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Emotional states like anxiety are adaptive, assisting
individuals during social uncertainty and threats. Humans
can self-report anxiety, whereas in nonhuman animals,
particularly in primates, it is commonly inferred from
self-directed behaviours (SDBs) such as self-scratch,
autogroom and yawn. These behaviours are often treated as
interchangeable indicators of a single underlying dimension
of anxiety, yet support for this assumption remains
limited. Moreover, how variations in SDBs are shaped
by demography, social interactions and status, and the
broader social dynamics, are poorly understood. To address
these knowledge gaps, we studied 13 macaque groups
across six species spanning a despotic—egalitarian social
style. Our findings revealed partial correlational consistency
among the SDBs, where only self-scratch and autogroom
positively correlated. SDBs differed in their associations
with demographic and social variables: males yawned
more than females, individuals receiving less aggression
engaged in longer autogroom, dominance rank showed
behaviour-specific patterns and alpha individuals yawned
more frequently than others. Social style showed no consistent
effects across behaviours. These results show heterogeneity
in the expression of SDBs that cautions against treating them
as equivalent measures of anxiety. While not demonstrating
functional dissociation, we highlight the need for greater
conceptual precision in using SDBs to infer emotions in
primates.
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1. Introduction

Individual emotional states are mediated by physiological and behavioural changes across species,
offering benefits that range from welfare to survival [1,2]. In social contexts, a common emotional
state is anxiety—an individual’s response to aversive situations or threats [3,4]. While adult humans
can self-report their experience of anxiety, assessing this psychosocial or affective state in animals
requires objective methodological approaches. Self-directed behaviours (SDBs), defined by behaviours
directed towards the self, such as self-scratch, autogroom and yawn [5], are powerful and widely
used proxies to capture anxiety-related emotional states in animals [6]. Although these behaviours
can serve varying functions, from environmental to hygienic, their social functions have received
considerable attention [6-10]. By testing the discriminant validity of SDBs, previous research has
found their positive correlations with physiological measures of anxiety and broadly ‘stress’. For
instance, post-conflict SDBs positively correlated with maximum heart rate in greylag geese (Anser
anser) [11]. In European starlings (Sturnus vulgaris), acute crowding led to elevated SDBs, heart rates
and corticosterone concentrations [12]. SDBs increased when long-tailed macaques (Macaca fascicularis)
were given anxiety-inducing drugs [13,14]. However, a lack of positive correlation between SDBs
and those physiological measures was also reported (see [15-17]). Nonetheless, research on various
social contexts, such as during allogrooming and conflict, has found systematic fluctuations in SDBs
[18-21], establishing their mediating roles in anxiety. Thus, the consensus is that SDBs are displacement
behaviours that do not necessarily reflect chronic stress (but see [22]) and are instead associated with
transient or short-term emotional states with coping benefits [5,6,11,17,23-27], for example, helping
individuals overcome challenges related to stressful situations (e.g. during intragroup conflicts). Yet,
considerable between-individual variation in the expression of SDBs is prevalent, and comprehensive
evidence about their underlying proximate mechanisms is still poorly understood.

Demographic factors such as age and sex, as well as social factors like aggression, are known to
be associated with SDBs and their variations. A decline in physical conditions with ageing can be
associated with higher negative affective states [28]. Consequently, older individuals may use SDBs
as a functional means of coping, or they may increase reliance on frequent hygienic activities [8,29].
In contrast, general life experience with ageing may lead to better emotional regulation [30], where
individuals become more certain about their relationships with group members, potentially leading to
a decrease in SDBs. Sex-level differences have also been reported, with males often exhibiting more
SDBs than females [31]. For instance, yawning in males can lead to the exposure of large canines,
which carry social information on dominance and promote group stability. Inter-sex competition,
including aggression [32], can also potentially lead to variations in SDBs. Thus, sex-level differences
can be explained by anatomical (sensu sexual dimorphism), physiological (such as concentration of
androgens), as well as social (such as competition and aggression) factors [32-34]. However, sex-based
variations in SDBs are not conclusive, as comparable rates between females and males have also been
reported (see [35,36]). Moreover, aggression can influence SDBs, irrespective of sex differences [8,37-
39], with a positive association between receiving frequent aggression and exhibiting higher rates of
SDBs. Furthermore, many studies have analysed SDBs as a single composite index (e.g. [17,20,29,40]),
based on the assumption that the elemental behaviours (i.e. self-scratch, autogroom and yawn) covary,
or simply due to limited sampling effort, resulting in insufficient data on each behaviour separately.
Overall, while there is still a critical knowledge gap regarding how age, sex and aggression are
associated with specific elemental anxiety-related behaviours, the existing inconclusive evidence also
points to the need to investigate other social factors.

In stable social hierarchies, social status or dominance rank may influence SDBs. In particular, the
broad mechanisms— (un)certainty in the outcomes of within-group social interactions and rank-related
energetic constraints—can be grouped under two non-mutually exclusive hypotheses. The uncertainty
hypothesis suggests that subordinate group members experience greater unpredictability in the
outcomes of social interactions and therefore express more frequent SDBs, as these behaviours help
them cope with tense situations or avoid conflict [20,38,41-44]. Particularly, such ‘reactive’ coping
benefits may come from heightened ‘flight” responses, helping subordinates to avoid higher ranking
group members and potential conflicts or to seek support from closely affiliated group members
[6,38,45-47]. In contrast, the energetic constraint hypothesis posits that different ranks within a stable
hierarchy are associated with unique costs and benefits, and that stress-related responses covary with
rank [48]. Accordingly, the top rank or the “alpha status’ is linked to elevated energetic demands (sensu
‘executive stress syndrome’) [48], from physiological costs of mating and functional needs for vigilance
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(e.g. against outgroup threats, but also intragroup competitors/challengers) to group maintenance. [ 3 |
Empirical findings across primates reflect both mechanisms, leading to inconclusive patterns: in some
systems, high-ranking individuals are the most stressed, particularly when dominance is maintained
through frequent physical aggression; in others, lower-ranking individuals show more stress when
hierarchies rely primarily on intimidation; and in more egalitarian societies, rank-related stress
differences may be weak or absent [49]. These contrasts highlight that the relationship between rank
and stress may depend on the species’ social style, the stability of dominance relationships and the
broader dynamics of within-group interactions [49,50]. However, comparative research investigating
SDBs across phylogenetically close species with varying social styles is limited.

The genus Macaca represents approximately 22 species of group-living primates, with similar
social organizations yet strikingly different social tolerance levels or social styles [51-53], providing
an excellent opportunity to investigate SDBs and their proximate mechanisms comparatively. The
broader social styles (interchangeably referred to as tolerance grades) in macaques are shaped by
phylogenetically covarying structural traits [51-54], primarily reflected in how individuals tolerate
one another within a group. These covarying traits include hierarchical steepness of dominance,
coalitionary tendencies and nepotistic and kin biases. While robust comparative empirical evidence
is still scarce, some studies indicate that these traits indeed covary, and macaque species or societies
can be categorized into four distinct tolerance grades along a despotic-egalitarian gradient [55-57].
Despotic societies are primarily characterized by steeper dominance hierarchies and more frequent
aggressive interactions than egalitarian ones [55,58]. From grade one (or the despotic end) to four (or
the egalitarian end), social tolerance is considered to increase (but see [59]). Accordingly, primatologists
use these grades to distinguish the different macaque species and to test various ecological, social
and cognitive hypotheses. As varying social styles can influence individuals at the physiological [60],
behavioural [61] and cognitive [62] levels, SDBs can also be potentially shaped by them, and by
studying SDBs at the grade level, we can account for the phylogenetic inertia. Furthermore, rank-rela-
ted uncertainties are higher in more egalitarian than in despotic societies, which are often described
as ‘complex’ with regard to within-group communication and interaction [63,64]. Yet, whether SDBs
generally vary across social styles remains a rarely investigated topic. Therefore, a comparative

sosy/jewnol/Bio Burysigndigaposiedos

LTSt €L DS uadp 20s Y

assessment of SDBs across macaque societies representing the four social styles can provide critical
insights into their functions and, broadly, evolution.

Here we comparatively investigated three different SDBs (self-scratch, autogroom and yawn) across
six macaque species: Japanese (Macaca fuscata), thesus (Macaca mulatta), long-tailed (Macaca fascicularis),
lion-tailed (Macaca silenus), barbary (Macaca sylvanus) and crested (Macaca nigra) macaques. These
species represented all four social styles (Grade 1: M. fuscata and M. mulatta; Grade 2: M. fascicularis;
Grade 3: M. silenus and M. sylvanus; Grade 4: M. nigra; cf. [51-53]). Using a comprehensive dataset
including 113 individuals (>4 years of age), we investigated (i) whether the three SDBs covary or
exhibit correlational consistency and (ii) the associations of SDBs with age, sex, aggression, dominance
rank and social styles or grades. Although we used SDB to denote the three behaviours, we analysed
them separately and at the behaviour level.

We made a two-tailed prediction for age: older individuals would exhibit either higher (due to
the general decline of physical conditions leading to increased hygienic requirements) or lower (due
to better emotion regulation and more certainty of social relationships) amounts of SDBs. Aligning
with the dimorphism hypothesis, we expected that SDBs, particularly yawn behaviour, would differ
between females and males, with males exhibiting higher SDBs than females [33,34]. We expected
a relationship between aggression and SDBs, specifically with individuals receiving more frequent
aggression exhibiting higher amounts of SDBs. Due to the non-mutually exclusive nature of the
uncertainty and energetic constraint hypotheses, we expected complex nonlinear relationships between
ranks and SDBs (cf. [48]). On one hand, we predicted that lower ranking individuals would display
higher amounts of SDBs than their higher ranking group members due to uncertainty in the outcomes
of social interactions. On the other hand, if higher ranks are associated with unique costs, such as
elevated energy demands for mating and vigilance, and/or exhibition of dominance (cf. [48]), then the
highest ranks or the alpha status would be associated with higher amounts of SDBs than the rest of the
group members. Finally, for social styles, we had two alternative predictions. If despotism intensifies
social stress through frequent aggressive interactions and intimidation (cf. [51,58]), then individuals
in more despotic societies are expected to exhibit higher rates of SDBs than those in more egalitarian
societies. Alternatively, if egalitarian societies are characterized by more fluid and less predictable (i.e.
more complex) social relationships (cf. [20,62]), individuals in these societies would experience higher

social uncertainty than those in despotic societies, subsequently leading to increased SDBs.
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2. Material and methods
2.1. Study subjects

We observed 13 captive macaque groups across six species—M. fuscata, M. mulatta, M. fascicularis, M.
silenus, M. sylvanus and M. nigra—in their existing social environments. See electronic supplementary
material, table S1, for details on the subjects, and housing and husbandry protocols. Only individuals
>4 years old—considered sexually mature [65,66] —at the time of testing (n = 113) were included in
the study and analyses (see electronic supplementary material, table S1). All groups had unrestricted
access to fresh drinking water. No alterations were made to feeding protocols for this research. The
animals were well habituated to the presence of the observers and exhibited no signs of stress during
data collection.

2.2. Behavioural data collection using continuous focal sampling

Behavioural observations were carried out using a continuous focal sampling method between late
2020 and early 2023. We conducted these observations from 08.00 to 18.30. Each focal observation
lasted 20 min without periods when the individual was out of sight. The order in which focal animals
were observed was randomized. From the 113 individuals (>4 years, range: 4-29 years; female = 92,
male = 21), we obtained a total of 31480 min of behavioural data (electronic supplementary material,
table S1). The mean (+s.d.) observation minutes per individual was 278.58 + 75.23 (range = 160-460
min). The number of observation minutes differed across groups, largely due to the varying group
sizes. Focal data were used to assess SDBs, aggressive behaviours and dominance ranks.

2.3. Self-directed behaviours

We investigated three widely recognized SDBs—self-scratch, autogroom and yawn [5,6,13,16,20,23,67].
Self-scratch was defined as the act of an individual using their finger, hand or foot to rake across their
own skin. Autogroom was defined by an individual grooming themselves by closely inspecting the
skin, hands, nails, toes or other body parts. Finally, we employed the widely accepted definition of
a yawn (see [67])—an involuntary and powerful gaping of the jaw accompanied by deep inspiration,
followed by a temporary period of peak muscle contraction and passive closure of the jaw with shorter
expiration. We could not differentiate between self-directed and directed display yawns, as they are
challenging to disentangle in social contexts [68]. We calculated the rates of self-scratch and yawn
(frequency per minute) separately to control for the varying observation minutes across groups and
species. For autogroom, we quantified the duration and controlled for the observation variation by
calculating seconds per minute. A new autogroom bout was considered if it was resumed after an
interval of at least 5 s to account for data dependence.

2.4. Aggression initiated and received

We extracted data on five behavioural variables (lunge, open-mouth threat, physical attack/hit, bite and
chase; see [69] for definitions) that represented both contact- and non-contact aggression. For each
individual, we calculated the rates (frequency per minute) of aggression initiated (toward others)
and aggression received (from others). By calculating rates, we controlled for the varying observation
minutes across groups and species.

2.5. Dominance rank and social style

Based on five variables that represent unprovoked submissive behaviours (avoid, be displaced, silent-
bared teeth, flee and social presence; see [69] for definitions), we assessed individual dominance (or social)
ranks as well as the steepness of the within-group dominance hierarchies using a Bayesian Elo-rating
method. For all groups, except M. fuscata, we used previously published data to obtain these values
[59]. Individual dominance ranks were obtained as ordinal ranks at the group level. For M. fuscata,
the limited number of dyadic unprovoked submissive interactions could not be used to calculate the

ordinal ranks reliably. Therefore, we used previously published results on the matrilines to which
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those individuals belong [70]. Since the sampled individuals were adult females only in the M. fuscata [ 5 |
group (see electronic supplementary material, table S1), matrilineal rank inheritance can be assumed
[71], and these alternative measures can be useful for determining the ordinal ranks of the individuals.
Nonetheless, we took caution while performing statistical analyses using this group in some cases. Due
to the relatively long-term data collection (spanning approx. 8 months per group), hierarchies were
assumed to be stable, and no rank reversals were observed during the study.

The steepness of hierarchies followed the assumption of the covariation framework [51-53] that
more despotic societies show higher steepness than more egalitarian ones [59]. Previously published
data on our study groups revealed a moderate to strong correlation between macaque tolerance grades
(or social styles) and hierarchy steepness (with all individuals: r = -0.33; with only adult females: r =
—0.61) [59]. The fulfilment of this assumption, based on empirical data, validated our assignment of
social styles to the species we investigated.

sosy/jewnol/Bio Burysigndigaposiedos

2.6. Data coding

Video-recorded data were coded using BORIS (v. 7.13.6) or in a frame-by-frame manner using
PotPlayer (v. 240618). Due to data coding by multiple trained coders (by D.B., E.SJ.v.D., REM.d.V,,
C.EK, M.V. and A.N.Z,, with assistance from 14 more coders), we comprehensively checked for
inter-rater reliability. The agreement check was performed after all the coders became fully trained to
code behavioural data. Overall, the agreement was high (intraclass correlation coefficient or ICC(3,k)
= 0.88, including SDBs, dominance rank and aggression). Particularly, for the SDBs, the ICC(3,k) value
was 0.94, suggesting excellent agreement among all coders.

LTSt €L DS uadp 20s Y

2.7. Statistical models and packages

All statistical analyses were conducted in R (v. 4.1.1) [72]. We used a Bayesian modelling approach
using the ‘brms’ package [73]. SDBs (response variables) were modelled using multivariate Gaussian
models with identity links, which allowed them to be estimated jointly with a residual correlation
structure. Three models were constructed to test the predictions of the study. In all models, we
included a nested random effect of species and group (i.e. group within species) to account for the
hierarchical sampling structure.

Model 1 was used to investigate the association between the three SDBs, specifically whether they
exhibited strong correlational consistency. We used the default weakly informative priors implemented
in brms: flat priors for intercepts, half-student-t (3, 0, 10) priors on the residual standard deviations, and
an LK]J(1) prior for the residual correlation matrix.

In Model 2, we tested the effects of age, sex, aggression initiated and received, dominance rank and
tolerance grade or social style on the expression of SDBs. For dominance rank, we included a penalized
cubic regression spline (k = 3) to capture potential nonlinear patterns. An interaction term of rank
and grade was used. In the absence of a strong effect, we investigated the individual effects of rank
and grade. Although the SDBs were corrected for varying sampling durations, we further checked the
effect of observation time. Additionally, we used group size in the model to investigate any potential
effects. All three response variables shared the same predictor structure and random-effects structure.
We used weakly informative priors for all model parameters. Fixed-effect coefficients were assigned
normal (0, 1) priors, and intercepts were given normal priors centred near the empirical means of
each response. Residual standard deviations and the standard deviations of all random intercepts were
assigned exponential priors with the rate parameter value of 1. The residual correlation matrix among
the three SDBs was given an LK](2) prior, favouring weakly correlated structures while remaining only
mildly informative.

Finally, in Model 3, we evaluated the effects of alpha status (alpha versus non-alpha) on the
expression of SDBs, as alpha status may incur an elevated energetic cost compared with intermediate
or more subordinate group members [48]. Unlike in other models, here we excluded the data on M.
fuscata for two reasons: males were not included in the sample, and dominance rank relationships were
assessed through matrilineal ranks. Accordingly, we had 12 alpha and 75 non-alpha individuals. Like
previous models, we used weakly informative priors for all model parameters. The priors used in this
model fully resembled the priors of Model 2.

For sufficient convergence, all Bayesian models were subjected to at least 5500 iterations with

1000 warmup sessions. We reported median estimate coefficients (Est), 95% credible interval (crl),
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containing 95% of the posterior probability density function and probability of direction (pd) that n
indicated certainty of an effect. We established model convergence by following Bayesian statistics
guidelines [74]. Furthermore, we checked trace and autocorrelation plots, Gelman—-Rubin conver-
gence estimations, and density histograms of posterior distributions. The posterior distributions were
sampled using 10 000 iterations and 2000 warmups. We used the “DHARMa.helpers’ package [75] and
investigated model fits by examining the residual distributions (i.e. deviation, dispersion and outliers).
The data on the rate of yawns included zero values in 23% of all instances, thus reflecting observa-
tion periods in which no yawns occurred. These zeros represent sampling outcomes rather than a
distinct behavioural state. To stabilize variance and improve model fit, yawn rates were square-root
transformed for improving model fits of 2 and 3. We applied the leave-one-out (LOO) cross-validation
method for model selection based on the expected log pointwise predictive density. Only the best-fitted
models are presented in the results.

sosy/jewnol/Bio Burysigndigaposiedos

3. Results

3.1. Self-directed behaviours in macaques show only partial correlational consistency

We found only partial correlational consistency among the three SDBs (figure 1; electronic supplemen-
tary material, table S2). Our model, which controlled for species- and group-level structure, revealed
a moderate positive residual association between self-scratch and autogroom (Est = 0.21, 95% crl [0.02,
0.38], pd = 0.98). In contrast, the residual correlations between self-scratch and yawn (Est = 0.08, 95%
crl [-0.12, 0.27], pd = 0.77) and between autogroom and yawn (Est = 0.02, 95% crl [-0.17, 0.21], pd
= 0.57) were weak. Taken together, these results suggest that while some SDBs may share partially
overlapping sources of variation, their associations are generally weak. Thus, the three SDBs do not
appear to be driven by a single common underlying factor, supporting our decision to model them as
separate response variables rather than combining them into a single composite index.

LTSt €L DS uadp 20s Y

3.2. Factors associated with self-directed behaviours in macaques

The LOO model comparison identified the multivariate model, which included sex, aggression
received, dominance rank, tolerance grade, observation time and group size, as the best-fitting model
for predicting self-scratch, autogroom and yawn. The dropped variables had no influence on the
expression of SDBs. See electronic supplementary material, table S3, for model comparison and
selection using the LOO method. We found that the key predictors had varying associations with
the three SDBs (electronic supplementary material, table S3).

3.2.1. Associations with sex and aggression

Sex had no effect on self-scratch (Est = —0.04, 95% crl [-0.08, 0.01], pd = 0.95) and autogroom (Est =
-0.77, 95% crl [-1.82, 0.30], pd = 0.92), but it strongly predicted yawning, with males showing more
frequent yawning than females (Est = —0.08, 95% crl [-0.10, —0.05], pd = 1.00; figure 2). Aggression
received was not associated with self-scratch (Est = 0.00, 95% crl [-0.03, 0.03], pd = 0.52) and yawn
(Est = -0.01, 95% crl [-0.02, 0.01], pd = 0.83) but was negatively related to autogroom, suggesting that
individuals who received lower aggression exhibited prolonged autogroom bouts (Est = -0.84, 95% crl
[-1.61, -0.09], pd = 0.98).

3.2.2. Associations with dominance rank

We found evidence of both linear and nonlinear relationships between dominance rank and the SDBs
(figure 3). While our analysis on rank showed limited evidence for an effect on self-scratch (Est =
0.03, 95% crl [-0.00, 0.06], pd = 0.97; figure 3a), it was strongly associated with autogroom (Est = 1.14,
95% crl [0.35, 1.94], pd = 0.99; figure 3b) and yawn (Est = 0.02, 95% crl [0.01, 0.04], pd = 0.99; figure
3c) behaviours. These results suggest that low-ranking individuals engaged in longer autogrooming
bouts than their high-ranking counterparts. In contrast, the nonlinear relationship between rank and
yawning behaviour suggests that yawn rates were lowest at intermediate ranks and increased towards

both high- and low-ranking individuals.
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Figure 1. Self-directed behaviours partially correlate with each other. Posterior estimates of residual correlations among self-directed
behaviours. Solid black points show the posterior median correlation coefficient for each behavioural pair, while horizontal bars
represent the 95% crl. The violins show data distribution. The vertical red dashed line indicates a parameter estimate of zero, i.e. the
overlap of the crl with this line suggests no strong correlations. The yellow colour highlights a moderately strong correlation.
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Figure 3. Relationships between dominance rank and self-directed behaviours in macaques. (a) Relationship between self-scratch
and ordinal rank, (b) relationship between autogroom and ordinal rank, (c) relationship between square-root transformed yawn and
ordinal rank. Solid black points show raw data points and overlaid in blue are the posterior predictions. Dashed blue line indicates no
strong relationship, whereas the solid lines suggest strong relationship between rank and self-directed behaviours.

3.2.3. Effects of social styles

The mean (+s.d.) rates of self-scratch were 0.18 + 0.08, 0.36 + 0.25, 0.46 + 0.21 and 0.41 + 0.22 for Grades
1, 2, 3 and 4, respectively (figure 4a), whereas the mean durations of autogroom bouts were 3.14 + 2.98,
8.61 £ 5.70, 512 + 3.34 and 3.13 + 2.52 (figure 4b). Likewise, the mean rates of yawn were 0.01 + 0.02,
0.02 +0.04, 0.03 + 0.04 and 0.03 + 0.04 for the four tolerance grades (figure 4c). Despite a visual pattern
of the most despotic societies exhibiting lower SDBs, tolerance grade showed no consistent associa-
tions, with all estimates highly uncertain and 95% crl values spanning zero (electronic supplementary
material, table S3). However, we found substantial species- and group-level variation in autogrooming
(species s.d. = 2.17; group s.d. = 2.12), moderate variation in self-scratch and minimal variation in
yawning (electronic supplementary material, table S3). No strong effects of observation time and group
size were found (electronic supplementary material, table S3).

3.3. Yawn under pressure? Alpha status is linked to increased rates of yawn

The mean (+s.d.) rates of self-scratch were 0.326 + 0.154 for alpha individuals and 0.362 + 0.244 for
non-alpha individuals. Similarly, the mean (+s.d.) durations of autogrooming bouts were 5.105 + 3.628
for alphas and 4.984 + 4.533 for non-alphas, while yawning rates were 0.068 + 0.054 and 0.022 + 0.032
for alpha and non-alpha individuals, respectively. Alpha individuals did not differ from non-alpha
individuals in autogrooming (Est = 0.49, 95% crl [-1.65, 2.57], pd = 0.63; electronic supplementary
material, table S4) or self-scratch (Est = -0.06, 95% crl [-0.15, 0.02], pd = 0.92; electronic supplemen-
tary material, table S4). By contrast, yawning rates were higher in alpha individuals compared with
non-alpha individuals (Est = 0.12, 95% crl [0.07, 0.17], pd = 1.00; figure 5; electronic supplementary
material, table 54).

4. Discussion

SDBs are considered displacement behaviours that mediate anxiety-like emotional states and serve
functions, like assisting individuals to avoid potential conflicts or seek support from closely affiliated
group members through visual means [6,13,20,22]. Yet conclusive evidence on the proximate driv-
ers and the associated demographic and social factors underlying variations in SDBs was lacking.
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Moreover, existing research predominantly includes specific social contexts, like affiliative interactions
and conflicts, and often uses social variables like proximity to neighbours (to assess dominance and
indirect social influence of group members on others). However, complex emotional states like anxiety
can be shaped by the continuous and multifaceted processes of social interactions, including broader
social dynamics. We conducted behavioural observations on macaques from six different species
that varied along a despotic—egalitarian gradient, and investigated three widely recognized SDBs:
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self-scratch, autogroom and yawn. Our results suggest that these behaviours share only a limited m
correlational structure and are influenced differently by demographic and social factors. While we
found little to no evidence to support the idea that SDBs are influenced by the broader social dynamics
of a species (cf. [49,50]), dominance rank-related effects were complex and more pronounced. These
results indicate that SDBs do not form a simple unified anxiety construct and instead may stem from a
complex set of functions like social uncertainty, signalling and hygiene.

4.1. Partially overlapping social functions of self-scratch, autogroom and yawn

The functions of SDBs can range from social and environmental to hygienic [6-10]. A study comparing
the explanatory power of these three hypotheses found stronger support for the parasitic or hygienic
model over the other two (cf. [8]). However, they also found support for the prediction that social
status (dominance rank) and the uncertainty (presence of nearby group members) of social interactions
predict SDBs. In the current study, which investigates the social and emotional aspects of SDBs, we
found that not all three behaviours covaried positively, indicating their functional heterogeneity. This
is further corroborated by the fact that each of these behaviours was differentially influenced by some
of the demographic and social factors we looked at (see later). Consequently, our findings suggest
the need for reevaluation of several previous studies that used composite SDB measures as proxies
for anxiety, and we strongly advocate for treating the elemental measures separately. Besides, future
research should carefully evaluate the context-specific expression of these behaviours.
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4.2. Demographic factors are weakly associated with self-directed behaviours

We found no evidence of associations between age and the SDBs. In humans, greater social contact
has been found to alleviate anxiety associated with ageing [76]. Thus, the comparable expression of
SDBs across the age range of our study animals (429 years) potentially indicates that social living
conditions may facilitate better emotional regulation [30]. Nonetheless, the lack of association between
age and SDBs corroborated the findings of some previous research [77,78]. Unlike age, sex was strongly
associated with yawning but not with self-scratch and autogroom. Males displayed higher rates of
yawning than females. A sex-specific bias in yawning can be explained by sexual dimorphism (cf.
[33,34]). Since males are more dominant than females in macaque societies, males may exert domi-
nance and signal threats by yawning more, as they possess larger canines than females. Therefore,
instead of anxiety, frequent yawning in males may serve as a form of social signalling [68].

4.3. Social factors underlying self-directed behaviours

Contrary to our prediction, we found that individuals who received more frequent aggression from
group members engaged in autogrooming for shorter durations. Additionally, there was no association
between aggression and self-scratch or yawn. These findings contradict the results of previous research
[8,37-39,79]. An inverse relationship between aggression received and autogroom may indicate the
presence of alternative coping strategies mediating aggression-related anxiety, like social buffering
[46,47]. Furthermore, the non-significant relationships of self-scratch and yawn may indicate that
direct social interactions in the form of aggression may not be a prerequisite to elicit anxiety-related
emotional states (but see [37-39]), or that these behaviours primarily serve other functions as discussed
before.

Social status or dominance rank exhibited complex effects on autogroom and yawn behaviours,
consistent with both uncertainty and energetic-constraint hypotheses. The effect of rank on self-scratch
was weak but showed an inverse U-shaped nonlinear trend. The relatively high self-scratch rates
among intermediate-ranking individuals could potentially be due to the high probabilities of rank
mobility, whereas the highest and lowest ends of the spectrum remain somewhat reserved [80]. In
contrast, the prolonged autogrooming bouts in subordinate individuals clearly indicate an influence
of social uncertainty (but see [79]). Finally, a U-shaped relationship pattern emerged between rank
and yawn, which could be attributed to both rank-related uncertainty (i.e. for lower ranks) and the
energetic costs (i.e. for higher ranks) of social ranks (cf. [20,38,43]). The elevated rates of yawning
among higher ranking individuals indicate the heightened physiological demands of mating, vigilance
and group maintenance. This was even further strongly supported by the finding of increased yawning

among alpha individuals in comparison to non-alpha individuals (cf. [48]). In particular, frequent
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yawning by alpha individuals can convey social signals of dominance to other group members [81,82], m
which can help maintain the stability of social groups. Alternatively, although not mutually exclusive,
yawns are known to function as a brain cooling mechanism and may become more frequent in alpha
individuals due to their high loads of vigilance [83]. While elevated rates of yawning in higher ranking
individuals can reflect on certain energy demands, it might be indicative of different emotional costs in
lower ranking individuals. Thus, it is possible that the lower ranking individuals are probably ‘certain
that they are uncertain’ in predicting the outcomes of social interactions (also see [84]), subsequently
leading to elevated rates of yawning. These results may also suggest the probable mechanisms of
vigilance and social tension at play for subordinate individuals. Nonetheless, the functions of yawning
are multifaceted, and more interdisciplinary research is required to assess its role regarding social
dynamics. In summary, the rank-related effects and their directions were not consistent for self-scratch,
autogroom and yawn, further stressing the differential mechanisms governing these behaviours in
macaques.
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Our results revealed no strong social style level variations in self-scratch, autogroom and yawn.
However, individuals belonging to the most despotic social style (i.e. Grade 1) showed a tendency
to exhibit lower levels of these behaviours than others (see figure 4). Nonetheless, these patterns
are contradictory to the prediction that despotism inflicts pressure on individuals in the form of
power asymmetries and frequent aggressive interactions, and that individuals are highly susceptible
to negative emotions like anxiety [51,53,58,85]. In line with our findings, a comparative study between
despotic long-tailed and egalitarian Tonkean macaques (Macaca tonkeana) showed that long-term
cortisol concentrations (used as an indicator of stress) were higher among individuals of Tonkean
than those of long-tailed macaques [60]. While harsh leadership (such as in despotic societies) can
induce stress among humans [86], macaques belonging to the despotic social styles can rely on
alternative mechanisms to alleviate and cope with anxiety, such as forming and maintaining selectively
strong bonds [87-89] as a social buffer [90] (sensu social buffering [46]) and engaging in discriminate
cooperative and prosocial interactions [59,91-95]. In contrast, in egalitarian societies, such inter-indi-
vidual bonds are not necessarily predictable, strong and stable [58-60,96], potentially dampening the
positive effects of tolerance [47]. Moreover, a recent study using the same groups (except the Japanese
macaques) as the current, experimentally showed that co-feeding tolerance levels were higher in more
despotic societies (cf. [59]). Therefore, the strong selective bonds in despotic societies might have been
translated into higher tolerance, which in turn resulted in less frequent exhibition of SDBs.

The alternative prediction, i.e. higher social uncertainty in more egalitarian than despotic societ-
ies, was partially supported, at least based on the same trend in the most despotic society. Due to
the predictable nature of social relationships in despotic societies, individuals are certain about the
possible outcomes of social interactions, subsequently exhibiting lower levels of SDBs. By contrast,
higher uncertainty in less despotic or more egalitarian societies can lead to individuals showing greater
levels of SDBs. Notably, social uncertainty is considered a critical measure of social complexity [63,64].
Thus, in other words, we can assume that social complexity may play a role in driving anxiety-like
behaviours, which should be tested in future studies.

LTSt €L DS uadp 20s Y

5. Conclusions

Our findings demonstrate that commonly used SDBs in macaques show limited covariation yet
varying associations with demographic and social factors. This heterogeneity cautions against treating
self-scratch, autogroom and yawning as interchangeable indicators of a single anxiety dimension
in macaques, and generally in other nonhuman primates. While our results do not explicitly show
functional dissociation among these behaviours, they underscore the need for greater empirical and
conceptual precision and context sensitivity when using SDBs to infer emotional states in primates.
Future research integrating experimental, physiological and longitudinal approaches will be critical to
investigate the mechanisms linking social uncertainty, emotion and SDB.

Ethics. We received ethical approval from the Animal Experiments Committee and the Animal Welfare Organization
at the Biomedical Primate Research Centre (BPRC) (approval no. 019E). At each participating zoo, internal ethical
committees further approved and carefully monitored the research procedures. Observations were carried out from
a considerable distance without deliberately influencing the behaviour of animals. The entire study was strictly
non-invasive in accordance with European Directive 2010/63, and we followed the guidelines set forth by the
American Society of Primatologists regarding the appropriate treatment and inclusion of animals.
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