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Abstract

One of the most productive behavioural domains to study visual communication in mammals is social
play. The ability to manage play-fighting interactions can favour the development of communicative
modules and their correct decoding. Due to their high levels of social cohesion and cooperation,
slender-tailed meerkats (Suricata suricatta) are a very good model to test some hypotheses on the
role of facial communication in synchronizing playful motor actions. We found that the relaxed open
mouth (ROM), a playful facial expression conveying a positive mood in several social mammals, is
also present in meerkats. ROM was mainly perceived during dyadic playful sessions compared to
polyadic ones. We also found that meerkats mimic in a very rapid and automatic way the ROM
emitted by playmates (Rapid Facial Mimicry, RFM). RFM was positively correlated with the
relationship quality shared by subjects thus suggesting that the mimicry phenomenon is socially
modulated. Moreover, more than the mere presence of isolated ROMs, the presence of at RFM
prolonged the duration of the play session. Through RFM animals can share the emotional mood they
are experiencing and this appears to be particularly adaptive in those species whose relationships are
not inhibited by rank rules and when animals build and maintain their bonds through social affiliation.
The meerkat society is cohesive and cooperative. Such features could have therefore favoured the
evolution of facial mimicry, a phenomenon linked to emotional contagion, one of the most basic

forms of empathy.

Key Words: visual communication, relaxed open mouth, emotional contagion, prosocial behaviour,

meerkats.
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Introduction

Sociality relies on complex forms of communication with individuals searching for signals which
provide useful information to make adaptive behavioural decisions (Freeberg 2012; Megan et al.
2017). Communication is based on signals which are produced by a display/action of one subject (the
sender) to affect the behaviour of another subject (the receiver) in a way that is adaptive either to one
or both parties (Markl 1983; Bradbury and Vehrencamp 1998). Among interacting subjects, an
optimal signal transmission can be reached by selecting different sensory modalities as a function of
the distance between the sender and the receiver and the possible visual/acoustic barriers present in
the environment. For example, acoustic signals can be recruited when the subjects cannot see each
other due to the presence of visual barriers or when the distance separating the animals is too long to
preclude the possibility to perceive subtle visual cues, such as facial expressions (Bradbury and
Vehrencamp 1998).

One of the most productive behavioural domains to study visual communication and facial
expressions in social mammals is play because this activity involves a close proximity between the
interacting subjects (Palagi et al. 2016). Social play and, especially, play fighting, can be favoured
through an accurate exchange of visual communicative signals (Pellis and Pellis 1997; van Hooff and
Preuschoft 2003; Palagi 2008; Waller and Cherry 2012; Palagi et al. 2014; Weigel and Berman 2018).
Although play fighting can be distinguished from real fighting on the basis of a variety of features,
such as the emphasis of the movements, the lack of inhibition, the random sequence of the motor
patterns and the self-handicapping tactics (Burghardt 2005; Pellis et al. 2010), in some cases
ambiguity can arise and the prompt use of specific signals can avoid misunderstanding between
players (Palagi et al. 2018). The playfulness of a potentially dangerous pattern can be highlighted by
specific gestures, gaits, vocalizations and facial expressions (Fagen 1981; Bekoff 2001; Panksepp
and Burgdorf 2003; Palagi 2006; Yanagi and Berman 2014; Palagi et al. 2015; Spinka et al. 2016).

In a sort of positive feedback, therefore, the opportunity to manage playful interactions can favour
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the development of communicative modules and their decoding, two skills that are beneficial in many
different contexts other than play itself (Burghardt 2005; Palagi and Cordoni 2012).

Here, we focus on playful facial communication in a species, Suricata suricatta, which has been
extensively studied for its complex vocal repertoire and communication (Manser et al. 2014) but that
has been relatively neglected for its facial communication. Even though the functions of play fighting
in this species have not yet been identified (Sharpe and Cherry 2003; Sharpe 2005a,b,c), meerkats
are a very good model to test some hypotheses on the potential role of playful facial communication
in fine tuning the playful session. Play fighting is present at every stage of life and the frequency of
play increases when animals are food provisioned (Sharpe et al. 2002), as it occurs in captivity.
Meerkats show high levels of social cohesion, prosocial behaviour and cooperation (Clutton-Brock
et al. 2001; Madden and Clutton-Brock 2011; Clutton-Brock and Manser 2016). Adults provide care
to both related and unrelated pups by babysitting (Clutton-Brock et al. 1998), feeding (Brotherton et
al. 2001) and teaching them foraging tactics (Thornton and McAuliffe 2006). Adults also contribute
to other communal behaviours such as guarding (Clutton-Brock et al. 1999), mobbing (Graw and
Manser 2007) and digging burrows (Manser and Bell 2004). In meerkats such prosocial behaviours
are mediated by oxytocin (Madden and Clutton-Brock 2011), a peptide hormone that, in many
mammalian species, is implicated in social bonding (Bales and Carter 2003), generosity (Korb et al.
2016), emotional sharing (Burkett et al. 2016) and facial mimicry (Korb et al. 2016; Somppi et al.
2017).

The large communicative repertoire of meerkats seems to provide the basis for their behavioural
synchronization and cooperation during group activities (Gall et al. 2017). We hypothesize that, as it
occurs in other highly cohesive species (wolves, Cordoni 2009, Cafazzo et al. 2018; dogs, Palagi et
al. 2015, Byosiere et al. 2016; spotted hyena, Drea et al. 1996; Tonkean macacques, Scopa and Palagi
2016; bonobos, Palagi 2008), in meerkats the capacity to manage play fighting can be achieved by

the use of specific communicative signals of both auditory and visual nature.
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Prediction 1 - Relaxed open mouth (ROM) as a directed signal

The specific facial expression punctuating play fighting is the relaxed open-mouth display (ROM)
which is commonly observed in several mammals (coyotes, wolves, dogs, Bekoff 1974; dogs, Palagi
etal. 2015; polecats, Poole 1978; otters, Pellis 1984; American black bears, Henry and Herrero, 1974;
sun-bears, Taylor et al. 2019; South American sea lions, Llamazares-Martin et al. 2017; lemurs, Pellis
and Pellis 2007, Palagi et al. 2014; macaques, van Hooff and Preuschoft 2003; orang-utans, Davila
Ross et al., 2008; bonobos, Palagi 2008; gorillas, Waller and Cherry 2012; chimpanzees, Palagi et al.
2018). The Ritualization Hypothesis (Tinbergen 1952) predicts that some behavioural patterns can be
separated from their original function to fulfil new functions. The ROM is considered a ritualized
signal that copies the intention of biting during a play session (Poole 1978; van Hooff and Preuschoft
2003; Palagi 2006; Palagi et al. 2014). To evaluate whether a pattern actually derives from the
ritualization process it should be demonstrated that it is detached from the presence of the original
behaviour which the ritualized pattern is supposed to originate from. After the ritualization process,
the original behaviour no longer results in the original outcome, but it can assume different meanings.
Hence, if in Suricata suricatta ROM is a playful signal, it should occur significantly more frequently
without the presence of play biting (Prediction 1a). Moreover, since ROM can be potentially
perceived by all the subjects involved in a play session, we expect that the signal is optimized during
polyadic (more than one playmate) than dyadic sessions (one playmate) simply because there is a

higher number of potential receivers (Prediction 1b).

Prediction 2 — Presence of Rapid facial mimicry (RFM) and relationship quality

Facial expressions convey information about the motivational and emotional state of the sender
(Palagi and Scopa 2017; Russell and Fernandez-Dols 2017). In this view, the correspondence between
facial signals emitted and elicited could be a valuable criterion to evaluate not only the ability to
decode and interpret the signal of the playmates (Schmidt and Cohn 2001) but also the emotional

sharing of the two interacting subjects (e.g., emotional contagion) (kea parrots, Schwing et al. 2017;
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dogs, Palagi et al. 2015, Huber et al. 2017; humans, Bryant et al. 2016; Prochazkova and Kret, 2017).
Play is a rewarding behaviour for the player because it induces a positive emotional state that can be
shared with the playmate through a specific form of motor resonance defined rapid facial mimicry
(RFM). RFM is an automatic, congruent and fast response (less than 1 s) in which individuals
involuntary mimic others’ expressions (Davila-Ross et al. 2008; Palagi et al. 2015; Scopa and Palagi
2016; Taylor et al. 2019). Recent studies have highlighted a covariance between the presence of motor
resonance phenomena (e.g., rapid mimicry) and the level of tolerance, affiliation and familiarity
shared by the interacting subjects (the so-called empathic-gradient hypothesis, de Waal and Preston,
2017; Clay et al., 2018). These social features influence play modality as demonstrated by the studies
on macaques. Highly cohesive macaque species tend to show highly symmetric and cooperative play
(Reinhart et al. 2010) and a frequent use of facial expressions which are often mimicked in a rapid
and automatic way (Scopa and Palagi 2016). Even in those species having largely solitarily lifestyle,
rapid mimicry can emerge when subjects grow up in a social environment and have the opportunity
to develop social bonds and high familiarity levels with conspecifics (orang-utans, Davila-Ross et
al.2008; sun bears, Taylor et al. 2019). The cohesive nature of Suricata suricatta is highlighted by
the presence of behaviours that seem to be independent from the subjects’ rank (Gall et al. 2017). For
example, during foraging activity some individuals can initiate group movements using ‘lead’ calls,
and groups can move to different foraging patches using ‘move’ calls in a collective response
(Bousquet et al. 2011). In this communicative exchange, dominant and subordinate individuals do
not show strong differences and engage in both "move" and "lead" calls at similar rates. Moreover,
the time spent to forage depends on the foraging success of all subordinates more than by the foraging

success of the dominant individuals. This suggests that the decision to return to sleeping sites is

shared among high- and low-ranking subjects rather than controlled by dominants (Gall et al. 2017).
Due to the cooperative and cohesive nature of this species we predict that meerkats are able to express
Rapid Facial Mimicry (RFM) by mirroring facial expressions of others, such as the relaxed open
mouth (ROM) (Prediction 2a). In case Prediction 2a is confirmed, if RFM is a phenomenon

6
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modulated by emotional contagion, we also expect that RFM is affected by the quality of relationship
shared by the players (calculated via the following affiliative patterns: grooming, body contact,

embracing/huddle) and not affected by their rank difference (Prediction 2b).

Prediction 3 — RFM, relationship quality and the duration of play session

If RFM and the relationship quality are good predictors of emotional contagion, we expect that they
favour the playful mood shared between the players. In this view, we expect that both RFM and good

relationships can positively affect the duration of play sessions (Prediction 3).

METHODS
Ethics Statement
Because the study was purely observational the committee of the University of Pisa (Animal Care

and Use Board) waived the need for a permit.

Subjects and Data Collection

The colony of Suricata suricatta (Table 1) under study was hosted at the Zoological Gardens of
Pistoia. During the data collection (April-June 2016) the colony was composed by nine adult males,
three adult females, and three immature subjects (Table 1). The animals were housed in an open-top
naturalistic enclosure of 90 m? connected with two indoor facilities (5 m?; inaccessible to the human
observer). The indoor and outdoor enclosures were connected through two guillotine doors and the
animals could freely move between them. The external area was provided with a substrate in soil and
sand (suitable for the formation of underground tunnels) and was enriched by boulders, trunks and
climbing structures. There was herbaceous, shrubby and arboreal vegetation, as well as a pool with

running water, so water was always available. Observations were carried out exclusively outdoor.
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Data collection occurred twice a week and behavioural data were video-recorded (about 150 hours)
by one observer (EM). In the period before the data collection and concomitantly with the routine
veterinary checking, adult individuals were weighed (mean 944.50 grams +15.73 SE) and marked by
colouring the fur in different body parts with a black hair dye (Table 1). Adults were individually
identified by the marking and their physical characteristics. Immature individuals were recognized
exclusively through their morphological features (e.g., size, fur colour, tail shapes, etc.).

The animals were fed in the indoor area twice a day at 10.00 a.m. (fruit, vegetables, dog pellet) and
04:30 p.m. (chicks or quails). In addition, they were randomly provided with a feeding enrichment to
stimulate foraging behaviour. The enrichment consisted of card-board boxes containing mealworms,
chopped fruits and vegetables mixed with straw or dry leaves. The boxes were always placed outdoor.
Video recording was in continuum. The animals were videotaped daily from 08:30 a.m. until 06:30
p.m. when visible. Data collection was carried out with the aid of three camera devices (SONY DCR-
SX15E, SONY DCR-SX33, SONY ILCE-5000L).

Scan sampling was performed every 30 seconds on all the videos collected (150 hours; 18000 scan
samplings). Via scan sampling we recorded the following affiliative patterns: directional grooming,
mutual grooming, body contact, embracing/huddle (Table 2).

All occurrences sampling was used 1) to collect data on dismiss/avoidance interactions on all the
videos collected (150 hours) and ii) to gather data on social play (play fighting). We video-analysed
play sessions for a total of 38 hours of videos. We employed a frame-by-frame method using VLC
media player 2.2.6 and Jump to time, with an accuracy of 0.01 seconds.

Before commencing systematic analysis of the videotaped sequences, the observer (EM) and the
trainer (EP) tested their inter-observer reliability in behavioural coding, until reaching a Cohen’s «
value > 0.85 (Kaufman and Rosenthal 2009). During the video-analysis, this procedure was repeated
every 3 hours of video analysed, with both observers scoring the same 15 minutes of video, to ensure
consistent inter-observer reliability for each behavioural item scored Table 2. For each of the

behavioural items, Cohen’s k value was never less than 0.85.
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Operational definitions

The play session

A play session began when one partner directed a playful pattern toward a conspecific who responded
with another playful pattern (Table 2). A session ended when playmates ceased their activities, one
of them moved away, or when a third individual interfered, thus interrupting the interaction. If another
play session began after a delay of 10 seconds, that session was counted as new. For each play session
we recorded: (a) identities of the subjects (i.e., name, sex, age), (b) playful bodily motor patterns and
facial expressions in their exact sequence, (c) exact time in which each pattern occurred (with an
accuracy of 0.01 seconds), (d) number of players and (e) duration of the interaction (in seconds). We

recorded and analysed 1035 play sessions via all occurrences sampling method.

Polyadic and dyadic sessions

As for the definition of polyadic sessions, we used the following criteria. If the individuals A and B
were playing and C joined in, the session shifted from dyadic to polyadic and the two sessions were
considered as distinct. Similarly, if one of the three meerkats dropped out, the session shifted into a
dyadic session and it was considered as a new session. When at least one of the players changed
during a polyadic/dyadic playful interaction, that session was considered as a new session.

To compare the ROM frequency between dyadic and polyadic play sessions, we calculated at the
individual level the number of ROMs emitted by each subject when engaging in dyadic and polyadic
sessions.

For the LMM analysis, we calculated the duration of each play session at the dyadic level. In case of
polyadic play, we calculated the duration of the session involving each dyad as follows a-b-c = a-b;

a-c; b-c.

Play Asymmetry Index, PAI



229  To calculate the Play Asymmetry Index (PAI), we classified the playful patterns as offensive and
230  defensive (Bauer and Smuts 2007; Ward et al. 2008; Cordoni et al. 2016; Llamazares-Martin et al.
231  2017) (Table 2). We calculated the PAI for each session as follows: the number of “play wins” for
232 animal A in a dyad equalled the number of offensive play patterns by A directed at B plus the number
233 of defensive play patterns by B directed toward A. B’s “play wins” were calculated in the same way
234  (Table 2). Next, we calculated the proportion of “play wins” for A as the number of “play wins” for
235 A divided by the number of “play wins” for both A and B. We calculated the number of “play wins”
236  for B in the same way. We subtracted the “A play win ratio” from the “B play win ratio” thus
237  obtaining a value that represented the measure of the degree of asymmetry (Ward et al. 2008; Palagi
238 et al. 2014; Cordoni et al. 2016). The neutral patterns (defined and listed in Table 2) are not

239  directional, for this reason they cannot attributed to a specific player. The PAI ranges from -1 to 1.

240
241 (OFF play patterns A + DEF play patterns B) — (OFF play patterns B + DEF play patterns A)

(OFF play patterns A + DEF play patterns B) + (OFF play patterns B + DEF play patterns A) + NEUTRAL patterns
242

243  We calculated the PAI value of each session in which the animals A and B were involved. Then, we
244 calculated the mean value of the PAI distribution of the A-B dyad. In case of polyadic play, we
245  calculated the PAI of each dyad involved in the session as follows a-b-c = a-b; a-c; b-c.

246

247  Rapid Facial Mimicry (RFM)

248  To examine the presence of RFM, defined as the mirror facial response given by the receiver within
249 1 second from the perception of the stimulus (Mancini et al. 2013), we focused on the specific playful
250  signal, the ROM (operational definition: an individual opens and closes its mouth while moving
251  towards a playmate; upper and lower teeth may be exposed and visible; the degree of opening has to

252 reach at least the 50% of the mouth's maximum opening). 1584 ROMs were included in the analysis.
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We focused on the facial expression of one individual (the receiver) to see whether it varied as a
function of the facial signal displayed by the individual (the sender) within a 1 second time window.
The sender was defined as the first playmate who emitted the stimulus (ROM). To reliably assess that
the ROM produced by the receiver was actually elicited by the ROM emitted by the sender, we
considered only those interactions in which the receiver looked at the sender and did not show ROM
in the 1 second prior to the emission of the facial stimulus (ROM) by the sender.

The RFM latencies were measured frame-by-frame starting from the onset of the sender stimulus (the
first frame showing the separation of the inferior from the superior jaw) and ending with the onset of
the receiver’s facial response (the first frame showing the separation of the inferior from the superior
jaw) with 1 cs accuracy.

We measured the attentional state of the receiver by considering its head orientation in relation to the
head orientation of the sender (Figure 1). When the sender was in front of the receiver (i.e., within
the range of its stereoscopic view, direct visual contact condition), we considered the facial expression
as perceived. When the receiver was facing away from the sender (without direct visual contact
condition), we considered facial expressions as not perceived.

All the doubtful cases linked to lateral views were discarded from the analyses (Figure 1) and RFM

was calculated after all the coding was finished.

Calculation of the dominance relationships - We evaluated hierarchical relationships of the subjects
on the basis of the dyadic dismiss/avoidance interactions. For each interaction, data were entered into
a socio-matrix used to assess the rank by Normalized David’s Scores (Table 1). Normalized David’s
scores (NDS) were calculated on the basis of a dyadic dominance index (Dij) in which the observed
proportion of displacements (Pij) is corrected for the chance occurrence of the observed outcome.
The chance occurrence of the observed outcome was calculated on the basis of a binomial distribution

with each animal having an equal chance of winning or losing in every dominance encounter

11
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(Vervaecke et al. 2007). The correction is necessary when, as in the case of our study group, the

interaction numbers was different between the dyads.

Relationship quality - The quality of the relationship between the subjects forming each dyad (A-B)
was determined by calculating the ratio between the number of affiliative patterns (directional
grooming, mutual grooming, body contact, embracing/huddle) and the total number of scans in which

at least one of the subject of the dyad was present.

Statistics

Due to the non-normal distribution of the data (Kolmogorov-Smirnov >0.05), we used non-
parametric statistics to perform the analyses. The Exact Wilcoxon’s paired sample T test was used to
compare the frequency of i) ROM followed/not followed by play bites (Prediction 1a), ii)) ROM
perceived during dyadic/polyadic sessions (Prediction [1b) and iii) the congruent response
(ROMreceiver/ROMsender) between “direct visual contact” and “without visual contact” conditions
(Prediction 2a).

To check for a possible correlation between RFM and the absolute difference in NDS values between
the individuals forming a dyad, we applied the randomization test for correlation. The same test was
also applied to check for the presence of a correlation between RFM and the relationship quality
shared (measured by affiliative patterns) by the subjects forming a dyad (Prediction 2b). This kind of
procedure is used to avoid pseudo-replication due to non-independence of data (the same individual
is included in more than one dyad; therefore, dyads are not independent data-points). The correlation
via randomization test was employed with a number of 10,000 permutations using resampling
procedures (via Resampling Procedures 1.3 package by David C.Howell).

Statistical Model Analysis - We ran a multi-model comparison of Linear Mixed Models (LMM) to
determine what variables affected the duration of the play session (Play Duration, PD) (Prediction

3). In the model, the dependent variable was the logarithmic values of PD (Normal distribution,

12
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Anderson-Darling, ns, EasyFit 5.5 Professional). The fixed and random factors are listed and defined
in Table 3.

We tested 23 models involving the nine fixed factors of interest (Table 3), spanning a single-factor
model and a model including all the fixed factors (full model). To select the best model, we used the
Akaike’s corrected information criterion (AICc), which corrects the Akaike’s information criterion
(AIC) for small sample sizes. As the sample size increases, the AICc converges to AIC. To measure
how much better the best model is compared to the next best models, we calculated the difference
(AAICc) between the AICC value of the best model and the AICC value for each of the other models.
As a coarse guide, models with AAICc values less than 2 are considered to be essentially as good as
the best model (also defined as "substantial", Burnham and Anderson 2002) and models with AAICc
up to 6 should probably not be discounted (also defined as "considerably less", Burnham and
Anderson 2002). Moreover, to assess the relative strength of each candidate model, we employed
AAICc to calculate the evidence ratio and the Akaike weight (wi). The wi (ranging from 0 to 1) is the
weight of evidence or probability that a given model is the best model, taking into account the data

and set of candidate models (Symonds and Moussalli 2011).

RESULTS

Prediction 1

The percentage of ROM not followed by a bite was 75.00% + 27.49 SE. The number of ROMs
(ROM/second) not followed by bites were more frequent than those followed by bites (Exact
Wilcoxon T=0.00; ties=0; N=12; p=0.0001; Figure 2) (Prediction la supported). The ROMs
perceived during dyadic sessions were significantly more frequent than those perceived during
polyadic sessions (Exact Wilcoxon T=0.00; ties=0; N=12; P=0.0001; Figure 3) (Prediction 1b not

supported).

Prediction 2

13
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The frequency of ROMs performed when the stimulus was emitted in presence of direct visual contact
with the playmate was significantly higher compared to the frequency of ROMs performed when the
stimulus emitted by the sender was not visually perceived by the receiver (Wilcoxon Signed Rank
test T=0.00; N=9; P=0.004; Figure 4) (Prediction 2a supported). The mean group frequency of RFM
was 0.273 £0.023SE. The RFM time latency was mean 19.63 cs £2.01SE. The total RFM performed
by the players correlated with their levels of relationship quality (correlation via randomization
1=0.639; Nayads—22; p=0.009; Figure 5) but not with their rank distances measured via the absolute
difference in their NDS scores (correlation via randomization 1r=0.123; Ngyaas=22; p=0.540)

(Prediction 2b supported).

Prediction 3

To verify which factors affected the duration of each play session, we ran a LMM. The best model
(AICc=1399.026) contained the variables "RFM" and "relationship quality" and explained about
50.50% of the distribution. The AICc of intercept only was 1478.874 and that of the full model was
1418.818. Four 'considerably less' models (2 < AAICc < 6; Burnham and Anderson 2002; Table 4)
cannot be discounted as potential models explaining the distribution of the Play Duration. However,
these four models contained as fixed factors "RFM" and "relationship quality" and among all the
added variables only “sex of player1” was a significant predictor with none of the additional variables
improving the model. For details of the results see Table 5. In the best model the variables "RFM"
(Figure 6) and "relationship quality" (Figure 7) were both statistically significant, this means that both

variables produce a general effect in prolonging the session.

Discussion
As a whole, our findings support the hypothesis that visual communication has an important role in
managing playful interactions in Suricata suricatta. In particular, meerkats perform the relaxed open

mouth (ROM) during their playful contacts. Since ROM occurred more frequently without the
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presence of play biting (Figure 2), it possibly underwent a ritualization process so that this specific
facial expression should be considered as a signal. It is possible that also acoustic stimuli (not
collected during this study) can have a concomitant role in fine-tuning the play session and it could
be extremely interesting to evaluate if some vocalizations can accompany the ROM performance.

Surprisingly, the perception of the ROMs emitted by the sender did not increase with the number of
players involved in the session. Indeed, during dyadic play the perception of the signal was higher
than during polyadic play (Figure 3, Prediction 1b not supported). This finding suggests a certain
degree of social sensitivity because the animals seem to be able to place the facial expressions in the
appropriate social context (e.g., receiver attention). This is in agreement with the evidence obtained
in several primate and non-primate species. In a very recent paper, Taylor et al. (2019) demonstrated
that sun-bears (Helarctos malayanus) produce open-mouth faces mainly when the sender has got the
attention of the receiver. Ring-tailed lemurs (Lemur catta) that, as meerkats, are characterized by
well-developed olfactory and acoustic communicative systems (Jolly 1966), engage in ROM to
modulate their play fighting interactions which can be extremely risky due to the high levels of
despotism shown by the species. In lemurs, ROM was particularly frequent during dyadic playful
sessions and when play fighting was strongly unbalanced (Palagi et al. 2014). ROM has also been
demonstrated in the South American sea lion (Otaria flavescens, Llamazares-Martin et al. 2017) and
in dogs (Canis lupus familiaris, Palagi et al. 2015). In these species, ROM is expressed through a
similar motor action (the mouth is kept open in a relaxed way without any retraction of the lip
corners), it is context specific (play), it can be adjusted to maximize the probability to be perceived
and it has a role in prolonging the duration of the playful interaction. Data coming from literature
strongly suggest that ROM is a highly conserved trait that is shared among mammals (Preuschoft and
van Hooff 1995). In this perspective, the presence of ROM in meerkats is not surprising due to the
social affiliation typical of the species. The high levels of social cohesiveness, well demonstrated in
meerkats (Manser et al. 2014; Clutton-Brock and Manser 2016), require sophisticated communicative

skills often based on different sensory modalities (Freeberg 2012). In some cases, visual signals can
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be preferred to acoustic signals by players to reduce the probability to be detected by predators,
especially when the attentional level of the subject is focussed on the playmate and not on the
surrounding environment as it occurs during play fighting. This hypothesis, however, deserves further
studies based on a multi-modal approach and conducted on a larger number of social groups both in
captivity and in the wild.

Even though our study has been conducted on a single group of captive meerkats, it demonstrates the
presence of rapid facial mimicry (RFM) in this species (Figure 4; Prediction 2a supported). In
primates, RFM was not found in all the species tested. According to the Covariance Hypothesis
(Thierry 2000), it seems that this behavioural trait covaries with the level of tolerance and affiliation
characterizing each species (see Palagi and Scopa 2017 for an extensive review). Primates living in
cooperative and egalitarian societies clearly show the phenomenon of emotional mimicry (Tonkean
macaques, Scopa and Palagi 2016; geladas, Mancini et al. 2013) which is inhibited when the social
relationship between animals are built upon strict dominance more than affiliative interactions
(despotic societies) (Japanese macaques, Scopa and Palagi 2016). Rapid mimicry can also be found
under particular conditions. When subjects belonging to solitarily species grow up in a social
environment and have the opportunity to spend together a large amount of time, motor resonance
phenomena can emerge (orang-utans, Davila-Ross et al.2008; sun bears, Taylor et al. 2019). The
meerkat society is extremely cohesive and this could have favoured the evolution of facial mimicry,
which is linked to the basic form of emotional contagion (Prochazkova and Kret, 2017). The linkage
between RFM and emotional contagion in meerkats seems to be supported by our finding showing a
strong positive correlation between the relationship quality shared by subjects and their levels of RFM
(Figure 5) (Prediction 2b supported). Moreover, some forms of prosociality have been reported in
meerkats (Madden and Clutton-Brock 2011). Oxytocin, a neuropeptide hormone, has been
demonstrated to play a role in shaping prosocial behaviours in this species (Madden and Clutton-
Brock 2011). The nasal oxytocin administration has been demonstrated to increase facial mimicry

and emotional contagion in humans (Korb et al. 2016) and dogs (Somppi et al. 2017) thus suggesting
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that oxytocin has a role in modulating fundamental emotional processing through a mechanism that
may facilitate communication between subjects. Further studies would clarify the role of oxytocin in
modulating rapid facial mimicry in meerkats to verify if the phenomenon of emotional contagion can
be one of the engines of helping behaviour in this species.

It is now widely accepted that mammals express and perceive emotions and that this capacity has an
adaptive value because it allows animals to respond to various situations quickly (e.g., fear) and
appropriately (e.g., play) thus facilitating survival and increasing fitness (Mendl et al. 2010;
Watanabe and Kuczaj 2013). Through spontaneous facial mimicry animals can share their emotional
mood and this appears to be particularly adaptive when the relationships are not inhibited by rank
rules and when animals build and maintain their bonds through cooperation and social affiliation
(Nakahashi and Ohtsuki 2015). During play animals experience a positive mood that is often unveiled
through facial expressions (e.g., ROM). The automatic and rapid replication of the playmate's facial
expression is informative about reciprocal attentiveness, social sensitivity (sensu Taylor et al. 2019)
and strong bonding (Palagi et al., 2015). Through the reflexive facial mimicry animals inform
playmates that the signal has been perceived and interpreted (i.e., fast mirroring response) thus
making the interactions more successful. This process seems to be sustained by the quality of
relationship shared by subjects (Palagi and Scopa, 2017). Accordingly, in meerkats the presence of
RFM during play fighting (Figure 6) and the quality of relationship shared by the players significantly
prolonged the interaction (Figure 7). In absence of RFM, the mere perception of the relaxed open
mouth did not produce the same effect on the duration of play (Figure 6). It seems, therefore, that in
meerkats the facial motor mirroring and the relationship quality can inform emotional sharing (see
Prochazkova and Kret, 2017 for an extensive review).

In conclusion, even though meerkats rely on olfactory and acoustic cues to manage most of their
maintenance activities, it seems that during their playful, self-rewarding interactions they can make
large use of visual cues as well. They not only perform the typical playful facial expression emitted

by many other mammals (the Relaxed Open Mouth), but they are also able to engage in rapid facial
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mimicry, a motor resonance process sustained by social bonding, which in human and non-human
primates is considered to be linked to the phenomenon of emotional contagion. A multi-modal
approach to the study of rapid mimicry would clarify if and how the integration of different sensory

modalities (e.g., visual and acoustic) can modulate motor resonance phenomena.

Acknowledgments
We wish to thank the staff of the Pistoia Zoo for their help and assistance during the data collection;
B. Millesimato Caval for the enlightening discussion during the interpretation of the results. We

also wish to thank Daniele Santerini for helping with figures.

References

Bales KL, Carter SC (2003) Sex differences and developmental effects of oxytocin on aggression and
social behavior in prairie voles (Microtus ochrogaster). Horm Behav 44:178-184.
https://doi.org/10.1016/S0018-506X(03)00154-5

Bauer EB, Smuts BB (2007) Cooperation and competition during dyadic play in domestic dogs, Canis
familiaris. Anim Behav 73:489-499. https://doi.org/10.1016/j.anbehav.2006.09.006

Bekoff M (1974) Social play in coyotes, wolves, and dogs. BioSci 24:225-230.
https://doi.org/10.2307/1296803

Bekoff M (2001). Social play behaviour: cooperation, fairness, trust, and the evolution of morality. J
Conscious Stud 8:81-90

Byosiere SE, Espinosa J, Smuts B (2016) Investigating the function of play bows in adult pet dogs
(Canis lupus familiaris). Behav Processes 125:106-113.
https://doi.org10.1016/j.beproc.2016.02.007.

Bousquet CAH, Sumpter DJT, Manser MB (2011) Moving calls: a vocal mechanism underlying
quorum decisions in cohesive groups. Proc R Soc B 278:1482-1488. doi:10.1098/rspb.2010.1739

Bradbury JK, Vehrencamp SL (1998) Principles of animal comunication. Sunderland, MA

Brotherton P, Clutton-Brock TH, O'Riain JM, Gaynor D, Sharpe L, Kansky R (2001) Offspring food
allocation by parents and helpers in a cooperative mammal. Behav Ecol 12:590-599.
https://doi.org/10.1093/beheco/12.5.590

Bryant GA, Fessler DMT, Fusaroli R, Clint E, Aarge L, Apicella CL, Petersen MB, Bickham ST,
Bolyanatz A, Chavez B, De Smet D, Diaz C, Fan¢ovicova J, Fux M, Giraldo-Perez P, Hu A, Kamble
SV, Kameda T, Li NP, Luberti FR, Prokop P, Quintelier K, Scelza BA, Shin HJ, Soler M, Stieger S,

18



466
467
468

469

470
471

472
473

474
475
476

477
478
479

480
481
482

483
484
485

486
487
488

489
490

491
492

493
494

495
496

497
498

499
500

501

Toyokawa W, van den Hende EA, Viciana-Asensio H, Yildizhan SE, Yong JC, Yuditha T, Zhou Y
(2016). Detecting affiliation in colaughter across 24 societies. PNAS 113:4682—4687.
https://doi.org/10.1073/pnas.1524993113

Burghardt GM (2005) The genesis of animal play: testing the limits. Cambridge, MA

Burkett JP, Andari E, Johnson ZV, Curry DC, de Waal FB, Young LJ (2016) Oxytocin-dependent
consolation behavior in rodents. Sci 351:375-378. https://doi.org/10.1126/science.aac4785.

Burnham KP, Anderson DR (2002) Model selection and multimodel inference. A practical
information-theoretic approach, 2nd edn. Springer-Verlag, New York.

Cafazzo S, Marshall-Pescini S, Essler JL, Viranyi Z, Kotrschal K, Range F (2018) In wolves, play
behaviour reflects the partners' affiliative and dominance relationship. Anim Behav 141:137-150.
https://doi.org/10.1016/j.anbehav.2018.04.017

Clay Z, Palagi E, de Waal, FBM (2018) Ethological approaches to empathy in primates. In: Meyza
KZ, Knapska E (eds) Neuronal Correlates of Empathy. Elsevier Science Publishing Co Inc, San
Diego (USA), pp. 53-66.

Clutton-Brock TH, Manser MB (2016) Meerkats: cooperative breeding in the Kalahari. In: Koenig
WD, Dickinson JL (eds) Cooperative Breeding in Vertebrates: Studies of ecology, Evolution, and
Behavior. Cambridge University Press: Cambridge, pp. 294-317.

Clutton-Brock TH, Brotherton PNM, O’riain MJ, Griffin AS, Gaynor D, Kansky R, Sharpe L,
Mcllrath GM (2001) Contributions to cooperative rearing in meerkats. Anim Behav 61:705-710.
https://doi.org/10.1006/anbe.2000.1631

Clutton-Brock TH, Gaynor D, Kansky R, MacColl ADC, Mcllrath G, Chadwick P, Brotherton PNM,
O'Riain JM, Manser M, Skinner JD (1998) Costs of cooperative behaviour in suricates (Suricata
suricatta). Proc R Soc B 265:1392. https://doi.org/10.1098/rspb.1998.0281

Clutton-Brock TH, O'Riain MJ, Brotherton PN, Gaynor D, Kansky R, Griffin AS, Manser M (1999)
Selfish sentinels in cooperative mammals. Sci 284:1640-1644

Cordoni G (2009) Social play in captive wolves (Canis lupus): not only an immature affair. Behav
146:1363-1385

Cordoni G, Nicotra V, Palagi E (2016) Unveiling the 'secret' of dog play success: asymmetry and
signals. J Comp Psychol 130:278-287. https://doi.org/10.1037/com0000035

Davila-Ross M, Menzler S, Zimmermann E (2008) Rapid facial mimicry in orangutan play. Biol Lett
4:27-30. https://doi.org/10.1098/rsbl.2007.0535

de Waal FBM, Preston SD (2017) Mammalian empathy: behavioural manifestations and neural basis.
Nat Rev Neurosci 18:498-509. http://dx.doi.org/10.1038/nrn.2017.72

Drea CM, Hawk JE, Glickman SE (1996) Aggression decreases as play emerges in infant spotted
hyaenas: preparation for joining the clan. Anim Behav 51:1323-1336

Fagen R (1981) Animal play behavior. Oxford University Press, New York

19



502
503
504

505
506

507
508

509
510

511
512
513

514
515

516
517

518
519
520

521
522
523
524
525

526
527

528
529

530
531

532
533

534
535

536
537

538
539

Freeberg TM, Robin I, Dunbar M, Terry JO (2012) Social complexity as a proximate and ultimate
factor in  communicative complexity. Phil Trans R Soc B  367:1785-1801.
https://doi.org/10.1098/rstb.2011.0213

Gall GEC, Strandburg-Peshkin A, Clutton-Brock T, Manser MB (2017) As dusk falls: collective
decisions about the return to sleeping sites in meerkats. Anim Behav 132:91-99

Graw B, Manser MB (2007) The function of mobbing in cooperative meerkats. Anim Behav 74: 507-
517. https://doi.org/10.1016/j.anbehav.2006.11.021.3

Henry JD, Herrero SM (1974) Social play in the American black bear: its similarity to canid social
play and an examination of its identifying characteristic. Am Zool 14:371-389

Huber A, Barber AL, Farag6 T, Miiller CA, Huber L (2017) Investigating emotional contagion in
dogs (Canis familiaris) to emotional sounds of humans and conspecifics. Anim Cogn 20:703-715.
https://doi.org/10.1007/s10071-017-1092-8

Jolly A (1966) Lemur Social Behavior and Primate Intelligence. Sci 153:501-506.
https://doi.org/10.1126/science.153.3735.501

Kaufman AB, Rosenthal R (2009) Can you believe my eyes? The importance of interobserver
reliability statistics in observations of animal behaviour. Anim Behav 78:1487-1491.

Korb S, Malsert J, Strathearn L, Vuilleumier P, Niedenthal P (2016) Sniff and mimic - Intranasal
oxytocin increases facial mimicry in a sample of men. Horm Behav 84:64-74.
http://dx.doi.org/10.1016/j.yhbeh.2016.06.003

Llamazares-Martin C, Scopa C, Guillén-Salazar F, Palagi E (2017) Strong competition does not
always predict play asymmetry: the case of South American sea lions (Otaria flavescens). Ethology
123. https://doi.org/10.1111/eth.12594

Madden JR and Clutton-Brock TH (2011) Experimental peripheral administration of oxytocin
elevates a suite of cooperative behaviours in a wild social mammal. Proc R Soc B 278:1189—-1194.
https://doi.org/10.1098/rspb.2010.1675

Mancini G, Ferrari PF, Palagi E (2013). Rapid facial mimicry in geladas. Sci Rep 3:15-27.
http://dx.doi.org/10.1038/srep01527

Manser MB, Bell MB (2004) Spatial representation of shelter locations in meerkats, Suricata
suricatta. Anim Behav 68:151-157. https://doi.org/10.1016/j.anbehav.2003.10.017

Manser MB, Jansen DAWAM, Graw B, Hollén L, Bousquet C, Furrer R, Le Roux A (2014) Vocal
complexity in meerkats and other mongoose species. Adv Study Behav 46:281-310

Markl H (1983) Vibrational communication. In: Huber F, Markl H (eds) Neuroethology and
Behavioral Physiology. Springer-Verlag, Berlin, pp 332-353

Megan TW, River PR, Muller C, Toni P, Manser MB (2017) Adult meerkats modify close call rate
in the presence of pups. Curr Zool 63:349-355

Mendl M, Burman OHP, Paul ES (2010) An integrative and functional framework for the study of
animal emotion and mood. Proc Biol Sci 277:2895-2904. https://doi.org/10.1098/rspb.2010.0303

20



540
541

542
543
544

545
546

547
548

549
550

551
552

553
554
555

556
557
558

559
560

561
562

563
564

565
566

567
568

569
570

571
572

573
574

Nakahashi W, Ohtsuki H (2015) When is emotional contagion adaptive?. J Theor Biol 380:480-488.
https://doi.org/10.1016/}.jtbi.2015.06.014

Palagi E (2006) Social play in bonobos (Pan paniscus) and chimpanzees (Pan troglodytes):
implications for natural social system and interindividual relationships. Am J of Phys Anthropol
129:418-426

Palagi E (2008) Sharing the motivation to play: the use of signals in adult bonobos. Anim Behav
75:887-896

Palagi E (2009) Adult play fighting and potential role of tail signals in ring-tailed lemurs (Lemur
catta). ] Comp Phys 123:1-9

Palagi E (2018) Not just for fun! Social play as a springboard for adult social competence in human
and non-human primates. Behav Ecol Sociobiol 72:90. https://doi.org/10.1007/s00265-018-2506-6

Palagi E, Cordoni G (2012) The right time to happen: play developmental divergence in the two Pan
species. PLoS ONE 7:€52767. https://doi.org/10.1371/journal.pone.0052767

Palagi E, Cordoni G, Demuru E, Bekoff M (2016) Fair play and its connection with social tolerance,
reciprocity and the ethology of peace. Behav 153:1195-1216. https://doi.org/10.1163/1568539X-
0000333

Palagi E, Mancini G (2011) Playing with the face: playful facial “chattering” and signal, modulation
in a monkey species (Theropithecus gelada). J Comp Psychol 125:11-21.
http://doi.org/10.1037/a0020869

Palagi E, Nicotra V, Cordoni G (2015) Rapid mimicry and emotional contagion in domestic dogs. R
Soc Open Sci 2:150505. https://doi.org/10.1098/rs0s.150505

Palagi E, Norscia I, Pressi S, Cordoni G (2018) Facial mimicry and play: a comparative study in
chimpanzees and gorillas. Emotion. https://doi.org/10.1037/emo0000476

Palagi E, Norscia I, Spada G (2014) Relaxed open mouth as a playful signal in wild ring-tailed lemurs.
Am J Primatol 76:1074-1083. https://doi.org/10.1002/ajp.22294 PMID: 24810169

Palagi E, Scopa C (2017) Integrating Tinbergen's inquiries: mimicry and play in humans and other
social mammals. Learn Behav 45:378-389. https://doi.org/10.3758/s13420-017-0278-x

Panksepp J, Burgdorf J (2003) ‘‘Laughing’’ rats and the evolutionary antecedents of human joy?
Phys Behav 79:533-545

Pellis SM (1984) Two aspects of play-fighting in a captive group of oriental small-clawed otters
Amblonyx cinerea. Ethol 65:77-83. https://doi.org/10.1111/j.1439-0310.1984.tb00374.x

Pellis SM, Pellis VC (1997) Targets, tactics, and the open mouth face during play fighting in three
species of primates. Aggress Behav 23:41-57

Pellis SM, Pellis VC (2007) Rough-and-tumble play and the development of the social brain. Curr
Dir Psychol Sci 16:95-98. https://doi.org/10.1111/j.1467-8721.2007.00483.x

21



575
576

577
578
579

580
581

582
583

584
585
586

587
588

589
590

591
592

593
594

595
596

597
598

599
600

601
602

603
604
605

606
607
608

Pellis SM, Pellis VC, Bell HC (2010) The function of play in the development of the social brain.
Am J Play 2:278-296

Poole TB (1978) An analysis of social play in polecats (Mustelidae) with comments on the form and
evolutionary  history of the open mouth play face. Anim Behav 26:36-49.
http://dx.doi.org/10.1016/0003-3472(78)90006-4

Preuschoft S, van Hooff JARAM (1995) Homologizing primate facial displays: a critical review of
methods. Folia Primatol 65:121-137

Prochazkova E, Kret ME (2017) Connecting minds and sharing emotions through mimicry: a
neurocognitive model of emotional contagion. Neurosci Biobehav Rev 80:99-114.

Reinhart CJ, Pellis VC, Thierry B, Gauthier C, Vanderlaan DP, Vasey PL, Pellis SM (2010) Targets
and tactics of play fighting: competitive versus cooperative styles of play in Japanese and Tonkean
macaques. Int J Comp Psychol 4:166-200

Russell JA, Fernandez-Dols JM (2017) The science of facial expression. Oxford University Press,
UK

Schmidt KL, Cohn JF (2001) Human facial expressions as adaptations: evolutionary questions in
facial expression research. Yearb Phys Anthropol 44:3-24

Schwing R, Nelson XJ, Wein A, Parsons S (2017) Positive emotional contagion in a New Zealand
parrot. Curr Biol 27:213-214. https://doi.org/10.1016/j.cub.2017.02.020

Scopa C, Palagi E (2016) Mimic me while playing! Social tolerance and rapid facial mimicry in
macaques (Macaca tonkeana and Macaca fuscata). ] Comp Psychol 130:153-161

Sharpe L (2005a) Play fighting does not affect subsequent fighting success in wild meerkats. Anim
Behav 69:1023-1029. https://doi.org/10.1016/j.anbehav.2004.07.013

Sharpe L (2005b) Play does not enhance social cohesion in a cooperative mammal. Anim Behav
70:551-558. https://doi.org/10.1016/j.anbehav.2004.08.025

Sharpe L (2005¢) Frequency of social play does not affect dispersal partnerships in wild meerkats.
Anim Behav 70:559-5609. https://doi.org/10.1016/j.anbehav.2004.11.011

Sharpe L, Cherry MI (2003) Social play does not reduce aggression in wild meerkats. Anim Behav
66:989-997. https://doi.orgl10.1006/anbe.2003.2275

Sharpe L, Clutton-Brock TH, Brotherton PNM, Cameron EZ, Cherry MI (2002) Experimental
provisioning increases play in free-ranging meerkats. Anim Behav 64:113-121.
https://doi.org/10.1006/anbe.2002.3031

Somppi S, Toérnqvist H, Topal J, Koskela A, Hénninen L, Krause CM, Vainio O (2017) Nasal
oxytocin treatment biases dogs' visual attention and emotional response toward positive human facial
expressions. Front Psychol 17:1854. https://doi.org/10.3389/fpsyg.2017.01854

22



609
610
611

612
613
614

615
616
617

618
619

620
621
622

623
624

625
626

627
628
629

630
631

632
633

634
635

636

637
638

639
640

641
642

643

644

645

Spinka M, Pale¢kova M, Rehakova M (2016) Metacommunication in social play: the meaning of
aggression-like elements is modified by play face in Hanuman langurs (Semnopithecus entellus)
Behav 153:795-818

Symonds MRE, Moussalli A (2011) A brief guide to model selection, multimodel inference and
model averaging in behavioural ecology using Akaike’s information criterion. Behav Ecol Sociobiol
65:13-21. https://doi.org/10.1007/s00265-010-1037-6

Taylor D, Hartmann D, Dezecache G, Wong ST, Davila-Ross M (2019) Facial complexity in sun
bears: exact facial mimicry and social sensitivity. Sci Rep 9:4961. https://doi.org/10.1038/s41598-
019-39932-6

Thierry B (2000) Covariation of conflict management patterns across macaque species. In:
Aureli F, de Waal FBM (eds) Natural conflict resolution. Berkeley, CA, pp 106-128

Thornton Al, McAuliffe K (2006) Teaching in wild meerkats. Sci 313:227-229.
https://doi.org/10.1126/science.1128727

Tinbergen N (1952) “Derived” activities: their causation, biological significance, origin, and
emancipation during evolution. Q Rev Biol 72:1-32

van Hooff JARAM, Preuschoft S (2003) Laughter and smiling: the intertwining of nature and culture.
In: de Waal FBM, Tyack PL (eds) Animal social complexity. Cambridge, MA, pp 260-287

Vervaecke H, Stevens IMG, Vandemoortele H, Sigurjonsdottir H, de Vries H (2007) Aggression and
dominance in matched groups of subadult Icelandic horses (Equus caballus). J Ethol 25:239-248.
https://doi.org/10.1007/s10164-006-0019-7

Waller BM, Cherry L (2012) Facilitating play through communication: significance of teeth exposure
in the gorilla play face. Am J Primatol. 74:157-64. https://doi.org/10.1002/ajp.21018

Ward C, Bauer EB, Smuts BB (2008) Partner preferences and asymmetries in social play among
domestic dog, Canis lupus familiaris, littermates. Anim Behav 76:1187-1199

Watanabe S, Kuczaj S (2013) Emotion of animals and humans: comparative perspectives.
Springer, Tokyo

Weigel EA, Berman CM (2018) Body signals used during social play in captive immature western
lowland gorillas. Primates 59:253-265

Wemmer and Fleming (1974) Ontogeny of playful contact in a social mongoose, the meerkat,
Suricata suricatta. Am Zool 14:415-426

Yanagi A, Berman CM (2014) Body signals during social play in free-ranging rhesus macaques
(Macaca mulatta): a systematic analysis. Am J Primatol 76:168-179

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of interest.

23



646

647

648

649

650

651

652

Ethical approval As the present study was exclusively observational without any manipulation of
animals, all applicable international, national, and/or institutional guidelines for the care and use of
animals were followed. Also, all procedures were in accordance with the ethical standards of the
University of Pisa.

Informed consent No need for an informed consent for this study

24



653

654

655

656

657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

Table 1 — Group of Suricata suricatta hosted by Zoological Gardens of Pistoia.
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Name Sex Date of Birth  Age Mark NDS

M alpha @ 02/2008 adult - 8.027
B alpha & 06/2009 adult tail 7.261
F Q 05/2013 adult side 5.449
ZAS Q 05/2014 adult left frontlimb 5.716
S 3 05/2015 adult shoulder 5.115
SPEL 4 05/2015 adult tail basis 6.395
ZDD 3 05/2015 adult right hindlimb 6.242
ZDS 4 05/2015 adult left hindlimb 6.151
T 3 07/2015 adult head 6.265
ZAD 3 07/2015 adult right frontlimb ~ 5.499
MAX 4 03/2016 immature - 4.448
MIN 3 03/2016 immature - 5.432
PULCE & 06/2016 immature - 6.000




680  Table 2. Behavioral items recorded during the study. Ethogram based on Wemmer and Fleming

22% (1974) and integrated by preliminary observations on the colony under study.

PLAY PATTERNS DEFINITIONS
Offensive play patterns
Ambush (0) The player approaches the playmate from behind (when it is turned or
distracted in doing another activity) and performs a play pattern
Attempt to bite (0) An individual moves its open mouth towards the playmate and quickly

Grasping from behind (o)

Body play bite (0)

closes the mouth touching or not the playmate's skin which, however,
is never bitten. Each body part can be the target of the behaviour.
While closing the mouth the animal lunges at the playmate trying to
catch it.

The player supports its forebody on playmate’s back while clasping the
other’s sides, between the ribcage and groin

Bite directed to the back of the playmate’s body, without damage to
the receiver

Grasping (0) The player grabs the playmate surrounding it with the forelimbs
Knock down (0) The player push the playmate to the ground
Muzzle play bite (0) Bite directed to the muzzle of the playmate, without damage to the

Nape play bite (0)

receiver
Bite directed to the nape of the playmate, without damage to the
receiver

Neck play bite (0) Bite directed to the neck of the playmate, without damage to the
receiver
Over (0) One animal stands over a playmate who adopts a submissive posture

Paw play bite (0)

lying on its back
Bite directed to the paw of the playmate, without damage to the
receiver

Play nose push (o) To push away the playmate with the muzzle

Play push (o) To push away the playmate

Play retrieve (0) The player holds his playmate who tries to escape with his forelimbs
Play run (o) To chase the playmate

Play slap (o) The individual gently slaps any part of the playmate's body

Pull (o) The individual pulls the playmate with his forelimbs

Push with paws (0)

The player tries to move away his playmate by pushing him away with
his paws (usually the first player is in a supine position)

Shoulder play bite (0) Bite directed to the shoulder of the playmate, without damage to the
receiver
Side play bite (0) Bite directed to the side of the playmate, without damage to the

Tail play bite (0)

receiver
Bite directed to the tail of the playmate, without damage to the receiver

Throat play bite (0) Bite directed to the throat of the playmate, without damage to the
receiver

Ventral play bite (0) Bite directed to the ventral part of the playmate’s body, without
damage to the receiver
Defensive play patterns

Jump (d) The player performs a jump to get away

Supine play invitation (d)

Grappling (n)
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The player A approaches the player B after a brief play session and lies
down on his back in contact with B, looking at him/her.

Neutral play patterns

Both animals stand bipedally, clasping each other with their forelegs
and attempting to push one another over



683
684
685
686
687
688
689
690

Play grooming (n)

Piroetting (n)

Muzzle rubbing (n)
Leave (n)

Licking genitals (n)
Nose body contact (n)

Play nose-to-nose contact (n)

Play scratching (n)

Play sniff genitals (n)
Reciprocal knock down (n)
Reciprocal mouth bite (n)

Reciprocal muzzle play bite
(n)

Reciprocal neck play bite (n)
Reciprocal nose body contact
(n)

Relax open mouth (n)

Rolling (n)

Rubbing (n)

AFFILIATIVE PATTERNS
Body contact

Directional grooming

Embracing/huddle
Mutual grooming

The players interrupt the play, clean each other and then start playing
again

The individual performs a somersault

The player rubs his muzzle against the playmate

The player moves away and leaves the play session

The player licks the genitals of the playmate during play
Muzzle-body contact: the individual smells a body area of the
playmate, excluding the nose (play nose to nose contact) and the
genitals (play sniff genitals)

Muzzle-muzzle contact: two players approach and touch each other's
nose

The individual scratches himself/herself during a play session

The individual smells the genitals of the playmate

The players push each other to the ground

The player A grasps the inferior jaw of the player B with his/her
mouth, while the player B grasps the inferior jaw of the player A with
his/her mouth at the same time

The players bite the muzzle each other in a non-harmful way

The players bite the neck each other in a non-harmful way
Muzzle-body contact: the players smell the body areas each other

An individual opens and closes its mouth while moving towards a
playmate. Upper and lower teeth may be exposed and visible. The
degree of opening has to reach at least the 50% of the mouth's
maximum aperture.

The individual turns its body from side while supine

The player rubs his body side against playmate

DEFINITION

The individual is sitting or lying in contact with other individuals
One subject cleans different parts of the companion’s body, using the
mouth or the forepaws

The subject A put its forelimbs around the body of the subject B
The two subjects clean different parts of the their bodies by using the
mouth or the forepaws

Notes: o = offensive pattern (those attack/pursuit playful patterns giving to one of the players a
distinct and clear physical advantage over the partner); d = defensive pattern (those patterns by
which the player tries to cope with attack/pursuit playful patterns performed by the partner, the
subject performing the defensive pattern generally attains or maintains a losing position); n =
neutral pattern (those patterns not showing any attack/pursuit or losing nature).
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692
693
694
695
696
697
698
699
700

701

NAME TYPE

DEPENDENT VARIABLE

Play Duration (seconds) Continuous

FIXED EXPLANATORY VARIABLES

Play Asymmetry Index Continuous

Relationship Quality Continuous (frequency of affiliative patterns)

RFM Nominal (0=ROM not present or not perceived;
1=at least 2 ROM but no RFM; 2=at least 1 RFM
event)

N players Nominal (O=dyadic; 1=polyadic)

SEXplayert Nominal (0=male; 1=female)

SEXplayer2 Nominal (0=male; 1=female)

ANDS (absolute value)

Continuous (NDSpr1-NDSpr2)

AGEplayer! Nominal (O=immature; 1=adult)
AGEplayer2 Nominal (O=immature; 1=adult)
RANDOM VARIABLES

Identityl)]ayerl * Identityp]ayeIQ

Nominal

Table 3 — Description of the variables used in LMM analysis. The dependent variable is Play

Duration. Player] initiated the play bout.
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702

703  Table 4 - The AIC values for each of the models tested. The dependent variable=Play Duration.
704  RFM=Rapid Facial Mimicry; ANDS= differences of the NDS values of the individuals forming the
705  different dyads.

706
707
(n) MODELS AIC A AIC Wi wi*100

1. RFM_relationship quality 1399.026  0.000 0.505 50.505 best model
2. RFM _relationship 1401.409  2.383 0.153 15.342  considerably less model
quality seXplayerl,S€Xplayer2
3. RFM _relationship 1401.955  2.929 0.117 11.676  considerably less model
quality ageplayerl,aZCplayer2
4. RFM_relationship quality_dyadic 1401.995  2.969 0.114  11.445 considerably less model
play,polyadic play
5. RFM_relationship quality Play 1403.830  4.804 0.046 4.573  considerably less model
Asymmetry Index
6. RFM_relationship quality  ANDS 1405.114  6.088 0.024 2406  considerably less model
7. RFM 1405.824  6.798 0.017 1.687 discounted model
8. RFM_ageplayer1,aZCplayer2 1406.976  7.950 0.009 0.948 discounted model
9. RFM_dyadic play,polyadic play 1407.869  8.843 0.006 0.607 discounted model
10. RFM_seXplayerl,S€Xplayer2 1407.991  8.965 0.006  0.571 discounted model
11. RFM_Play Asymmetry Index 1410.513  11.487  0.002 0.162 discounted model
12. RFM_ ANDS 1411.533  12.507  0.001 0.097 discounted model
13. Full model 1418.818 19.792  0.000 0.003 discounted model
14. RFM* relationship quality 1433.782  34.756  0.000 0.000 discounted model
15. dyadic play,polyadic play 1471.126  72.100  0.000 0.000 discounted model
16. relationship quality 1472.657  73.631 0.000 0.000 discounted model
17. relationship quality_seXplayer1,S€Xplayer2 1476.546  77.520 0.000 0.000 discounted model
18. Play Asymmetry Index 1478.600  79.574  0.000 0.000 discounted model
19. relationship quality  ANDS 1478.695  79.669  0.000 0.000 discounted model
20. ageplayerl, agCplayer2 1478.780  79.754  0.000 0.000 discounted model
21. Intercept (null model) 1478.874  79.848  0.000 0.000 discounted model
22. seXplayerl, S€Xplayer2 1481.562 82.536  0.000  0.000 discounted model
23. ANDS 1484.819 85793  0.000 0.000 discounted model

708
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715  Table 5 — Results of the best model (RFM and Relationship Quality) and the four 'considerably less'
716  models explaining the distribution of Play Duration (PD) in meerkats. AICc=Akaike's Corrected

717  Information Criterion. RFM= Rapid Facial Mimicry; DIA=dyadic play; POLI=polyadic play.
718

719
MODELS (dependent variable = Play Duration)

Fixed Variables (AICc = 1399.026) F df1 df2 P
RFM 43.597 2 1.031 0.0001
Relationship Quality 8.473 1 1.031 0.0040
Random variables VA P
Fixed Variables (AICc = 1401.409) F df1 df2 P
RFM 44.406 2 1.029 0.0001
Relationship Quality 7.243 1 1.029 0.0070
SEXpayert 4.839 1 1.029 0.0280
SEXplaych 0.212 1 1 .029 0.6450
Random variables VA P
Fixed Variables (AICc = 1401.955) F df1 df2 P
RFM 43.074 2 1.029 0.0001
Relationship Quality 4.431 1 1.029 0.0360
AGE,jayeri 3.546 1 1.029 0.0600
AGE,iayer2 0.839 1 1.029 0.3600
Random variables VA P
Fixed Variables (AICc = 1401.995) F df1 df2 P
RFM 38.876 2 1.030 0.0001
Relationship Quality 7.325 1 1.030 0.0070
DIA POLI 2.232 1 1.030 0.1350
Random variables Z P
Identitypiayer1 *Identitypiayer2 1.047 0.295
Fixed Variables (AICc = 1403.830) F df1 df2 P
RFM 32.573 2 1.030 0.0001
Relationship Quality 8.130 1 1.030 0.0040
Play Asymmetry Index 2.338 1 1.030 0.1270
Random variables VA P
IdentityPlaycrl *Identit}’playcrz 1 . 1 13 0.266
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724  Legends

725  Figure 1 - Scheme illustrating the criteria used to evaluate the perception and no-perception
726  conditions. We considered the head orientation of the receiver in relation to the head orientation of
727  the sender. When the sender was in front of the receiver (i.e., within the range of its stereoscopic
728  view, direct visual contact condition), we considered the facial expression as perceived. A ROM was
729  considered not visually perceived when the potential receiver had his/her head rotated by 180° with
730  respect to the sender (without direct visual contact condition). All the doubtful cases linked to lateral

731  views were discarded from the analyses.

direct visual contact condition

lateral views discarded
from the analyses

lateral views discarded
from the analyses

without direct visual contact condition

737
738
739  Figure 2 — Number of ROMs followed by a bite compared to the number of ROMs not followed by
740  abite. The box plots show the median and 25" and 75™ percentiles; the whiskers indicate the values

741  within 1.5 times the inter-quartile range, IQR.
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750

751

752
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764

773

774

775

Figure 3 — Number of ROMs perceived on the total number of ROMs performed during dyadic and
polyadic playful interactions. The box plots show the median and 25" and 75" percentiles; the

whiskers indicate the values within 1.5 times the inter-quartile range, IQR.
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Figure 4 — ROM emitted by the receiver after the perception of the ROM emitted by the sender (direct
visual contact within 1 s) compared with ROM performed when the stimulus emitted by the sender
was not visually perceived by the receiver (no direct visual contact, within 1 sec). The box plots show
the median and 25 and 75" percentiles; the whiskers indicate the values within 1.5 times the inter-

quartile range, IQR.
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776  Figure 5 — Scatterplot showing the positive correlation between the frequency of RFM (OM
777  response/OM perceived) occurring within each dyad and the relationship quality (measured via
778  affiliative patterns) shared by the subjects forming the dyad.
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793  Figure 6 — Mean +SE of Duration (LOGtransformed) Of the play sessions according to the three
794  conditions defined as follows: no ROM event present or not perceived by the receiver; at least two
795  ROM events perceived by the receiver but not replicated within 1 sec; at least | ROM perceived and

796  replicated within 1 sec by receiver (Rapid Facial Mimicry, REM).
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811  Figure 7 — Scatterplot showing the relationship between relationship quality (measured via affiliative

812  patterns) shared by the subjects forming the dyad and play duration (LOGtansformed)-
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824  Supplementary Figure 1 — Pictures showing the two conditions. A — direct visual contact condition.
825  The two animals are within the range of their stereoscopic view. B — without direct visual contact

826  condition. The player 1 performs the play face, but the player 2 is not able to perceive it.

2= ..but not percelved

827
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