American Journal of Primatology 75:947–958 (2013)

RESEARCH ARTICLE
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Human and nonhuman animals show personality: temporal and contextual consistency in behavior
patterns that vary among individuals. In contrast to most other species, personality of chimpanzees, Pan
troglodytes, has mainly been studied with non‐behavioral methods. We examined boldness, exploration
tendency, persistence and tool‐orientation in 29 captive chimpanzees using repeated experiments
conducted in an ecologically valid social setting. High temporal repeatability and contextual consistency
in all these traits indicated they reﬂected personality. In addition, Principal Component Analysis
revealed two independent syndromes, labeled exploration‐persistence and boldness. We found no sex or
rank differences in the trait scores, but the scores declined with age. Nonetheless, there was considerable
inter‐individual variation within age‐classes, suggesting that behavior was not merely determined by
age but also by dispositional effects. In conclusion, our study complements earlier rating studies
and adds new traits to the chimpanzee personality, thereby supporting the existence of multiple
personality traits among chimpanzees. We stress the importance of ecologically valid behavioral
research to assess multiple personality traits and their association, as it allows inclusion of ape studies
in the comparison of personality structures across species studied behaviorally, and furthers our
attempts to unravel the causes and consequences of animal personality. Am. J. Primatol. 75:947–958,
2013.
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INTRODUCTION
The realization that behavior is constrained
within the limits of individual dispositions has
challenged classical assumptions about individual
behavioral plasticity [Dingemanse et al., 2010; Sih &
Bell, 2008]. Similarly, traditionally evolutionary
mechanisms were thought to favor a single adaptive
trait, although evolution can favor multiple evolutionary stable strategies (ESSs). Indeed, extensive
population‐level variation in individually stable
behavioral traits is actively maintained by selection
[Dingemanse & Wolf, 2010; Wolf & Weissing, 2010].
Consequently, research on animal personality is
booming, and a diverse range of taxa show personality, deﬁned as inter‐individual differences in behavior that are consistent over time and contexts [Réale
et al., 2007].
Invertebrates and vertebrates in all classes express personality in boldness, exploration tendency,
aggressiveness, or activity [Bell et al., 2009; Conrad
et al., 2011; Réale et al., 2010; Sih & Bell, 2008]. In
addition, personality in basic sociability, described as
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approach tendency or tolerance to proximity is
described for example in domestic cats, Felis catus
[Feaver et al., 1986], common lizards, Lacerta
vivipara [Cote & Clobert, 2007], and guppies, Poecilia
reticulate [Budaev, 1997]. Having such a wide
distribution among taxa, these traits are proposed
to be universal personality traits [Réale et al., 2007].
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However, some species that live in stable social
groups with individualized relationships exhibit a
broader range of social personality traits. For
example, meerkats, Suricata suricatta [English
et al., 2010], and cichlids, Neolamprologus pulcher
[Bergmüller & Taborsky, 2007], also show personality in their cooperative behavior.
Social personality traits may form syndromes,
that is, consistent covariation among traits [Sih
et al., 2004], with non‐social traits or be expressed
independently [Bergmüller & Taborsky, 2007;
Budaev, 1997; Conrad et al., 2011; Schuerch &
Heg, 2010]. In lion‐tailed macaques, Macaca silenus
[Rouff et al., 2005], wild Hanuman langurs, Semnopithecus entellus [Konecná et al., 2008], and chacma
baboons, Papio hamardyas ursinus [Seyfarth
et al., 2012], three syndromes are identiﬁed, including several traits of social behavior. Thus, personality
in the social realm includes a range of behaviors
beyond what is usually described for non‐gregarious
species, and they structure in multiple dimensions.
Chimpanzees (Pan troglodytes) have also been
intensively studied in personality research [Freeman
& Gosling, 2010]. However, in contrast to personality
research in the aforementioned species, the majority
of chimpanzee personality research has used a
subjective rating method, which involves humans
assessing chimpanzee characteristics described by
behavioral or adjective descriptors. The rating
studies have found chimpanzee personality to consist
of a broad chimpanzee‐speciﬁc construct labeled
Dominance and ﬁve constructs similar, though not
identical, to the human ﬁve‐factor model
[Digman, 1990]: extraversion, agreeableness, conscientiousness, neuroticism, and openness [King
et al., 2005, 2008; Weiss et al., 2007; 2009]. Several
of these constructs describe individuals’ social behavior and attitude, and suggest that chimpanzee
personality contains several social and non‐social
traits, forming six broad syndromes.
Behavioral measures of personality are needed to
complement the subjective assessment, but only a
few studies have assessed the correspondence of
rated items with their direct behavioral counterparts
[review: Murray, 2011]. Behavioral assessment of
personality is crucial for direct comparisons with
non‐primate species, predominantly studied with
behavioral methods. However, behavioral work on
chimpanzee personality has been limited in comparison. In an early study, Hebb [1949] exposed captive
chimpanzees to keepers exhibiting particular behaviors, novel objects such as a stuffed spider monkey
and an infant chimpanzee cadaver, and a manipulation board. The results showed repeatable individual
differences in friendly, aggressive, avoidant, and
mechanical manipulation behavior. Since then,
behavioral chimpanzee personality studies have
involved only young [Anestis, 2005] or a small
number of individuals [Uher et al., 2008], or have
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not assessed the basic criterion of personality, that is,
temporal repeatability or contextual consistency
[Anestis, 2005; 2011; Murray, 2011; Pederson
et al., 2005]. For example, Herrmann et al.
[2007, 2011] tested boldness–shyness in 106 chimpanzees using several novel objects, stranger and
familiar humans, and differently preferred food items
as stimuli. However, the battery was not repeated
without modiﬁcations, and the authors do not report
formal repeatability or consistency measures for the
species.
The ﬁrst broad‐scale behavioral study employing
formal personality criteria assessment on 75 chimpanzees found 15 highly repeatable behavioral
variables
suggestive
of
personality
traits
[Koski, 2011a]. The traits consisted mainly of social
behavior, and structured into ﬁve independent
syndromes: sociability, positive affect, anxiety,
grooming equitability, and activity. However, this
study did not assess the universal traits of boldness
and exploration tendency.
In the present study, we assessed boldness and
exploration tendency, as well as two less commonly
measured behaviors as potential personality traits,
namely persistence and tool‐orientation, with experiments in 29 captive chimpanzees. Persistence may
inﬂuence individual innovation and problem solving
ability [Cole & Quinn, 2012; Gajdon et al., 2006;
Overington et al., 2011]. Tool‐orientation was assessed as a general proxy for an individual’s tendency
to involve tools in problem solving. Individuals may
vary in their proneness and prowess to use tools [van
Schaik et al., 2003],which in turn may be associated
with exploration tendency or intelligence. Persistence and tool‐orientation thus have ecological
relevance for chimpanzees, and they may shed light
on factors that inﬂuence innovation and technology
[Morand‐Ferron et al., 2011; Reader, 2003].
We deﬁned boldness as a non‐fearful response to
a threat, and exploration tendency as a neophilic
response to novel stimuli [Réale et al., 2007]. However, the distinction between exploration tendency and
boldness is unclear in the literature [Carter
et al., 2012; Conrad et al., 2011; Toms et al., 2010],
so we used multiple paradigms to target these traits
and assessed the association among the responses.
Similarly, exploration tendency and persistence may
underlie some similar outcome behaviors. Therefore,
we recorded the same variables across all experiments (in so far as it was possible) and assessed their
cross‐experiment associations. This approach allowed us to assess the contextual consistency of
singular behaviors bottom‐up, across multiple experiments [Burns, 2008]. Similarly, we assessed the
temporal consistency of behaviors at the singular
behavior level between the repeated sets of
experiments.
We conducted the experiments in a group setting.
Individuals of social species express their personality
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in a social environment. Therefore, the standard
practice of isolating subjects in a solitary space to
measure their response to a test stimulus [e.g., classic
novel environment test: Verbeek et al., 1994] may
yield results that are not identical to how an
individual expresses its personality in everyday
life. Moreover, the experimental paradigms were
chosen by their ecological validity, representing
natural predators, natural kinds of novel food or
objects, and extractive foraging tasks. Thus, our
study is novel in two ways: we assessed chimpanzee
personality with behavioral methods comparable to
many other species, allowing thus a comparison to
the rich ecological personality literature, and we
sampled individuals of both sexes with an emphasis
on ecological validity. Such a fundamental study is
crucial to establish the behavioral personality variation in chimpanzees, which in turn allows research on
the functions, mechanisms and evolutionary history
of personality traits and syndromes.

METHODS
Subjects and Housing
Data were collected at two zoos in the
Netherlands: Burgers’ Zoo in Arnhem (N ¼ 16
chimpanzees: 3 adult males, 12 adult females, 1
immature) and Dierenpark Amersfoort (N ¼ 15
chimpanzees: 3 adult or adolescent males, 11 adult
females, 1 immature). In both groups a juvenile
(age < 6 years) was excluded from the analyses,
leading to a sample size of 29 individuals (15 and 14,
respectively). All but the oldest subjects (three in
Arnhem, six in Amersfoort) were born in captivity
and reared by their mothers. The wild born individuals have resided in these groups for decades. The
Arnhem group is housed in an indoor enclosure
(368 m2) with access to a large outdoor compound (ca.
0.7 ha). Similarly, the Amersfoort group is housed in
an indoor enclosure (96 m2) with access to an outdoor
compound (475 m2). Both facilities are enriched with
plenty of climbing structures. All chimpanzees had ad
lib access to water and were fed an alternating diet of
fruit, vegetables, seeds and commercially available
monkey chow.
Ethical Statement
Both zoos are members of the European Association of Zoo and Aquaria and thus fulﬁll the legal and
ethical regulations on captive animal welfare. Due to
the non‐invasive character of the study, our study did
not meet the deﬁnition of an animal experiment as
mentioned in Article 1 of the Dutch “Experiments
on Animals Act.” Consequently, the ethics committee
of Utrecht University waived the need for approval,
and thus the experiments comply with the Dutch law
and with the American Society of Primatologists

principles for the ethical treatment of nonhuman
primates.
Experimental Design and Set‐Up
We confronted each group with a battery of 10
experiments. The experiments formed three categories: predator models, novel foods or objects, and
puzzles. The experiments were based on established
personality test paradigms [Réale et al., 2007; Wilson
et al., 1993] or earlier studies [e.g., Uher et al., 2008].
To test individual consistency in responses over time
(i.e., repeatability), we exposed the groups twice to
the battery: the Arnhem group in Feb.–Mar. 2011 (1st
set) and in Jun.–Jul. 2011 (2nd set; 3 months after the
ﬁrst); the Amersfoort group in Feb.–Mar. 2010 (1st
set) and in Apr.–May 2011 (2nd set; 14 months after
the ﬁrst). To test for consistency over contexts, we had
at least two different experiments per category (see
Table I for the test battery).
We confronted the groups with real‐size models of
a predator: a stuffed leopard (“Leopard”; real size in
an up‐right sitting position) and a rubber “snake”
(“Snake”; approximately 4 m long with the pattern of
African rock python). These predator models were
placed in sight, yet out of reach of the chimpanzees
and their behavior towards these models was
recorded. The novel food items were multiple items
of durian (“Durian”) and cups of ﬂy maggots
(“Maggots”). These novel foods were spread throughout the chimpanzees’ enclosures and their behavior
towards these foods was recorded. The novel object
was a large (1 m diameter) water‐ﬁlled bucket dug
into the ground (“Bucket”). Either chimpanzee group
had no previous experience with such a pond in their
enclosure. In the puzzle category we had ﬁve different
foraging devices: a seed‐ﬁlled barrel (“Barrel”), a
large horizontal maze (“Maze”) ﬁlled with oranges, a
large vertical ﬁnger‐hole puzzle box (“Puzzle”) ﬁlled
with tangerines, the same water‐ﬁlled bucket dug in
ground but ﬁlled with pieces of pear (that sink to the
bottom of the pond) and covered with mesh too small
to allow a chimpanzee hand through (“Bucket‐
mesh”), and a large dipping cube ﬁlled with honey
(“Honey cube”). All these puzzles required different
techniques to get to the reward and consequently we
could also measure the attempts of tool‐use. For a full
description of the experiments and the measures we
recorded, please see the Electronic Supplemental
Materials (ESM). The experiments were conducted in
quasi‐randomized order so that the predator models
were separated by at least one other type of
experiment, and Bucket was always conducted before
Bucket‐mesh. We conducted one experiment a day,
maximum four per week. All experiments were done
in the presence of all group members, who accessed
the stimuli at the same time. The stimuli were
presented to the chimpanzees for 30 min (predator
models) or 2 hr (all other experiments).
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TABLE I. The Experiments, the Targeted Traits, Measured Variables and Their Test–Retest Consistency as Intra‐
Class Correlation (ICC 3,1) With 95% Conﬁdence Intervals
Type of experiment

Experiment (code)

Measure

ICC (3,1)

Predator model

Leopard

Predator model

Snake

Novel object

Bucket

Latency approach
Time in proximity
No. approaches
Time in proximity
No. approaches
Latency approach
Time in proximity
No. approaches
Latency approach
Latency approach
Latency approach
Time in proximity
No. approaches
Time manipulating
Latency approach
Time in proximity
No. approaches
Time manipulating
Successobtaining rewards
Latency approach
Time in proximity
No. approaches
Time manipulating
No. tools
Tool modification
Success obtaining rewards
Latency approach
Time in proximity
No. approaches
Time manipulating
No. tools
Tool modification
Latency approach
Time in proximity
No. approaches
Time manipulating
No. tools

0.20
0.02
0.32
0.39
0.45
0.28
0.44
0.49
0.01
0.09
0.11
0.47
0.22
0.62
0.03
0.76
0.62
0.79
0.66
0.16
0.74
0.72
0.73
0.63
0.82
0.64
0.68
0.63
0.61
0.67
0.43
0.02
0.47
0.66
0.69
0.62
0.64

Novel food
Novel food
Puzzle

Maggots
Durian
Barrel

Puzzle

Maze

Puzzle

Bucket‐mesh

Puzzle

Puzzle

Puzzle

Honey cube

95% CI lower, upper
0.17,
0.35,
0.04,
0.04,
0.11,
0.09,
0.09,
0.16,
0.37,
0.24,
0.56,
0.13,
0.15,
0.36,
0.39,
0.55,
0.33,
0.61,
0.39,
0.21,
0.51,
0.49,
0.50,
0.35,
0.66,
0.36,
0.42,
0.35,
0.32,
0.41,
0.08,
0.35,
0.14,
0.39,
0.44,
0.34,
0.36,

0.53
0.37
0.61
0.66
0.70
0.58
0.69
0.72
0.35
0.44
0.43
0.71
0.54
0.80
0.33
0.88
0.80
0.90
0.82
0.50
0.87
0.86
0.86
0.81
0.91
0.81
0.83
0.81
0.80
0.83
0.69
0.38
0.71
0.82
0.84
0.80
0.81

F, P‐value
1.508,
1.031,
1.960,
2.289,
2.664,
1.762,
2.567,
2.935,
0.972,
1.191,
0.807,
2.737,
1.578,
4.279,
0.935,
7.413,
4.264,
8.657,
4.851,
1.392,
6.562,
6.194,
6.344,
4.442,
10.326,
4.494,
5.197,
4.440,
4.121,
5.093,
2.519,
1.035,
2.805,
4.879,
5.404,
4.320,
4.522,

0.141
0.468
0.040
0.016
0.006
0.070
0.008
0.003
0.530
0.323
0.648
0.005
0.117
<0.001
0.569
<0.001
<0.001
<0.001
<0.001
0.193
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.009
0.464
0.004
<0.001
<0.001
<0.001
<0.001

ICC values signiﬁcantly different from zero are indicated with bold typeface; only those variables were retained for further analyses.

Measures and Data Analyses
We recorded all experiments from two angles
using camcorders (JVC, Everio S, GZ‐MS215).
We coded all behaviors from the videos in a
frame‐by‐frame manner using VLC Media Player
1.1.11.
Data were coded by AA, AMKA, and TB. Inter‐
observer reliability was tested with two people
scoring 15% of videos. Since we scored data not in
discrete categories but as durations and occasions in
continuously recorded behavior, we used Spearman’s
rank correlations to calculate inter‐observer reliability [Martin & Bateson, 1993]. All measures were
scored almost identically (r > 0.89, P < 0.01). From
each experiment, we scored several variables per
individual, depending on the trait the experiment
targeted (see Tables I and II). The individual data
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were collected continuously from the instant of
entering the enclosure. Each individual was scored
for every measure (see Tables I and II), and there
were no missing data. Importantly, we measured the
same variables across all experiments, as far as it was
possible, to allow bottom‐up testing of behavioral
consistency across experiments (Table I and ESM).
The variables measuring time (latency, time in
proximity, time spent manipulating) were coded to
the nearest second; number of approaches was
considered per occasion an individual was in touching
distance; the number of tools and successfully
obtained items were calculated per individual tool/
reward; and tool modiﬁcations were operationalized
by the number of distinct breaks, twists, and mouth
manipulations of the tool. We standardized the raw
data into z‐scores (per zoo) before pooling the data of
the two zoos.
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TABLE II. The Contextual Consistency of Measures Across the Experiments
Cronbach’s
alpha

Trait

Variable

Experiments

Boldness
Exploration
Exploration
Persistence and/
or explorationa
Persistence
Tool‐orientation
Tool‐orientation

No. of approaches
Latency of approach
No. of approaches
Time in proximity

Leopard and Snake
Puzzle and Honey Cube
Bucket, Puzzle, Maze, Honey Cube, and Bucket‐mesh
Barrel, Bucket, Puzzle, Maze, Honey Cube, and
Bucket‐mesh
Barrel, Puzzle, Maze, Honey Cube and Bucket‐mesh
Puzzle, Honey Cube and Bucket‐mesh
Maze and Bucket‐mesh

Time manipulating
No. of tools used
No. of successfully obtained rewards

0.740
0.333
0.856
0.841
0.791
0.795
0.665

Signiﬁcantly consistent variables are indicated with a bold typeface.aWe assigned these responses into the trait category “persistence,” but additionally they
may reﬂect exploration tendency.

Repeatability across the two sets of experiments
was tested with intra‐class correlation coefﬁcient
(ICC). We tested each behavioral measure separately,
because testing repeatability at the most fundamental level of behavior is more rigorous than assessing
the consistency of broader trait categories. ICC is
mathematically equivalent to the standard repeatability test [Lessells & Boag, 1987], and crucial to
assure that a behavior agrees with the deﬁnition of
personality. It assesses the proportion of variation in
behavior that is due to inter‐individual variation
compared to that of intra‐individual variation. We
used a two‐way mixed‐model ICC (3,1) with the
experiment as ﬁxed and individual as the random
factor [McGraw & Wong, 1996; Shrout & Fleiss, 1979].
We calculated an individual mean of the two
repeated experiments of those variables that had
high repeatability. These were subjected to an
assessment of contextual consistency with Cronbach’s alpha, again separately for each measure
across all experiments in which it was recorded (see
Table II). Contextual consistency assesses a similarity of behavior in two or more different situations; high
contextual consistency gives thus support for dispositionality of behavior (i.e., that the behavior is more
strongly determined by individual’s behavioral disposition than the particular contextual circumstances). As a coefﬁcient of reliability, Cronbach’s alpha is
used to assess internal consistency of measures
reﬂecting a latent variable. A Cronbach’s alpha
0.7 was considered consistent [Bland &
Altman, 1997]. Approach latency may reﬂect either
boldness or exploration tendency, depending on the
context. Therefore we tested its consistency ﬁrst in all
situations and then separately in approaching the
predator models (presumably reﬂecting boldness)
and in approaching the puzzles, novel food and novel
objects (presumably reﬂecting exploration tendency)
[cf. Carter et al., 2012; Réale et al., 2007]. We
calculated an individual mean across the experiments of the consistent measures to yield an
individual trait value. If Cronbach’s alpha was
<0.7, we used the original scores (i.e., standardized
and averaged over the two repeated experiments, but

not over the different experiments) for further
analyses.
To assess the trait structure, we entered the
individual trait values, obtained as detailed above, in
a principle component analyses (PCA). We used
parallel analysis [Horn, 1965] and a scree‐plot to
decide the number of components to extract. The
PCA‐solution was varimax rotated and variable
leadings >0.5 were considered salient [Budaev,
2010]. We repeated the analysis with an oblique
(direct oblimin) rotation to address the independency
of the components [Tabachnik & Fidell, 2007].
We obtained individual component scores for the
PCA‐components with the regression method, which
produces scores that have a mean of zero and a
variance equal to the squared multiple correlation
between the estimated and the true component
values. We used linear mixed models (LMM) to
assess the inﬂuence of sex (Nmales ¼ 6, Nfemales ¼ 23),
age (continuous variable, range 8–56 years), and rank
on the component scores, while controlling for the
different locations (NAf ¼ 14, NArn ¼ 15).
Rank was treated as a categorical, yet ordinal
variable for which we estimated rank positions in a
group as “very high” (N ¼ 3), “high” (N ¼ 8), “middle”
(N ¼ 10), and “low” (N ¼ 8). Unfortunately, we could
not use rank positions based on a matrix analysis, as
formal indicators of dominance were rare or absent
especially among females. The estimated categories
were based on a composite measure of the number of
submissions given (to males and females), number of
submissions received (from males and females), and
the ratio of displacing to being displaced. The
estimated rank category was conﬁrmed with observation notes on dominance displays and submissions
that were observed opportunistically (i.e., not within
subject’s own focal observation). Most adult males
had a higher rank score than adult females, but there
were also high‐ranking females and low‐ranking
males.
Sex and categorical rank were entered as ﬁxed
factors and age as a ﬁxed covariate into the linear
mixed model (LMM), while location (zoo) was entered
as a random effect. In the full model, we included all
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number of approaches to experimental devices
(representing exploration tendency), number of
approaches to predator models (representing boldness), time in proximity and time spent manipulating
objects (both representing persistence), and number
of tools used (representing tool orientation). The
variables that did not show cross‐experiment consistency were kept in the further analyses as un‐
combined scores: latency measures in Puzzle and
Honey cube (representing exploration) and success
in obtaining rewards in Maze and Bucket‐mesh
(representing tool‐orientation). The same was done
with the measures that were the only repeatable
measures of its kind: time in proximity of the
Snake (representing boldness), and number of tool
modiﬁcations in Bucket‐mesh (representing tool
orientation).
These 11 mean or singular individual scores were
analyzed with PCA. In the ﬁrst run, the two latency
scores showed poor communality estimates, indicating that their variance was poorly covered by the
solution and consequently they were excluded. In the
ﬁnal analysis we thus had nine variables (N ¼ 29
individuals; Table III). The analysis indicated appropriate sampling adequacy (Kaiser–Meyer–Olkin
measure KMO ¼ 0.65). We extracted and Varimax‐
rotated two components explaining 70.9% of the
variance. The ﬁrst component explained 51.6% of the
variance and had high (>0.5) loadings of time in
proximity of devices, time spent manipulating
objects, number of approaches to the novel object
and the puzzles, # of tools used, number of tool
modiﬁcations, and number of successfully retrieved
items. The variables represented exploration tendency, persistence, tool‐orientation, and possibly
problem‐solving abilities, so we labeled the component “exploration‐persistence.” The second component explained 19.3% of variance with high loadings
of number of approaches to predator models and time
in proximity of the snake model. In addition, number
of approaches to the novel object and puzzles nearly
reached the cut‐off criterion on this component. We
labeled the component “boldness.”

two‐way interactions. All interactions were non‐
signiﬁcant and therefore, we proceeded the analyses
with main effects only.
RESULTS
We found that 27 standardized variables were
signiﬁcantly repeatable, indicating temporal (i.e.,
test–re‐test) consistency and inter‐individual variation. The ICC repeatability values ranged from 0.32
to 0.82 (Table I). We also tested the zoos separately,
and their ICC values did not differ signiﬁcantly from
each other (independent samples t‐test, t ¼ 1.77,
df ¼ 73, P ¼ 0.08).
Only the signiﬁcantly repeatable variables were
retained for analyses on cross‐experimental consistency. Most of these variables were sufﬁciently
consistent (Table II). The number of approaches
was consistent across predatory and non‐predatory
contexts, that is, in Leopard‐, Snake‐, Bucket‐,
Bucket‐mesh‐, Puzzle‐, Maze‐ and Honey cube‐
experiments (a ¼ 0.86). Number of approaches was
also consistent when tested separately in Leopard‐
and Snake‐experiments (a ¼ 0.74), presumably reﬂecting boldness, and in Bucket‐, Bucket‐mesh‐,
Puzzle‐, Maze‐ and Honey cube‐experiments
(a ¼ 0.86), presumably reﬂecting exploration tendency. Exploration measured by latency to approach
in FPB and HC was not consistent (a ¼ 0.33).
Persistence was consistent as measured by the time
spent in proximity of the stimuli in Barrel‐, Bucket‐,
Bucket‐mesh‐, Puzzle‐, Maze‐, and Honey cube‐
experiments (a ¼ 0.84), and by time spent manipulating in Barrel‐, Bucket‐mesh‐, Puzzle‐, Maze‐,
and Honey cube‐experiments (a ¼ 0.79). Tool‐
orientation was consistent as measured by the
number of tools used in Puzzle‐, Honey cube‐, and
Bucket‐mesh‐experiments (a ¼ 0.80) but not by the
number of successfully obtained rewards in Maze‐ and
Bucket‐mesh‐experiments (a ¼ 0.67).
The variables that showed signiﬁcant cross‐
experiment consistency were averaged across experiments to give a single trait score for each individual:

TABLE III. Variable Loadings in Principal Component Analysis

Time in proximity
Time manipulating
No. approaches (all but predators)
Number of tools used
Tool modification
Success in obtaining rewards (maze)
Success in obt. rewards (Bucket‐mesh)
No. approaches (snake and leopard)
Proximity (snake)
Eigen value
% of variance explained

Exploration‐persistence

Boldness

Communality h2

0.91
0.90
0.70
0.80
0.88
0.55
0.62
0.22
0.02
4.65
51.63

0.11
0.11
0.47
0.36
0.07
0.32
0.11
0.91
0.90
1.74
19.30

0.84
0.82
0.70
0.77
0.78
0.41
0.39
0.88
0.81

Loadings >0.5 are shown with bold typeface. Analysis on correlation matrix, N ¼ 29.
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With only two components and high communalities (Table III), based on nine original variables and a
sample size of 29 a good recovery is achieved in
exploratory PCA [Preacher & MacCallum, 2002].
Moreover, we re‐ran the analysis with a direct
Oblimin rotation to address the independency of
the components [Tabachnik & Fidell, 2007]. The
solution was almost identical to the Varimax rotated
one regarding the variable loadings. The components
did not correlate strongly with each other (factor
intercorrelation r ¼ 0.15).
We found no sex differences in component scores
(exploration‐persistence: F ¼ 0.310, df ¼ 23, P ¼
0.583; boldness: F ¼ 0.276, df ¼ 23, P ¼ 0.605),
and also no effect of categorical rank on the component scores (exploration‐persistence: F ¼ 0.440,
df ¼ 23, P ¼ 0.727; boldness: F ¼ 1.203, df ¼ 23,
P ¼ 0.331). In contrast, age signiﬁcantly predicted
boldness scores (F ¼ 7.877, df ¼ 23, P ¼ 0.010), and
showed a similar effect, albeit not signiﬁcant, on
exploration‐persistence scores (F ¼ 4.192, df ¼ 23,
P ¼ 0.052). Negative coefﬁcient estimates (exploration‐persistence: b ¼ 0.029; boldness: b ¼ 0.035)
indicate that both exploration‐persistence and boldness decreased in older adults (Figs. 1 and 2).
However, these results are to be treated with some
caution due to the limited power of this analysis.
DISCUSSION
We tested behavioral consistency in 29 captive
chimpanzees. Using group‐based experiments we
measured several variables that showed inter‐indi-

Fig. 1. Component scores of factor 1 of all individuals and its
relation to the age of all these individuals. The solid line is a
trend‐line and the dashed lines indicate the 95% conﬁdence
interval.

Fig. 2. Component scores of factor 2 of all individuals and its
relation to the age of all these individuals. The solid line is a
trend‐line and the dashed lines indicate the 95% conﬁdence
interval.

vidual differences, which were consistent over time
and context. Using Principal Component Analyses,
we extracted from these variables two independent
behavioral syndromes: exploration‐persistence and
boldness.
We assessed two common personality traits,
boldness and exploration tendency, and two less
frequently sampled ones, persistence and tool‐orientation. Each trait was assessed with several behavioral variables in several experiments. Most
variables were temporally repeatable, indicating
that individuals’ responses were consistent between
temporally separated experiments and that individuals differed from each other. The repeatability was
within the range found for personality traits in many
species [Bell et al., 2009], and often remarkably high
(ICC ¼ 0.6–0.8). A few variables, most notably
latency to approach the test stimuli, failed to show
repeatability in seven out of nine experiments. Low
repeatability suggests that individuals may have
perceived the situation differently over time, for
example so that some individuals might have
habituated to the threatening stimulus more than
others. Alternatively, these measures may have
been inﬂuenced by the varying social conditions
more than other measures, or the measures did not
reﬂect the targeted traits. The time lag between the
ﬁrst and the second round of experiments differed
between the two locations, which might also confound
analyses on temporal consistence. However, there
was no signiﬁcant difference between the repeatability values of the zoos, suggesting that temporally
consistent behaviors remain consistent over shorter
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and longer time span. Congruent with this, social
personality traits of chimpanzees were found to be
similarly consistent across a few months and 3 years
[Koski, 2011a].
Most of the repeatable variables were also
consistent across different experiments. Approaches
to the two predator models, indicating boldness, were
consistent, as were the exploratory responses to a
novel object and several puzzle‐type stimuli. Similarly, two measures of persistence were highly
consistent across six experiments, and tool‐orientation was consistent in the number of tools used by an
individual, although not in success in obtaining
rewards. In contrast, latency to approach test stimuli
(in the only two experiments in which it was
temporally repeatable) was contextually inconsistent, indicating further that latency is not an
informative measure of personality in these chimpanzees or in our experimental setting. In sum,
individuals showed remarkable temporal and contextual consistency in many, but not all, behaviors
reﬂecting boldness, exploration tendency, persistence, and tool‐orientation. We thus conclude that
we found chimpanzee personality in these traits.
Assessment of the covariance among the
variables revealed two independent principal components representing syndromes. The exploration‐
persistence was the predominant syndrome
explaining more than half of the variance in the
data. Besides measures of exploratory tendency and
persistence, it included tool‐orientation measures,
and measures of success in solving the puzzles, one of
which (Bucket‐mesh) required the use of tools. Thus,
the chimpanzees that showed a high exploratory
tendency were also more likely to persist at a task and
use tools to solve them. Boldness in the vicinity of
predator models was independent from the exploration‐persistence syndrome. Thus, in these chimpanzees exploration tendency and boldness did not
appear to associate as a tight syndrome, supporting
the view that neophobia and neophilia may be independent aspects [Carter et al., 2012; Greenberg,
2003].
We used a social experimental environment to
increase the ecological validity of the tests. In
obligate social species, a social environment is an
ecologically valid starting point to assess individuals’
behavioral tendencies. While such an approach yields
a behavioral measure of both dispositional and
situational effects, it shows how individuals express
their outcome behavior and thus, the level where
personality has both immediate and evolutionary
consequences. Arguably, a social setting may not
allow all individuals the same possibilities to interact
with the stimuli, due to crowding or monopolization
of the test device. However, we did not ﬁnd any effect
of dominance rank on the component scores, suggesting no rank‐driven monopolization of the test devices.
In addition, nearly all experiments allowed simulta-
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neous presence of and handling of the devices by
many individuals. The only truly monopolizable
device was the Barrel, all other experiments involved
either multiple items (Durian, Maggots), large or out
of reach items (Bucket, Leopard, Snake, Bucket‐
mesh), or items with a fairly large size and more than
one exit hole (Honey cube, Puzzle, Maze). They
therefore allowed multiple individuals simultaneous
access to the stimuli (see also ESM). Indeed, in all test
situations the subjects approaching or handling the
stimuli were in close proximity of many group
members. Nonetheless, a social environment may
have more subtle effects on the individual behavior,
and individuals may vary in how they are inﬂuenced
by others. Therefore, while we maintain that we have
tested chimpanzees as they exhibit their behavior in
the daily life, testing individuals in solitary and social
settings will help partition the dispositional and
situational effects. Ideally, the effect of the social
audience on individual behavior should be analyzed
regarding the relationship quality of near neighbors.
It is conceivable that individuals are keener to
approach and manipulate an object if they are near
kin or a close afﬁliate than if they are with non‐kin or
non‐friends. Unfortunately, we could not analyze
such effects, because the spatial and temporal
distribution of individuals with various relationship
qualities (regarding both kinship and friendship) was
highly varied throughout each experiment.
Personality always interacts with external and
other internal allowances as a reaction norm [Dingemanse et al., 2010]. Age had a signiﬁcant, negative
effect on boldness, and showed a trend in the same
direction with exploration‐persistence. While we
cannot draw too stringent conclusions from these
analyses because of limited statistical power due to
our relatively small sample size, we note the
considerable variation within age‐classes that remained in the component scores of both syndromes
(see Figs. 1 and 2). This indicates that the chimpanzees’ behavior was also strongly inﬂuenced by
dispositional effects. Declining mean trait levels of
exploration‐persistence and boldness may reﬂect a
genuine decrease of boldness and exploration‐
persistence with age, or a decreased interest in
interacting with human‐provided objects with increased exposure to them. Support for the age‐related
decline in trait levels is given by the same pattern in
humans [Roberts et al., 2006] and in chimpanzees
studied with the rating approach [King et al., 2008].
High levels of exploration, boldness and persistence
in young may be beneﬁcial in chimpanzees and
humans, who, like many other primates, strongly rely
on learning to acquire the necessary survival skills.
Our results are consistent with earlier behavioral
personality studies in chimpanzees. Uher et al. [2008]
assessed behavior of ﬁve captive chimpanzees with
experiments and observations, and found consistency
in several behaviors, including persistence and
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curiosity. Anestis [2005] identiﬁed six social behavioral syndromes, possibly reﬂecting personality
(albeit repeatability was not tested) in a group of
young captive chimpanzees. Finally, Herrmann et al.
[2007, 2011] showed that chimpanzees, bonobos,
orangutans, and human children differ in their
responses to novel objects and humans, although
data on repeatability or contextual consistency were
not provided.
Our results also agree with rating studies in that
chimpanzee personality encompasses several lower‐
lever traits organized in multiple broader constructs
[cf. Koski, 2011a; Weiss et al., 2007]. Moreover, the
behaviors that are personality traits in chimpanzees
are largely captured by both methods. However,
there are also differences in the contents of the
behaviorally measured syndromes and the rating‐
derived constructs. For example, the rated construct
Openness includes aspects of inquisitiveness and
curiosity, which is consistent with the behavioral
exploration tendency. However, in rating studies
persistence associates with dominance (as a descriptor of assertiveness, not the social rank), bullying and
independence, while in our study persistence was
associated with exploration. We found no association
between exploration‐persistence and the estimated
social rank. Such differences may reﬂect jinglefallacy,
that is, the same term is used to describe different
traits. For example, the item descriptor “persistent”
in the Hominoid Personality Questionnaire (HPQ)
[King & Figueredo, 1997] and its revision [Weiss
et al., 2009] emphasizes persistence in the opposition
from others, while we measured persistence at a task
per se. It seems that instead, the HPQ term
“quitting,” found in the Conscientiousness construct,
corresponds better with persistence in our study. To
assess such aspects in detail, it is necessary to test
item descriptors’ construct validity with a priori
deﬁned behavioral counterparts at the trait level (i.e.,
individuals’ scores of each item should correspond to
their scores of behaviors that are conceptually and
ecologically similar to the meaning of the descriptors). Thus far validation efforts of chimpanzee
personality have produced inconsistent results.
Typically, a few descriptors show the predicted
correspondence with behavior, while other predicted
relationships are weak or absent and many unpredicted relationships are observed [reviewed in
Murray, 2011].
Beyond comparisons within a species, however,
we feel that comparisons should be made on a broader
scale to understand the evolutionary history of
personality. Boldness and exploration tendency are
a natural starting point in such comparisons, as they
show remarkable conservation in the animal kingdom [Beaton and Schmidt, 2008; Réale et al., 2007].
Generally, animals respond with more or less neophobia, and more or less neophilia to novel and/or
threatening situations [reviews in Carere et al., 2010;

Conrad et al., 2011]. Boldness or exploration is often
associated with anxiety and aggression, forming a
boldness–exploration–aggressiveness–anxiety‐syndrome [review in Carere et al., 2010]. However, not all
species express such a syndrome. In redshanks,
Tringa tetanus, exploration and aggression do not
correlate [Couchoux & Cresswell, 2012], and in vervet
monkeys, Chlorocebus aethiops sabaeus, boldness
and aggression do not correlate with each other
[Fairbanks et al., 2004]. Our results suggested the
dissociation of exploration and boldness. Pleiotropic
effects and correlational selection pressures are
proposed as the mechanisms that maintain syndromes [Dingemanse & Réale, 2005; Sih &
Bell, 2008]. Dissociation of traits that have been
expressed as syndromes suggests either a mechanistic decoupling or a change in selection pressures.
Fundamental research on the similarities and differences in syndrome structures and on the proximate
mechanisms of syndromes is necessary to unravel the
evolutionary history of personality.
Persistence as a personality trait is rarely
studied in animals. It is conceivable that persistence
in various activities may offer ﬁtness beneﬁts. On the
other hand, persistence may waste valuable time or
energy that could be spent gaining rest or resources.
Such trade‐offs are one of the mechanisms proposed
to maintain personality variation [Dingemanse &
Wolf, 2010], so persistence as a personality trait
should occur in species where the beneﬁts are
considerable, yet the costs of extreme trait levels
maintain inter‐individual variability in the trait.
Persistence in our study was associated with exploration tendency and tool‐orientation, indicating that
subjects that approach objects readily also stay
persistent and use tools in a task. Chimpanzees are
extractive foragers and tool‐users, and rely heavily on
learnt skills to survive [McGrew, 1992]. We hypothesize that persistence may be a personality trait
especially in extractive foragers, as it may increase
payoffs in foraging of extractable food items. Moreover, persistence may increase learning, both individually by persisting with the task and trying
repeatedly after errors, and socially by paying close
attention and restricting impulses to leave or
monopolize the target [Cole & Quinn, 2012]. A
persistence‐exploration‐tool‐orientation syndrome
may thus inﬂuence individuals’ tendency to approach
objects, pay attention to their properties and correct
use, manipulate them, and persist in doing so.
Supporting this hypothesis, in keas (Nestor notabilis)
and Carib grackles (Quiscalus lugubris), persistence
inﬂuences learning novel foraging techniques [Gajdon et al., 2006; Overington et al., 2011]. Both species
are known for their innovativeness and explorative
tendencies [e.g., Lefebvre & Sol, 2008], and keas are
extractive foragers with great manipulation skills
[Auersberg et al., 2011]. Therefore, we hypothesize
that
a
persistence‐exploration‐tool‐orientation
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syndrome may have been selected for in extractive
foragers, in species that rely on learning and,
especially, in “technological” taxa, including Homo,
Pan, Pongo, Cebus, and Corvidae [Hunt, 2000;
McGrew, 2010; van Schaik & Burkart, 2011; Visalberghi et al., 2009].

GLOSSARY
Animal Personality (Aka Temperament)
Consistent differences between individuals in
their behavior across time and contexts [Dingemanse et al., 2010; Réale et al., 2007].
Behavioral Syndrome
Consistent correlation of two or more behavioral traits (note, that we use the term “syndrome”
only in this meaning, not in the meaning of single‐
trait consistency across time or contexts [Dochtermann and Dingemanse, 2013; Sih & Bell, 2008; cf.
Uher, 2011].
Disposition
Individual’s core tendency of its personality
that, together with non‐dispositional internal
factors incl. age and sex, result in the outcome
behavior at a given time point. Disposition is close
to the concept of intercept in a behavioral reaction
norm [Dingemanse et al., 2010].
Trait
In biological research, a trait is any quantiﬁable phenotypic characteristic; thus, a behavioral
trait is a behavioral characteristic. Phenotypic
traits can associate with other traits. We do not
take a stand on the traits’ determinants (incl.
genetic, epigenetic, developmental, or situational
effects) [Koski, 2011b; Réale et al., 2007].
Repeatability
A measure of consistency in behavior within‐
and across‐individuals. Calculated as the proportion of variance explained by differences between
individuals.
Temporal Consistency
Similarity in individual’s behavior over time.
Often assessed over relatively short time in two or
more repeated experiments (thus known as test–re‐
test reliability).
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In conclusion, we found that captive chimpanzees
express personality in exploration tendency, boldness, persistence and tool‐orientation. These traits
formed two syndromes, exploration‐persistence and
boldness, that have equivalents in many other
vertebrate species. However, examining the personality structure in chimpanzees and non‐primate
vertebrates we ﬁnd also intriguing differences.
Structural differences in trait organization suggest
changes in selection pressures or mechanisms coupling traits. Understanding the causes of syndrome
structures can help illuminate the complex consequences of trait consistency and covariance in
different species. Future studies should explore
multiple personality traits in other species and aim
at delineating personality structures across taxa. To
do so, we emphasize the use of behavioral tests in
ecologically valid environments that make comparisons between species possible.
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