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Three popular approaches exist for quantifying personality in animals: behavioral coding in uncon-
strained and experimental settings and trait assessment. Both behavioral coding in an unconstrained
setting and trait assessment aim to identify an overview of personality structure by reducing the
behavioral repertoire of a species into broad personality dimensions, whereas experimental assays
quantify personality as reactive tendencies to particular stimuli. Criticisms of these methods include that
they generate personality dimensions with low levels of cross-study or cross-species comparability
(behavioral coding in unconstrained and experimental settings) or that the personality dimensions
generated are not ecologically valid, that is, not reflecting naturally occurring behavior (trait assessment
and experimental assays). Which method is best for comparative research is currently debated, and there
is presently a paucity of personality research conducted in wild subjects. In our study, all three described
methods are used to quantify personality in a wild animal subject, the Barbary macaque (Macaca
sylvanus). Our results show that the structures generated by unconstrained behavioral coding and trait
assessment were not equivalent. Personality dimensions derived from both trait assessments and exper-
imental assays demonstrated low levels of ecological validity, with very limited correlation with
behaviors observed in nonmanipulated circumstances. Our results reflect the methodological differences
between these quantification methods. Based on these findings and the practical considerations of wild
animal research, we suggest future comparative studies of quantification methods within similar meth-
odological frameworks to best identify methods viable for future comparisons of personality structures
in wild animals.
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Intraindividual consistency and interindividual variation in be-
havior (“personality”’; Réale, Reader, Sol, McDougall, & Ding-
emanse, 2007) have been found in a broad range of animal taxa
(Freeman & Gosling, 2010; Réale et al., 2007; Sih, Bell, &

Johnson, 2004). The apparent ubiquity of personality in animals
presents comparative opportunities to explore the evolutionary
history of personality within and between different taxa (Adams et
al., 2015; Gosling, 2008). Nonhuman animal (hereafter animal)
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personality research continues to be highly descriptive and how
best to quantify personality in animals remains contentious (Carter,
Feeney, Marshall, Cowlishaw, & Heinsohn, 2013; Dirienzo &
Montiglio, 2015; Réale et al., 2007; Uher & Visalberghi, 2016).
Questions persist as to how animal personality can be measured
reliably, the degree of objectivity of data collected, and whether
the personality quantified reflects or is relevant to the behavioral
ecology, and therefore, evolutionary history of the species (Uher,
2008; Uher & Visalberghi, 2016; Vazire, Gosling, Dickey, &
Schaprio, 2007).

Although there are a wide range of methods and methodological
approaches available to researchers seeking to quantify personality
in animals (Carere & Maestripieri, 2013; Uher, 2008), the litera-
ture is currently dominated by three approaches: (a) “experimental
assays,” in which stimuli are presented to elicit personality-
associated behaviors from subjects and record the frequency of
their expression; (b) “unconstrained behavioral coding” (hereafter
“behavioral coding”), in which behavioral observation data col-
lected in a nonmanipulated setting are analyzed to reveal patterns
of repeated behaviors and the degree to which one individual
differs from another in its behavioral repertoire; and (c) “trait
assessment,” in which researchers familiar with individual animals
complete questionnaires, rating the degree to which subjects ex-
hibit particular personality traits or behaviors (Freeman, Gosling,
& Schapiro, 2011; Uher & Asendorpf, 2008).

Experimental assays tend to quantify personality based on re-
actions to particular stimuli (Réale et al., 2007). For example,
“boldness” is typically quantified based on responses to risky but
nonnovel situations (Carere & Maestripieri, 2013; Réale et al.,
2007), whereas “exploration” is typically quantified based on
responses to novel situations, objects, foods or environments
(Carter, Marshall, Heinsohn, & Cowlishaw, 2012a; Réale et al.,
2007). Personality quantification based on reactive tendency is
rooted in the “reinforcement sensitivity theory” of personality
(Corr, Pickering, & Gray, 1995), which postulates that there are
three components of reactivity: the “flight-or-fight system,” me-
diating responses to aversive stimuli; the “behavioral activation
system,” mediating responses to positive stimuli; and the “behav-
ioral inhibition system,” mediating responses to uncertain or novel
stimuli (Gray & McNaughton, 2000). As the personality dimen-
sions of interest are chosen in advance to select an appropriate
stimulus, this can make it hard to quantify personality that is
comparable across species and studies, particularly if only a single
experimental approach is used in a study or if stimuli used to
quantify personality are highly species/population-specific (Carter
et al., 2013; Uher, 2008). Furthermore, behaviors, and thus per-
sonality, elicited experimentally may not reflect “natural” behav-
iors and hence lack “ecological validity” (Carter et al., 2013; Réale
et al., 2007), and therefore may not be relevant for studying the
behavioral or evolutionary ecology of personality within or across
species (Freeman, Gosling, & Schapiro, 2011; Vazire et al., 2007).

Experimental assays typically aim to identify predefined per-
sonality constructs, such as boldness or exploration, and thus use
a “top-down” methodology (Uher, 2008). Trait assessments also
typically use a “top-down,” standardized method (using similar
questionnaires for different species and studies), which facilitates
phylogenetic and interstudy comparisons of the presence and ab-
sence of personality dimensions throughout taxa (Adams et al.,
2015; Konec¢na, Weiss, Lhota, & Wallner, 2012). Much trait as-

sessment research has utilized the human model of personality to
develop questionnaires (Weiss, 2017). Although such an anthro-
pocentric approach is contentious, it has yielded useful compara-
tive results within the primate taxon (Adams et al., 2015; Weiss,
2017). Although less common in the literature, researchers can
also develop “bottom-up” trait assessments in which the question-
naire items are derived from behaviors of the subjects (Uher &
Asendorpf, 2008). Using either approach, questionnaires remain
inherently subjective and based on human perceptions of person-
ality and behavior, which makes them distinct from experimental
assay and behavioral coding, which record the actual behavior of
subjects. Thus, personality identified from analysis of question-
naires may not be ecologically valid and reflective of real-world
behavior (Freeman et al., 2011). Furthermore, personality, by
definition, is interindividual variation and intraindividual consis-
tency in behavior (Réale et al., 2007). The presence/absence of
traits for a given individual is calculated relative to the population
average scores for those traits. This procedure intrinsically gener-
ates interindividual variation in ratings for certain items where the
variation may actually be very low and thus not a valid component
of personality. Trait assessment also requires the raters to utilize
their memory of subjects; if the same raters are used to evaluate
personality in subjects at different time periods, the raters are
drawing upon their own mental image of the behavior of subjects,
and these mental images may be more static than the actual
behaviors of individuals, creating an exaggerated degree of intra-
individual consistency in personality (Uher & Asendorpf, 2008;
Uher & Visalberghi, 2016; Uher, Werner, & Gosselt, 2013).

Behavioral coding generally takes a “bottom-up” approach to
quantifying personality (Freeman et al., 2013; Seyfarth, Silk, &
Cheney, 2012) and is based on naturally occurring behavior, so
derived personality dimensions, which are not constrained at the
outset, have ecological validity. According to the principles of
“Interactionist psychology,” certain situations or environments are
likely to cause individuals to behave similarly, whereas other
situations will result in clear interindividual differences, and thus
clear differences in identified personality (Carter et al., 2013; Tett
& Guterman, 2000). Therefore, when compared with “top-down”
experimental assays and trait assessments, behavioral coding re-
quires relatively intensive and time-consuming data collection to
incorporate behavioral responses of individuals in a range of
situations or environments.

In their review of animal personality methods, Carter et al.
(2013) proposed that researchers quantifying personality must
achieve three forms of validity for the personality dimensions
generated: ecological validity (personality dimensions reflect nat-
urally occurring behavior), convergent validity (correlations be-
tween the results of different methods theoretically measuring the
same trait), and discriminant validity (lack of correlation between
the results of different methods theoretically measuring separate
traits). Experimental assays and trait assessments when used alone
cannot identify ecological validity, and no method used in isolation
can test for convergent or discriminant validity. Both behavioral
coding and trait assessment aim to reduce the entire personality of
subjects into broad dimensions and, therefore, we should expect
convergent validity between dimensions derived from these two
methods (Uher & Asendorpf, 2008). Experimental assays quantify
personality based on reactions to particular stimuli. As such, we
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should expect discriminant validity between experimental assays
of different components of reactive tendencies.

Given that there are pros and cons of these popular methods, it
is pertinent to establish the degree of comparability between the
results derived from each method, as well as their validity. In their
review, Freeman et al. (2011) highlighted several primate studies
in which scores for trait assessment-derived personality factors
correlated significantly with behavioral coding items when sub-
jects were observed in nonexperimental settings. For example, in
captive chimpanzees (Pan troglodytes), the trait assessment-
derived “playfulness” correlated significantly with rates of “social
play” derived by behavioral coding (Pederson, King, & Landau,
2005). However, as noted by Freeman et al. (2011), convergence
between the different personality quantification methods was gen-
erally low. Indeed, recent studies of captive common marmosets
(Callithrix jacchus; Iwanicki & Lehmann, 2015) and wild bonobos
(Pan paniscus; Garai, Weiss, Arnaud, & Furuichi, 2016) found
low levels of convergent validity, with correlation coefficients
between trait assessment- and behavioral coding-derived person-
ality expression ranging between 0.01 and 0.50 across both studies.
Direct comparisons of personality quantified by trait assessments
and by experimental assays have also produced varied results. In
captive rhesus macaques (Macaca mulatta), individuals which
were rated as highly “sociable” were more likely to lipsmack (a
greeting behavior) in response to video playbacks (Capitanio,
1999). Similarly, in wild chacma baboons (Papio ursinus), “bold-
ness” assayed using a novel food experiment correlated with
“boldness” as rated by human observers (Carter, Marshall,
Heinsohn, & Cowlishaw, 2012b). However, in domestic horses
(Equus caballas; Seaman, Davidson, & Waran, 2002) and dogs
(Canis familiaris; Kubinyi, Gosling, & Miklési, 2015), trait as-
sessments for subjects did not correlate with behavior in experi-
mental assays. In the aforementioned studies where trait assess-
ment results have been compared with either behavioral coding or
experimental assay results, the items on which raters are required
to rate subjects were typically adjectives, for example, “boldness”
or “sociable.” Studies where raters assess the degree to which
subjects express specific behaviors rather than adjective-based
traits have generated stronger correlations with behavioral coding
or experimental assays (Uher, Addessi, & Visalberghi, 2013; Uher
& Asendorpf, 2008; Uher et al., 2013).

In situ comparisons of all three of these popular approaches
together have, to date, been limited to captive animal research. In
tame fallow deer (Dama dama), “boldness” was identified by both
trait assessments and an experimental assay (novel object test), and
“dominance” was identified by both trait assessments and behav-
ioral coding (Bergvall, Schipers, Kjellander, & Weiss, 2011).
Factor scores for trait-assessment “boldness” correlated signifi-
cantly with experimental assay-derived “boldness,” and trait-
assessment “‘dominance” correlated significantly with behavioral
coding-derived “dominance,” suggesting convergent validity for
these personality traits in fallow deer. More recently, Uher and
Visalberghi (2016) performed a comparison of a combined behav-
ioral method (data derived from both behavioral observation and
experimental tests) with trait assessment in a study of captive
capuchins (Sapugus spp.), finding significant differences in the
personality structures quantified by the two methods, essentially
arising from human bias in trait assessments.

Personality literature, especially comparisons of personality
quantification methods, is mostly composed of studies conducted
in captive populations (Freeman & Gosling, 2010). Individual
survival in captive populations relies on adaptation to a specific
environment, which may result in depletion in behavioral trait
variation within a population (McDougall, Réale, Sol, & Reader,
2006). It is important to compare methods for quantifying person-
ality in the wild to guide future research and confirm that the
personality identified has ecological validity in a setting most
reflective of the species’ evolutionary and ecological history.

Therefore, in our study, we incorporated and compared the three
most common approaches to quantify personality in a wild primate
species, Barbary macaques (Macaca sylvanus). In particular, we
aimed to clarify how comparable the methods are (based on
calculations of convergent and discriminant validity), whether
each method generates dimensions that are ecologically valid, that
is, reflective of natural behavior rather than solely perceptions of
behavior (trait assessments) or artificially induced behavior (ex-
perimental assays), and, finally, we considered the practicality of
these methods for use with wild animal subjects.

To date, there are only two published studies pertaining to
Barbary macaque personality, both of which employed a “top-
down” trait assessment method (Adams et al., 2015; Kone¢na et
al., 2012). Konec¢nd et al. (2012) studied a group of semi-free-
ranging macaques in Gibraltar (n = 27) and described a person-
ality structure containing four components: “Friendliness,” “Ac-
tivity/Excitability,” “Confidence,” and “Opportunism.” Adams et
al. (2015) studied two wild groups of macaques in Morocco (n =
74) and also found a four-component structure to the personality of
subjects: “Friendliness,” “Confidence” (both also found in
Konecnd et al., 2012), “Openness,” and “Irritability.” Adams et al.
(2015) equated “Activity/Excitability” found in the previous study
with the “Openness” found in their study, and “Opportunism” and
“Irritability” were found to share a number of constituent traits.
Nevertheless, despite using the same questionnaire, differences in
the personality structure of Barbary macaques were found between
the studies.

Method

All data collection was conducted following ethical approval by
University of Roehampton and the receipt of research permits for
the field work were provided by Haut-Commissariat aux Eaux et
Foréts et a la Lutte Contre la Désertification, Royaume du Maroc.

Study Subjects/Site

Data were collected at a study site in the oak and cedar forest
within the Ifrane National Park, Morocco (33° 24" N, 05° 12" W;
elevation 1,500-2,000 m above sea level). For this study, the
adults of two groups of fully habituated Barbary macaques were
the subjects. Adults were defined as sexually mature individuals
based on body size in both sexes, the presence of anogenital
swellings during the breeding season in females, and descended
testicles and large canines in males (Fooden, 2007). There were 12
subjects in the “Blue” group (five males; seven females) and 15 in
the “Green” group (seven males; eight females).
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Data Collection

Behavioral data. For this study, data on activity state (feed-
ing, resting, traveling, grooming) were recorded continuously
using focal animal sampling. Contact between individuals,
proximity, agonistic, solitary and sexual behaviors, as well as
facial displays and vocalizations were recorded as point events
(Table S1 in the online supplementary materials lists the vari-
ables and provides brief definitions). To measure gregarious-
ness, at the start and end of each focal sample the number of
group members within 0—1 m, 1-5 m, and 5-10 m of the focal
subject was also recorded. Finally, during these measures of
proximity, observers also recorded whether subjects were cen-
tral or peripheral within the group in terms of spatial position;
individuals were considered peripheral if they were the outer-
most individual in either the front, rear or side of the group.

Behavioral data were collected in three time blocks: mating
season, starting with first observed copulation and finishing with
last observed copulation in the groups (11th October 2013-20th
January 2014 for the Blue group; 9th October 2013-9th January
2014 for the Green group); nonmating season 1 (21st January
2014-5th March 2014 for the Blue group; 10th January—6th
March 2014 for the Green group); and nonmating season 2 (4th
February 2015-18th April 2015 for both groups). Division of
behavioral data into time blocks allowed us to test for repeatability
of behavioral variables across both time and varying social and
ecological contexts (see below). Overall, 28 behavioral variables
(21 behaviors and seven indices [grooming and proximity]; Table
S1 in online supplementary materials) relevant to Barbary ma-
caque socioecology (Hodges & Cortes, 2006; Koski, 2011; Neu-
mann, Agil, Widdig, & Engelhardt, 2013) were collected/calcu-
lated. Behavioral variables were standardized before analysis using
Z scores.

Behavioral data were collected through focal (30 min) sam-
pling and proximity scans at the start and end of focal samples
(Altmann, 1974) using a Psion handheld computer and The
Observer XT software Version 8.0. The order of subjects for
focal samples was randomized; subjects were not resampled
until all other individuals had been sampled and never more
than once on the same day. Including the principal investigator
(PJT), seven people collected behavioral data. Interobserver
reliability tests using intraclass coefficients (ICC; Shrout &
Fleiss, 1979) were conducted for all researchers: Researchers
collected behavioral data only once they had collected two
consecutive focal follows where the frequency and duration of
variables recorded were significantly reliable (ICC > 0.95; p <
.05) compared with those recorded by PJT.

A total of 1,308 hr of focal samples were collected, comprising
an average of 48.41(*=1.64) hr per subject. A total of 5,352
proximity scan samples were recorded, comprising an average of
198.22(*5.64) scans per subject.

Questionnaire data. Questionnaire data were collected for
the trait assessment method of quantifying personality. Eight re-
searchers not involved in behavioral data collection for the current
project, who each had a minimum of 3 months of experience
observing the study subjects, completed a questionnaire assessing
the personality structure of the subjects. The questionnaire, which
was used in a previous Barbary macaque personality study
(Konecnd et al., 2012), was adapted from the Chimpanzee Person-

ality Questionnaire (King & Figueredo, 1997), which itself was
derived from questionnaires used in human personality research
(Konecna et al., 2012). The questionnaire consisted of 51 items
(personality traits; see Table S2 in online supplementary materi-
als), which were rated on a 7-point scale. A score of “1” suggests
the rater believes the trait is absent in the individual, whereas a
score of “7” implies the rater believes the individual exhibited
“extreme amounts” of the trait. Questionnaire data were collected
from researchers who had worked with the subjects between
January 2012-December 2013 (n = 4), January 2013—August
2013 (n = 2), and September 2013—April 2014 (n = 2).

Experimental data. The two experimental assays of person-
ality (boldness and exploration) were conducted between October
2013-March 2014 and October 2014 —March 2015. For the exper-
imental “boldness” assay (positive or nonfearful reactions to a
threatening but nonnovel stimulus; Réale et al., 2007), playback
experiments were conducted. Subjects were presented with four
playbacks (three treatments and one control) over the study period.
The treatment stimulus was designed to simulate intergroup en-
counters and consisted of aggression growls and alarm barks from
nongroup conspecifics. The control stimulus was a brown-necked
raven (Corvus ruficollis) call, a common and frequently heard bird
at the field site.

Stimuli were broadcasted using an SME-AFS Portable Field
Speaker (Saul Mineroff Electronics). The speaker was hidden
using branches and placed ~30-50 m away from the group.
Immediately following the playing of the stimulus, a 30-min focal
observation was carried out with predetermined subjects (from a
randomized order; one to three subjects per experiment). Research-
ers recorded the duration or frequency of behaviors associated with
elevated anxiety or stress coping mechanisms in Barbary ma-
caques and other primates (Schino, Perretta, Taglioni, Monaco, &
Troisi, 1996; Semple, Harrison, & Lehmann, 2013), namely, self-
grooming (duration), self-scratching, yawns, and vigilance
(counts; vigilance was defined as sustained gazes away from
general activity).

For the “exploration” experimental assay (positive or non-
fearful reactions to a novel stimulus; Réale et al., 2007), novel
object experiments were conducted. For treatment experiments
(mean number per subject = 4 * 2), subjects were presented
with similarly sized, brightly colored toys or household items
(see Figure S1 in online supplementary materials for photo-
graphs of all objects). For control experiments (mean number
per subject = 2 * 1), bundles of fallen branches were pre-
sented. To present both treatments and controls, the objects
were tied to a brown (partially camouflaged) rope and sus-
pended from a tree, ~0.5 m above the ground. Experiments
were set up in advance and out of sight of the approaching
group. When the group came within 30 m of the stimulus, the
object was raised briefly by the researcher to draw attention to
the object and then left suspended above the ground. Data
collection began when the first group member (including in-
fants and juveniles) approached within 20 m of the object. A
30-min observation of the object was conducted; the researcher
recorded all individuals entering or leaving the 20-m zone
around the object. All instances of interactions (visually in-
specting, handling) with the object were recorded.
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Quantifying Personality Dimensions

Behavioral coding. Quantifying personality using behavioral
coding involves two key steps: first, identifying within subjects the
behaviors that were expressed in a repeatable manner (similar
frequency or duration over time and context); second, reducing the
number of repeatable behaviors into broad personality dimensions
(Freeman et al., 2011; Koski, 2011). To examine whether subjects
expressed these variables consistently across the three time peri-
ods, each variable was examined using an analysis of variance-
based measure of repeatability (R,; Nakagawa & Schielzeth,
2010). This method calculates an estimate of repeatability, R ,, for
each behavioral variable based on the degree of within-individual
variation for the expression of each variable compared with the
overall between-individual variation in expression for the same
variable (Nakagawa & Schielzeth, 2010). Repeatability was cal-
culated using the rptr package in R (Nakagawa & Schielzeth,
2010).

Behavioral variables which showed significant repeatability
across the three time periods were then used in a factor analysis
(FA) to identify suites of correlated variables, with mean values for
each variable for each subject included in the analysis (Budaev,
2010; Koski, 2011). As the ratio of subjects to variables was low,
we employed regularized FA, a method recommended for low
sample number FA (Jung & Lee, 2011) specifying unweighted
least squares for factor extraction. Parallel analysis was used to
determine eigenvalues and number of factors (Horn, 1965) using
the paran (Dinno, 2012) package in R. The suitability of the data
set for FA was assessed using the Kaiser Meyer Olkin (KMO)
measure of sampling adequacy and Barlett’s test of sphericity, both
performed using the psych package (Revelle, 2018) in R. An
oblique (“Promax”) rotation was used, which allows for correla-
tions between factors, as no assumption is made about the under-
lying structure of data (Budaev, 2010; Koski, 2011; Neumann et
al., 2013). The sum of the mean values of the behavioral variables
which loaded onto a particular personality dimension was used to
create individual (subject specific) scores for a particular person-
ality dimension. Salient loadings of items on factor or components
were defined as =%+0.40 (Konec¢na et al., 2012).

Trait assessment. Trait assessment analysis involves two key
steps: first, determining the reliability of the ratings by examining
correlations between raters for a given subject and given person-
ality trait; second, identifying correlations among these reliably
rated traits to create broad personality dimensions. Using the
questionnaire data, interrater reliability for item ratings was cal-
culated using ICCs (Shrout & Fleiss, 1979). Two coefficient types
were used: ICC (3, 1), which indicates the reliability of individual
ratings from one trait to another; and ICC (3, k), which indicates
the reliability of individual ratings of a trait to a mean score of this
trait based on k raters (Shrout & Fleiss, 1979). ICC calculations
were conducted using IBM SPSS Statistics 21 (IBM Corp, Ar-
monk, NY).

Interrater reliability for an item was defined as p << .05 for both
ICCs, ICCJ3, k] = 0.75 (DeVon, Block, Moyle-Wright, Ernst,
Hayden, Lazzara, Savoy, & Kostas-Polston, 2007; DeVon et al.,
2007). For items with significant interrater reliability, mean rating
values were calculated for each trait for each subject. Following
the same FA protocol used for behavioral coding, regularized FA
was then applied to reliably rated items to identify correlated

items. Once factors were identified, scores for subjects for a
particular personality dimension were created by summing the
mean ratings for items which loaded (salient loading *<<0.40)
onto a particular factor.

Experimental assays. For the Boldness assay, expressions of
the behavioral variables during an experiment were converted into
proportions of observation time for self-grooming and into fre-
quencies per minute for point behaviors (self-scratch, yawn, and
vigilance). These variables were standardized and then summed
into a single value and multiplied by —1, so that higher scores
indicated less fearful and thus bolder responses to the stimuli, to
create an index of boldness. For the Exploration assay, the fre-
quencies per minute were calculated for each type of interaction
with the stimuli, with observation time being defined as the
amount of time the subject was within 20 m (and thus visible
range) of the object. These values were then summed to create an
index of exploration.

Linear mixed-effects models were used to compare indices of
boldness and exploration derived from treatment experiments to
those derived from control experiments to ensure that the indices
reflect responses to either a nonnovel, risky stimulus (in the case
of playbacks) or a novel stimulus (in the case of novel object
presentations), rather than general responses to stimuli. For this
analysis, index scores for each individual were the dependent
variable, individuals were included as random effects, and exper-
iment type as a fixed effect; significance (p < .05) was determined
by F tests of the fitted full model (Whittingham, Stephens, Brad-
bury, & Freckleton, 2006). Models were fitted using the nlme
package in R (Pinheiro, Bates, DebRoy, Sarkar & R Core Team,
2016). Repeatability across treatment experiments of boldness and
exploration measures were analyzed using the analysis of
variance-based measure of repeatability (R ,; Nakagawa & Schiel-
zeth, 2010), using the rptr package in R (Nakagawa & Schielzeth,
2010).

Validation of Personality Dimensions

Percentage bend correlations (Wilcox, 1994) were used to
test for convergent and discriminant validity among the person-
ality dimensions generated by behavioral coding, trait assess-
ment, and experimental assays using standardized (z scores)
mean values for personality dimension scores. Ecological va-
lidities of trait assessment- and experimental assay-derived
dimensions were determined by examining percentage bend
correlations between mean personality scores derived through
each of these methods and mean expression of the behavioral
coding variables (Table S1 in the online supplemental materi-
als). Percentage bend correlations were calculated using WRS
package in R (Wilcox & Schonbrodt, 2009).

To determine whether individuals differed significantly in their
expression of the personality dimensions identified, linear mixed-
effects models were used with individuals as random effects, sex
and group as fixed effects, and personality scores as the dependent
variable. Significance of the fixed effects was determined by F
tests of the fitted full model (Whittingham et al., 2006). Likelihood
ratio tests compared models with and without random effects to
determine if there was significant interindividual variation in per-
sonality scores. Models were fitted using the nlme package in R
(Pinheiro et al., 2016).
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Results

Personality Dimensions

Behavioral coding. Of the 28 behavior variables included in
the behavioral coding approach, 18 were repeatable (see Table S3
in online supplementary materials for all R, coefficients). The
KMO measure of sampling adequacy (0.61) and Bartlett’s test of
sphericity (x> = 839.74, df = 153; p < .01) confirmed the
suitability of these repeatable variables for FA. Parallel analysis of
behavioral variables suggested three components to be extracted.
Three variables were removed following the first FA due to
insufficient loading (=0.40) on any component (Activity [maxi-
mum loading = —0.35], Retreat [—0.21], Body Shake [—0.21]).
Parallel analysis of the new data set suggested the extraction of
three factors; the KMO measure of sampling adequacy (0.69) and
Bartlett’s test of sphericity (x> = 766.32, df = 105; p < .01)
confirmed the suitability of this data set for FA.

The final FA generated three factors that explained 56% of
total variance (see Table 1); each factor from behavioral coding
is indicated by a gz suffix after the name. The first factor
(accounting for 20% of variance) had positive loadings for eight
variables related to dominance, prosocial behaviors, as well as
behaviors associated with anxiety. This dimension was called
“Excitabilitygc,” a dimension of personality previously identi-
fied in Barbary macaques using trait assessment (Konecnd et
al., 2012). The second factor (accounting for 19% of variance)
had positive loadings for centrality and number of neighbors
within 5 m, so was called “Sociabilityy.,” a term used in
previous macaque personality research (Neumann et al., 2013;
Sussman, Ha, Bentson, & Crockett, 2013). The third factor
(accounting for 17% of variance) contains four variables related
exclusively to grooming, either self- or allogrooming. Previous
personality studies have related factors containing grooming
variables to sociability (Neumann et al., 2013). However, the

Table 1
Loadings of Behavioral Variables From Factor Analysis Used in
Behavioral Coding Method

Factor 1: Factor 2: Factor 3:
Variable Excitabilityg ~ Sociabilityg  Tactilityge
Triadic embrace .76 .00 .10
Yawn 74 —.21 —.31
Embrace 73 .10 —.15
Tree shake 73 —-.33 13
Open mouth .64 .19 —.17
Mount .62 12 —.04
Genital touch .61 .10 37
Contact aggression S1 17 37
Central .01 91 21
Peripheral —.02 -91 —.21
Neighbors within 5-10 m —.10 85 —.17
Allogroom -.20 .19 .84
Neighbors within 1 m 18 31 71
Grooming density —.31 —.05 .66
Self-groom .04 —.31 .60

Note. BC = behavioral coding. Salient loadings (>.40) are in bold.
Variables that loaded significantly on more than one factor are in bold
and italicized. Higher loadings determined which factor a variable was
included in.

Table 2
Intraclass Coefficient (ICC) Values for Questionnaire Items
Item ICC (3, 1) ICC (3, k) Item variance F  p value

Dominance .59 91 0.57 1092 <.01
Eccentric .63 91 2.57 13.39  <.01
Irritability 54 .89 1.26 939 <.01
Submissive .50 .88 3.61 7.80 <.01
Solitary .50 .87 1.61 8.50 <.01
Popular 47 .86 1.34 10.10 <.01
Timid 46 .85 1.70 6.63 <.01
Equable 46 .85 0.57 6.78 <.01
Depressed 44 .85 297 6.59 <.01
Insecure 43 .84 4.74 647 <.01
Independent 42 .83 1.50 591 <01
Disorganized 45 .83 1.21 6.96 <.01
Sociable 41 .83 1.62 739 <.01
Fearful 41 .83 1.40 5.86 <.01
Tense 40 .82 2.55 6.85 <.01
Protective .38 81 0.48 552 <.01
Helpful .36 .80 0.34 6.95 <.01
Erratic .36 .80 2.06 545 <.01
Aggressive 35 .79 1.94 552 <01
Confidence .34 78 1.41 471 <.01
Gentle 31 16 1.27 4.67 <.01
Affectionate .30 75 0.71 5.13 <.01
Excitable” 28 73 0.18 373 <.01
Intelligence™ 27 73 1.40 439 <01
Consistent™ .28 73 0.76 427 <01
Impulsive” 27 72 1.75 378 <.01
Friendly” 27 72 0.76 472 <01
Manipulative” 27 72 1.60 398 <.01
Playful” 27 72 0.30 550 <.01
Persistent” .26 1 0.52 3.60 <.01
Sympathetic” 25 .70 0.57 521 <.01
Socially playful® 24 .69 0.88 481 <.01
Permissive” 24 .69 1.33 330 <.01
Conventional” 23 .67 0.78 3.68 <.01
Bullying” 22 .66 1.75 317 <.01
Patient™ .20 .64 0.30 292 <01
Sensitive” .19 .62 0.79 346 <.01
Unemotional” 18 .60 0.26 2.50 <.01
Active” 18 .60 0.59 346 <.01
Selective” 17 .60 1.94 2.57 .01
Jealous™ .16 .58 1.19 2.29 .02
Assertive” 15 .54 0.54 2.23 .03
Cautious™ 13 .52 1.43 2.06 .04
Reckless” 13 51 1.40 2.03 .05
Stingy™ .02 .07 3.29 1.08 .38
Lazy” .06 21 0.13 1.33 .16
Explorative” —.06 -.27 6.41 0.76 79
Alert” .00 .00 4.02 1.00 48
Curious™ —.04 -.19 3.84 0.80 75
Opportunistic” —.01 —.05 3.46 0.93 .57
Inventive” —.05 -.25 0.32 0.71 .85

Note. Items marked with asterisks were not significantly reliably rated
(p > .05).

high loading for self-grooming, a solitary activity, found here
suggests that the factor identified is independent of sociability.
Therefore, the term “Tactilityy" was introduced.

Trait assessment. Seven of the 29 questionnaire items were
unreliably rated by raters (see Table 2). The ICC(3,1) coefficients
for the remaining 22 items ranged from 0.30 to 0.63 with a mean
of 0.43 (£0.083); ICC(3, k) coefficients for these items ranged
from 0.75 to 0.91 with a mean of 0.83 (£=0.04; Table 2). Parallel
analysis of ratings suggested the data should be reduced to three
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Table 3
Loadings of Questionnaire Items From Principal Component
Analysis Used in Trait Assessment Method

Component 1: Component 2: Component 3:

Variable Confidence, Friendliness Neuroticismy
Aggressive 92 —.38 23
Dominant 91 13 -.07
Insecure -91 12 22
Timid -.90 —.01 15
Confident .87 23 11
Submissive -.83 28 38
Fearful -.79 —.05 33
Independent 74 .06 51
Irritable 73 —.48 .35
Popular .67 55 —.02
Protective .59 .46 23
Gentle -.35 94 31
Helpful —.04 92 .04
Affectionate .01 .89 .14
Equable .05 77 .08
Sociable 25 .67 —.08
Eccentric .06 31 91
Depressed —.16 .16 91
Solitary -.13 .01 .66
Disorganized .02 .02 .64
Tense 43 —-.29 52
Erratic 12 —-.29 41
Note. TA = trait assessment. Salient loadings (>.40) are in bold. Items

that loaded significantly on more than one component are in bold and
italicized. Higher loadings determined which component a variable was
included in.

factors; the KMO measure of sampling adequacy (0.59) and Bar-
tlett’s test of sphericity (x> = 743.03, df = 231; p < .01) con-
firmed the suitability of this data set for FA. The three factors
accounted for 74% of variation within the data set (see Table 3);
each factor from trait assessment is indicated by a |, suffix.
The first component (accounting for 35% of total variance)
contained positive loadings for items such as dominant, confident,
and aggressive and was therefore called “Confidence,,” a com-
ponent found in previous Barbary macaque research (Adams et al.,
2015; Konecna et al., 2012). The second component (22% of total
variance) that had positive item loadings for sociable, affectionate,
and gentle, was similar in structure to “Friendliness” found in
previous Barbary macaque research (Adams et al., 2015; Kone¢nd
et al.,, 2012) and thus was called “Friendliness;,.” The final
component (17% of total variance) contained positive loadings for
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items such as eccentric, disorganized, and solitary and was thus
similar in structure to human Neuroticism (Weiss, 2017); thus, the
term Neuroticismy, was applied to this component.

Experimental assays. Personality quantified using experi-
mental assays in this study is denoted by the EA suffix. For the
boldness assay, subjects were presented with three playback treat-
ment experiments and one control experiment. For the exploration
assay, subjects participated (entered into proximity with the object)
on average in 4.2 (*=1.2) treatment experiments and on average
2.40 (£1.26) control experiments. Subjects demonstrated signifi-
cantly repeatable “Boldnessg,” scores across treatment experi-
ments (R, = 0.20; SE = 0.13; p < .05); mean “Boldnessg,”
scores were significantly higher in treatment experiments com-
pared with control experiments (F = 15.95; df = 1, 26; p < .01).
Subjects did not demonstrate significantly repeatable “Explorationg,”
scores across treatment experiments (R, = 0.03; SE = 0.01; p = .67);
mean “Explorationg,” scores were significantly higher in treatment
experiments compared with control experiments (F = 8.49; df = 1,
26; p = .01).

Validation of Personality Dimensions

Convergent and discriminant validity. Only three signifi-
cant correlations between the eight personality variables identified
were observed (see Table 4): Positive correlations were observed
between Sociabilityg~ and Friendliness;, scores and between
Sociabilityy and Confidencer, scores. A positive correlation was
also observed between Boldnessy, and Tactilityg scores. Thus,
contrary to expectations, levels of convergent validity between
behavioral coding- and trait assessment-derived personality di-
mensions were low. Discriminant validity (a lack of a correlation)
was observed between mean Boldnessp, and Explorationg,
scores, as expected.

Ecological validity. Mean scores for trait assessment- and
experimental assay-derived dimensions rarely correlated with be-
havioral variable values, suggesting low levels of ecological va-
lidity (see Table 5). For trait-assessment dimensions, 16.7% of
mean behavioral variable values correlated with mean personality
construct scores. These correlations were consistent with the def-
initions of the constructs, for example, mean Friendliness, scores
correlated positively with average time spent centrally and average
number of neighbors within 5 m. Mean Boldnessg, scores corre-
lated with only two of 28 mean behavioral variable values: activity
and vigilance; mean Explorationg, scores did not correlate with
any of the 28 mean behavioral variable values.

Percentage Bend Correlation Coefficients (p) Between Subject Mean Scores for All Personality

Dimensions (n = 27)

Excitabilityg Sociability Tactility g Boldnessg 4 Explorationg
Confidencery, 36" 45¢ —.29% .04 —.20
Friendliness, —.13% .61° .09* .16 —.14
Neuroticism .22¢ —.34% —.13* —.18 .30
Boldnessg 5 .07 .29 47 — —.17
Explorationg 26 —.24 .05 —.17 —
Note. BC = behavioral coding; EA = experimental assays; TA = trait assessment. Significant correlations

indicative of convergent validity are in bold (p < .05).
% Values around which convergent validity was predicted.
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Percentage Bend Correlation Coefficients (p) Between Subject Means for Behavioral Variables™

and Personality Dimension Scores (n = 27)

Behavior variable Confidencer, Friendlinessy, Neuroticismp, Boldnessg,  Explorationg,
Activity —.21 .01 —.36 41 —.02
Submissions —-.23 —-.22 —.04 25 .06
Retreats —.24 .01 22 —.09 —.02
Supplants 22 —.09 —.23 —.03 —.09
Self-groom —.21 —.19 .07 —.02 24
Self-scratch —.15 —.17 58 —.30 —.10
Body shake .04 .04 09 —.01 .07
Yawn 21 —.04 .23 —.24 —.12
Tree shake .26 -.20 22 —.16 —.10
Mounting 17 —.08 09 .06 01
Allogrooming —.31 11 —.19 .33 23
Grooming density —.26 .03 —.17 34 36
Grooming diversity —.29 —.14 —.05 35 21
Grooming evenness —-.33 -.20 .02 34 25
Contact aggression 25 —.13 —.10 —.14 —.04
Noncontact aggression 29 —.31 06 —.09 —.09
Open mouth 24 —-.27 10 —.12 —.02
Bare teeth .37 —.17 01 -.27 —.12
Teeth chatter 32 —-.32 12 —.26 —.14
Lip smack .09 .03 19 .20 —.04
Embrace 35 18 01 —.22 10
Genital touch .06 .03 46 —.16 .36
Sandwich 21 —.12 18 —.04 —.01
Vigilance .01 —.11 36 41 —.13
Peripheral —.15 —.38 .19 .05 —.17
Central 14 38 —.19 —.05 17
Neighbors within 0-1 m —.05 .07 —.29 .14 15
Neighbors within 1-5 m .30 .38 —.19 —.10 15
Neighbors within 5-10 m 21 33 —.21 .01 05
Approaches 20 .07 14 —.34 13
Note. TA = trait assessment; EA = experimental assays. Significant correlations indicating functional validity

are in bold (p < .05).

*“ Frequency per minute, proportion of observation time or index; See Table S1 in the Online Supplementary

Materials.

Interindividual variation. Interindividual variation was ob-
served in scores for six of the eight personality dimensions tests.
There was no evidence of interindividual variation in scores for
Boldnessg, and Explorationg, (see Table 6).

Discussion

This study presents an in situ comparison of the three predom-
inant methods used for personality quantification in wild animals.
When testing the ecological validity and degree of convergent/
discriminant validity between the methods, the results suggest that
these approaches are not equivalent to one another and highlight
their methodological differences.

Barbary Macaque Personality Structure

Six out of the eight quantified dimensions conformed to
the definition of personality in demonstrating both interindi-
vidual variation and intraindividual consistency (Réale et al.,
2007): Excitabilityg, Sociabilityg, Tactilityg., Confidencer,,
Friendliness,, and Neuroticism,. Based on their observed
convergent validity, these dimensions can be further reduced
to Confidence, General Sociability (Sociabilitygz- and
Friendliness,), Tactile Sociability, and Neuroticism. This struc-

ture bears similarity to that which was previously quantified using
trait assessment alone for a population of semi-free-ranging Bar-
bary macaques (Konec¢nd et al., 2012), that consisted of Excitabil-
ity, Friendliness, Confidence, as well as an additional dimension,
Opportunism. In the semi-free-ranging population, where interac-
tions with human tourists and food provisioning are frequent
(Maréchal, MacLarnon, Majolo, & Semple, 2016), Opportunism
was characterized by high ratings for “Manipulative,” “Jealous,”
or “Bullying” items on the questionnaire. Provisioning of food by
tourists may encourage the expression of these traits, and hence the
prominence of the combined dimension, Opportunism. Future
comparative intraspecific research may further inform how per-
sonality develops differently or is differently expressed in different
environments.

In our study, Sociability was split into two dimensions (General
and Tactile), whereas in the semi-free-ranging population, only
Friendliness was found. It has been argued that the Friendliness
dimension of macaques is a “blended” dimension, incorporating
elements of Extraversion and Agreeableness, which are typically
separate dimensions in great apes (Adams et al., 2015). Our results
suggest that combining multiple methods to quantify personality
can reveal subtleties in personality structure which may be lost
when using a single approach in isolation.
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Table 6

Results From Linear Mixed-Effect Models Explaining Interindividual Variation in the Expression

of Identified Personality Dimensions

Random effects

Models Estimate SE F p value LRT p value
Excitability g
Intercept 1.32 0.19 6.61 <.01 4.80 .03
Group —-0.73 0.22 —3.36 <.01
Sex —1.72 0.21 8.03 <.01
Sociability g
Intercept 1.13 0.07 527.58 <.01 14.51 <.01
Group 0.07 0.08 0.39 54
Sex 0.03 0.08 0.08 78
Tactility g
Intercept 0.47 0.04 452.60 <.01 9.53 <.01
Group <-0.01 0.04 0.10 75
Sex 0.27 0.04 22.57 <.01
Confidencer,
Intercept 40.18 1.54 26.14 <.01 39.55 <.01
Group —11.25 1.76 —6.40 <.01
Sex 2.29 1.73 1.32 .19
Friendliness
Intercept 21.94 1.29 17.01 <.01 20.45 <.01
Group —0.33 1.45 -0.22 .82
Sex —0.24 1.42 —0.17 .87
Neuroticismy,
Intercept 17.59 1.57 11.21 <.01 44.709 <.01
Group —241 1.79 —1.34 18
Sex 3.16 1.77 1.79 .07
Boldnessg 4
Intercept 0.87 0.04 1,716.91 <.01 0.65 42
Group 0.07 0.04 2.23 15
Sex 0.01 0.04 0.05 .83
Explorationg 5
Intercept 0.60 0.54 12.80 <.01 <0.01 >.99
Group —0.31 0.24 1.68 21
Sex 0.19 0.24 0.60 45
Note. LRT = likelihood ratio tests; BC = behavioral coding; TA = trait assessment; EA = experimental

assays. Significant effects (p < .05) are italicized; for group, Blue group is the reference factor, for sex, males

are the reference factor.

The Excitability dimension identified in our study of Barbary
macaques appears structurally similar to the Shy-Bold/Proactive-
Reactive axis often explored in experimental assays (Coppens, de
Boer, & Koolhaas, 2010; Koolhaas et al., 1999). Macaques with
higher “Excitability” scores were more active and engaged in more
frequent brief social interactions (either affiliative or agonistic),
which are traits also characteristic of Bold/Proactive individuals
(Coppens et al., 2010; Koolhaas et al., 1999). It is unfortunate that
the Boldness assay used in our study failed to meet the criteria of
personality (intraindividual consistency and interindividual varia-
tion) to better explore the relationships between Boldness and
Excitability in Barbary macaques.

Comparing Methods Based on Validity and
Practicality in the Wild

As outlined previously, trait assessment in animals, particularly
using a “top-down” approach derived from human personality
research, faces criticism of anthropomorphism, generating interin-
dividual differences where they may not exist and exaggerating the
stability of personality dimensions over time and context. Testing

temporal consistency of personality derived from trait assessment
can be achieved if the assessments are conducted by different
individuals working with the subjects at different time periods, as
was done in our study, so that reliability between raters for a given
trait for a subject reflects consistency over time as well. Finding
enough raters for this may be problematic in wild animal research,
particularly for field sites where researchers of several nationalities
work together and may have markedly different interpretations of
the definitions of items in questionnaires (Uher & Visalberghi,
2016). Furthermore, there appears to be a discrepancy in the
criteria set for interrater reliability between studies conducted in
humans and in animals. In human psychometric research, reliabil-
ity coefficients of at least 0.70 are considered acceptable (reviewed
in DeVon et al., 2007). Criteria for interrater reliability in animal
research are typically lower and highly variable between studies
(e.g., =0.00 in Bergvall et al., 2011; =0.60 in Iwanicki & Leh-
mann, 2015).This may reflect the difficulty of applying adjectives
derived from human personality to animal subjects. Questionnaires
can instead be built based on species-specific behaviors, and
several primate studies using this form of trait assessment gener-
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ated results more reflective of actual behavior (Uher, 2008; Uher,
Adessi, et al., 2013; Uher & Asendorpf, 2008; Uher & Visalberghi,
2016; Uher, Werner, et al., 2013), suggesting this approach could
improve the standard of interrater reliability within the field of
animal personality.

Both behavioral coding and trait assessment aim to identify a
summary of personality structure among subjects or even for a species
and thus convergent validity was expected between dimensions iden-
tified by these methods. As highlighted above, positive correlations
were identified between the scores for trait assessment- and behav-
ioral coding-derived dimensions, for example, Sociabilityy~ and
Friendliness 4. In our study and others (Garai et al., 2016; Iwanicki
& Lehmann, 2015), personality dimensions unique to a method, that
is, having no correlation with dimensions from other methods, were
created by trait assessment. In our study, Neuroticism was only found
using trait assessment and did not correlate with any other dimension
from either of the other methods. Furthermore, it correlated with only
two of the 28 individual behavioral variables. Therefore, there is
limited evidence of convergent or ecological validity for this person-
ality dimension. In other Barbary macaque research, Confidence was
ecologically validated via its positive correlation with dominance
rank, that is, higher ranking individuals were seen as more “confident”
(Konecnd et al., 2012). In crab eating macaques (Macaca fasicularis),
age was negatively correlated with trait assessment-derived “Impul-
siveness” and “Arousability” (Uher, Werner, et al., 2013). Such re-
sults suggest personality dimensions, such as Neuroticism, could be
ecologically validated by metrics and individual characteristics rather
than just individual behaviors. Developing appropriate methods for
this purpose presents a valuable avenue for future ecological valida-
tion of personality dimensions. For example, Friendliness and its
analogues could be validated through centrality in social networks as
proposed by Wilson, Krause, Dingemanse, and Krause (2013).

It is important to note that the forms of behavioral coding and
trait assessment used in our study differ methodologically, and the
results of our tests of convergent and ecological validity may
reflect this. As highlighted already, questionnaires can be built
based on species-specific behaviors and thus would be more meth-
odologically similar to behavioral coding approaches (Uher, 2008;
Uher, Addessi, et al., 2013; Uher & Asendorpf, 2008; Uher &
Visalberghi, 2016; Uher, Werner, et al., 2013). Nevertheless, our
aim was to compare popular methods, even if they differed meth-
odologically. Furthermore, as already highlighted, our results show
that “top-down” trait assessment and a “bottom-up” behavioral
coding can be considered complementary and identify elements of
personality a singular approach could not, which is an important
consideration for future personality quantification research.

In terms of practicality in a wild setting, data collection using
questionnaires is time efficient (assuming there are raters available
with sufficient knowledge of the subjects), but may require a large
number of subjects to sufficiently power the statistical reduction of
the questionnaire items into broader dimensions of personality
(Budaev, 2010). Though we applied statistical approaches to cal-
culate the number of components to extract, our study sample size
of 27 subjects for a 51-item questionnaire was low and subsequent
analyses low in power. As reviewed in Budaev (2010), the ade-
quate ratio of subjects to items in ordination analysis is conten-
tious, with some estimates as high as 10:1. As most of the human
research-derived questionnaires used in animal research consist of
around 50 items, future studies should ensure they have the sample

sizes to sufficiently power these statistical analyses. In our study,
for behavioral coding analyses, 18 behavioral variables were an-
alyzed for 27 subjects; such a ratio is still relatively low in power
but highlights that fewer subjects may be required to power be-
havioral coding analyses appropriately when compared with com-
mon questionnaire-based approaches.

In our study, experimental assay-derived personality dimensions
did not demonstrate interindividual variation, and for one of these
personality dimensions, Exploration, there was no evidence of
intraindividual consistency. Neither assay-derived personality
demonstrated ecological validity. This might be the result of me-
thodical issues due to ethical considerations and permit restric-
tions, Boldness and Exploration were not quantified using stimuli
that have previously been used successfully in other primate spe-
cies (e.g., simulated predator presence for Boldness or novel food
items for Exploration). Instead we used “milder” stimuli of inter-
group encounters and novel objects, which in turn may have
yielded subtler or more gradual interindividual differences which,
though present, could not be identified using our criteria based on
likelihood ratio tests and p values. Such inconsistency in stimuli
between studies has been critiqued previously (Carter et al., 2013)
and limits the scope for phylogenetic and between study compar-
isons of Boldness or Exploration (Smith & Blumstein, 2008).
Designing appropriate experimental assays for particular person-
ality traits is challenging, particularly when definitions for person-
ality dimensions such as Boldness and Exploration remain conten-
tious and, perhaps, species-specific (Carter et al., 2012a, 2012b,
2013). Furthermore, working with wild animals limits the scope
for utilizing the broad range of experimental assays that have been
employed in captive animal studies (Freeman et al., 2011; Uher,
Addessi, et al., 2013; Uher & Visalberghi, 2016). Our failure to
find personality dimensions with intraindividual consistency and
interindividual variation from experimental assays should not dis-
courage the use of this method in wild animals, but does serve to
highlight the practical difficulties of the approach. In addition to
the challenge of choosing an appropriate stimulus, working with
wild animals makes it challenging to isolate individuals. Thus,
there may be a number of uncontrolled social factors affecting
individual responses to stimuli, such as the presence of individuals
higher in rank (Cronin, Jacobson, Bonnie, & Hopper, 2017). Ex-
perimental assays remain a useful and common quantification
method for personality, particularly in wild animals where indi-
viduals can be isolated or where more invasive methods involving
trapping and release are required to measure personality, such as in
avian or rodent species (Carere & Maestripieri, 2013). Indeed, in
such species, trait assessment and behavioral coding in uncon-
strained settings are likely to be impractical due to the difficulty of
identifying individuals. Furthermore, these experiments elicit in-
terindividual differences in behaviors that, though rare, are poten-
tially significant in terms of fitness, such as responses to predators.
Such interindividual differences should be studied further and
considered in relation to broader dimensions of personality iden-
tified from methods such as behavioral coding in a nonexperimen-
tal setting.

Behavioral coding quantifies personality based on the frequen-
cies and rates of species-specific behavioral variables, potentially
limiting the scope to standardize methods for interspecies studies
(Adams et al., 2015; Freeman et al., 2011). However, although the
behavioral variables may be species-specific, for example, the
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“triadic embraces” of Barbary macaques (Hodges & Cortes, 2006)
or the “genital—genital rubbing” of bonobos (Garai et al., 2016),
the personality dimensions derived from behavioral coding can be
readily comparable, for example, “Grooming,” “Playfulness,” and
“Introversion” in bonobos (Garai et al., 2016) and “Excitability,”
“Sociability,” and “Tactility” in our study of Barbary macaques.
Cross-species comparisons of behavioral coding-derived dimen-
sions can assess the presence or absence of particular dimensions
to determine if they are “universal” within taxa (Uher, 2008). For
example, it could be explored whether the “Grooming/Tactility”
dimension of bonobos/Barbary macaques is found in other primate
species, as well as examining the differences in the behaviors that
constitute these dimensions. In addition, it could be explored why
“tactile” Barbary macaques engage in high rates of self-directed
behaviors but “grooming” bonobos do not. Alternatively, future
research using behavioral coding could move toward a more
standardized framework of behaviors to include in analyses in a
similar way to the standardized items appearing in questionnaires.
Under such a framework, species-specific behaviors would be
included in broader categories, such as “brief affiliation” for the
aforementioned triadic embraces and genital—genital rubbing, and
derived dimensions would have a comparative power approaching
those derived from trait assessments.

Conclusions

Studying animal personality in wild animals offers exciting
opportunities to explore how personality has evolved and is main-
tained in different species in settings most reflective of their
evolutionary history. Although our study focuses on only one
species in a wild setting, it highlights some of the practical issues
of common personality quantification methods, as well as the
nonequivalence of their results, arising from important method-
ological differences between the approaches. Utilizing experimen-
tal assays for personality quantification in wild animal research
faces various logistical challenges and ethical constraints that limit
their use compared with their successful utilization in captive
research. Trait assessment has been a popular but contentious
approach in personality research, as it is inherently biased to infer
intraindividual consistency and interindividual variation where
these may not exist. Behavioral coding intrinsically has ecological
validity, as it is based on objective, nonmanipulated behavior. It
also appears to generate personality dimensions that can be com-
pared across species, particularly within groups of more closely
related species, such as primates. However, trait assessment is a
relatively simple method to implement and can still complement
the quantification of personality of behavioral coding. As already
highlighted, our use of both behavioral coding and trait assessment
revealed a subtlety to Sociability, which may have been lost by
using trait assessment alone, and only trait assessment was able to
identify Neuroticism. In addition to highlighting practical issues,
our results highlight the methodological differences between the
three most popular personality quantification methods within the
current literature, suggesting that future comparative work with
wild animals should focus on comparisons within methodologies.
Finally, our comparison of methods was conducted in a wild,
relatively large primate species, in which trait assessment and
behavioral coding are feasible due to the ease of identifying
specific individuals. Future comparisons of personality quantifica-

tion methods should also focus on the development of methods
that can be implemented in less conspicuous wild animals to
expand our knowledge of personality in these species in a wild
setting.
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