) found that facial
mimicry responsiveness increased when the human subjects
were given the explicit goal of inferring the affective states of
triggers. The awareness of the goal promoted the promptness
of the tested subjects to anticipate (consciously or uncon-
sciously) the emotional expression, thus improving the facial
mimicry response. Facial mimicry seems also to be shaped by
the reputation for fairness of the subjects involved (Hofman
et al., 2012).

In humans facial mimicry is affected by socio-ecological fac-
tors, including group membership (Seibt et al., 2015). People
tend to mimic the facial expressions of in-group members more
than those of out-group members. This is extremely adaptive
from an evolutionary point of view (evolution). Decoding in an
appropriate way the in-group members' emotional states is more
important than experiencing the emotional state of out-group
members, with whom we share few resources and little or no
social contact (Bourgeois & Hesse, 2008).

The frequency of rapid matching response is also strongly
affected by the level of bonding shared between the two sub-
jects who are interacting. Among in-group members, two
friends usually engage in a higher level of mimicry compared
to weakly bonded group members. At the same time, the au-
tomatic tendency to mimic increases the feeling of similarity
and understanding between different subjects, thus fostering
prosocial behavior and, in the end, increasing social cohesion
and synchronization (Decety & Svetlova, 2012; Hess &
Fischer, 2013) (function). In their study on orangutans
(Pongo pygmaeus), Davila-Ross and colleagues (2008) found
that nine out of 25 subjects did not show rapid facial mimicry
after perceiving play faces in conspecifics. The authors sug-
gested that mimicry in orangutans might be overlaid by socio-
emotional factors.

It appears clear, then, that mimicry and emotional engage-
ment are phenomena that potentiate each other, thus

constituting a positive feedback loop that, in an evolutionary
perspective, is extremely adaptive. The evolutionary impor-
tance of this loop is underlined by its presence early in life,
during the neonatal period, both in human (Jones, 2009) and
non-human mammals (Ferrari et al., 2006; Myowa-
Yamakoshi et al., 2004) (ontogeny).

First steps matter: Ontogeny of mimicry

Tracking signs of imitative mechanism early in life is impor-
tant to understand its development and the biological features
eliciting it (Ferrari et al., 2006; Ray & Heyes, 2011; Stern,
1985). The earliest form of imitation occurs in newborn’s
face-to-face interactions with caregivers (Bos et al., 2016;
Trevarthen & Aitken, 2001). Since birth, infants can accurate-
ly match facial expressions of others (tongue protrusion, open
mouth, and lip protrusion; Meltzoff & Moore, 1977). Several
hypotheses have been put forward to identify which mecha-
nisms might underlie neonatal imitation (Jones, 2009;
Meltzoff & Decety, 2003). One of them claims that, in
humans, this phenomenon is probably accomplished through
active inter-modal matching (AIM), mediated by an innate
representational system (Meltzoff & Moore, 1977, 1983,
1989). The AIM model is an active inter-modal matching
based on Bthe neonate's capacity to represent visually and
proprioceptively perceived information in a form common to
both modalities.^ (Meltzoff & Moore, 1977, p. 78).

The presence of neonatal imitation in human and non-
human primate infants (chimpanzees, Myowa-Yamakoshi
et al., 2004; rhesus macaques, Ferrari et al., 2006) supports
the AIM hypothesis, which is also held by neurophysiology.
The neurophysiological approach proposes that the phenom-
enon relies on a non-completely developed mirror mechanism
already present at birth (Casile et al., 2011). Another possible
explanation for the presence of neonatal imitation suggests
that the mimic capacity of newborns is mediated by an Binnate
releasing mechanism^ based on simple reflexes such as the
Moro reflex (Gottlieb, 2007; Thelen & Smith, 1994).

Whatever the hypothesis considered, laboratory data indi-
cate that the ability to mirror the behavior of others, although
present at birth (Anisfeld et al., 2001), disappears at approxi-
mately 2–3 months of age in humans and chimpanzees
(Jacobson, 1979; Myowa-Yamakoshi et al., 2004) and in the
second week of life in monkeys (Ferrari et al., 2006). The fact
that this period lasts longer in humans and great apes with
respect to monkeys may be relevant to species differences in
adult social cognition, although this hypothesis has to be
explored and quantitatively demonstrated. A recent work by
Kaburu et al. (2016) demonstrated that the infant macaque’s
ability (Macaca mulatta) to imitate a caregiver’s oral move-
ments (lip smacking) predicts the development of infant tem-
perament. Compared to the non-imitators, the imitator new-
borns showed a greater social competence, lower anxiety
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levels, and higher levels of play behavior at 1 year of age.
These findings suggest that neonatal imitation not only has a
role in the development of infants’ social skills in the first
weeks of life, but that it has repercussions on the longer de-
velopmental trajectories encompassing the first year of life.

The lack of neonatal imitation processes recorded at a later
stage could be due to biases introduced by the experimental
approach in the lab. Artificial rearing conditions, the unnatural
source of stimuli (experimenter's face; non-biological stimu-
lus) and the facial expressions used as a stimulus which are not
yet present in the facial repertoire of the newborn can have a
strong impact on the facial response of the infant. All the
studies we cited did not focus on rapid facial mimicry, but
they took into account other forms of imitation requiring lon-
ger times of reaction.

The first step in ascertaining the earliest presence of any
kind of imitative process, including rapid facial mimicry, is the
assessment of the ontogeny of the facial expression repertoire
in a given species. This approach is crucial to select the ap-
propriate stimulus to be proposed in a specific stage of life.

Recently, Isomura and Nakano (2016) explored facial
mimicry in 5-month-old infants by measuring facial electro-
myographic activity (EMG) during the observation of audio-
visual stimuli (bimodal signal). As opposed to other studies
that made use of a unimodal triggering stimulus, the authors
found clear evidence of bimodal mimicry in the tested infants.
This study underlines the importance to select the appropriate
modality (unimodality vs. multimodality) of the stimulus to
have reliable data on the rapid mimicry phenomenon.

Another crucial point is about the development of the rep-
ertoire of facial expressions. The stimulation of an infant with
a facial expression that he/she will develop only later in life
cannot give any insights in understanding the development of
mimicry phenomenon. The application of a naturalistic ap-
proach to investigate rapid mimicry in infants automatically
rules out all the biases typical of the lab studies. The natural
stimulus produced by the mother or conspecifics, the social
context under which the facial expression is performed (Bos
et al., 2016), and the lack of any forms of physical limitation
of the infant, who is free to move and watch around, make this
approach extremely valuable not only to investigate the pos-
sible presence of the phenomenon but also its immediate func-
tion and role during social interactions (function).

Geladas (Theropithecus gelada) are a species on which our
research group has been focusing attention since 2007. Over
10 years, we collected longitudinal data on a stable captive
colony, thus being able to follow the growth of several sub-
jects since their birth (Mancini et al., 2013a,b; Palagi et al.,
2009; Palagi & Mancini, 2011). An analysis of the ontogenet-
ic emergence of facial expressions revealed that the earliest
facial display clearly discernible was the Open Mouth (the
mouth is opened in a relaxed mood shaped like an oval).
During the first week of life the newborn shows this pattern

while interacting both with the mother and other subjects. In
this species, due to its tolerant nature (Pallante et al., 2016),
social canalization is limited and the permissiveness of the
mothers allows other subjects to interact directly with the
newborn (Berman, 1982). For this reason it is also common
to observe gentle playful stimulation from other group mem-
bers towards infants during their first days of life (Palagi et al.,
unpublished data). In the fifth week when play becomes a true
exchange of behavioral patterns between the playmates, in-
fants’ Play Face emerges (the mouth is widely opened in a
relaxed mood with lower teeth/gums always exposed and up-
per teeth/gums occasionally exposed; van Hooff, 1972, 1989)
and concurrently Open Mouth frequency decreases (Fig. 1).
This inverse relationship suggests that the Open Mouth dis-
play could represent a form of precursor of the more contex-
tualized form of facial expression typical of play, the Play
Face. It is worth noting that in geladas, rapid facial mimicry
does not occur before the secondmonth of life, in concurrence
with the emergence of the Play Face. During the first month of
life, when the only facial expression performed is the Open
Mouth, we did not record any correspondence between the
stimulus perceived and the response emitted. The specificity
of the rapid facial mimicry phenomenon for the Play Face as a
stimulus also persists later in life. Mancini and coworkers
(2013a) found that both immature and adult subjects mim-
icked Play Faces but not Lip Smacking (the lips are protruded
and then smacked together repeatedly). As opposed to Play
Face, Lip Smacking is a signal that can embrace different
functions depending on the species, on the context in which
it is performed, and on the target subject to which it is directed
(Maestripieri, 1997; Palagi & Mancini, 2011). Play Faces are
unambiguous signals conveying a message of a positive emo-
tion arising from play, a well-known self-rewarding behavior
(Burghardt, 2005; van Hooff & Preuschoft, 2003). Through
rapid facial mimicry, play faces elicit in the perceiver the same
positive emotional state. The ability to immediately mirror the
facial expression and generate the same emotion is adaptive,
as it allows an individual to foresee playmates’ intentions and
fine-tune its own motor sequences accordingly (Palagi et al.,
2016a) (function).

From the development to the function: How mimicry
creates emotional bridges

It is evident that the phenomenon of mimicry, which plays an
important social role during adulthood, is deeply rooted in
the first days after birth. The extremely sensitive and
mouldable developmental/maturation period and, in particu-
lar, the appropriateness of the stimuli perceived by the new-
born seems to be fundamental for the subject to reach his or
her full ability to emotionally synchronize with others
(ontogeny). Even though it is not a conditio sine qua non,
the appropriate stimuli proposed during the developmental
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stage are a good prerequisite to later avoid any misunder-
standing, manage interactions successfully, promote social
affiliation, and, as a consequence, to become aware of con-
tingencies in the social world (Ferrari et al., 2006). For all
these reasons, behavioral mimicry has therefore been re-
ferred to as Bsocial glue^ (Lakin et al., 2003). In complex
societies, being able to coordinate for common purposes,
perceiving others’ affective state and signaling one's own,
are all skills deeply linked to the communicative repertoire
of gestures and facial expressions typical of a given species
(Palagi et al., 2016a). Hence, before exploring the phenom-
enon of mimicry, each specific facial expression/body pos-
ture and the context in which it occurs should be analyzed.

Play is a valuable context in which humans and other social
mammals can test themselves by cooperating and challenging
others in a relatively safe way (Fagen, 1981). During play
different facial expressions can be present, although only
Play Face (or Relaxed Open Mouth, or Laugh) is context
specific and seems to be homologous/analogous across many
species of mammals (Palagi et al., 2016a).

Play faces are important to reach and maintain the behav-
ioral agreement that is necessary to prolong a playful interac-
tion (Waller & Dunbar, 2005). In bonobos, play faces are
frequent when the risk of misleading is particularly high. In
this species, polyadic play sessions, the most unpredictable
play sessions, were punctuated by a higher number of playful
facial displays. Among adult bonobo females, play fighting
can have a competitive nature, which serves to test a partner’s
willingness to invest in a relationship and simultaneously to
show willingness to accept vulnerability (Palagi, 2006). Since
adult play fighting implies a certain amount of roughness, a
clear declaration of intent and/or good synchronization are
needed. In bonobos, when play involves adults that are similar
in age and size, the sessions are particularly rich in facial
expressions. This suggests that an intentional component, in

addition to an emotional component, can drive the perfor-
mance of a facial expression in this species (Demuru et al.,
2015).

There are many reports in the literature revealing that the
mere presence of playful facial expressions prolongs the play-
ful interactions, thus making play more successful and re-
warding (see Palagi et al., 2016a for an extensive review).
However, recently some researchers suggested that the reci-
procity of the signal (delayed response, 5 s) and the phenom-
enon of rapid mimicry (fast response occurring within 1 s after
the perception of the stimulus) are probably the driving force
that motivates the players to prolong their playful interaction.
In South American sea lions, the use of Relaxed Open Mouth
was frequently reciprocated between players sharing good re-
lationships, especially when they had the highest probability
of engaging in a face-to-face interaction (e.g., dyadic play).
Reciprocation was measured as the number of relaxed open
mouth events exchanged by the players in a single playful
session independent from the time latency separating the
two events. Moreover, the authors found that the reciprocity
of the Relaxed Open Mouth display, more than its mere fre-
quency, was effective in prolonging the playful session
(Llamazares-Martín et al., 2017). Therefore, the attentional
selectiveness of the receiver, unveiled by his or her facial
congruent reaction, seems to be fundamental for the facial
signal to efficiently convey the message "I am still motivated
to play, and you?" Critically, this reciprocity of play signals is
less sophisticated than the rapid mimicry characterizing other
mammal species but, at the same time, it shows how a simpler
version of emotional exchanging can be important for facili-
tating play. These findings should stimulate further research to
examine playful signals in other species to determine if signal
reciprocity is a feature of play generally or whether it is pres-
ent only in species with more competitive forms of play fight-
ing, as is the case with South American sea lions. The findings

Fig. 1 Mean hourly frequency of Open Mouth (black line and square) and Play Face (gray line and white square) as a function of a week of life in
Theropithecus gelada infants
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raise important theoretical issues. For example, is this simpler
form of signaling reciprocity a necessary precursor for evolv-
ing rapid mimicry (evolution)? The presence of rapid mimicry
seems to be even more effective in prolonging the playful
session compared to simple reciprocation. Mancini and
coworkers (2013b) found that in geladas the timing of reaction
matters. Rapid facial mimicry appears to convey more impor-
tant information to the playmate; in fact, it signals not only
that the stimulus has been perceived but that it has been accu-
rately interpreted. Rapid mimicry limits the possible ambigu-
ity generated by a lack of response or by an incongruent reac-
tion that may reveal a non-clear interpretation of the signal by
the receiver. Thus, facial mimicry, by facilitating communica-
tive exchanges and behavioral coordination in the sequence of
players' actions, significantly prolongs the session itself.
Experiencing high motivation to play and playing for longer
is advantageous for the playmates who increase the opportu-
nity to assess their reciprocal ability and to test their social
relationship (Mancini et al., 2013b). The highest levels of
rapid facial mimicry in geladas were found between mothers
and their offspring, at least during the first months of life,
although infants already exchange playful interactions with
peers and unrelated adults (Mancini et al., 2013a). The pecu-
liarity of mother-offspring facial mimicry resided not only in
their high frequency of response but also in the time latency in
which they responded each other. Compared to other dyads,
the mirror responses between mothers and their infants were
the fastest (Mancini et al., 2013a). The face-to-face engage-
ment occurring between mothers and infants has been exten-
sively explored and documented in humans (Feldman, 2007,
2010). Affective matching, mediated by motor resonance, is
important for neuro-physiological maturation and for the at-
tachment relationship of the infant with the caregiver. In non-
human primates, rapid mimicry could reflect one of the core
elements of the mother-infant relationship (the attachment)
and might represent one of the first steps (ontogeny) in the
formation of the emotional bridge between the infant and the
social environment.

Fawcett and Liszkowski (2012) found that spontaneous
imitation in play is predictive of infants’motivation to engage
in future play sessions with familiar adults. Eighteen-month-
old infants initiated play interactions more frequently both
when they were the triggers and when they were the receivers
of the imitative event. These findings suggest that both being
imitated and imitating others can represent a non-verbal in-
strument in conveying motivation to invest in future interac-
tions and to develop social bridges between play partners.

Domestic dogs provide interesting evidence about the im-
portance of mimicry phenomena to communicate with others
(Palagi et al., 2015). To signal their motivation to play, both
with humans and conspecifics, dogs can combine different
body postures (e.g., head, tail) and the expressive use of the
eyes and mouth (Horowitz, 2009). Moreover, such multi-

component communication also seems to play an important
role in conveying emotional states (Quaranta et al., 2007). As
emotions are unveiled by the subject through motor action
patterns (Anderson & Adolphs, 2014), it is adaptive for the
receiver to be able to perceive and decode others’ behavioral
displays, thus appropriately interpreting the emotional states
underpinning such displays. Dogs are able to discriminate not
only the displays performed by other dogs, but also those
performed by humans, such as facial expressions (Müller
et al., 2015) and body postures (Rooney et al., 2001).

In dogs two signals are specific for play, the Relaxed Open
Mouth and the Play Bow (for a definition see Bekoff & Allen,
1998; Palagi et al., 2016a; Smuts, 2014). Both signals can be
concurrently present during both dog-human and dog-dog in-
teractions. In 2015, Palagi and coworkers demonstrated the
presence of rapid mimicry in dogs. By studying intra-species
playful sessions, the authors focused not only on facial mim-
icry but also on bodymimicry. Dogs responded in a congruent
and extremely rapid way (<1 s) both when the trigger stimulus
was a relaxed openmouth (rapid facial mimicry) and when the
stimulus was a play bow (rapid body mimicry). This indicates
that mimicry is not limited to facial signals but that a more
generalized behavioral mimicry can be developed as a func-
tion of the species, the context, the behavioral repertoire, and
the emotional linkage present between the two interacting
subjects (Duffy & Chartrand, 2015). Even though we cannot
separate the cause–effect relationship between facial and body
mimicry and the emotional engagement and motivation to
play, it seems that in dogs the phenomena are tied and that a
positive affective state can be shared between players. This
emotional sharing can be at the basis of the success of those
play sessions characterized by the presence of mimicry. When
both facial and bodymimicry events occurred, the two players
engaged in longer playful sessions (Palagi et al., 2015).

In human and non-human primates an Bempathic gradient^
exists as a function of the level of familiarity between the
interacting subjects. Yawn contagion (Norscia & Palagi,
2011) and facial mimicry (Duffy & Chartrand, 2015; Hess &
Fischer, 2013; Mancini et al., 2013b) were strongly affected
by the intimacy shared by the subjects involved: the higher the
intimacy between subjects, the higher the level of their mim-
icry. The effect of familiarity also positively regulates mimicry
in the domestic dog. By experiencing a higher level of emo-
tional identification, dogs that are socially close engaged in
high levels of facial and body mimicry (Palagi et al., 2015).
Exploring rapid mimicry in wolves could help evaluate
whether the phenomenon in dogs is linked to the domestica-
tion process or if it is evolutionarily rooted in social carnivores
(evolution).

In conclusion, facial and body mimicry is not merely the
association between a sensory input (perception) and a motor
output (behavior), but rather a phenomenon that is uncon-
sciously activated and modulated by social and emotional
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affiliation (Chartrand et al., 2005; Duffy & Chartrand, 2015)
(proximate causation). Mimicry fosters emotional engage-
ment (longer play duration), emotional engagement increases
social closeness and synchronization (familiarity), social
closeness increases the probability for mimicry to occur
(function). This self-sustained loop is probably at the basis
of the affective bridges in human and non-human animals.

The evolutionary pathways of mimicry reflect the nature
of social networks

One of the core aspects of play is the ability to imitate peers:
the performance of same acts is the predominant mode of
social interactions among toddlers and non-human infants in
general. These imitative exchanges promote social interac-
tions by communicating a common understanding of ongoing
activities (function) and are fundamental for the development
of more advanced play skills at later ages (Kaburu et al., 2016;
Morrison & Kuhn, 1983) (ontogeny). The possibility for in-
fants to interact with other group members, both peers and
adults, is therefore crucial (Fawcett & Liszkowski, 2012). A
key role is played by the nature of the mother-offspring inter-
action, which determines the social space of the infant. The
different maternal styles imply different levels of restrictive-
ness towards infants who becomemore or less able to develop
social competence and to increase their social networks.
Infants who are highly socially canalized are generally less
able to cope with social challenges and unpredictable situa-
tions. In human and non-human primates, the evolution of
maternal styles can be viewed as an adaptation to evolutionary
changes in adult social relationships and organization
(Butovskaya, 2004). In hunter-gatherer societies characterized
by high levels of social tolerance and cooperation in social
relationships, social canalization is reduced and parents leave
their children free to play with all the members of the com-
munity independent of their age and sex. Play is considered as
a tool for child education (for an extensive review see Gray,
2009; Pellegrini, 2009, 2011; Power, 2000). In non-human
primates, there is important evidence demonstrating that a
covariation exists between despotic/nepotistic social relation-
ships and the high level of maternal restrictiveness and, there-
fore, strong infant social canalization (Berman & Kapsalis,
1999; Chauvin & Berman, 2004; Thierry, 2004). Mothers liv-
ing in highly despotic societies tend to protect their infants and
canalize their socialization almost exclusively towards kin.
This limits the possibility of infants to manage unexpected
situations, enlarge their social networks, and assess their
own social and physical abilities with a larger sphere of indi-
viduals. The narrow knowledge of psychological, social, and
physical skills of others will produce highly crystallized adult
roles (ontogeny). The pervasiveness and incidence of play
within a society are predictive of the tolerant nature of that
society (Palagi et al., 2016b; Petit et al., 2008).

Mimicry improves communicative exchanges between the
playmates and, at the same time, promotes behavioral coordi-
nation and synchronization (Palagi et al., 2016a,b). This motor
resonance phenomenon reaches its functional and beneficial
climax when play is characterized by the maximum degree of
freedom in the sequence of actions and by a strong variability
in the sex, age, and number of players involved (Ciani et al.,
2012).

Tolerant species are well known to engage in social play at
every age and independent of the sex of the participants
(Mancini & Palagi, 2009; Palagi, 2006, 2008). For this reason,
individuals living in tolerant societies are expected to make
stronger use of mimicry to cope with playful unpredictability.
To verify this hypothesis, Scopa and Palagi (2016) investigat-
ed the repertoire of facial expressions and rapid mimicry in
two species of macaques characterized by strikingly different
social styles (Thierry, 1985, 2007): Macaca tonkeana, one of
the most tolerant species, andMacaca fuscata, one of the most
despotic species (Thierry, 2000). Contrary to Japanese ma-
caques, Tonkean macaques frequently reconcile their conflicts
(Demaria & Thierry, 2001) and engage in affiliative contacts
independently from the level of kinship and hierarchical status
of the subjects (Adams et al., 2015).

In play, Japanese macaques are competitive with little
physical contact and low-risk strategies (Petit et al., 2008;
Reinhart et al., 2010). In this species, the inhibition of motor
acts and physical contacts characterizing play seems to reflect
the crystallized roles of individuals, which are arranged ac-
cording to rank and kinship rules. On the contrary, playful
interactions in Tonkean macaques are less defensive, more
cooperative (Reinhart et al., 2010), and less age- and gender-
biased (Ciani et al., 2012). Moreover, in Tonkean macaques a
strong redundancy and complexity of facial expressions have
evolved in the play domain (Preuschoft, 2004; Micheletta
et al., 2013). Play signal pervasiveness and variability are
excellent prerequisites for facial mimicry to occur. As
expected, Scopa and Palagi (2016) failed to find rapid facial
mimicry in Japanese macaques, whereas, the phenomenon
was observed in Tonkean macaques. In this species, rapid
facial mimicry occurred only when a play face was the trig-
gering stimulus with other facial expressions (e.g., lip smack-
ing), also occurring in play, not eliciting the congruent re-
sponse. A similar result was found for Theropithecus gelada
(Mancini et al., 2013a). Lip smacking is a signal that has
different meanings according to (i) the context in which it
occurs, (ii) the receiver to which it is directed, and (iii) the
species (Palagi & Mancini, 2011). Therefore, the absence of
rapid facial mimicry in response to lip smacking could be due
to its non-context-specific nature. Probably, additional data
collected outside the playful context could illuminate this is-
sue. Contrary to lip smacking, play faces unveil an unambig-
uous positive emotion arising from play, an emotionally pos-
itive and self-rewarding behavior, especially in those tolerant
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species in which play performance is detached from any hier-
archical and kin rules. In these species, the emotional compo-
nent of the triggering signal could be the driving force at the
basis of the rapid congruent response emitted by the receiver.

The strong similarity of the neurological structure organi-
zation of Macaca tonkeana and Macaca fuscata (Delson,
1980; Gibson, 1977) rules out the possibility that Japanese
macaques do not have the neural potential to be infected by
others' facial expressions (proximate causation). Therefore,
the absence of rapid facial mimicry in Macaca fuscata can
be ascribed to the limitation of social play and affiliation that
do not provide the affective basis essential for emotional con-
tagion to be expressed. For this reason, the opposite social
styles characterizing the two macaque species (Thierry,
2000) and the limited playful facial expression repertoire of
Macaca fuscata can concur in affecting the different level of
susceptibility to others’ play faces. An investigation on rapid
facial mimicry in those macaque species showing an interme-
diate level of despotism (e.g., Macaca sylvanus, Macaca
fascicularis) could provide insights on the level of social mod-
ulation affecting this phenomenon.

Davila-Ross and coworkers (2011) found that in chimpan-
zees both rapid (automatic response occurring within 1 s after
the perception of the stimulus) and delayed facial mimicry
(less automatic response occurring between 1 and 5 s after
the perception of the stimulus) are present.

Rapid and delayed facial mimicry events are not part of the
same continuum, but they are qualitatively different, reflecting
a partial differential modulation from the underlying neural
substrates (Gervais &Wilson, 2005). Compared to rapid mim-
icry, delayed mimicry has been proposed to be a non-
automatic response that is probably under voluntary control
and likely detached from emotions (Mancini et al., 2013a).
Focusing on lowland gorillas (Gorilla gorilla gorilla), Palagi
and colleagues (unpublished data) observed rapid but not de-
layed facial mimicry in this species. Moreover, gorillas
showed a perfect facial matching response (Play Face→Play
Face; Full Play Face→Full Play Face), which could have an
effect on players' behavioral coordination, thus facing the
competitive elements characterizing gorilla play fighting
(Palagi et al., 2007) (function). Gorillas are organized in
harems in which the extremely slack interindividual relation-
ships are limited to a loose spatial proximity. This makes low-
land gorillas one of the primate species with the lowest levels
of affinitive interactions such as grooming, reconciliation, and
support (Harcourt & Stewart, 1987). Play behavior is a feature
of ontogeny that is widely believed to have an important role
in the assembly of adult behavior (Burghardt, 2005). Gorilla
adult males have to compete to gather reproductive advan-
tages; in this situation, juvenile play fighting may have a
strong adaptive role (Nunes et al., 2004). In fact, in this species
play fighting is particularly expressed by juvenile males who
need to assess their own fighting skills with the best training

partners and through the most convenient roughness. The spe-
cific and rapid facial matching found in gorillas seems to be
mandatory to maintain a playful mood in a species character-
ized by an extremely low level of social affiliation but that
needs play to efficiently shape adult behavior. In this case,
contrary to what occurs in theMacaca genus, the strong com-
petition typical of gorilla males could have been the evolu-
tionary engine that led to a more accurate and fast emotional
sharing and facial mimicry during play fighting.

The propensity to exchange and reciprocate playful in-
teractions can be predictive of the polarity of changes in
tolerance and affiliation between different groups separat-
ed either biologically (taxa) or culturally (ethnies). Due to
the difficulty in collecting data, information on the possible
relation between facial mimicry and different human cul-
tures is scarce. The few data coming from psychological
and anthropological literature tend to refer to rapid vocal
mimicry (or co-laughter) more than to rapid facial mimicry
even though the two phenomena often go in tandem. In
some hunter-gatherer societies (!Kung, Africa Kalahari
Desert; Hazda, Tanzania rain forest; Mbuti, Congo Ituri
Forest; Aka, Central African Republic and Congo rain for-
ests; Efé, Congo Ituri Forest; Batek, Peninsular Malaysia;
Agta, Luzon Philippines; Nayaka, South India; Aché,
Eastern Paraguay; Parakana, Brazil’s Amazon basin;
Yiwara, Australia’s desert) the flexibility of social relation-
ships and the level of tolerance characterizing them make
playful exchange a good tool to manage some adult social
practices. Sustenance activities, religious beliefs, sharing
food and other-oriented acts, and even punishing cheaters
within groups are all activities that can be regulated by
humor and ridicule of others (Gray, 2009, 2012). One of
the tactics used to solve serious social problems and reduce
the level of aggression in group members is co-laughter.
Laughing together represents a sort of good-natured teas-
ing that is used to correct or punish those who are in some
way disrupting the peaceful mood or violating the rules of
the social group. These societies, characterized by highly
egalitarian and intensely cooperative social organization,
bring all the social aspects of life into the domain of play,
thus making the use of physical punishment useless (Gray,
2009). Indeed, in humans, laughing together is a clear sig-
nal of cooperative mood (Mehu et al., 2007; Provine,
2013) and Bestablishes a feeling of closeness and shared
identity^ (Gray, 2009, p. 490). Psychologists argue that co-
laughter can be considered as a sort of vocal-grooming that
may have evolved to be used as an ice-breaker in those
formal situations regulated by more conventional bonding
mechanisms (Dezecache & Dunbar, 2012; Provine, 2013).

One of the issues to be clarified is whether co-laughter is a
culturally (or intentionally) or a biologically (or emotionally)
driven phenomenon that can be shaped by natural selection.
Recent findings showed that the potential use of co-laughter in
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different human societies can be explained not only by cultur-
al but also by biological factors (Bryant et al., 2016). The
authors experimentally demonstrated that listeners speaking
different languages and belonging to 24 different societies
distributed all over the world (see http://www.pnas.org/
content/suppl/2016/04/05/1524993113.DCSupplemental for
details) were able to reliably distinguish between friends and
strangers by only hearing a short audio-record of co-laughing
of American English speakers. This study indicates that vocal
mimicry (or co-laughter) is perceivable and detectable across
the world as a valuable communicative signal of relationship
quality. Even though the evolution of symbolic language has
opened new pathways for evolutionarily unparalleled levels of
cooperative complexity in humans, we are still making use of
unconscious facial/vocal signals of affiliation that apparently
have anticipated more derived forms of communication. From
an evolutionary point of view, in the ancestral past of our
species, individuals who could accurately decipher the non-
verbal communicative exchange between others thereby
interpreting their degree of affiliation, probably stood to gain
higher rewards in terms of fitness benefits. In conclusion,
human vocal mimicry might have been the driving force fa-
cilitating the evolution of social bonding and cooperation in
Homo sapiens.

Conclusion

Rapid mimicry is an unconscious and automatic form of emo-
tional sharing that can be modulated by socio-ecological and
cultural factors. One of the main challenging concerns is to
explore the mimicry phenomenon by integrating the different
approaches, including the ethological one, in a multidisciplin-
ary way. This review has tried to fill the gap. However, many
pieces of information are still lacking in order to build a deeper
framework of this sophisticated and complex form of commu-
nication. Data on rapid mimicry mainly derive from lab re-
search, which, although it has been providing many sugges-
tions on the proximate causes, does not provide information
about contextual and socio-ecological correlates. Only by in-
tegrating laboratory and naturalistic-observational approaches
will we be able to really understand one of the most important
communicative traits that have probably developed and
shaped our innate tendency to sociality.
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