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Abstract — For group-living species, including humans and nonhuman primates, the ability to navigate social
encounters and quickly process threats from others is a critical skill. Rapid detection of threatening stimuli, referred
to as an attentional bias toward threat, is adaptive in that fast threat detection can lead to improved survival outcomes.
Despite this fitness benefit, the evolutionary roots of attentional bias formation are not well understood, and attentional
bias toward social threat is not well studied across the primate phylogeny, particularly across more phylogenetically
distant species such as the platyrrhine primates. The present review proposes the use of a comparative perspective to
explore the evolutionary origins of this bias, to determine how far back in the primate phylogeny attentional bias
toward social threat may have emerged. We discuss the methods that have been used to study attentional bias in
humans, and then focus on a popular method for measuring attentional bias in nonhuman primates, the dot probe task.
Evidence suggests that humans are not unique in their propensity for showing an attentional bias toward socially
threatening stimuli when evaluated with a dot probe task, but there are some nonhuman primate species in need of
further study to clarify their susceptibility to this bias. We suggest that the prevalence of attentional bias toward social
threat in nonhuman primates can be understood in the context of their respective socioecologies and conclude by
discussing future directions that can be taken to explore attentional bias toward social threat in other species.
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Threatening stimuli are perhaps the most salient features of any animals’ environment, and the
preferential allocation of attention toward threatening, rather than neutral or non-threatening, stimuli is
referred to as an attentional bias toward threat (Bar-Haim et al., 2007; Cisler & Koster, 2010; MacLeod et
al., 1986; Mogg & Bradley, 1998). This bias can form toward nonsocial, biological threats in the
environment as well as toward social threats from other individuals. Attentional biases are adaptive, as
individuals that are quicker to respond to the presence of a threat are more likely to survive to reproduce
(Isbell, 2006). For example, adult humans detect a snake stimulus among neutral stimuli more quickly than
they find a neutral stimulus among threatening distractor images (Ohman et al., 2001). Children show an
attentional bias toward threat as well; adults and three- to five-year-old children show a faster reaction
towards snakes than flowers in a visual search task (LoBue & DeLoache, 2008), suggesting that extensive
previous experience with such stimuli is not required for this bias to form in humans. Humans are not alone
in this; there is evidence that nonhuman primates show an attentional bias toward snakes in both a natural
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field setting (Boinski, 1988; Mineka et al., 1980; Seyfarth et al., 1980) and in a laboratory setting, even
with no prior exposure to snakes (Shibasaki & Kawai, 2009). This hints that the evolutionary roots of
attentional bias toward threat may precede the human species, warranting further investigation of this bias
formation across the primate phylogeny.

While the expression of attentional bias toward nonsocial threat is not unique to humans, this
cognitive bias has not been well examined with socially threatening stimuli, which are as important and
perhaps even more prevalent than nonsocial threats for the socially living primates. Little is known about
how other nonhuman primate species, particularly platyrrhine primate species, allocate attention to such
threats. Here, we argue that using a comparative approach to study attentional bias formation toward social
threats will provide valuable insight about the origins of attentional bias toward social threat. For instance,
the various social and feeding ecologies across primate species may be a predictor of the prevalence of
attentional bias toward social threat. Socially, despotic species that are highly sensitive to facial expressions
or direct gaze/eye contact from conspecifics, and who are generally less socially tolerant (Matsumura, 1999;
Thierry, 1985), such as rhesus macaques (Macaca mulatta), might be more likely to show an attentional
bias toward socially threatening stimuli than other species for whom direct gaze is less threatening. On the
other hand, species that are more tolerant or affiliative in social or food-sharing contexts, such as bonobos
(Pan paniscus, De Petrillo & Rosati, 2019; Hare et al., 2007; Malenky & Wrangham, 1994; Rosati, 2017)
might show less evidence of attentional bias toward threatening social stimuli. In less tolerant species,
showing an attentional bias toward threatening conspecifics could have adaptive survival value in a group
setting, while in more tolerant species this bias toward threat may be less meaningful from a survival
standpoint.

Additionally, using a comparative approach allows us to explore the mechanisms of attentional bias
formation in model species that are not influenced by the socio-cultural norms that confound human
populations, such as the wide within-species cultural variation of humans, which shapes our perceptual and
attentional processes in comparison to other nonhuman primate species (Han & Northoff, 2008). It can be
challenging to study the evolutionary origins of certain behaviors in nonhuman primate species due to both
the nature of working with non-lingual primates and the challenge of maintaining consistent paradigms
across species to reduce methodological confounds. Nonetheless, it is useful to adapt human cognitive tasks
to assess parallels in nonhuman primate behavior and cognition, and it is possible to do so effectively with
the right methodological paradigm.

The aim of this narrative review is to highlight the importance of using a comparative approach to
the study of attentional bias toward threat, with an emphasis on attentional bias toward social threats. We
will discuss the most commonly used methods for studying attentional bias in humans and how these
methods have been modified for use with nonhuman primates, with emphasis on the most commonly used
comparative paradigm, the dot probe task. We discuss the importance of using social stimuli, such as faces
and facial expressions in the study of attentional bias, as well as the hormonal factors that may be involved
in attentional bias formation, including cortisol and oxytocin. Lastly, we suggest broadening the
investigation of attentional bias toward social threat to include platyrrhine primate species in order to create
a more complete picture of the evolutionary trajectory of attentional bias formation across the primate

phylogeny.
Measuring Attentional Bias

The study of attentional bias in humans has gained considerable interest over the past few decades,
and recently in nonhuman primates as well (van Rooijen et al., 2017). Not surprisingly, many methods have
been developed to study attentional biases, some of which are better suited for comparative contexts than
others. While the primary focus of this review is the dot probe task, we consider three other primary methods
that have also been used to study attentional bias to threat, including the emotional/modified Stroop task,
the spatial cueing task, and the visual search task (Cisler & Koster, 2010). We focus on the dot probe task
because it is most commonly used to assess attentional bias specifically toward social threat in humans. We
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begin with a description of each of these methods, followed by an in-depth discussion of the current state

of the comparative literature of the dot probe task.
Figure 1

Examples of the Four Different Methods Discussed in This Article, including A) the Emotional/Modified Stroop task, B) the Spatial
Cueing Task, C) the Visual Search Task, and D) the Dot Probe Task
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The emotional Stroop task is based on the original Stroop test paradigm (Stroop, 1935) in which
subjects are asked to name the font color of a string of letters while ignoring the semantic meaning of the
color word itself. In the original task, if the subject saw the word “blue” written in black font, they had to
name the font color (black) rather than the word itself (blue). The original Stroop task has been modified
and presented to nonhuman primates, supporting that a Stroop-like interference effect is not unique to
humans (Beran et al., 2010; Lauwereyns et al., 2000; Washburn, 1994). An “emotional” version of the task
has also been used to study this effect in nonhuman primates. In the emotional version of the Stroop task,
words with emotional content are used instead of words with color content (i.e., the word “sickness” has
an emotionally negative content, instead of the word “tree,” which has a neutral content), and participants
must name the color of the word as quickly as they can, while ignoring the emotional content of the word
(Mathews & Macleod, 1985). Typically, participants are slower to name the color of negative words
(sickness) compared to the color of neutral words (tree), indicating an effect of the negative connotation of
the word itself, or an attentional bias toward the negative word compared to the neutral word (Macleod,
1991). Individuals with anxiety tend to show an attentional bias toward threat on the emotional Stroop task,
demonstrated by the interference effect that occurs when naming the color of threatening words in
comparison to naming the color of neutral words (Bar-Haim et al., 2007; Chew, 2015; Williams et al.,
1996).

From a comparative perspective, neither version of this task can be used directly to test attentional
bias in nonhuman primates. However, Allritz and colleagues (2016) modified the emotional Stroop task for
use with chimpanzees (Pan troglodytes) to assess attentional prioritization in the context of stressful social
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and nonsocial images. They combined stressful pictorial stimuli and neutral stimuli to assess whether the
emotional content of the stimuli had an effect on chimpanzees’ cognitive performance. This paradigm
required training: chimpanzees were initially presented with two otherwise identical images with differently
colored frames on a computer screen. The chimpanzees were trained to select the image framed by only
one of the colors in each trial. After this training, the first part of the study investigated whether the content
within the colored frame affected discrimination performance when the stimuli were no longer identical.
As predicted, this did impact performance, despite chimpanzees having been trained to only make selections
based on stimulus frame color. The second part of the study examined whether the emotional content of the
images influenced the discrimination task. There was an interference effect for aversive stimuli (pictures of
the veterinarian) compared to neutral control images (Allritz et al., 2016), such that subjects were slower to
make a response on correct trials for aversive compared to neutral stimuli in the first session, prior to
habituation of these stimuli. Despite demonstrating an effect of the emotional and social content of stimuli
on attention, the task could not determine Zow the emotional content of the stimuli interrupted performance
(attentional avoidance v. difficulty disengaging from the aversive stimulus), nor was it clear whether the
chimpanzees were more affected by the perceptual features of the aversive stimuli (such as the color and
contrast of the image itself) or the content itself (recognition of the veterinarian or the veterinary tools in
the photograph). The potential impact of the physical features of stimuli is not unique to this particular
study; future studies should be mindful of these confounds through the incorporation of control images,
such as scrambled stimuli. Nonetheless, this modified emotional Stroop task is useful in assessing the
presence of attentional bias in nonhuman primates.

Two additional studies have employed this modified paradigm with nonhuman primates (Hopper
et al., 2021; Laméris, Verspeek, et al., 2022), one of which specifically evaluated the effect of socially
distressing stimuli on bonobo performance (Laméris, Verspeek, et al., 2022). Laméris and colleagues
conducted three experiments. The first tested the classic color-interference Stroop effect, the second used
social emotional stimuli, including positive, neutral, and negative or distressing facial expressions from
bonobos unfamiliar to the subjects, and the third used nonsocial emotional objects as stimuli, such as images
of predators, food, and flowers. Ultimately, the positively valenced social stimuli interfered with bonobo
attention more than the negative facial expressions did, contrary to what has been found in other primate
species using different attention paradigms (see below), but this aligns with previous evidence that bonobos
show an attentional bias toward positive social stimuli (Kret et al., 2016).

Spatial Cueing Task

In the classic spatial cueing task (Posner, 1980), participants are presented with a cue that appears
in one of two locations, followed by a target that is presented at the cue location in the majority of trials,
called a “valid-cue condition.” For a small number of trials, the target appears in an alternative location,
called an “invalid-cue condition.” In the emotional version of the task (Fox et al., 2001; Stormark et al.,
1995), threatening and neutral stimuli are used on valid-cue or invalid-cue trials. The attentional bias to
threat is indicated by slower responses to the invalid-cue trials and faster responses to the valid-cue trials
when the cue is threatening rather than neutral in content. This task presents one stimulus instead of two
different emotionally valenced stimuli, as in the Stroop tasks, which may reduce competition for the
participant’s attention. Studies of humans have found evidence of robust attentional bias using this task
(Bar-Haim et al., 2007; Cisler et al., 2009).

This method has been employed to assess attention in nonhuman primates (Eckstein et al., 2013;
Tomonaga & Imura, 2009). Tomonaga & Imura (2009) tested chimpanzees using neutral familiar
chimpanzee face stimuli, neutral familiar human face stimuli, banana stimuli because of the chimpanzees’
preference for that food, and other object category stimuli. Chimpanzees showed attentional bias toward
the face stimuli versus other stimuli, compared to the banana versus object and the object versus object
stimuli. This result generalized to human faces as well (Tomonaga & Imura, 2009). An important future
consideration would be to determine whether chimpanzees would show an attentional bias toward
threatening facial expressions in comparison to these neutral faces.
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Visual Search Task

The visual search task (Ohman et al., 2001; Rinck et al., 2003) assesses attentional bias via spatial
attentional allocation (Cisler & Koster, 2010). In the visual search task, the participant must locate a target
threatening stimulus from a matrix of neutral stimuli. There may also be a reverse condition, in which the
participant must locate the neutral target stimulus from an array of threatening stimuli. For example, the
participant might see a 3 x 3 display of words, and they must locate the word “spider” from within the
matrix of distractor neutral words (Cisler & Koster, 2010). A faster response time to locate the threatening
target from an array of neutral stimuli compared to response times to locate a neutral stimulus from an array
of threatening stimuli is evidence of an attentional bias towards threat. Likewise, slower response times to
locate a neutral target from a matrix of threatening distractor stimuli also provides evidence of an attentional
bias to threat. This task has yielded somewhat inconsistent evidence of attentional bias toward threat in
several studies via facilitated attention towards threat (Lipp & Waters, 2007; Rinck et al., 2003), difficulty
disengaging from threatening stimulus distractors (Ohman et al., 2001; Pflugshaupt et al., 2005), and
sometimes both (Byrne & Eysenck, 1995; Miltner et al., 2004), suggesting that facilitated attention to threat
and difficulty disengaging from threat are not necessarily competing processes as was once thought based
on previous studies that found evidence for just one of the two processes (Cisler et al., 2009).

The visual search task can be modified for use with nonhuman animals by using threatening and
neutral pictural stimuli instead of words (Shibasaki & Kawai, 2009). However, in the visual search task
there is less control over stimulus presentation time, due to the nature of the task presenting both neutral
and threatening stimuli simultaneously. It also presents additional training requirements for animals
compared to humans (Shibasaki & Kawai, 2009), because nonhuman subjects must learn which image type
to identify from the matrix. A few studies have used this task to evaluate attentional bias in nonhuman
primates (Matsuno & Tomonaga, 2006; Shibasaki & Kawai, 2009; Tomonaga, 1995; Tomonaga & Imura,
2015). Chimpanzees are more efficient at detecting faces than non-face objects using a visual search
paradigm (Tomonaga & Imura, 2015), though no studies to date have determined how socially threatening
stimuli influences nonhuman primate attention using this paradigm.

Dot Probe Task

The dot probe task is a commonly used task to assess attentional bias toward threat in humans (Bar-
Haim et al., 2007) that was originally developed by MacLeod and colleagues (1986). In this paradigm,
participants are simultaneously presented with a threatening cue and a neutral cue for a short interval of
time. After this time interval, the threatening and neutral cue disappear and a target appears in the place of
one of the cues. In a congruent trial, the target appears in place of the threatening cue. In an incongruent
trial, the target appears in the place of the neutral cue. Typically, each trial contains one neutral stimulus
and one threatening stimulus, and the participant is instructed to respond to the target as quickly as they
can. Faster reaction times to reach the target on congruent trials compared to incongruent trials are
considered to indicate an “attentional bias” toward threat (Waechter et al., 2014). Generally, this is reported
as an attentional bias “score,” in which the average reaction time from congruent trials is subtracted from
the average reaction time of incongruent trials. If the bias score is positive, that indicates an attentional bias
toward threat. If the attentional bias score is negative, that indicates an attentional bias away from threat.
In this review, we focus on this dot probe task to consider the methodological advantages and disadvantages
associated with it in the field of comparative psychology.

Dot Probe Task: Methodological Considerations
Attention Strategies

The dot probe task is thought to measure attentional allocation rather than response inhibition and
allows the researcher to control for stimulus onset asynchrony so that the time course of attentional
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allocation can be investigated. However, the dot probe task alone cannot always distinguish attentional
strategies, namely, vigilance toward threat, difficulty or delayed disengaging from threat, and
attentional/vigilance-avoidance. The delayed disengagement hypothesis suggests that individuals struggle
to shift attention away from threatening stimuli, while the vigilance-avoidance hypothesis suggests that
individuals will initially orient attention toward the threatening stimulus, and then shift attention away.
Thus, both vigilance toward threat and difficulty disengaging from threat will result in a positive attentional
bias score. Other methods, such as the use of eye-tracking systems or varying stimulus presentation times,
are necessary to make this distinction with certainty. Eye tracking allows for the determination of the
location on which the eye fixates, which is important because unless we know exactly where the eye fixates,
we cannot know for certain whether an individual is avoiding a threatening stimulus or fixating on the
threatening stimulus from the very first fixation (Garner et al., 2006; Liang et al., 2016). Varying stimulus
presentation time can also aid in this differentiation: attentional vigilance toward threat is likely to occur in
early stages of attentional processing, captured with stimuli presented for a short period of time (100ms or
less), while attentional avoidance is more likely to be captured using stimuli presented for a longer period
of time (> 1250 ms), though this is not always the case (Cisler & Koster, 2010). Finally, the inclusion of
baseline stimulus pairs of trials that present two neutral stimuli in addition to the threatening-neutral
stimulus pairing would help to make the distinction between difficulty disengaging from threat and
attentional avoidance of threat. Using baseline reaction time from neutral-neutral trial types to compare to
threat-neutral trials, Koster et al (2004) found evidence in human subjects in support of difficulty
disengaging from threat instead of attentional vigilance toward threat, as there was a delay in the response
to incongruent threat trials (Koster et al., 2004). Future studies that use the dot probe task, particularly
nonhuman animal studies, should consider incorporating these neutral-neutral trial types in order to
disentangle the two possible mechanisms.

Reliability Challenges

There are reports of reliability challenges with the dot probe task. Reliability has repeatedly been
found to be low across studies that use an attentional bias score as the measure of attention on the dot probe
task, particularly in non-clinical populations (Chapman et al., 2019; Schmukle, 2005; Staugaard, 2009).
Broadbent and Broadbent (1988) tested low, moderate, and high anxiety participants on the dot probe task,
and found that only the high trait anxiety individuals showed an attentional bias toward the threatening
words used as stimuli. However, other studies failed to replicate this finding in high trait anxiety
participants (Mogg et al., 1997, 2000). Schmukle (2005) suggested that the dot probe task might be most
appropriate for studies that compare attentional bias scores between groups rather than on an individual
level. Reliability issues may be due to the differences in methodology used across studies. Different studies
vary in stimuli (faces versus words), presentation time, participants (clinical versus nonclinical), and trial
numbers (Bogels & Mansell, 2004; van Rooijen et al., 2017; Waechter et al., 2014). In studies that use faces
as stimuli, longer presentation times with an anxiety induction manipulation tend to find threat avoidance,
but studies that use shorter presentation times without an anxiety induction manipulation tend to find
attentional bias toward threat (Bogels & Mansell, 2004).

Daily repetition of the dot probe task over the span of several weeks improves attentional bias score
reliability (Enock et al., 2014), which is important to consider for studies that use repeated measures within-
subject experimental designs, as many comparative studies do. Enock and colleagues tested participants
three times daily across four weeks using a smartphone dot-probe task. They used neutral faces and disgust
faces that were presented on the screen for 500 ms and found moderate to strong test-retest reliability of
attentional bias scores between weeks (Enock et al., 2014). This is particularly encouraging for nonhuman
primate studies that use this task, because of the repeated-measures design that these studies typically use.
Using raw reaction times to assess attentional bias in place of the traditional attentional bias scores also
improves dot probe reliability (Waechter et al., 2014). The benefit to using raw reaction time data is that it
allows for more data points to work with, rather than collapsing incongruent and congruent raw reaction
times into one difference score (van Rooijen et al., 2017). Yet the use of raw reaction time data instead of
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attentional bias scores can lead to other statistical challenges when comparing group-level performance
across different trial types and stimulus blocks (van Rooijen et al., 2017). This is particularly relevant when
testing for interaction effects with small sample sizes, as is frequently the case in nonhuman primate
research, thus investigators should take this into account when deciding which measure is most appropriate
for their study.

Stimulus Color and Presentation Time

Another issue raised by previous studies is the degree to which faces vs full bodies are key for
eliciting attention-based responses. The stimuli discussed in the studies above focused on the entire body
of the individual, not just the face, so it is possible that the bias found was related to body posture and not
simply facial expression, as is the case in other studies. Instead of using whole-body stimuli, one dot-probe
study tested chimpanzees on conspecific threatening and neutral facial expressions. Faces are one of the
most salient types of socially communicative stimuli (Parr et al., 2000) and serve as social identifiers within
a group and to convey information about an individual’s internal state or the focus of their attention. This
allows the interactor to predict future behavior based on the information portrayed by the face (Leopold &
Rhodes, 2010). Aggressive or threatening facial expressions could indicate to an individual that they are
the target of aggression (Hoffman et al., 2007), so competency in rapidly attending to and interpreting facial
expressions, or showing an attentional bias toward threatening facial expressions, offers social advantages
and could result in severe fitness consequences if ignored (Schmidt & Cohn, 2001). Wilson and Tomonaga
(2018) used unfamiliar conspecific facial expressions presented in greyscale and scrambled stimuli to
control for perceptual aspects of the images, such as color, contrast, luminance, and brightness, and included
both high and low intensity threat faces to measure salience. In order to capture early attention, they used a
short stimulus onset asynchrony of 150 ms to prevent attention switching from one stimulus to the other,
which can occur as rapidly as within 200 ms (Bourne, 2006). Chimpanzees showed no difference in reaction
time following congruent trials and incongruent trials when threatening faces were paired with neutral faces
or in response to low intensity threat compared to high intensity threat across trials (Wilson & Tomonaga,
2018), suggesting that chimpanzees do not show an attentional bias toward threat when viewing facial
expressions from unfamiliar conspecifics, at least when using a short stimulus presentation time of 150ms.
The authors suggested that time may have been too limiting on exposure to the images presented (Wilson
& Tomonaga, 2018), and indeed, other studies that have found effects have used longer presentation times
(300ms; Kret et al., 2016, 1000ms, King et al., 2012). Yet to confirm this effect of presentation time, it is
important that future work compares different presentation time durations within the same study.

Emotional Expressions

Nonhuman primates can discriminate facial expressions (Calcutt et al., 2017; Micheletta et al.,
2015; Parr & Heintz, 2009), yet the ability to recognize different facial expressions does not necessarily
indicate that there should be an attentional bias toward specific kinds of expressions. Indeed, responses to
threatening facial expressions have not been found consistently in nonhuman primates, possibly because
threat detection is influenced by a variety of factors in addition to facial expressions. One such factor could
be individual facial identity — an individual may only respond to a threatening facial expression if it comes
from a higher-ranking individual than themselves, or a lower-ranking individual who is a threat to one’s
current rank. For instance, chimpanzees and rhesus macaques are both able to identify individuals by their
facial identity, even unfamiliar individuals (Parr et al., 2000) and even across the span of decades (Lewis
et al., 2023). Capuchin monkeys (Sapajus [Cebus] apella), too, can generalize the identity of specific
individuals across multiple different angles (Pokorny & de Waal, 2009) and are able to discriminate familiar
ingroup and familiar outgroup members, although not unfamiliar individuals (Talbot et al., 2016).
Stimulus presentation time may also influence attentional bias expression, as noted above, though evidence
for this is mixed. Kret and colleagues (2018) explored the effect of using different stimulus presentation
durations on attentional bias toward emotions with a touch screen dot probe task in humans and
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chimpanzees. In their first experiment, they presented chimpanzees with image pairs for either 33 ms
(subliminal) or 300 ms (supraliminal) and then immediately masked them with neutral images. Stimuli were
full-body photographs of male chimpanzees showing either an aggressive display, a submissive display, or
a neutral whole-body posture and were presented in luminance-controlled greyscale. All stimuli were also
scrambled to control for other low-level features that could influence attention. Chimpanzees did not show
an attentional bias toward the emotional stimuli at either presentation duration (Kret et al., 2018), indicating
that presentation time of the stimuli did not modulate attention in this context for chimpanzees. The authors
suggested that the stimulus set used in this study might not have been ecologically valid enough to evoke
an attentional bias in chimpanzees, because the stimuli were not in color and did not depict scenes, but
instead depicted body expressions. Additionally, positive emotional scenes were not used in this study, yet
positive emotional scenes were the drivers of the attentional bias to emotional compared to neutral stimuli
in bonobos (Kret et al., 2016). The authors emphasize that chimpanzees are sensitive to the emotional
expressions of conspecifics (Buttelmann et al., 2009; Kano et al., 2008; Kano & Tomonaga, 2010; Parr,
2003; Parr et al., 2008), but again, the ability to differentiate emotional expressions does not equate to
demonstrating an attentional bias toward threatening expressions specifically.

From an evolutionary perspective, emotional expressions should be salient signals to chimpanzees,
bonobos, and orangutans, yet there has not been strong evidence of attentional bias toward threatening facial
expressions in chimpanzees or orangutans, and only evidence of attentional bias toward emotional
expressions that are driven by positive expressions in bonobos. One possibility is that the methodological
differences between the current set of studies explain this difference. In both of the chimpanzee studies
discussed above, all stimuli were in greyscale, and in the Wilson and Tomonaga study (2018) the stimuli
were cropped to only show the facial expression, compared to the two bonobo studies that showed full-
body in-color photographic scenes. Color images are presumably more ecologically valid and salient to the
viewer, as they appear more realistic and “natural.” Cropping images to just the face may have a similar
effect on ecological validity. However, the orangutan study did use color images for full-body stimuli, and
still found no evidence of attentional bias toward emotional stimuli (Laméris et al., 2022). Another
important factor to note is that eye gaze may be influential in attentional bias outcomes, due to the important
role that it plays in communicating social information (Lewis & Krupenye, 2022). There is evidence in
tufted capuchin monkeys that eye gaze influences approach behavior: capuchins are slower to approach
food located in front of images of conspecifics with a direct gaze compared to an averted gaze (Morton et
al., 2016). Parr and colleagues (2013) investigated the influence of gaze on attentional bias with and without
intranasal oxytocin administration in rhesus macaques. They did not find a significant difference in
attentional bias score between the placebo and oxytocin conditions, suggesting that eye gaze may not be as
aversive as threat expression (the direct and averted gazes during this condition were all of neutral
expression; Parr et al. 2013).

Comparative Dot Probe Studies with Apes

The dot-probe offers another useful method for the comparative assessment of nonhuman primate
attentional bias because of its implicit nature and minimal training requirements. Participants need only
learn to touch or respond in some way to a target when it appears, instead of learning to select specific types
of stimuli (as required for a visual search task) or rules about selecting stimuli based on specific
characteristics of the stimuli (as required for an emotional Stroop task). Finally, and unlike the other tasks,
the dot-probe allows for the control of stimulus presentation time, which may be a moderator of attentional
bias. There have been a handful of attempts at measuring attentional bias toward social threat in nonhuman
primates, most of which use a version of the dot probe task paradigm. Each of the studies we discuss has
contributed to our understanding of how nonhuman primates allocate their attention, though there are gaps
that remain to be filled (Table 1).
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Table 1

Dot Probe Studies that Investigate Attentional Bias toward Social Threat in Nonhuman Primates

Faces/ Stimuli Presen-
Study Species System Stimuli Valence Full Color tation Manipulation  Evaluation Results
Body Time
Unfamiliar neutral, Bias away from negative faces
Parretal, Macaca monkey negative, direct color Oxytocin, Attention Wlth oxytocin; bias toward
Touchscreen faces, gaze, averted Faces . 500ms . direct gaze over averted gaze
2013 mulatta . images placebo bias score . X .
nonsocial gaze, increased with oxytocin; no
object images  scrambled effect on objects with oxytocin
. Bias toward negative faces but
Unfamiliar . . .
. not objects at baseline; No bias
. monkey neutral, Baseline, . . .
Kingetal., Macaca .. grayscale Attention  with placebo; bias toward
Touchscreen  faces, positive, Faces ¢ 1000ms  testosterone, . -
2012 mulatta . . images bias score  positive faces and away from
nonsocial negative placebo . ) .
Lo negative objects with
object images
testosterone
Familiar and
Sapajus unfamiliar neutral Baseline
Reilly et ) . monk . 1 . Attention .
crye [Cebus] Joystick onkey negative, Faces OF 500ms  oxytocin, tentio Bias away from scrambled
al., 2024 faces, images bias score
apella . scrambled placebo
nonsocial
objects
No group differences reported
using attentional bias scores;
slower reaction times in social
nfamiliar . threat v. neutral trial
u Maternal Attention reat v. neu rass
. monkey . compared to controls and
Morin et Macaca neutral, color maltreatment  bias score; . .
Touchscreen faces, . Faces . 500ms . independent of trial
al., 2019 mulatta . negative images group, reaction . .
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Prevalence of attentional bias toward social stimuli has been explored using a dot-probe task in
some of our closest phylogenetic relatives, the apes, in this case including chimpanzees, bonobos, and
orangutans (Pongo pygmaeus), although results have been inconsistent. Orangutans do not show evidence
of attentional bias toward emotional whole-body scenes (Laméris et al., 2022). The orangutans in the study
were presented with images from emotional behavioral categories consisting of yawning, sex, play,
grooming, and aggression postures matched with neutral emotional stimuli, and these stimuli pairs were
presented for 300 ms. They showed no attentional bias toward or away from any of the stimulus categories,
which the authors suggest could be due to a lack of stimuli salience (Laméris et al., 2022). However, there
is evidence that bonobos show an attentional bias toward emotional scenes in a touch-screen dot probe task
using similar stimuli (Kret et al., 2016), though these scenes were not threatening in nature. Specifically,
emotional scenes consisted of whole-body images and they were either in distress, playing, grooming,
yawning, engaging in sex, feeding, or pant-hooting, the latter of which is a behavior expressed when
bonobos are excited (Kret et al., 2016). Neutral or emotional scenes were presented in color to view for 300
ms, which is the same amount of time that the orangutans viewed their stimuli for (Laméris et al., 2022).
Unlike orangutans, bonobos showed an attentional bias toward the emotional scenes over the neutral scenes,
and the more emotional the scene (as rated by humans, at least), the faster the bonobos responded to the
target. This result seems to have been driven by a few specific categories, including grooming, engaging in
sex, and yawning, which the authors suggested could have been due the fact that all three are thought to
increase social bonding and affiliation or, in the case of yawning, increase empathy and social affinity
(Demuru & Palagi, 2012; Palagi et al., 2014), and therefore are important in bonobo social organization
(Kret et al., 2016). Notably, these three stimuli categories were non-threatening in nature, which leaves the
question of how socially threatening stimuli influences attentional bias in bonobos unanswered. These
studies demonstrate that socially relevant, non-threatening emotional stimuli can result in an attentional
bias toward conspecific social emotional information in bonobos, but has not been found in orangutans so
far.

In a follow up touch-screen study, van Berlo et al. (2023) assessed bonobo attention toward familiar
or unfamiliar individuals with emotional (distress, play, grooming, sex, yawning, scratching) or neutral
expressions. Similar to the previous study, stimuli used in Experiment 1 included the whole body of the
bonobo, not just the face. Using the same stimulus presentation time of 300 ms, the researchers found that
bonobos showed an attentional bias toward unfamiliar conspecific emotional scenes, but not toward familiar
conspecific emotional scenes, suggesting that attention to emotional expressions is modulated by familiarity
of the expressor. In a second study, researchers further explored the role of familiarity by using color photos
of facial expressions (angry, fearful, happy, sad) of familiar and unfamiliar humans. In this case, the
bonobos did not show an attentional bias toward either familiar or unfamiliar humans. However, several
issues make it difficult to interpret these results. It is possible — and indeed likely — that the human stimuli
were less salient to the bonobos than the (conspecific) bonobo stimuli (van Berlo et al., 2023). However,
the researchers also switched from full body stimuli to face stimuli, and there may be differences in how
faces are interpreted and/or bonobos’ responses to them as compared to full bodies. Of course, a third
possibility is that the bonobos found them salient and interpreted them perfectly well, but do not show a
response to human faces, which might suggest that this would be the case for any heterospecific, as humans
are similar in form and are a familiar species to these bonobos. Overall, these experiments suggest that
social information is most relevant from conspecifics, although more work is needed before we can
conclude this. More importantly, they suggest that the familiarity of the individual being observed is
important (at least for conspecifics).

Comparative Dot Probe Studies with Monkeys

Interestingly, the evidence for attentional bias toward threat specifically has been more consistent
in thesus monkeys than in ape species. King and colleagues (2012) tested a group of adult male rhesus
macaques on a touch screen dot probe task to determine what effect testosterone administration had on this
attentional bias. In this study, stimuli were presented for a longer duration — 1000 ms — before the target
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appeared. Stimuli were presented in pairs of one neutral image and one positive or negative image. All
images were faces of unfamiliar macaques cropped to just show the face, and all images were presented in
greyscale, suggesting that color and whether the image is restricted to the face may not influence attentional
bias in these tasks, at least in rhesus macaques. As an additional manipulation, nonsocial objects that were
threatening (e.g., gloves, syringes), neutral (e.g., shoes, cage locks), and positive (e.g., bananas, grapes)
were presented to assess whether the attentional bias to threat was exclusively to social threat, or if it
included nonsocial threat as well. At baseline, rthesus macaques showed an attentional bias toward negative
social stimuli, but not towards positive social stimuli, negative nonsocial stimuli, nor positive nonsocial
stimuli (King et al., 2012). The authors also noted that this initial attentional bias diminished between the
first month of testing and the fourth month of testing, likely due to repeated exposure to the stimuli over
time.

Interestingly, when testosterone was administered, rhesus monkeys showed a general decrease in
reaction time in response to the target. They also showed an attentional bias away from negative nonsocial
stimuli (avoidance), and an attentional bias toward positive social stimuli, which is the opposite of what
was observed at baseline (King et al., 2012). However, all reaction times to respond to the target were
reduced in the testosterone treatment condition, including the placebo sessions, which indicates that this
result could have occurred due to repeated exposure to the stimuli over the course of four months rather
than due to the hormone manipulation. Habituation to stimuli is an issue that can be circumvented with
careful planning when using the dot probe task. For instance, when possible, researchers should use large
sets of stimuli instead of small sets that then require multiple repetitions of the same images, which could
lead to faster habituation. Oftentimes this is challenging to do, such as when working with images that are
difficult to obtain, in which case it is critical that researchers incorporate statistical analyses that account
for the possibility of habituation to stimuli. Lastly, researchers should be mindful of proportion-congruent
effects through careful consideration of what proportion of trials presented will be those of statistical
interest compared to “filler” trials within each block of trials (Bugg & Crump, 2012). Future studies should
take the issue of habituation of stimuli into account when using the dot probe task.

In a direct comparison of humans and nonhuman primates, male rhesus macaque performance on
the dot probe task was compared to human male performance on the task using both face and nonsocial
threatening, positive, and neutral stimuli. Humans viewed unfamiliar human faces and macaques viewed
unfamiliar macaque faces. Both versions of the task presented stimuli in emotional-neutral pairs for
1000ms. Humans showed a significant attentional bias toward negative human faces, but attentional
avoidance of negative objects (Lacreuse et al., 2013), while rhesus macaques also showed an attentional
bias toward threat faces but neither a bias toward or avoidance of nonsocial stimuli. Due to the long stimulus
presentation time, this bias was not explained by early attentional orienting and vigilance, but instead
measured difficulty in disengaging from threatening stimuli or attentional capture (Lacreuse et al., 2013).
The lack of attentional bias toward positive stimuli in the Lacreuse (2013) study contrasts what was found
in bonobos (Kret et al., 2016). However, there were several methodological differences that could account
for these differences in results, including the use of face stimuli instead of whole-body stimuli, and the use
of colored stimuli instead of greyscale stimuli, so more work is needed before we conclude that there is a
species difference in their responses. Also of note is that some of these studies only tested male animals
(King et al., 2012; Lacreuse et al., 2013). It is equally important to consider female primates in the response
to threatening social stimuli, as it is possible that females, who have very different ecological and social
constraints, will respond differently than males.

Another study compared attentional bias toward threatening facial expressions in both male and
female macaques that experienced early maternal maltreatment compared to subjects that experienced
competent maternal treatment (Morin et al., 2019). These subjects were tested on a touch screen dot probe
task using color stimuli of pairs of conspecific threat faces and neutral faces presented for 500 ms. In a
separate task, subjects were also presented with threatening nonsocial objects and neutral nonsocial objects
as a comparison to the social stimuli. The authors reported a main effect of maternal treatment group on
reaction time during the dot probe task such that subjects with a history of maltreatment reacted more slowly
on the social task during threat/neutral trials compared to controls on both congruent and incongruent trials,
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but they did not react more slowly on the nonsocial task. In the nonsocial task, control subjects showed
faster reaction times over the span of the testing days, but the maltreated subjects did not show this change
over time. Interestingly, this effect was not seen when using the attentional bias score, but only the raw
reaction time data (Morin et al., 2019). Elevated levels of prenatal cortisol exposure were associated with
threat avoidance (slower reaction times) in both competent and maltreated groups, which suggests that
cortisol plays an important role in the development of emotional attention in rhesus macaques.

A related study evaluated the influence of a stressful intervention on attention to social stimuli in
rhesus macaques, though not with a dot probe paradigm. Bethell and colleagues (2012) found that male
macaques were more likely to show an attention bias toward a threatening conspecific face stimulus
compared to a neutral conspecific face stimulus following a stress-inducing health evaluation, as measured
by the proportion of time the subject spent gazing at each stimulus (Bethell et al., 2012). This study
quantified the stressful experience by conducting focal observations on each subject for behavioral
indicators of stress, but did not provide additional biological indicators of stress, such as change in cortisol
level. These results do not align with the results of the study presented above, which found a slower reaction
time in subjects with a stressful rearing history of maternal maltreatment when viewing social trials (Morin
et al., 2019). These differences could reflect a difference in the influence of long-term versus short-term
stress on attention, although this will need to be repeated using the same task in both contexts. Few studies
have investigated the hormonal mechanisms of attentional bias toward threat in nonhuman primates, leaving
a future avenue for exploration.

Hormonal Mechanisms of Attentional Bias toward Social Threat
Cortisol and Attentional Bias toward Threat

Stress is an important yet largely unexplored factor that may influence attentional bias toward social
threat in nonhuman primates. Cortisol, the main output hormone of the hypothalamic-pituitary-
adrenocortical (HPA) axis, is known to increase in response to both physical and psychological stressors in
primates (Sapolsky, 2005), though these stressors may disproportionately extend towards subordinate
individuals compared to dominant individuals within a social group (Abbott et al., 2003; Dettmer et al.,
2017; Feng et al., 2016). As a result, subordinate individuals might pay attention to threatening social
signals differently than dominant individuals do. Some primates can distinguish between threatening and
neutral interactions better than others in a social setting, regardless of social rank. As an example, some
male olive baboons (“cluster E”; Ray & Sapolsky, 1992) are better at distinguishing between threatening
and neutral interactions with competitive rivals than others, making them highly adept at navigating their
social groups (Ray & Sapolsky, 1992; Sapolsky & Ray, 1989). These males also had lower basal cortisol
concentrations than males that were not as adept at distinguishing threatening versus neutral interactions
(Ray & Sapolsky, 1992), making basal cortisol level a better correlate of behavioral profile than of
dominance rank. Male olive baboons that had lower basal cortisol concentrations were also more likely to
initiate a fight if the interaction was deemed threatening, win the fight against a competitor, and displace
aggression to a third-party individual if they lost the fight to a competitor compared to males with different
behavioral profiles (Sapolsky & Ray, 1989). Unlike these low-cortisol males, the dominant males in the
same group of baboons did not show these behavioral styles and had basal cortisol levels as high as that of
subordinate individuals (Sapolsky & Ray, 1989). Thus, one might predict that individuals with low levels
of cortisol would be more adept at discerning mild threat from non-threatening situations by showing an
attentional bias toward these social threats compared to individuals with high levels of cortisol, regardless
of dominance.

One study has investigated the relationship between cortisol and attentional bias toward socially
threatening stimuli in a platyrrhine species, the tufted capuchin monkey (Reilly et al., 2024). Capuchins
viewed pairs of threatening and neutral color images of familiar or unfamiliar conspecific faces and non-
face stimuli for 500 ms in a dot probe task. Stimuli were also presented in scrambled form as a control.
Interestingly, capuchins showed no evidence of attentional bias in any of the face or non-face categories of
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stimuli. They did, however, show attentional avoidance of scrambled familiar face stimuli. Individuals with
higher attentional bias scores (indicative of attention toward threat) also had higher levels of baseline fecal
cortisol, though the authors suggest that the biological effect of this relationship is likely small, based on
the small effect size (Reilly et al., 2024).

Oxytocin and Attentional Bias toward Threat

It would also be insightful to further investigate the hormonal mechanisms involved in social
affiliation via oxytocin because exogenously administered oxytocin has been found to mediate attention to
socially threatening signals in primates. There is evidence that oxytocin, administered intranasally,
suppresses the vigilance response of rhesus monkeys towards socially threatening faces (Ebitz et al., 2013),
but the way in which it does this is unclear. There are two hypotheses: the first hypothesis attributes this
reduction in reactivity towards social threats to the stress-reducing properties of oxytocin (Bartz &
Hollander, 2006; Heinrichs et al., 2003), specifically by reducing HPA axis activity (Neumann, 2002).
Much of the evidence in support of the anxiolytic hypothesis has been focused on lactation in animals and
humans because lactation leads to a release of oxytocin in response to suckling behavior (Uvnas-Moberg
et al., 1990), and lactating rats show reduced cortisol secretion in response to physical and psychosocial
stressors (Neumann et al., 1998). Moreover, injection administration of oxytocin leads to decreased cortisol
levels in female rats (Uvnéds-Moberg, 1998) and humans (Chiodera & Coiro, 1987). Social support also
suppresses salivary cortisol levels. In chimpanzees, grooming with preferred social partners led to an
increase in urinary oxytocin levels (Crockford et al., 2013) and a decrease in cortisol levels (Wittig et al.,
2016), though whether this is the mechanism that leads to a reduction in reactivity toward social threat has
yet to be explored.

A second hypothesis is the social-salience hypothesis (Shamay-Tsoory et al., 2009; Shamay-Tsoory
& Abu-Akel, 2016), which posits that oxytocin increases the salience of social signals, and thereby leads
to increased attentional processing of these signals (Harari-Dahan & Bernstein, 2014). Evidence in support
of this hypothesis is seen in studies in which intranasal oxytocin administration increases gaze to the eye
region of conspecific faces in both humans (Gamer et al., 2010; Guastella et al., 2008) and monkeys (Dal
Monte et al., 2014; Ebitz et al., 2013). Not only does this hypothesis account for the positive effects of
oxytocin by increasing individual attention to social signals, such as increased prosocial behavior, it also
accounts for the negative effects, such as decreased prosociality during competitive situations (De Dreu et
al., 2010) or when interacting with outgroup members (Shamay-Tsoory et al., 2009). For this reason, we
might also expect that intranasally administered oxytocin directs attention to social signals more than would
be attended to at baseline (Bartz et al., 2010). In the case of individuals who are already hyper-alert towards
social signals, negative stimuli may exacerbate their negative interpretation of social cues (Bartz et al.,
2010).

Taubert and colleagues (2019) distinguished between these hypotheses by determining whether
intranasal oxytocin administration had a general anxiolytic effect, or whether intranasal oxytocin had a
selective effect on stimulus salience for negative-valence face stimuli. Rhesus macaques performed an
identity matching-to-sample task and an expression matching-to-sample task. In the identity matching-to-
sample task, monkeys had to match the identity of a sample conspecific face, and in the expression
matching-to-sample, the monkeys were tasked with matching the facial expression. If oxytocin had a
general anxiolytic effect on performance, then we would expect that these effects would generalize to both
the identity task and the expression task. Instead, the results of this study showed that oxytocin only had an
effect on performance in the expression matching task, not the identity matching task, suggesting that
oxytocin’s effect was specific to behavior (Taubert et al., 2019).

Stress Buffering Effects of Oxtocin on Attentional Bias

Although cortisol is a measure of stress in nonhuman primate species (Novak et al., 2013), and
oxytocin may serve as a buffer to stress, few studies have investigated the possible stress-buffering effects
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of intranasal oxytocin administration on attention to emotional stimuli in male and female rhesus macaques
using the dot probe task (Parr et al., 2013). The task presented images for 500 ms in the following pairs:
one neutral face paired with its scrambled equivalent, one bared-teeth display facial expression and its
scrambled equivalent, or one open mouth threat face and its scrambled equivalent. 48 IU of intranasal
oxytocin or placebo was administered before completing the task. Subjects could begin the task 60 min
after placebo or oxytocin administration in an effort to maximize the peak uptake of oxytocin into
cerebrospinal fluid (Parr et al., 2013). oxytocin led to an attentional bias away from negative facial
expressions but did not affect attention toward neutral faces. Moreover, reaction times were slower on
emotionally congruent trials and faster on emotionally incongruent trials, suggesting that intranasal
oxytocin did not just reduce the salience of social stimuli, but led to the active avoidance of those stimuli.
One would not expect any increase in reaction time on incongruent trials if oxytocin acted to simply reduce
salience, because a reduction in salience should only reflect a change in response to the emotional stimuli
(congruent trials). These results show that oxytocin may act specifically on the most aversive social signals,
rather than on social signals compared to nonsocial signals in general, making it a good candidate to
investigate as a moderator of attentional bias toward social threats, particularly in other primate species.

One such species is the tufted capuchin monkey. Reilly and colleagues (2024) investigated the
influence of oxytocin on attentional bias toward threat in tufted capuchin monkeys using a dot probe task.
Capuchins were treated with two different oxytocin manipulations: an exogenous intranasal oxytocin
manipulation in which 15 [U of intranasal oxytocin was administered, or an endogenously induced oxytocin
manipulation, in which oxytocin increase was induced through eliciting a species-typical fur-rubbing
behavior that has been shown to reliably increase capuchin urinary oxytocin levels (Benitez et al., 2018;
Sosnowski et al., 2023). Subjects also completed an intranasal saline control condition and a non-fur-rub-
inducing control condition. Thirty minutes post-oxytocin manipulation, subjects were given a dot probe
task and were presented with image pairs of threatening and neutral conspecific familiar and unfamiliar
color face images as well as scrambled pairs of each image for 500 ms. Interestingly, in the manipulated
oxytocin conditions, monkeys only showed attentional avoidance of the scrambled threatening face stimuli.
Specifically, monkeys showed attentional avoidance of the scrambled familiar face category in the
intranasal oxytocin manipulation compared to the intranasal saline control, and they showed attentional
avoidance of the scrambled unfamiliar face category in the fur-rubbing condition compared to the non-fur-
rubbing control. They showed no bias toward or away from any of the other categories of stimuli (Reilly et
al., 2024). The authors suggest that this may have been due to the ambiguous nature of the scrambled
images, as several face features were perceptible (i.e., teeth) despite the scrambled appearance of the image
as a whole, which could have drawn more attention than an unscrambled image. Nonetheless, future work
would benefit from clarifying the role of oxytocin in the modulation of attentional bias toward social threat
in other species.

Discussion

Studying the presence of attentional bias toward social threat in other nonhuman primate species,
particularly more phylogenetically distant species such as platyrrhine primates, allows us to determine
whether this bias is unique to humans and, if not, when it might have emerged across evolutionary history.
Current evidence suggests that exhibiting an attentional bias toward threatening social stimuli may not be
a cognitive trait unique to humans. However, the literature is not entirely conclusive, and still little is known
about the mechanisms that underlie this cognitive bias in nonhuman primates, particularly the hormonal
mechanisms involved. The dot probe task is a particularly useful tool among others to evaluate this
attentional bias in nonhuman primates through the use of neutral and threatening images. In fact, the dot
probe task may be the best available task for assessing attentional bias toward social threat in a comparative
context (King et al., 2012; Kret et al., 2018; Lacreuse et al., 2013; Laméris, van Berlo, et al., 2022; van
Berlo et al., 2023; van Rooijen et al., 2017; Wilson & Tomonaga, 2018) due in part to its minimal training
requirements, ease of administration, and to the implicit nature of the task itself. This is not to say that the
task is without flaws; aside from the abovementioned concerns, there are tradeoffs that come with tasks that



Reilly & Brosnan 606

do not require more attentional demand on the subject. For instance, it is possible that subjects completing
a more complex task, such as an emotional Stroop task, may also maintain stronger focus than when they
complete a dot probe task simply due to the lower task demands of the dot probe task. However, more
demanding tasks also tend to be more time intensive with training requirements, and therefore more limiting
in the species that can be evaluated.

There has been a growing number of studies that investigate attentional bias toward social threat in
great ape species and in rhesus macaques using a dot probe task, yet contradictory results indicate that there
are open questions about the presence of this bias in chimpanzees and bonobos that might be clarified with
methodological adjustments. Evidence suggests that although bonobos are sensitive to positive emotional
social stimuli over neutral stimuli, and they do not appear to be as sensitive to threatening social stimuli,
though they have not been specifically evaluated on their attention to threatening conspecific facial
expressions. Conversely, chimpanzees have been evaluated with stimuli of threatening and neutral
conspecific facial expressions, yet there is no evidence that chimpanzees show an attentional bias toward
threatening facial expressions, despite the social information that they are able to extrapolate from faces.
Because of the methodological differences across studies, however, it is premature to conclude that other
ape species besides humans do not show an attentional bias toward social threat; it will be important to
repeat some of these studies using more consistent methodologies, and to assess this bias in gorillas using
comparable methodology, in order to broadly comprehend the prevalence of attentional bias toward socially
threatening stimuli. The dot probe task has been successfully implemented with gorillas, though not in the
context of socially threatening stimuli (Leinwand et al., 2022), leaving an opportunity for future
investigation. Preliminarily, the current results from chimpanzee, orangutan, and bonobo research might be
explained by differences in behavioral ecology between the species (Kret et al., 2016; Laméris, et al., 2022;
Wilson & Tomonaga, 2018).

Differences in the prevalence of attentional bias toward social threat that have been observed across
the primate phylogeny may also be understood in the context of differences in species social and feeding
ecologies. For instance, chimpanzees and capuchins inhabit similar niches in their natural environments
(De Petrillo & Rosati, 2019) and also share commonalities across their foraging ecologies: both species are
omnivorous and engage in extractive foraging (Fragaszy et al., 2004; Sanz & Morgan, 2009). Importantly,
chimpanzees (Wilson & Tomonaga, 2018) and capuchins do not show an attentional bias toward or away
from social threat (Reilly et al., 2024), unlike bonobos, who do show an attentional bias toward positive
emotional stimuli expressions and affiliative social scenes (Kret et al., 2016). Bonobos differ in their social
and feeding ecologies from other apes in that they experience more homogenous food resources that are
less seasonally dependent, exerting less time and effort to acquire their diets. They are also more affiliative
(De Petrillo & Rosati, 2019; Malenky & Wrangham, 1994; Rosati, 2017) and tolerant food-sharers than
chimpanzees (Hare et al., 2007; but see Jaeggi et al., 2010 for zoo-housed apes). Orangutan feeding ecology
resembles that of capuchins and chimpanzees (Knott, 1999) in that they feed on seasonal, dispersed fruits.
Their social ecology differs from other apes in that they tend to be more solitary (Roth et al., 2020; Van
Schaik, 1999) with variation between subspecies (van Schaik et al., 2009), but they do use facial expressions
to communicate, and may do so intentionally (Waller et al., 2015). Even so, orangutans do not show an
attentional bias toward emotional expressions (Laméris, et al., 2022). In comparison to apes, rhesus
macaques show a robust bias toward threatening facial expressions (King et al., 2012; Lacreuse et al., 2013;
Parr et al., 2013), and this aligns with their behavioral ecology, as they are a less tolerant, despotic species
(Matsumura, 1999; Thierry, 1985). Future studies should investigate the prevalence of an attentional bias
toward socially threatening stimuli in gorillas. Based on evidence from gorilla social and feeding ecology,
which, like bonobos, focuses on a fairly homogenous, herbaceous diet (Rogers et al., 2004), one might
predict that gorillas would show an attentional bias toward emotional conspecific faces similar to bonobos.
A large part of the gorilla diet consists of herbaceous vegetation over fruit, similar to bonobos, which may
result in less competition within groups for a more plentiful food source. This may also contribute to a more
tolerant social ecology in gorillas, again like bonobos (although they are different in other socioecological
ways, for instance because bonobos are a female-dominant species). Thus, there is reason to believe that
gorillas might show a similar level of attention toward an emotional conspecific facial expression as has
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been found in bonobos. This would not be the first instance of this sort of phylogenetic split in a cognitive
process relating to species foraging ecology: gorillas and bonobos have been found to be risk averse, while
orangutans and chimpanzees (and capuchins; De Petrillo & Rosati, 2019) have been found to be risk-
seeking (Pel¢ et al., 2014), as their respective foraging ecologies would predict.

To fully characterize the emergence of attentional bias toward socially threatening stimuli, we
argue that it is important to evaluate other, more distantly related primate species that also rely on faces to
communicate social information, such as other platyrrhines, as well as the ape species that has not yet been
evaluated, namely, gorillas. Additionally, there is a need to go beyond the primate taxa to investigate other
non-primate species in order to better understand how differences in behavioral ecology between species
influence attentional biases more broadly. Lastly, there is evidence to suggest that there may be shared
hormonal mechanisms that are associated with attentional bias formation specific to socially threatening
stimuli, yet few studies have explored this relationship. Future studies should evaluate the relationship
between cortisol, oxytocin, and attentional bias toward social threat in these additional species to help form
a clearer picture of when this bias emerged across the primate phylogeny and beyond.
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