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Social animals must carefully track consequential events and opportunities for social learning. However,
the competing demands of the social world produce trade-offs in social attention, defined as directed
visual attention towards conspecifics. A key question is how socioecology shapes these biases in social
attention over evolution and development. Chimpanzees, Pan troglodytes, and bonobos, Pan paniscus,
provide ideal models for addressing this question because they have large communities with fission
efusion grouping, divergent sex-based dominance hierarchies and occasional intergroup encounters.
Using noninvasive eye-tracking measures, we recorded captive apes’ attention to side-by-side images of
familiar and unfamiliar conspecifics of the same sex. We tested four competing hypotheses about the
influence of taxonomically widespread socioecological pressures on social attention, including inter-
group conflict, dominance, dispersal and mating competition. Both species preferentially attended to
familiar over unfamiliar conspecifics when viewing the sex that typically occupies the highest ranks in
the group: females for bonobos, and males for chimpanzees. However, they did not demonstrate
attentional biases between familiar and unfamiliar members of the subordinate sex. Findings were
consistent across species despite differences in which sex tends to be more dominant. These results
suggest that sex-based dominance patterns guide social attention across Pan. Our findings reveal how
socioecological pressures shape social attention in apes and likely contribute to the evolution of social
cognition across primates.
© 2021 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
The demands of sociality have shaped the behaviour and
cognition of diverse taxa, on both proximate and ultimate levels.
For example, the capacity to recognize individuals e and to
discriminate familiar from unfamiliar conspecifics e is widespread
among social animals, from mammals to fishes and even some
insects (Boysen & Berntson, 1986; Pokorny & de Waal, 2009; Saeki,
Sogawa, Hotta, & Kohda, 2018; Sheehan & Tibbetts, 2011). This
skill has evolved independently, in at least several lineages, in
instances where the benefits of tracking individual relationships
Lewis).

nimal Behaviour. Published by Els
outweigh the cognitive costs (Hamilton, 1964; Tibbetts & Dale,
2007). Individual recognition allows animals to (1) cultivate
long-term affiliative relationships that can impact fitness; (2)
establish dominance hierarchies that minimize the need for
repeated contest aggression; and (3) identify potentially threat-
ening unfamiliar or outgroup individuals (Cheney & Seyfarth,
1990; Hamilton, 1964; Parr, Winslow, Hopkins, & de Waal, 2000;
Silk, 2007). It is therefore considered fundamental to the emer-
gence and elaboration of complex societies, including the evolu-
tion of the particularly sophisticated social dynamics and social
cognition seen in humans and other primates (Cheney & Seyfarth,
1990; de Waal, 1982; Humphrey, 1976; Krupenye & Call, 2019;
Krupenye & Hare, 2018).
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Living in large communities with intricate and differentiated
social relationships demands trade-offs, or biases, in social atten-
tion, defined as directed visual attention towards conspecifics
(Kano & Call, 2017; Lonsdorf, Engelbert, & Howard, 2019; Watts,
1998). In a dynamic social landscape, organisms must prioritize
how they allocate social attention to ensure that they keep track of
the most important individuals and social events, and identify
potentially ephemeral opportunities to mate or to learn socially
(Deaner, Khera, & Platt, 2005). A growing literature has demon-
strated that such biases in social attention exist across many taxa,
such as early infant preferences for female faces, and presumed
indicators of fitness in rhesus macaques, Macaca mulatta and other
primate species (Paukner, Huntsberry, & Suomi, 2010; Paukner,
Wooddell, Lefevre, Lonsdorf, & Lonsdorf, 2017; Waitt, Gerald,
Little, & Kraiselburd, 2006; Watson, Ghodasra, Furlong, & Platt,
2012). However, a key question remains: how are biases in social
attention shaped by the demands of a species’ socioecology?

Bonobos, Pan paniscus, and chimpanzees, Pan troglodytes, pro-
vide an idealmodel for addressing this question because they live in
large multifemale, multimale communities that sometimes
encounter other groups, foster highly differentiated social re-
lationships that have been linked to fitness and exhibit
fissionefusion grouping patterns; animals are familiar with dozens
of individuals within their community, but they often range in
smaller foraging parties that change in social composition
throughout the day (Foerster et al., 2015; Furuichi, 2009; Gilby et al.,
2013; Moscovice et al., 2017; Surbeck et al., 2019; Surbeck, Mundry,
& Hohmann, 2011; Van Lawick-Goodall, 1968; Watts et al., 2001;
Wilson & Wrangham, 2003). The variability of the social environ-
ment has likely attuned apes’ social attention to the most
functionally relevant individuals and events. Even more critically,
bonobos and chimpanzees demonstrate many similarities and key
differences in their socioecology that might account for adaptive
variation in their social attention towards both groupmates and
unfamiliar individuals. Finally, as humans’ two closest extant rela-
tives, they provide unique insights into the evolutionary pressures
that have driven the attentional patterns of our own species.

The social lives of chimpanzees and bonobos, like those of many
species, are most fundamentally shaped by at least four principal
forces: intergroup interactions, social dominance hierarchies,
dispersal patterns and mating competition (in addition to preda-
tion and feeding ecology, which we did not address in the present
study as these are less relevant to patterns of conspecific social
attention). Chimpanzees are notoriously xenophobic and engage in
hostile, sometimes lethal, intergroup encounterse in stark contrast
to bonobos, who often interact prosocially with members of other
groups (Fruth & Hohmann, 2018; Tan, Ariely, & Hare, 2017; Wilson
et al., 2014; Wrangham, 1999). With regard to social dominance,
chimpanzees exhibit linear hierarchies inwhich adult males almost
universally outrank adult females (Foerster et al., 2016; Muller &
Wrangham, 2009). Bonobos, conversely, have been variously
characterized as female dominant or femaleemale codominant,
with females forming coalitions to curtail male aggression and
maintain predominant control of group decisions (Furuichi, 2011;
Hare & Yamamoto, 2017; Stevens, Vervaecke, de Vries, & van
Elsacker, 2007; Tokuyama & Furuichi, 2016, 2017). Bonobos do
not display reverse sexual dimorphism nor are female bonobos
masculinized as they are in other typical female dominant species,
like hyaenas and some lemurs (Drea&Weil, 2008; Frank, Glickman,
& Powch, 1990). However, male bonobos seldom form coalitions
and haveweaker affiliative relationships with one another, whereas
female bonobos engage in many affiliative interactions (like geni-
togenital rubbing and grooming), maintain feeding priority within
the group and often occupy the highest positions within the
dominance hierarchy (Surbeck & Hohmann, 2013; Tokuyama &
Furuichi, 2016; Walker & Hare, 2016). Thus, intersexual domi-
nance in bonobos is complex and nuanced: while adult females are
not uniformly dominant to adult males (as adults males are to adult
females in chimpanzees) and there is instead a mixed-sex hierar-
chy, the several highest-ranking members of the group tend to be
females. Despite this nuance, we can safely characterize these
species as differing in the sense that males are dominant in chim-
panzees but not in bonobos and the highest-ranking individuals
tend to be male chimpanzees and female bonobos. In contrast to
their divergent systems of intergroup aggression and social domi-
nance, bonobos and chimpanzees exhibit similar dispersal pat-
terns: most pubertal females immigrate to new communities
before reproducing, whereas males remain in their natal commu-
nity for their entire lives (Gerloff, Hartung, Fruth, Hohmann, &
Tautz, 1999; Walker, Walker, Goodall, & Pusey, 2018). Both species
are also highly promiscuous, with each sex exhibiting various forms
of intrasexual competition (e.g. Pusey, 1997; Surbeck, Langergraber,
Fruth, Vigilant, & Hohmann, 2017; Wroblewski et al., 2009). These
similarities and key differences in socioecology may drive adaptive
variation of social attention in these species.

The present study capitalized on this unique constellation of
both shared and, critically, differing socioecological traits in order
to investigate the socioecological pressures that have shaped social
attention across bonobos and chimpanzees. While being non-
invasively eye-tracked, captive apes viewed static images of faces of
a familiar groupmate alongside a second unfamiliar conspecific of
the same sex, following a standard two-image preferential looking
design. We decided to contrast a familiar and an unfamiliar
conspecific within each trial (as opposed to a different factor rele-
vant to our hypotheses) because familiarity is central to all of our
hypotheses and, if apes showed a familiarity bias, this contrast
would allow us to detect recognition of known conspecifics. We
then tested four hypotheses, stemming from the variables outlined
above, to determine which features of bonobo and chimpanzee
socioecology likely account for their observed biases of social
attention (see Appendix, Fig. A1 formore details). These hypotheses
were developed based on the existing literature on Pan socio-
ecology and formed the basis for our study design. We grounded
these hypotheses firmly in prior research that has identified the
importance of intergroup interactions, dominance hierarchies,
dispersal patterns, and both intersexual attraction and intrasexual
competition in the social lives of these species. We developed and
named these hypotheses for ease of referencing and for potential
future use.

The intergroup conflict differentiation hypothesis argues that
the degree of intergroup conflict modulates patterns of social
attention and predicts, accordingly, that as chimpanzees are more
xenophobic, they will show greater differentiation of familiar
versus unfamiliar conspecifics than will the more xenophilic
bonobos. Some research provides support for this hypothesis.
Tan, Ariely, and Hare (2017) demonstrated that on the first day of
their experiment, bonobos were more willing to pay a cost to
watch a video of a stranger over a video of a known groupmate,
consistent with the more xenophilic preferences of bonobos over
chimpanzees.

The dominance differentiation hypothesis argues instead that
social dominance has the greatest impact on social attention. This
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hypothesis predicts that both species will show greater differenti-
ation in social attention between members of the more dominant
sex (i.e. chimpanzees will discriminate more between familiar and
unfamiliar males, whereas bonobos will discriminate more be-
tween females). Previous work has identified some support for the
influence of dominance on social attention in primates. Macaque
infants who were not mother-reared are still able to discriminate
the faces of adult macaques, which represent a primary and
dominating threat to infant macaques (Simpson, Suomi, & Paukner,
2016). Male infant macaques of high-ranking mothers also look
more at faces as compared to sons of low-ranking mothers
(Paukner et al., 2010). Finally, previous work indicates that in some
primate species, lower-ranking individuals devote more social
attention to higher-ranking individuals than vice versa (Deaner
et al., 2005; McNelis & Boatright-Horowitz, 1998; Watts, 1998;
but see Pannozzo, Phillips, Haas, & Mintz, 2007).

The dispersal differentiation hypothesis proposes that dispersal
patterns moderate biases in social attention. This hypothesis pre-
dicts that both chimpanzees and bonobos will demonstrate greater
differentiation in social attention between familiar and unfamiliar
females. Although experimental research has not yet directly tested
this hypothesis, data from the wild suggest that dispersing female
apes garner significant amounts of attention from both males and
females in the resident group. Specifically, female immigrant
chimpanzees face heightened female competition and aggression
when attempting to join a new group; resident males often inter-
vene in female conflicts involving immigrants, almost always sup-
porting immigrant females over resident females (Kahlenberg,
Thompson, Muller, & Wrangham, 2008). In contrast, female
immigrant bonobos engage in affiliative behaviours with at least
one resident female (sometimes termed the ‘specific senior fe-
male’), which helps to facilitate the immigrant’s integration into
her new group (Idani, 1991; Sakamaki et al., 2015). These strongly
affiliative and aggressive behaviours towards immigrant females in
bonobos and chimpanzees, respectively, imply that dispersing fe-
males likely attract heightened social attention from both resident
male and female conspecifics.

Finally, the mating competition differentiation hypothesis sug-
gests that mating competition differently impacts social attention
in males compared to females. This hypothesis thus generates two
sets of predictions: (1) intersexual attraction predicts greater dif-
ferentiation between members of the opposite sex, whereas (2)
intrasexual competition predicts greater differentiation between
members of the same sex. Some research offers support for this
hypothesis and its predictions. Deaner et al. (2005) found that male
rhesus macaques were willing to forgo fruit juice for the opportu-
nity to view female perinea, which suggests that maleemale
competition creates high value on visual access to female geni-
talia. In addition, both male and female adult rhesus macaques
looked longer at male conspecifics with dark red faces as compared
to those with lighter red faces in a looking time field experiment
(Dubuc et al., 2016). The authors propose that these attentional
preferences may be influenced both by female mate choice and
maleemale competition in these species. Finally, female rhesus
macaques have been shown to preferentially attend to more
masculine male conspecific faces when they are paired with less
masculine faces, and this attentional bias increased with more
pronounced within-pair difference in masculinity (Rosenfield et al.,
2019). The authors suggest that these attentional biases likely result
from intersexual selection. By examining attention to familiar
versus unfamiliar conspecifics in bonobos and chimpanzees, this
study allowed us to investigate how social attention may be
impacted by four of the fundamental socioecological factors that
likely drive the evolution of social cognition across most taxa.

METHODS

Participants

Twenty-nine apes participated in this study: 11 chimpanzees (4
females, 7 males) living at the Edinburgh Zoo in Scotland; 6
chimpanzees (5 females, 1 male) and 6 bonobos (4 females, 2
males) living at the Kumamoto Sanctuary in Japan; and 6 bonobos
(3 females, 3 males) living at the Planckendael Zoo in Belgium.
Subjects ranged in age from 2 to 46 years (mean ± SD: bonobos:
21.9 ± 13.8 years; chimpanzees: 27.5 ± 10.2 years). The Edinburgh
chimpanzees live within a single social group and have access to
environmentally enriched indoor and outdoor enclosures. The
Kumamoto apes live in single conspecific social groups and have
access to environmentally enriched indoor and outdoor enclosures.
The Planckendael bonobos live in two separate social groups, which
are often combined in a fissionefusion like system, and they have
access to environmentally enriched indoor and outdoor enclosures.
All apes had daily meals of a large variety of fruits and vegetables
that were supplemented with nutritionally balanced biscuits and
had ad libitum access to water. Apes voluntarily participated in the
study and neither food nor water deprivation was used during the
study period (see Ethical Note below and Appendix, Tables A1, A2
for details).

Apparatus

Experiments utilized established eye-tracking procedures and
comparable set-ups across facilities (Hopper et al., 2020; Kano,
Hirata, Call, & Tomonaga, 2011; Krupenye, Kano, Hirata, Call, &
Tomasello, 2016). Apes viewed images through a transparent pol-
ycarbonate or acrylic panel on a 23” LCD monitor just outside of
their enclosures at a distance of approximately 60 cm. We non-
invasively recorded their eye movements via an infrared eye-
tracker (X120 in Edinburgh and Planckendael, X300 in Kuma-
moto, Tobii Technology AB, Stockholm, Sweden), positioned below
the monitor, which mapped their gaze onto the stimuli. Stimulus
presentation and data collectionwere controlled using Tobii Studio.
To encourage minimal head movements and optimize corneal
reflection measurements, apes had access to a small amount of
diluted fruit juice (provided irrespective of viewing patterns) that
was delivered through a plastic nozzle positioned on the trans-
parent panel, directly in front of the eye-tracker (see Fig. 1a).

Before testing, we conducted a two-point automated calibration
for each ape participant by presenting a small video clip (and often
a piece of real fruit) on each reference point. We adopted this small
number of reference points for apes because they tend to view
these reference points only briefly as compared to human subjects.
This two-point calibration procedure is regularly used in eye-
tracking studies with great apes because it is sufficient to provide
high-quality data and minimize the loss of subjects who do not
reliably attend to a greater number of calibration points (Hopper
et al., 2020; Kano & Call, 2014; Kawaguchi, Kano, & Tomonaga,
2019). After each calibration was obtained, we manually checked
the accuracy of the calibration using nine points on the screen and
repeated the calibration process if necessary. The same calibration
file was used for each individual throughout testing, and before the
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Figure 1. (a) Experimental set-up at Edinburgh Zoo. (b) Example of a single trial for the Kumamoto Sanctuary chimpanzees. Here, an unfamiliar individual is presented on the left
while a familiar individual is presented on the right.
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start of every session the accuracy was checked with at least one of
the nine points. Using this procedure, calibration errors are typi-
cally less than a degree, and any error of this size should not impact
the ability to determine preferential looking to images (Kano et al.,
2011).

Stimuli

Our stimuli consisted of static images of adult conspecific faces
exhibiting neutral expressions (hereafter referred to as ‘avatars’).
These were 600 � 600 pixel close-up colour photographs of
forward-facing conspecifics surrounded by a grey background (see
Fig. 1b). Each trial featured two images, one of a familiar groupmate
and another of an unfamiliar conspecific, on the centre left and
centre right regions of a black 1920 � 1080 pixel screen (locations
counterbalanced across trials). Conspecifics deemed ‘unfamiliar’
have never been housed at the same institution as the subject,
according to institutional and studbook data. Images were sex-
matched within trials, and the brightness, blurriness and contrast
of photographs were kept as consistent as possible across stimuli.
Some images were edited to ensure consistency across conditions
within the stimulus set. Specifically, images of Kumamoto Sanctu-
ary bonobos (Connie, Ikela, Junior, Lolita, Louise, Vijay) were
decreased in image quality (40% of original using the resizeimage.
net compression function), decreased in contrast and increased in
brightness to match images from Planckendael (using pixlr.com/
editor). The image of Kumamoto Sanctuary chimpanzee Natsuki
was sharpened to match other images in the stimuli set.

For each participant population, the stimulus set included three
images of familiar conspecifics and three images of unfamiliar
conspecifics, with one set for female images and one set for male
images. Each familiar image was paired with each unfamiliar im-
age, and this pair was shown twice: oncewith the familiar image on
the left and once with the familiar image on the right. In total,
subjects therefore experienced 18 trials involving male stimuli and
18 trials involving female stimuli. Within each group, the majority

http://resizeimage.net
http://resizeimage.net
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of individuals received identical stimuli. If, however, a participant
was included in the standard stimulus set for their group, for their
stimulus set, their own image was replaced with that of a different
member of their group. As a control, the unfamiliar conspecific
images used for the Kumamoto chimpanzees and bonobos were
those used as familiar images for the Edinburgh chimpanzees and
Planckendael bonobos, respectively. The apes at Kumamoto Sanc-
tuary live in social groups that have only one (chimpanzees) or two
(bonobos) resident males. Therefore, we could only present one or
two images of familiar males to these populations (respectively),
and then filled the remaining ‘familiar’ trials with images of unfa-
miliar males in order to maintain even counterbalancing of image
presentation and equal degrees of novelty across stimuli (i.e. these
fewer familiar conspecific images did not appear more frequently
than the unfamiliar conspecific images they were paired with).
These populations, therefore, saw some ‘fake’ trials that contained
two images of unfamiliar males, which were excluded from the
final analyses.

Procedure

Directly before first presenting the test trials, we habituated the
Edinburgh and Planckendael apes to the experimental set-up by
showing each individual at least one set of three images of non-
primate animals with neutral expressions in their natural envi-
ronments. Kumamoto chimpanzees and bonobos did not require
habituation as they had already participated in other eye-tracking
studies.

The 36 test trials were administered in clusters of three (12
clusters total). Each trial lasted 3 s and was preceded by a 0.5 s
presentation of a black screenwith a fixation cross in the centre (in
an effort to attract apes to the centre of the screen before the trial
began). Within a cluster, trials progressed one immediately
following the other for a total duration of 10.5 s per cluster. Each
cluster featured only same-sex images (male or female trials), and
within a cluster all six images of that sex were shown once (three
familiar individuals paired with three unfamiliar individuals). The
side on which the familiar individual was presented alternated in a
cluster (either one or two times) and was counterbalanced across
clusters: for each sex, familiar individuals were presented nine
times on the left side and nine times on the right side across
clusters. Clusters alternated between male trials and female trials,
and the order of cluster presentationwas counterbalanced between
subjects such that half of the participants started with female
clusters (N ¼ 14) and half started with male clusters (N ¼ 15). There
were four variations of cluster order (two beginning with male
clusters and two beginning with female clusters), and these were
counterbalanced across participants. Because participation was
voluntary (i.e. apes could walk away at any time), the number of
clusters administered within a day varied between 1 and 12,
depending on duration of apes’ attendance and attention at the
testing set-up. After administering all trials via the predetermined
order, we checked that subjects had at least one fixation to either
the familiar or unfamiliar image (i.e. 700 � 700 pixel area of in-
terest (AOI); see below). After the completion of the original trial
order, trials that yielded zero fixations to either image were
repeated until we had data for a full set of 36 trials per subject. In
total, we tested 1040 trials; all but 1 of 29 subjects completed their
entire set of 36 trials (4 missing trials due to persistent lack of in-
terest). We excluded 132 ‘fake’ trials. All 908 available trials were
included in our analyses. On average, apes fixated to one or both of
the AOIs for 1.22 s (SD ¼ 0.84) of each 3 s trial.
Ethical Note

Experimental protocols adhered to the School of Psychology and
Neuroscience Animal Ethics Committee at the University of St
Andrews and to approval by each participating animal care insti-
tution. Edinburgh and Kumamoto Sanctuary participants were
tested in the testing rooms prepared for each species, whereas the
Planckendael participants were tested in their large indoor enclo-
sure. Apes’ daily participation in this study was completely
voluntary. They received regular feedings and daily enrichment and
had ad libitum access to water. Animal husbandry and research
protocol complied with international standards (the Weatherall
report, The use of non-human primates in research) and institu-
tional guidelines (Kumamoto Sanctuary: Wildlife Research Center
Guide for the animal research ethics; Edinburgh and Planckendael
Zoos: EAZAMinimum standards for the accommodation and care of
animals in zoos and aquaria; WAZA Ethical guidelines for the
conduct of research on animals by zoos and aquariums; Guidelines
for the treatment of animals in behavioural research and teaching
(ASAB/ABS)).

Data Scoring and Analysis

In Tobii Studio, we defined 700 � 700 pixel areas of interest
(AOI) around the two images in each trial (i.e. including a 50-pixel
buffer on each side of the images). Fixations were calculated using
Tobii Studio’s I-VT Filter. We exported frame-by-frame fixation data
from Tobii Studio into TSV files, and then used the statistical soft-
ware R (v.3.2.3; R Core Team, 2019) to sum total fixation duration
within each AOI (i.e. Familiar and Unfamiliar) for the entire 3 s trial
duration. There were four individuals (Misaki, Mizuki, Natsuki,
Zamba) from our sample for which the recordings in Tobii Studio
produced errors when the data were extracted using code (i.e. total
fixation durations longer than the trial window, owing to these
individuals’ tendency to look to an AOI during the trial and to
continue fixating on that location even after the trial concluded).
Therefore, to avoid these errors, the data for these individuals was
extracted trial by trial using the Tobii Studio software, which pro-
duced accurate fixation durations for each trial.

To measure apes’ biases in looking towards the familiar versus
unfamiliar conspecific, we then calculated raw difference scores
(i.e. looking to Familiar minus looking to Unfamiliar) as well as a
proportional differential looking score (DLS; i.e. Familiar minus
Unfamiliar divided by Familiar plus Unfamiliar) as dependent var-
iables for each trial. We conducted two planned, confirmatory an-
alyses and one exploratory analysis. First, we planned to analyse the
predictors of biases in social attention (Model 1). Second, we
planned to analyse whether apes showed above-chance discrimi-
nation of familiar and unfamiliar conspecific faces, taking into ac-
count any relevant predictors identified in Model 1 (Model 2).
Finally, we pursued an exploratory analysis that examined pre-
dictors of biases across populations (Model 3).

General Modelling Approach

To investigate which of our hypotheses accounted for variation
in apes’ biases in social attention, we fitted linear mixed effects
models in R for both dependent variables. The raw difference score
was modelled using the lmer function from the ‘lme4’ package. The
DLS was modelled using the glmmTMB function with a beta dis-
tribution from the ‘glmm’ package, as this distribution best models
proportional scores (Bates, M€achler, Bolker, & Walker, 2015;
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McCulloch & Neuhaus, 2005). We used a significance threshold of
0.05 when reporting P values, and report P values between 0.05 and
0.1 as ‘trends’ for all models. We have chosen to designate trends in
this study because P values are continuous variables that convey
meaningful variation; a significance test that is based simply on a
binary ‘accept/reject’ decision cannot accurately depict whether an
effect or correlation is biologically meaningful (Stoehr, 1999). The
DLS was standardized from its original [�1,1] interval to a [0,1]
interval so that it could be correctly modelled by the beta distri-
bution model, which specifically models proportional scores and
requires a continuous distribution that is bounded on this interval.
We modelled both measures because raw difference scores give a
direct measure of the difference in looking time to the familiar
individual versus the unfamiliar individual that captures variation
in overall looking duration but can be weakened by differences in
raw looking times between individuals or sexes (see Lonsdorf et al.,
2019). Therefore, to control for these potential differences in raw
looking time, we also used the DLS, noting that this proportional
score, in contrast, amplifies strongly biased looks even on trials
when overall looking duration is low.

For every model in our analyses, we first used likelihood ratio
tests to compare the fit of the full model against the null model,
which included only the random effects (see Appendix for full
model sets and comparisons). We then used the Anova function
with type III sum of squares provided in the ‘car’ package to
generate P values for individual factors within each model, which
produces P values by running a series of model reductions that tests
for the presence of a main effect after testing for the presence of an
interaction and other main effects (Fox et al., 2012). Before running
each model, we first ran the vif function to determine whether any
model effects had collinearity. The vif function calculates the vari-
ance inflation factors of all predictors in the models. The vif func-
tion indicated that none of the models’ effects were collinear.
Finally, we visually inspected plots of residual values against fitted
values and qeq plots to confirm that the models met the assump-
tions of normally distributed and homogenous residuals.
Model 1: predictors of biases in social attention
To investigate the influence of the four socioecological drivers

on biases in ape social attention, we generated two full models
that differed only in the dependent measure (raw difference
scores versus DLS). These models included species as a categorical
fixed effect to test the prediction of the intergroup conflict dif-
ferentiation hypothesis that looking biases will be greater in
chimpanzees than in bonobos. The second fixed effect included
was the sex of the individuals in the images (avatars) to test the
prediction of the dispersal differentiation hypothesis that, across
species, looking biases will be greater when looking at images of
females than when looking at images of males. We also included
the interaction between avatar sex and species to test the domi-
nance differentiation hypothesis, which predicts that chimpan-
zees demonstrate heightened discrimination between familiar
and unfamiliar males, while bonobos demonstrate heightened
discrimination between females. Finally, the interaction between
avatar sex and sex of the participant was included as a fixed effect
to test the mating competition differentiation hypothesis, which
suggests that biases in social attention are shaped by intrasexual
competition or intersexual attraction. We included trial number
as a continuous fixed effect to account for a potential habitual
effect with an increasing number of trials. We included subject
identity (ID) (to account for repeated measures from each
individual), ID of familiar avatar and ID of unfamiliar avatar (to
account for potential random variability in preferences for spe-
cific individuals) as random intercepts.

Model 2: discrimination of familiar and unfamiliar conspecific faces
After determining which factors shape variation in apes’ social

attention, we then investigated whether apes show a significant
bias in attention towards familiar or unfamiliar avatars. To do so, we
performed a post hoc linear mixed effects Model 2 using the lmer
function in ‘lme4’. In this model we only used DLS as our dependent
measure, as results from Model 1 suggested DLS to be most
consistent. Here we used DLS with its original [�1,1] interval, so
that it was possible to determine if these scores were significantly
different from zero (a score of zero signifies no bias towards
familiar or unfamiliar images). Model 2 included the same random
effects that were included in the main analyses (subject ID, ID of
familiar avatar, ID of unfamiliar avatar). By including a single fixed
effect (identified as a driver of variation in Model 1), we were able
to determine whether data from each level of this factor differed
from zero (as indicated by a significant model intercept, see details
below). Here, an intercept that is significantly different from zero
denotes a significant bias in attention towards familiar avatars
(positive intercept values) or unfamiliar avatars (negative intercept
values).

Model 3: patterns of biases across conspecific populations
Finally, data visualization indicated potential differences in

patterns of social attention between conspecific populations, and
thereforewe pursued a final exploratory analysis, Model 3, to probe
these potential population differences. Model 3 was fitted for both
the raw difference score and the DLS, and included the same test
predictors as Model 1, but it included a population term to test a
three-way interaction between avatar sex, species and population.
In this model, population was dummy-coded as European apes
(Edinburgh chimpanzees and Planckendael bonobos) and Japanese
apes (Kumamoto chimpanzees and bonobos), so that it could be
included in the interaction with species as a crossed, rather than
nested, variable. Model 3 also included trial number as a fixed effect
to control for a potential habituation effect with an increasing
number of trials and the same random effects as Model 1 (subject
ID, ID of familiar avatar, ID of unfamiliar avatar). This Model 3
therefore allowed us to directly examine the stability of these
attentional patterns across conspecific populations.

RESULTS

Model 1: Predictors of Biases in Social Attention

The full-null model comparison for Model 1 was not significant
for either the difference score (c2

1 ¼7.093, P ¼ 0.312) or DLS
(c2

1 ¼ 5.721, P ¼ 0.455), suggesting that the results of the full
models should be interpreted cautiously (Aberson, 2002). Although
no factors significantly predicted variation in difference scores, the
model based on the DLSmeasure identified a significant interaction
between species and avatar sex (c2

1 ¼ 5.526, P ¼ 0.019; see Ap-
pendix, Tables A3, A4). Consistent with the dominance differenti-
ation hypothesis, chimpanzees demonstrated a relatively stronger
bias towards familiar individuals when viewing images of males as
compared to females, while bonobos exhibited a relatively stronger
bias towards familiar individuals when viewing images of females
(see Fig. 2).
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Post Hoc Model 2: Discrimination of Familiar and Unfamiliar
Conspecific Faces

Model 1 revealed that bonobos and chimpanzees likely differ in
their social attention to each sex, providing support for the domi-
nance differentiation hypothesis. This may reflect species differ-
ences in the dominance of each sex; namely, chimpanzeemales and
bonobo females are generally more dominant than individuals of
the other sex. In chimpanzees, males occupy the highest positions
in the dominance hierarchy, have close social bonds and almost
universally outrank females. In bonobos, the dominance hierarchy
is more nuanced and difficult to characterize; however, females
often outrank males, form close social bonds and coalitions and
maintain feeding priority within their groups. Therefore, here, we
operationally defined male chimpanzees and female bonobos as
the dominant sex. To clarify this point, in post hoc Model 2 we
recoded avatar sex as ‘the dominant sex for each species’ and ‘the
subordinate sex for each species’. Trials depicting male chimpan-
zees or female bonobos were coded as dominant, whereas those
depicting female chimpanzees or male bonobos were coded as
subordinate. Model 2 included the same random effects as Model 1
and just the one fixed effecte sex-based dominance status of avatar
e to investigatewhether apes showed a significant bias in attention
towards the familiar or unfamiliar avatar when viewing members
of the dominant or subordinate sex. Model 2 allowed us to directly
test the effect of dominance on biases in social attention, and the
intercept measured whether apes overall showed a significant bias
in attention towards familiar or unfamiliar individuals. By relevel-
ling the reference category of the dominance status term, we were
able to determine whether apes’ attention was significantly biased
towards familiar or unfamiliar individuals when those individuals
were members of the dominant or subordinate sex.
First, however,weconfirmed that the effect of dominancedidnot
differ across species by running Model 2a, which included an
interaction between ‘sex-based dominance status of avatar’ and
species. The full-null model comparison was not significant for
Model 2a, and therefore the results of the fullmodels shouldagainbe
interpreted cautiously (likelihood ratio test: c2

1 ¼ 5.264, P ¼ 0.153)
However, this model did identify a significant effect of ‘dominance
status of avatar sex’ (c2

1 ¼ 5.347, P ¼ 0.021; see Appendix, Table A5)
but, critically, no significant interaction between dominance status
and species (c2

1 ¼1.368, P ¼ 0.242). Thus, the effect of dominance
statusdidnotdiffer across species.We thereforeproceeded toModel
2b, which only included a main effect of dominance status.

Model 2b trended towards being significantly better than the
null model (c2

1 ¼ 3.783, P ¼ 0.052) and again revealed a significant
effect of ‘dominance status of avatar sex’ (c2

1 ¼ 5.465, P ¼ 0.019;
see Appendix, Table A6). Most interestingly, we found that, when
viewing the dominant sex, apes’ attention was significantly biased
towards familiar individuals over unfamiliar individuals
(estimate ¼ 0.102, c2

1 ¼ 5.478, P ¼ 0.019; see Fig. 3). In contrast, we
found no significant biases in attention when apes viewed mem-
bers of the subordinate sex (estimate ¼ �0.026, c2

1 ¼ 0.372,
P ¼ 0.542; see Appendix, Tables A5, A6).

Exploratory Model 3: Patterns of Biases Across Conspecific
Populations

Exploratory Model 3 was developed to probe potential popu-
lation differences in biases of social attention. The full-null model
comparison was significant for the difference score Model 3 (like-
lihood ratio test: c2

1 ¼ 20.642, P ¼ 0.024) but not the DLS Model 3
(likelihood ratio test: c2

1 ¼10.459, P ¼ 0.401). For both the differ-
ence score and DLS Model 3, the three-way interaction between
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species, dummy-coded population and avatar sex trended towards
being significant (difference score: c2

1 ¼ 3.472, P ¼ 0.062; DLS:
c2

1 ¼ 3.153, P ¼ 0.076; see Appendix, Tables A7, A8), and therefore
we did not reduce this interaction further. Instead, we subset the
data by species and reran Model 3 on the chimpanzee and bonobo
data sets separately. These models included the interaction be-
tween avatar sex and dummy-coded population and the interaction
between subject sex and avatar sex, along with the control term,
trial number, and the same random effects.

For the chimpanzeeModel 3, the full-null model comparisonwas
not significant for the raw difference score or DLS (difference score:
c2

1 ¼8.315, P¼ 0.139; DLS: c2
1 ¼ 6.862, P¼ 0.334). For the raw dif-

ference score chimpanzeeModel3, the two-way interactionbetween
population and avatar sex was significant, and it trended towards
significant in the DLS chimpanzee Model 3 (difference score:
c2

1 ¼ 5.323, P ¼ 0.021; DLS: c2
1 ¼ 3.697, P ¼ 0.055). Edinburgh

chimpanzees exhibited a relatively stronger bias towards familiar
individuals when viewing males relative to females, whereas
Kumamoto chimpanzees exhibited a relatively stronger bias towards
unfamiliar individuals when viewing males relative to females (see
Fig. 4). The two-way interaction between subject sex and avatar sex
was not significant in either model (difference score: c2

1 ¼1.172,
P ¼ 0.279;DLS:c2

1 ¼ 2.226,P ¼ 0.136; seeAppendix, TablesA9, A10).
For the bonoboModel 3, the full-null model comparisonwas not

significant for the raw difference score or DLS (difference score:
c2

1 ¼ 4.459, P ¼ 0.485; DLS: c2
1 ¼ 4.604, P ¼ 0.466). For both the

raw difference score and DLS, the two-way interaction between
population and avatar sex was not significant (difference score:
c2
1 ¼ 0.0991, P ¼ 0.753; DLS: c2

1 ¼ 0.880, P ¼ 0.348), nor was the
two-way interaction between subject sex and avatar sex (difference
score: c2

1 ¼ 0.271, P ¼ 0.603; DLS: c2
1 ¼1.440, P ¼ 0.230). Howev-

er, the effect of avatar sex was significant for the DLS bonoboModel
3 (c2

1 ¼ 4.353, P ¼ 0.037), although not for the difference score
bonobo Model 3 (c2

1 ¼1.491, P ¼ 0.222; see Appendix, Tables A11,
A12. Bonobos exhibited a stronger bias towards familiar in-
dividuals when viewing females as compared to males (see Fig. 4).

DISCUSSION

In this study, we set out to characterize biases in social attention
among chimpanzees and bonobos, and to identify the socio-
ecological factors that shape them. Our findings indicate that both
species successfully discriminate familiar from unfamiliar conspe-
cifics based on images of faces alone (Model 2b), and several lines of
evidence suggest that their biases in attention are best explained by
the dominance differentiation hypothesis. First, the only significant
predictor of DLS in Model 1 was the interaction between species
and avatar sex. This interaction reflected chimpanzees’ relatively
greater attention towards familiar individuals when viewing males
than when viewing females, and bonobos’ relatively greater
attention towards familiar individuals when viewing females than
when viewing males. Second, Models 2a and 2b directly demon-
strated that sex-based dominance status of the avatars shaped DLS,
and that this effect did not differ across species: both chimpanzees
and bonobos showed more biased attention towards familiar in-
dividuals over unfamiliar ones when viewing members of the more
dominant sex than when viewing members of the more subordi-
nate sex. Indeed, this bias towards familiar conspecifics was
significantly different from chance only for trials depicting mem-
bers of the more dominant sex (Model 2b). These results are among
the first experimental evidence that biases in great ape social
attention are driven by the demands of their socioecology.

Our findings are consistent with other reports that document
effects of social status on patterns of social attention in other pri-
mate species. For example, Micheletta et al. (2015) used amatch-to-
sample task and found that crested macaques, Macaca nigra, were
better able to discriminate higher-ranking familiar individuals than
higher-ranking unfamiliar individuals. Grampp, Sueur, van deWaal,
and Botting (2019) reported that wild juvenile vervet monkeys,
Chlorocebus pygerythrus, observed the highest-ranking conspecifics
more frequently than they did the low-ranking individuals. Simi-
larly, others have found that both male and female rhesus ma-
caques prefer to attend to faces of high-ranking conspecifics as
compared to low-ranking individuals (Deaner et al., 2005; Watson
et al., 2012). In addition, high-ranking rhesus macaques selectively
gaze-followed other high-ranking macaques as compared to low-
ranking conspecifics (Shepherd, Deaner, & Platt, 2006). Overall,
these results suggest that hierarchical dominance patterns drive
biases in social attention in primates, and that this mechanism is
conserved across primate species. In our study, unlike in previous
work, status was reflected only by the sex of the avatar. These
findings thus contribute new evidence that, in some species,
attention is preferentially allocated not just to the very highest-
ranking individuals, but also to any known individuals of which-
ever sex plays the greatest role in governing group behaviour.

While male chimpanzees almost universally outrank conspecific
females, there is more nuance in the relationship between sex and
dominance in bonobos. Given that bonobos have mixed-sex hier-
archies where females typically occupy the highest and sometimes
also the lowest ranks, future work should attempt to disentangle
the influence of sex and rank on social attention and broader social
behaviour. One important question is whether the differences we
observed in the present study owe specifically to differences in
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agonistic dominance between the sexes or other related traits like
centrality in coalitionary networks or in networks of group decision
making.

Another crucial question is whether the patterns documented in
this study stem from selection on mechanisms of attention or from
species differences in socialization (in which male chimpanzees
and female bonobos play dominant roles in their societies). Based
on the results from Model 3, we suspect that both drivers play a
role. Model 3 identified an interaction between population and
avatar sex for chimpanzees, but not for bonobos, suggesting that
the chimpanzee populations differed in their patterns of social
attention based on avatar sex (Fig. 4). Edinburgh Zoo is home to a
typical multimale, multifemale group, while the chimpanzee group
at Kumamoto Sanctuary has a single male. Although both pop-
ulations showed stronger biases when viewing male stimuli as
compared to female stimuli, these biases favoured familiar in-
dividuals only for Edinburgh chimpanzees. With only one resident
male (and therefore no dominance displays or agonistic conflicts
among males), females of the Kumamoto group may reasonably
show more interest in outgroup males. Thus, socialization may
contribute to biases in social attention, perhaps in concert with
selective pressures on mechanisms of attention. Previous work has
also identified connections between social experience and social
attention patterns in primates. Parr et al. (2016) found that, from
birth, infant rhesus macaques prefer to look at conspecific faces as
compared to heterospecific faces, but that this effect reverses as
they age. The authors propose that this may be the result of a rapid
experience-dependent preference, as after a fewweeks of exposure
to many conspecific faces in their natal groups, the infants began to
prefer attending to heterospecific faces (Parr et al., 2016). In
addition, recent work demonstrates that there is a positive rela-
tionship between the time spent viewing the eyes of faces and the
number of initiations made for social interactions with peers in
infant male rhesus macaques (Ryan et al., 2020). The combination
of these results suggests a link between social attention and social
experience in infancy in rhesus macaques. Future work should
attempt to expand upon these recent investigations to clarify the
relationships between social experience and social attention across
species and social environments.

We note several important limitations of our study. First, although
our findings were consistent across a number of analyses, we must
remain cautious in our interpretation of the results given that some
full models did not differ significantly from null models. We find
reassuring, however, that Model 2b directly replicated the findings of
these models with a full-null model comparison on the verge of
significance (P¼ 0.052). Second, although the sample size for this
study is on the larger end within great ape research (N¼ 29) and,
unusually, involves multiple populations of each species, our results
may be limited by the low numbers of individuals within each
population. A larger number of individuals within each population
and an even greater number of populations would allow for a
stronger survey of variance in patterns of social attention between
populations. Additionally, although the participants in this study
variedwidely in age (2.5e46 years), therewere only a few individuals
within the younger age classes. Future studies that more evenly
sample across ages would permit investigation into developmental
patterns. Finally, we used both raw difference scores and DLS as
dependent measures in Models 1 and 3, given the different strengths
of each metric. Only DLS revealed predictors of variation in Model 1,
and this finding suggests that DLS, which amplifies biases even on
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trials with brief attention times, may better capture meaningful
variation. Indeed, this measure further demonstrated significant
biases in social attention in Model 2 (although we did not attempt to
run this model with raw difference scores).

A final question raised by our work is what consequences may
arise from attention biases that favour dominant individuals or
members of the dominant sex. Consistent with the patterns docu-
mented in our study, an independent line of researchhas shown that
chimpanzees contagiously yawnmore in response to yawningmales
than in response to yawning females, and bonobos exhibit greater
yawn contagion in response to females than males (Demuru &
Palagi, 2012; Massen, Vermunt, & Sterck, 2012). Such results sug-
gest that attention likely shapes the behaviour of observers in
meaningfulways.More functionally, third-party interactions among
dominant individuals (e.g. conflicts and rank reversals) can have
profound impacts on group dynamics and therefore convey partic-
ularly important social information (Cheney& Seyfarth, 2007; Kano,
Krupenye, Hirata, Tomonaga, & Call, 2019; Krupenye et al., 2016).
Bonobos have been shown to make social decisions based on such
observations, preferentially associating with novel partners who
behavedominantly in third-party contexts (Krupenye&Hare, 2018).
Finally, dominant individuals may have preferential access to
ecological or social knowledge and may therefore be particularly
valuable targets for social learning (Wood, Kendal, & Flynn, 2013).
Accordingly,wildvervetmonkeysdisplaya rank transmissionbias in
which they favour learning from high-ranking individuals in a
foraging context (Canteloup, Hoppitt, & van de Waal, 2020). Simi-
larly, chimpanzees preferentially copy high-ranking individuals
when presented with novel foraging tasks, also demonstrating a
dominance transmission bias (Horner, Proctor, Bonnie,Whiten,&de
Waal, 2010;Kendal et al., 2015). Researchwithhumans suggests that
children develop culturally influenced expectations about how
high-ranking individuals may behave, and begin to make a distinc-
tion between prestigious and dominant individuals around age 5
years (Kajanus, Afshordi, & Warneken, 2020). The early develop-
mentof knowledgeandexpectationsofdominant groupmembers in
humans further suggests that wemay share these cognitive abilities
with our closest living phylogenetic relatives. Overall, our findings
demonstrate that patterns of social attention across Pan are
consistently shaped by species differences in the dominance of the
sexes. These socioecological factorsmaywell have contributed to the
evolution and development of social and cultural cognition across
apes, including humans, and to patterns of social behaviour across a
much wider array of taxa.
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Table A2
Characteristics of participant groups

Facility Total no.
of individuals

No. of
males

No. of
females

Edinburgh Zoo 15 8 7
Planckendael Zoo 13 7 6
Kumamoto Sanctuary e bonobos 6 2 4
Kumamoto Sanctuary e chimpanzees 6 1 5

Table A3
Difference scores Model 1

Factor Estimate SE c2
1 P

Intercept 0.012 0.092 0.017 0.898
Subject sex �0.037 0.046 0.662 0.416
Avatar sex 0.125 0.071 3.064 0.080
Species 0.144 0.077 3.509 0.061
Trial number 0.001 0.003 0.047 0.829
Subject sex*avatar sex 0.007 0.031 0.058 0.809
Species*avatar sex 0.008 0.069 0.013 0.908

Predictors of biases in attention towards familiar versus unfamiliar conspecific faces.
Raw difference score was used as the dependent measure. Subject ID, ID of familiar
avatar and ID of unfamiliar avatar were included as random intercepts. P values
between 0.05 and 0.1 are italicized. Estimates and SEs are taken from the model
summary; c2 values, degrees of freedom and P values are taken from the Anova
(type III sum of squares) output.

Table A4
Differential looking score (DLS) Model 1

Factor Estimate SE c2
1 P

Intercept 0.101 0.091 1.225 0.268
Subject sex �0.027 0.052 0.261 0.609
Avatar sex 0.028 0.045 0.376 0.539
Species �0.003 0.053 0.004 0.951
Trial number �0.004 0.005 0.653 0.419
Subject sex*avatar sex �0.012 0.045 0.076 0.782
Species*avatar sex 0.107 0.046 5.526 0.019

Predictors of biases in attention toward familiar versus unfamiliar conspecific faces.
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Appendix
Table A5
Differential looking score (DLS) Model 2a

Factor Estimate SE c2
1 P

Intercept 0.034 0.034 1.011 0.315
Dominance status a 0.065 0.028 5.347 0.021
Species b 0.012 0.034 0.126 0.722
Dominance status*species a,b 0.033 0.028 1.368 0.242

Predictors of biases in attention toward familiar versus unfamiliar conspecific faces
when viewing members of the dominant or subordinate sex. DLS was used as the
dependent measure. Subject ID, ID of familiar avatar and ID of unfamiliar avatar
were included as random intercepts. P values below 0.05 are bolded. Estimates and
SEs are taken from the model summary; c2 values, degrees of freedom and P values
are taken from the Anova (type III sum of squares) output.

a Estimates refer to the comparison with dominant as the reference category.
b Estimates refer to the comparison with bonobo as the reference category.

Table A6
Differential looking score (DLS) Model 2b

Factor Estimate SE c2
1 P

Intercept a 0.103 0.044 5.478 0.019
Dominance status a 0.064 0.028 5.465 0.019

Predictors of biases in attention toward familiar versus unfamiliar conspecific faces
when viewing members of the dominant or subordinate sex. DLS was used as the
dependent measure. Subject ID, ID of familiar avatar and ID of unfamiliar avatar
were included as random intercepts. P values below 0.05 are bolded. Estimates and
SEs are taken from the model summary; c2 values, degrees of freedom and P values
are taken from the Anova (type III sum of squares) output.

a Estimates refer to the comparison with dominant as the reference category.

Table A1
Characteristics of study participants

Individual Species Sex Date of birth Age
(years)

Facility

Frek Chimpanzee M 21 Oct 1993 24 Edinburgh
Liberius Chimpanzee M 20 Jan 1999 19 Edinburgh
Louis Chimpanzee M 26 Jul 1976 41 Edinburgh
Paul Chimpanzee M 08 May 1993 25 Edinburgh
Qafzeh Chimpanzee M 31 Mar 1992 26 Edinburgh
Rene Chimpanzee M 21 Feb 1993 25 Edinburgh
Velu Chimpanzee M 24 Jun 2014 4 Edinburgh
Edith Chimpanzee F 11 Apr 1996 22 Edinburgh
Eva Chimpanzee F 09 Dec 1980 37 Edinburgh
Kilimi Chimpanzee F 20 Feb 1993 25 Edinburgh
Sophie Chimpanzee F 22 Nov 1981 36 Edinburgh
Habari Bonobo M 29 Jan 2006 12 Planckendael
Kikongo Bonobo M 29 Jan 2014 4 Planckendael
Rubani Bonobo M 10 Apr 2016 2 Planckendael
Lina Bonobo F 28 Jul 1985 33 Planckendael
Djanoa Bonobo F 27 Mar 1995 23 Planckendael
Nayoki Bonobo F 24 Mar 2012 6 Planckendael
Vijay Bonobo M 28 Dec 2003 15 Kumamoto Sanctuary
Junior Bonobo M 14 Jan 1995 24 Kumamoto Sanctuary
Lolita Bonobo F 20 Apr 1989 29 Kumamoto Sanctuary
Connie Lenore Bonobo F 03 Feb 1982 37 Kumamoto Sanctuary
Ikela Bonobo F 27 Nov 1991 27 Kumamoto Sanctuary
Louise Bonobo F 28 Oct 1972 46 Kumamoto Sanctuary
Iroha Chimpanzee F 28 Dec 2003 15 Kumamoto Sanctuary
Mizuki Chimpanzee F 14 Jan 1995 24 Kumamoto Sanctuary
Hatsuka Chimpanzee F 20 Apr 1989 29 Kumamoto Sanctuary
Misaki Chimpanzee F 03 Feb 1982 36 Kumamoto Sanctuary
Natsuki Chimpanzee F 27 Nov 1991 27 Kumamoto Sanctuary
Zamba Chimpanzee M 28 Oct 1972 46 Kumamoto Sanctuary

DLS was used as the dependent measure. Subject ID, ID of familiar avatar and ID of
unfamiliar avatar were included as random intercepts. P values below 0.05 are
bolded. Estimates and SEs are taken from the model summary; c2 values, degrees of
freedom and P values are taken from the Anova (type III sum of squares) output.
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Table A9
Chimpanzee difference scores Model 3

Factor Estimate SE c2
1 P

Intercept �0.020 0.143 0.019 0.888
Avatar sex �0.076 0.123 0.379 0.538
Population �0.452 0.207 4.767 0.029
Subject sex �0.021 0.042 0.241 0.624
Trial number 0.004 0.003 1.245 0.265
Avatar sex*population 0.475 0.206 5.323 0.021
Avatar sex*subject sex �0.046 0.042 1.172 0.279

Predictorsof chimpanzeepopulationdifferences inbiases inattentiontoward familiarversusconspecific faces. Rawdifferencescorewasusedas thedependentmeasure. Population
was dummy-coded as Japanese or European chimpanzee. Subject ID, ID of familiar avatar and ID of unfamiliar avatar were included as random intercepts. P values below 0.05 are
bolded. Estimates and SEs are taken from the model summary; c2 values, degrees of freedom and P values are taken from the Anova (type III sum of squares) output.

Table A8
Differential looking score (DLS) Model 3

Factor Estimate SE c2
1 P

Intercept 0.144 0.108 1.786 0.181
Species �0.019 0.066 0.086 0.769
Avatar sex 0.028 0.057 0.246 0.619
Population �0.165 0.126 1.721 0.189
Subject sex 0.00009 0.056 0.000 0.999
Trial number �0.004 0.005 0.903 0.342
Species*avatar sex 0.149 0.057 6.917 0.009
Species*population 0.136 0.117 1.348 0.246
Avatar sex*population 0.102 0.111 0.842 0.359
Subject sex*avatar sex �0.034 0.049 0.492 0.483
Species*population*avatar sex �0.187 0.105 3.153 0.076

Predictors of population differences in biases in attention toward familiar versus conspecific faces. DLS was used as the dependent measure. Population was dummy-coded as
Japanese or European ape in this model. Subject ID, ID of familiar avatar and ID of unfamiliar avatar were included as random intercepts. P values below 0.05 are bolded, and P
values between 0.05 and 0.1 are italicized. Estimates and SEs are taken from themodel summary; c2 values, degrees of freedom and P values are taken from the Anova (type III
sum of squares) output.

Table A10
Chimpanzee differential looking score (DLS) Model 3

Factor Estimate SE c2
1 P

Intercept 0.147 0.138 1.133 0.287
Avatar sex �0.124 0.071 3.086 0.079
Population �0.273 0.193 2.008 0.157
Subject sex �0.007 0.076 0.009 0.922
Trial number �0.004 0.006 0.479 0.489
Avatar sex*population 0.333 0.173 3.697 0.055
Avatar sex*subject sex �0.099 0.067 2.226 0.136

Predictors of chimpanzee population differences in biases in attention toward familiar versus conspecific faces. DLS was used as the dependent measure. Population was
dummy-coded as Japanese or European chimpanzee. Subject ID, ID of familiar avatar and ID of unfamiliar avatar were included as random intercepts. P values below 0.05 are
bolded, and P values between 0.05 and 0.1 are italicized. Estimates and SEs are taken from the model summary; c2 values, degrees of freedom and P values are taken from the
Anova (type III sum of squares) output.

Table A11
Bonobo difference scores Model 3

Factor Estimate SE c2
1 P

Intercept 0.109 0.160 0.468 0.494
Avatar sex 0.117 0.096 1.491 0.222
Population 0.229 0.206 1.247 0.264
Subject sex 0.010 0.086 0.014 0.905
Trial number �0.005 0.004 1.129 0.288
Avatar sex*population 0.046 0.147 0.099 0.753
Avatar sex*subject sex 0.024 0.046 0.271 0.603

Predictors of population differences in biases in attention toward familiar versus
conspecific faces. Raw difference score was used as the dependent measure. Pop-
ulation was dummy-coded as Japanese or European ape in this model. Subject ID, ID
of familiar avatar and ID of unfamiliar avatar were included as random intercepts.
Estimates and SEs are taken from the model summary; c2 values, degrees of
freedom and P values are taken from the Anova (type III sum of squares) output.

Table A7
Difference scores Model 3

Factor Estimate SE c2
1 P

Intercept 0.035 0.104 0.109 0.740
Species �0.016 0.089 0.034 0.854
Avatar sex 0.029 0.080 0.132 0.717
Population �0.163 0.143 1.293 0.255
Subject sex �0.028 0.044 0.084 0.772
Trial number 0.0004 0.003 0.018 0.892
Species*avatar sex 0.087 0.080 1.179 0.278
Species*population 0.417 0.141 8.678 0.003
Avatar sex*population 0.302 0.128 5.581 0.018
Subject sex* avatar sex �0.011 0.032 0.132 0.717
Species*population*avatar sex �0.239 0.128 3.4722 0.062

Predictors of population differences in biases in attention toward familiar versus
conspecific faces. Raw difference score was used as the dependent measure. Pop-
ulation was dummy-coded as Japanese or European ape in this model. Subject ID, ID
of familiar avatar and ID of unfamiliar avatar were included as random intercepts. P
values below 0.05 are bolded, and P values between 0.05 and 0.1 are italicized.
Estimates and SEs are taken from the model summary; c2 values, degrees of
freedom and P values are taken from the Anova (type III sum of squares) output.
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Figure A1. Hypotheses outlining how social attention may be distributed between familiar and unfamiliar conspecifics. (a) Hypothesis 1: intergroup conflict differentiation;
prediction 1: chimpanzees will show greater discrimination of familiar versus unfamiliar conspecifics than bonobos will. (b) Hypothesis 2: dominance differentiation; prediction 2:
chimpanzees will demonstrate heightened discrimination for males, while bonobos will show heightened discrimination for females. (c) Hypothesis 3: dispersal differentiation;
prediction 3: both chimpanzees and bonobos will demonstrate greater discrimination between ingroup and outgroup females. (d) Hypothesis 4a: intrasexual competition; pre-
diction 4a: both chimpanzees and bonobos will demonstrate heightened discrimination for members of the same sex. (e) Hypothesis 4b: intersexual attraction; prediction 4b: both
chimpanzees and bonobos will demonstrate heightened discrimination for members of the opposite sex. Differential looking score (DLS) ¼ (ingroup e outgroup)/
(ingroup þ outgroup). : Male images: : female images.

Table A12
Bonobo differential looking score (DLS) Model 3

Factor Estimate SE c2
1 P

Intercept 0.159 0.173 0.849 0.357
Avatar sex 0.218 0.104 4.353 0.037
Population �0.034 0.184 0.034 0.853
Subject sex 0.012 0.072 0.027 0.869
Trial number �0.005 0.007 0.459 0.498
Avatar sex*population �0.153 0.162 0.880 0.348
Avatar sex*subject sex 0.082 0.068 1.440 0.230

Predictors of population differences in biases in attention toward familiar versus conspecific faces. DLS was used as the dependent measure. Population was dummy-coded as
Japanese or European ape in this model. Subject ID, ID of familiar avatar and ID of unfamiliar avatar were included as random intercepts. P values below 0.05 are bolded.
Estimates and SEs are taken from the model summary; c2 values, degrees of freedom and P values are taken from the Anova (type III sum of squares) output.
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