
ORIGINAL PAPER

Animal Cognition           (2025) 28:50 
https://doi.org/10.1007/s10071-025-01970-1

differential reactions (e.g., differences in attention) from 
the individuals hearing or viewing social interactions, pro-
viding clues on how they judge the provided information. 
Indeed, primates can use social information to identify kin 
relationships (long-tailed macaques, Macaca fascicularis: 
Dasser 1988), dominance relationships (rhesus macaques, 
M. mulatta: Bovet and Washburn 2003; Paxton et al. 2010) 
and long-term (hamadryas, Papio hamadryas: Kummer et 
al. 1974) and temporary (chacma baboons, P. hamadryas 
ursinus: Crockford et al. 2007) mating relationships among 
others. To identify the role of social content on reactions in 
primates, typically behavioural experiments are conducted. 
These often use acoustic signals (e.g., Seyfarth and Cheney 
2003). Alternatively, primates can be provided with visual 
information, such as videos of social interactions, to study 
their reactions to social information.

There is ample evidence that primates can see and under-
stand information from videos. Videos are optimized to the 

Introduction

Animals can derive social information from eavesdropping 
on social interactions among others (Earley 2010). In social 
animals like primates, social information can be obtained 
from hearing (e.g., Cheney and Seyfarth 1990, 2018; Sey-
farth and Cheney 2003) or seeing (Overduin-de Vries et al. 
2016) an interaction. This social information may enlist 
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Abstract
Animals can obtain important social information by observing social interactions among conspecifics. Depending on the 
social content, such as familiarity with the conspecifics and the type of interaction, the receiver’s attention, and possibly 
also movement and stress response, might differ. Moreover, these behavioural responses may vary depending on the 
individual’s own characteristics. By showing video fragments with different social content (i.e., run, conflict, sit, groom) 
of group members and strangers, we measured the reaction of captive long-tailed macaques living in multi-generational 
groups. In addition, we explored how an individual’s social and self-directed behaviour in its social group was related to 
reactions to these videos. Subjects paid more attention to videos of group members than strangers, especially more sub-
ordinate and less stress sensitive (i.e., low stress response when observing natural aggression) individuals. Self-directed 
behaviour was higher for younger individuals seeing strangers, but not group members, and for individuals with high 
levels of baseline self-directed behaviour and little grooming. Regarding context, the monkeys paid more attention to 
videos with active and aggressive content compared to sitting and grooming videos. Altogether, monkeys living in multi-
generational groups show high interest in gathering social information on group members, and this is modulated by their 
social role and personal ability to handle social situations.
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human eye, and primates have similar visual acuity and 
sensitivity to humans, rendering videos similarly visible to 
them. Also, primates react differentially to different types 
of videos. Primates attend more to videos of conspecifics 
or humans than to videos of inanimate settings (chimpan-
zees, Pan troglodytes: Bloomsmith and Lambeth 2000; 
Mulholland et al. 2021; gorillas, Gorilla gorilla gorilla: 
Maloney et al. 2011; apes: Howard et al. 2017; rhesus 
macaques: Machado et al. 2011; Maylott et al. 2020; Japa-
nese macaques, Macaca fuscata: Tsuchida and Izumi 2009). 
In addition, primates prefer videos of conspecifics over 
videos of other species (gorillas: Maloney et al. 2011; apes 
and human children: Kano and Call 2014). Primates can 
also infer the social meaning from videos based on facial 
expressions (crested macaque, Macaca nigra: Waller et al. 
2016) and can even learn from videos (rhesus macaques: 
Cook and Mineka 1989; common marmoset, Callithrix jac-
chus: Gunhold et al. 2014). Moreover, they prefer new vid-
eos over previously seen videos (rhesus macaques: Adams 
et al. 2021). Like humans (e.g. Hoffman and Kaire 2020; 
Lampinen and Moore 2016), primates may habituate to vid-
eos (chimpanzees: Bloomsmith and Lambeth 2000; goril-
las, humans: Maloney et al. 2011; male rhesus macaques: 
Platt and Novak 1997), but habitation may also be weak 
(rhesus macaques: Capitanio 2002) or absent (female rhe-
sus macaques: Platt and Novak 1997; gorillas, conspecifics: 
Maloney et al. 2011). These outcomes indicate that videos 
contain meaningful information to primates and can be used 
to assess their reaction to social content.

The direct reaction to videos can be measured in several 
ways: typically, it is measured as (a form of) attention or 
effort (e.g. bonnet macaques, Macaca radiata: Andrews and 
Rosenblum 1993) to the video. In addition, animals may 
move differentially in reaction to watching videos (rhesus 
macaques: Capitanio 2002; but see Lacreuse et al. 2010). 
Humans experience more stress when watching violent 
video games (Hasan et al. 2013). Animals may react with 
behaviour appropriate to the shown picture of video (review: 
Bovet and Vauclair 2000), although this is not always found 
(chimpanzees: Bloomsmith and Lambeth 2000; gorilla: 
Maloney et al. 2011). In this study, we measure the behav-
ioural reactions to videos with social content.

Videos that contain information relevant to primates enlist 
different reactions in relation to the social content of the vid-
eos, depending on whether the footage shows unfamiliar or 
familiar conspecifics, on the type of social behaviour, and 
on the individual characteristics of those watching the vid-
eos. Accordingly, primates can distinguish individual group 
members (e.g. vocal evidence: vervets, Cercopithecus aeth-
iops: Cheney and Seyfarth 1990; chacma baboons: Wittig et 
al. 2007; multimodal stimuli: chimpanzees: Parr 2004). In 
a video watching time paradigm, bonnet macaques worked 

more for watching videos of unfamiliar individuals than for 
watching videos of group members (Brannon et al. 2004). 
Next to this, novel stimuli enlist a stronger reaction than 
known stimuli (e.g., rodent Novel Object Recognition Test 
NORT; Antunes and Biala 2012; Ennaceur and de Souza 
Silva 2018). Research with humans is still inconclusive 
regarding attention to ingroup and outgroup members (e.g., 
Guillermo and Correll 2020; Koenig et al. 2017; Martiny-
Huenger et al. 2014). Yet theoretically, humans should pay 
more attention to ingroup members than to outgroup mem-
bers because acceptance in the group is critical for survival 
(Baumeister 2005). Accordingly, bonobos (Pan paniscus) 
and chimpanzees show a familiarity bias in attention when 
presented with pictures of the dominant sex, yet show no 
attentional bias when presented with stimuli of the subor-
dinate sex (Lewis et al. 2021), indicating that demographic 
factors might modulate the familiarity bias. Therefore, we 
explore whether strangers or group members elicit a stron-
ger reaction.

The social behaviour shown in sensory stimuli also 
affects primates’ reactions. Primates paid more attention to 
aggressive than to neutral videos of conspecifics (gorilla: 
Maloney et al. 2011; rhesus macaques: Machado et al. 2011; 
watching time after testosterone treatment, Lacreuse et al. 
2010; peer-reared rhesus macaques, Rayson et al. 2021), yet 
in other studies did not react differently to these two condi-
tions (rhesus macaques: watching time at baseline, Lacreuse 
et al. 2010; neuronal reaction in ACC, Konoike et al. 2020). 
Humans also pay more attention to violent cues than to non-
violent cues (e.g., Lull and Bushman 2015), perhaps because 
it is adaptive from an evolutionary perspective to attend to 
violent cues. Thus, we expect that in our study monkeys 
will attend more to videos with aggressive than neutral con-
tent. Furthermore, primates may attend more to aggressive 
versus affiliative video content (rhesus macaques: Adams 
et al. 2021), yet another study found no difference (rhesus 
macaques: Capitanio 2002). Individuals with a different 
background may react differently. For example, peer-reared 
rhesus macaques attend more to threat than affiliation, 
whereas mother-reared individuals attend more to affilia-
tion than threat behaviour (Rayson et al. 2021). However, 
no differences in movement relative to social content has 
been reported (rhesus monkeys: Capitanio 202; Lacreuse et 
al. 2010). Therefore, we compared reactions to aggressive 
and affiliative video footage of conspecifics, yet we have 
no clear expectation for direction of the reaction to social 
content.

The reaction of an individual to videos with social 
behaviour may also depend on individual characteristics 
and rearing condition of an animal. Solitary housed indi-
viduals spend more time watching videos than socially 
housed animals (chimpanzees: (Bloomsmith and Lambeth 
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2000) and rearing background may also affect attention bias 
towards aggressive or affiliative stimuli (see above: rhe-
sus macaques: (Rayson et al. 2021). In addition, bonobos 
and chimpanzees pay more attention to familiar individu-
als of the dominant sex (Lewis et al. 2021) and monkeys 
selected more often pictures of dominant than subordinate 
individuals (rhesus macaques: (Watson et al. 2012), while 
orangutans (Pongo pygmaeus) did not show a preference 
(Roth et al. 2024). Subordinate individuals may pay more 
attention to social interactions than dominant individuals 
(Cheng et al. 2023). Thus, we expect that subordinate mon-
keys will attend to videos more often than dominant ones, 
and especially when these videos concern group members. 
In addition, in some studies males showed more attention 
towards aggressive content compared to females (rhesus 
macaques, males treated with testosterone, Lacreuse et 
al. 2010; humans: e.g. Haridakis 2006), but in other stud-
ies no difference in reaction between the sexes was found 
(chimpanzees: Mulholland et al. 2021; Japanese macaques: 
Tsuchida and Izumi 2009). Altogether, males may react 
stronger to watching aggressive content than females. Next 
to this, older individuals may have a stronger reaction than 
young ones (rhesus macaques: Maylott et al. 2020; humans: 
Bushman and Huesmann 2006) or conversely older males, 
but not females, may react less (Japanese macaques: Tsu-
chida and Izumi 2009). Accordingly older individuals may 
react stronger than young ones. We explore the effect of 
individual demographic characteristics on reactions to video 
content.

Lastly, an animal’s personality, measured as a consistent 
reaction to environmental situations (Réale et al. 2007), 
may affect attention to videos. Indeed, less socially engaged 
animals may look at videos more and move less than more 
socially engaged individuals (rhesus macaques: Capitanio 
2002; but see Ryan et al. 2020). In humans, more aggres-
sive individuals were more affected (e.g. showed more 
aggression in a competitive task or rated themselves higher 
in aggressive affective state) after watching aggressive con-
tent (Bushman 1995). More affiliative chimpanzees initiated 
watching videos more often and watched these videos more 
frequently than less affiliative individuals (Mulholland et al. 
2021). This suggests that an individual’s pattern of behav-
iour in the group, such as the amount of aggression, affilia-
tion, and/or self-directed behaviour of an individual, may be 
related to its reaction to social content of videos. We explore 
the effect of individual behavioural characteristics on reac-
tions to video content.

In this research, reactions of captive group-living long-
tailed macaques were measured while being exposed to 
videos with different social content (i.e., familiar or unfa-
miliar conspecifics either grooming, sitting, involved in a 
conflict, or running). During video display, attention to the 

video, locomotion and self-directed behaviour of the indi-
viduals were recorded. In addition, information on indi-
vidual characteristics, i.e. age, sex, dominance rank, and 
aggression given and received, self-directed behaviour, 
allo-grooming and the number of grooming partners were 
recorded of the individuals in their normal group setting. 
This study explored if and how these individual character-
istics explained variation in their behavioural responses to 
videos with varying social content.

Methods

Welfare statement

All applicable national, and/or institutional guidelines for 
the care and use of animals were followed. Permission for 
the study was obtained from Animal Experiments Com-
mittee (Dierexperimentencommissie, DEC) of the BPRC, 
Rijswijk, the Netherlands with the number DEC-# 731.

Study animals

The individuals participating in the video watching experi-
ment and the behavioural study lived in two multigen-
erational groups of long-tailed macaques, housed at the 
Biomedical Primate Research Centre, Rijswijk, The Nether-
lands (Supplementary Table 1ab;2). Both males and females 
were considered adult when 3 years or older (as they are fer-
tile at this age), juvenile when between 1 and 3-year-old and 
infant when less than 1 year old (Napier and Napier 1967). 
The Roza group was studied in 2013 (watching videos of 
unfamiliar conspecifics, hence called “stranger”) and 2015 
(watching videos of group members). The group consisted 
of 20 individuals in 2013 and was comprised of 1 adult 
male, 11 adult females, 1 castrated juvenile male, 2 juve-
nile females and 5 infants. Ten individuals were part of the 
experimental study; 1 male and 9 females, ranging between 
4 and 23 years, and 15 individuals, excluding the infants, 
were part of the observational research. In 2015, the Roza 
group consisted of 23 individuals, with 2 adult males (one 
of whom was castrated), 11 adult females, 1 juvenile male, 
3 juvenile females and 6 infants; 15 individuals participated 
in the experimental study, 4 males and 11 females, ranging 
between 1 and 20 years.

The Haas group was studied in 2017 (watching videos 
of both group members and strangers) and consisted of 24 
individuals, including 1 adult male, 12 adult females, 5 
juvenile males, 3 juvenile females and 3 infants. Two adults, 
including the alpha male (“Ytsen”), died shortly after the 
start of the study and were not included in the analysis, 
as not enough data were collected of these individuals. 13 
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allo-grooming (cf. Angst 1974), and self-directed behav-
iours that have been linked to stress (cf., Aureli and van 
Schaik 1991; but for scratch see Neal and Caine 2016; Iki 
and Adachi 2025). The behavioural category aggressive 
behaviours concerned open mouth, stare, point, slap, hard 
hand, bite, lunge and chase. The behavioural category sub-
missive behaviour concerned provoked and unprovoked 
bared teeth, fear scream, make room, give ground, and 
escape. The behavioural category allo-grooming, further 
called grooming, concerned grooming an identified group 
member. The behavioural category self-directed behav-
iours (SDB) contained scratch, body shake, yawn, auto-
grooming, and abnormal behaviour. Abnormal behaviour 
was observed in three individuals, two in the Roza group 
and one in the Haas group. Most of the observed behaviours 
were event behaviour (i.e. occurrences); allo-grooming was 
recorded as a state behaviour; and for auto-grooming the 
number of grooming bouts was recorded to combine these 
with the other self-directed behaviour events.

In addition, observational data were collected on the 
reaction of the focal as an uninvolved bystander to observ-
ing aggression in their own social group. Data on the 
bystander’s behaviour were collected in the three minutes 
after the aggressive interaction between two group members 
ended. If a new conflict was initiated within 30 s after the 
aggressive interaction ended, the two conflicts were consid-
ered one, if an aggressive interaction occurred after 30  s, 
the three-minute period was not interrupted (cf., (Aureli and 
van Schaik 1991). We recorded the self-directed behaviour 
of the uninvolved bystander.

From these observational data, for each focal individual 
the following measures on behaviour in the social group 
were calculated: (1) the rate of aggression given (N/min) and 
(2) rate of aggression received (N/min); (3) the proportion 
of time spent on allogrooming (grooming time / focal obser-
vation time); (4) grooming network size measured as the 
number of allo-grooming partners in the 6 h of focal obser-
vation (N); and (5) the baseline rate of self-directed behav-
iour (SDB) (N/min). Rates of bystander post-conflict SDB 
rate (N/min) were calculated for the three minutes after the 
bystander observed a conflict. To measure an individual’s 
(6) stress sensitivity, the baseline SDB rate was subtracted 
from the bystander post-conflict SDB rate. No added SDB 
in the bystander was observed when stress sensitivity was 
0; the bystander reacted with more SDB than baseline when 
it was positive; and reacted less SDB than baseline when it 
was negative. These measures were used for an exploratory 
analysis of individual characteristics, to study the relation-
ship between an individual’s reactions to observing social 
videos and its behaviour in its own social group.

long-tailed macaques participated in the experimental study, 
2 males and 11 females, ranging between 2 and 21 years, 
and 19 individuals, excluding the infants, were part of the 
observational research.

Both groups lived in similar enclosures consisting of an 
inside (area was 72m2 and height 2.85 m) and outside (area 
was around 250m2 and height 3.1 m) part and were free to 
use both parts of the enclosure. Different forms of environ-
mental enrichment devices were available to the macaques 
(Vernes and Louwerse 2010). The corridor in one of the 
inside compartments was used to (temporarily) separate and 
test the individuals participating in the experimental study. 
Animals were fed monkey chow (Ssniff, Soest, Germany) in 
the morning and fruit or vegetables in the afternoon. Water 
was available ad libitum.

Individuals were recognized by individual-specific char-
acteristics. Age and sex of all individuals were documented. 
The age at the start of the experiment (years) was used in the 
statistical analyses. The dominance rank of older juvenile 
and adult group members was determined (see below). Pre-
ceding the current behavioural experiments, individuals of 
both groups had been trained with positive reinforcement to 
separate in the corridor temporary from their social group. 
Individuals participated to experiments on a voluntary basis.

Social behaviour study

Behavioural observations

The observational procedures for the Roza group (in 2013) 
and the Haas group (in 2017) were similar. For the Roza 
group, data were collected by SMK from March until June 
2013; for the Haas group, data were collected by IR from 
April until August 2017. The individuals of the Roza and 
Haas group were temporarily limited to their outside com-
partment during behavioural observations. The Roza group 
data were collected with the observation program Observer 
5.0 (Noldus, Leesburg, VA), the Haas group data were col-
lected with the observation program Observer XT, version 
11.5 (Noldus, Information technology, VA).

The data collection procedure in both groups was the 
same; the two observers were trained by LvdB until they 
reached agreement during live observations. Focal animals 
were observed for 30  min either in the morning or after-
noon, between 9:00 and 16:00. The order of collecting focal 
observations was semi-random. Each focal individual was 
observed for an equal number of observations in the morn-
ing and afternoon to control for daily dynamics in activity, 
totalling 12 observations, which amounted to 6 h per focal 
individual.

The behavioural observations encompassed the fol-
lowing behavioural categories: aggression, submission, 
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material of individuals directing behaviour at the camera, 
looking at the camera or showing self-directed behaviours 
was avoided if possible. The videos were mute to prevent an 
effect of vocalizations on behaviour.

Design of experiment

Each subject was tested once per day, with one video per 
day. The subjects participated in four blocks of videos, each 
with four videos each with one behaviour type, totaling 
16 videos per familiarity condition (i.e. strangers or group 
members). In one block, the conflict, running, grooming 
and sitting videos were shown in a counter-balanced design. 
The order of showing the videos in the four blocks was also 
counterbalanced, while the conflict and running videos were 
shown on consecutive days, and so were the grooming and 
sitting videos. For the Roza group, the videos with strangers 
were shown in 2013. The videos with group members were 
shown in 2015. An exception were the subjects that had not 
been tested in 2013. This concerns in total 7 subjects. We 
aimed at showing these subjects both types of videos, but 
due to their low participation in the tests, we only managed 
to show one type in most subjects: four individuals saw 
group member videos; two stranger videos; and one subject 
was shown both type of videos. In the Haas group, all sub-
jects were shown videos of strangers and group members in 
a counter-balanced design.

Procedure

Each subject was tested with one video per day. Before the 
sequence of scenes started, there was 10 s of black screen 
which gave the researcher time to walk away from the sub-
ject and apparatus and to sit at a discreet distance. Then 
4 s of black screen with a beep signaled the beginning of 
the experiment to the researchers and subject. At the end 
of the 2 min sequence of scenes, there was another 4 s of 
black screen with a beep to signal the end of the sequence 
of scenes. This was followed by 30 s of black screen, after 
which there was another 4 s of black screen with a beep to 
signal the end of the experiment. The monitor was difficult 
to see for the other group members. While the video played, 
the researchers sat, partly concealed, with their backs to the 
subjects at approximately 3 m distance. They were blind to 
which video was shown to a subject.

Subjects entered the corridor of their home enclosure on 
their own volition and in self-determined order. The corri-
dor consisted of six connected compartments and four of 
these compartments (each approximately 0.5 × 0.8 × 0.7 m) 
could be used by the subject during video watching, allow-
ing it to move away from the monitor with the playback 
video it while could still see it. During the experiment the 

Dominance hierarchy

In both groups ad libitum observations of submissive 
behaviours were collected, in addition to the focal obser-
vations. For both groups and all years, these observations 
of the direction of unprovoked submissive behaviour, i.e. 
bare teeth, make room and give ground, were used to deter-
mine the dominance hierarchy of the group. For the Roza 
group, the dominance hierarchy was based on the observa-
tional data collected in 2013; in 2015 no observational data 
were collected, and the dominance hierarchy from another 
observational study, using the same behavioural categories 
and observation methods as the current study, conducted 
in spring 2014 was used (also used in (Overduin-de Vries 
et al. 2020); for the Haas group, the dominance hierarchy 
was based on the observational data collected in 2017. The 
dominance hierarchy was calculated with Matman version 
1.1 (De Vries 1995; De Vries et al. 1993). The dominance of 
both the Roza group (Roza in 2013: h’=0.725, p = 0.0001; 
Roza in 2014: h’=0.656, p = 0.0002, in a bidirectional rela-
tionship both individuals received rank 12.5) and the Haas 
group (Haas in 2017: h’=0.859, p < 0.001) were significantly 
linear. The most dominant individual obtained dominance 
rank 1, the lowest ranking individual obtained the high-
est number, depending on the number of individuals in the 
group.

Video watching experiment

Familiarity and stimulus type

The video experiment measured the reaction of individu-
als to video footage that differed in familiarity, namely of 
strangers (another long-tailed macaque group at the BPRC 
that was not visible from the tested groups’ enclosure) and 
group members (videos without the tested individual, since 
this would be a stranger for the observing monkey).

We showed the subjects video footage of four different 
stimulus types among either strangers and group members, 
namely videos of conflicts and of running; and videos of 
allo-grooming (further called grooming) and of sitting. 
Each video concerned a compilation from videos from dif-
ferent individuals involved in the specific behaviour. For 
each behaviour type five videos with original material were 
made, and halves of each video were randomly exchanged 
to make an additional five videos, resulting in ten differ-
ent stimuli per type of behaviour either for strangers or 
for group members. Subjects never saw the same stimulus 
twice. All stimuli consisted of the same number and turnover 
of behaviour scenes (2 min consisting of 13 scenes). The 
scenes were between 2 and 26 s long. The first and second 
minute of the stimulus each contained 6 or 7 scenes. Film 
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we separately modeled three dependent variables, namely 
(1) visual attention measured as proportion of the trial dura-
tion, (2) movement, measured as the count of movement 
events per trial, and (3) self-directed behaviour (SDB), mea-
sured as a binary variable reflecting the presence or absence 
of SDB at the trial level. We analyzed these behaviours sep-
arately, because multilevel Bayesian correlations indicated 
that they were not or only weakly correlated (attention vs. 
move, N = 814, r = -0.16, 95% CrI [-0.22; -0.09]; move vs. 
SDB, N = 816, r = 0.10, 95% CrI [0.03; 0.17]; attention vs. 
SDB, N = 814, r = -0.03, 95% CrI [-0.10; 0.04]).

Furthermore, we first specified models to investigate the 
effect of familiarity (2-level factor; familiar or unfamiliar 
individuals) and stimulus type (4-level factor; rest, move, 
grooming, conflict) on our three dependent variables. For 
these models, we included data from 30 individuals (24 F; 
6 M), with 832 trials in total. Due to missing data, the final 
datasets for the attention and movement models consisted of 
814 and 816 trials, respectively. Because the design of the 
study slightly differed between the groups, we also ran our 
main models separately per group as a robustness check for 
our results.

In addition to these main analyses, we afterwards speci-
fied exploratory models that investigated the interactions of 
two demographic variables (age and rank) and six behav-
ioural variables (rate of aggression given, rate of aggression 
received, proportion of time spent on grooming, groom-
ing network size, rate of SDB, and stress sensitivity) with 
familiarity and stimulus type. The number of tested males 
was too low to include sex as a variable in the demographic 
analyses. Correlations of the demographic variables with 
the behavioural variables show that, except for dominance 
rank and rate of aggression given, these were not correlated 
(Supplementary Table 3). Correlations among the behav-
ioural variables show that, except for proportion of time 
spent on grooming and grooming network size, these were 
not correlated (Supplementary Table 4). For these models, 
we used subsets of the data, because rank data and behav-
ioural data were not present for all individuals. For the 
demographic analyses, we included data from 25 individu-
als (3 M; 22 F). For the behavioural analyses, we included 
data from 24 individuals (2 M; 22 F). The final datasets for 
the demographic analyses consisted of 735 (attention), 737 
(movement) and 752 (SDB) trials, while the final datasets 
for the behavioural analyses consisted of 703 (attention), 
705 (movement) and 720 (SDB) trials.

First, to model the attention data, we used a zero-inflated 
beta regression. This mixture model allows for modelling 
proportional data with zeroes, as was the case for our atten-
tion data. We specified a Gaussian prior with M = 0 and SD = 5 
for the Intercept of the beta component of the model, and a 
Gaussian prior with M = 0 and SD = 1 for all independent 

subject was isolated from the rest of the group in that cor-
ridor. Once isolated, the subject was shown the 2 min video 
on a monitor (HP Compaq, 19 inch) connected to a laptop 
(HP Compaq 6715b) both on a cart. During the playback of 
the video the subject was video recorded from two sides by 
two cameras (observation-videos: JVC Everio GZ-MG130E 
and JVC Everio GZ-E10) on tripods. After the video play-
back the individual was released to another part of the com-
partment and the next subject was let into the corridor. The 
subject sat in the corridor for at most 5 min. The subjects 
were never forced to enter the corridor, and the order of the 
subjects was determined by whichever subject was first in 
the corridor; this could differ per day. The monkeys were 
fed and could eat before the experiments started, yet some 
monkey chow was still available in the corridor.

The reaction of subjects to video watching

The behaviour of a subject was recorded with two observa-
tion-videos during the 2 min that the playback video was 
shown, i.e. conflict, running, grooming, and sitting, docu-
menting the subject’s reaction to the playback video. From 
these observation-video recordings we measured whether 
the subjects were looking in the direction of the video 
(attention) and whether the subject moved or showed self-
directed behaviour (SDB).

The recordings were viewed in a random order, while the 
scoring observer was blind to the video content shown to 
the subjects. For each video, attention was measured as the 
percentage of time the subject looked in the direction of the 
screen with the playback video (100*time video watching/ 
time video was shown); the movement rate was measured as 
the number of compartment changes in the corridor (num-
ber of compartment changes per trial); and the rate of SDB 
(see above) was measured (behaviour/trial).

The behaviour of an individual while watching videos 
was scored by different people. The inter-observer reli-
ability of the proportion of time spent on attention (based 
on 30 videos from the Roza group, comparing original 
scoring by SMK with Jorrit Verkleij: ICC = 0.926, Conf.
Int = 0.848 < ICC < 0.964, p = 1.37e-13); the movement 
rate (based on 42 videos from the Roza group, compar-
ing original scoring by SMK with DGMZ: ICC = 0.917, 
Conf.Int = 0.822 < ICC < 0.959, p = 4.42e-11) and the rate of 
SDB (based on 42 videos from the Roza group, comparing 
original scoring by SMK with DGMZ: ICC = 0.886, Conf.
Int = 0.799 < ICC < 0.937, p = 9.14e-16) was good.

Statistical analyses

We used Bayesian mixed regression models fit with the brms 
package in R and Stan to analyse our data. In our analyses, 
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probability scale for the respective continuous variable set 
at 0. For the movement and SDB models, we used emmeans 
(Lenth 2024) to compare categories or slopes on the model’s 
link-scale, which is also what we report. For our inferences, 
we report the estimates and their 95% credible intervals 
(95% CI) to indicate effect size. In addition, we report the 
probability of direction (pd) of the predicted difference, 
i.e., the probability of a parameter being strictly positive 
or negative, which varies between 0.5 and 1 (Makowski 
et al. 2019). For the continuous-categorical interactions in 
the exploratory analyses, we first investigated whether the 
slopes for any of the categories were different from 0, and if 
this was the case we further investigated whether the slope 
differed robustly from the slope of the other category or 
categories.

Results

Main analyses on content stimuli

Attention

To investigate the effect of familiarity (group members, 
strangers) and stimulus type (conflict, running, grooming, 
sitting), we performed a zero-inflated beta regression, with 
proportion of time attending to the video as dependent vari-
able, and the interaction between familiarity and stimulus 
type as independent variables (Supplementary Table 5). 
Furthermore, we controlled for habituation over time by 
adding experiment day as main effect, and we controlled for 
inter-individual differences in baseline attention by allow-
ing the intercept to vary by subject.

First, we tested whether there was a robust interaction 
between familiarity and stimulus type using leave-one-out 
cross validation. We found that both models had relatively 
similar predictive performance (ΔelpdLOO = 3.6 [3.5]). 
Therefore, we continued with a model where familiar-
ity and stimulus type were specified as main effects. We 
found a robust effect of familiarity on attention, with indi-
viduals paying more attention to videos of group members 
compared to strangers (estimategroup member−strangers = 0.034 
[0.009], 95% CrI [0.019; 0.053], pd = 1.00; Fig. 1A). Fur-
thermore, we found that individuals paid more attention 
to some stimulus types over others (Fig. 1B): they looked 
longer at conflict than grooming (estimateconflict−grooming = 
0.031 [0.009], 95% CrI [0.014; 0.051], pd = 1.00), conflict 
than sitting (estimateconflict−sitting = 0.031 [0.009], 95% CrI 
[0.015; 0.051], pd = 1.00), running than grooming (estimat-
egrooming−running = -0.023 [0.008], 95% CrI [-0.041; -0.008], 
pd = 1.00), and running than sitting (estimaterunning−sitting = 
0.023 [0.008], 95% CrI [0.008; 0.041], pd = 1.00).

variables. This also applied to the independent variables in 
the formulas for phi- and zi-components of the model. For 
all variance parameters, we kept the default Student’s t pri-
ors with 3 degrees of freedom. Furthermore, we kept the 
default logistic priors for the Intercept of the zi-component, 
and the default Student’s t prior with 3 degrees of freedom 
for the Intercept of phi. Second, to model the movement 
data, we used a negative binomial model. We specified a 
Gaussian prior with M = 0 and SD = 1 for all independent 
variables and retained default priors for the variance param-
eters (Student’s t priors with 3 degrees of freedom), Inter-
cept (Student’s t prior with 3 degrees of freedom) and shape 
parameter (Inverse gamma prior). Third, for the SDB data, 
we used a Bernoulli regression. We specified a Gaussian 
prior with M = 0 and SD = 5 for the Intercept and a Gauss-
ian prior with M = 0 and SD = 1 for all independent vari-
ables and retained default Student’s t priors with 3 degrees 
of freedom for all variance parameters. In all models, we 
added experiment day (z-transformed across groups) as a 
control variable, because individuals may have habituated 
during the experiment. All categorical predictors were sum-
coded, while all continuous predictors were z-transformed 
within-group. Furthermore, we allowed intercepts to vary 
by subject in all models to account for repeated sampling of 
the same individuals.

We assessed convergence by inspecting the trace plots, 
histograms of the posteriors, Gelman-Rubin diagnostics, 
and autocorrelation between iterations (Depaoli and van de 
Schoot 2017). Furthermore, we inspected the distribution of 
scaled residuals for each model using the DHARMa pack-
age (Hartig 2024) and inspected posterior predictive plots to 
make sure that our models did not generate predictions that 
departed excessively from our original data (Gabry et al. 
2019). To test the interaction between familiarity and stimu-
lus type, we used leave-one-out model comparisons to cal-
culate the expected log predictive density (elpdLOO), which 
quantifies predictive accuracy for each model (Vehtari et 
al. 2017). Then, we inspected the difference in elpdLOO 
(ΔelpdLOO) between the model with and without interac-
tion. If ΔelpdLOO of two models was larger than two SEs, 
we assumed that one model performed substantially better 
than the other (Johnson et al. 2022). If no clear difference 
in predictive performance was found, we used the simpler 
model for inference.

For the attention models, we used emmeans (Lenth 2024) 
to integrate the different model components, and provide 
estimates based on the posterior predictive distribution. It 
is important to note that the predictions are on the probabil-
ity scale. This complicates interpretation for the continuous 
variables because the slope on the response scale is not con-
stant but is shallower or steeper depending on the value of 
the continuous variable. In the text we report the slope on the 
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CrI [-0.151; 0.0168], pd = 0.940; Fig. 2A). Regarding stimu-
lus type (Fig. 2B), we found that individuals moved more 
while seeing running than grooming (estimategrooming−running 
= -0.123 [0.055], 95% CrI [-0.229; -0.013], pd = 0.986). 
Furthermore, individuals tended to move more during run-
ning than conflict, but the credible interval spanned slightly 
over zero (estimateconflict−running = -0.112 [0.055], 95% CrI 
[-0.216; 0.001], pd = 0.980).

As a robustness check, we also performed the analyses 
for each group separately (Supplementary Table 8). Here, 
we found minor differences between the groups, but the 
results generally align with the overall findings.

Self-directed behaviour

To investigate the effect of familiarity (group members, 
strangers) and stimulus type (conflict, running, grooming, 
sitting) on occurrence of self-directed behaviors (SDB), we 
performed a binary logistic regression, with occurrence of 
SDB during the trial as dependent variable, and the inter-
action between familiarity and stimulus type as indepen-
dent variables (Supplementary Table 9). Furthermore, we 
controlled for habituation over time by adding experiment 
day as main effect, and we controlled for inter-individual 

As a robustness check, we also performed the analyses 
for each group separately (Supplementary Table 6). For 
attention, these results replicated the general findings.

Movement

To investigate the effect of familiarity (group members, 
strangers) and stimulus type (conflict, running, grooming, 
sitting) on movement, we performed a negative binomial 
regression, with movement counts during the trial as depen-
dent variable, and the interaction between familiarity and 
stimulus type as independent variables (Supplementary 
Table 7). Furthermore, we controlled for habituation over 
time by adding experiment day as main effect, and we con-
trolled for inter-individual differences in baseline move-
ment by allowing the intercept to vary by subject.

First, we tested whether there was a robust interaction 
between familiarity and stimulus type using leave-one-out 
cross validation. We found that both models had relatively 
similar predictive performance (ΔelpdLOO = 0.2 [2.5]). 
Therefore, we continued with a model where familiar-
ity and stimulus type were specified as main effects. We 
found that individuals tended to move less when a video 
depicted group members, but the credible interval spanned 
over zero (estimategroup member−strangers = -0.064 [0.043], 95% 

Fig. 1  Model predictions of attention to videos as a function of (A) familiarity and (B) stimulus type. Black dots show median posterior estimate, 
thick black lines reflect the 50% credible interval, thin black lines reflect 95% credible intervals
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95% CrI [0.193; 1.360], pd = 0.996), the Haas group showed 
the opposite pattern (estimategroup member−strangers = -0.489 
[0.245], 95% CrI [-0.995; -0.0284], pd = 0.978). The group-
level results for stimulus type can be found in the Supple-
mentary Materials.

Exploratory analyses of individual characteristics

Attention

In the demography model (Supplementary Table 11), we 
found that lower-ranking individuals tended to show more 
pronounced attention towards group members than higher-
ranking individuals, although the credible interval slightly 
overlapped 0 (slopegroup member = 0.028 [0.017], 95% CrI 
[-0.007; 0.062], pd = 0.957; Fig. 4). However, the difference 
in slopes between group members and strangers was dif-
ferent from 0 (slopegroup member−stranger = 0.032 [0.010], 95% 
CrI [0.012; 0.052], pd = 1). We found no other interactions 
between demographic variables and either familiarity or 
stimulus type.

In the behaviour model (Supplementary Table 12), we 
found that more aggressive individuals tended to show less 
attention than less aggressive individuals to stimuli depict-
ing group members, although the slope just overlapped with 

differences in baseline SDB by allowing the intercept to 
vary by subject.

First, we tested whether there was a robust interaction 
between familiarity and stimulus type using leave-one-out 
cross validation. We found that both models had relatively 
similar predictive performance (ΔelpdLOO = 2.2 [1.6]). 
Therefore, we continued with a model where familiarity 
and stimulus type were specified as main effects. We found 
no robust difference in the occurrence of SDB between 
videos depicting group members or strangers (estimate-
group member−strangers = 0.009 [0.187], 95% CrI [-0.357; 0.379], 
pd = 0.520; Fig. 3A). However, with regard to stimulus type 
(Fig. 3B), we found that individuals were more likely to per-
form SDB during sitting compared to grooming (estimat-
egrooming−sitting = -0.486 [0.238], 95% CrI [-0.949; -0.012], 
pd = 0.979) and during sitting compared to conflict (esti-
mateconflict−sitting = -0.632 [0.239], 95% CrI [-1.13; -0.182], 
pd = 0.995). Furthermore, probability of SDB tended to be 
higher during running than conflict (estimateconflict−running = 
-0.410 [0.238], 95% CrI [-0.856; 0.082], pd = 0.958).

The group-level results for SDB (Supplementary Table 
10) showed that the groups differed in their response to 
familiar and unfamiliar stimuli. While the Roza group 
showed a higher likelihood of SDB in response to famil-
iar individuals (estimategroup member−strangers = 0.766 [0.294], 

Fig. 2  Model predictions of movement during video-trials as a function of (A) familiarity and (B) stimulus type. Black dots show median posterior 
estimate, thick black lines reflect the 50% credible interval, thin black lines reflect 95% credible intervals
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rank and aggression rate are strongly correlated, with more 
dominant individuals also being more aggressive (Bayesian 
Spearman correlation, rho = -0.68, 95% CrI [-0.84; -0.41]; 
Supplementary Table 3).

To disentangle the effect of aggression and rank, we ran 
a post-hoc regression model that included both rank and 
aggression rate as predictors, both interacting with familiar-
ity (Supplementary Table 13). We still found a rank effect on 
attention towards group members (slopegroup member = 0.0495 
[0.0208], 95% CrI [0.010; 0.095], pd = 0.994; Fig. 4), which 
was clearly different from the slope for strangers (slope-
group member−stranger = 0.0426 [0.015], 95% CrI [0.016; 0.073], 
pd = 1). However, no robust effect of aggression rate on 
attention towards group members remained after control-
ling for rank.

Furthermore, regarding the behaviour model, we found 
that individuals with low stress sensitivity scores showed 
more attention towards stimuli depicting group members 
than individuals with high stress sensitivity scores (slope-
group member = -0.036 [0.017], 95% CrI [-0.076; -0.000], 
pd = 0.981), with the slope for group members being sub-
stantially different from the slope for strangers (slope-
group member−stranger = -0.022 [0.010], 95% CrI [-0.043; -0.002], 
pd = 0.987). We found no other interactions between behav-
ioural variables and either familiarity or stimulus type.

0 (slopegroup member = -0.032 [0.017], 95% CrI [-0.0681; 
0.003], pd = 0.970). However, the difference between the 
slope for group members and strangers was substantially 
different from 0 (slopegroup member−stranger = -0.029 [0.010], 
95% CrI [-0.051; -0.011], pd = 0.999). This effect is in line 
with the rank effect reported in the previous paragraph, as 

Fig. 4  Predicted effect of rank on attention towards group members 
(solid line) and strangers (dashed line). Shaded areas show the 95% 
credible intervals

 

Fig. 3  Model predictions of occurrence of SDB during video-trials as a function of (A) familiarity and (B) stimulus type. Black dots show median 
posterior estimate, thick black lines reflect the 50% credible interval, thin black lines reflect 95% credible intervals
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to strangers. This was particularly found for subordinate 
individuals and for individuals with low stress sensitivity. 
In addition, stress was higher for young individuals seeing 
strangers and for individuals with high baseline stress and 
low levels of grooming when watching group members. As 
expected, monkeys showed more attention to conflict and 
running than to grooming and sitting. They tended to move 
more when watching running than grooming and conflict 
and were more stressed when watching sitting and running 
than grooming or conflict. Individuals with more groom-
ing partners showed more stress to conflict than those with 
fewer grooming partners. Thus, viewing strangers versus 
group members elicited the most differentiated reactions, 
while the social content less often resulted in differenti-
ated reactions. The exploration of individual characteristics 
indicated that these mainly relate to differential reactions to 
strangers versus group members, yet hardly to differences 
in behavioural content. Altogether, differences in familiarity 
and behaviour were perceived and can be processed differ-
ently based on familiarity, type of social behaviour and an 
individual’s demographic and behavioural characteristics.

Group members versus strangers

Video content

The monkeys paid more attention to videos of group 
members than strangers. This counters the prediction that 
subjects are more interested in videos of unfamiliar than 
familiar individuals (bonnet macaques: Brannon et al. 2004; 
humans: Guillermo and Correll 2020) or novelties (Antunes 
and Biala 2012; Ennaceur and de Souza Silva 2018), while 
it is similar to the Pan spp. familiarity bias towards the dom-
inant sex (Lewis et al. 2021) and the ingroup bias predicted 
for humans (Baumeister 2005). It is expected that new stim-
uli hold attention, since they may provide valuable informa-
tion. The difference in moving may indicate that individuals 
that pay more attention move less, yet these two reactions 
to watching videos were not strongly correlated (r = -0.16), 
suggesting that they represent different underlying motiva-
tions. The enhanced attention to group members is an unex-
pected, but not unprecedented (Lewis et al. 2021) result that 
may be explained by (1) the possibility to obtain more infor-
mation from videos of group members than strangers; (2) the 
novelty of the social information; or (3) rearing conditions. 
First, monkeys may value obtaining social information on 
group members more than viewing strangers. This updates 
their knowledge on the social situation in their group. This 
is consistent with the chimpanzee and bonobo interest in 
familiar individuals of the dominant sex, while they show 
no familiarity bias for the non-dominant sex (Lewis et al. 
2021). Second, the social information in the videos may 

Movement

We found no interactions between demographic variables 
and either familiarity or stimulus type in both the demogra-
phy and behaviour models (Supplementary Tables 14 & 15).

Self-directed behaviour

In the demography model (Supplementary Table 16), we 
found a robust interaction between age and familiarity 
(slopegroup member−stranger = 0.577 [0.228], 95% CrI [0.136; 
1.030], pd = 0.994), driven by the fact that younger indi-
vidual showed more SDB than older individuals in response 
to stimuli depicting strangers (slopestranger = -0.831 [0.350], 
95% CrI [-1.520; -0.128], pd = 0.989). We found no other 
interactions between demographic variables and either 
familiarity or stimulus type.

In the behaviour model (Supplementary Table 17), we 
found that individuals that showed a higher baseline SDB 
rate were more likely to show SDB during video watching 
than those with a lower baseline SDB rate in trials depicting 
group members (slopegroup member = 1.543 [0.415], 95% CrI 
[0.705; 2.410], pd = 1.00), while such an effect was not pres-
ent for strangers (slopegroup member-stranger = 1.01 [0.295], 95% 
CrI [0.443; 1.600], pd = 1.00). In contrast, we found that indi-
viduals who spent more time on grooming were less likely 
than little grooming individuals to show SDB in response to 
group members (slopegroup member = -1.45 [0.537], 95% CrI 
[-2.510; -0.373], pd = 0.995), with the slope differing from 
strangers (slopegroup member-stranger = -1.09 [0.442], 95% CrI 
[-2.000; -0.292], pd = 0.994). Furthermore, we found that 
individuals with more grooming partners were more likely 
than individuals with fewer grooming partners to perform 
SDB when stimuli depicting conflict were shown (slope-
conflict = 1.31 [0.559], 95% CrI [0.159; 2.36], pd = 0.990), 
and the slope for this effect differed from the slopes for 
grooming (slopeconflict-grooming = 1.11 [0.519], 95% CrI 
[0.090; 2.110], pd = 0.986) and running (slopeconflict-running = 
1.29 [0.490], 95% CrI [0.321; 2.260], pd = 0.996). We found 
no other interactions in the behaviour model.

Discussion

General

Primates obtain social information from eavesdropping on 
social interactions and may react differently to social infor-
mation obtained from viewing conspecifics. Indeed, in this 
study, group-living long-tailed macaques show differential 
direct reactions to social content of watching videos. The 
macaques showed more attention to group members than 
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when they were younger; and to group member videos with 
more SDB when they showed higher baseline rates of SDB 
and groomed less often.

Consistent with a previous study (Overduin-de Vries et 
al. 2020), in our long-tailed macaques dominant individuals 
were more aggressive. Indeed, controlling for dominance 
when exploring the effect of behavioural tendencies on reac-
tion to videos eliminated the explanatory value of aggression 
given, indicating that dominance rank determines their reac-
tion. In addition, individuals with lower stress sensitivity 
had more attention for group members than individuals with 
higher stress sensitivity. Since stress sensitivity, whether 
observing aggression enhanced or reduced SDB, was not 
correlated with dominance rank or other behavioural char-
acteristics, this may indicate that a personality characteristic 
(cf., long-tailed macaques: Uher et al. 2013; Macaca spp.: 
Adams et al. 2015) affects the attention to group members. 
For dominant and for laid-back individuals, behaviour of 
group members may be less relevant than for subordinate 
or high strung individuals. This is also consistent with the 
literature that subordinates are more vigilant and pay more 
attention to group members, in particular to dominants (e.g., 
review: Cheng et al. 2023; mandrils, Mandrillus sphinx: 
Schino and Sciarretta 2016; rhesus macaques: Schülke et 
al. 2020).

In addition, while individual characteristics did not affect 
movement, the stress response measured as SDB when 
observing videos differed between individuals. Older indi-
viduals showed less SDB when seeing videos of strangers 
than youngsters. This is similar to females’ reactions to a 
new male during his introduction in the group, who is in 
principle also a stranger: older females accepted the new 
male much faster than young females (Rox et al. 2018). 
Moreover, it is also in line with recent research that argues 
that scratching, one of the SDB, may indicate unexpected-
ness (Iki and Adachi 2025). Older individuals may have 
more experience in dealing with strangers and therefore 
react less stressed. In addition, when seeing group members, 
subjects with high baseline SDB rates and low grooming 
rates showed more SDB. Thus, more stressed individuals 
seem to react more strongly. In addition, grooming may 
serve as social buffering, reducing the stress response. Per-
sonality research in macaque attributes differences in stress 
and grooming to independent personality characteristics 
(Adams et al. 2015). Indeed, also in our animals these two 
did not correlate.

The videos of group members versus strangers showed 
clear effects, both in general concerning attention and 
moving and, in our explorative study on individual char-
acteristics, for attention and responses connected to stress 
or unexpectedness. These indicate that gathering social 
information on group members is more important than on 

be new to the subjects: the videos do not represent current 
behaviour, but behaviour in the past. The monkeys may not 
have seen this behaviour, or may have seen it, but from a 
different angle and it was not very recent. All these features 
may make this relatively new to the subjects, sparking their 
interest. Third, the rearing background of the subjects may 
affect their reactions. Our monkeys were reared in a multi-
generational group, where typically their matriline (i.e. 
mother, eventual grandmothers, siblings) and non-kin mat-
rilines are present (Rox et al. 2019). In this rich social envi-
ronment, they develop social competences (reconciliation: 
Kempes et al. 2008, 2009; conflict management: Rox et al. 
2019) that are likely to be absent in peer or solitary reared 
individuals. The latter, however, are regularly test subjects 
and rearing history does affect their reactions to videos 
(Bloomsmith and Lambeth 2000; Rayson et al. 2021). Our 
findings indicate that multi-generational reared individuals 
are similar in their attention to mother-reared subjects, who 
pay more attention to aggression than affiliation (Rayson et 
al. 2021).

When comparing the different reactions to videos, we 
may understand how primates perceive video content. 
Attention is a measure of higher interest or may represent 
vigilance, SDB might indicate a stress response (see below 
for alternative explanations), yet the interpretation of mov-
ing is less clear. If we consider the (non-significant) direc-
tion of the correlation between moving and attention (r = 
-0.16) and moving and SDB (r = 0.10), moving may indicate 
caution towards the source of information (cf. high sociable 
individuals: Capitanio 2002) or may be an expression of 
stress. This suggests that they are more cautious to strangers 
than group members. Indeed, the behavioural tendencies of 
strangers are not known and interactions with strangers may 
encompass aggression and infanticide. However, this coun-
ters the interpretations of outcomes in approach-avoidance 
task with objects, where less movement was interpreted as 
caution (Lacreuse et al. 2010). The interpretation of move-
ment remains tenuous.

Altogether, the interest of long-tailed macaques living 
in multi-generational groups in social videos of their group 
members above strangers indicates that they derive social 
information from what they observe.

Individual characteristics

The unexpected stronger attention of our subjects to videos 
of group members than to strangers may be related to indi-
vidual characteristics of the subjects. Subjects with more 
attention to group member videos were in the setting of their 
social group less dominant, less aggressive and showed 
less stress sensitivity. In addition, while moving was not 
affected, subjects reacted to stranger videos with more SDB 
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functions depending on the setting should be explored in 
future research.

Individual characteristics

Overall, reactions to video content were little affected by 
individual characteristics. The demographic characteristics 
did not modulate reactions to videos, so individuals with a 
different dominance rank and age did not systematically dif-
fer in their reactions.

Of the several behavioural characteristics, only individu-
als that spent more time grooming showed less SDB than 
individual that groomed less, while individuals with many 
grooming partners showed more SDB to videos showing 
conflict compared to those with few grooming partners, yet 
we did not find differential attention or moving. These find-
ings seem to contrast and suggest that having more intense 
good relationships (much grooming) may be more advan-
tageous than having many relationships. This aligns with 
the social buffering hypothesis, that argues that not broad, 
but more focussed grooming relationships buffer against 
stress (Beehner et al. 2005; Crockford et al. 2008; Engh et 
al. 2006; Wittig et al. 2008). In addition, SDB in reaction to 
strangers and group members differed between the groups. 
This suggests that the two groups perceived these stimuli as 
either more or less stressful or uncertain (cf. Iki and Ada-
chi 2025). One (post-hoc) explanation may be the location 
of their enclosure. While the Haas group, which reacted 
stronger to strangers than group members, has an enclosure 
that is directed towards the fence of the BPRC terrain and 
can observe easily three neighbouring long-tailed macaque 
groups, the Rosa group, which reacted weaker to strang-
ers than group members, has an enclosure directed at three 
other buildings and, next to its three neighbouring long-
tailed macaque groups, can see multiple rhesus monkey 
groups. These differences in experience may have modu-
lated their reaction to videos with differences in familiarity. 
These findings warrant further scrutiny. Altogether, general 
reactions to video content are found, yet individual charac-
teristics largely do not affect the reaction of our monkeys.

Caveats of this research

The analyses of move and SDB may be considered explor-
ative, since only few studies addressed these behaviours. In 
addition, it is not clear what moving as a reaction to viewing 
a social video entails, although it may reflect caution (Capi-
tanio 2002; Lacreuse et al. 2010). For both move and SDB 
the main effects were weak, thus the effects of individuals 
characteristics may be similarly weak. In addition, move 
and SDB may be affected by the temporary separation, since 
this increased during the testing.

strangers. In addition, dominance, age and potential person-
ality characteristics like stress and grooming affect interest 
in group member videos.

Type of behaviour

Video content

As expected, monkeys showed more attention to conflict 
than to grooming. This supports the prediction that con-
flict is more interesting than grooming (rhesus macaques: 
Adams et al. 2021; humans: Lull and Bushman 2015; rhesus 
macaques: but see Capitanio 2002). However, the controls 
running versus sitting gave a similar pattern as aggression 
versus grooming. Thus, possibly not conflicts, but activity 
triggers a stronger reaction than quiet behaviour. This inter-
pretation is countered by the subjects tending to move more 
when watching running than conflict and showing more 
SDB when watching running than conflict, which indicates 
they do distinguish between the two types of behaviour. 
Since conflicts often involve running, these two types of 
videos may be perceived as similarly relevant for attending, 
yet their actual content may have affected the differential 
reaction of subjects. This difference may relate to uncer-
tainty: while the outcome is clear when observing conflict, 
the start and outcome of running may be more uncertain. 
Our decision to mute the videos may have contributed to 
the incongruity of the visual information; whereas conflicts 
are typically accompanied by vocalisation, running is not. 
This is consistent with the interpretation that scratching is a 
reaction to uncertainty (Iki and Adachi 2025). In line with 
these suggestions, individuals move more and thereby may 
express more caution (cf., Capitanio 2002; but see Lacreuse 
et al. 2010) when observing videos with running than videos 
with conflict and grooming.

Attention to grooming and sitting is also similar. Groom-
ing and sitting patterns in a group are often correlated and 
both can indicate bonds among group members (e.g., Mas-
sen et al. 2010; Seyfarth and Cheney 2012; Silk et al. 2003, 
2013), and thus provide similar information. Our subjects 
reacted with more SDB to seeing sitting than conflict and 
grooming and tended to react with more SDB to running 
than conflict. Given the behaviour type in the video, inter-
preting SDB as enhanced stress is counterintuitive. It also 
counters findings in humans (Hasan et al. 2013). Consider-
ing scratching, one of the stress responses (cf. Aureli and 
van Schaik 1991), as an indicator of uncertainty (Iki and 
Adachi 2025) does also not explain the enhanced reaction to 
sitting and grooming. Alternatively, videos lacking interest-
ing information may have enlisted hygienic behaviour, such 
as scratching (Iki and Adachi 2025). The suggestion that 
scratching, and possibly also other SDB, can have multiple 
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In addition, the stimulus design may have affected the 
outcomes. For each behaviour type within 2 min 13 differ-
ent scenes were shown. This ensured that a subject, that typ-
ically pays relatively little attention to the videos (cf. Lewis 
et al. 2021), did see the social content of a video. Yet this 
relatively condensed social information may also be quite 
unnatural, affecting their reactions.

Moreover, while we concluded that individual character-
istics largely do not affect reactions to video content, this 
lack of effect may be due to the relatively low sample size 
and statistical power of these exploratory analyses.

Conclusion

In general, the videos of group members versus strangers 
showed clear effects, both in general concerning attention 
and, in our explorative study on individual characteristics, 
for attention and responses indicating stress or unexpected-
ness. The social content also elicits differentiated reactions, 
with aggression drawing most attention, yet individual char-
acteristics largely did not affect reactions to social scenes 
shown. These outcomes indicate that gathering social infor-
mation on group members is more important than on strang-
ers and differs between the social scenes shown. Moreover, 
gathering of social information and stress responses dif-
fer with dominance rank and with behavioural tendencies 
which may reflect personality. Thus, these monkeys show 
high interest in gathering social information on group mem-
bers, but this is modulated by their social role and personal 
ability to handle social situations.
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