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ABSTRACT

Personality has been linked to individual variation in interest and performance in cog-
nitive tasks. Nevertheless, this relationship is still poorly understood and has rarely been
considered in animal cognition research. Here, we investigated the association between
personality and interest, motivation and task performance in 13 sanctuary chimpanzees
(Pan troglodytes) housed at Fundacié Mona (Spain). Personality was assessed with a 12-
item questionnaire based on Eysenck’s Psychoticism-Extraversion-Neuroticism model
completed by familiar keepers and researchers. Additionally, personality ratings were
compared to behavioral observations conducted over an 11-year period. Experimental
tasks consisted in several puzzle boxes that needed to be manipulated in order to
obtain a food reward. Dependent variables included participation (as an indicator
of interest), success and latency (as measures of performance), and losing contact
with the task (as an indicator of motivation). As predicted, we obtained significant
correlations between Eysenck’s personality traits and observed behaviors, although
some expected associations were absent. We then analyzed data using Generalized
Linear Mixed Models, running a model for each dependent variable. In both sexes, lower
Extraversion and lower Dominance were linked to a higher probability of success, but
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this effect was stronger in females. Furthermore, higher Neuropsychoticism predicted
higher probability of success in females, but not in males. The probability of losing
contact with the task was higher in young chimpanzees, and in those rated lower on
Extraversion and higher on Dominance. Additionally, chimpanzees rated higher on
Neuropsychoticism were also more likely to stop interacting with the task, but again
this was more evident in females. Participation and latency were not linked to any
personality trait. Our findings show that the PEN may be a good model to describe
chimpanzee personality, and stress the importance of considering personality when
interpreting the results of cognitive research in non-human primates.
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INTRODUCTION

Research on animal personality has been defined as behavioral inter-individual differences
consistent over time and across contexts (Réale et al., 2007), and is a field of growing
interest, both from a theoretical and an applied perspective. To date, there is evidence that
personality traits in non-human animals are similar to those describing human personality
(Gosling, 20015 Sih et al., 2004), and that these traits share common neurophysiological
substrates (Carere, Caramaschi ¢» Fawcett, 2010; Koolhaas et al., 2010; Latzman et al., 2015).
From an evolutionary point of view, behavioral variation across individuals can generate
differences in terms of fitness, and is therefore subject to natural selection (Réale et

al., 20105 Smith & Blumstein, 2008). The study of animal personality can therefore help
us to better understand why subjects may respond differently when they face similar
conditions (Carere ¢ Maestripieri, 2013), thus becoming an important contribution to
the fields of animal behavior and cognition (Carere & Locurto, 2011; Griffin, Guillette ¢
Healy, 2015; Guillette, Naguib ¢ Griffin, 2017). In fact, associations between personality
and performance in cognitive contexts have been documented in a wide range of taxa,
including fish (Kareklas, Elwood ¢ Holland, 2017; White et al., 2017), birds (Amy, Van Oers
& Naguib, 2012; Medina-Garcia, Jawor & Wright, 2017), ungulates (Nawroth, Prentice ¢
MecElligott, 2017) and canids (Svartberg, 2002).

Personality has been broadly studied in non-human primates (Freeman ¢ Gosling, 2010,
Weiss, King ¢ Murray, 2011), since our closest living relatives constitute an excellent model
for comparative research, thus providing insight on the evolutionary origins of human
personality (Figueredo et al., 2015; Michalski & Shackelford, 2010). Firstly, most non-
human primates exhibit complex social structures and behaviors, which likely favored the
emergence of individual differences (Adams et al., 2015; Mitani et al., 2012). Secondly, their
phylogenetic closeness to humans allows us to better understand and rate their personality
traits using questionnaires (Weiss & Adams, 2013). Since one of the most relevant attempts
to describe chimpanzee personality using a human model with a hierarchical structure (King
¢ Figueredo, 1997), several studies in captivity and in the wild have shown that chimpanzees
have specific personality dimensions or traits that are common to their species (King, Weiss
& Farmer, 20055 Weiss et al., 2012; Weiss et al., 2017), and that questionnaires adapted
from human models are reliable measures of their personality (Freeman et al., 2013; Ubeda
& Llorente, 2015; Weiss ¢ Adams, 2013; Weiss et al., 2009; Weiss et al., 2017). Moreover,
several studies have reported correlations between trait rating and observed behavior,
both in monkeys (Ebenau et al., 2019; Iwanicki & Lehmann, 2015) and in great apes
(Eckardt et al., 2015; Murray, 2011; Schaefer ¢ Steklis, 2014; Vazire et al., 2007; Pederson,
King & Landau, 2005; Konecnd et al., 2008), thus confirming that personality ratings can
successfully predict individual behavior. Nonetheless, the use of a rating methodology is
not without limitations. On the one hand, some authors have identified a bias between
personality ratings and behavioral coding (Uher ¢ Asendorpf, 2008; Highfill et al., 2010;
Uher & Visalberghi, 2016). On the other hand, most studies finding a correlation between
both methods only obtained partial convergent validity, and very limited discriminant
validity (see Slipogor et al., 2020). In other words, not all the expected traits associate with
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specific behaviors; some traits may correlate with several behaviors or some behaviors with
more than one trait (Capitanio, 2004).

The vast majority of studies assessing personality in non-human primates have used
the Hominoid Personality Questionnaire or HPQ (Weiss et al., 2009), which is based
on the human Five Factor Model (Goldberg, 1990). The HPQ constitutes a complex
personality model consisting of 54 adjectives to rate, which describes five personality
traits homologous to the human traits in the Five Factor Model (FFM): Neuroticism,
Extraversion, Agreeableness, Conscientiousness, and Openness (to Experience). In
addition, the HPQ further contains the trait Dominance, which was described for the
first time in chimpanzees (King ¢ Figueredo, 1997). More recently, other authors have
applied other top-down human models to study chimpanzee personality, such as Eysenck’s
Psychoticism-Extraversion-Neuroticism model (Ubeda ¢ Llorente, 2015) or Cattell’s
16 PF (Ortin et al., 2019). The Eysencks’ psychobiological theory (Eysenck ¢ Eysenck,
1964; Eysenck ¢ Eysenck, 1975) is focused on the underlying biological mechanisms of
personality dimensions. On this matter, higher-order traits (Psychoticism, Extraversion
and Neuroticism; PEN model) are based on genetic (Eaves et al., 1989) and neurobiological
factors (e.g., extraverts present low arousal levels at the ascending reticular activation
system; Eysenck, 1967; Eysenck, 1997). Both the FFM and the PEN model have been
empirically validated and can be easily integrated. In fact, they share two common
dimensions or traits (Neuroticism and Extraversion); and the third trait described by
Eysenck, Psychoticism, has been negatively related to Agreeableness and Conscientiousness
in the FEM (Goldberg ¢ Rosolack, 1994; Zuckerman et al., 1993). According to Eysenck
(1991), however, Conscientiousness, Agreeableness and Openness in the FFM were
not major components of personality, but rather represented compounds of what he
considered the three higher-order traits. Nonetheless, some authors have found moderate
correlations between Openness and Eysenck’s Extraversion (Vorkapic; 2012). Additionally,
Goldberg & Rosolack (1994) found a link between Goldberg’s clusters and the PEN model.
In particular, they showed that in Openness’ clusters such us intellectuality, depth and
foresight, the presumed PEN factor is E- (lower Extraversion); while for the clusters
intelligence, nonconformity, sophistication or curiosity, the presumed PEN factor is E+
(high Extraversion).

In their assessment of the PEN model to describe chimpanzees’ personality, Ubeda
& Llorente (2015) adapted a 12-item questionnaire rated on a 7-point Likert scale. The
authors identified three dimensions: Extraversion, Neuropsychoticism and Dominance.
The adjectives that loaded onto Extraversion were very similar to those reported for humans
in that same dimension, thus facilitating the interpretation of this trait. Conversely, they
identified a compound dimension including adjectives that in humans loaded onto both
Neuroticism and Psychoticism, and was therefore labeled Neuropsychoticism. Finally, the
authors identified a third factor, which was denominated Dominance, because the adjectives
that loaded onto this trait were among those reported in previous studies for Dominance
in chimpanzees (King ¢ Figueredo, 1997). This dimension is not directly comparable with
any human trait, but it has been repeatedly described in chimpanzees (Freeman ¢ Gosling,
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20105 King & Figueredo, 1997) and other non-human primates (Adams et al., 2015; Weiss
etal, 2011).

In addition to defining personality traits for each species, studies in non-human primates
have allowed researchers to evaluate the influence of personality on critical aspects of
animals’ life, such as health (Robinson et al., 2018), welfare (Robinson et al., 2017) and
longevity (Altschul et al., 2018; Weiss et al., 2013). Moreover, several studies have explored
the link between personality and cognitive performance in non-human primates, using a
variety of experimental tasks and performance measures. The trait Openness for instance,
has been linked to training success in both capuchin monkeys (Sapajus apella: Morton,
Lee & Buchanan-Smith, 2013) and chimpanzees (Pan troglodytes: Reamer et al., 2014).
Similarly, Wergdrd et al. (2016) reported that the personality trait Activity was positively
associated with training success in long-tailed macaques (Macaca fascicularis). In more
cognitively demanding situations, some studies have also reported a positive association
between Openness and chimpanzees’ participation and performance in computerized
activities (Altschul et al., 2017; Herrelko, Vick & Buchanan-Smith, 2012) and foraging
puzzles (Hopper et al., 2014). Furthermore, Altschul, Terrace ¢ Weiss (2016) reported
that rhesus macaques (Macaca mulatta) scoring higher in Openness and Friendliness
performed better in serial learning tasks. Additionally, when presented with foraging
puzzles, male chimpanzees rated higher on Dominance spent more time interacting
with the puzzles (Hopper et al., 2014). Conversely, Altschul et al. (2017) concluded that
Dominance did not have a major impact on chimpanzees’ participation and performance
in the computer-based tasks that they tested. Nevertheless, they found that chimpanzees
with high Conscientiousness consistently participated more, performed better and were
less likely to drop, although this could depend on their preexisting experience with the task
(Altschul et al., 2017).

In humans, Conscientiousness has been repeatedly associated with academic
achievement (Noftle & Robins, 2007; Von Stumm, Hell & Chamorro-Premuzic, 2011) and
job performance (Hurtz & Donovan, 2000; Mount, Barrick & Strauss, 1999; Rrick & Mount,
1991). Conscientious individuals tend to be more goal-oriented and plan more, and
they are better able to delay gratification (Roberts et al., 2009). Furthermore, according to
several studies, Conscientiousness in the FFM negatively correlates with Psychoticism in
the PEN model (Eysenck, 1992), which would explain the negative impact of Psychoticism
on academic performance (Flores-Mendoza et al., 2013; Heaven, Ciarrochi ¢ Vialle, 2007;
Poropat, 2011). However, Psychoticism has also been consistently linked to creativity
(Abraham et al., 2005; Acar & Runco, 2012; Eysenck, 1995). Regarding other personality
dimensions present both in the FFM and in the PEN model, like Extraversion or
Neuroticism, studies in human and non-human primates are inconsistent, although
there are some exceptions worth noting in humans. For example, several authors have
demonstrated a link between higher Neuroticism and poorer performance in cognitive
tests, either in academic (Chamorro-Premuzic ¢ Furnham, 2003) or non-academic contexts
(Dobson, 20005 Reynolds, McClelland & Furnham, 2014). This has been mainly attributed to
the fact that highly neurotic individuals are more likely to experience anxiety when exposed
to uncertain or stressful situations. To our knowledge, studies in non-human primates have
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not detected any significant impact of Neuroticism on cognitive performance. However,
Hopper et al. (2014) found that while performing cognitive tasks, chimpanzees with higher
Neuroticism exhibited more self-directed behaviors, which are a common indicator of
anxiety in both catarrhine (Maestripieri et al., 1992) and platyrrhine primates (Manson &
Perry, 2000). Finally, in humans, higher Extraversion has been linked to lower academic
achievement, presumably because introverts have a focused, goal-oriented attention, and
therefore are less easily distracted (Entwistle ¢ Entwistle, 1970), whereas extraverts have
selective, stimulus-oriented attention and prefer to focus on social activities (Sdnchez,
Rejano ¢ Rodriguez, 2001; Fishman, Ng ¢ Bellugi, 2011). It has also been suggested that
extraverts and introverts may show different performance depending on the context (Cox-
Fuenzalida et al., 2006). That is to say, extraverts naturally possess low levels of cortical
arousal and therefore they perform better in stimulating environments, while introverts
are characterized by high levels of cortical arousal and tend to be less efficient when facing
an exciting stimulus, but are more successful at task of longer duration (Eysernck, 1983;
Eysenck & Eysenck, 1985; Li et al., 2010).

In view of the scant literature exploring the relationship between personality and
performance in non-human primates, and of the controversial results reported so
far, the main aims of this study were to (i) assess the correspondence between the
personality traits from the PEN model (previously adapted by Ubeda ¢ Llorente (2015))
and chimpanzees’ spontaneous behavior, and (ii) evaluate whether individual differences
in chimpanzees’ personality are linked to their interest, motivation and performance in
cognitive tasks. Firstly, we expected to find significant correlations between personality
traits and behaviors that match the definitions of the traits (e.g., Extraversion positively
correlating with social behaviors and with affiliative interactions, such as grooming and
social play; Dominance with agonistic dominance; and Neuropsychoticism with agonistic
behaviors and with behaviors related to anxiety, such as self-directed behaviors or abnormal
behaviors). Secondly, considering that Eysenck’s personality traits have been previously
linked to cognitive performance in humans, we expected to detect similar associations
in chimpanzees. In particular, we predicted that, chimpanzees with higher scores on
Extraversion would be more interested in participating in the experimental sessions, as we
would expect extraverted individuals to be more curious towards a novel stimulus. However,
introverts” focused attention and lower distractibility are highly desirable attributes to be
successful in complex tasks such as the ones presented in this study. Therefore we predicted
that higher Extraversion would be related to lower success. Additionally, we expected that
chimpanzees rated higher on Neuropsychoticism would also be less successful at solving
the tasks, as well as more likely to lose motivation, because they would be less patient and
more prone to feel anxious during the experimental sessions. Finally, we predicted that
Dominance would not play a determinant role in chimpanzees’ performance, as previously
shown by Altschul et al. (2017) and Hopper ef al. (2014) when assessing complex cognitive
tasks in this species. Moreover, considering that previous studies have shown distinct
associations between personality traits and performance in male and female chimpanzees
(Hopper et al., 2014), we also decided to explore sex differences.
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MATERIALS & METHODS

Subjects and study site

The study sample consisted of 14 chimpanzees (Pan troglodytes), 9 males and 5 females, that
ranged in age from 6 to 27 years (mean age £ SD = 17.71 = 7.46 years) at the beginning of
the study period. They were housed at Fundacié Mona (Girona, Spain), a center dedicated
to the rescue, rehabilitation and re-socialization of primates that have been previously
used as pets or for entertainment. The chimpanzees lived in two separate groups, which
have been mostly stable over the years. Under good weather conditions, the chimpanzees
spend daytime hours in a 5,640 m? outdoor enclosure, divided into two areas (2,420 m?
and 3,220 m?), one for each group. The enclosure is covered by natural grasses and other
Mediterranean herbaceous vegetation subject to seasonal changes, and contains artificial
elements such as wooden platforms, towers and ropes. Besides the exterior enclosures, the
chimpanzees also have access to 140 m? indoor facilities in which they spend the nights
and rainy/cold days. Additionally, there are two 25 m? exterior cages containing physical
enrichment elements, such as ropes and hammocks, which are used to host newly arrived
individuals before their integration in a social group. As explained below, the chimpanzees
were isolated in this area during the experimental sessions.

Personality ratings

Personality was assessed using a questionnaire based on the Psychoticism-Extraversion-
Neuroticism (PEN) model of personality (Eysernck, 1967). This tool was used for the first
time in chimpanzees in a previous study at Fundacié Mona (Ubeda ¢ Llorente, 2015).
Therefore, 10 of the 14 individuals of our sample had been previously assessed in 2012
using this questionnaire. As described in Ubeda ¢ Llorente (2015), the PEN questionnaire
consisted of 12 adjectives rated on a 7-point Likert scale. A brief definition for each trait was
also included at the end of the document. An English translation of the original Spanish
version of the questionnaire can be found in Questionnaire S1. To determine personality
traits, Ubeda ¢ Llorente (2015) conducted two different factorial analyses, the Principal
Component Analysis (PCA) and the Regularized Exploratory Factor Analysis (REFA).
Both methodologies determined the same personality dimensions or traits: Extraversion,
Neuropsychoticism and Dominance. The trait Neuropsychoticism was a compound factor
which included aspects of both Neuroticism and Psychoticism as described in PEN model
for humans (Eysenck ¢ Eysenck, 1964).

The four chimpanzees which were not included in the original study were assessed in
March 2018 with the same questionnaire, filled by15 raters (26.67% men and 73.33%
women). All raters were highly familiar with the subjects, as they all worked as researchers,
volunteers or keepers and knew the animals for a minimum of 4 months. When raters
did not answer a question, missing data on the ratings was substituted by a neutral score
of 4 (Costa & McCrae, 2008; Weiss et al., 2009). Following the methodology of previous
studies (Ubeda ¢ Llorente, 2015; Weiss et al., 2009), inter-rater reliability was assessed
by calculating two intraclass correlation coefficients (ICC) (Shrout ¢ Fleiss, 1979) using
IBM® SPSS® Statistics 22: ICC (3,1), which indicates the reliability of the scores for a
single rater, and ICC (3, k), which indicates the reliabilities of scores based on the mean
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Table 1 Factor loadings obtained for the eysencks PEN model based on a Regularized Exploratory Fac-
tor Analysis (REFA) (adapted from Ubeda & Llorente, 2015).

Extraversion Neuropsychoticism Dominance
Spontaneous .79 .02 .08
Active .80 .07 11
Sad —.76 23 .03
Social 71 —.10 d2
Creative .37 .06 —.10
Aggressive .08 82 12
Anxious —.06 .69 —.08
Impulsive 43 .65 —.03
Cruel —.22 .56 —.04
Bad tempered —.46 .61 .13
Dominant .23 .07 97
Fearful —.46 .11 —.38

of the total number of raters. As described by Weiss et al. (2009), individual scores on
each personality trait for all the 14 chimpanzees were obtained by summing unit-weighted
scores of all the adjectives that had salient loadings (>0.50). We used the factor loadings
derived from REFA analysis, as this methodology is specifically designed for small samples
(Jung & Lee, 2011) (see Table 1).

Correlations between personality ratings and behavior

In line with previous studies (Pederson, King ¢ Landau, 2005), to further validate the
results obtained with the Eysenck questionnaire, we used Spearman correlations to link
the personality ratings with behavioral observations conducted at Fundacié Mona for a
longitudinal study. We used data collected over a total period of 133 months, from April
2006 to September 2017. Over this 11-year observation period, there were several changes
in the group composition to integrate new chimpanzees, transfer animals between groups
for welfare reasons or due to the natural death of individuals. While acknowledging the
effect of this and other temporal factors (e.g., age, changes in well-being, etc.) on the
development of chimpanzees’ personality and on their behavior, by definition personality
should be stable across time and contexts. Moreover, there is evidence that, despite gradual
changes over time, specific personality traits remain fundamentally stable and can therefore
be detected at different developmental stages (Weiss et al., 2017).

Behavioral data were collected using the scan sampling method with 2-minute
intervals. Behaviors observed included solitary activities (i.e., abnormal, locomotion,
feeding, manipulation, inactivity, self-directed, and other solitary), social interactions (i.e.,
grooming, agonistic dominance, agonistic submission, other agonistic, social play, sexual
behavior, other affiliative, and social proximity), and interactions with humans (positive
and negative). Details on the behavioral catalogue are described in Table S1. Additionally,
to facilitate interpretation of the correlations between personality ratings and observational
data, we created categories which clustered several behaviors. In particular, we defined total
agonistic interactions as the combination of agonistic dominance, agonistic submission
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and other agonistic behaviors; and total affiliative interactions included grooming, social
play, sexual behavior and other affiliative behaviors.

We conducted observation sessions of 20 min from two observation towers in the
outdoor enclosures. The sessions were randomly distributed during daytime hours, from
10:00 h to 18:30 h. Observations were conducted by different observers, who were only
allowed to collect data after completing a training period and successfully passing the
inter-observer reliability test (agreement between observers > 85%).We included a total of
274204 scans (mean number of scans per individual = SD = 19,586 £ 8348.21), resulting
in 194,238 recorded behaviors, excluding the categories “not visible” and “not present”
(15.55% and 13.59% respectively). We also excluded two additional categories from the
analysis (“other social” and “other human interactions”) because they had very low
frequencies (less than 0.02% of the scans). Due to the fact that not all chimpanzees were
present from the beginning of the data collection period, data was normalized by calculating
the relative frequencies of behaviors with respect to the total number of observed behaviors
per individual.

Experimental tasks and procedure

Cognitive tasks and experimental design are detailed in Riba (2016). In brief, the tasks
consisted of 11 puzzle boxes made of methacrylate which included different components
such as doors, wooden bars, slides and tubes (see Fig. S1). These elements needed to be
manipulated in a particular manner for the chimpanzee to complete the task and obtain
the food reward in the box (see details in Table 2). Tasks were classified based on their
level of complexity (4 simple, 4 intermediate and 3 complex tasks), measured by means of
the number of motor actions necessary to solve them. Thus, simple tasks were described
as tasks which could be solved by performing a single motor action, intermediate tasks
corresponded to those which required two motor actions, and complex tasks required the
chimpanzees to perform three or more motor actions. The chimpanzees were assessed
during a total period of 3 years and 7 months, between October 2009 and April 2013. One
chimpanzee (Cheetah) had not yet arrived at the sanctuary at that time, and therefore she
did not participate in the testing sessions.

The first 5 months corresponded to a pilot phase of the study in which all subjects were
exposed to three random tasks in three different sessions. To do so, the chimpanzees were
isolated by one familiar keeper in an area called the exterior cages (see description above),
where all subsequent experimental sessions were conducted. These habituation sessions
lasted 10 min and the chimpanzees could see the puzzle boxes, which were placed within
sight outside the cages, but they were not allowed to interact with them. The objectives of
the pilot phase were to (1) habituate the subjects to the study area and to the cart which
would support the puzzle boxes, (2) train the keepers who were going to participate and/or
be present during the experimental sessions, and (3) check for intrinsic aspects of the tasks
and the procedure, such as the position of the device on the cart or the type of fixation.
After this pilot phase, the animals were presented first with simple tasks (2010-2011),
followed by intermediate tasks (2011-2012), and finally complex tasks (2012-2013). Tasks
never overlapped in time, and each of them was presented separately within a period of
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Table2 Overview of the experimental tasks classified by the level of complexity and description of the actions required to complete each task.

Complexity level Task Actions required
Open Box (1) Pull/push the front door of the box
Simple Moveable Tube (1) Pull/rotate a vertical moveable tube
Windows Task (1) Slide a horizontal wooden bar inserted in a tube
Tube Cube (1) Slide/rotate a horizontal tube inserted in the box
. . (1) Push/pull a wooden bar
Artificial Fruit . .
(2) Slide a lid on the top
(1) Slide the frontal door
Food Box NI |
Intermediate (2) Insert a too
(1) Slide a horizontal wooden bar
Push Box .
(2) Push/pull the frontal door and insert a tool
(1) Slide a horizontal wooden bar
Tower Task .
(2) Rotate/pull a vertical tube.
(1) Slide 2 horizontal wooden bars (right side)
Complex Food Box (2) Slide 1 vertical wooden bar
(3) Slide 2 horizontal wooden bars (left side)
(4) Open a door on the top
(1) Slide 3 small wooden bars
Complex Complex Moveable Tube (2) Slide a large horizontal bar

Complex Artificial Fruit

(3) Rotate/pull a tube

(4) Slide the front door

(1) Push/pull a wooden bar (right side)

(2) Pull/push a wooden bar (central position)
(3) Pull/push a wooden bar (left side)

(4) Slide a lid on the top

(5) Rotate a plastic tube

this period, according to the keepers’ availability and other management needs.

two to three months. The experimental sessions were randomly distributed throughout

The original purpose of the study by Riba (2016) was to investigate the occurrence

of social learning. Therefore, before being tested, subjects received three different types
of information on how to solve the puzzle boxes: (1) Control (no information), (2) No
social information (the subject only saw the end state of the task, without seeing any of
the actions necessary to solve it), and (3) Social information (the subject saw both the
actions of the demonstrator and the end state of the task). Each subject received all three
conditions in each set of complexity level, but subjects were exposed to a different task
within each complexity level. Thus, task, level of complexity and type of information were
counterbalanced across subjects, resulting in a total of nine possible combinations This
means that not all subjects performed all the tasks, but they all performed 3 simple, 3
intermediate and 3 complex tasks (one Control, one with No social information and one
with Social information for each complexity level; see Table S2). Additionally, to evaluate
the effect of causal information, every task consisted in two versions of the puzzle box, one
transparent and one opaque. Therefore, for each task, subjects were exposed to both the
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transparent and the opaque version of the apparatus, within the same session. The order
in which the two versions were presented was counterbalanced between subjects.

The experimental session began when the subject was called by a keeper to participate in
the experiment and entered the exterior cages. After this, the door to the indoor facilities
was closed and the subject remained isolated from the group. Before starting the testing
phase, there was a 10-minute habituation phase, in which the keeper stayed in close
proximity to the cages and the chimpanzees could already see the experimenter and the
apparatus from afar (in its initial state). During this phase, the experimenter conducted
ad libitum observations, particularly looking for behavioral signs of anxiety or discomfort
(e.g., abnormal or stereotypical behaviors, agonistic displays). When these behaviors were
detected and the chimpanzee did not approach the apparatus in the first 5 min, the session
was terminated. Conversely, if no signs of distress were observed during the habituation
phase, the experimenter placed the apparatus in front of the subject, specifically in front
the barred sliding door of the exterior cages, through which the animals could see it but
not touch it (Figs. 1A and 1B). This allowed the subjects to familiarize with the puzzle
boxes before starting the testing phase. Exposure time varied according to task complexity
(i.e., 1 min for simple tasks, 2 min for intermediate tasks and 3 min for complex tasks).
Additionally, in the No social information condition, the apparatus was removed from the
individual’s view after the first exposure, so that the human experimenter could manipulate
it. Then, it was presented once again to the subject in its final state (solved), with the sliding
door remaining closed, thus preventing the chimpanzee to reach the apparatus. Exposure
time to this final state also varied according to task complexity (6 min for simple tasks,
12 min for intermediate tasks and 20 min for complex tasks). The time elapsed between
the two types of exposure (initial state and final state of the apparatus) was between 2
and 5 min, depending on the task complexity. Afterwards, the apparatus was moved out
of the chimpanzees’ view, so that the experimenter could return it to its initial state (not
solved). Immediately after that, it was placed again in front of the animal, before starting
the testing phase. Finally, in the Social information condition, the experimenter performed
the task in front of the individual for several times (6 demonstrations for simple tasks, 12
demonstrations for intermediate tasks and 20 demonstrations for complex tasks) with the
apparatus facing the animal (Fig. 1C).

In all conditions, the testing phase began when the sliding door was displaced (Fig. 1D),
thus allowing subjects the first contact with the task. The chimpanzees were presented with
one puzzle box per session and they had 8 attempts to solve it (4 for the transparent version
and 4 for the opaque version). The time allowed for the solution of the task was 2 min for
the simple tasks, 4 min for the intermediate tasks and 6 min for the complex tasks. After
this time had elapsed, the trial ended and the apparatus was moved out of the individual’s
reach, so that the experimenter could return it to its initial state. Immediately after that,
it was presented to the subject again, thus initiating a new trial. In total, each subject
participated in 9 experimental sessions of 8 trials each, thus making a total of 72 trials: 24
trials for the simple tasks, 24 for the intermediate tasks and 24 for the complex tasks (see
details in Table S2). For two chimpanzees (Juanito and Tom) a few trials in the complex
tasks (9 and 8, respectively) had to be discarded due to demonstration failures and camera
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Figure 1 Exterior cages in which the experimental sessions were conducted. (A) Detail of the sliding
door. (B) Exposure phase: the door was closed, so that the chimpanzee could see but not touch the appa-
ratus. (C) Social information condition: a keeper performed the task in front of the individual. (D) Testing
phase: the sliding door had been displaced and the subject could interact with the task through the bars.
Full-size & DOI: 10.7717/peerj.9707/fig-1

failure. Besides the experimenter, one familiar keeper was always present throughout the
habituation and the testing phases, to provide animals with a safe trusted environment
during the tasks. All sessions were videotaped for subsequent analyses with a digital camera
placed in a frontal or a semi-lateral position at a distance of 60—80 cm from the subject.
Video coding of all sessions was conducted by a single experimenter (David Riba).

Performance measures

We used participation as a measure of interest, success and latency to solve the task as
measures of performance, and losing contact with the task as an indicator of lack of
motivation. When chimpanzees (1) refused to enter the experimental area, (2) did not
approach the apparatus or (3) did not establish contact with it, we assigned them a score of
0 for participation. On the other hand, if they interacted with the apparatus, even if it was
for a very short time, we assigned them a score of 1. An attempt was considered successful if
the subject completed the task and retrieved the reward from the box within the given time.
Latency was described as the time (in seconds) between the first contact with the apparatus
and the moment the task was solved. Finally, we considered that a subject lost contact with
the task if it stopped manipulating the apparatus or its components for more than 15 s
and/or walked away at least 1 meter. We only considered the first-time that subjects lost
contact. Thus, for each trial, a subject was assigned a score of 0 if it remained engaged with
the task the whole time and a score of 1 if it stopped manipulating it at least once.
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Data analysis

To investigate whether interest, motivation and performance were affected by personality,
we used Generalized Linear Mixed Models (GLMM) (Baayen, 2008). For response variables
with binomial distribution (participation, success and losing contact with the task), we
used the function “glmer” from the package “lme4” (version 1.1-17; Bates et al., 2015) in
R (R Core Team, version 3.5.0), whereas for latency, which had a normal distribution, we
used the “lmer” function.

We ran 4 different models, one for each response measure as dependent variable:
participation (Model 1), success (Model 2), latency (Model 3) and losing contact with the
task (Model 4). In all models, age and personality traits (Extraversion, Neuropsychoticism
and Dominance) in interaction with sex were included as test predictors, whereas we
entered task complexity (simple, intermediate or complex), information provided to the
subject (Control, No social information or Social information), trial number (1-4), box
color (opaque or transparent) and box order (first opaque or first transparent) as control
predictors. We included subject’s identity as random effect, fitting random slopes as
needed.

In all models, continuous predictors were z-transformed to facilitate model convergence
and standardize interpretation of model coefficients. To compare full models containing
all predictors with null models containing only control predictors, we used a likelihood
ratio test (function “anova”) (Dobson, 2002). If full models significantly differed from
null models (p < 0.05), we conducted likelihood ratio tests to obtain the p values for
each predictor via single-term deletion, using the R function drop1 (Barr et al., 2013). If
the 2-way interactions were not significant, we downgraded them and re-ran the model
including the 2 test predictors as main effects. To rule out collinearity, we calculated variance
inflation factors (VIF) (Field, 2009), which were very good in all models (maximum VIF
across models = 2.39). Finally, we assessed dispersion for the non-gaussian models and we
found that, none of them was over-dispersed (dispersion parameters <1), except for Model
4. Therefore, in order to avoid over-dispersion, we ran a simplified version of the model,
removing the control predictors “task complexity” and “information type”, as well as the
random slopes. No convergence issues were detected in the models.

Ethics statement

All applicable international, national, and/or institutional guidelines for the care and use
of animals were followed. All procedures involving animals were in accordance with the
ethical standards of the institution at which the studies were conducted (Fundacié Mona;
Ethical Approval Number: EAFM201801) and with the Spanish Government RD 53/2013.
This project also received the ethical approval from the Ethics Committee of the Universitat
de Girona (Project Code: CEBRU0020-2019).
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Table 3 Intraclass correlation coefficients (ICCs) for the 12 items of the questionnaire. ICC (3, 1) indi-
cates the reliability of the scores for a single rater, and ICC (3, k) indicates the reliabilities of scores based
on the mean of the total number of raters.

ICC (3,1) ICC (3,k)
Social 42 .81
Active 49 .85
Dominant 44 .82
Spontaneous .38 .79
Anxious .38 .78
Badtempered 37 .78
Fearful .29 71
Sad .37 .78
Agresssive .50 .86
Impulsive .40 .80
Cruel .28 .70
Creative .19 .59
Mean .38 77
SD .09 .07

RESULTS

Personality ratings

Considering the 14 chimpanzees whose personality was assessed between 2012 and 2018,
the ICCs for the single (3, 1) and average (3, k) ratings were high, indicating that raters
tended to agree in their judgments about the personality items (Table 3). ICC (3, 1) ranged
from 0.19 (creative) to 0.50 (aggressive), with a mean reliability of 0.38. On the other hand,
ICC (3, k) ranged from 0.59 (creative) to 0.86 (aggressive), with a mean reliability of 0.77.
After being transformed into T-scores (mean & SD = 50 £ 10), the values of the personality
traits ranged from 22.02 to 63.44 (Extraversion), from 35.17 to 64.84 (Neuropsychoticism),
and from 37.90 to 63.52 (Dominance).

Correlations between personality ratings and behavior

We obtained significant correlations between personality traits and behaviors which
matched their descriptions (Table 4 and Table S3). In particular, Extraversion was positively
correlated with social behaviors (i.e., grooming, social play, and the combined category
total affiliative interactions); Neuropsychoticism was positively associated with total
agonistic interactions (which included both dominant and submissive behaviors); and
Dominance positively correlated with agonistic dominance, but also with total agonistic
interactions. We also found unexpected correlations, such as higher Extraversion being
linked to agonistic dominance and Neuropsychoticism being negatively associated with
foraging. Moreover, contrary to our predictions, Neuropsychoticism was not related to
behavioral indicators of anxiety, such as self-directed behaviors or abnormal behaviors.
Finally, regarding the associations between traits, no significant correlations were found,
but the positive correlation between Dominance and Neuropsychoticism was close to

significance (Table 5).
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Table 4 Behaviors and clusters of behaviors that correlated (Spearman correlation) with Eysencks personality traits.

Agonistic Grooming Social Foraging Agonistic Affiliative
dominance play interactions® interactions”
Extraversion r .614 .705 .692 .147 529 730
P .020 .005 .006 .615 .052 .003
95% CI [.079,.929] [.147,.957] [.250,.928] [—.385,.668] [—.019, .862] [.355,.888]
Neuropsychoticism r 211 .099 —.115 —.640 .562 .064
P 469 737 0.697 .014 .037 .828
95% CI [—.323,.697] [—.408, .557] [—.653,.596] [—.945, —.172] [.137,.806] [—.493, .554]
Dominance r 557 .547 —.084 —.055 594 .378
P .039 .043 776 .852 025 .182
95% CI [.028, .892] [—.014, .900] [—.623, .454] [—.563,.476] [.118,.871] [—.236, .811]

Notes.

N = 14. Significant results are marked in bold (p < 0.05; 95% CI do not overlap 0).
*Agonistic interactions included agonistic dominance, agonistic submission and other agonistic behaviors.
b Affiliative interactions included grooming, social play, sexual behavior and other affiliative behaviors.

Table5 Spearman correlations between chimpanzees’ scores on Eysenck’s personality dimensions.

Extraversion Neuropsychoticism

Extraversion r

P - -

95% CI
Neuropsychoticism r .073

p 805 -

95% CI [—.385, .470]
Dominance r 429 .525

P 126 054

95% CI [—.220, .886] [—.115,.865]

Notes.

N = 14. Significant results are marked in bold (p < 0.05; 95% CI do not overlap 0).

Association between personality traits and interest, motivation and
performance
The results obtained in the cognitive tasks are summarized in Table 54. Participation and
success were high (mean participation + SD = 0.81 + 0.22, range = 0.35-1.00; mean
success == SD = 0.91 &£ 0.13, range = 0.57-1.00) and the chimpanzees lost contact with the
task very rarely (mean value of losing contact with the task = SD = 5.21 £ 8.36%, range
= 0.00-21.00). Mean latency across all tasks &= SD = 30.55 4 15.57 s and, as expected, it
differed significantly across complexity levels (2 = 18.00, df =2, p < 0.001). Results of
the 4 models evaluating the relationship between personality and participation, success,
latency and losing contact with the task are presented in Table 6.

Participation. In Model 1, the full model significantly differed from the null model
(GLMM: x2=26.98, df =8, p <0.001), but none of the test predictors had a significant
effect. After downgrading the non-significant 2-way interactions and including personality
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traits and sex as main effects, the full-null model comparison was not significant, thus
revealing that none of the test predictors predicted participation.

Success. In Model 2, the comparison between full and null models was significant
(GLMM: x?=15.84, df =8, p = 0.045). All personality traits in interaction with sex
predicted chimpanzees’ success (Extraversion*sex: p = 0.012; Neuropsychoticism*sex:

p =0.003; Dominance*sex: p < 0.001), but the test predictor age was not significant.

In particular, lower Extraversion slightly increased the probability of being successful in
males, while highly increasing it in females (see Table 6; Fig. 2). Similarly, lower Dominance
predicted a higher probability of success in both sexes, but this effect was stronger in females
(see Table 6; Fig. 3). Finally, higher Neuropsychoticism predicted a higher probability of
female success, but a slightly lower probability of success in males (see Table 6; Fig. 4).

Latency. In Model 3, the comparison between the full and null model was not significant
(GLMM: x?*=2.37, df =8, p = 0.967), even after downgrading the 2-way interactions
and re-running the model including the personality traits and sex as main effects. Thus,
personality traits, sex and age did not predict individuals’ latency to complete the task.

Losing contact with the task. In Model 4, the full-null model comparison was significant
(GLMM: x2=27.48, df =8, p < 0.001). Neuropsychoticism in interaction with sex and
age were the only significant predictors of the probability of losing motivation and stopping
manipulation of the task. After downgrading the non-significant 2-way interactions, we
also found a significant effect of Extraversion (p < 0.001), Dominance (p =0.012), age
(p=0.019), and the 2-way interaction of Neuropsychoticism and sex (p = 0.002). In
particular, higher Neuropsychoticism highly increased the probability of losing contact
with the task in females, and only slightly increased it in males (see Table 6; Fig. 5). In
both sexes, higher Extraversion was linked to a lower probability of losing motivation and
stopping manipulation of the task (see Table 6; Fig. 6), whereas higher Dominance was
associated with a higher probability of losing contact with the task in both sexes (see Table
6; Fig. 7). Finally, younger individuals had a higher probability to lose motivation and stop
interacting with the task, as compared to older ones (see Table 6; Fig. 8).

DISCUSSION

In this study, we first compared behavioral observations of 14 captive chimpanzees
with ratings from a 12-item personality questionnaire based on Eysenck’s PEN model
(Ubeda & Llorente, 2015); and then we assessed the relationship between personality
traits and interest, motivation and performance in cognitive tasks in a subsample of

13 individuals. Firstly, the traits obtained from the ratings significantly correlated with
behavioral observations conducted over an 11-year period, but some expected correlations
were absent. Secondly, our results showed that participation and latency were not associated
with any personality trait from the PEN model. Partially in line with our predictions, the
probability of success increased with lower Extraversion and lower Dominance, but this
was more evident for females. Unexpectedly, success was also higher in females with higher
Neuropsychoticism. The probability of losing motivation and stopping interaction with
the task were higher in younger chimpanzees, and in those rated higher on Dominance
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and lower on Extraversion. Finally, and in agreement with our predictions, individuals
scoring higher in Neuropsychoticism were also more likely to lose motivation, especially
in females.

Inter-rater reliabilities in the personality questionnaires were similar to those reported
in previous studies ( Ubeda & Llorente, 2015; King & Figueredo, 1997; Weiss et al., 2009),
and indicated substantial agreement among raters. The correlations between personality
traits and behaviors confirmed that there was some evidence for convergent validity.

In particular, Extraversion positively correlated with total affiliative behaviors and with
grooming and social play considered separately; and Dominance correlated with total
agonistic interactions and with agonistic dominance independently. These associations
were similar to those reported in previous studies on chimpanzees (Pederson, King ¢
Landau, 2005; Vazire et al., 2007) and other great apes (Eckardt et al., 2015; Kuhar et al.,
20065 Schaefer ¢~ Steklis, 2014). Moreover, Neuropsychoticism positively correlated with
total agonistic interactions, confirming that chimpanzees with higher Neuropsychoticism
are in fact more anxious, impulsive and aggressive, which is also consistent with Eysenck’s
definition of these traits (Eysernck ¢ Eysenck, 1964). Neuropsychoticism was also negatively
associated with foraging, which we interpreted as neuropsychotic chimpanzees being less
prone to explore the enclosures to look for food, or perhaps dedicating more time to
vigilance (Digman, 1990) or to aggressive interactions. Another possible explanation could
be that neuropsychotic individuals have reduced levels of activity, as it has been found in
bonobos that show more anxious behavior (i.e., higher rates of self-scratching) (Staes et
al., 2016). Hence, a decrease in foraging would simply be a consequence of lower levels
of general activity. Contrary to our predictions, however, Neuropsychoticism was not
related to behavioral indicators of anxiety, such as self-directed behaviors or abnormal
behaviors. However, it should be noted that our definition of self-directed behaviors
included some behaviors, such as body inspection and self-grooming, which may not
necessarily be indicators of anxiety or stress (Meyer ¢ Hamel, 2014). Finally, we found
some unexpected correlations, such as higher Extraversion being linked to agonistic
dominance. Surprisingly, previous studies have reported an association between aggression
and Extraversion in chimpanzees (Freeman et al., 2013) and in gorillas (Kuhar et al., 2006).
Nonetheless, an important limitation of our study is that the category agonistic dominance
encompassed a wide range of behaviors, from directed displays to resource displacement,
but also aggression. Therefore, to further investigate the association between personality
and aggression, a more detailed behavioral catalogue should be employed in the future, to
better distinguish between aggressive and non-aggressive dominant behaviors.

It should also be noted that some behaviors or clusters of behaviors correlated with
more than one trait (e.g., agonistic dominance correlating with both Dominance and
Extraversion; and total agonistic interactions correlating with both Dominance and
Neuropsychoticism), thus revealing limited discriminant validity for the PEN model.

Nevertheless, this was not entirely unexpected. Firstly, the positive correlation between
the traits Dominance and Neuropsychoticism, which was close to significance, suggested
that, at least in our study sample, these two traits were partially associated. Therefore, it
was no surprise that, some behaviors were common for both traits. Furthermore, finding
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Table 6 Results of Models 1-4. For each model and predictor, estimates, standard errors (SE), likeli-

hood ratio tests (LRT), degrees of freedom (df), and p-values (p).

Models Estimate SE LRT df p
Model 1: Participation

Intercept 1.151 1.794 - - -
Dominance —1.320 1.578 0.84 1 0.360
Extraversion 2.383 1.240 3.51 1 0.061
Neuropsychoticism —1.025 1.582 0.55 1 0.458
Sex (male) 4.486 2.179 3.81 1 0.051
Age 1.477 1.486 1.18 1 0.278
Task complexity —0.256 0.564 0.21 1 0.648
Information type 0.747 0.654 1.43 1 0.232
Trial number —0.297 0.138 4.53 1 0.033
Box color 0.328 0.285 1.28 1 0.258
Box order —0.470 0.396 1.36 1 0.244
Model 2: Success

Intercept 6.934 2.282 - - -
Dominance —13.120 2.906 - - -
Extraversion —23.638 7.868 - - -
Neuropsychoticism 12.106 3.374 - - -

Sex (male) —3.328 2.191 - - -
Dominance*Sex(male) 12.676 3.042 11.03 1 <0.001
Extraversion*Sex(male) 22.811 7.642 6.28 1 0.012
Neuropsychoticism*Sex(male) —12.563 3.462 8.78 1 0.003
Age —1.226 0.819 1.95 1 0.162
Task complexity —0.290 0.606 0.19 1 0.660
Information type 0.977 0.252 12.17 1 <0.001
Trial number 0.805 0.191 20.51 1 <0.001
Box color 0.130 0.358 0.13 1 0.719
Box order —0.205 0.412 0.24 1 0.623
Model 3: Latency

Intercept 46.724 9.043 - - -
Dominance —1.123 3.697 0.19 1 0.667
Extraversion 4.230 4.150 1.70 1 0.193
Neuropsychoticism 0.671 3.375 0.06 1 0.800
Sex (male) 7.176 5.838 2.36 1 0.125
Age 0.677 3.364 0.11 1 0.742
Task complexity 41.209 1.983 339.59 1 <0.001
Information type —2.465 1.872 1.72 1 0.190
Trial number —5.545 1.533 13.16 1 <0.001
Box color 0.819 3.134 0.08 1 0.781
Box order 1.682 3.298 0.18 1 0.669
Model 4: Lose contact with task

Intercept —11.514 1.867 - - -

(continued on next page)
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Table 6 (continued)

Models Estimate SE LRT df P
Dominance 1.033 0.451 6.35 1 0.012
Extraversion —1.466 0.340 12.50 1 <0.001
Neuropsychoticism 7.433 1.337 - - -

Sex (male) 7.572 1.687 - - -
Dominance*Sex(male) - - - - -

Extraversion*Sex(male) - - - - _

Neuropsychoticism*Sex (male) —6.901 1.434 10.02 1 0.002
Age —0.930 0.337 5.52 1 0.019
Task complexity - - - - -
Information type - - - - -
Trial number —0.451 0.176 6.91 1 0.009
Box color 0.168 0.345 0.24 1 0.626
Box order 0.123 0.354 0.12 1 0.727
Notes.

N = 13. Reference categories for categorical predictors are included in parentheses. Significant results are marked in bold. Per-
sonality traits, age and trial number were z-transformed prior to analyses. In all models, subject identity was included as ran-
dom effect. In Model 4 complexity and information type were removed from the model to avoid overdispersion.
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Figure 2 Probability of success as a function of Extraversion. The dots represent the individuals tested
(females in black, males in grey), with their size being proportional to the number of trials in which they
participated. The dashed lines depict the models, which have been back-transformed from the log-odds
ratio scale (black for females, grey for males).

Full-size Gl DOI: 10.7717/peerj.9707/fig-2

a straightforward correspondence between personality traits and behaviors is a challenging
endeavor (Pederson, King & Landau, 20055 Konecnd et al., 2008), as several traits likely
play a role in defining how a subject behaves (Capitanio, 2004). In particular, given that
the questionnaire used in this study was fairly short, and only three dimensions were
considered, the convergence of several behaviors in one trait was expected. Hierarchical
personality models, like Eysenck’s or the FFM, describe higher order traits which include
several specific traits; and these lower traits are characterized by several behavioral responses
(Eysenck, 1990; DeYoung, 2006; DeYoung, 2010). Finally, it should be noted than we only
had a small sample of chimpanzees, all coming from the same site (a primate rescue centre),
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Figure 3 Probability of success as a function of Dominance. The dots represent the individuals tested
(females in black, males in grey), with their size being proportional to the number of trials in which they
participated. The dashed lines depict the models, which have been back-transformed from the log-odds
ratio scale (black for females, grey for males).
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Figure 4 Probability of success as a function of Neuropsychoticism. The dots represent the individuals
tested (females in black, males in grey), with their size being proportional to the number of trials in which
they participated. The dashed lines depict the models, which have been back-transformed from the log-
odds ratio scale (black for females, grey for males).

Full-size &l DOL: 10.7717/peerj.9707/fig-4

with some of them having been exposed to traumatic past experiences which most likely
shaped their personality (Ortin et al., 2019) and their behavior (Crailsheim et al., 2020).
Regarding our predictions for personality and performance in the puzzle boxes, only
the models for success and losing contact with the task were significant. In view of the
association between Extraversion in the PEN model and Openness in the FEM (Vorkapic,
2012); and taking into account that, by definition, extraverts are more explorative and
curious, we expected individuals higher in Extraversion to be more interested in the
tasks (i.e., to participate more). Additionally, considering the male-dominated hierarchy of
chimpanzees both in the wild (Kaburu ¢ Newton-Fisher, 2015; Newton-Fisher, 2004) and in
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Figure 5 Probability of losing contact with the task as a function of Neuropsychoticism. The dots rep-
resent the individuals tested (females in black, males in grey), with their size being proportional to the
number of trials in which they participated. The dashed lines depict the models, which have been back-
transformed from the log-odds ratio scale (black for females, grey for males).

Full-size G4l DOI: 10.7717/peerj.9707/fig-5
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Figure 6 Probability of losing contact with the task as a function of Extraversion. The dots represent
the individuals tested (females in black, males in grey), with their size being proportional to the number
of trials in which they participated. The dashed lines depict the model, which has been back-transformed
from the log-odds ratio scale.

Full-size G4l DOI: 10.7717/peerj.9707/fig-6

captivity (De Waal, 1986; Noé, De Waal ¢ Van Hooff, 1980), it would not be surprising that
dominant males would feel more confident in front of a novel stimulus. Previous studies
in chimpanzees reported a positive association between Dominance and participation

in cognitive testing, but with inconsistencies across tasks (Altschul et al., 2017). Hopper
et al. (2014) found that males scoring higher in Dominance spent more time interacting
with a foraging puzzle, which can also be considered an indicator of interest. However,
neither Extraversion nor Dominance was related to participation in the puzzle boxes. A
possible explanation might be that, in our questionnaire, none of the adjectives directly
assessed curiosity or exploration. Among the adjectives that loaded onto Extraversion, we
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find “spontaneous” and “active”, which could somehow be related to exploration, but
we also have “not sad” and “social”, which may not be particularly relevant in a testing
context. Therefore, Extraversion in our model may be more descriptive of the social aspect
of the trait. Finally, it should be pointed out that, in this study, chimpanzees were actively
encouraged to participate in the experimental sessions by the keepers. Therefore, we could
assume that extraverts would show a greater response to this social stimulus, or rather
that the role of the keeper might have affected the results by greatly increasing overall
participation, regardless of personality. In the future, it would be recommended to set up
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an experimental design in which subjects can actively decide whether to engage in the task
or not.

The probability to be successful was positively associated with lower Dominance and
lower Extraversion in both sexes, although for both traits this relationship was more
evident in females. This would contradict previous findings in chimpanzees indicating that
dominant males were more successful in a foraging puzzle (Hopper et al., 2014). However,
our results are in line with an experiment using a touchscreen testing system (Leighty et
al., 2011), in which dominant mandrills (Mandrillus sphinx) required more sessions to be
successful than subordinates. The authors suggested that dominant monkeys were more
likely to focus their attention on social interactions than engaging in solitary activities,
and were thus less successful. Similarly, Morton, Lee ¢ Buchanan-Smith (2013) found
a negative relationship between Assertiveness and performance in capuchin monkeys,
which they also attributed to highly assertive individuals prioritizing social interactions
over task engagement. In line with this, it has been stated that male chimpanzees would
be primarily interested in social relationships and dominance hierarchy, as compared
to females (Lonsdorf, 2005). However, in this study, we found no evidence that the link
between Dominance and success was stronger in males. Nonetheless, sex differences in the
effect of personality traits in success should be taken with caution, given that our sample
only included a small number of females and that one female showed a particularly poor
performance.

Our results on Extraversion confirmed our predictions, showing a negative effect of
this trait on the probability of success. According to Eysenck’s theory, introverts are more
patient and have more goal-oriented attention. Furthermore, introverts’ higher levels of
cortical arousal allow them to sustain their attention even under less stimulating conditions
(Eysenck, 1981). In our study, puzzle boxes required animals to persist in assembling the
different components without getting any reward until they completely solved the task.
Therefore, more introverted individuals might have been advantaged when solving these
tasks. These results are in line with previous research on humans, showing a negative
relationship between Extraversion and academic performance, possibly because extraverts
are more social, easily distracted and impulsive (Chamorro-Premuzic ¢ Furnham, 2003;
Sdnchez, Rejano ¢ Rodriguez, 2001), but also more reward sensitive (Depue ¢ Collins, 1999;
Smillie, 2013). However, the effect of Extraversion in non-human primates is, to date, more
controversial. Altschul et al. (2017), for instance, found that chimpanzees scoring higher
in Extraversion were more accurate in a touchscreen cognitive task. Furthermore, studies
on macaques (Macaca mulatta and Macaca fascicularis) showed a link between success in
cognitive tasks and being “active” or “friendly” (Altschul, Terrace & Weiss, 2016; Wergdrd
et al., 2016), which are adjectives that load onto the trait Extraversion. In our study,
however, subjects had to be isolated from the social group during the test, and this might
have also contributed to the negative association we found between higher Extraversion
and success. In particular, more introverted individuals might have been less disturbed by
isolation, and might have been more likely to focus on solitary activities. Also, this may
be especially true for the chimpanzees in our study, as they are rarely isolated from their
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group and, with the exception of the experiments described in this study, they hardly ever
participate in testing sessions.

In contrast with our predictions, Neuropsychoticism was linked to higher probability of
success in females. Nonetheless, as expected, higher scores on this trait slightly increased
the probability of success in males. Studies in non-human primates have failed to report
any relationship between Neuroticism and cognitive performance (Altschul et al., 2017;
Morton, Lee & Buchanan-Smith, 2013). However, in an experiment on social learning in
wild baboons (Papio ursinus), Carter et al. (2014) reported that more anxious individuals
were more likely to improve their performance in a hidden-object task after watching a
demonstrator. In contrast, Schubiger et al. (2015) found that male marmosets (Callithrix
jacchus) showing higher emotional reactivity towards the experimenter (i.e., highly neurotic
individuals) were less likely to participate in cognitive tasks, but this did not affect their
performance. In humans, higher Neuroticism and higher Psychoticism have been repeatedly
linked to poorer performance, both in academic (Chamorro-Premuzic ¢ Furnham, 2003;
Flores-Mendoza et al., 2013; Poropat, 2011) and non-academic contexts (Dobson, 2000
Reynolds, McClelland & Furnham, 2014), and especially under stressful conditions (Byrne,
Silasi-Mansat & Worthy, 2015). Nonetheless, Eysenck (1981) suggested that the relationship
between Neuroticism and performance depends on the intelligence of the subject: higher
Neuroticism is related to higher academic achievement in more intelligent individuals,
who are better able to cope with anxiety, while the opposite pattern is observed for less
intelligent subjects. Other researchers have suggested that neurotics are more creative
problem-solvers, because they tend to think about different possibilities and scenarios
when they face a new situation (Perkins et al., 2015). Similarly, the dimension Psychoticism
in humans includes adjectives such as “imaginative” (Goldberg ¢» Rosolack, 1994), and it
has been linked to creativity (Abraham et al., 2005; Acar ¢» Runco, 2012; Eysenck, 1995).

Unsurprisingly, Neuropsychoticism was positively associated with the probability of
losing motivation in both sexes, but again this effect was stronger in females. In our study,
the puzzle boxes required individuals to be persistent and constant, attributes that are quite
opposite to the adjectives that load onto this factor, such as “anxious” and “impulsive”
(Ubeda & Llorente, 2015). Therefore, individuals higher in Neuropsychoticism might have
been more likely to become anxious and frustrated during the task, ultimately resulting
in loss of motivation. Earlier research in chimpanzees has linked higher Neuroticism
with the production of self-directed behaviors (a common indicator of anxiety) during
cognitive tasks (Herrelko, Vick ¢ Buchanan-Smith, 2012). These findings appear consistent
with research in humans, in which Neuroticism has been associated with high levels
of tension (Zajenkowska, Zajenkowski ¢ Jankowski, 2015) and test anxiety (Zeidner ¢
Matthews, 2000). On the other hand, Psychoticism in humans is not only related to
impulsivity (Chico et al., 2003; Eysenck et al., 1985), but also to low persistence and lack
of cooperation (Howarth, 1986). Although the puzzle boxes did not require cooperative
behavior, they did require collaboration with the experimenter and the keeper, who were
always present during the experimental sessions and interacted with the puzzle boxes in
some conditions. Therefore, being more collaborative might have favored motivation in
our study. Likewise, this could also explain why, for both sexes, Extraversion was negatively
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linked to the probability of losing contact with the task. Initially, more extraverted
individuals might have been less predisposed to leave their group to participate in the
testing sessions. However, once the chimpanzee was in the experimental area, he received
the attention of the experimenter, and more importantly, of a familiar keeper. In contrast,
Dominance was found to be positively associated with the probability of losing contact
with the task, suggesting that dominant chimpanzees might have been less interested in
the testing sessions and more eager to return to their group. Finally, our results showed
that younger individuals were more likely to lose motivation and stop manipulating the
tasks, perhaps because they were more active and attentive to their surroundings, and thus
more susceptible to distraction (Riopelle & Rogers, 1965). Studies with larger samples of
non-human primates have indeed reported controversial results regarding the effect of
age on interest and motivation towards new stimuli (Almeling et al., 2016; Bliss-Moreau ¢
Baxter, 2019; Massen et al., 2013). Our results may be also explained by the characteristics
of our study sample, which included 4 juveniles and otherwise relatively young adults (all
<28 years), but no older individuals. Therefore, a negative effect of aging described by
some authors (Almeling et al., 2016) would have been, by all means, impossible to detect.
Overall, regardless of personality, participation and success were considerably high
(above 80% and 90% respectively), and chimpanzees lost contact with the task in only 5%
of the trials in which they participated. This suggests that our study subjects were highly
interested in the puzzle boxes: they made considerable efforts to solve them, and were often
successful. Besides participation, latency was also not related to any personality trait. These
results, however, were not entirely unexpected. Firstly, in one of the few studies assessing
this measure, Hopper et al. (2014) also failed to report any link between personality traits
and latency to success. Moreover, in our study, latency was highly influenced by the fact
that a limited time was given to the chimpanzees to solve the tasks, and this time increased
with complexity. Thus, as we anticipated, subjects spent more time solving complex
than intermediate tasks, and more time solving intermediate than simple tasks. In other
words, task complexity was the most important factor predicting latency. In this study,
the time given to subjects to solve the puzzle boxes was deemed to be sufficient and in
accordance with their level of difficulty. Nonetheless, it is impossible to tell whether, given
the opportunity, subjects would continue trying to solve the boxes and if so, for how long.
To our knowledge, this study is the first to link Eysenck’s personality dimensions with
cognition in non-human primates, providing some theoretical and practical advantages.
Firstly, the PEN model (Eysenck, 1967) associates personality traits with the functioning
and structure of cortical and limbic brain regions (Mitchell ¢ Kumari, 2016), which
facilitates the understanding of non-human primates personality from an evolutionary
and neurobiological perspective. On the other hand, and in contrast with other rating
models, the questionnaire we used is less time consuming for the raters, as it includes
only 12 adjectives to evaluate. This is particularly useful, considering that most raters are
animal keepers who usually lack the time to dedicate to research activities. Therefore,
shorter questionnaires can be especially advantageous to evaluate personality in zoos and
sanctuaries (Hopper ¢ Cronin, 2018). Nonetheless, we are aware of the limits of the PEN
model, which lacks traits like Openness or Conscientiousness (which are described in
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the FFM), that might importantly affect performance in experimental contexts. In the
future, more studies should use different personality questionnaires to better assess the link
between personality and cognitive performance. Also, rather than comparing personality
ratings with spontaneous behavior, as we did in the present study, assessing behavioral
patterns in a testing context could provide a complementary approach to the study of
personality (Massen et al., 2013).

We would also like to highlight that the purpose of this study was not to establish a
link between personality and a specific cognitive ability (Griffin, Guillette & Healy, 2015),
as the tasks here described were not designed for this purpose. Furthermore, comparisons
with other species need to be taken with caution, as cognitive tasks are done with different
procedures and personality is often assessed with different tools across species (see Morton
et al., 2013). Finally, our results warn against generalizing cognitive abilities at the species
level, particularly if testing a small sample of subjects, as they could substantially differ
in their performance due to personality variation. Moreover, other sources of individual
differences may also modulate subjects’ performance, such as past experiences (Bard et
al., 2014), rearing conditions (Simpson et al., 2019), affective state (Bethell et al., 2012),
and genetic variables (Hopkins et al., 2014). Additionally, future studies may also consider
assessing rank when studying primate cognition particularly if tasks are presented in a social
context (Wergdrd et al., 2016). This was unfortunately not possible in the present study,
due to changes in group composition and dominance hierarchies that occurred throughout
the data collection period. Finally, one of the main limitations of this study was the low
statistical power due to the small sample, as well as the fact that males and females were
unevenly represented, with males greatly outnumbering females. Therefore, we need to be
especially cautious when interpreting sex differences in our models. For example, the fact
that personality traits more strongly affected performance in females could depend on the
small number of females tested, with inter-individual differences having been magnified.

Last but not least, studying the relationship between personality and measures like
interest or motivation can have important implications for animal welfare. Given that
individuals with different personality profiles may benefit from different types of cognitive
enrichment (Carere ¢ Locurto, 2011), understanding individual differences in personality
may be transferred to improving management and quality of life in animals under human
control, thus having a positive impact on welfare and conservation (Gartner ¢ Weiss,
2018). In line with this, besides personality, future cognitive research involving captive
animals should also consider including welfare indicators that can be monitored during
experimental testing. Furthermore, cognitive experiments in a social setting should be
considered as an alternative to subjects’ isolation, which would increase validity of findings
and improve animal welfare (Cronin, 2017).

CONCLUSIONS

In line with our predictions, chimpanzees’ behavior correlated with some of the personality
dimensions described by Eysenck’s PEN model, although construct validity was relatively
low. Nonetheless, the PEN model offers some practical advantages compared to other
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questionnaires, being simpler and less time consuming. Moreover, as predicted, personality
traits were related to subjects” performance in an experimental context. In particular,
success was negatively related to Extraversion and Dominance, with these associations
being more evident in females. Furthermore, Neuropsychoticism was positively associated
with success in females, but not in males. As expected, higher Neuropsychoticism was
associated with loss of motivation and therefore higher probability of the chimpanzees
stopping manipulating the puzzle boxes, especially in females. Additionally, younger
chimpanzees, and those rated lower on Extraversion and higher on Dominance were also
more likely to stop interacting with the task. Participation and latency were not related to
any personality trait. These findings stress the importance of considering personality when
assessing cognitive performance in non-human primates, as the outcomes of a particular
test may not necessarily reflect the subject’s ability to perform the task, but rather individual
differences in personality.

ACKNOWLEDGEMENTS

The authors would like to thank all the evaluators from Fundacié Mona who kindly
responded to the personality questionnaires, and the keepers involved in the experimental
sessions, especially Dietmar Crailsheim, Alba Gomara, Cristina Valsera and Amelia
Sandoval.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This research was supported by the Spanish Ministerio de Ciencia e Innovacién (HAR2009-
07223/HIST), Ministerio de Economia y Competividad (HAR2012-32548), Generalitat de
Catalunya (2009 SGR-188; 2014 SGR-899; 2017 SGR-1040), Universitat Rovira i Virgili
(2009AIRE-05; 2005ACCES-13), and “la Caixa” Foundation (EMCOBA Project), under
agreement LCF/PR/PR17/11120020 to Maria Padrell and Miquel Llorente. Funding 1-5
were all granted to Fundaci6 MONA with Miquel Llorente being head of research at that
time. Miquel Llorente benefited from a research grant from the IPHES between 2006 and
2009, and David Riba’s research was funded by the Fundacién Atapuerca between 2010 and
2013. Miquel Llorente is a Serra Hunter Fellow (Generalitat de Catalunya). The funders
had no role in study design, data collection and analysis, decision to publish, or preparation
of the manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:

Spanish Ministerio de Ciencia e Innovacién: HAR2009-07223/HIST.
Ministerio de Economia y Competividad: HAR2012-32548.

Generalitat de Catalunya: 2009 SGR-188, 2014 SGR-899, 2017 SGR-1040.
Universitat Rovira i Virgili: 2009AIRE-05, 2005ACCES-13.

“la Caixa” Foundation (EMCOBA Project): LCF/PR/PR17/11120020.
Serra Hunter Programme.

Padrell et al. (2020), PeerdJ, DOI 10.7717/peerj.9707 26/37


https://peerj.com
http://dx.doi.org/10.7717/peerj.9707

Peer

Competing Interests
The authors declare there are no competing interests.

Author Contributions

e Maria Padrell and Yuldn Ubeda analyzed the data, prepared figures and/or tables,
authored or reviewed drafts of the paper, collection of personality data, and approved
the final draft.

e David Riba conceived and designed the experiments, performed the experiments,
authored or reviewed drafts of the paper, and approved the final draft.

e Federica Amici analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the paper, and approved the final draft.

e Miquel Llorente analyzed the data, authored or reviewed drafts of the paper, and
approved the final draft.

Animal Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

All applicable international, national, and/or institutional guidelines for the care and
use of animals were followed. All procedures involving animals were in accordance with
the ethical standards of the institution at which the studies were conducted (Fundaci6
Mona; Ethical Approval Number: EAFM201801) and with the Spanish Government RD
53/2013. This project also received the ethical approval from the Ethics Committee of the
Universitat de Girona (Project Code: CEBRU0020-2019).

Data Availability
The following information was supplied regarding data availability:

Raw data for performance measures, personality and behaviour are available in the
Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.9707#supplemental-information.

REFERENCES

Abraham A, Windmann S, Daum I, Giintiirkiin O. 2005. Conceptual expansion
and creative imagery as a function of psychoticism. Consciousness and Cognition
14:520-534 DOI 10.1016/j.concog.2004.12.003.

Acar S, Runco MA. 2012. Psychoticism and creativity: a meta-analytic review. Psychology
of Aesthetics, Creativity, and the Arts 6(4):341-350 DOI 10.1037/a0027497.

Adams M, Majolo B, Ostner J, Schiilke O, Marco A, Thierry B, Engelhardt A, Widdig
A, Gerald MS, Weiss A. 2015. Personality structure and social style in macaques.
Journal of Personality and Social Psychology 109:338-353
DOI 10.1037/pspp0000041.

Padrell et al. (2020), PeerJ, DOI 10.7717/peerj.9707 27137


https://peerj.com
http://dx.doi.org/10.7717/peerj.9707#supplemental-information
http://dx.doi.org/10.7717/peerj.9707#supplemental-information
http://dx.doi.org/10.7717/peerj.9707#supplemental-information
http://dx.doi.org/10.1016/j.concog.2004.12.003
http://dx.doi.org/10.1037/a0027497
http://dx.doi.org/10.1037/pspp0000041
http://dx.doi.org/10.7717/peerj.9707

Peer

Almeling L, Hammerschmidt K, Sennhenn-Reulen H, Freund AM, Fischer J. 2016.
Motivational shifts in aging monkeys and the origins of social selectivity. Current
Biology 26:1744-1749 DOI 10.1016/j.cub.2016.04.066.

Altschul DM, Hopkins WD, Herrelko ES, Inoue-Murayama M, Matsuzawa T, King
JE, Ross SR, Weiss A. 2018. Personality links with lifespan in chimpanzees. eLife
7:€33781 DOI 10.7554/elife.33781.

Altschul DM, Terrace HS, Weiss A. 2016. Serial cognition and personality in macaques.
Animal Behavior and Cognition 3:46—64 DOI 10.12966/abc.02.04.2016.

Altschul DM, Wallace E, Sonnweber R, Tomonaga M, Weiss A. 2017. Chimpanzee
intellect: personality, performance and motivation with touchscreen tasks. Royal
Society Open Science 4(5):170169 DOI 10.1098/rs0s.170169.

Amy M, Van Oers K, Naguib M. 2012. Worms under cover: relationships between
performance in learning tasks and personality in great tits (Parus major). Animal
Cognition 15:763—770 DOI 10.1007/s10071-012-0500-3.

Baayen RH. 2008. Analyzing linguistic data: a practical introduction to statistics using R.
Cambridge: Cambridge University Press.

Bard KA, Bakeman R, Boysen ST, Leavens DA. 2014. Emotional engagements pre-
dict and enhance social cognition in young chimpanzees. Developmental Science
17:682—-696 DOI 10.1111/desc.12145.

Barr DJ, Levy R, Scheepers C, Tily HJ. 2013. Random effects structure for confirmatory
hypothesis testing: keep it maximal. Journal of Memory and Language 68:255-278
DOI 10.1016/j.jml.2012.11.001.

Bates D, Michler M, Bolker B, Walker S. 2015. Fitting linear mixed-effects models using
lme4. arXiv preprint arXiv 67:48 DOI 10.18637/js5.v067.101.

Bethell EJ, Holmes A, Maclarnon A, Semple S. 2012. Cognitive bias in a non-
human primate: husbandry procedures influence cognitive indicators of psy-
chological well-being in captive rhesus macaques. Animal Welfare 21:185-195
DOI10.7120/09627286.21.2.185.

Bliss-Moreau E, Baxter MG. 2019. Interest in non-social novel stimuli as a function of
age in rhesus monkeys. Royal Society Open Science 6(9):182237
DOI 10.1098/rs0s.182237.

Byrne KA, Silasi-Mansat CD, Worthy DA. 2015. Who chokes under pressure? The big
five personality traits and decision-making under pressure. Personality and Individual
Differences 74:22-28 DOI 10.1016/j.paid.2014.10.009.

Capitanio J. 2004. Personality factors between and within species. In: Thierry B, Singh
M, Kaumanns W, eds. Macaque societies: a model for the study of social organization.
Cambridge: Cambridge University Press, 13-33.

Carere C, Caramaschi D, Fawcett TW. 2010. Covariation between personalities and
individual differences in coping with stress: converging evidence and hypotheses.
Current Zoology 56:728-740 DOI 10.1093/czoolo/56.6.728.

Carere C, Locurto C. 2011. Interaction between animal personality and animal cognition.
Current Zoology 57:491-498 DOI 10.1093/czoolo/57.4.491.

Padrell et al. (2020), PeerJ, DOI 10.7717/peerj.9707 28/37


https://peerj.com
http://dx.doi.org/10.1016/j.cub.2016.04.066
http://dx.doi.org/10.7554/eLife.33781
http://dx.doi.org/10.12966/abc.02.04.2016
http://dx.doi.org/10.1098/rsos.170169
http://dx.doi.org/10.1007/s10071-012-0500-3
http://dx.doi.org/10.1111/desc.12145
http://dx.doi.org/10.1016/j.jml.2012.11.001
http://dx.doi.org/10.18637/jss.v067.i01
http://dx.doi.org/10.7120/09627286.21.2.185
http://dx.doi.org/10.1098/rsos.182237
http://dx.doi.org/10.1016/j.paid.2014.10.009
http://dx.doi.org/10.1093/czoolo/56.6.728
http://dx.doi.org/10.1093/czoolo/57.4.491
http://dx.doi.org/10.7717/peerj.9707

Peer

Carere C, Maestripieri D. 2013. Animal personalities: behavior, physiology, and evolution.
Chicago: University of Chicago Press.

Carter AJ, Marshall HH, Heinsohn R, Cowlishaw G. 2014. Personality predicts the
propensity for social learning in a wild primate. Peer] 2:e283
DOI10.7717/peer;j.283.

Chamorro-Premuzic T, Furnham A. 2003. Personality traits and academic examination
performance. European Journal of Personality 17:237-250
DOI 10.1002/per.473.

Chico E, Tous J, Lorenzo-Seva U, Vigil-Colet A. 2003. Spanish adaptation of Dickman’s
impulsivity inventory: its relationship to Eysenck’s personality questionnaire.
Personality and Individual Differences 35:1883-1892
DOI10.1016/S0191-8869(03)00037-0.

Costa PT, McCrae RR. 2008. The Revised NEO Personality Inventory (NEO-PI-R). In:
Boyle GJ, Matthews G, Saklofske DH, eds. The sage handbook of personality theory
and assessment: Volume 2—personality measurement and testing. London: SAGE
Publications, 179-198 DOI 10.4135/9781849200479.n9.

Cox-Fuenzalida L-E, Angie A, Holloway S, Sohl L. 2006. Extraversion and task per-
formance: a fresh look through the workload history lens. Journal of Research in
Personality 40:432—439 DOI 10.1016/1.jrp.2005.02.003.

Crailsheim D, Stiiger HP, Kalcher-Sommersguter E, Llorente M. 2020. Early life
experience and alterations of group composition shape the social grooming networks
of former pet and entertainment chimpanzees (Pan troglodytes). PLOS ONE
15:0226947 DOI 10.1371/journal.pone.0226947.

Cronin KA. 2017. Studying primate cognition in a social setting to improve validity
and welfare: a literature review highlighting successful approaches. Peer] 5:¢3649
DOI 10.7717/peer;j.3649.

De Waal FBM. 1986. The brutal elimination of a rival among captive male chimpanzees.
Ethology and Sociobiology 7:237-251 DOI 10.1016/0162-3095(86)90051-8.

Depue RA, Collins PF. 1999. Neurobiology of the structure of personality: dopamine,
facilitation of incentive motivation, and extraversion. Behavioral and Brain Sciences
22:491-517 DOI 10.1017/50140525x99002046.

DeYoung CG. 2006. Higher-order factors of the Big Five in a multi-informant sample.
Journal of Personality and Social Psychology 91:1138-1151
DOI10.1037/0022-3514.91.6.1138.

DeYoung CG. 2010. Personality neuroscience and the biology of traits. Social and
Personality Psychology Compass 4:1165-1180
DOI10.1111/j.1751-9004.2010.00327 .x.

Digman JM. 1990. Personality structure: emergence of the five-factor model. Annual
Review of Psychology 41:417-440 DOIT 10.1146/annurev.ps.41.020190.002221.

Dobson AJ. 2002. An introduction to generalized linear models. Boca Raton: Chapman &
Hall/CRC.

Padrell et al. (2020), PeerJ, DOI 10.7717/peerj.9707 29/37


https://peerj.com
http://dx.doi.org/10.7717/peerj.283
http://dx.doi.org/10.1002/per.473
http://dx.doi.org/10.1016/S0191-8869(03)00037-0
http://dx.doi.org/10.4135/9781849200479.n9
http://dx.doi.org/10.1016/j.jrp.2005.02.003
http://dx.doi.org/10.1371/journal.pone.0226947
http://dx.doi.org/10.7717/peerj.3649
http://dx.doi.org/10.1016/0162-3095(86)90051-8
http://dx.doi.org/10.1017/s0140525x99002046
http://dx.doi.org/10.1037/0022-3514.91.6.1138
http://dx.doi.org/10.1111/j.1751-9004.2010.00327.x
http://dx.doi.org/10.1146/annurev.ps.41.020190.002221
http://dx.doi.org/10.7717/peerj.9707

Peer

Dobson P. 2000. An investigation into the relationship between neuroticism, extraver-
sion and cognitive test performance in selection. International Journal of Selection
and Assessment 8:99—109 DOI 10.1111/1468-2389.00140.

Eaves L], Eysenck HJ, Martin NG, Jardine R, Heath AC, Feingold L, Young PA, Kendler
KS. 1989. Genes, culture, and personality. London: Academic Press.

Ebenau A, Von Borell C, Penke L, Ostner J, Schiilke O. 2019. Integrative personality
assessment in wild Assamese macaques (Macaca assamensis). Journal of Comparative
Psychology 134:27-41 DOI 10.1037/com0000190.

Eckardt W, Steklis DH, Steklis NG, Fletcher AW, Stoinski TS, Weiss A. 2015. Per-
sonality dimensions and their behavioral correlates in wild Virunga mountain
gorillas (Gorilla beringei beringei). Journal of Comparative Psychology 129:26—41
DOI 10.1037/a0038370.

Entwistle NJ, Entwistle D. 1970. The relationships between personality, study methods
and academic performance. British Journal of Educational Psychology 40:132—143
DOI10.1111/j.2044-8279.1970.tb02113.x.

Eysenck HJ. 1967. The biological basis of personality. Springfield: Charles C. Thomas.

Eysenck HJ. 1981. General features of the model. In: Eysenck HJ, ed. A model for
personality. Berlin, Heidelberg: Springer, 1-37.

Eysenck HJ. 1983. Psychophysiology and personality: extraversion, neuroticism and
psychoticism. In: Gale A, Edwards JA, eds. Individual differences and psychopathology.
London: Academic Press, 13-30.

Eysenck HJ. 1990. Biological dimensions of personality. In: Pervin LA, ed. Handbook of
personality: theory and research. New York: The Guilford Press, 244-276.

Eysenck HJ. 1991. Dimensions of personality: 16, 5 or 3? Criteria for a taxonomic
paradigm. Personality and Individual Differences 12:773-790
DOI 10.1016/0191-8869(91)90144-Z.

Eysenck HJ. 1992. Four ways five factors are not basic. Personality and Individual
Differences 13:667—673 DOI 10.1016/0191-8869(92)90237-].

Eysenck HJ. 1995. Creativity as a product of intelligence and personality. In: Saklofske
DH, Zeidner M, eds. International handbook of personality and intelligence. Boston:
Springer, 231-247.

Eysenck HJ. 1997. Personality and experimental psychology: the unification of psychol-
ogy and the possibility of a paradigm. Journal of Personality and Social Psychology
73:1224-1237 DOI 10.1037/0022-3514.73.6.1224.

Eysenck HJ, Eysenck MW. 1985. Personality and individual differences: a natural science
approach. New York: Plenum.

Eysenck HJ, Eysenck SBG. 1975. Manual of the Eysenck personality questionnaire.
London: Hodder and Stoughton.

Eysenck SBG, Eysenck HJ. 1964. An improved short questionnaire for the measurement
of extraversion and neuroticism. Life Sciences 3:1103—-1109
DOI 10.1016/0024-3205(64)90125-0.

Padrell et al. (2020), PeerJ, DOI 10.7717/peerj.9707 30/37


https://peerj.com
http://dx.doi.org/10.1111/1468-2389.00140
http://dx.doi.org/10.1037/com0000190
http://dx.doi.org/10.1037/a0038370
http://dx.doi.org/10.1111/j.2044-8279.1970.tb02113.x
http://dx.doi.org/10.1016/0191-8869(91)90144-Z
http://dx.doi.org/10.1016/0191-8869(92)90237-J
http://dx.doi.org/10.1037/0022-3514.73.6.1224
http://dx.doi.org/10.1016/0024-3205(64)90125-0
http://dx.doi.org/10.7717/peerj.9707

Peer

Eysenck SBG, Pearson PR, Easting G, Allsopp JF. 1985. Age norms for impulsiveness,
venturesomeness and empathy in adults. Personality and Individual Differences
6:613—619 DOI 10.1016/0191-8869(85)90011-X.

Field A. 2009. Discovering statistics using SPSS. London: SAGE Publications.

Figueredo AJ, Sefcek JA, Vasquez G, Brumbach BH, King JE, Jacobs WJ. 2015. Evolu-
tionary personality psychology. In: Buss DM, ed. The handbook of evolutionary psy-
chology. Hoboken: John Wiley & Sons, 851-877 DOI 10.1002/9780470939376.ch30.

Fishman I, Ng R, Bellugi U. 2011. Do extraverts process social stimuli differently from
introverts? Cognitive Neuroscience 2:67—73.

Flores-Mendoza C, Widaman K, Mansur-Alves M, Bacelar TD, Saldanha R. 2013.
Psychoticism and disruptive behavior can be also good predictors of school achieve-
ment. The Spanish Journal of Psychology 16:E13 DOI 10.1017/sjp.2013.3.

Freeman HD, Brosnan SF, Hopper LM, Lambeth SP, Schapiro S], Gosling SD. 2013.
Developing a comprehensive and comparative questionnaire for measuring person-
ality in chimpanzees using a simultaneous top-down/bottom-up design. American
Journal of Primatology 75:1042—1053 DOI 10.1002/ajp.22168.

Freeman HD, Gosling SD. 2010. Personality in nonhuman primates: a review
and evaluation of past research. American Journal of Primatology 72:653—671
DOI 10.1002/ajp.20833.

Gartner M, Weiss A. 2018. Studying primate personality in zoos: implications for the
management, welfare and conservation of great apes. International Zoo Yearbook
52:79-91 DOI 10.1111/izy.12187.

Goldberg LR. 1990. An alternative “description of personality”: the big-five fac-
tor structure. Journal of Personality and Social Psychology 59:1216—1229
DOI10.1037/0022-3514.59.6.1216.

Goldberg LR, Rosolack TK. 1994. The Big Five factor structure as an integrative
framework: an empirical comparison with Eysenck’s P-E-N model. In: Halverson
CF, Kohnstamm GA, Martin RP, eds. The developing structure of temperament and

personality from infancy to adulthood. Hillsdale: Lawrence Erlbaum Associates, Inc.,
7-35.

Gosling SD. 2001. From mice to men: what can we learn about personality from animal
research? Psychological Bulletin 127:45-86 DOI 10.1037/0033-2909.127.1.45.

Griffin AS, Guillette LM, Healy SD. 2015. Cognition and personality: an analysis of an
emerging field. Trends in Ecology & Evolution 30:207-214
DOI10.1016/j.tree.2015.01.012.

Guillette LM, Naguib M, Griffin AS. 2017. Individual differences in cognition and
personality. Behavioural Processes 134:1-3 DOI 10.1016/j.beproc.2016.12.001.

Heaven PCL, Ciarrochi J, Vialle W. 2007. Conscientiousness and Eysenckian psychoti-
cism as predictors of school grades: a one-year longitudinal study. Personality and
Individual Differences 42:535-546 DOI 10.1016/j.paid.2006.07.028.

Herrelko ES, Vick SJ, Buchanan-Smith HM. 2012. Cognitive research in zoo-housed
chimpanzees: influence of personality and impact on welfare. American Journal of
Physical Anthropology 74:828-840 DOI 10.1002/ajp.22036.

Padrell et al. (2020), PeerJ, DOI 10.7717/peerj.9707 31/37


https://peerj.com
http://dx.doi.org/10.1016/0191-8869(85)90011-X
http://dx.doi.org/10.1002/9780470939376.ch30
http://dx.doi.org/10.1017/sjp.2013.3
http://dx.doi.org/10.1002/ajp.22168
http://dx.doi.org/10.1002/ajp.20833
http://dx.doi.org/10.1111/izy.12187
http://dx.doi.org/10.1037/0022-3514.59.6.1216
http://dx.doi.org/10.1037/0033-2909.127.1.45
http://dx.doi.org/10.1016/j.tree.2015.01.012
http://dx.doi.org/10.1016/j.beproc.2016.12.001
http://dx.doi.org/10.1016/j.paid.2006.07.028
http://dx.doi.org/10.1002/ajp.22036
http://dx.doi.org/10.7717/peerj.9707

Peer

Highfill L, Hanbury D, Kristiansen R, Kuczaj S, Watson S. 2010. Rating vs. coding in
animal personality research. Zoo Biology 29:509-516 DOI 10.1002/200.20279.

Hopkins WD, Keebaugh AC, Reamer LA, Schaeffer J, Schapiro SJ, Young L]J. 2014.
Genetic influences on receptive joint attention in chimpanzees (Pan troglodytes).
Scientific Reports 4:3774 DOI 10.1038/srep03774.

Hopper LM, Cronin KA. 2018. A multi-institutional assessment of a short-form
personality questionnaire for use with macaques. Zoo Biology 37:281-289
DOI 10.1002/z00.21439.

Hopper LM, Price SA, Freeman HD, Lambeth SP, Schapiro SJ, Kendal RL. 2014.
Influence of personality, age, sex, and estrous state on chimpanzee problem-solving
success. Animal Cognition 17:835-847 DOI 10.1007/s10071-013-0715-y.

Howarth E. 1986. What does Eysenck’s psychoticism scale really measure? British Journal
of Psychology 77:223-227 DOI 10.1111/7.2044-8295.1986.tb01996.x.

Hurtz GM, Donovan JJ. 2000. Personality and job performance: the big five revisited.
Journal of Applied Psychology 85:869—879 DOI 10.1037/0021-9010.85.6.869.

Iwanicki S, Lehmann J. 2015. Behavioral and trait rating assessments of personality
in common marmosets (Callithrix jacchus). Journal of Comparative Psychology
129:205-217 DOI 10.1037/a0039318.

Jung S, Lee S. 2011. Exploratory factor analysis for small samples. Behavioral Research
Methods 43:701-709 DOI 10.3758/s13428-011-0077-9.

Kaburu SSK, Newton-Fisher NE. 2015. Egalitarian despots: hierarchy steepness,
reciprocity and the grooming-trade model in wild chimpanzees, Pan troglodytes.
Animal Behaviour 99:61-71 DOI 10.1016/j.anbehav.2014.10.018.

Kareklas K, Elwood RW, Holland RA. 2017. Personality effects on spatial learning: com-
parisons between visual conditions in a weakly electric fish. Ethology 123:551-559
DOI10.1111/eth.12629.

King JE, Figueredo AJ. 1997. The five-factor model plus dominance in chimpanzee
personality. Journal of Research in Personality 31:257-271
DOI 10.1006/jrpe.1997.2179.

King JE, Weiss A, Farmer KH. 2005. A chimpanzee (Pan troglodytes) analogue of cross-
national generalization of personality structure: zoological parks and an African
sanctuary. Journal of Personality 73:389—410
DOI10.1111/7.1467-6494.2005.00313.x.

Konecna M, Lhota S, Weiss A, Urbanek T, Adamova T, Pluhacek J. 2008. Personal-
ity in free-ranging Hanuman langur (Semnopithecus entellus) males: subjective
ratings and recorded behavior. Journal of Comparative Psychology 122:379—-389
DOI10.1037/a0012625.

Koolhaas JM, De Boer SF, Coppens CM, Buwalda B. 2010. Neuroendocrinology of
coping styles: towards understanding the biology of individual variation. Frontiers
in Neuroendocrinology 31:307-321 DOI 10.1016/j.yfrne.2010.04.001.

Kuhar CW, Stoinski TS, Lukas KE, Maple TL. 2006. Gorilla behavior index revis-
ited: age, housing and behavior. Applied Animal Behaviour Science 96:315-326
DOI 10.1016/j.applanim.2005.06.004.

Padrell et al. (2020), PeerJ, DOI 10.7717/peerj.9707 32/37


https://peerj.com
http://dx.doi.org/10.1002/zoo.20279
http://dx.doi.org/10.1038/srep03774
http://dx.doi.org/10.1002/zoo.21439
http://dx.doi.org/10.1007/s10071-013-0715-y
http://dx.doi.org/10.1111/j.2044-8295.1986.tb01996.x
http://dx.doi.org/10.1037/0021-9010.85.6.869
http://dx.doi.org/10.1037/a0039318
http://dx.doi.org/10.3758/s13428-011-0077-9
http://dx.doi.org/10.1016/j.anbehav.2014.10.018
http://dx.doi.org/10.1111/eth.12629
http://dx.doi.org/10.1006/jrpe.1997.2179
http://dx.doi.org/10.1111/j.1467-6494.2005.00313.x
http://dx.doi.org/10.1037/a0012625
http://dx.doi.org/10.1016/j.yfrne.2010.04.001
http://dx.doi.org/10.1016/j.applanim.2005.06.004
http://dx.doi.org/10.7717/peerj.9707

Peer

Latzman RD, Hecht LK, Freeman HD, Schapiro SJ, Hopkins WD. 2015. Neu-
roanatomical correlates of personality in chimpanzees (Pan troglodytes): as-
sociations between personality and frontal cortex. Neurolmage 123:63-71
DOI 10.1016/j.neuroimage.2015.08.041.

Leighty KA, Maloney MA, Kuhar CW, Phillips RS, Wild JM, Chaplin MS, Bettinger
TL. 2011. Use of a touchscreen-mediated testing system with mandrill monkeys.
International Journal of Comparative Psychology 24:60-75.

LiJ, Tian M, Fang H, Xu M, Li H, Liu J. 2010. Extraversion predicts individual dif-
ferences in face recognition. Communicative ¢ Integrative Biology 3:295-298
DOI110.4161/cib.3.4.12093.

Llorente M, Riba D, Ballesta S, Feliu O, Rostan C. 2015. Rehabilitation and socializa-
tion of chimpanzees (Pan troglodytes) used for entertainment and as pets: an 8-
year study at Fundacié Mona. International Journal of Primatology 36:605—624
DOI 10.1007/s10764-015-9842-4.

Lonsdorf EV. 2005. Sex differences in the development of termite-fishing skills in
the wild chimpanzees, Pan troglodytes schweinfurthii, of Gombe National Park,
Tanzania. Animal Behaviour 70:673—683
DOI 10.1016/j.anbehav.2004.12.014.

Maestripieri D, Schino G, Aureli F, Troisi A. 1992. A modest proposal: displacement
activities as an indicator of emotions in primates. Animal Behaviour 44:967-979
DOI 10.1016/50003-3472(05)80592-5,.

Manson JH, Perry S. 2000. Correlates of self-directed behaviour in wild white-faced
capuchins. Ethology 106:301-317 DOI 10.1046/j.1439-0310.2000.00527..x.

Massen JJ, Antonides A, Arnold AM, Bionda T, Koski SE. 2013. A behavioral view on
chimpanzee personality: exploration tendency, persistence, boldness, and tool-
orientation measured with group experiments. American Journal of Primatology
75:947-958 DOI 10.1002/ajp.22159.

Medina-Garcia A, Jawor JM, Wright TF. 2017. Cognition, personality, and stress
in budgerigars, Melopsittacus undulatus. Behavioral Ecology 28:1504-1516
DOI 10.1093/beheco/arx116.

Meyer JS, Hamel AF. 2014. Models of stress in nonhuman primates and their rel-
evance for human psychopathology and endocrine dysfunction. ILAR Journal
55(2):347-360 DOI 10.1093/ilar/ilu023.

Michalski RL, Shackelford TK. 2010. Evolutionary personality psychology: reconciling
human nature and individual differences. Personality and Individual Differences
48:509-516 DOI 10.1016/j.paid.2009.10.027.

Mitani JC, Call J, Kappeler PM, Palombit RA, Silk JB. 2012. The evolution of primate
societies. Chicago: University of Chicago Press.

Mitchell RLC, Kumari V. 2016. Hans Eysenck’s interface between the brain and person-
ality: modern evidence on the cognitive neuroscience of personality. Personality and
Individual Differences 103:74—81 DOI 10.1016/j.paid.2016.04.009.

Padrell et al. (2020), PeerJ, DOI 10.7717/peerj.9707 33/37


https://peerj.com
http://dx.doi.org/10.1016/j.neuroimage.2015.08.041
http://dx.doi.org/10.4161/cib.3.4.12093
http://dx.doi.org/10.1007/s10764-015-9842-4
http://dx.doi.org/10.1016/j.anbehav.2004.12.014
http://dx.doi.org/10.1016/S0003-3472(05)80592-5,
http://dx.doi.org/10.1046/j.1439-0310.2000.00527.x
http://dx.doi.org/10.1002/ajp.22159
http://dx.doi.org/10.1093/beheco/arx116
http://dx.doi.org/10.1093/ilar/ilu023
http://dx.doi.org/10.1016/j.paid.2009.10.027
http://dx.doi.org/10.1016/j.paid.2016.04.009
http://dx.doi.org/10.7717/peerj.9707

Peer

Morton BF, Lee PC, Buchanan-Smith HM. 2013. Taking personality selection bias
seriously in animal cognition research: a case study in capuchin monkeys (Sapajus
apella). Animal Cognition 16:677—-684 DOI 10.1007/s10071-013-0603-5.

Morton BF, Lee PC, Buchanan-Smith HM, Brosnan SF, Thierry B, Paukner A, De Waal
FBM, Widness J, Essler JL, Weiss A. 2013. Personality structure in brown capuchin
monkeys (Sapajus apella): Comparisons with chimpanzees (Pan troglodytes),
orangutans (Pongo spp.), and rhesus macaques (Macaca mulatta). Journal of
Comparative Psychology 127(3):282-290 DOI 10.1037/a0031723.

Mount MK, Barrick MR, Strauss JP. 1999. The joint relationship of conscientiousness
and ability with performance: test of the interaction hypothesis. Journal of Manage-
ment 25:707-721 DOI 10.1016/50149-2063(99)00022-7.

Murray L. 2011. Predicting primate behavior from personality ratings. In: Weiss A, King
JE, Murray L, eds. Personality and temperament in nonhuman primates. New York:
Springer, 129-167.

Nawroth C, Prentice PM, McElligott AG. 2017. Individual personality differences in
goats predict their performance in visual learning and non-associative cognitive
tasks. Behavioural Processes 134:43-53 DOI 10.1016/j.beproc.2016.08.001.

Newton-Fisher NE. 2004. Hierarchy and social status in Budongo chimpanzees. Primates
45:81-87 DOI 10.1007/510329-003-0064-6.

Noé R, De Waal FBM, Van Hooff JARAM. 1980. Types of dominance in a chimpanzee
colony. Folia Primatologica 34:90-110 DOI 10.1159/000155949.

Noftle EE, Robins RW. 2007. Personality predictors of academic outcomes: big five
correlates of GPA and SAT scores. Journal of Personality and Social Psychology
93(1):116-130 DOT 10.1037/0022-3514.93.1.116.

Ortin S, Ubeda Y, Garriga RM, Llorente M. 2019. Bushmeat trade consequences
predict higher anxiety, restraint, and dominance in chimpanzees. Developmental
Psychobiology 61(2):874—-887 DOI 10.1002/dev.21853.

Pederson AK, King JE, Landau VI. 2005. Chimpanzee (Pan troglodytes) per-
sonality predicts behavior. Journal of Research in Personality 39:534-549
DOI 10.1016/j.jrp.2004.07.002.

Perkins AM, Arnone D, Smallwood J, Mobbs D. 2015. Thinking too much: self-
generated thought as the engine of neuroticism. Trends in Cognitive Sciences
19:492—-498 DOI 10.1016/j.tics.2015.07.003.

Poropat AE. 2011. The Eysenckian personality factors and their correlations with
academic performance. British Journal of Educational Psychology 81:41-58
DOI 10.1348/000709910x497671.

Réale D, Dingemanse NJ, Kazem AJN, Wright J. 2010. Evolutionary and ecological
approaches to the study of personality. Philosophical Transactions of the Royal Society
of London B 365:3937-3946 DOI 10.1098/rstb.2010.0222.

Réale D, Reader SM, Sol D, McDougall PT, Dingemanse NJ. 2007. Integrating ani-
mal temperament within ecology and evolution. Biological Reviews 82:291-318
DOI10.1111/5.1469-185x.2007.00010.x.

Padrell et al. (2020), PeerJ, DOI 10.7717/peerj.9707 34/37


https://peerj.com
http://dx.doi.org/10.1007/s10071-013-0603-5
http://dx.doi.org/10.1037/a0031723
http://dx.doi.org/10.1016/S0149-2063(99)00022-7
http://dx.doi.org/10.1016/j.beproc.2016.08.001
http://dx.doi.org/10.1007/s10329-003-0064-6
http://dx.doi.org/10.1159/000155949
http://dx.doi.org/10.1037/0022-3514.93.1.116
http://dx.doi.org/10.1002/dev.21853
http://dx.doi.org/10.1016/j.jrp.2004.07.002
http://dx.doi.org/10.1016/j.tics.2015.07.003
http://dx.doi.org/10.1348/000709910x497671
http://dx.doi.org/10.1098/rstb.2010.0222
http://dx.doi.org/10.1111/j.1469-185x.2007.00010.x
http://dx.doi.org/10.7717/peerj.9707

Peer

Reamer LA, Haller RL, Thiele EJ, Freeman HD, Lambeth SP, Schapiro SJ. 2014. Factors
affecting initial training success of blood glucose testing in captive chimpanzees (Pan
troglodytes). Zoo Biology 33:212-220 DOI 10.1002/200.21123.

Reynolds J, McClelland A, Furnham A. 2014. An investigation of cognitive test perfor-
mance across conditions of silence, background noise and music as a function of
neuroticism. Anxiety, Stress, & Coping 27:410-421.

Riba D. 2016. Mecanismos cognitivos de aprendizaje social en chimpancés (Pan troglodytes):
evaluacion experimental a través de miiltiples tareas. D. Phil. Thesis, Universitat
Rovira i Virgili DOI 10.1002/dev.21853.

Riopelle AJ, Rogers CM. 1965. Age changes in chimpanzees. In: Schrier AM, Harlow HF,
Stolnitz F, eds. Behavior of nonhuman primates: modern research trends. New York:
Academic Press, 449—462.

Roberts BW, Jackson JJ, Fayard JV, Edmonds G, Meints J. 2009. Conscientiousness. In:
Leary MR, Hoyle RH, eds. Handbook of individual differences in social behavior. New
York: The Guilford Press, 369-381.

Robinson LM, Altschul DM, Wallace EK, Ubeda Y, Llorente M, Machanda Z, Slocombe
KE, Leach MC, Waran NK, Weiss A. 2017. Chimpanzees with positive welfare are
happier, extraverted, and emotionally stable. Applied Animal Behaviour Science
191:90-97 DOI 10.1016/j.applanim.2017.02.008.

Robinson LM, Coleman K, Capitanio JP, Gottlieb DH, Handel IG, Adams M]J, Leach
MC, Waran NK, Weiss A. 2018. Rhesus macaque personality, dominance, behavior,
and health. American Journal of Primatology 80:€22739
DOI 10.1002/ajp.22739.

Rrick MR, Mount MK. 1991. The Big Five personality dimensions and job performance:
a meta-analysis. Personnel Psychology 44:1-26
DOI'10.1111/j.1744-6570.1991.tb00688 x.

Sanchez MM, Rejano EI, Rodriguez YT. 2001. Personality and academic productivity
in the university student. Social Behavior and Personality: an International Journal
29:299-305 DOI 10.2224/sbp.2001.29.3.299.

Schaefer SA, Steklis HD. 2014. Personality and subjective well-being in captive male
western lowland gorillas living in bachelor groups. American Journal of Primatology
76:879-889 DOI 10.1002/ajp.22275.

Shrout PE, Fleiss JL. 1979. Intraclass correlations: uses in assessing rater reliability.
Psychological Bulletin 86:420—428.

Schubiger MN, Wiistholz FL, Wunder A, Burkart JM. 2015. High emotional reactivity
toward an experimenter affects participation, but not performance, in cognitive
tests with common marmosets (Callithrix jacchus). Animal cognition 18(3):701-712
DOI 10.1007/s10071-015-0837-5.

Sih A, Bell AM, Johnson JC, Ziemba RE. 2004. Behavioral syndromes: an integrative
overview. The Quarterly Review of Biology 79:241-277 DOI 10.1086/422893.

Simpson EA, Sclafani V, Paukner A, Kaburu SSK, Suomi SJ, Ferrari PF. 2019. Handling
newborn monkeys alters later exploratory, cognitive, and social behaviors. Develop-
mental Cognitive Neuroscience 35:12—19 DOI 10.1016/j.dcn.2017.07.010.

Padrell et al. (2020), PeerJ, DOI 10.7717/peerj.9707 35/37


https://peerj.com
http://dx.doi.org/10.1002/zoo.21123
http://dx.doi.org/10.1002/dev.21853
http://dx.doi.org/10.1016/j.applanim.2017.02.008
http://dx.doi.org/10.1002/ajp.22739
http://dx.doi.org/10.1111/j.1744-6570.1991.tb00688.x
http://dx.doi.org/10.2224/sbp.2001.29.3.299
http://dx.doi.org/10.1002/ajp.22275
http://dx.doi.org/10.1007/s10071-015-0837-5
http://dx.doi.org/10.1086/422893
http://dx.doi.org/10.1016/j.dcn.2017.07.010
http://dx.doi.org/10.7717/peerj.9707

Peer

Slipogor V, Burkart JM, Martin JS, Bugnyar T, Koski SE. 2020. Personality method
validation in common marmosets (Callithrix jacchus): getting the best of both
worlds. Journal of Comparative Psychology 134:52—70
DOI10.1037/com0000188.

Smillie LD. 2013. Extraversion and reward processing. Current Directions in Psychological
Science 22:167-172 DOI1 10.1177/0963721412470133.

Smith BR, Blumstein DT. 2008. Fitness consequences of personality: a meta-analysis.
Behavioral Ecology 19:448—455 DOI 10.1093/beheco/arm144.

Staes N, Weiss A, Helsen P, Korody M, Eens M, Stevens JMG. 2016. Bonobo personality
traits are heritable and associated with vasopressin receptor gene 1a variation.
Scientific Reports 6:38193 DOI 10.1038/srep38193.

Svartberg K. 2002. Shyness—boldness predicts performance in working dogs. Applied
Animal Behaviour Science 79:157—-174 DOI 10.1016/S0168-1591(02)00120-X.

Ubeda Y, Llorente M. 2015. Personality in sanctuary-housed chimpanzees: a comparative
approach of psychobiological and penta-factorial human models. Evolutionary
Psychology 13(1):182-196 DOI 10.1177/147470491501300111.

Uher J, Asendorpf JB. 2008. Personality assessment in the great apes: comparing
ecologically valid behavior measures, behavior ratings, and adjective ratings. Journal
of Research in Personality 42:821-838 DOI 10.1016/j.jrp.2007.10.004.

Uher J, Visalberghi E. 2016. Observations versus assessments of personality: a five-
method multi-species study reveals numerous biases in ratings and methodological
limitations of standardised assessments. Journal of Research in Personality 61:61-79
DOI10.1016/.jrp.2016.02.003.

Vazire S, Gosling SD, Dickey AS, Schapiro SJ. 2007. Measuring personality in non-
human animals. In: Robins RW, Fraley RC, Krueger RF, eds. Handbook of research
methods in personality psychology. New York: Guilford Press, 190-206.

Von Stumm S, Hell B, Chamorro-Premuzic T. 2011. The hungry mind. Perspectives on
Psychological Science 6:574-588 DOI 10.1177/1745691611421204.

Vorkapid ST. 2012. The significance of preschool teacher’s personality in early childhood
education: analysis of Eysenck’s and big five dimensions of personality. International
Journal of Psychologyd Behavioral Sciences 2:28-37
DOI 10.5923/j.ijpbs.20120202.05.

Weiss A, Adams M. 2013. Differential behavioral ecology. In: Carere C, Maestripieri
D, eds. The structure, life history, and evolution of primate personality. Chicago:
University of Chicago Press, 96-123.

Weiss A, Adams M]J, Widdig A, Gerald MS. 2011. Rhesus macaques (Macaca mulatta)
as living fossils of hominoid personality and subjective well-being. Journal of
Comparative Psychology 125:72—83 DOI 10.1037/a0021187.

Weiss A, Gartner MC, Gold KC, Stoinski TS. 2013. Extraversion predicts longer survival
in gorillas: an 18-year longitudinal study. Proceedings of the Royal Society B:Biological
Sciences 280(1752):20122231 DOI 10.1098/rspb.2012.2231.

Padrell et al. (2020), PeerJ, DOI 10.7717/peerj.9707 36/37


https://peerj.com
http://dx.doi.org/10.1037/com0000188
http://dx.doi.org/10.1177/0963721412470133
http://dx.doi.org/10.1093/beheco/arm144
http://dx.doi.org/10.1038/srep38193
http://dx.doi.org/10.1016/S0168-1591(02)00120-X
http://dx.doi.org/10.1177/147470491501300111
http://dx.doi.org/10.1016/j.jrp.2007.10.004
http://dx.doi.org/10.1016/j.jrp.2016.02.003
http://dx.doi.org/10.1177/1745691611421204
http://dx.doi.org/10.5923/j.ijpbs.20120202.05
http://dx.doi.org/10.1037/a0021187
http://dx.doi.org/10.1098/rspb.2012.2231
http://dx.doi.org/10.7717/peerj.9707

Peer

Weiss A, Inoue-Murayama M, Hong KW, Inoue E, Udono T, Ochiai T, Matsuzawa T,
Hirata S, King JE. 2009. Assessing chimpanzee personality and subjective well-being
in Japan. American Journal of Primatology 71:283-292 DOI 10.1002/ajp.20649.

Weiss A, Inoue-Murayama M, King JE, Adams M, Matsuzawa T. 2012. All too human?
Chimpanzee and orang-utan personalities are not anthropomorphic projections.
Animal Behaviour 83:1355-1365 DOI 10.1016/j.anbehav.2012.02.024.

Weiss A, King JE, Murray L. 2011. Personality and temperament in nonhuman primates.
New York: Springer.

Weiss A, Wilson ML, Collins AD, Mjungu D, Kamenya S, Foerster S, Pusey AE. 2017.
Personality in the chimpanzees of Gombe National Park. Scientific Data 4:170146
DOI 10.1038/sdata.2017.146.

Wergard E-M, Westlund K, Spangberg M, Fredlund H, Forkman B. 2016. Training
success in group-housed long-tailed macaques (Macaca fascicularis) is better
explained by personality than by social rank. Applied Animal Behaviour Science
177:52-58 DOI 10.1016/j.applanim.2016.01.017.

White SL, Wagner T, Gowan C, Braithwaite VA. 2017. Can personality predict in-
dividual differences in brook trout spatial learning ability? Behavioural Processes
141:220-228 DOI 10.1016/j.beproc.2016.08.009.

Zajenkowska A, Zajenkowski M, Jankowski KS. 2015. The relationship between mood
experienced during an exam, proneness to frustration and neuroticism. Learning and
Individual Differences 37:237-240 DOI 10.1016/j.1indif.2014.11.014.

Zeidner M, Matthews G. 2000. Intelligence and personality. In: Sternberg R, ed.
Handbook of intelligence. New York: Cambridge University Press, 581-610
DOI'10.1017/CBO9780511807947.027.

Zuckerman M, Kuhlman DM, Joireman J, Teta P, Kraft M. 1993. A comparison of three
structural models for personality: the big three, the big five, and the alternative five.
Journal of Personality and Social Psychology 65(4):757—-768
DOI 10.1037/0022-3514.65.4.757.

Padrell et al. (2020), PeerJ, DOI 10.7717/peerj.9707 37/37


https://peerj.com
http://dx.doi.org/10.1002/ajp.20649
http://dx.doi.org/10.1016/j.anbehav.2012.02.024
http://dx.doi.org/10.1038/sdata.2017.146
http://dx.doi.org/10.1016/j.applanim.2016.01.017
http://dx.doi.org/10.1016/j.beproc.2016.08.009
http://dx.doi.org/10.1016/j.lindif.2014.11.014
http://dx.doi.org/10.1017/CBO9780511807947.027
http://dx.doi.org/10.1037/0022-3514.65.4.757
http://dx.doi.org/10.7717/peerj.9707

