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Abstract

Species comparisons of personality structure (i.e. how many personality dimensions and the
characteristics of those dimensions) can facilitate questions about the adaptive function of
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personality in nonhuman primates. Here we investigate personality structure in the brown
capuchin monkey (Sapajus apella), a New World primate species, and compare this structure to
those of chimpanzees (Pan troglodytes), orangutans (Pongo spp.), and rhesus macaques (Macaca
mulatta). Brown capuchins evolved behavioral and cognitive traits that are qualitatively similar to
those of great apes, and individual differences in behavior and cognition are closely associated
with differences in personality. Thus, we hypothesized that brown capuchin personality structure
would overlap more with great apes than with rhesus macaques. We obtained personality ratings
from seven sites on 127 brown capuchin monkeys. Principal-components analysis identified five
personality dimensions (Assertiveness, Openness, Neuroticism, Sociability, and Attentiveness),
which were reliable across raters and, in a subset of subjects, significantly correlated with relevant
behaviors up to a year later. Comparisons between species revealed that brown capuchins and
great apes overlapped in personality structure, particularly chimpanzees in the case of
Neuroticism. However, in some respects (i.e. capuchin Sociability and Openness) the similarities
between capuchins and great apes were not significantly greater than those between capuchins and
rhesus macaques. We discuss the relevance of our results to brown capuchin behavior, and the
evolution of personality structure in primates.
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Personality, defined here as consistent individual differences in behavior (Carere & Eens,
2005), has been studied in many animals, including mammals, birds, fish, reptiles,
amphibians, and invertebrates (Gosling, 2001). Personality in nonhuman species has
sometimes been labeled as “noise” deviating from behavioral norms. However, research
shows that such traits are heritable (Adams, King, & Weiss, 2012; van Qers, de Jong, van
Noordwijk, Kempenaers, & Drent, 2005), stable over time and across contexts (Bell,
Hankison, & Laskowski, 2009; Capitanio, 1999; Stevenson-Hinde, Stillwell-Barnes, &
Zunz, 1980; Uher, Asendorpf, & Call, 2008; Weiss, Adams, Widdig, & Gerald, 2011), and
predict life history patterns (e.g., metabolic rate, reproduction, health, and longevity;
Capitanio, 2011; Careau, Bininda-Emonds, Thomas, Reale, & Humphries, 2009; Cavigelli,
Bennett, Michael, & Klein, 2008; Réale, Martin, Coltman, Poissant, & Festa-Bianchet,
2009; Weiss, Gartner, Gold, & Stoinski, 2012).

Personality traits (e.g. curious, fearful, and aggressive) tend to cluster into one or more
broader dimensions. An individual’s score on a given dimension corresponds to their
position along a particular behavioral continuum (e.g., the shy-bold axis; Wilson, Clark,
Coleman, & Dearstyne, 1994). When assessed using standardized methods, comparisons of
personality structure across species may help researchers address questions about the
phylogeny and evolution of personality (Gosling & Graybeal, 2007). In the case of
nonhuman primates (hereafter ‘primates’), King and Figueredo (1997) reported that
chimpanzee (Pan troglodytes) personality is comprised of a species-specific dimension,
Dominance, and five dimensions similar to those found in many human personality studies —
Extraversion, Conscientiousness, Agreeableness, Neuroticism, and Openness (e.g., Digman,
1990; Eysenck, 1970; Lee, Ogunfowora, & Ashton, 2005). A study of orangutans (Pongo
spp.) using the same scale found dimensions resembling chimpanzee Neuroticism,
Extraversion, Agreeableness, and Dominance (Weiss, King, & Perkins, 2006). However,
instead of the distinct Conscientiousness and Openness dimensions found in chimpanzees,
orangutans have a dimension, Intellect, comprised of traits associated with both. More
recently, a study of rhesus macaques (Macaca mulatta) using a comparable instrument found
dimensions similar to chimpanzee Openness and chimpanzee/orangutan Dominance (Weiss,
etal., 2011). However, unlike chimpanzees and orangutans, rhesus macaques do not have
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dimensions resembling Extraversion or Neuroticism; rather, traits shared with these
dimensions are classified under dimensions labeled Activity (e.g. /nnovative and playful),
Friendliness (e.g. affectionate, sociable, sensitive), Confidence (e.g. stable, dominant, cool),
and Anxiety (e.g. impulsive, anxious, erratic). These findings suggest that some personality
dimensions may be phylogenetically old and shared across species (e.g. Dominance-like
dimensions), while others may have evolved more recently (e.g. Conscientiousness and
Intellect).

To date, research on personality has predominantly been limited to catarrhines, that is apes,
including humans, and Old World monkeys (Freeman & Gosling 2010). Platyrrhines (New
World monkeys) are only distantly related to catarrhine species, sharing a common ancestor
about 43 million years ago (Steiper & Young, 2006). However, some New World species
exhibit behavioral and cognitive similarities to catarrhine species, particularly capuchin
monkeys (Cebus and Sapajus spp.) and spider monkeys (Afeles spp.) (Amici, Aureli, & Call,
2008; Deaner, van Schaik, & Johnson, 2006; Fragaszy, Visalberghi, & Fedigan, 2004).
Thus, comparative studies of personality in Old and New World species may help identify
variables within the natural and social world of primates that contribute to personality
evolution.

In this study, we examined personality structure in a New World primate, the brown
capuchin monkey (Sapajus apella, formerly Cebus apella; Alfaro, Silva, & Rylands, 2012).
We first derived personality structure in brown capuchins using observer ratings, and
examined its association with systematically recorded behaviors. We then compared
personality structure in brown capuchins to those reported in chimpanzees, orangutans, and
rhesus macaques — all of which were rated using the same or similar scale. Ratings of brown
capuchin monkeys on individual personality traits have been associated with cortisol
reactivity (Byrne & Suomi, 2002). Thus, human observer ratings capture biologically-
meaningful information about this taxon. However, it is unknown how individual traits
cluster into personality dimensions in brown capuchins, and how the structure of these
dimensions compares to those of other primates. Our study was conducted
contemporaneously with another study which derived personality structure in white-faced
capuchins (Cebus capucinus, Manson & Perry, in press).

Brown capuchins, chimpanzees, and orangutans have large brains relative to their body size,
are extractive foragers, are very tolerant of non-kin, rely on social learning, and have
“cultural” traditions (Fragaszy, Visalberghi, & Fedigan, 2004). Moreover, brown capuchins
exhibit delayed gratification tolerances more like those of great apes than more closely
related platyrrhines such as marmosets ( Callithrix jacchus) and tamarins (Saguinus oedipus)
(Addessi, Paglieri, & Focaroli, 2011). Unlike semi-solitary orangutans (Rodman, 1984),
however, capuchins and chimpanzees are considerably more social and have many of the
same basic properties of sociality as other group-living primates, including rhesus macaques.
For example, they live in multimale-multifemale groups, have social hierarchies, provide
coalitionary support to others, display post-conflict reconciliations, and frequently engage in
social grooming (Fragaszy, et al., 2004; Maestripieri & Hoffman, 2012; Stanford, 1998).
Thus, collectively, the behavior and cognitive traits of brown capuchins are qualitatively
more like those of chimpanzees than other primate species.

Individual differences in behavioral and cognitive traits are closely associated with
differences in personality (reviewed in Carere & Locurto, 2011). Thus, given the behavioral
and cognitive similarities between brown capuchins and great apes, we hypothesized that the
personality structure of brown capuchins would overlap more with great apes — and in
particular, chimpanzees — than with rhesus macaques.
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Subjects were 127 captive brown capuchin monkeys that were at least 1 year old, belonging
to 15 social groups from 5 sites in the United States, 1 site in the UK, and 1 site in France
(see Table 1 and Supplementary Materials). Across all sites there were 60 males and 67
females. Age ranged from 1 to 40 years and the mean age was 11.0 years (SD = 8.9). This
study was non-invasive, approved by local ethics committees, and complied with the 2012
regulations of the Association for the Study of Animal Behaviour.

Each subject was rated by one to seven raters (M= 3.24, SD = 1.61). Raters were 25
researchers and 3 care staff, and had at least one year of experience working with their
subjects.

Ratings were made on the Hominoid Personality Questionnaire (Weiss et al., 2009) 1 The
HPQ instructs raters to not discuss their ratings with others, and to answer each of 54 items
on a seven point scale with “1” indicating “Displays either total absence or negligible
amounts of the trait” and “7” indicating “Displays extremely large amounts of the trait”. The
layout of the items is similar to the well-known Madingley Questionnaire (Stevenson-Hinde
& Hinde, 2011; Stevenson-Hinde & Zunz, 1978). Each item consists of an adjective paired
with one to three sentences defining it within the context of primate behavior. For example,
fearful was defined as “Subject reacts excessively to real or imagined threats by displaying
behaviors such as screaming, grimacing, running away or other signs of anxiety or distress”.

The HPQ is an expanded version of a 48 item questionnaire used to assess orangutan
personality (Weiss, et al., 2006), which was an expanded version of a 43 item questionnaire
used to assess chimpanzee personality (King & Figueredo, 1997). Of the 43 items, 40 were
sampled from Goldberg’s (1990) Big Five taxonomy and 3 were devised by King and
Figueredo. While the accompanying sentences were created for the purpose of setting
adjectives in the context of chimpanzee behavior, they were of a general enough nature so as
to be applicable to many primate species, including capuchin monkeys.

Of the 411 questionnaires turned in, 77 were missing between 1 and 28 items (median = 5).
In cases where an item was missing, we replaced the missing value with the mean for that
item. Excluding questionnaires with missing data for 10 or more items, i.e. those that
exceeded the upper end of the 95% confidence interval for amount of missing data, did not
yield a different personality structure. We thus did not exclude any questionnaires.

Behavioral Measures

Two types of behavioral measures were available for the 18 capuchins housed at the Living
Links to Human Evolution Research Centre, Edinburgh Zoo, United Kingdom (Macdonald
& Whiten, 2011). These data were collected as part of a separate study, and were used here
to validate interpretations of personality components derived from ratings. Raters did not
collect behavioral data.

The first type of behavioral data was collected one year after subjects were rated for
personality. Fifty-four hours of focal observations were recorded over a 4-month sampling
period, averaging 3 hours per monkey. Following Martin and Bateson (2007), behaviors (see
Table 2) between the focal and other individuals were recorded at 1-min intervals for 10

Found online at: http://extras.springer.com/2011/978-1-4614-0175-9/weiss_monkey_personality.pdf.
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minutes per day. In addition, in each minute the number of group members withina 2 m
radius from the focal monkey was recorded. If no monkey was within 2 m, the focal was
described as “solitary”. Subjects were sampled evenly across all periods of the day, usually
from 9:00 until 17:30. Incidences of aggression initiated by each monkey were summed
across sampling periods; all other behaviors are represented as the percentage of time
individuals spent engaged in each behavior when in view.

The second type of behavioral data was recorded four to seven months after subjects were
rated for personality. Fourteen monkeys were filmed and scored on attention span during
free-participation cognitive testing. At Edinburgh Zoo, capuchins can choose to engage in
on-going non-invasive cognitive research (Macdonald & Whiten, 2011). Monkeys’ average
attention span was scored across three problem-solving tasks (see Table 3) for 24 to 85
randomly selected trials (M= 71.4, SD = 23.9). The number of trials selected for each
monkey depended on how often they participated during testing (Morton, Lee, & Buchanan-
Smith, under review). Attention was assessed on a 3-point scale according to whether they
exhibited high (“3”), medium (“2”), or low (“1”) attention. Monkeys were scored once
during a trial, and once again after the trial ended. An overall average was calculated for
each monkey across trials. High attention was defined as whenever the monkey’s head,
body, and eyes were directly focused on the task during/between a trial. Medium attention
was defined as when a monkey looked away from the task apparatus on one or two
occasions during/between a trial. Low attention was defined as when a monkey looked away
from the task apparatus on three or more occasions during/between a trial. Inter-observer
reliability tests were conducted using a sub-sample of these data, whereby 120 trials from 5
monkeys were independently scored by two observers, during and after each trial.
Cronbach’s alpha for each of the five monkeys ranged from .70 to .90, indicating that each
observer’s scores were satisfactorily concordant. Regular participants were considered to be
more comfortable and motivated to engage in testing (Morton, et al., under review). Thus, in
our analysis, we distinguish between attention span scores calculated from all participants
(i.e. > 0% participation), and scores calculated from regular participants (i.e. > 80%
participation).

Statistical Analyses

Statistical analyses were conducted using R, version 2.15.2 (R Development Core Team,
2012). Significance tests were two-tailed with critical values of .05.

Inter-rater reliabilities of items—Of the sample, 121 capuchins were rated by 2 to 7
raters (M= 3.35; SD = 1.57). We calculated two intraclass correlations (Shrout & Fleiss,
1979) to determine inter-rater reliabilities for subjects rated by at least two raters. The first,
/1CC(3,1), indicates the reliability of individual ratings. The second, /C((3,K), indicates the
reliability of the mean of Aratings.

Data reduction—We computed the means across raters for each reliable item and then
determined the number of components by examining the scree plot and conducting a parallel
analysis (Horn, 1965) using the paran function (Dinno, 2008). We then entered these means
into a principal-components analysis (PCA) using the principal function (Revelle, 2011).
Simulation studies show that comparable designs yield stable structures (Guadagnoli &
Velicer, 1988). A recent simulation study found that stable personality structures can also be
derived even when sample sizes are considerably smaller (de Winter, Dodou, & Wieringa,
2009). Likewise, a study of Barbary macaques (Macaca sylvanus, Kone€nd, Weiss, Lhota, &
Wallner, 2012) demonstrated that the personality structure obtained via a PCA of 26
subjects was highly similar to that derived via regularized exploratory factor analysis, a
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factor extraction method devised specifically for cases in which the sample size is very
small (Jung & Lee, 2011; Jung & Takane, 2008).

We rotated components using both varimax and promax procedures, and defined loadings >
|.4] as salient. For the purpose of creating unit-weighted component scores (Gorsuch, 1983),
if multiple components had salient loadings on an item, we assigned the item to the
component with the highest absolute loading.

Component interpretation and validation—We interpreted components based on the
items onto which they loaded and their association with recorded behaviors. Behavioral
correlations also served to validate components. We used Pearson correlations to test for the
associations between components and recorded behaviors.

Inter-rater reliabilities and internal consistencies of components—Similar to our
item-level analysis, for the 121 subjects rated by at least 2 raters we assessed the inter-rater
reliability of components using Shrout and Fleiss’s (1979) /C((3,1) and /CC(3,K). To
determine the internal consistencies, we calculated Cronbach’s alpha for each component in
the total sample using the alpha function (Revelle, 2011).

Cross-species comparisons—To compare capuchin components to those of other
primate species, as in previous studies (Kone¢na, Weiss, Lhota, & Wallner, 2012; Weiss, et
al., 2011), we computed unit-weighted scores based on the structures of the HPQ and related
questionnaires in other species. One structure was obtained in a study where Japanese raters
used a Japanese translation of the 54-item HPQ to rate 146 chimpanzees in Japan (see Table
Il in Weiss, et al., 2009). In another study, raters used the English language version of the
original 43-item questionnaire to rate 100 chimpanzees in the U.S. (see Table 1 in King &
Figueredo, 1997). In a third study, raters used a 48-item version of the questionnaire to rate
152 orangutans (see Table 3 in Weiss, et al., 2006). In the last of these studies, raters used
the HPQ to rate 124 rhesus macaques (see Table 1 in Weiss, et al., 2011). We then obtained
correlations between the unit-weighted capuchin personality scores and those of the other
species. The highest correlation between each capuchin personality dimension and a
personality dimension in the chimpanzee sample from Japan was then compared with the
highest correlation between capuchin personality and each of the other primate samples. To
compare correlations, we used the r.test function (Revelle, 2011) to conduct Williams’s
tests.

Item inter-rater Reliabilities

The inter-rater reliabilities of all 54 items are presented in Table 4. The mean /C((3,1) and
1CC(3,K), respectively, of these items were .36 (SD=.14) and .63 (SD = .14).

Data reduction

The scree plot suggested that six components should be extracted. Parallel analysis indicated
that the eigenvalues of the first six components (14.16, 9.18, 6.80, 3.07, 2.67, and 2.18) were
greater than expected under chance at the 95% confidence level. However, the last
component, which loaded on persistent, curious, decisive, and stable, only had three
loadings greater than or equal to |.6], indicating that the component may not be replicable
(Guadagnoli & Velicer, 1988).

To determine whether to retain the sixth component, we conducted an Everett test (Everett,
1988). This involved extracting five and six components in samples that excluded one of the
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sample sites. These five and six component solutions were then compared to the five and six
component solutions derived using the full sample by means of targeted orthogonal
Procrustes rotations (McCrae, Zonderman, Bond, Costa, & Paunonen, 1996). If all six
components replicated when dropping individual sites, we could conclude that the last
component is robust and should be retained. If all six components did not replicate, and all
five components of the five component solution replicate, we would extract only five
components. When comparing the six component solutions (see Table 5), the last
component did not replicate in a sample that did not include subjects from Living Links,
USA. On the other hand, when comparing the five component solutions, all five components
consistently replicated. We thus extracted five components.2

The varimax- and promax-rotated components were virtually identical (see Table 6).
Targeted orthogonal Procrustes rotation (McCrae, et al., 1996) confirmed this similarity as
all congruence coefficients were greater than .96. Correlations among the promax rotated
components were modest (see Table 7). We therefore interpreted the varimax-rotated
components, and used these definitions for all remaining analyses.

Component Interpretation and Validation

The first component, PC1 (see Table 6) was characterized by loadings on items describing
high/low aggressive and despotic tendencies (e.g., bullying, aggressive, gentle). PC1 also
negatively loaded onto items describing anxiety (e.q., fearful, cautious). In this respect, PC1
was broadly similar to dimensions termed Dominance in chimpanzees (King & Figueredo,
1997; WEeiss, et al., 2009) but resembled rhesus macaque Dominance to a lesser degree
(Weiss, et al., 2011). While the aggressive and despotic tendencies describing this
component were shared with the orangutan Dominance dimension (Weiss, et al., 2006), the
loadings related to anxiety were not. PC1 was positively correlated with the number of
occasions monkeys were observed aggressing against others, being groomed by others3, and
negatively correlated with the amount of time monkeys spent being solitary (see Table 8 and
Figure 1). Given these loadings and behavioral correlations, we labeled PC1
“Assertiveness”.

The second component, PC2, (see Table 6) loaded positively onto items describing
exploratory and investigative behavior (e.g., inquisitive, curious), and items associated with
creativity and originality (e.g., /nventive, innovative). PC2 also loaded positively and
negatively onto items describing high and low energy expenditure, respectively (e.g., active,
playful, Iazy), and items reflecting a tendency to persevere (e.g. quitting, persistent). PC2
was similar to dimensions labeled Openness in chimpanzees (King & Figueredo, 1997;
Weiss, et al., 2009), and Openness/Activity in rhesus macaques (Weiss, et al., 2011). On the
other hand, in orangutans, similar sets of items were associated with those related to
Extraversion (Weiss, et al., 2006). PC2 was positively correlated with the time monkeys
spent playing and negatively with time spent being alert, being vigilant, and the number of
occasions monkeys were aggressive towards others (see Table 8 and Figure 2). None of the
other recorded behavioral categories were significantly related to this component. The item
loadings and behavioral correlates of PC2 led us to label it “Openness”.

After reflecting the third component, PC3, by multiplying its loadings by —1 (see Table 6), it
predominantly loaded positively on items describing an impulsive and volatile disposition
(e.q., excitable, impulsive, erratic). This component also negatively loaded on items

2\/arimax and promax rotated six component solutions are available in Table S1. Correlations among the six promax-rotated
components are available in Table S2.

This measure represents time engaged in grooming behavior, regardless of participant, and should therefore not be misconstrued as
an indication of individuals grooming “up the hierarchy”.
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indicating a calmer disposition (e.qg., cool, stable, predictable, unemotional). The clustering
of traits associated with PC3 most closely resembled dimensions labeled Emotionality or
Neuroticism in chimpanzees (King & Figueredo, 1997; Weiss, et al., 2009). To a lesser
extent, PC3 also resembled rhesus macaque Anxiety and orangutan Neuroticism; however,
compared to these latter dimensions, PC3 contained traits more characteristic of arousal and
calmness (Weiss, et al., 2006; Weiss, et al., 2011). PC3 was negatively associated with time
spent being vigilant, and, among monkeys that participated in cognitive testing, attention
span (see Table 8 and Figure 3). No other observed behavior was significantly related to this
component. Given the item loadings and associations with behaviors, we labeled the
component “Neuroticism”.

The fourth component, PC4, (see Table 6) loaded positively and negatively onto items
indicative of overall social embeddedness (e.qg., sociable, solitary). 1t also loaded positively
on items describing positive social interactions (e.g., friendly, affectionate), and negatively
on items describing negative affect (e.g., anxious, depressead). As such, PC4 shared common
elements of social receptivity with orangutan Agreeableness and chimpanzee/orangutan
Extraversion (King & Figueredo, 1997; Weiss, et al., 2009; Weiss, et al., 2006), as well as
rhesus macaque Friendliness (Weiss, et al., 2011). PC4 was negatively associated with the
amount of time monkeys spent being alert within their main enclosure, as well as time spent
alone (see Table 8 and Figure 4). Given the trait loadings and behavioral associations, we
labeled this component “Sociability”.

After reflecting the fifth component, PC5, (see Table 6) it loaded negatively on items
indicating a lack of focus and meticulousness (e.g., thoughtless, distractible). This
component also loaded positively and negatively, respectively, on items indicating pro-
social tendencies and an ability to be discerning (e.g., helpful, unperceptive). The item
content of PC5 did not overlap much with any of the orangutan (Weiss, et al., 2006) or
rhesus macaque (Weiss, et al., 2011) dimensions. This component most closely resembled
that of the Conscientiousness dimension found in the chimpanzee sample from Japan, which
was also rated on the full HPQ (Weiss, et al., 2009). Scores on PC5 were negatively related
to the amount of time monkeys spent playing and being groomed, and positively with time
spent being vigilant. Additionally, among monkeys that participated in over 80% of sessions
during cognitive testing, scores on PC5 were positively correlated with attention span (see
Table 8 and Figure 5). The item content and behavioral correlations suggests that this
component captures facets of the ability to focus one’s attention, and we therefore labeled
this component “Attentiveness”.

Inter-rater reliabilities and internal consistencies of components

The inter-rater reliabilities of components were highest for Assertiveness, Openness, and
Sociability; and lowest, though still acceptable, for Attentiveness (see Table 9). The
Cronbach’s alpha for Assertiveness, Openness, Neuroticism, Sociability, and Attentiveness
were .95, .92, .85, .89, and .84, respectively.

Cross-species Comparisons

Along with the examination of each component’s item content, comparing structures via
cross-species correlations also highlighted similarities and differences between the capuchin
personality dimensions and those of other species (see Table 10). Capuchin Assertiveness
was significantly more similar to chimpanzee and orangutan Dominance than to rhesus
macaque Dominance, William’s ¢=4.27, p< .0001. Capuchin Openness was not
significantly more similar to chimpanzee Openness than to rhesus macaque Openness, f=
1.80, p=.075. Capuchin Neuroticism was significantly more similar to chimpanzee
Neuroticism than rhesus macaque Anxiety, = 3.37, p<.01. Capuchin Sociability was
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significantly more similar to chimpanzee Extraversion than to orangutan Agreeableness, ¢=
2.86, p<.01. The degree of similarity between capuchin Attentiveness and
Conscientiousness in the chimpanzee sample from Japan was comparable to that between
capuchin Attentiveness and orangutan Intellect, £= 1.60, p=.113. However, this similarity
was greater than that between capuchin Attentiveness and either Agreeableness in the
sample of U.S. chimpanzees, ¢= 4.28, p<.0001, or rhesus macaque Anxiety, t=3.00, p<.
01.

Discussion

Our goals were to investigate personality structure in brown capuchin monkeys, and to
compare the findings to personality structures reported in chimpanzees, orangutans, and
rhesus macaques. The inter-rater reliabilities of items were comparable to those in other
animal personality studies (e.g., Gosling, 2001; Weiss et al., 2006; Weiss et al., 2011; Uher
& Asendorpf, 2008). They were also comparable to those reported in studies of items or
lower-order facets of human personality scales (e.g., Kenrick & Stringfield, 1980; Costa &
McCrae, 1992). The inter-rater reliabilities of components were comparable to those in
studies of primates and other animals (Freeman & Gosling, 2010; Gosling, 2001) and
comparable to, if not greater than, those found in studies of human personality (Connolly,
Kavanagh, & Viswesvaran, 2007; Goma-i-Freixanet, 1997; Goma-i-Freixanet, Wismeijer, &
Valero, 2005). Five robust and behaviorally validated components emerged from a PCA —
Assertiveness, Openness, Neuroticism, Sociability, and Attentiveness.

The PCA results are unlikely to reflect anthropomorphic projection. For example, Weiss,
Inoue-Murayama, King, Adams, and Matsuzawa (2012) found that after statistically
adjusting for rater effects, rater biases on trait ratings did not influence the personality
structures of chimpanzees and orangutans. Additionally, although a different scale was used,
Manson and Perry’s (in press) study of wild white-faced capuchins found four personality
dimensions which were similar to those found in the present study. Lastly, within the
Edinburgh Zoo sample, scores on each component were linked to behaviors recorded up to
one year after personality was assessed, suggesting that some element of behavioral
consistency (i.e. personality) has been measured among our study subjects. More
importantly, these latter findings demonstrate that the ratings do not merely reflect raters’
implicit understanding of how personality traits should correlate, and instead are
representative of real-world behavioral trends among individual monkeys.

Collectively, the components derived for brown capuchins closely resembled personality
dimensions of great apes, and particularly chimpanzees in the case of Neuroticism.
However, in some respects (i.e. capuchin Openness and Sociability) these similarities were
no more significant than those shared between capuchins and rhesus macaques. Thus, our
results only partially support the hypothesis that personality structure in brown capuchins
overlaps more with great apes than with rhesus macaques.

Behavioral Validation of Personality Structure in Brown Capuchins

Personality has been linked to social rank in various animals, such as fish (Colleter &
Brown, 2011; Dahlbom, Lagman, Lundstedt-Enkel, Sundstrom, & Winberg, 2011), birds
(David, Auclair, & Cezilly, 2011; Fox, Ladage, Roth, & Pravosudov, 2009), and primates
(Anestis, 2005; Konecn4, et al., 2012). Capuchin monkeys typically exhibit a social
hierarchy, whereby dominant individuals (the alpha-male and alpha-female) win the
majority of conflicts, have preferential access to socioecological resources (e.g. food,
coalitions, and mates), and generally are “figures of attraction” for other group members
(Fragaszy, et al., 2004; lzar et al., 2012; Janson, 1990a, 1990b; Robinson, 1981). Moreover,
lower-ranking capuchins often receive considerably more aggression from other group
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members, compared to higher-ranking individuals (e.g., Ferreira, lzar, & Lee, 2006; Perry,
1996). In our study, Assertiveness reflects some of these “dominant” behaviors in brown
capuchins. For instance, within our study population, Assertiveness is characterized by
positive loadings on items such as aggressive, manipulative, and bullying. Additionally,
individual scores on Assertiveness were positively related to the amount of time individuals
spent being groomed, aggressing others, and time spent in close proximity (< 2 m) to others.

Scores on Openness were positively related to the amount of time monkeys spent playing,
but negatively related to the amount of time monkeys were vigilant, alert, and aggressive
towards others. Capuchins are unusual among primates due to their high tolerance of other
group members, especially juveniles (Perry, 2011). Thus, the negative relationship between
Openness and alert/vigilant behaviors could suggest that more open individuals are more
socially tolerant and/or less concerned about the activities of other group members. In
support of this suggestion, Byrne and Suomi (2002) found that individual brown capuchins
with higher scores on curious (a trait that positively loaded onto Openness in this study) had
lower levels of cortisol, a hormone associated with arousal and managing stress.

Studies in humans have found that neurotic traits are negatively related to individual
differences in attention span — that is, individuals that score high on these traits are unable to
focus as well as individuals that score low on these traits (Bredemeier, Berenbaum, Most, &
Simons, 2011). Similarly, we found a negative relationship between scores on capuchin
Neuroticism and average attention span during cognitive testing. Indeed, during testing,
capuchins high in Neuroticism appeared to be easily distracted by on-going activities within
the group’s main enclosure (e.g., frequently turning to smell or listen for sounds at the
cubicle door leading to the group’s main enclosure). Scores on Neuroticism were also
negatively related to the amount of time monkeys spent being vigilant. Although this latter
finding seems counterintuitive, more neurotic individuals may engage in less vigilant
behavior due to their increased agitation/restlessness. Indeed, Neuroticism was characterized
by traits such as active, excitable, and erratic. Additionally, individuals high on Neuroticism
appeared to become more restless when in the presence of other group members, frequently
moving out of the way of others and/or continuously circling the main enclosure when
others were nearby (FBM, pers. obs.).

Scores on Sociability were negatively related to the amount of time individuals spent alone.
Additionally, Sociability was negatively related to the amount of time monkeys spent alert,
i.e. scanning their surroundings. Lastly, Sociability was characterized by positive loadings
on items such as friendly and affectionate, and negative loadings on items such as anxious
and depressed. Individuals high on Sociability likely occupy central positions within their
group’s social network (Krause, Lusseau, & James, 2009), and as a result, may have been
less anxious about the activities and/or whereabouts of other group members. Indeed, Byrne
and Suomi (2002) found that several traits similar to those describing low Sociability (e.g.
apprehensive, tense, insecure) were positively related to baseline and peak cortisol levels in
brown capuchins.

Scores on Attentiveness were negatively related to the amount of time individuals spent
playing. Such findings mirror those reported by Weinstein and Capitanio (2008), who found
a negative relationship between scores on the dimension “Equable” (e.g. ca/mand easy-
going) and play behavior in rhesus macaques. Scores on Attentiveness were also positively
related to vigilant behavior. Thus, highly Attentive individuals may have a different status,
or role, within the group (e.g., social monitoring or “policing”; see Flack, Girvan, de Waal,
& Krakauer, 2006), which is reflected by playing less and being more vigilant. Future
studies should examine the association between individual differences in Attentiveness and
pro-social behavior.
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Attentiveness was also negatively related to the amount of time monkeys were groomed by
others. Among capuchins, this behavior may alleviate stress and strengthen relationships
within the group (Tiddi, Aureli, di Sorrentino, Janson, & Schino, 2011). Indeed, traits such
as erratic, excited, and [not] helpful are characteristic of low Attentiveness. Thus,
considering the social function of grooming, less Attentive individuals may be groomed
more by other members of the group in order to strengthen relationships between them.

Cross-Species Comparisons of Personality Structure

Capuchin Assertiveness closely resembled Dominance in chimpanzees and orangutans
(King & Figueredo, 1997; Weiss, et al., 2006), and to a lesser extent, Dominance in rhesus
macaques (Weiss, et al., 2011). Personality dimensions similar to Dominance and
Assertiveness are a common characteristic of primate personality structure (Freeman &
Gosling, 2010), such as Dominance in western lowland gorillas, Gorilla gorilla gorilla (e.g.,
aggressive, irritable, strong, Gold & Maple, 1994), Confidence in Hanuman langurs,
Semnopithecus entellus (e.9., aggressive, bullying, dominant, Konecna et al., 2008), and
Extraversion in white-faced capuchins (e.g., domineering, assertive, aggressive, Manson &
Perry, in press). Thus, our findings are consistent with the possibility that such dimensions
are phylogenetically old among primates.

It is unclear why capuchin Assertiveness was significantly more like chimpanzee/orangutan
Dominance than rhesus macaque Dominance. One possibility, however, may be that such
differences reflect how assertive behaviors are expressed in macaques, compared to the
other species. For example, as is typical of tool-using species, capuchins, chimpanzees, and
orangutans are generally more tolerant of conspecifics than are rhesus macaques (van
Schaik, Deaner, & Merrill, 1999).

Capuchin Openness closely resembled chimpanzee and macaque Openness (King &
Figueredo, 1997; Weiss, et al., 2011) and orangutan Extraversion (Weiss, et al., 2006). As
orangutans do not have a distinct Openness-like dimension, while the other three species do,
such a dimension may have evolved multiple times during primate evolution. It remains
unclear, however, why Openness-like dimensions would evolve in some species but not
others. Moreover, why Openness traits would be subsumed under a different dimension in
orangutans, i.e. Extraversion, remains unknown. Further comparative data are needed on
other primate species to clarify this issue.

It is unclear why capuchin Neuroticism was significantly more like chimpanzee Neuroticism
compared to dimensions in the other species. One possibility, however, could be that these
findings reflect differences in the social organization of each species. For example,
orangutans live in loose communities monopolized only by a single dominant male
(Rodman, 1985). In rhesus macaques, all individuals are ranked according to a linear
hierarchy, and such relationships are generally clear-cut (Maestripieri & Hoffman, 2012). In
contrast, social rank among brown capuchins and chimpanzees is relatively more relaxed,
and coalitionary support occurs among both sexes (de Waal, 1984; Fragaszy, et al., 2004).
Thus, there may be more daily uncertainty in the social lives of capuchins and chimpanzees,
compared to orangutans and rhesus macaques.

Capuchin Sociability closely resembled dimensions found in the other three species;
however, it was significantly more like chimpanzee Extraversion and rhesus macaque
Friendliness compared to orangutan Agreeableness. Such findings may simply reflect
differences in sociality between orangutans and the other more sociable species (Berman,
Rasmussen, & Suomi, 1997; Fragaszy, et al., 2004; Rodman, 1984; Stanford, 1998).
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Out of the five dimensions derived in brown capuchins, Attentiveness least resembled those
seen in the other species. However, capuchin Attentiveness was significantly more like
chimpanzee Conscientiousness and orangutan Intellect than any other dimension. As
discussed in the introduction, chimpanzees, orangutans, and capuchins share key traits
associated with behavior, cognition, and learning (van Schaik, et al., 1999; Whiten & van
Schaik, 2007). In chimpanzees (and humans), Conscientiousness comprises tendencies to be
thorough, organized, reliable, goal-directed, and able to delay gratification (Costa &
McCrae, 1992; King & Figueredo, 1997). In orangutans, Intellect is characterized bytraits
that load on chimpanzee Conscientiousness and capuchin Attentiveness (e.g. decisive, [not]
clumsy, [not] disorganized) (Weiss, et al., 2006). Lastly, capuchin Attentiveness is
positively associated with individual differences in subjects’ ability to focus during
cognitive tasks — which may facilitate learning through demonstration, i.e. social learning.
Thus, do Conscientiousness-like dimensions evolve in large-brained species that rely on
social learning, use tools, and have “cultural” traditions? If so, Conscientiousness-like
dimensions may also exist in other large-brained tool-using species such as bottlenose
dolphins ( Tursiops truncatus) (Amici, et al., 2008; Connor, 2007; Gruber, Clay, &
Zuberbuhler, 2010; Herrmann, Hare, Call, & Tomasello, 2010; Patterson & Mann, 2011;
Tsai & Mann, 2012).

There were subtle differences between species with respect to three items related to pro-
social behaviors. First, similar to gorillas (Gold & Maple, 1994), orangutans (Weiss, et al.,
2006), and rhesus macaques (Weiss, et al., 2011), traits associated with irritability were
associated with a capuchin dimension related to competitive nature, i.e. Assertiveness. By
contrast, the same trait was a marker of low chimpanzee Conscientiousness (King &
Figueredo, 1997). Second, being gentfe was a marker of lower Assertiveness and higher
Neuroticism in capuchins. While the same trait was related to lower Dominance in rhesus
macaques and orangutans, it was also associated with higher Friendliness and
Agreeableness, respectively, in these two species (Weiss, et al., 2011; Weiss, et al., 2006). In
chimpanzees, behaviors captured by the trait gent/e were only associated with higher
Agreeableness (King & Figueredo, 1997). Third, being Aelpful was associated with higher
Attentiveness in capuchins, but with higher Friendliness in rhesus macaques (Weiss, et al.,
2011), and Agreeableness in chimpanzees and orangutans (King & Figueredo, 1997; Weiss,
et al., 2006). Such differences may suggest that pro-social behaviors are important factors in
personality evolution.

Brown capuchins are phylogenetically as distantly related to rhesus macaques as they are to
orangutans or chimpanzees (Perelman et al. 2011). If common descent was the main driving
force behind the evolution of personality structure in brown capuchins, we would expect this
structure to overlap both with that of rhesus macaques and the great ape species. In many
respects, brown capuchins appear to have evolved convergent properties of personality
structure closely resembling those found in great apes, while diverging from those seen in
rhesus macaques. Understanding the evolutionary history of primate personality will require
a larger and more diverse sample across the various taxa, which can then be clearly rooted in
a comparative analysis.

Future Directions

The present study is not without limitations. For one, the correlations between personality
dimensions and behaviors were based on a small sample. Future research should validate our
findings using larger sample sizes and a multitrait-multimethod approach (Campbell &
Fiske, 1959).

Another limitation is that the majority of the capuchins in the present study regularly
participate in cognitive studies. Thus, their personalities may partly reflect what they learned
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in these tasks, or the behaviors that were observed while they took part in these tasks. For
example, this may underlie the clustering of traits found in the sixth component of the PCA
(see results in “Data reduction”, and Table S1). We therefore encourage future studies to
compare personality structure in wild and zoo-housed brown capuchin monkeys (that do not
participate in cognitive research) using the HPQ scale and that used by Manson and Perry(in
press).

To date, the majority of studies on primate personality structure have been conducted on
great apes and Old World monkeys. Our study provides further insights into primate
personality phylogeny. Further comparative work is still needed, however, to clarify the
extent to which primate taxa differ in personality structure. Specifically, data are needed on
a broader range of species exhibiting different phylogenetic proximities, relative brain sizes,
levels of social tolerance, and behavioral/cognitive complexity. Such comparative analyses
may reveal more about the adaptive function of personality among primates, including
ourselves.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Relationship between Assertiveness and the amount of time monkeys spent aggressing
others, being groomed, and solitary. Assertiveness scores have been scaled as 7-scores (M=
50, SD = 10). Grooming and solitary behaviors are expressed as the percent of time focal
individuals were engaged in each behavior. Incidences of aggression initiated by focal
individuals are expressed as the total number of events summed across sampling periods.
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aggressing others, and vigilant. Openness scores have been scaled as 7-scores (M= 50, SD

=10). Play, alert, and vigilant behaviors are expressed as the percent of time focal
individuals were engaged in each behavior. Incidences of aggression initiated by focal

individuals are expressed as the total number of events summed across sampling periods.
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Figure 3.

Relationship between Neuroticism and average attention span (all participants) and time
spent being vigilant. Neuroticism scores have been scaled as 7-scores (M= 50, SD = 10).
Vigilant behavior is expressed as the percent of time focal individuals were engaged in this
behavior. Scores on attention span were calculated during cognitive testing sessions
according to whether monkeys exhibited high (“3”), medium (“2”), or low (“1”) attention
during trials; scores were averaged across trials for each individual (see Methods).
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Figure 4.

Relationship between Sociability and the amount of time monkeys spent alert and solitary.
Sociability scores have been scaled as 7-scores (M= 50, SD = 10). Alert and solitary
behaviors are expressed as the percent of time focal individuals were engaged in each

behavior.
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Attentiveness scores have been scaled as 7-scores (M= 50, SD = 10). Play, vigilant, and
grooming behaviors are expressed as the percent of time focal individuals were engaged in
each behavior. Scores on attention span were calculated for monkeys that participated on >

80% of cognitive testing sessions, and were scored according to whether participants
exhibited high (“3”), medium (“2”), or low (*“1”) attention during trials; scores were
averaged across trials for each individual (see Methods).
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Table 2
Behaviors Recorded During Focal Sampling at Living Links, Edinburgh Zoo

Behavior Definition

Play Wrestling, gymnastics, hitting, or chasing without intended aggression.

Feed Searching for, or ingesting food.

Rest Lying down or sitting, not exhibiting any other behavior.

Move Locomoting from one point to another.

Alert Visually scanning surroundings, head and body erect/tense.

Vigilant Mc_)ntitoring the activities of particular individual(s) (e.g. humans or other monkeys), usually from a high or exposed vantage
point.

Groom Picking through hair of another individual. Actor and recipient noted.

Aggression  Open-mouth threats, vocal threats, lunging, chasing, hitting, and/or biting. Actor and recipient noted.

Solitary No monkey within 2 body lengths away from the focal.

Note. Behavioral sampling took place one year after monkeys were rated for personality; none of the raters took part in collecting behavioral data;
behavioral observations were made within the groups’ indoor/outdoor enclosures.
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Table 3

Description of Tasks Administered to Brown Capuchins at Living Links, Edinburgh Zoo

Task

Description

1

During each trial a food reward was placed in front of one of two compartments. The location of the food reward (left or right
compartment) was randomly selected for each new trial. The goal was for the monkey to learn that by walking and sitting in the
compartment that had the food directly in front of it, the researcher would hand them the food. If the monkey failed to do this, no food
was delivered, and the trial was ended. Monkeys received a maximum of 12 trials per session, with each trial separated by 5-7 seconds.

During each trial two white-opaque cups were placed in front of one of the two compartments. The position of each cup (left or right
compartment) was randomly selected for each new trial. The two cups differed in size, with one cup twice as tall (height: 19cm,
diameter: 6.4cm) as the other cup (height: 9.5cm, diameter: 6.4cm). For this task, the goal was for the monkey to learn that by moving
and sitting in the compartment facing the larger cup, they would receive a food reward that was hidden inside the cup. The larger cup
was always the ‘winner’, the smaller cup was always the ‘loser’. If the monkey failed a trial, no food was delivered, and the trial was
ended. Monkeys received a maximum of 12 trials per session, with each trial separated by 5-7 seconds.

During each trial, two opaque cups were placed in front of the monkey. Each cup was placed directly in front of one of two
compartments. Compartments were separated by a transparent door that was half-way open, and monkeys could walk freely between
them. The position of each cup (left or right compartment) was randomly selected for each new trial. Both cups were the same size,
shape, and color, and only differed by a symbol that was labelled on the front of each cup: the first cup had a large “X” on it, the second
cup had a large “O” on it. For this task, the goal was for the monkey to learn that by moving and sitting in the compartment facing the
“X” cup, they would receive a food reward that was located inside it. The “X” cup was always the ‘winner’ and the “O” cup was
always the ‘loser’. If the monkey failed a trail, no food was rewarded, and the trial was ended. Monkeys received a maximum of 12
trials per session, with each trial separated by 5-7 seconds.
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Inter-rater Reliabilities of Items

Adjective ICC(3,1) 1CC(3,k)
Playful 75 91
Submissive .61 .84
Aggressive .60 .83
Vulnerable .58 .82
Dominant 57 .82
Bullying .56 .81
Timid .55 .81
Anxious 51 77
Active .50 77
Inventive 49 .76
Innovative 46 74
Gentle 46 74
Solitary .45 73
Stingy/Greedy 45 73
Autistic 44 .73
Inquisitive 44 .73
Intelligent 42 71
Sociable 42 71
Defiant 41 .70
Fearful 41 .70
Lazy 41 .70
Cautious 40 .69
Item ICC(31) 1CC(3K)
Imitative .39 .68
Jealous .38 .68
Dependent/Follower .38 .67
Conventional .37 .66
Impulsive .34 .63
Irritable .33 .62
Clumsy .33 .62
Persistent .32 .61
Curious 31 .60
Distractible 31 .60
Affectionate .30 .59
Erratic .29 .58
Excitable .29 .57
Manipulative .28 .57
Depressed .28 .57
Protective .28 .57
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Item ICC(3,1) ICC(3K)
Reckless .28 .56
Friendly .26 .55
Disorganized .25 .53
Sympathetic .23 .50
Predictable .23 .50
Thoughtless 22 49
Independent .22 49
Decisive 21 47
Helpful 19 45
Individualistic 19 45
Stable .19 44
Cool 17 41
Unemotional 17 40
Quitting 14 .36
Sensitive 13 .33
Unperceptive 12 .32

Note. Estimates based on 121 capuchin monkeys, each rated by an average of 3.35 raters.

1C((3,1) = Reliability of individual ratings. /CQ(3,k) = Reliability of mean ratings.
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Table 7

Correlations Between Promax Rotated Components

Component  Assertiveness Openness  Neuroticism  Sociability

Openness -.38
Neuroticism -.04 .00
Sociability -.06 21 12
Attentiveness .01 -.10 -.34 -.40

Note. Correlations derived via prior to reflecting Assertiveness, Neuroticism, and Attentiveness
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Table 9

Inter-rater Reliabilities and Capuchin Personality Components

Component  1CC(3,1)

1CC(3,K)

Assertiveness 71
Openness .70
Neuroticism 40
Sociability .58
Attentiveness .37

.89
.89
.69
.82
.67

Note. Estimates based on 121 capuchin monkeys, each rated by an average of 3.35 raters.

/1C(3,1) = Reliability of individual ratings. /CC(3,k) = Reliability of mean ratings.
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