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Abstract

Yawning is a complex behaviour linked to several physiological (e.g. drowsiness, arousal, thermoregulation) and social phenomena
(e.g. yawn contagion). Being yawning an evolutionary well-conserved, fixed action pattern widespread in vertebrates, it is a valuable
candidate to test hypotheses on its potential functions across the different taxa. The spotted hyaena (Crocuta crocuta), the most social
and cooperative species of the Hyaenidae family, is a good model to test hypotheses on yawning correlates and significances. Through
an accurate sequential analysis performed on a group of wild hyaenas, we found that yawning mainly occurred during an imminent
behavioural state changing in both juveniles and adults and that seeing others’ yawn elicited a mirror response in the receiver, thus
demonstrating that yawn contagion is present in this species. These results taken together suggest that yawning is linked to a behav-
ioural state change of the yawner and that such change is caught by the observers that engage in a motor resonance phenomenon,
yawn contagion, possibly effective in anticipating yawners’ motor actions. Although additional data are necessary to verify whether
yawn contagion translates into subsequent motor convergence and alignment, our data suggest that both spontaneous and contagious
yawning can be fundamental building blocks on the basis of animal synchronisation in highly social and cooperative species.

Significant statement

Yawning is pervasive in many animal species, including humans. It is considered as a polyfunctional cue that has a role in
regulating social interactions. While several studies focussed on yawning functions in primates, a little amount of effort was
devoted to exploring this behaviour in social carnivores. We monitored a group of wild spotted hyaenas (Crocuta crocuta),
which is one of the most cooperative carnivore species. In both immature and adult subjects, we found that a subject fre-
quently changed its behavioural state after spontaneously yawning and that seeing others’ yawn elicited a mirror response
in the observer. Although additional data are necessary to verify whether yawn contagion translates into subsequent motor
convergence and alignment, our data suggest that both spontaneous and contagious yawning can be fundamental building
blocks on the basis of animal synchronisation in highly social and cooperative species.
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Introduction

Spontaneous yawning is a fixed action pattern consisting of
long, deep inhalation, a brief peak with apnea, followed by a
short exhalation (Walusinski and Deputte 2004; Guggisberg
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et al. 2010; Provine 2012; Gallup et al. 2016). It can also include
active jaw gaping, eye closure, contraction of facial muscles,
and passive jaw closure, often accompanied by neck stretching
and head tilting and, sometimes, by limb and body stretching
(pandiculation). Due to its complex combination of motor pat-
terns in humans, Provine (2012) distinguished different types
of a yawn (close-nose; clenched-teeth; sealed lips nose; eyes
open), suggesting that a certain level of variation exists in the
expression of the behaviour. Yawning is an evolutionary well-
conserved pattern that is widespread in the different vertebrate
lineages (fish, reptiles, birds, mammals) (Baenninger 1987,
Massen et al. 2021). From a physiological viewpoint, yawning
seems to be the expression of a behavioural state change linked
to drowsiness, arousal and thermoregulation (Guggisberg et al.

@ Springer


http://orcid.org/0000-0002-2038-4596
http://crossmark.crossref.org/dialog/?doi=10.1007/s00265-022-03261-y&domain=pdf

152 Page 2 of 12

Behavioral Ecology and Sociobiology (2022) 76:152

2010; Krestel et al. 2018). In many vertebrate species, a yawn
punctuates the switch from the awake to the sleepy phase (and
vice versa) (e.g. ostriches, Struthio camelus australis, Sauer
and Sauer 1967; human, Provine 2005; red hill salamanders,
Phaeognathus hubrichti, Bakkegard 2017; South American sea
lions, Otaria flavescens, Palagi et al. 2019a; African lions, Pan-
thera leo, Casetta et al. 2021; dugongs, Dugong dugon, Enokizu
et al. 2022; bottlenose dolphins, Tursiops truncatus, Enokizu
et al. 2021; non-human primates, Zannella et al. 2021). In this
context, yawning increases alertness, thus making subjects able
to adjust their behaviour in response to sudden and unexpected
situations (Provine 2005; Gallup 2022). Spontaneous yawn-
ing also varies according to the stimuli the subject receives
from its social environment (Greco et al. 1993; Deputte 1994,
Baenninger 1997; Provine 1997; Guggisberg et al. 2010). The
arousal hypothesis suggests a link between yawning and the
expression of an emotional state changing with a positive or
negative valence depending on the information received from
the social environment. Under such circumstances, yawning
facilitates physiological/emotional homeostasis by functioning,
for example, as a stress-releaser mechanism when the stimulus
has a negative valence (Nazca booby birds, Sula granti, Liang
et al. 2015; budgerigars, Melopsittacus undulatus, Miller et al.
2010; rats, Rattus norvegicus Moyaho and Valencia 2002;
lemurs, Zannella et al. 2015; geladas, Theropithecus gelada
Leone et al. 2014; macaques, Macaca spp. Zannella et al. 2017;
South American sea lions, Palagi et al. 2019a).

In addition to the physiological functions, scholars have
long hypothesised social functions for yawning (Deputte
1994; Guggisberg et al. 2010; Leone et al. 2014; Moyaho
et al. 2017; Gallup 2022). The physiological underpinnings
and the social aspects of the yawning phenomenon are often
studied separately, even though they are strongly intercon-
nected. Detecting yawns from conspecifics can elicit overt
behavioural changes, such as yawn contagion, which is a
reflexive matching action occurring when others’ yawns trig-
ger the same pattern in the observers (Provine 1986, 2005;
Palagi et al. 2009; Guggisberg et al. 2010). Being more evo-
lutionary recent than spontaneous yawning, contagious yawn-
ing can be observed in those social species that show a high
level of cohesion, social tolerance and cooperation (gela-
das, Theropithecus gelada; bonobos, Pan paniscus; lions,
Panthera leo; see Palagi et al. 2020 and Gallup 2022 for an
extensive review). For example, yawn contagion has not been
found in lowland gorillas (Gorilla gorilla gorilla), a social
species whose group formation relies more on spatial prox-
imity than on social affiliation (Palagi et al. 2019b). Yawn
contagion, together with other facial resonance phenomena,
seems to foster the subsequent motor action synchronisation
in a sort of domino effect, a phenomenon extremely adap-
tive in several social mammals (McDougall and Ruckstuhl
2018; Casetta et al. 2021). The behaviour is also sensitive to
the relationship quality shared between interacting subjects:
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the higher the social closeness, the higher the probability of
yawn contagion (Romero et al. 2014; Palagi et al. 2020; Kret
and van Berlo 2021). The positive effect of social closeness
on contagion works independently from the species the two
interacting subjects belong to (Pedruzzi et al. 2022).

Being yawning is a highly conserved trait across verte-
brates, it is a valuable candidate for cross-species comparisons.
For this reason, testing hypotheses on new taxa, especially in
wild populations, is necessary to reach a full picture of this
puzzling phenomenon. Like several species of social mam-
mals, spotted hyaenas are organised in fission—fusion societies
(Drea and Frank 2003; Smith et al. 2007) which are charac-
terised by a nepotistic dominance hierarchical system (Kruuk
1972; Tilson and Hamilton 1984; Frank 1986; Mills 1990;
Wahaj et al. 2004). Despite the strict hierarchy, the species
shows a high level of social flexibility which is guaranteed by
social support, cooperative behaviour and coalitions (Stratford
and Periquet 2019; Vullioud et al. 2019). The reciprocal sup-
port in rearing offspring (Konig1997), hunting and defending
territories (Holekamp et al. 2007) is an important social tool
to manage power asymmetries among individuals (Vullioud
et al. 2019). For all these reasons, the spotted hyaena is a good
candidate to explore the potential correlates of yawning and
check for the possible presence of its contagiousness.

The most recent findings on primates suggest that,
although it is a stereotyped behaviour, yawning can be spon-
taneously produced with a certain degree of variability (e.g.
frequency, duration, morphology). It has been demonstrated
that yawn variation can predict the different physiological
causes on the basis of its emission (Vick and Paukner 2010;
Zannella et al. 2021). For example, yawning rates can be
age-dependent, with juveniles yawning less than adults
(Giganti and Salzarulo 2010). Moreover, frequency, duration
and motor execution are also context-dependent with shorter
and more frequent yawns being performed during arousal
situations in several primate groups (Deputte 1994; Zannella
et al. 2021). In some species of social carnivores, yawning
is not affected by age; it is mainly performed under resting
conditions and is consistent in its duration and performance
(lions, Casetta et al. 2021; South American sea lions, Palagi
et al. 2019a, b). Although recent studies indicate that yawn-
ing serves as a cue rather than as a true signal (e.g. it does
not seem to suffer an audience effect, Aychet et al. 2021),
its social function can be expressed by its contagiousness
that, ultimately, can lead to behavioural convergence in the
actions following the contagion event (Palagi et al. 2020;
Casetta et al. 2021; Gallup 2022). Although we expect low
variability in frequency, duration and performance of spon-
taneous yawning in the spotted hyaena due to the highly
cooperative propensity in hunting, rearing of offspring and
territory defence (Holekamp et al. 2007; Smith et al. 2008;
Drea and Carter 2009; Nolfo et al. 2021, 2022), we hypothe-
sise that spontaneous yawning contains clues on the possible
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internal state of the performer and that it can function as a
social cue. Specifically, we predict that in spotted hyaenas,
yawning can mark an imminent behavioural state changing
in the yawner and that seeing others’ yawn can elicit a mirror
response in the receiver (yawn contagion).

Methods
The reserve and data collection

The observations (June—October 2019) were conducted at the
Siyafunda Wildlife & Conservation (-24.15029S, 30.65742E;
Greater Makalali Private Game Reserve, GMPGR, Limpopo,
South Africa) covering an area characterised by the savannah
biome with herbaceous plants, tall trees and bushes (Low and
Rebelo 1996). The Makhutswi River, a tributary of the Olifants
river, crosses the reserve. Spotted hyaenas were introduced in
1995, and their number in the GMPGR is unknown. By patrol-
ling the reserve areas, GC, APN and the rangers identified four
dens (Fig. 1) and individually recognised 64 subjects (14 cubs,
five juveniles, 45 subadults/adults) by using scars, patches of
missing fur and fur spots (Holekamp and Smale 1998; Holekamp
et al. 1996). The identification of the subjects was also facilitated
by using the pictures accumulated by the rangers of the reserve
over the years. The subjects were intercepted by patrolling the
various zones and dens known to be frequented by hyaenas. By
tracking walks, both the observers and the rangers followed the
animals’ tracks to the dens. During the period of data collection,
the four active dens (Fig. 1) represented the observation spots for
collecting videos on the lactating females, their cubs and all the
visiting subjects. The number of males and females was unknown

Fig. 1 Spatial distribution of the

dens at the Siyafunda Wildlife A
& Conservation (-24.15029S, w<O>s
30.65742E; Greater Makalali y
Private Game Reserve, s

GMPGR, Limpopo, South
Africa). The dots highlighted

by the empty red circles and

the camera-clips indicate the
dens monitored for the present
study (Lufafa 1; Lufafa 2; Pidwa
South; H90)

due to the difficulty to recognise sex in this species (Frank 1986).
The observers collected data from vehicles to which the animals
were well habituated. It was not possible to record data blind
because our study involved focal animals in the field.

The sessions to search for the animals ranged from two to
three per day (Ng,,,=57) and occurred during the following
time slots: 05.00-11.00 am; 03.00-06.00 pm; 06.00-10.00 pm.
Since it is not easy to spot the animals, despite our efforts, we
were able to collect about 26 h of high-quality videos that were
directly recorded by the observers with the aid of a 50 X opti-
cal zoom camera (Canon EOS 110D; Full HD Panasonic
Lumix DC-FZ82) to ensure observations at long distances (up
to 50 m). The use of two cameras allowed continuous video
recording of all the visible subjects also when they scattered
around the spot. The videos from the two cameras were per-
fectly matched thanks to their same time setting. The nocturnal
videos (18.00-22.00 h) were collected with the aid of red illu-
mination, never directed towards the animals but to the ground
around (Finley 1959; Spoelstra et al. 2017). This procedure
was mandatory to limit the disturbance as much as possible.

A total of 12 h of videos was also collected with the aid of
camera traps (Ranger digital trail, BN056) located in front of
the dens (about 10 m from the entrance). The camera traps
were fixed on trees 1.5 m above the ground and covered a
range of 5 m around the den hole. The cameras worked 24 h/
day with no delay between consecutive videos (lasting from
40 to 60 s), and the motor sensor was set at its maximum. The
24 subjects (8 cubs, 2 juveniles, 14 subadults/adults) with at
least 30 min of video recordings were included in the analy-
ses (observation time: mean 109+ 19 SE min) (see Table 1
for details). Cubs and juveniles were clustered as ‘immature
subjects’ and subadults and adults as ‘mature subjects’.
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Video analyses and operational definitions

A.P.N. and G.C. analysed the videos by VLC 2.1.5 and
Jump-to-Time extension (accuracy =0.02 s) and underwent
a 30 h training period under the supervision of EP, who also
checked for inter-observer reliability. EP randomly selected
some sections of the data set (about 10 min of videos) and
verified whether the behavioural items (yawning, sitting,
standing, lying down, walking, feeding) were correctly
scored. The inter-observer reliability procedure was repeated
every 2 h of videos analysed. Cohen’s kappa values for each
of the behavioural item never scored below 0.92.

Spontaneous yawn

We applied the all-occurrences sampling method to extract
all the yawning events from the videos. A yawn started when
a subject opened its mouth, sometimes protruding its tongue,
while simultaneously inhaling deeply, until the mouth open-
ing reached the acme, during which the teeth were exposed

thanks to lip retraction. Mouth closing and air exhalation
were more rapid than the mouth opening and inhalation
phases. For each yawn, we recorded (1) yawner identity,
(2) exact time and duration, (3) yawner behavioural state
(sitting, standing, lying down, walking), (4) individuals that
could see/not-see the yawn and (5) the context. Spontaneous
yawns could occur under two contexts: resting and arousal
(feeding/social tension). During the resting context, the sub-
ject was lying down while switching from a sleeping/awake
condition and vice versa, and it could engage in affiliative
behaviours with groupmates (e.g. muzzle licking). If an ani-
mal was involved in a feeding session (e.g. around a carcass),
the context was labelled as arousal/feeding.

Via a frame-by-frame analysis of the 88 yawns that were
visible in each phase of their motor sequence, we meas-
ured the duration of each yawn from the first frame in which
the lips appeared parted to the last frame in which the lips
appeared closed (Fig. 2). Since all yawns recorded were
silent, only visual contagion was considered. A yawn was
categorised as spontaneous if it was not preceded by other

Table 1 Data on observation time and number of yawning events recorded per each subject

Subject ID DEN ageTrigger (imma-  Observation cameray,, camera,,, N spontane- Y/h N shift events

ture=0, mature=1) time (min) ous yawns

Cl Sy C2 BL

4spots Lufafal/Lufafa2 1 65 65 0 0.9 0 1 0 1
babysitter Lufafal/Lufafa2 1 97 97 0 5 312 0 1 0 0
earring Lufafal/Lufafa2 1 163 140 23 222 0 2 1 1
piercing Lufafal/Lufafa2 0 159 0 159 16 6 2 11 1 4
elle Lufafal 1 116 116 0 6 312 0 2 2 6
juvluf Lufafal 0 32 32 0 1.86 1 0 0 1
bianco Lufafa2 0 160 160 0 0 0
nero Lufafa2 0 0 0
mum Lufafa2 1 156 156 0 12 462 1 3 3 0
cheek H90 1 94 94 0 5 3.18 0
cheekcubl H90 0 0 0
cheekcub2 H90 0 5 318 1 3 1 0
fatty Pidwa South 1 106 106 0 0 0
half&half Pidwa South 1 38 38 0 2 3.18 0 1 1 0
hyenapidwa  Pidwa South 1 67 0 67 3 2.7 0 1 0 0
ienacicciona  Pidwa South 1 34 0 34 0 0
juvpidwa Pidwa South 0 91 0 91 0 0
macchiolina  Pidwa South 1 79 0 79 0 0
mummy Pidwa South 1 214 0 214 11 3.06 2 5 0 0
pscl Pidwa South 0 298 298 298 0 0
psc2 Pidwa South 0 298 298 298 0 0
psc3 Pidwa South 0 89 89 0 0 0
sconosciuta  Pidwa South 1 0 0
white Pidwa South 1 75 75 0 6 4.8 0 2 0 2

In the column DEN, the dens are indicated where subjects were spotted and recorded (see also Fig. 1 for the exact position of each den). The
observation time indicates the amount of time each subject was present in the video
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yawns in the 3-min time window or if it was preceded by
another yawning event, but the subjects present in the cam-
era did not have the possibility to perceive it.

Behavioural shifting

We defined four possible conditions in which a behav-
ioural shift (lying down standing, standing walking,
standing lying down, walking standing) could occur
(C1 =control condition 1; SY =spontaneous yawning con-
dition; C2 = control condition 2; BL =baseline condition).
To be conservative as much as possible and for compara-
tive reasons (see Casetta et al. 2021), for this analysis,
we selected a 1-min time gap. The SY covered a 1-min
time gap which was divided into two 30-s blocks around
a spontaneous yawning event (Fig. 3). The C1 and C2
covered a 1-min block preceding and following the SY,
respectively (Fig. 3). These control time windows adjacent
to the time window with yawning (SY) guarantees that the
social context is basically the same for each single event.
As a further control, we introduced a baseline condition
(BL) that was obtained by randomly selecting a 1-min
block of observation from a different video, not including
any yawning event.

For C1, SY, C2 and BL, we verified the presence/absence
of a possible SHIFT in the behavioural state. A SHIFT was
considered to be present when the subject passed from a
given behavioural state to another one (lying down vs stand-
ing, standing vs walking, standing vs lying down, walking
vs standing). In C1, C2 and BL, if the animal changed its
behavioural state within the 1-min time gap, this situation

Ay

00.400 sec.csec

01.400 sec.csec 01.600 sec.csec 01.800 sec.csec

was classified as SHIFT. To be classified as SHIFT, in SY,
the animal had to change its behavioural state in the 30-s
block after yawning (Fig. 3).

Yawn contagion

A yawn was classified as not seen when (1) the face of
the potential receiver was rotated by 180° with respect
to the first yawner (hereafter, trigger) or (2) a visual
obstacle (e.g. vegetation, rocks) was present between
the two subjects. A yawn was classified as seen when no
visual obstacle was present, and the receiver had its eyes
open and positioned in front of the face of the trigger.
For each yawning event, we also counted how many
immature and adult subjects were present and observable
by the experimenters (N, N,q)- All yawns performed by
subjects that had seen a yawn were yawn contagion events.
A yawn performed at f, increases the probability that the
same subject yawned again at 7y, ) with X indicating the
unit of time (autocorrelation). Miscoding a spontaneous
yawn as a contagious event is less likely in the first 3 min
after seeing a yawn than later (Campbell and Cox 2019),
when autocorrelation is more probable. However, if
autocorrelation occurred with the second yawner engaging
in more than one yawning response, we counted just only
the first response and discarded the successive ones. For
comparative reasons, to record yawn contagion events,
we adopted the 3-min criterion already used by previous
studies (Palagi et al. 2014, 2019b; Romero et al. 2014;
Yonezawa et al. 2016; Campbell and Cox 2019; Casetta
et al. 2021; Gallo et al. 2021).

02.000 sec.csec 02.200 sec.csec 02.400 sec.csec

Fig.2 A motor sequence of yawning in an immature subject (the time interval between two consecutive shots is 0.02 s). The inhalation phase
starts at 00.00 (ss.00) and ends at 01.80 (the maximum mouth opening). The exhalation phase starts at 02.00 and ends at 02.40
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30% 10% 18% 51% 28% 16% _ 24% 23%
‘ 2 baseline
t
1 minute 30 sec I 30 sec 1 minute 1 minute
1
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I Control condition 1 I | Spontaneous Yawning condition | | Control condition 2 | BaselLine

Fig.3 The lower part of the figure illustrates the four conditions in
which a behavioural shift could occur (Cl=control condition 1,
blue; SY =spontaneous yawning condition, red; C2=control con-
dition 2, green; BL =baseline, yellow). Squares indicate the behav-
iours (black square — black square=no shift; black square — white
square=yes shift), and arrows indicate the possible shift (black
arrow=no shift; white arrow =shift; black/white arrow=the shift

Statistics

To compare the hourly frequency of spontaneous yawn-
ing between the two age classes of individuals (matures vs
immatures), we applied the Mann—Whitney exact U test
(non-normal data: Kruskal-Wallis test P <0.05).

MODE Lyawn duration

To evaluate which variable affected the duration of each
yawn event (response variable), we ran a linear mixed model
(LMM) with a Gaussian distribution. The fixed factors were
DAY/NIGHT, ranges of environmental temperatures (TEMP;
https://www.timeanddate.com) (T, °C: 5-10; 11-15; 16-20;
21-25;>25), camera traps/observers (CAM/OBS), age-class
of the yawner (AGE) and resting/arousal CONTEXT. The ran-
dom factor was the yawner’s identity. We compared the full
model (including the random factor and DAY/NIGHT, TEMP,
CAM/OBS, AGE and CONTEXT) against a null model that
included only the random factor. No collinearity was found
between the fixed factors (range VIF,;,=1.41; VIF,, . =3.01).

The dispersion parameter was 1.007 (P=0.928).
MODEL g1yer

To evaluate if the presence of a yawn predicts a behavioural
state shifting (SHIFT, response variable), we ran a GLMM

@ Springer

had to occur after the yawn at 7). The upper part of the figure repre-
sents the alluvial plot showing the probability of a SHIFTING event
in the four conditions (Cl1, green stream, N changing= 75 SY, red
stream, N, echanging =395 C2, blue stream, N echanging= 113 BL, yel-
low stream, N, =16). (R package ‘ggalluvial’; Brunson and
Read 2020)

statechanging

with a binomial error distribution. The full model included
the following variables: DAY/NIGHT, TEMP, CAM/OBS,
AGE, CONTEXT and CONDITION (C1, SY, C2, BL). To
test if the variable CONDITION had a significant effect on
the response variable, we built a full model including the ran-
dom and all the fixed factors. Then, we compared this model
against a control model that included the random and all the
fixed factors but the factor CONDITION. The random factor
was the yawner’s identity. No collinearity was found between
the fixed factors (range VIF ;, =1.02; VIF,, =3.26). The
dispersion parameter was 0.982 (P=0.579).

MODEL

To test if seeing others’ yawn elicited a yawn response
in the receiver (yawn contagion, YC), we ran a GLMM
with a binomial error distribution. The response variable
was the presence/absence of yawning in the subjects that
were present in the video and that had or did not have the
possibility to see the triggering yawn (presence/absence
of response). The fixed factors were Yeen/Y o seens DAY/
NIGHT, CAM/OBS, AGE, iye» CONTEXT, N;,.., and
N,g- To understand if the Y .,/ Y o seen Dad a significant
effect on the response variable, we built a full model
including the random and all the fixed factors. Then, we
compared this model against a control model that included
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the random and all the fixed factors but the factor Y.,/
Y 0t seen- e trigger/receiver dyad identities were entered
as random factors. No collinearity was found between the
fixed factors (range VIF,;, =1.45; VIF,,,=3.74). The dis-
persion parameter was 0.014 (P =1.00).

To run the three models, we used the R package glm-
mTMB 1.2.5042 (Brooks et al. 2017).

The likelihood ratio test (LRT; Dobson 2002) was applied
to compare the full model with the control model (Forstmeier
and Schielzeth 2011). The LRT was also employed to test the
significance of the fixed factors by using the function Anova
(R package car 3.0e10; Fox and Weisberg 2011). To exclude
the occurrence of collinearity among predictors, we examined
the variance inflation factors (VIF; Fox 2015) with the R pack-
age performance of 0.4.4 (Liidecke et al. 2020). Model fit and
overdispersion were verified by using the ggthemes function
(Arnold 2019). The marginal R* (representing the variance
explained by fixed factors only) and the conditional R* (rep-
resenting the variance explained by the entire model including
both fixed and random factors; Nakagawa et al. 2017) were
calculated via the R package MuMIn 1.43.17 (Barton 2020).
Then, we used the ‘confint(x)’ function to interpret the esti-
mated effects in the model as relative odds ratios. Relative
odds ratio (i.e. the expected odds change for one unit increase
in the explanatory variable when the remaining variables are
set to their reference category) was used to evaluate the mag-
nitude of the estimated effects. All analyses were performed
using R 4.0.3 (The R Foundation for Statistical Computing,
Vienna, Austria, http://www.r-project.org).

Results
Descriptive results

Overall, 79 spontaneous yawns from 13 out of 24 sub-
jects were recorded. See Table 1 for additional details on
the data collection. Six out of 20 subjects (30% of the
subjects) that had the possibility to perceive a yawning
stimulus engaged in yawn contagion (N =9 events within
3 min after perceiving others’ yawns).

Effect of age on spontaneous yawning

Neither immature nor adult subjects have ever emitted
vocalised yawns. The frequency of spontaneous yawns
(number of yawns of A/minutes of videos of A) performed
by mature and immature subjects showed no significant dif-
ference (Mann—Whitney exact test: U=47.00, N . .es = 14,
Nimmatures = 10, P=0.169; mean .., =0.0345 +0.0239
SE; mean; aures = 0.0201 +0.0327 SE). Additional details
are reported in Table 1.

Variable effecting yawn duration (MODEL,,,, quration)

No statistical difference was found between the full model
(including the random factor and the factors DAY/NIGHT,
TEMP, CAM/OBS, AGE and CONTEXT) and the null
model (including only the random factor) (y*>=11.634,
df=8, P=0.168). The mean duration of each yawning
event was 2.67 s (£0.79 SE) for the mature and 1.92 s
(+0.62 SE) for the immature subjects.

The presence of a yawning event predicts a SHIFT
(MODEL ;)

We found a significant difference between the full (includ-
ing random and the factors DAY/NIGHT, TEMP, CAM/
OBS, AGE, CONTEXT and CONDITION) and the control
model (including the random and all the fixed factors but
the factor CONDITION) (y* =33.149, df=3, P <0.001).
The variable CONDITION significantly affected the
SHIFT response variable (Table 2). The Tukey post-hoc
test revealed that SHIFT occurred more frequently during
SY than during C1, C2 and BL (#-ratioc; s 5y = —4.638,
df=298, P <0.001; t-ratiog; s co= — 1.002, df=298,
P=0.748; t-ratioq; .z gL = —2.111, df=298,
P =0.152; t-ratiogy s o =4.050, df=298, P<0.001;
t-ratiogy gL =3.022, df=298, P=0.014; ¢-rat-
100y vs g = — 1.192, df=298, P=0.632) (Fig. 3). The
percentages of the behavioural shits recorded in the SY
condition were lying down vs standing (8.57%), standing
vs walking (48.57%), standing vs lying down (17.14%) and
walking vs standing (25.71%).

Contagious yawning (MODEL,,

The full model (including the random and the factors
DAY/NIGHT, CAM/OBS, AGE,...ivers CONTEXT, N, ..
N.g and Y. /Y o seen») Significantly differed from the
control model (including the random and all the fixed
factors but the factor Yoo/ Y o sen) (" =12.817, df =1,
P <0.001). The variable Y.,/ Y o seen had a significant
effect on yawn contagion (Table 3) with the likelihood of
yawn response higher in the Y., than in Y,y .., condi-

tion (Fig. 4). The latency of the yawning emission after
seeing others’ yawns was 20.21 +6.74 s (mean + SE).

seen

Discussion

In wild spotted hyaenas, spontaneous yawning seems to be
independent from the age and some features of the physi-
cal environment (e.g. temperatures, night/day). Neither the
presence of the observer (camera traps/observer) nor the
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Table2 Results of the Fixed effects Coeff SE 25%Cl  97.5%Cl 2 o P

generalised linear mixed model

(response variable: shift of the Intercept —2.181 0957  —4058  —0.304

gfsli?ivbll(ﬁ:;l)status, binomial TESTED VARIABLE
CONDITION 3315 3 <0.001
Syb< 2.157 0.465 1.246 3.070
C2be 0.517 0.516 —4946 1.528
BLb® 1.036 0.491 7.403 1.998

CONTROL VARIABLES

CONTEXT -0.077 0453 -9.659  0.812 0.03 1 0.860
AGE —0.231 0.437 —1.087 0.625 0.28 1 0.600
TEMP 197 4 0.740
TEMP [T°C 11-15]>¢  0.347 1053 -1.718 2413
TEMP [T°C 16-20]>¢ -0.182 1.119 —-2.376 2.012
TEMP [T°C 21-25]>¢  0.576 0.994 —-1372 2526
TEMP [T°C > 25]°¢ 0.262 0986  -1.670 2.194
DAY/NIGHT -0.324 0380 —-1.070  0.422 0.72 1 0.400
CAM/OBS -0.674 0517 —1.688 0.339 1.77 1 0.18

Estimated parameters (Coeff), standard error (SE), 95% confidence intervals (2.5-97.5% CI) and results
of the likelihood ratio tests (LRT). AGE (immature/mature); CONTEXT (resting/arousal); DAY/NIGHT;
TEMP (temperatures); CAM/OBS (camera_traps/observer); CONDITION (C1=control 1; SY =sponta-
neous yawning condition; C2=control 2; BL =baseline); random effects =5.8e-9 +7.60e-05SD. Marginal
R?=0.195; conditional R*=0.199; N, .. =311; Ny iviquats = 13

PEstimate parameters + SE refer to the difference in the response between the reported level of this categor-
ical predictor and the reference category of the same predictor

“These predictors were dummy coded, with the “TEMP [T°C 05-10]" and the “C1=control condition 1”
being the reference category

competitive context (resting vs feeding/aggression) affected
both the occurrence and duration of spontaneous yawning
(MODEL, 1, quration)- However, since the absence of evi-
dence is not the evidence of absence, these findings need to
be taken with caution due to the small sample size and the
variation represented by the variables.

Interestingly, no difference was also found in the overall

frequency of yawning and its duration between immature and

adult subjects. Therefore, as it occurs in other social carnivore
species, yawning seems to be consistent in terms of its rates,
duration and context throughout the entire life span, suggest-
ing that this phenomenon is a well-conserved ontogenetic trait
in wild spotted hyaenas. It is worth to note that similar find-
ings were also obtained for another African species of social
carnivore (Panthera leo, Casetta et al. 2021). By expanding
the dataset to a larger number of subjects and a larger number

Table 3 Results of the

_Resu ; Fixed effects Coeff SE 2.5% CI 97.5%Cl  x* df P

generalised linear mixed model

analysis (response variable: Intercept -82.116 26292  —133.648  —30.583

(yif:tvr‘i‘gl‘lgﬁgis)ponse’ binomial TESTED VARIABLE
Seen/Notseen  26.826 10.660 5933 47.719 6333 1 0.011

CONTROL VARIABLES

AGE,civer 4.200 8933  —13.307 21.708 0221 1 0.638
Nimatures 11.409 4887 1831 20.987 5451 1 0.020
N,uits 3.671 1717 0306 7.036 4572 1 0.033
CAM/OBS -10354 11763  —33.409 12.700 0775 1 0.379
DAY/NIGHT 7314 8547  —9.437 24.064 0732 1 0.392
CONTEXT 21.448 11261  —0.623 43.520 3628 1 0.057

Estimated parameters (Coeff), standard error (SE), 95% confidence intervals (2.5-97.5% CI) and results

of the likelihood ratio tests (LRT). Seen/Notseen (yawn_seen; not_seen); AGE

receiver (0=1mmature;

1 =mature-imm); CAM/OBS (Camera_traps/observer), DAY/NIGHT; CONTEXT (resting/arousal); ran-

dom effects: 3.411e 3 +58.4 SD; marginal R?=7.097e-02; conditional RZ=0.99; N.

@ Springer
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Fig.4 Percentages of yawning response (presence/absence) in the
conditions (SEEN, blue bar; NOT SEEN, green bar)

of species of social carnivores, in the future, we will be able to
verify the hypothesis of developmental consistency of sponta-
neous yawning behaviour and do some generalizations about
the ontogenetic traits of the phenomenon in this taxon. Yawns
seem to be more flexible in primates that are characterised by
a high complexity in their facial musculature (Davila-Ross
and Palagi 2022). In this mammalian order, the behaviour can
vary in frequency, duration and motor execution as a function
of the age of the subjects (Deputte 1994; Leone et al. 2014)
and the contexts in which the behaviour occurs (Zannella
et al. 2021). Further data on spontaneous yawning variability
in both social carnivore and primate species are needed to
understand if the phenomenon actually differs in these two
lineages of mammals.

We found that in our study subjects, a behavioural shift-
ing occurred more frequently after the emission of a spon-
taneous yawn, thus suggesting that the expression of the
behaviour is predictive of the imminent changing in the state
of the subject (MODELgyypr; Table 2; Fig. 3). In a study
involving some experimental trials on olfactory behaviour,
Drea et al. (2002) found that captive hyaenas increased their
levels of yawning (together with other self-directed behav-
iours) during periods of arousal provoked by the presence
of a carrion odour. Under such condition, animals spent less
time in resting by increasing their motor and social activity.
These results are only apparently in contrast with ours. An
increase in behavioural activity could mean a higher number

of behavioural shifts that, in turn, can translate into a higher
number of yawns. All these findings taken together indicate
that the spontaneous emission of a yawn can be driven by
a variety of endogenous factors translating into a modifi-
cation of the behavioural activities. By analysing sponta-
neous yawning in white-cheeked mangabeys (Cercocebus
albigena) and long-tailed macaques (Macaca fascicularis),
Deputte (1994) postulated that the phenomenon was tem-
porally associated with a change in the behavioural state of
the subject (e.g. from rest to activity and after social inter-
actions). Further data supporting this view were obtained
by the comparison of the level of yawning between two
sympatric species of wild lemurs. The omnivorous Lemur
catta is characterised by a more dynamic lifestyle than the
folivorous Propithecus verreauxi, with the former scoring a
higher number of behavioural shifting events per unit of time
than the latter, characterised by long periods of inactivity.
Similarly, L. catta scores higher rates of yawning than P.
verreauxi. This correlational evidence led the authors to sug-
gest that the entity of the spontaneous yawning phenomenon
could be linked to the level of behavioural activity of each
species (Zannella et al. 2015). Another correlational study
on chimpanzees also indicates that yawning can be a reli-
able indicator of behavioural activity in this great ape (Vick
and Paukner 2010). Our data on hyaenas provide direct evi-
dence of the strict temporal linkage between yawning and
behavioural state changing, thus confirming in a cooperative
carnivore the correlational data obtained for primates.

In wild hyaenas, seeing others’ yawns increased the
probability to respond with a yawn in the observer inde-
pendently from the age and the number of subjects, the
environmental or context condition (Table 3; Fig. 4).
Therefore, we can reasonably suppose that through yawn
contagion, wild hyaenas are able to rapidly catch the immi-
nent changes in others’ behaviour (a latency of about 20 s
for a contagion event). Unfortunately, due to the limited
sample size (N =9 contagious yawns) and the difficulty to
identify the sex of the subjects in the wild (Frank 1986),
it was not possible to evaluate if responding with a yawn
to others’ yawns increased the probability of motor syn-
chrony between groupmates and especially in response to
the dominant females which cover the leading role in this
species. However, the recent findings on a large dataset
obtained on another African social carnivore (Panthera
leo, Casetta et al. 2021) make this hypothesis plausible
also for wild spotted hyaenas. In wild lions, Casetta et al.
(2021) did not investigate if a yawn actually occurred in
coincidence with a changing in the behavioural status of
the first yawner, although they demonstrated that being
infected by a companion’s yawn provoked an alignment
of the activities between the first and the second yawner.
Considering the high levels of cohesion and cooperation
typical of spotted hyaenas, we can reasonably hypothesise
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that yawn contagion can be an adaptive phenomenon also
in this species and that it could help synchronise activities,
especially between females due to their leading role in the
groups (Stratford and Périquet 2019; Vullioud et al. 2019).
This hypothesis would be worth to be investigated in the
future by enlarging the datasets both on males and females
and embracing the different subgroups deriving from the
fission—fusion events typical of the species (Strauss et al.
2021). Due to the fluidity of their social systems, hyae-
nas can select companions to associate with. It could be
extremely interesting to evaluate if such a choice could
also be linked to the events of yawn contagion, possibly
leading to behavioural synchrony.
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