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First evidence of yawn contagion
in a wild monkey species

Alessandro Gallo?, Anna Zanolil, Marta Caselli*, Elisabetta Palagi®%3“* & lvan Norscia(®%%4*

Yawn contagion occurs when individuals yawn in response to the yawn of others (triggers). This is
the first account of yawn contagion in wild geladas (Theropithecus gelada), a monkey species that
shows yawn contagion in captivity and is organized in core units (one-male/bachelor groups) forming
multilevel associations. In a population of geladas from the Kundi plateau (Ethiopia) we found that the
yawning response was highest when geladas could perceive a triggering yawn, which confirms that
yawn contagion is present in the wild. Yawn duration, mouth-opening degree and presence/absence
of vocalisation (possibly modulating yawn detectability) did not affect the likelihood of contagion.
Males and females, known to be both implicated in movement initiation within groups, were
similarly powerful as yawn triggers. Instead, group membership and responder sex had a significant
role in shaping the phenomenon. Yawn contagion was highest between individuals belonging to
different core units and males were most likely to respond to others’ yawns. Because males have a
non-negligible role in inter-group coordination, our results suggest that yawn contagion may have a
communicative function that goes beyond the basic unit level.

Contagious yawning differs from spontaneous yawning in that one individual (responder) yawns in response
to a yawn emitted by another individual (trigger)'. In this respect, the yawn of an individual acts as a trigger-
ing stimulus (sensu Tinbergen®). While spontaneous yawning is probably an ancient phenomenon widespread
in vertebrates**, intraspecific contagious yawning is an evolutionary more recent phenomenon that has been
found mostly in highly social species. Such species include mammals (domestic pig, Sus scrofa®; sheep, Ovis
aries®, lions, Panthera leo’, elephant seals, Mirounga leonina®; Tonkean macaques, Macaca tonkeana’; bonobos,
Pan paniscus'®; chimpanzees, Pan troglodytes'"'%; humans, Homo sapiens'; but see: Pongo pygmaeus') and
one bird species (budgerigars, Melopsittacus undulates'>). Moreover, there are some social species in which
yawn contagion is virtually absent (e.g. lemurs, Lemur catta and Varecia variegata'®; lowland gorillas, Gorilla
gorilla gorilla'”). In different species, yawn contagion can be triggered both by vocalized and non-vocalized
yawns'®"?, regardless of the uni- or multi-modal nature of the stimulus'>'*%. Yawn contagion can be influenced
by environmental/social contexts and individual factors, and it can follow a diurnal rhythm with a peak in the
morning®?2. Moreover, the phenomenon has been found to be highest between familiar or in-group subjects
(wolves®; bonobos*; chimpanzees'% humans'®%). Finally, depending on the social role played by each sex in
social groups, the yawning response can increase when triggers are males (dominant in chimpanzees'!) or females
(dominant in bonobos?). In humans, women may respond more to others’ yawns®”?, although this does not
apply to all cohorts'®?. Overall, yawn contagion seems to promote inter-individual physiological resonance®®?!,
synchronisation within social groups” and coordinated daily activities”*>

Geladas (Theropithecus gelada) are a diurnal monkey species, endemic to Ethiopia, that lives in core units
(One-Male-Unit, OMU; All-Male-Unit, AMU) forming discrete multilevel associations (teams and bands™). The
core units are characterized by high levels of grooming, low levels of aggression, and no coercive control by males
over females, with females mediating group coordination with the alpha male**. While grooming is observed
only within groups and never between groups®, high levels of tolerance characterize the groups forming the
band, which show low aggressive levels when they occupy the same foraging areas*.

Geladas have been the first monkey species in which yawn contagion was demonstrated®. In captive geladas
yawn contagion was elicited by all types of yawns (covered teeth, uncovered teeth and uncovered gums) emitted
with or without vocalizations. Moreover, it was highest between subjects sharing strong bonds (measured via
grooming exchange rates)*. So far, no study has described the phenomenon of yawn contagion in geladas, and
more generally in primates, under wild conditions.
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Here, we investigated yawn contagion in a population of wild geladas to verify whether the phenomenon was
present in the natural setting. Moreover, we investigated the possible influence of the factors that are only assess-
able under wild conditions to understand if the phenomenon can act on a multilayer scale reflecting the multilevel
social organization of the species. Based on the previous framework, we formulated the following predictions.

Prediction 1—Presence of yawn contagion. As previously reported in captivity®, we expected to find that
individuals would be more likely to yawn when they perceived the yawn of a conspecific compared to when they
did not (presence of yawn contagion).

Prediction 2—Perceptual factors. In line with the findings obtained in captivity®, we expected that also in the
wild yawn contagion would be induced at comparable levels by different types of triggering yawns and regardless
of the presence of vocalization.

Prediction 3—Contextual and individual factors. As it occurs in humans (characterized by a diurnal lifestyle)
that show a peak of yawn contagion in the morning®, we expected that in geladas yawn contagion could be high-
est in the first part of the day (Prediction 3a). Because in primates, including captive geladas, yawn contagion has
been found to be most frequent between familiar subjects'>!#%*%, in geladas we expected to find a higher rate of
contagion within rather than between groups (Prediction 3b). Finally, the different role of each sex in managing
social groups can lead to sex differences in yawn contagion®-*’. Because in geladas both males and females play
an important role in managing the social groups*, we expected to find no difference in yawn contagion rates
between sexes (Prediction 3c¢).

Materials and methods

Species and data collection. This study was conducted on a wild gelada population from the Kundi pla-
teau (Wof-Washa area, Ethiopia, N9°40.402’ E39°45.060)*. The data collection was carried out on 16 core units
(14 OMUs and 2 AMUgs) via video recordings (January-May 2019 and December 2019-February 2020). For this
study, 22 adult males and 47 adult females were individually recognized via long-lasting external features (i.e.
sex, size, permanent signs®). Additional adult females (N =24) that could not be identified with certainty (i.e.,
on the field or during the video analysis) were dummy coded with different labels in videos from different days.
Due to the absence of yawning responses in infants and juveniles®, we focussed our analyses only on the adults.

The different groups were recognized by group-size, sex- and age-ratio, presence of subjects with particular
signs (i.e. scars, permanent deformations) and alpha male features (i.e. shape of the red chest area”). For all the
individuals we could determine group-membership, sex, and age class.

Data were collected on a daily basis (5 days/week) from 09:00 to 15:00. We collected about 44 h of videos
(Panasonic HC-V180 Full HD optic-zoom 50x, 2csec accuracy) on the highland edges where individuals alter-
nated social and foraging activities (distance between geladas and the observers 20-25 m). Since yawning is gener-
ally inhibited during feeding (geladas®; lemurs, Lemur catta and Propithecus verreauxi*®), we collected yawning
data on the groups while frequenting the highland edge to maximize the likelihood to record yawning events.
We never recorded positive social interactions (i.e. grooming) between adults belonging to different groups.

Video analyses and operational definitions. To detect the presence and timing of yawning we ana-
lysed videos via VLC (version 3.0.7.1) with extension Jump-to-Time. Yawns were present in around 24 h of
videos. Over the day, 1-3 groups could temporally aggregate far away from other groups. Such splitting activity
together with environmental physical barriers prevented geladas from perceiving yawns of individuals present in
other group aggregations. The video framing (ranging from 5 to 15 m approximately) could cover such limited
number of groups and allowed the extrapolation of yawns from videos following the all-occurrences method*.

Those yawns that occurred in the 3-min window around copulatory, aggressive, and human disturbance events
were discarded from the analyses. For the other yawns we recorded: (i) the identity of the trigger (the individual
emitting the yawn); (ii) daily time-slot; (iii) duration (seconds) and type of the triggering yawn (CT = Covered
Teeth; UT = Uncovered Teeth; UG = Uncovered Gums®); (iv) identity of the potential responder (all individu-
als that were present on video); (v) sex and group membership of the trigger and the potential responder; (vi)
distance between trigger and responder; (vii) presence/absence of yawn vocalization; (viii) whether the potential
responder could detect the yawn; (ix) whether the potential responder yawned within 3 min from the trigger’s
yawn'®*%. A yawn emitted by the trigger was considered as not detectable when it was not vocalised and the
potential responder looked away from the trigger (face of the potential responder turned 180° away from the
trigger or when an obstacle prevented the potential responder from seeing the triggering yawn?). On a sample
of 128 vocalized yawn (29 individuals) that we recorded from the study population, we determined that yawn
vocalization had an intensity of 53 dB+ 10 SD (recorded at a distance of 28 m+ 16 SD). The doubtful cases were
excluded from the analyses. The remaining of 90 yawns came from 31 independent individuals (18 adult males
and 13 adult females) and three dummy coded adult females.

Previous studies indicate that yawning can be triggered within 5 min after perceiving a triggering yawn
However, from the fourth minute there is a highest probability of autocorrelation (meaning that the presence of
a yawn performed by a subject at t, increases the probability to have another yawn by the same subject at t(y,x)
where X is the increasing unit of time*?). Moreover, captive geladas showed a peak of yawn contagion in the sec-
ond minute after perceiving a triggering stimulus®. For this reason, we selected a 3-min time window to check
for the yawning response. To further reduce the autocorrelation issues, in case of a chain of yawns emitted by
the trigger (more yawns emitted in the 3-min time window) we recorded as a response only the first yawn emit-
ted after the detection of the last triggering yawn. To control for possible false positives (labelling as contagious
yawns what may be—in fact—spontaneous yawns) and false negatives (labelling as spontaneous yawns what may
be—in fact—contagious yawns) we also checked the yawning responses within the first and the second minute.

1,24,35,41
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Fixed Effects Estimate SE zvalue p value Effect size 95% CI
Intercept -1.387 1.836 -0.756 @ -

Perception (yes)" 2.628 0.907 2.897 0.004 [0.85/4.41]
Group membership (same)® -2.354 0.968 — 2431 0.015 [-4.25/-0.46]
Distance (non-proximity)>® -0.740 0.823 —-0.898 0.369 -

Time slot (12:01-15:00)"¢ 1.104 0.818 1.350 0.177 -

Sex trigger (female)>® 0.357 0.858 0.416 0.678 -

Sex responder (female)®® —-1.353 0.595 -2272 0.023 [-2.52/-0.19]
Yawn duration 0.283 0.784 0.361 0.718 -

Yawn type (uncovered gums)® 0.014 0.720 0.019 0.985 -

Yawn type (uncovered teeth)" -1.781 1.202 —1.482 0.138

Yawn vocalization (presence)® -1.220 0.922 -1.323 0.186

Table 1. Result of the GLMM. Dependent variable = yawning performed by a subject within three minutes
from others’ yawns (binomial: present = 1; absent=0). Random factors = group identity of the dyad.
Significance threshold: p<=0.05 Full- versus null-model: x*=34.0285, df=10, p <0.001. *Not shown as not
having a meaningful interpretation. *Estimate + SE refers to the difference of the response between the reported
level of this categorical predictor and the reference category of the same predictor. “These predictors were
dummy coded, with the “Perception (NO)”, “Group membership (Different)”, “Distance (Proximity)”, “Time
slot (09:01-12:00)", “Sex Trigger (Male)”, Sex Responder (Male)”, “Yawn vocalization (Absent)”, “Yawn type
(Covered teeth)”, being the reference categories. Significant p-values are shown in bold.

(Supplementary Table S1). The videos were analysed by AG and 10% of the videos were also analysed by another
independent coder (MC) to verify the inter-observer reliability (Cohen’s k >0.87).

Statistics. To test for the possible presence of yawn contagion and the possible influence of different factors
we ran a Generalized Linear Mixed Model (GLMM; N =180 events perceived/not-perceived by each potential
responder). The presence/absence of a yawning response in the 3 min following a trigger’s yawn was included
as dependent variable (binomial, presence/absence). The factorial fixed factors included in the model were:
yawn perception (yes/no); yawn type (CT; UT; UG); group-membership (same/different); distance (proximity:
trigger and responder could touch one another by extending a limb; non-proximity); time-slot (09:01-12:00;
12:01-15:00); sex of the trigger and the responder (male/female); vocalisation (present/absent), trigger yawn’s
duration (seconds; numeric factor). The group-identity of the dyad was included as a random factor. As a con-
trol on yawning response distribution and yawn contagion presence, two other GLMM:s (with the same exact
dependent variable, fixed, and random factors) were run considering a 1-min and 2-min time window (Sup-
plementary Table S1).

We ran the GLMM in R (version 3.5.3; https://www.R-project.org) by using the function glmer of the R-pack-
age Ime4*. Via likelihood ratio test (ANOVA with argument Chisq**, we verified if the full-model significantly
differed from the null-model (only including random factors). Subsequently, with the R-function drop1*®, we
calculated the p-values for the individual predictors based on likelihood ratio tests between the full- and the
null-model. The effect size of the significant predictors was calculated via the function effectsize*®.

Ethics approval. This research was purely observational, and no animal manipulation was required during
the study. Hence, no ethical approval was necessary according to the current regulation.

Results

Via GLMM, we found a significant difference between the full- and the null-model (x*=34.0285, df=10,
P <0.001). Stimulus perception, group membership, and sex had a significant main effect on the yawning response
(Table 1; Fig. 2a). In particular, perceiving a yawn in the previous 3-min time block significantly increased the
probability of a yawning response in the observer (Table 1; Figs. 1, 2b; Supplementary Video S1). Thus, yawn
contagion was present in wild geladas in a 3-min time window. Considering other time windows, via two other
GLMMs we found that yawn contagion could not be detected within the first minute only, whereas the phe-
nomenon was present when considering the first two minutes from the triggering stimulus (for full results see
Supplementary Table S1). As a matter of fact, 80% of the responses occurred within the second minute after the
triggering stimulus. Figure 3 shows the distribution of yawn contagion across the 3 mins following the trigger-
ing stimulus.

No factor related to stimulus salience or detection (yawn type, duration, distance, presence/absence of yawn
vocalisation) had a significant main effect on the yawning response (Table 1; see Supplementary Table S1 for
the 2-min analysis). Similarly, the time-slot had no significant main effect (Table 1; Supplementary Table S1).
Instead, the yawning response was significantly more likely between subjects belonging to a different than to
the same group (Table 1; Supplementary Table S1; Fig. 2c) and in males compared to females (Table 1; Supple-
mentary Table S1; Fig. 2d). Hence, sex and group membership, but not the salience of the stimulus, influenced
yawn contagion in the wild geladas under study.
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Figure 1. Yawn contagion in wild geladas. Yawn contagion between two alpha males belonging to two different
OMUs (OMU-Sem and OMU-Cer), on the cliffs of Kundi (Ethiopia). The trigger emitted a Covered Teeth yawn
(CT) (frame a; time 06:52) followed by an Uncovered Gums yawn (UG) response (frame c; time 06:56). Latency
between frame a and frame ¢=00:04. (Frames from video by Alessandro Gallo and Anna Zanoli, Camera:
Panasonic HC-V180 Full HD optic-zoom 50x, 2csec accuracy).
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Figure 2. GLMM results. (a) Alluvial plot showing the frequency of presence (Red streams) and

absence of (Grey streams) Yawn Response for each level of the factors “Perception” (Y = perception,

N=no perception), “Group” (D = different groups, S=same group) and “Responder Sex” (F=female, M =male).
(b) Effect of variables “Perception” (Y = perception, N =no perception), (c) “Group-membership” (D = different
groups, S=same group) and (d) “Sex responder” (F =female, M =male) on the Yawn Response. Band represents
the confidence interval. (Graphs created via R freeware, version 3.5.3; https://www.R-project.org).

Discussion

The present study provides the first evidence of yawn contagion in a wild primate, the gelada (in line with
Prediction 1). In the considered time window, the study subjects were more likely to yawn when they could
perceive a yawn from conspecifics compared to when they could not (Fig. 2b; Table 1). Most of the yawning
responses occurred in the second minute, thus confirming captive data®®. The physical distance between trigger
and responder, yawn duration, and trigger yawn type (accompanied or not by vocalization) had no effect on the
occurrence of the phenomenon (Table 1). Hence, the level of yawn detectability (possibly enhanced in case of
long, vocalized, and wide-open yawns) appeared not to be strictly linked to the yawning response probability (in
agreement with Prediction 2). This is in line with the previous report showing that all yawn types can be conta-
gious in geladas®. Our data are also in agreement with results on humans that are infected by others’ yawns by
having access to both total or partial view of the trigger’s face'®**!. Palagi et al.*> found a matching of the yawn
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Figure 3. Yawn contagion distribution—proportion of yawning responses (Y axis) across the three minutes (X
axis) following the triggering yawn (number of yawning responses in the 1st, 2nd, and 3rd minute over the total
number yawning responses) (Graph created via SPSS, version 26).

type especially in the contagion between females. We could not check for this aspect due to data limitation, but
it is certainly an issue that would be worth exploring in future investigations.

As in captivity®®, also in the wild both vocalised and non-vocalised yawns could elicit contagion at a compa-
rable level (Table 1). This result is also consistent with findings on humans, where contagion is triggered by both
the visual and acoustic components of the stimulus'**>*". The acoustic component of the yawn might function
when geladas are located far from the trigger and cannot visually perceive yawning. Further investigation includ-
ing larger observational ranges and datasets per individual is necessary to clarify the role of multimodality on
this phenomenon.

Contrary to our prediction (3b), in the study population yawn contagion was highest between individuals
belonging to different groups (Fig. 2¢, Table 1). Although the adult members of different groups do not engage
in affiliative behaviours, they show high tolerance levels, spatial cohesion, and collective moving®. Considering
the complexity of the gelada multilevel social system*, yawn contagion could be a phenomenon acting on a
multilayer scale. Our limited dataset is silent on whether yawn contagion is affected by the affiliative relation-
ships (e.g., grooming) shared by group members, thus not allowing the verification of this possibility, already
tested in captivity.

Contrary to the expectation (Prediction 3a), in the Kundi population the time of the day had no effect on
contagion (Table 1). Because geladas arrived on the plateau relatively late in the morning (9-10 am), it was not
possible to sample their behaviour soon after they started their activities. Expanding data collection to different
contexts, including sleeping sites, would be crucial to determine how yawn contagion is distributed within groups
according to the social affiliation shared by subjects over the 24-h cycle. However, reaching out our geladas to
sample their behaviour at such sites on the cliffs may be challenging.

Finally, we found that yawn contagion: (i) was triggered to a similar extent by males and females, and (ii)
males most frequently responded to others’ yawns (Fig. 2d, Table 1, Prediction 3c not supported). In the wild
controlling for all the potential arousal stimuli may not be completely possible. However, our conservative exclu-
sion of possible perturbing events (aggression, human disturbance, and copulations) and the fact that males
did not preferentially respond with uncovered teeth yawns (often associated with social tension and agonistic
contexts in males®®) makes it unlikely that the response by males could be stress driven.

The trend of yawn contagion between sexes and groups suggests that this phenomenon may have a commu-
nicative function, related to activity coordination. Males and females, which were similarly powerful as yawn
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triggers (Table 1), can be both implicated in movement initiation within groups*. However, males frequently
initiate the group movement, followed by the dominant female and the rest of the groups®. Hence, the fact that
males automatically responded more frequently to others’ yawns and that yawn contagion was highest between
groups, suggests that in the wild yawn contagion might also favour inter-group synchronisation during daily
activities. The Social Communicative Hypothesis predicts that in different contexts—through yawning—indi-
viduals can involuntarily convey information about their internal state and possibly about their subsequent
behaviour®**%*4° The communicative function of yawning can have an adaptive role at inter-group level (i.e.,
defence from predators, vigilance®) because it promotes the synchronization of groups’ activity through individu-
als that do not necessarily share strong bonds*"*'->*. Consistently, in wild lions Casetta et al.” found that yawn
contagion increased coordinated movements. Hence, also in wild geladas yawn contagion may be a phenomenon
that promotes the coordination within larger ecological units, such as teams and, possibly, bands®.

The low effect size of the significant variables affecting the yawning response (Table 1) cautions against the
generalisation of the results and points toward the need of further data collection on other sites and popula-
tions. Despite this limitation, our findings open new scenarios on the role of yawn contagion in multilevel social
systems. We suggest that this phenomenon operates at a multilayer scale reflecting the complex nested organiza-
tion of geladas. At the basic level (core units), yawn contagion might improve synchronisation between group
members sharing good relationship quality, as suggested for captive geladas®. In the wild, yawn contagion may
also function at an upper level (team) by promoting the coordination of daily movements and activities between
groups. Further studies may verify whether yawn contagion indeed elicits subsequent movements jointly started
by individuals involved in the contagion not only between but also within groups (e.g.%).

On a broader perspective, our study underlines the importance of combining wild and captive approaches to
thoroughly describe behavioural phenomena that are sensitive to different social and environmental conditions.

Data availability

The raw data supporting the conclusions of this article are provided as supporting material to the article.
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