
Received: 20 November 2023 | Revised: 7 February 2024 | Accepted: 10 March 2024

DOI: 10.1002/ajp.23623

R E S E A R CH AR T I C L E

Capuchin monkeys' (Sapajus [Cebus] apella) categorization of
photos of unknown male conspecifics suggests attention to
fWHR and a dominance bias

Ashley M. Meacham1 | Meghan J. Sosnowski1,2 | Heather M. Kleider‐Offutt1,3 |

Sarah F. Brosnan1,2,3,4

1Department of Psychology, Georgia State

University, Atlanta, Georgia, USA

2Language Research Center, Georgia State

University, Decatur, Georgia, USA

3Neuroscience Institute, Georgia State

University, Atlanta, Georgia, USA

4Center for Behavioral Neuroscience, Georgia

State University, Atlanta, Georgia, USA

Correspondence

Ashley M. Meacham, Department of

Psychology, Georgia State University, P.O.

Box 5010, Atlanta, GA 30302‐5010, USA.
Email: ameacham1@student.gsu.edu

Present address

Meghan J. Sosnowski, California National

Primate Research Center, University of

California, Davis, California, USA.

Funding information

Georgia State University,

Grant/Award Numbers: 2CI PSCEB Doctoral

Fellowship, Brains & Behavior Doctoral

Fellowship; National Science Foundation,

Grant/Award Numbers: IBSS 2135621,

SES 1919305

Abstract

The ability to quickly perceive others' rank minimizes costs by helping individuals

behave appropriately when interacting with strangers. Indeed, humans and at least

some other species can quickly determine strangers' rank or dominance based only

on physical features without observing others' interactions or behavior. Nonhuman

primates can determine strangers' ranks by observing their interactions, and some

evidence suggests that at least some cues to dominance, such as facial width‐to‐

height ratio (fWHR), are also present in other primates. However, it is unknown

whether they can determine strangers' rank simply by looking at their faces, rather

than observing their interactions. If so, this would suggest selective pressure across

the primates on both cues to dominance and the ability to detect those cues

accurately. To address this, we examined the ability of male and female tufted

capuchin monkeys (Sapajus [Cebus] apella) to categorize images of the faces of

unknown conspecifics (Sapajus from different colonies) and humans (computer‐

generated and real) as dominant or nondominant based only on still images.

Capuchins' categorization of unknown conspecific faces was consistent with fWHR,

a cue to dominance, although there was a strong tendency to categorize strangers as

dominant, particularly for males. This was true despite the continued correct

categorization of known individuals. In addition, capuchins did not categorize human

strangers in accordance with external pre‐ratings of dominance by independent

human raters, despite the availability of the same cue, fWHR. We consider these

results in the context of capuchin socio‐ecology and what they mean for the

evolution of rapid decision‐making in social contexts.
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1 | INTRODUCTION

Humans use first impressions as important cues of how a stranger

might behave (e.g., aggression and violence) so that they can

determine how to respond appropriately. These first impression cues

come primarily from face judgments, which can occur in as few as

100ms (Willis & Todorov, 2006), suggesting that these responses are

automatic. The automaticity of these judgments suggests that they

could be based on cues that have evolved to be reliable and easy to

perceive, such that they can be assessed rapidly (Mealey et al., 1996;

Todorov, 2017). Indeed, one would anticipate that this might be a

particularly important ability for any highly social species, not just

humans, in which individuals must routinely—and rapidly—decide

how to best interact with both familiar and unfamiliar others, and for

which the ability to make judgments quickly and accurately would

allow an individual to predict how another might behave and respond

accordingly (Lefevre et al., 2014; Pineda et al., 1994; Todorov, 2017).

In particular, individuals should be especially proficient at recognizing

and categorizing others who may be relevant to their well‐being, for

instance, as a potential threat (Mealey et al., 1996).

One ever‐present threat in the social arena is a more dominant

individual, who may best one in competition for resources. As might

be expected, humans are particularly sensitive to any facial cues (e.g.,

wide nose, thin lips, and broad jaw; Kleider‐Offutt et al., 2021;

Windhager et al., 2011) correlated with dominance, a trait that

increases with perceived masculinity (Oosterhof & Todorov, 2008),

body size (Han et al., 2017), and physical strength (Windhager

et al., 2011). When faced with an unknown individual, dominance

cues may be particularly informative when deciding how to respond,

especially among individuals who may be less dominant. Among

humans, less dominant men show an increased attentiveness

toward such cues (e.g., masculinity and height; Watkins et al., 2010)

as compared to more dominant men, and women, who are often

shorter and smaller than men (Batres et al., 2015; Gray &

Wolfe, 1980; Zebrowitz, 2017), and therefore, presumably, less

dominant, are more likely to rate male faces as more dominant overall

(e.g., Kleider‐Offutt et al., 2021). Some have even argued that this

suggests a potential cognitive bias toward dominance‐related threat

potentials (Mealey et al., 1996). Humans are not alone in this,

either; birds identify dominance from the size of “badges,”

such as head tufts, that correlate with strength and rank

(Rohwer, 1975, 1977, 1982), giving us reason to believe that visual

cues may be an important signal across the animal kingdom to the

assessment of strangers.

Indeed, dominance is a key feature in structuring both human

(Keating et al., 1981; Kleider‐Offutt et al., 2021) and animal

(Boehm, 1999; de Waal, 1982) social groups. Dominant individuals

gain significant benefits (such as longevity, infant survival, and

success in mating; Murray et al., 2007; Palombit et al., 2001; Rhodes

et al., 2005; Silk et al., 2003; Silk et al., 2010; Valentine et al., 2014),

and individuals know both their place in the hierarchy and, at least in

some animals, others' places in it as well (for instance, capuchin

monkeys preferentially recruit allies who outrank their adversaries,

suggesting that they monitor relative rank of those around them;

Cebus capuchinus: Perry et al., 2004).

Perhaps not surprisingly, then, dominance cues are important in

primate species. Many primates give standardized submissive signals

(Preuschoft & van Hooff, 1995), such as the pant grunt in

chimpanzees (de Waal, 1982), which are unidirectional, unambiguous

standardized signals given from the subordinate to the dominant.

Experimental work shows that nonhuman primates can learn to

identify and discriminate dominance cues through observing social

interactions (Bovet & Washburn, 2003; Paxton et al., 2010), suggest-

ing that monkeys can also utilize abstract social concepts to assist in

navigating these social settings. An important question that remains,

however, is whether this dominance recognition in nonhuman

primates extends to information derived primarily from the face, as

is true in humans. If nonhuman primates, too, use facial structures to

make rapid judgments about social features, such as dominance, it

would further suggest that facial cues to dominance have been

conserved, at minimum, across primate species.

Parallel lines of research suggest that this could be the case. For

instance, facial width‐to‐height ratio (fWHR), a widely debated

indicator of dominance and dominance‐related behavior (see Durkee

& Ayers, 2021), is a cue common to both human and nonhuman

primates. The ratio of facial width (i.e., the distance between

cheekbones) to upper facial height (i.e., the distance between the

upper lip and mid‐brow) increases, along with testosterone levels,

after puberty (Dixson, 2017; Valentine et al., 2014), indicating that

this structural change might confer some fitness benefit as individuals

enter sexual maturity and mating competition (e.g., Lefevre

et al., 2014). From a physiological standpoint, increased facial width

(i.e., broader jaw) may be linked to greater bite strength and teeth

being utilized as a weapon (Lefevre et al., 2014; McArthur &

Apatow, 1984), signifying increased fighting ability and an overall

capacity to inflict harm. Supporting the possibility of an evolutionary

link, fWHR was positively related to alpha status and assertiveness in

adult brown capuchin monkeys (Sapajus [Cebus] apella; including

some of the same subjects in the current study), along with significant

sexual dimorphism (i.e., visible difference in appearance) in adults

compared to juveniles (Lefevre et al., 2014). These results suggest

that there are structural indicators of dominance in the faces of other

species, an essential step if animals are to accurately assess

dominance from visual cues alone. Moreover, if fWHR is used by

Research Highlights

• Tufted capuchins categorize unknown male faces as

dominant or not consistent with facial width‐to‐height

ratios.

• Categorizations are biased toward dominance, suggest-

ing that all strangers are initially treated as a threat.

• This suggests that capuchins do best by assuming

dominance in unknown males.
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capuchins as a structural cue to dominance because it is a feature

that is shared by at least some other primates (i.e., humans show a

similar pattern of fWHR variation), in principle, it could be used to

assess dominance in non‐conspecific faces as well.

To this end, we tested the ability of tufted capuchin monkeys

(Sapajus [Cebus] apella) to categorize faces of both other capuchin

monkeys and humans—the other primate with whom they have the

most direct experience—as dominant or nondominant using only

photographs. Capuchins are a particularly good nonhuman primate to

use for this question. They are an unusually long‐lived, highly social

primate species (Benitez et al., 2021; Fragaszy et al., 2004) in which

females live their entire lives in the same social group and develop

close‐knit, reciprocal relationships that include mutual grooming (di

Bitetti, 1997), food sharing (de Waal, 2000), and even allo‐nursing of

one another's infants (Baldovino and Di Bitetti, 2008), suggesting that

relationships are critical. Recognizing dominance is important in

capuchins; males must constantly assess whether they are in a

position to take over a group or whether an unfamiliar male may be in

a position to take over from them, and females must recognize when

a new male will take over, as incoming males can be highly infanticidal

(Benitez et al., 2021; Janson & van Schaik, 2000). As mentioned

above, adult capuchins' fWHR is positively related to alpha status

(Lefevre et al., 2014), so we can be reasonably confident that there is

at least one cue for the primates to use if they are so inclined. Finally,

our particular group of capuchins is ideal as our monkeys live in

stable, mixed‐sex social groups, allowing them to have species‐typical

relationships and have visual and vocal access to multiple other

groups in their outdoor enclosures, allowing them a complex social

repertoire that facilitates the development of species‐typical social

behavior. Capuchins also recognize both familiar groupmates and

familiar out‐group members in photographs (although not unfamiliar

out‐group members; Talbot et al., 2016), indicating that capuchins are

able to extract identifying information from two‐dimensional images

of conspecific faces.

In the present study, we first trained tufted capuchin monkeys to

categorize photographs of familiar male conspecifics (i.e., within

visual access at the same facility; Talbot et al., 2016) as dominant

(alpha male) or nondominant. We then assessed whether they could

generalize these trained dominance categories to images of

unfamiliar male conspecifics. To do so, we solicited photos of male

capuchins (both dominant and nondominant) from other facilities

housing captive group‐housed monkeys that were unknown to and

unrelated to our monkeys, so that we could determine whether our

monkeys could successfully identify the real‐world dominance of

unknown individuals by their image alone, based upon whatever cue

they were using. As monkeys make accurate dominance assessments

based on behavior (Bovet & Washburn, 2003; Paxton et al., 2010),

we predicted that they would correctly categorize photos of

unfamiliar male faces as “dominant” or “nondominant” at above

chance levels. Given the differences in costs and benefits for males

and females, we also predicted that categorizations might differ

between subjects of different sexes, although we did not have a

directional prediction.

To explore whether these facial cues of dominance were

common across primate species (and if so, if capuchins could

generalize these dominance categories to non‐conspecific faces),

we then tested whether capuchins would categorize images of

computer‐generated and real male human faces, all unfamiliar to our

subjects, in the same way as human raters. Humans were an

appropriate choice for two reasons. First, our capuchins interact with

a variety of humans daily, including both males and females, so this is

the most familiar non‐conspecific primate species with which to test

them. Second, fWHR varies with dominance in similar ways in

humans as capuchins (see Geniole et al., 2015). We did not have a

prediction with respect to the human faces, and indeed, success

would not tell us whether they were using the same cues to

categorize humans and monkeys. However, an ability to do so would

at least suggest that they could generalize across primates.

Finally, we did not initially include a measure of each stimulus'

fWHR, but given its potential importance to identifying dominance,

we added it post hoc to the model to determine if this may have been

related to their choices (because this was post hoc, we did not have

an a priori prediction).

2 | METHODS

2.1 | Transparency and openness

We report how we determined our sample size, all data exclusions

(there were none), all manipulations, and all measures in the study.

3 | STUDY 1 – TRAINING

3.1 | Subjects

We tested 25 adult tufted capuchin monkeys (7 males and 18 females,

age range: 9–34 years) housed at the Language Research Center (LRC) at

Georgia State University. Capuchin monkeys at the LRC live in one of

five mixed‐sex social groups, with the exception of one bachelor pair of

males who live together with one another and adjacent to another social

group with whom they always have visual and vocal access. Every

capuchin group, including the bachelor pair, has its own large

indoor–outdoor enclosure that includes a large outdoor play yard to

which they have access except during inclement weather or if they

choose to separate for voluntary testing. Each day, monkeys are given

the opportunity to voluntarily separate from their groupmates to

participate in cognitive and behavioral testing. Monkeys are never

deprived of food, water, or access to the outdoors or their groupmates to

encourage participation in testing, and the only consequence of choosing

not to separate from their group is not being able to participate in the

day's cognitive testing. All monkeys are fed a species‐appropriate diet of

vegetables, fruit, and supplemental monkey chow in several meals each

day (testing rewards are in addition to this diet) and water is available ad

libitum, including during testing.
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All monkeys at the LRC have extensive experience with the LRC

Computerized Testing System (Evans et al., 2008), consisting of a

joystick‐controlled computer with a monitor and attached pellet

dispenser, which automatically dispenses 45mg Bioserv reward

pellets for correct responses. Computers are either a desktop

computer running Windows XP or a laptop computer running

Windows 7; the program, which was coded in Python 2.7, was

consistent across all computers regardless of Windows version.

All procedures for the present study were approved by the

Georgia State University Institutional Animal Care and Use Commit-

tee (IACUC, #A16031, #A19027) and complied with all relevant legal

requirements that govern research involving animal subjects in the

United States of America. All procedures with respect to the

treatment of our sample complied with the American Psychological

Association's ethical standards for the treatment of animals in

research and the American Society of Primatologists's statement on

the Principles for the Ethical Treatment of nonhuman Primates.

3.2 | Categorization task

3.2.1 | General trial procedure

We tested subjects on a computerized two‐choice categorization

task in which monkeys determined if a presented face image

represented a dominant or nondominant individual. Stimuli consisted

of head‐on images of conspecific (or, in later phases, human) faces

with neutral expressions looking directly ahead that were cropped to

include only the face, ears, and tufts (two patches of longer dark hair

on top of the head, a distinguishing feature in this species; see

Figure 2 below) with whitespace surrounding; we standardized

images to appear at 200 × 200 pixels and controlled for image size

as much as possible given the irregular shape by ensuring that the

face comprised at least 75% of the image presentation.

Unfortunately, we had a very small number of images due to

limitations in our ability to source photos that (1) were of males that

were unknown and unrelated to our monkeys, (2) were of sufficient

quality (i.e., high enough pixel count and in‐focus image), (3) that had

the proper pose and facial expression (facing the camera with a

neutral expression), and (4) for which we had information about

dominance, all of which were essential for the current study. There

are very few facilities housing tufted capuchins, and we relied on

their generosity in providing photos (we could not use photos

available on open‐source photography websites because we did not

have dominance information on these animals). This meant that we

had an unbalanced number of photos per individual, and that the

number of “dominant” and “nondominant” monkeys was dictated by

the number of those males housed at each facility, including our own.

Captive capuchin groups often have only one adult male (the

dominant male), both to minimize conflict and because this group

structure reflects a common robust capuchin demographic in the wild

(Benitez et al., 2021). While we and some of our colleagues have

groups with multiple males (and, thus, nondominant males), this

tendency toward groups with a single male resulted in more

dominant than nondominant individuals in our training stimuli set,

although our test stimuli set was better balanced. Thus, we overall

were limited in our ability to standardize the number of individuals in

each dominance category and the number of images per individual,

which we had to account for by repeating photos to avoid an

unbalanced design.

To deal with our small sample set while maintaining the same

number of exposures to dominant and nondominant stimuli during

training and non‐probe trials during testing (when differential

reinforcement was used), stimuli were used more than once, using

random sampling with replacement. As a result, in training and in

non‐probe trials during testing, the presentation of categories

(dominant/nondominant) was always balanced, but subjects saw

the same images more than once and saw the same images of

nondominant individuals (our smaller sample set for familiar stimuli)

repeated more frequently than those of dominants (our larger sample

set of familiar stimuli). However, the selection of images was fully

randomized within each phase, so the number of times each subject

saw a particular image varied across subjects, ensuring no systematic

difference in which image or face was seen more frequently. More

importantly, for probe trials during testing, we had a much

more balanced sample of dominant versus nondominant males and

a more balanced sample of images; in fact, it was reversed from that

of training and non‐probe trials during testing, with slightly more

images of nondominants than dominants (there were more images

than individuals because we had multiple images of most males).

Moreover, subjects were not differentially reinforced for probe trials,

which should have avoided issues with frequency effect biases during

testing. The number of dominant and nondominant individuals and

stimuli per category utilized in each phase of the study is described in

greater detail in the following sections and in Table 1. Although this

unbalanced number of images was clearly not ideal, it allowed us to

run the study given the limited sample of images met our criteria that

we were able to obtain.

All trials began with a start screen with a randomly selected face

image displayed in the upper‐center and the cursor in the lower‐

center of the screen (Figure 1). To begin a trial, monkeys moved the

cursor up to contact with the stimulus. Once the trial began, the face

stimulus remained on the screen for 2 s before two response symbols

were presented on either side of the bottom of the screen. One

symbol, a blue triangle, represented the “dominant” category, and the

other, a yellow cross, represented the “nondominant” category. To

emphasize that the response categories remained the same over

different types of stimuli and to provide an additional cue, the

dominant response symbol was always presented on the left, while

the nondominant response symbol was always presented on the

right. If the monkey correctly categorized the face in the training

phases, they received positive auditory feedback (a chime) and a food

pellet. After a brief intertrial interval (2 s), monkeys were allowed to

begin the next trial. However, following incorrect responses,

monkeys received negative auditory feedback (a buzz) and a longer

“time out” period (5‐s intertrial interval). In testing probe trials (see
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below), monkeys were rewarded for either choice to avoid influen-

cing their categorizations.

3.2.2 | Training phases

We first trained the monkeys to associate the response symbols with

the dominance categories. To do so, we used positive reinforcement

to train the monkeys to associate one symbol with dominance (i.e.,

alpha male) and one with nondominance using photos of familiar male

conspecifics that they regularly see at the LRC. Capuchins recognize

photos of familiar conspecifics (Talbot et al., 2016), so we expected

that, based on their knowledge of each male's dominance status in

their respective groups, they would extrapolate to categorizing the

face images as they would the actual monkeys. Which males were

alpha males (i.e., the dominant) was assessed through a combination

of researcher and caregiver report and group scan behavioral

observations.

Because our training was based on familiar individuals, it was

limited by the number of individuals housed at our facility. Only the

alpha male of each group was categorized as “dominant,” and other

males (there were never more than two males in any group) were

categorized as “nondominant.” InTraining Phase 1, for which the goal

was to train the categories, we had five alpha males and two

nondominant males. In Training Phase 2, for which the goal was to

see if the categories generalized, we used novel images of the same

seven individuals to see if the monkeys extrapolated to these males'

new photos. In addition, to test whether their categorization

generalized to photos of other familiar monkeys whose photos they

had not seen in Training Phase 1, we included two additional

individuals, one dominant and one nondominant male, for whom we

had been able to acquire appropriate photos since testing com-

menced (getting photos of males in the correct pose and facial

expression without another individual or element of their cage

obstructing can be difficult). Of course, two monkeys are not a

sufficiently large sample to test generalization conclusively, but the

goal was not to test generalization but to teach the categories, and

additional exemplars gave them a greater chance of doing so. Thus,

Training Phase 2 consisted of a total of nine (six alpha males

and three nondominant) familiar conspecific faces. Finally, as noted

TABLE 1 Number of individuals and stimuli per category utilized during probe trials in each phase of the study.

Phase
Dominant
individuals N

Dominant
images N

Nondominant
individuals N

Nondominant
images N

Training 1 5 19 2 10

Training 2 6 35 3 14

Unfamiliar conspecifics 5 25 6 41

Computer‐generated humans 25 25 25 25

Real humans 17 17 18 18

Note: N = sample size.

F IGURE 1 Sample trial shown to subjects. Note: While images are recreated in grayscale here, monkeys were presented color images for
conspecific face stimuli, cursor, and choice symbols.

MEACHAM ET AL. | 5 of 17

 10982345, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajp.23623 by Sarah B

rosnan - G
EO

R
G

IA
 STA

TE U
N

IV
ER

SITY
 , W

iley O
nline Library on [26/03/2024]. See the Term

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline Library for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons License



previously, although we were limited in the number of alpha and

nondominant males, we ensured that dominant and nondominant

images were presented equally often within each phase of training by

using sampling with replacement.

In Phase 1, monkeys saw a single set of full‐color images of

familiar male conspecific faces (Figure 2; 7 males, NDominant = 19

images, NNondominant = 10 images), presented in a randomized order,

such that of every eight trials, four were “dominant” and four were

“nondominant” images, and were rewarded for correctly categorizing

those faces as dominant or nondominant. We set the training

criterion at 80% accuracy in two consecutive sessions, at which point

they moved to the next phase.

The goal of Phase 2 was to ensure that the monkeys would

generalize this learned categorization rule to a novel set of stimuli

utilizing the same procedure from Phase 1. Thus, we presented novel

photos of the seven males in Phase 1 and two novel males (9 males,

NDominant = 35 images, NNondominant = 14 images); none of these

images had been shown in Training Phase 1. The criterion was again

set at 80% accuracy on two consecutive sessions. Two female

capuchins failed to completeTraining Phase 1, and one male capuchin

failed to completeTraining Phase 2 and were therefore dropped from

the study.

3.2.3 | Testing phases

Testing phases consisted of fully randomized probe and non‐probe

trials. One of every seven trials was a non‐differentially reinforced

probe trial that contained an unfamiliar stimulus—depending on testing

phase, this was either an image of an unknown conspecific face

(Testing Phase 1; see details below), a computer‐generated human

face (Testing Phase 2), or a real human face (Testing Phase 3)—and six

non‐probe trials, containing three “dominant” and three “nondominant”

trials, consisting of familiar conspecific face images fromTraining Phase

2. For non‐probe trials, the feedback and reward/consequence for

correct and incorrect categorizations were consistent with training. For

probe trials, monkeys received positive auditory feedback and a pellet

regardless of their categorization to avoid biasing their overall

F IGURE 2 Sample dominant (top row) and nondominant (bottom row) male capuchin faces. Note: While images are reproduced in grayscale
here, monkeys were presented color images for conspecific face stimuli.
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categorizations of these stimuli. Monkeys completed 1000 total trials

in each testing phase, divided among as many sessions as they

required (MdnTest1 = 2 sessions, IQR: 2–2 sessions, range: 1–5

sessions; MdnTest2 = 2 sessions, IQR: 2–3 sessions, range: 1–5 sessions;

MdnTest3 = 4.5 sessions, IQR: 3.25–7 sessions, range: 2–15 sessions).

Testing Phase 1 assessed monkeys' ability to categorize images

of the faces of unfamiliar conspecifics. We used full‐color photo-

graphs (N = 66) of 11 unfamiliar male conspecifics (five dominant, six

nondominant) from four other captive capuchin colonies that were

unrelated to and unfamiliar to our monkeys to create face stimuli

using the same procedure that we described for creating the training

stimuli. We used only photos in which the unfamiliar conspecifics had

a neutral expression; although we did our best to use similar quality

photographs as to our training stimuli (and chose to exclude some

that were clearly of lower quality), as all of these monkeys

were group‐living (i.e., unrestrained) and different photographers

took the photos at each facility, there was some variation in image

quality. For these photos, the males were rated as “dominant” (N = 25

images) or “nondominant” (N = 41 images) by caretakers familiar with

them at their respective facilities (not the authors of the current

study). Again, as with the training stimuli, the number of “dominant”

and “nondominant” monkeys was dependent upon the number of

those individuals housed at each facility, and the number of images of

each unfamiliar individual was determined by the images that

colleagues had available.

Testing Phase 2 assessed whether monkeys could categorize

computer generated images of human male faces. The computer‐

generated human faces (FaceGen Modeller; Singular Inversions, Toronto,

Canada) consisted of a subset of images taken from a larger database of

25 unique face identities that varied on seven levels of dominance (for

examples, see Oosterhof & Todorov, 2008; Todorov & Oh, 2021;

Todorov & Oosterhof, 2011). To remove extraneous variation and match

our available sample for Testing Phase 3, we chose to use faces that were

generated to be bald, White males with neutral expressions. We also

converted all images to grayscale because humans are more variable in

coloration (eyes, hair, and skin) than capuchins, which vary very little. For

the purposes of the current study, we used the dominant “extremes” to

alleviate concerns that a face would be perceived as ambiguously

dominant; thus, we used the pre‐determined least (i.e., “nondominant”;

N=25) and most (i.e., “dominant”; N=25) dominant images for each

distinct face identity.

Finally, in Testing Phase 3, we assessed whether monkeys could

categorize images of real, but unknown human faces. To test this, we

used photographs of real male humans from the Chicago Face

Database (for examples, see Ma et al., 2015). All faces were White

males, again converted to grayscale, with neutral expressions. Faces

were pre‐rated on a variety of physical and subjective attributes (e.g.,

dominance and attractiveness); thus, using the dominance ratings

provided in the Chicago Face Database norming data and codebook

(see Ma et al., 2015 for further details), we performed a median split

to determine our “nondominant” (N = 18) and “dominant” (N = 17)

face‐type categories. Additionally, the photos varied in the amount

and length of hair; thus, the faces were cropped to include only a thin

line of hair to preserve the natural shape of the skull while also

limiting the effects of hairstyle on categorization.

Because all cognitive testing at the LRC is voluntary, monkeys

can choose not to participate or can choose to stop participating at

any time. One female subject failed to complete Testing Phase 2, and

two females and one male failed to complete Testing Phase 3.

Overall, 18 monkeys completed all phases of the study.

3.2.4 | fWHR measurement

In previous literature, fWHR was positively associated with hierar-

chical rank in adult brown capuchin monkeys (Sapajus [Cebus] apella),

suggesting that fWHR might be a key physical cue related to

dominance judgments (Lefevre et al., 2014). Therefore, as a post hoc

measure, we assessed if our subjects in the present study might have

used fWHR to help inform their decision‐making when categorizing

conspecifics. To do so, we developed a methodology to calculate

fWHR for each individual depicted in the stimuli, based on that

described in previous literature that measured fWHR in nonhuman

primates (Lefevre et al., 2014; Wilson et al., 2013).

Two fully frontal images of each individual were randomly

selected from our stimulus set, deidentified, and placed into a new,

random order; we horizontally aligned and scaled each of these

photos according to interpupillary distance using WebMorph soft-

ware (DeBruine, 2018). Two independent coders blind to the

experimental conditions used the WebMorph software to identify

facial points using these aligned and scaled stimulus photos. Coders

identified nine points on each face that allowed us to calculate the

horizontal distances between the left to right facial boundaries in two

places: first, the horizontal distance across the face at the height of

the monkey's eyelids, and second, the horizontal distance across the

face at the height of the center of the monkey's upper lip. Then, they

identified the vertical distance from the midpoint of the monkey's

upper lip to the highest point of the eyelids. One coder measured all

photos (a total of 40 photos from 20 individuals), and a second coder

independently measured a randomly selected 25% of these (10

photos total, no more than one photo per stimulus monkey; neither

coder had previously participated in the study and so did not know

the monkeys or our hypotheses). Inter‐rater reliability for these

measurements was high (r(8) = 0.92, p < 0.001, 95% CI [0.70, 0.98]).

Using these measurements, we calculated fWHR for each photo by

dividing the maximum horizontal distance by the height of the face;

the measures for the two photos were then averaged, inspected for

high variability between measurements, and included in our model

for Testing Phase 1.

As the calculation of fWHR is almost identical for human faces

(Carré & McCormick, 2008), we used the same methodology to align,

scale, and identify the relevant facial points among the computer‐

generated human faces (Testing Phase 2) in WebMorph; however,

instead of measuring the vertical distance using the highest point of

the eyelids, we opted for the mid‐brow (Hehman et al., 2015). One

coder (AMM) measured all photos (a total of 50 photos, each of a
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unique identity), and a second coder blind to the hypotheses

independently measured a randomly selected 20% of these (10

photos total). Inter‐rater reliability for these measurements was high

(r(8) = 0.91, p < 0.001, 95% CI [0.67, 0.98]). For the real human faces

(Testing Phase 3), we used the fWHR measurements provided in the

norming data and codebook for the Chicago Face Database (Ma

et al., 2015).

3.2.5 | Data analysis

Data analyses were conducted in R v4.0.3 (R CoreTeam, 2020) using the

“glmer” function available in the lme4 package (Bates et al., 2015) and the

“ANOVA” function in the stats package (R Core Team, 2020). We

analyzed the likelihood of categorizing a face as dominant on testing trials

that included unfamiliar conspecific (Testing Phase 1), computer‐

generated human (Testing Phase 2), and real human (Testing Phase 3)

faces. Within each phase, we isolated the probe trials from non‐probe

trials (i.e., familiar conspecific faces) to assess the trials of interest. For

each testing phase, we built separate mixed‐effect binary logistic

regression models to assess the fixed effects of actual rated dominance

(0 = nondominant, 1 = dominant) and the standardized continuous varia-

ble of fWHR on the outcome variable of dominance categorization

(0 = nondominant, 1 = dominant) for both male and female subjects

(Bonferroni corrections were conducted to account for multiple

comparisons). The form of the model is as follows:

Dominance Categorization ~ Rated Dominance + fWHR + (1| Subject).

Furthermore, within each model, we included subject identity as

a random effects variable (i.e., grouping variable) to account for the

different baseline rates of the outcome. We also compared the fit of

each model that we built to that of a null model consisting of only the

intercept and random effects terms:

Dominance Categorization ~ 1 + (1| Subject).

Aggregated models controlling for the age of the subjects are

presented in Supplement 1 (Supporting Information S1: Tables S1–S3).

Additionally, to determine whether monkeys were simply trained

to categorize unfamiliar faces as dominant, we calculated kappa

coefficients (k) to assess whether they were choosing one category

over the other at greater than expected values given how often a

particular type of face (i.e., dominant and nondominant) appeared for

both probe (i.e., unfamiliar conspecific, computer‐generated human,

and real human) and non‐probe (i.e., familiar conspecific) trials. In this

way, we could evaluate and compare the distribution of erroneous

responses when categorizing unfamiliar and known/trained faces to

determine if a systematic bias was present across one or both types

of trials for males and/or females. The aggregated and individual

summaries of the categorization pattern and error distribution for

each testing phase are presented in Supplement 2 (Supporting

Information S1: Tables S4–S26).

4 | RESULTS

4.1 | Training

Twenty‐two capuchins (6 males and 16 females) completed training and

moved onto testing. Due to the logistical constraints of obtaining stimuli,

the study lacks a proper transfer set and has fewer exemplars than is

recommended for capuchins to show full transfer (~128 stimuli; Wright

et al., 2021); nonetheless, the median number of trials to 80% criterion

across all 78 training stimuli dropped from 7535 trials inTraining Phase 1

(MdnTrain1 = 7535 trials, IQR: 5315–14,596.75 trials, range: 1555–26,198

trials) to 2215 trials in Training Phase 2 (MdnTrain2 = 2215 trials, IQR:

1474.25–3794 trials, range: 804–16,043 trials); suggesting that capuchins

likely abstracted the categorization rule to a reasonable degree.

To better determine the degree to which the monkeys generalized

the categories that they learned to the new set of stimuli rather than re‐

learning the task in Training Phase 2, we compared overall accuracy

between the first 50 trials of Training Phase 2 and the last 50 trials of

Training Phase 1. Accordingly, monkeys were performing at 72%

accuracy (above chance) for the first 50 trials of Training Phase 2 relative

to 95% accuracy for the last 50 trials of Training Phase 1, indicating that

they only partially abstracted (training performance > transfer perform-

ance > chance (50%)) the categorization rule to the novel set of stimuli

(see Katz et al., 2007). Additional supplemental analyses (see Supplement

2, Supporting Information S1: Table S27 and Figure S1) show that overall

performance increased across sessions of Training Phase 2—with all

monkeys reaching criterion by session 15. Finally, overall categorization

TABLE 2 Summary of the mixed effects binary logistic
regression analyses using unfamiliar conspecific faces for variables
predicting probe trial dominance categorization among (A) male
subjects and (B) female subjects.

A: Male subjects (N = 6; 143 probe trials per subject)

Predictor b SE eb 1/eb 95% CI

Intercept 2.01*** – – – –

Rated dominance 0.20 0.31 1.22 – [−0.41, 0.83]

fWHR 0.57*** 0.16 1.77 – [0.26, 0.89]

Marginal R2/
conditional R2

0.075/0.395

B: Female Subjects (N = 16; 142–144 probe trials per subject)
Predictor b SE eb 1/eb 95% CI

Intercept 1.00*** – – – –

Rated dominance 0.28 0.15 1.32 – [−0.01, 0.56]

fWHR 0.93*** 0.08 2.54 – [0.77, 1.09]

Marginal R2/
conditional R2

0.207/0.358

Note: Rated dominance: nondominant target is the reference category. eb:
odds ratio; 1/eb: inverse odds ratio.

(A) Full versus null model: χ2(2) = 35.43, p < 0.001.

(B) Full versus null model: χ2(2) = 287.59, p < 0.001.

***p < 0.001.
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accuracy across the first 50 trials of Training Phase 2 was influenced by

the fWHR of the familiar conspecific faces, such that the likelihood of a

dominant category response being accurate was significantly greater as

fWHR increased, while the likelihood of a nondominant category response

being accurate was greater as fWHR decreased (see Supplement 3,

Supporting Information S1: Table S28 and Figure S2).

4.2 | Testing Phase 1 (unfamiliar conspecific faces)

4.2.1 | Male subjects

Six male capuchins completed Testing Phase 1. fWHR was a

significant predictor of dominance categorization (b = 0.57, SE = 0.16,

eb = 1.77, p < 0.001, 95% CI [0.26, 0.89]; Table 2A), such that as

fWHR increased, males were more likely to categorize a face as

dominant. Externally rated dominance (i.e., real‐world rank) was not a

significant predictor of dominance categorization (lines are close

together in Figure 3a). Instead, male subjects had a propensity to

categorize any face as dominant, regardless of externally rated

dominance (83% of trials), despite being accurate for known/trained

faces, indicating that this dominance bias is specific to the unknown/

untrained images (kappa coefficients for probe (k = 0.10; NTrials = 858)

and non‐probe (k = 0.87; NTrials = 5142) trials, along with the error

rates, are presented in Table 3A).

4.2.2 | Female subjects

Sixteen female capuchins completed Testing Phase 1. As with

males, fWHR was a significant predictor of dominance categori-

zation (b = 0.93, SE = 0.08, eb = 2.54, p < 0.001, 95% CI [0.77,

1.09]; Table 2B), such that females were more likely to categorize

a face as dominant as fWHR increased (Figure 3b). Again, like

males, externally rated dominance was not a significant predictor

of dominance categorization, with females categorizing faces as

dominant at a high rate (71% of trials) in probe trials despite being

accurate for known/trained faces (kappa coefficients for probe

(k = 0.19; NTrials = 2286) and non‐probe (k = 0.85; NTrials = 13,714)

trials, along with the error rates, are presented in Table 3B).

F IGURE 3 Percentage of dominant category responses made by (a) male subjects and (b) female subjects according to the rated dominance
(dominant = solid line, nondominant = dashed line) and standardized fWHR measurements of the unfamiliar conspecific target faces.
Gray‐shaded areas represent 95% CI.
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4.3 | Testing Phase 2 (computer‐generated human
faces)

4.3.1 | Male subjects

Six male capuchins completed Testing Phase 2. The overall model

predicting dominance categorization was not significant, suggest-

ing that our model predictors do not reliably influence dominance

categorization (Table 4A). However, consistent with Testing

Phase 1, males were slightly more likely to categorize a face as

dominant as fWHR increased (Figure 4a). Furthermore, the kappa

coefficients for probe (k = 0.01; NTrials = 856) and non‐probe

(k = 0.85; NTrials = 5144) trials suggest that males continued to

show a dominance bias (64% of trials) when categorizing

computer‐generated human faces despite maintaining high

accuracy rates for known/trained faces (Table 5A).

4.3.2 | Female subjects

Fifteen female capuchins completed Testing Phase 2. The overall

model predicting dominance categorization was not significant,

suggesting that our model predictors do not reliably influence

dominance categorization (Table 4B). Inconsistent with previous

TABLE 3 Summary of the categorization pattern and error distribution for probe (i.e., unfamiliar conspecific) and non‐probe (i.e., familiar
conspecific) trials presented in Testing Phase 1 among (A) male subjects and (B) female subjects.

A: Male subjects (N = 6)

Probe trials Non‐probe trials
Dominance categorization Dominance categorization

External Rating Dominant Nondominant Total rating % Errors Dominant Nondominant Total rating % Errors

Dominant 293 33 326 0.10 2401 171 2572 0.07

Nondominant 415 117 532 0.78 169 2401 2570 0.07

Total cats. 708 150 858 2570 2572 5142

% Errors 0.59 0.22 0.07 0.07

B: Female subjects (N = 16)

Probe trials Non‐probe trials
Dominance categorization Dominance categorization

External rating Dominant Nondominant Total rating % Errors Dominant Nondominant Total rating % Errors

Dominant 733 129 862 0.15 6258 600 6858 0.09

Nondominant 897 527 1424 0.63 429 6427 6856 0.06

Total cats. 1630 656 2286 6687 7027 13,714

% Errors 0.55 0.20 0.06 0.09

Note: Total cats.: total number of categorizations made according to dominance category; % Errors (row): percentage of errors made according to the
dominance category chosen relative to the external rating of the stimulus (e.g., proportion of dominant responses made for nondominant stimuli); Total
rating: total number of trials containing each type of externally rated stimulus; % Errors (column): percentage of errors made according to the type of
externally rated stimulus being categorized relative to the dominance category chosen (e.g., proportion of dominant stimuli categorized as nondominant).

Total number of probe and non‐probe trials presented in Testing Phase 1 are bolded.

TABLE 4 Summary of the mixed effects binary logistic
regression analysis using computer‐generated human faces for
variables predicting probe trial dominance categorization among
(A) male subjects and (B) female subjects.

A: Male subjects (N = 6; 142–143 probe trials per subject)

Predictor b SE eb 1/eb 95% CI

Intercept 0.91 – – – –

Rated dominance −0.07 0.17 0.93 1.07 [−0.40, 0.26]

fWHR 0.18* 0.08 1.20 – [0.02, 0.34]

Marginal R2/
conditional R2

0.006/0.340

B: Female subjects (N = 15; 142–144 probe trials per subject)
Predictor b SE eb 1/eb 95% CI

Intercept −1.42* – – – –

Rated dominance 0.18 0.14 1.19 – [−0.10, 0.46]

fWHR −0.12 0.07 0.89 1.13 [−0.26, 0.02]

Marginal R2/
conditional R2

0.002/0.607

Note: Rated dominance: nondominant target is the reference category. eb:
odds ratio; 1/eb: inverse odds ratio.

(A) Full versus null model: χ2(2) = 4.90, p = 0.09.

(B) Full versus null model: χ2(2) = 3.32, p = 0.19.

*p < 0.05.
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results, however, the likelihood of categorizing a face as dominant

decreases slightly as the fWHR of the computer‐generated human

faces increases (Figure 4b). Accordingly, the kappa coefficients for

probe (k = 0.00; NTrials = 2147) and non‐probe (k = 0.88; NTrials =

12,853) trials indicate that females shifted their bias toward non-

dominance (69% of trials) when categorizing computer‐generated

human faces, again despite maintaining great accuracy for known/

trained faces (Table 5B).

4.4 | Testing Phase 3 (real human faces)

4.4.1 | Male subjects

Five male capuchins completed Testing Phase 3. The overall model

predicting dominance categorization was not significant, suggesting

that our model predictors do not reliably influence dominance

categorization (Table 6A). Interestingly, and in line with the results for

females fromTesting Phase 2, the likelihood of categorizing a face as

dominant now, if anything, decreased as the fWHR of the real human

faces increased (Figure 5a). Accordingly, the kappa coefficients for

probe (k = 0.08; NTrials = 715) and non‐probe (k = 0.81; NTrials = 4285)

trials suggest that males shifted their bias towards nondominance

(68% of trials) when categorizing real human faces while sustaining

their accuracy for known/trained faces (Table 7A).

4.4.2 | Female subjects

Thirteen female capuchins completed Testing Phase 3. The results

suggest that fWHR was a significant predictor of dominance

categorization (b = −0.22, SE = 0.07, eb = 0.81, 1/eb = 1.24, p < 0.01,

95% CI [−0.36, −0.07]; Table 6B). Consistent with the findings from

Testing Phase 2, as fWHR increased, females were less likely to

categorize a face as dominant (Figure 5b). Moreover, the kappa

coefficients for probe (k = −0.04; NTrials = 1852) and non‐probe

(k = 0.84; NTrials = 11,148) trials suggest that females continued to

show a bias towards nondominance (69% of trials) when categorizing

real human faces despite remaining accurate for known/trained faces

(Table 7B).

F IGURE 4 Percentage of dominant category responses made by (a) male subjects and (b) female subjects according to the rated dominance
(dominant = solid line, nondominant = dashed line) and standardized fWHR measurements of the computer‐generated human target faces.
Gray‐shaded areas represent 95% CI.
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5 | DISCUSSION

In this study, we found that monkeys trained to categorize familiar

conspecific faces as dominant or nondominant partially generalized these

categories to unfamiliar capuchin faces, despite the small training set,

suggesting that subjects were able to extract information about

dominance from unknown conspecifics. Their choices also mirrored the

fWHR of the sample faces, suggesting that this cue, which is known to

correlate with dominance, may be the (or one of the) mechanisms the

monkeys were using to make this discrimination. Notably, however,

capuchins showed a strong bias towards categorizing unknown

individuals as dominant while maintaining high accuracy on known faces,

suggesting that there is an overall bias towards assuming any stranger is a

potential threat (i.e., dominant). Finally, monkeys did not show the same

categorization for either unfamiliar computer‐generated or unfamiliar real

human faces, suggesting that this ability does not generalize to the

evaluation of other species' faces, despite these monkeys' extensive

familiarity with humans. Finally, males and females showed varying

systematic biases during categorization of probe, but not non‐probe, trials

across each testing phase. Below, we discuss each of these in turn.

Capuchin monkeys were able to learn to categorize based on

dominance (dominant vs. nondominant) and then generalize it to

unfamiliar conspecifics based entirely on static images (i.e., photo-

graphs). This extends previous research on dominance categorization

in nonhuman primates, which found that monkeys could make similar

TABLE 5 Summary of the categorization pattern and error distribution for probe (i.e., computer‐generated human) and non‐probe (i.e.,
familiar conspecific) trials presented in Testing Phase 2 among (A) male subjects and (B) female subjects.

A: Male subjects (N = 6)

Probe trials Non‐probe trials
Dominance categorization Dominance categorization

External rating Dominant Nondominant Total rating % Errors Dominant Nondominant Total rating % Errors

Dominant 272 147 419 0.35 2466 105 2571 0.04

Nondominant 278 159 437 0.64 285 2288 2573 0.11

Total cats. 550 306 856 2751 2393 5144

% Errors 0.51 0.48 0.10 0.04

B: Female subjects (N = 15)
Probe trials Non‐probe trials
Dominance categorization Dominance categorization

External rating Dominant Nondominant Total rating % Errors Dominant Nondominant Total rating % Errors

Dominant 324 710 1034 0.69 6055 374 6429 0.06

Nondominant 344 769 1113 0.31 393 6031 6424 0.06

Total cats. 668 1479 2147 6448 6405 12,853

% Errors 0.51 0.48 0.06 0.06

Note: Total cats.: total number of categorizations made according to dominance category; % Errors (row): percentage of errors made according to the
dominance category chosen relative to the external rating of the stimulus (e.g., proportion of dominant responses made for nondominant stimuli); Total
rating: total number of trials containing each type of externally rated stimulus; % Errors (column): percentage of errors made according to the type of

externally rated stimulus being categorized relative to the dominance category chosen (e.g., proportion of dominant stimuli categorized as nondominant).
Total number of probe and non‐probe trials presented in Testing Phase 2 are bolded.

TABLE 6 Summary of the mixed effects binary logistic
regression analysis using real human faces for variables predicting
probe trial dominance categorization among (A) male subjects and (B)
female subjects.

A: Male subjects (N = 5; 143 probe trials per subject)

Predictor b SE eb 1/eb 95% CI

Intercept −1.13 – – – –

Rated dominance 0.21 0.21 1.23 – [−0.20, 0.61]

fWHR −0.08 0.11 0.93 1.08 [−0.30, 0.14]

Marginal R2/
conditional R2

0.002/0.362

B: Female subjects (N = 13; 140–143 probe trials per subject)
Predictor b SE eb 1/eb 95% CI

Intercept −1.28* – – – –

Rated dominance −0.20 0.14 0.82 1.22 [−0.48, 0.08]

fWHR −0.22** 0.07 0.81 1.24 [−0.36, −0.07]

Marginal R2/
conditional R2

0.010/0.528

Note: Rated dominance: nondominant target is the reference category. eb:

odds ratio; 1/eb: inverse odds ratio.

(A) Full versus null model: χ2(2) = 1.12, p = 0.57.

(B) Full versus null model: χ2(2) = 14.49, p < 0.001.

*p < 0.05; **p < 0.01.
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categorizations based on social interactions (Bovet &

Washburn, 2003; Paxton et al., 2010), and suggests that a static

image, perhaps analogous to a glance, is sufficient to convey at least

some dominance information. Indeed, the ability to rapidly assess

stranger monkeys to determine whether they pose a threat to the

current alpha, which is a risk of overthrow for the male and

infanticide for the female (Benitez et al., 2021), would benefit

capuchins.

An obvious question is how they did so. fWHR in capuchins

correlates with dominance (Lefevre et al., 2014), or possibly with the

capacity to harm, which would indicate threat (i.e., the wider jaw may

be associated with greater bite strength; McArthur & Apatow, 1984).

Thus, we explored the correlation between our monkeys' choices and

fWHR and found that both males and females appeared to be using it

as a cue, at least for unfamiliar conspecifics, in the current study. This

fits with previous work finding that both fWHR and other cues are

associated with perceived formidability in humans (Todorov, 2017;

Toscano et al., 2014; Zilioli et al., 2015) and work in other species on

cues (i.e., plumage patch size in golden‐crowned sparrows; Zono-

trichia atricapilla; Chaine et al., 2018) that are used to guide behavior

during social encounters (Rohwer, 1975, 1977, 1982). Of course,

there are potentially other factors, for instance, those associated with

secondary sexual characteristics (which include fWHR, but also

enhanced tufts and changes in facial shape), that could have been

used as cues as well. It is also possible that our subjects may have

relied on other aspects of the stimuli, such as the maximum width

and/or height of the image, or the ratio between the two. However,

monkeys consistently categorized images of the same individual with

respect to dominance for 10 of 11 unfamiliar conspecifics, suggesting

that other variations across photos were not influencing responses in

most cases.

One of our more interesting results is that in the non‐

differentially reinforced probe trials, capuchins displayed a systematic

bias towards judging the faces of strangers as dominant, regardless of

the external dominance rating of the target faces, while maintaining

high accuracy rates for familiar faces. Their continued accuracy in the

baseline trials suggests that this was not an artifact of training (i.e., we

did not simply train them to always choose the dominant icon). From

an ecological standpoint, this makes sense. Male capuchins should be

sensitive to other males as potential threats to their dominant

F IGURE 5 Percentage of dominant category responses made by (a) male subjects and (b) female subjects according to the rated dominance
(dominant = solid line, nondominant = dashed line) and standardized fWHR measurements of the real human target faces. Gray‐shaded areas
represent 95% CI.
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position or individuals who must be overcome to move up the

hierarchy, thus the safest error is to over‐estimate dominance.

Relatedly, females risk infanticide if a new male takes over the group,

so they should be cautious of strangers. None of our females were

pregnant or had young offspring, however; thus, future work could

further explore whether this finding reflects a generalized response,

rather than one based on immediate circumstances, for instance, by

testing whether female capuchins who had infants (and thus were at

risk of infanticide) responded differently than the females in our

study. These results are also similar to human females' choices, who

tend to rate unknown male faces as more dominant overall (e.g.,

Kleider‐Offutt et al., 2021). Humans are also more sensitive to faces

that are more similar to their own (Watkins & Jones, 2012; Watkins

et al., 2010), so it would be interesting to see how capuchin females

respond to female faces in future work.

Unfortunately, due to the challenges of acquiring images, we

lacked sufficient data for a full transfer set (Wright et al., 2021), and

the lack of full transfer in the first 50 trials between training phases

indicates that the categories were only partially generalized by the

rule. In addition, of course, we do not know what rule they actually

learned. While we chose the photos based on dominance (i.e., who

was alpha male or not), it is possible that we trained them to

discriminate based on fWHR (or some other cue) and that this, to the

monkeys, had nothing to do with dominance. Nonetheless, the fact

that fWHR correlates with dominance in other contexts suggests that

this may be a way that capuchins, and presumably other primates,

extrapolate information about dominance from unknown individuals,

likely by learning to associate individuals with certain facial ratios

with dominant behaviors or relative hierarchical positions. Never-

theless, again, our small sample size for both the number of subjects

and the number of stimuli limits our ability to fully extrapolate our

findings.

Despite their success with conspecifics, monkeys did not reliably

categorize human faces. On the one hand, this is not surprising; after all,

humans are not conspecifics, and there is no obvious, ecologically valid

reason that capuchin monkeys should have evolved to respond to human

dominance cues as they do to conspecific ones. On the other hand, if our

specific monkeys were to generalize to another species, one might expect

that it would be humans, because our faces are structurally similar, share

at least some of the same characteristics of dominance (e.g., fWHR), and,

perhaps most importantly, our population of capuchins is extremely

familiar with humans. As a captive group, they interact closely with

multiple humans on a daily basis and have interacted with dozens of

different humans over the course of their lives. Indeed, there is evidence

that some captive primates are equally good at recognizing human faces

as conspecific faces (Myowa‐Yamakoshi & Tomonaga, 2001; Yamaguchi

et al., 2003).

So, why did they not reliably use facial cues? We see several

possible explanations that we cannot disentangle with these data

(and that are not mutually exclusive). First, perhaps they are only

attuned to conspecific faces and so did not pay sufficient attention to

the human faces to discriminate them. Second, perhaps the facial

TABLE 7 Summary of the categorization pattern and error distribution for probe (i.e., real human) and non‐probe (i.e., familiar conspecific)
trials presented in Testing Phase 3 among (A) male subjects and (B) female subjects.

A: Male subjects (N = 5)

Probe trials Non‐probe trials
Dominance categorization Dominance categorization

External rating Dominant Nondominant Total rating % Errors Dominant Nondominant Total rating % Errors

Dominant 120 210 330 0.64 1994 156 2150 0.07

Nondominant 111 274 385 0.29 261 1874 2135 0.12

Total cats. 231 484 715 2255 2030 4285

% Errors 0.48 0.43 0.12 0.08

B: Female subjects (N = 13)
Probe trials Non‐probe trials
Dominance categorization Dominance categorization

External rating Dominant Nondominant Total rating % Errors Dominant Nondominant Total rating % Errors

Dominant 259 647 906 0.71 5021 555 5576 0.10

Nondominant 306 640 946 0.32 350 5222 5572 0.06

Total cats. 565 1287 1852 5371 5777 11,148

% Errors 0.54 0.50 0.07 0.10

Note: Total cats.: total number of categorizations made according to dominance category; % Errors (row): percentage of errors made according to the
dominance category chosen relative to the external rating of the stimulus (e.g., proportion of dominant responses made for nondominant stimuli); Total
rating: total number of trials containing each type of externally rated stimulus; % Errors (column): Percentage of errors made according to the type of

externally rated stimulus being categorized relative to the dominance category chosen (e.g., proportion of dominant stimuli categorized as nondominant).
Total number of probe and non‐probe trials presented in Testing Phase 3 are bolded.
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features (e.g., nose width, lip fullness, and skin properties/reflec-

tance; Kleider‐Offutt et al., 2021) that discriminate dominant from

nondominant humans are different from those that discriminate

dominant from nondominant capuchins, and so the monkeys did not

know what cue to use or were using a cue that was appropriate with

the capuchins but was not with the humans. However, fWHR, which

they appeared to use for conspecifics, was also relevant for humans,

so their failure to do so suggests that they did not generalize this

specific cue across species. Third, perhaps the capuchins have not

had the opportunity to see sufficient dominance interactions to learn

what a dominant human looks like, so even with the shared features,

they failed to understand how to pick a dominant human. This,

however, implicitly presupposes that they understood their task to

choose the dominant, rather than to choose based on fWHR, which

may not be valid. Fourth, and perhaps most likely, capuchins

underestimated dominance in humans, despite overestimating it in

stranger capuchins. It may be that humans are rarely a threat to them,

except in a few cases that come with specific other cues (i.e., the

veterinarian, who may wear different clothes or bring specific

equipment); thus, their failure may have been a combination of

failure to pay as much attention to the human faces and, when they

did, a failure to see them as potential threats (which would,

presumably, also have reduced attention). Of course, given our

subjects' familiarity with humans, they may have categorized based

on their own personal experiences with a limited subset of humans.

Indeed, the same could also be true for capuchin faces, as subjects

have (even more) limited exposure to different capuchins. For future

research, it would be interesting to see how they respond to

unfamiliar allospecifics. We did not do so to avoid novelty confounds,

but this could help to address this question.

Our results suggest that capuchins may have the ability to rapidly

assess dominance from a static image, possibly based on fWHR, which

previous work suggests is a reliable cue to dominance in other primates.

That being said, capuchins also showed a strong bias toward assuming

strangers were dominant. While there is an ecological explanation for this,

future work is needed to determine the degree to which this holds in

other contexts, for other faces (i.e., females, juveniles), and for other

species. We suspect that additional investigations would uncover similar

mechanisms in other highly social species and encourage further research

to determine whether the cues to dominance, too, are conserved and the

degree to which the contexts that influence dominance assessments may

differ across species. Better understanding this will help clarify how

individuals are able to rapidly make decisions to successfully navigate

their social worlds.
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