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Abstract

The study described in this chapter examines whether individual differences in six rating-based bonobo
personality dimensions---Assertiveness, Conscientiousness, Openness, Attentiveness, Agreeableness,
and Extraversion---are related to sex and age and behaviors and dominance. To these ends, the study
tested predictions based on previous studies of human and chimpanzee personality, and bonobo
behavior and socioecology. Sex and age differences in Assertiveness, Openness and Extraversion and
correlations between these personality dimensions and behavior were consistent with our predictions.
Conscientiousness showed associations with observed behaviors but requires further investigation as
sex and age effects differed from those reported in humans and chimpanzees. Agreeableness and
Attentiveness showed few associations with age, sex, and behaviors, indicating the need to further
investigate validity of these factors. This study shows that personality dimensions in bonobos are
correlated with sex, age and behaviors in ways that are consistent with what is known for bonobos and

their socioecology.
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Introduction

“Like other higher primates, pygmy chimpanzees are rich in individuality, and the personality of individuals
probably exerts a strong influence on the character of social relationships between group members. [...] In the

ongoing research then, there is a great need to focus our attention on personality” (Kano, 1992- p.IX)

Bonobos, like all primates, vary in their behavior across individuals (Kano, 1992). While much research focuses on
explaining the evolution of species-specific characteristics, only more recently have within-species individual
differences become the focus of analysis. Personality is one construct that has been used to describe and explain
individual differences within populations. While personality has initially and predominantly been used to help
characterize human behavioral diversity, it is now being used to help explain individual differences in animals —
including great apes (Gosling, 2001, Mehta and Gosling, 2008). Personality in nonhuman primates and other
animals is defined in much the same way as is personality in humans, namely as inter-individual differences in
behavior, affect, and cognition that are stable across time and situations (Goldberg, 1990; McCrae & Costa, 1999,
Réale et al.,, 2007). Animal personality has been documented in species ranging from insects to nonhuman
primates (Gosling and John, 1999, Carere and Eens, 2005, Gosling, 2001, Freeman and Gosling, 2010), a fact that

underlines its importance and early evolution in the animal kingdom.

Most often animal personality is measured using behavioral observations and behavioral tests (Freeman and
Gosling, 2010; Staes et al., submitted). However, animal personality is also measured using trait ratings, which
involves asking humans familiar with individual animals to rate these animals on a set of predefined traits
(Freeman and Gosling, 2010). This approach was at first perceived as ‘subjective’ and anthropomorphic by
behavioral biologists, but very likely reflects real personality constructs so long as they meet the same criteria as
behavioral observations and behavioral tests (Gosling and Vazire, 2002, Vazire et al., 2007, Weiss et al., 2012,
Baker et al., 2015). The first criterion is that ratings have to be consistent across observers, different times of
measurement, and different contexts (Capitanio, 1999, Dutton, 2008, King et al., 2008, Weiss et al., 2011). The
second criterion is that the link between personality dimensions and life history parameters, such as sex and age,
as well as between personality dimensions and other measures (typically behaviors) has to be established
(Capitanio, 1999, Pederson et al., 2005, Uher and Asendorpf, 2008, Murray, 2011, Baker et al., 2015). If males and
females face different selection pressures, sex differences in personality may emerge. For example, in many
species, males vary more in reproductive success than females, and therefore they may rely more on fitness

benefits associated with bolder and more exploratory behavior. In three-spined sticklebacks (Gasterosteus
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aculeatus) and great tits (Parus major), males are bolder than females (van Oers, 2005, King et al., 2013) and risky

male behaviors have been shown to increase mating success in guppies (Godin and Dugatkin, 1996).

Factor analytic studies, which seek to uncover latent constructs that make up variation in personality traits,
typically yield five broad dimensions---Openness, Conscientiousness, Extraversion, Agreeableness and Neuroticism-
--collectively known as the Big Five or Five-Factor Model (Goldberg, 1990, McCrae and Costa, 1999). Variations of
these dimensions and novel dimensions are found in nonhuman primates, including the great apes (Freeman and
Gosling, 2010, Adams et al., 2015). Bonobos are particularly interesting because although they are, together with
chimpanzees, the closest living relatives of humans (Prado-Martinez et al., 2013), their social organization and
behavior differs from chimpanzees and humans (Boesch et al., 2002, Stumpf, 2007). We therefore expect similar
differences to be reflected in their personality. Unfortunately, despite the large number of chimpanzee personality
studies, few studies have focused on bonobos, and those that did, involved small sample sizes (Uher and
Asendorpf, 2008, Murray, 2011, Garai et al.,, 2016) or focused on measuring single traits, such as boldness
(Herrmann et al., 2011). To complement this existing literature, we obtained personality ratings on154 bonobos.
All of the bonobos in our study were rated on the Hominoid Personality Questionnaire (HPQ; Weiss et al., 2015).
We found six dimensions (Table 1): bonobo Assertiveness, Openness, and Agreeableness were similar to
chimpanzee Dominance, Openness and Agreeableness respectively; Conscientiousness appeared to split into the
dimensions Attentiveness and Conscientiousness in bonobos; bonobo Extraversion showed little overlap with its

chimpanzee counterpart and we therefore considered it a bonobo-specific factor (Weiss et al., 2015).
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Table 1: Comparison of adjectival contents of rated personality dimensions for bonobos and chimpanzees (bonobo data from
Weiss et al. 2015, chimpanzee data from Weiss et al. 2007; Weiss et al. 2009)

Bonobo Chimpanzee
Dimension Adjectives Dimension Adjectives
+ Independent + Independent
+ Dominant + Decisive + Dominant + Decisive
+ Persistent + Cool + Persistent + Stingy
Assertiveness + Stable - Excitable Dominance + Manipulative - Dependent -

- Dependent — Submissive Submissive

- Timid - Vulnerable - Timid - Vulnerable
- Anxious - Fearful - Anxious

- Impulsive - Defiant
- Reckless - Irritable
- Aggressive - Jealous
- Bullying — Disorganized
- Excitable - Clumsy
- Unperceptive
- Distractible - Thoughtless

+ Gentle + Predictable
- Impulsive - Defiant
Conscientious- - Reckless - Irritable Conscientious-
ness - Aggressive — Jealous ness
- Bullying — Manipulative
- Erratic - Stingy

+ Inquisitive + Inventive
+ Innovative + Curious
+ Active + Playful + Imitative
- Lazy - Conventional

+ Inventive + Inquisitive
Openness + Innovative + Curious
+ Cautious

Openness

+ Intelligent + Erratic +Depressed +
Fearful
+ Autistic - Stable
-Unemotional - Cool

+ Intelligent — Clumsy
Attentiveness - Unperceptive - Distractible - Neuroticism
Thoughtless - Disorganized

+ Friendly + Affectionate + Friendly + Affectionate
+ Protecti + Protective + S thetic + Helpful +
Agreeableness ro e'c ve Agreeableness rotective ym{)a} etic + Helptu
+ Sympathetic + Helpful Sensitive
+ Sensitive + Sociable + Gentle + Conventional
+ Active + Playful + iable -
. - Individualistic — Solitary . Ctlye. ?y 'u So?lab €
Extraversion . Extraversion Individualistic — Solitary
- Autistic - Depressed Lazy

Boldface indicates that variables are similar in these dimensions for both species

Based on what is known about human and chimpanzee personality, and about the ecology and social structure of
bonobos, we made several predictions about sex and age differences in bonobo personality. We then tested these
predictions, that is, we examined the ‘comparative validity’ of the dimensions found in our previous study (Weiss
et al., 2015). In terms of sex differences, among chimpanzees, males consistently score higher than females on
Dominance, which has high loadings of traits, such as dominant, independent, and bullying (Weiss et al., 2007, King
et al.,, 2008, Weiss and King, 2015). Also, compared to females, male chimpanzees score lower on
Conscientiousness, which has high negative loadings on traits, such as aggressive and impulsive (Weiss et al. 2007,
King et al. 2008; Weiss & King 2015). Compared to the male dominated societies in chimpanzees (Boesch and

Boesch-Acherman, 2000, Goodall, 1986), in bonobo societies females dominate males, but not all females are
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higher ranking than all males, a condition known as “partial female dominance” (Furuichi, 2011, Vervaecke et al.,
2000a, Stevens et al., 2007, Surbeck and Hohmann, 2013). We therefore expect sex differences in bonobos to be
the opposite of those found in chimpanzees for these two factors. In other words, we expected that bonobo

females will score higher on Assertiveness and lower on Conscientiousness than male bonobos.

Personality is also known to show moderate developmental changes. For example, cross-sectional and longitudinal
studies in humans show that Agreeableness and Conscientiousness increase with age, while Extraversion and
Neuroticism decrease, and Openness increases and then later decreases (McCrae et al., 1999, McCrae et al., 2000,
Costa et al., 2001). Age differences in chimpanzee personality describe similar trends. Older chimpanzees score
higher in Dominance, Conscientiousness, and Agreeableness, and lower in Extraversion and Openness than
younger individuals (King et al., 2008, Weiss and King, 2015, Dutton, 2008). These patterns, therefore, appear to be
conserved across chimpanzees and humans. We thus expect that, compared to younger bonobos, older bonobos
will score higher on Assertiveness and Agreeableness, and lower on Openness. On the other hand, it has been
suggested that bonobos retain juvenile characteristics into adulthood, including high levels of social tolerance, play
and nonconceptive sexual behavior (Hare et al., 2012; Wobber et al., 2010). If this is the case, age effects for
dimensions that are associated with these behaviors may be less pronounced in bonobos. As the remaining 3
bonobo dimensions, Attentiveness, Conscientiousness and Extraversion, differ structurally from the human and
chimpanzee dimensions, it is difficult to predict age effects for these dimensions based on our knowledge from
human and chimpanzee personality. We will therefore explore differences in these dimensions as a basis for future

studies. .

In addition to testing comparative validity by examining sex and age differences in personality, it is important to
test for construct validity of the dimensions, by looking at how personality correlates with other measures in ways
that are consistent with the meaning (and likely function) of these dimensions (Capitanio, 1999, Paunonen, 2003,
Pederson et al., 2005, Uher and Asendorpf, 2008, Murray, 2011, Baker et al., 2015). One way to assess the
construct validity of these ratings-based measures is to examine their correlations with naturally occurring
behaviors (Pederson et al., 2005, Vazire et al., 2007, Konec¢na et al., 2008, Uher and Asendorpf, 2008) and/or
behaviors in response to experimental tests (Baker et al., 2015, Carter et al., 2012). In behavioral tests stimuli are
introduced to provoke behaviors that occur infrequently or that are difficult to observe in a naturalistic context.
For example, novel food/object tests or predator experiments have been used to assess novelty seeking and
boldness in several species (Carere and Eens, 2005, Carter et al., 2012, Massen et al., 2013, Andersson et al., 2014,

Baker et al., 2015).
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Previous studies of the construct validity of animal personality have shown that the time it took for common
squirrel monkeys (Saimiri sciureus) to approach novel objects was negatively associated with their scores on
Sociability and that the time it took black crested macaques (Macaca nigra) to touch novel objects was negatively
associated with Dominance (Baker et al., 2015). Studies looking at the associations between personality traits and
behaviors have been conducted in bonobos, but understandably these studies only involved five and four
individuals, respectively (Uher and Asendorpf, 2008, Murray, 2011). The present study includes a larger number of
individual bonobos, and thus benefits from greater statistical power. In chimpanzees, associations have been
found for several factors and variables (Pederson et al., 2005, Vazire et al., 2007, Murray, 2011). For example
Dominance is positively correlated with aggression given and negatively correlated with submissive behaviors;
Extraversion is positively correlated with social and affinitive behaviors; and Sociability is positively correlated with
play (Murray, 2011, Pederson et al., 2005, Vazire et al., 2007, Buirski et al., 1978). Based on the findings in
chimpanzees, we expect to find similar associations in bonobos. For example, bonobo Assertiveness should
correlate positively with aggression and dominance rank and negatively with submissive behaviors. We expect
Extraversion to correlate positively with social and affinitive behaviors like grooming, play and sexual interactions.
Lastly, we expect Openness to correlate positively with exploratory behaviors, like approaching new stimuli.
Finally, to rule out that raters rate the individuals based on their own stereotypical beliefs about age, sex and social
position of human individuals, we also test for sex and age differences in the observed behavioral variables. If age
and sex effects are found for rated dimensions, they should show similar effects in the behavioral variables that

are correlated with the rated personality dimensions.

In summary, this study will 1) assess the comparative validity of bonobo personality dimensions, by testing
whether sex and age differences in personality are consistent with what we would expect based on findings
related to these differences in chimpanzees and humans and with differences between bonobos and chimpanzees
in social structure, behavior and life history; 2) test construct validity of the dimensions, by examining their
associations with relevant behavioral variables derived from naturalistic observations and behavioral tests. We first
test for age and sex effects of these behavioral variables and then look for associations between personality
dimensions and behavioral variables. Based on studies done in multiple other species, we predict that the bonobo

personality dimensions will show appropriate associations with observed behaviors.
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Methods

Questionnaire ratings

Personality ratings were independently collected by different raters for 154 bonobos (71 males, 83 females) with
ages ranging from 2 to 62 years using the Hominoid Personality Questionnaire (Weiss et al., 2009) in two waves
(first wave 2006-2008, second wave 2012) (See Weiss et al. 2015 for details). The interrater reliabilities and
repeatabilities of the six dimensions revealed by these ratings were high enough to justify their being used in

further studies.

Naturalistic observations

For 44 individuals (18 males and 26 females) that were rated, behavioral data were collected by researchers (NS
and 8 students she supervised) who did not rate the bonobos on the HPQ. Each student received at least three
weeks of training. After each student was trained, their inter-observer reliability was tested by scoring two 10-
minute bonobo focal video recordings. High Spearman rank correlations (mean r=0.86) were found across all
observers coding the behaviors (Martin and Bateson, 1993). Observations involved alternating continuous 10
minute focal observations, with instantaneous group scan sampling. During focal observations the main activity of
the focal individual was recorded. All self-directed behaviors and social interactions were also recorded. Scans
were used to determine spatial proximity measures for all individuals in the group in between each focal
observation. During the entire observation period, bouts of agonistic behavior were recorded using all occurrence
sampling. In total, 1666.15 hours of focal observations (mean 32.04 hours per individual), 10 472 group scans
(mean 616 per individual) and 2132 hours of all occurrence sampling of aggression (mean 39.5 hours per
individual) were collected. Behavioral observations were coded using the Observer (Noldus version XT 10, the

Netherlands).

Variables based on durations of behavioral states (activity, grooming given, grooming received, individual play,
social play, auto-scratching, and auto-grooming) were calculated as the proportion of individual focal time
performing the behavior. Behavioral variables based on occurrences of events (submission, aggression given,
aggression received, socio-sexual behaviors) were calculated as frequencies per hour, corrected for individual total

observation times (both focal observation times and all occurrence observation times). Sit alone was calculated as
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the proportion of all scans where the subject was recorded as being alone with no other individuals sitting within a
2m radius. Number of neighbors was the average number of neighbors present in scans where the subject was
recorded as being in proximity (within 2m) of at least one other group member. Grooming density given and
received was calculated as the proportion of available grooming partners that were groomed by the subject or
who groomed the subject. Grooming diversity was calculated with the Shannon-Wiener index (Di Bitetti, 2000),

corrected for group size effects as follows:

Grooming diversity = H/Hmax
H==Z%(pix In(pi)
in which pi is the proportion of the individual’s grooming effort given to the ith individual
Hmax = In(N = 1)

in which N is the number of individuals in the group. Grooming diversity results are in a value between 0 and 1,
with 0 meaning perfect skew with all grooming directed to one individual, and 1 meaning perfect equality, i.e., all

grooming partners receive an equal amount of grooming.

Dominance rank was measured by assigning normalized David’s scores to each individual, based on the occurrence
of fleeing upon aggression (de Vries et al., 2006, Stevens et al., 2007). David’s scores use dyadic dominance
proportions to calculate cardinal ranks for each individual based on the proportions of wins and losses in agonistic
encounters. An individual loses an agonistic interaction when it flees as a response to the aggression. We then
standardized the David’s scores by dividing them by group size to test overall associations of rank with personality

traits.
Behavioral experiments

We conducted eight group experiments (Figure 1), adapted from previous work on chimpanzees (Massen et al.,
2013). In the predator experiments, two model predators were used: a taxidermied leopard in crouching position
with bared teeth and a 4m long snake made out of a fire hose and clay, and painted to resemble a python. As
leopards are natural predators of bonobos in the wild (D'Amour et al., 2006) and pythons are assumed to be
natural predators of bonobos in the wild (Kano, 1992), these model predators should be representative of threats
that wild bonobos would face. Both models were placed in sight, but out of reach of the bonobos and the
bonobos’ behavior towards the models was scored. These behaviors included number of approaches, time spent in

proximity, and the number of displays against the mesh, including both poking with sticks and banging the mesh,
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behind which the predator was placed. The snake experiment was dropped from further analysis as the bonobos

did not respond to the model python and subsequently, there was little variation in response.

In two novel food experiments, bonobos were given durian fruit and pasta, the latter being dyed blue with an
edible dye. During the durian fruit experiment, two fruits were placed in the enclosure a few meters apart to avoid
their being monopolized by one individual. Two cameras were used to track both fruits at the same time. During
the pasta experiment, 250g of pasta were boiled, left to cool and then put in two piles in the enclosure, again,
some meters apart to avoid their being monopolized by one individual. In these experiments we measured latency
to approach the food closer than 2m (in seconds) and whether the subject tasted the food item (0 = no, 1 = yes).

When an individual did not approach the food item, it was given the maximum duration of 1800s.

In each of four puzzle feeder experiments, bonobos were given a different foraging device. The first was a hanging
barrel filled with seeds (“Hanging Barrel”). The second was a barrel filled with water and pieces of pear that sank to
the bottom. This barrel was covered on top with a square mesh that was too small for an adult bonobo’s hand to
fit through (“Barrel with Mesh”). As sticks were needed to get to the pear in the “Barrel with Mesh” condition, we
measured the proportion of time during which subjects used sticks. The third puzzle feeder was a seed-filled
hanging double tube system that had to be rotated for it to release its contents (“Tubes”). The final puzzle feeder
(“Reel and Feed”) was a crate hanging from the outside of a mesh door next to the enclosure. To obtain the fruit
and/or vegetables in this crate, bonobos had to tilt the crate using a rope that was hanging in the enclosure. For all
puzzle feeders the following behavioral variables were measured: the time in seconds to approach the puzzle
within 2m, the proportion of time spent manipulating the puzzle, the proportion of time spent within 2m of the

puzzle without touching it, the number of times the puzzle was approached.

All behavioral experiments were filmed (Canon Legria FS406, Japan) and recordings were coded using Observer
Video-Pro (Noldus version XT 10, the Netherlands). Data recording started as soon as the group had access to the
stimuli and was stopped after 30 minutes. All group members had access to the stimuli at the same time. In four
out of six groups (FR, TW, ST, AP), group compositions differed between testing due to artificial fission-fusion of
groups by zoo management. The order of the experiments was randomized and there were at least 3 days

between experiments.

10
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Figure 1. Behavioral variables from eight experiments were collected to assess their association with rated
personality traits. Bonobos were tested in three different experimental contexts: Predator experiments included a
fake python (1) and taxidermied leopard (2). Puzzle feeder experiments included turning tubes puzzle (3), reel and
feed puzzle (4), Barrel with mesh puzzle (5) and hanging barrel puzzle (6). Novel food experiments included blue
dyed pasta (7) and durian fruit (8).

11



Bonobo personality

Analyses

Sex, age and rank differences in rated dimensions

To test whether personality dimensions were associated with sex, age, or dominance rank, we used linear mixed
models using the Ime4 package (Bates et al., 2015) in R (www.r-project.org, version 3.1.0). In each model, sex, age,
and dominance rank were entered as fixed effects and group was entered as a random intercept to account for
non-independence of observations within the same zoo. To test for the significance of the fixed effects we used F-
tests with a Kenward-Roger correction for the number of degrees of freedom. The corrected F-tests were
computed using the pbkrtest package (Halekoh and Hojsgaard, 2014). Inspection of residual plots did not reveal

obvious deviations from homoscedasticity or normality.

Sex and age effects in behavioral variables

Independent-samples t-tests and Pearson correlations were used to test for sex and age differences, respectively,
in the behavioral variables. We inspected qqg-plots and plots of residuals against fitted values to check whether the
assumptions of normally distributed and homogeneous error variance were fulfilled. These did not indicate severe
violations of these two assumptions. As few personality studies apply a correction for multiple testing, and a
Bonferroni correction in behavioral ecology may be overly conservative (Nakagawa, 2004), we reported results

with and without Bonferroni correction.

Construct validity

These analyses were restricted to the 44 individuals (18 males and 26 females) for whom ratings and behavioral
observations data were available. As the behavioral observations were made between 2011 and 2014, we only
used ratings collected during the second wave in 2012. We used Spearman rank correlation coefficients to assess
the association between the personality factors and the behavioral variables. Again, we reported results with and

without Bonferroni correction.

Ethics

12
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The study was approved by the Scientific Advisory Board of the Royal Zoological Society of Antwerp and the
University of Antwerp (Belgium) and endorsed by the European Breeding Program for bonobos. All research

complied with the ASAB (2012) guidelines.
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Results

Relation of age, sex and rank with personality dimensions

Male bonobos scored significantly lower than females on Assertiveness, b=-0.939, s.e.=0.185,
F(1,104)=25.48, p<0.001, and Extraversion, b=-0.612, s.e.=0.161, F(1,103)=14.28, p<0.001 (Figure 2). A
significant association with age was found for Openness, b=-0.052, s.e.=0.006, F(1,106)=70.54, p<0.001,
and Extraversion, b=-0.017, s.e.=0.007, F(1,106)=5.64, p=0.019, with older individuals scoring lower on
both dimensions (Figure 3). The other dimensions did not differ significantly by sex, Conscientiousness:
b=0.299, s.e.=0.191, F(1,108)=2.38, p=0.126; Openness: b=-0.155, s.e.=0.140, F(1,101)=1.20, p=0.274;
Agreeableness: b=-0.241, s.e.=0.149, F(1,98)=2.60, p=0.110; Attentiveness: b=-0.139, s.e.=0.149,
F(1,102)=0.87, p=0.355, or by age, Assertiveness: b=-0.006, s.e.=0.008, F(1,106)=0.64, p=0.425;
Conscientiousness: b=0.008, s.e.=0.008, F(1,109)=0.97, p=0.326; Agreeableness: b=0.011, s.e.=0.007,
F(1,101)=2.75, p=0.100; Attentiveness: b=-0.006, s.e.=0.007, F(1,105)=0.74, p=0.392.

14
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B Females

m Males

Personality factor score (+-SE)

Personality dimensions

Figure 2. Sex difference in mean scores on personality dimensions (+ standard error). Significant effects were
found for Assertiveness and Extraversion with females scoring higher than males on both factors. The other
dimensions showed no significant sex difference.

15
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Individual personality factor scores
=
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Figure 3. Correlation between age and individual personality factor scores for Openness and Extraversion. The
other dimensions showed no significant sex difference.

16
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Sex and age differences in behavior

Tests for sex and age differences in the behavioral variables (Table 2) revealed that, after Bonferroni
correction, females scored significantly higher than males on number of neighbors sitting in proximity
and time spent time in proximity to the leopard and puzzles. Males scored significantly higher than
females on levels of aggression received and frequency of fleeing upon aggression. Older individuals

scored significantly lower on the number of times they approached the puzzle feeders.

17
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Table 2: Sex and age differences for observed behavioral variables

Sex Age
95% Cl
B se t df p r p
Lower Upper
Grooming Given 0.207 0.203 1.02 42 0314 -0.203 0.617 -0.289  0.057
Grooming Received 0.401 0.173 232 42 0.026 0.051 0.751 -0.068  0.659
Grooming Density Given 0.025 0.075 033 42 0.746 -0.128 0.177 -0.369  0.014
Grooming Density Received 0.063 0.073 085 42 0.399 -0.086 0.211 0.006 0.970
Grooming Diversity index 0.020 0.072 0.28 42 0.784 -0.125 0.165 -0.168  0.276
N. of Neighbors 0.193* 0.051 3.78 42 <0.001 0.090 0.296 -0.098  0.526
Be Approached 1.606 0.500 3.21 42 0.003 0.598 2.615 0.014  0.927
Approach -0.373 0.684 -0.55 42 0.589 -1.754 1.008 -0.444  0.003
Play -0.112 0.681 -0.16 42 0.870 -1.486 1.262 -0.259  0.090
Point Affinitive -0.147 0.143 -1.03 20 0.317 -0.446 0.152 -0.364 0.015
Sexual interactions 0.300 0.199 151 42 0.139 -0.101 0.701 -0.311  0.040
Activity -0.014 0.034 -041 42 0.686 -0.083 0.055 -0.295  0.052
Aggression Given 0.011 0.024 045 42  0.653 -0.038 0.060 -0.159  0.302
Aggression Received -0.277* 0.075 -3.68 42 <0.001 -0.428 -0.125 -0.327 0.031
Flee upon aggression -0.670* 0.160 -4.19 29 <0.001 -0.996 -0.343 -0.148  0.337
Autogroom -0.126 0.397 -0.32 42 0.753 -0.926 0.675 -0.026  0.864
Nosewipe -0.355 1.179 -030 42 0.765 -2.734 2.023 0.012  0.936
Scratch 1.666 0.964 1.73 42 0.091 -0.280 3.612 0.140 0.364
Leopard Latency -61.681 75.260 -0.82 42 0.417 -213.562 90.201 0.300 0.048
Leopard Proximity 18.413* 4.946 3.72 39 <0.001 8.407 28.419 0.186  0.226
Leopard N. of Approaches -0.001 0.001 -0.57 42 0.573 -0.002 0.001 -0.375 0.012
Leopard N. of Displays 0.001 0.001 125 42 0219 0.000 0.001 -0.244  0.110
Novel Food Latency -120.941  76.908 -1.57 26 0.128 -279.150 37.268 0.192 0.211
Novel Food Taste 0.038 0.074 052 42 0.607 -0.111 0.188 -0.402  0.007
Puzzle N. of Approaches 0.001 0.001 1.12 42 0.270 -0.001 0.002 -0.553*  0.001
Puzzle Time Manipulated 11.555 3.821 3.02 30 0.005 3.750 19.361 -0.181  0.239
Puzzle Proximity 8.956 4.415 203 42 0.049 0.046 17.867 -0.402  0.007
Puzzle Latency -304.673 115380 -2.64 21 0.015 -544.905 -64.441 0.278  0.068
Puzzle Tool Use 4.894 8.090 0.60 42 0.548 -11.432 21.219 -0.078  0.613

Boldface indicates p<0.05, *Significant after Bonferroni correction (p<0.001), N=44
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Personality dimensions and behavioral variables

Correlations between personality dimensions based on ratings and behaviors are shown in Table 3. The
correlations that survived Bonferroni correction indicated that individuals that score higher on
Assertiveness received more grooming, less aggression and showed fewer fleeing upon aggression.
Likewise, individuals scoring low on Conscientiousness showed higher frequencies of grooming
interactions and individuals scoring high on Openness showed higher levels of approaching behavior
towards puzzles and leopard and were more inclined to taste novel food. Agreeableness, Extraversion
and Attentiveness were not significantly correlated with the behavioral variables after correction for

multiple tests.
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Table 3: Spearman rank-order correlations between personality factors derived from HPQ and behavioral variables

Assertivene Consientiousn

Openne Agreeablene Extraversi

Attentivene

ss ess ss ss on ss
Observations Grooming Given 0.21 -0.50* 0.26 -0.02 0.31 0.27
Grooming Received 0.43* -0.50* 0.15 0.07 0.31 0.15
gir\j’:nmi”g Density 0.01 -0.33 0.42 0.01 0.19 0.17
Grooming Density
Received 0.13 -0.29 0.04 0.07 0.03 0.16
%’;mi”g Diversity 0.01 -0.26 0.34 0.06 0.09 0.24
N. of Neighbours 0.31 -0.30 0.12 0.19 0.26 0.13
Be Approached 0.32 -0.04 -0.12 0.21 0.31 0.08
Approach -0.04 -0.23 0.44 -0.07 0.18 0.12
Play -0.04 -0.04 0.32 -0.14 0.26 -0.03
Point Affinitive -0.11 -0.38 0.40 -0.03 0.18 -0.01
Sexual interactions 0.07 -0.42 0.44 0.02 0.30 -0.07
Activity 0.02 -0.39 0.51 -0.13 0.19 0.12
Aggression Given -0.09 -0.34 0.16 -0.12 0.04 0.02
Aggression Received -0.39* 0.19 0.18 -0.43 -0.16 0.01
Flee upon aggression -0.57* 0.24 0.11 -0.20 -0.14 -0.06
Dominance 0.29 -0.34 0.06 0.15 0.12 0.02
Autogroom -0.04 -0.13 -0.08 -0.27 -0.14 -0.17
Nosewipe -0.17 0.04 -0.04 0.14 -0.05 0.18
Scratch 0.01 0.21 -0.12 0.09 -0.01 0.03
Predator test Leopard Latency -0.02 0.11 -0.40 0.06 -0.30 0.02
Leopard Proximity 0.27 -0.14 0.34 0.26 0.13 0.12
;‘:‘;}fé;‘ir’:‘és"f -0.10 -0.24 0.47* -0.02 0.06 0.05
Leopard N. of Displays 0.08 -0.29 0.29 -0.06 0.07 0.12
Novel food test Novel Food Latency -0.18 0.37 -0.37 -0.05 -0.41 -0.11
Novel Food Taste -0.16 -0.38 0.50* 0.03 0.15 -0.01
f:sztzs'e feeder b zzle N. of Approaches  -0.05 -0.37 0.54* -0.06 0.40 -0.03
PM”:;:ZUTI';?: y 0.34 -0.29 0.30 0.13 0.38 0.19
Puzzle Proximity -0.06 -0.27 0.31 -0.06 0.31 -0.06
Puzzle Latency -0.24 0.45 -0.38 -0.02 -0.41 -0.10
Puzzle Tool Use 0.20 -0.15 0.27 0.19 0.31 0.15

Correlations in boldface are significant (p<0.05). *Significant after Bonferroni correction (p<0.001), N=44
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Discussion

We tested whether bonobo personality dimensions derived by ratings demonstrated comparative validity by
testing whether sex and age differences were consistent with what we would expect based on findings related to
these differences in chimpanzees and humans and with differences between bonobos and chimpanzees in social
structure, behavior and life history. We also tested whether these dimensions demonstrated construct validity by
examining their associations with behavioral variables derived from naturalistic observations and behavioral tests.
The Assertiveness, Openness, and Extraversion dimensions showed good comparative and construct validity.
Conscientiousness showed evidence for construct validity but not comparative validity. Agreeableness and

Attentiveness did not show evidence for comparative or construct validity in this study.

Previous studies that used different questionnaires and/or behavioral measures also reported modest to strong
validity coefficients in apes (see Murray 2011). Many of the associations found in this study, did not reach the
p<0.001 required by the Bonferroni correction, which is not surprising given the relatively small sample size in this
study compared to similar studies of humans (Paunonen, 2003). Although a larger sample size would have
increased our power to detect associations between personality dimensions and behaviors, the sample size in this
study was already relatively large for a study done in great apes and increasing it further was not possible due to
time constraints. Moreover, it should be borne in mind that Bonferroni correction might be considered overly
conservative, especially given the modest effect sizes common in the field of behavioral ecology research
(Nakagawa, 2004). Despite the correlations not being significant after correction, many of the observed behaviors

actually showed associations that were in line with our predictions.

Assertiveness was associated with variables related to social attractiveness in bonobos. This is consistent with
studies that show that high ranking bonobos are groomed more often (Franz, 1999, Vervaecke et al., 2000b) and
are less likely to be the targets of aggression (Paoli and Palagi, 2009). Studies in other nonhuman primates found
similar results for similar personality dimensions. For example, in chimpanzees (Murray, 2011) and rhesus
macaques (Capitanio, 1999), a personality dimension labeled Confidence was associated with receiving more
grooming. Moreover, in gorillas (Kuhar et al.,, 2006) and chimpanzees (Pederson et al., 2005), personality
dimensions labeled Dominance were negatively related to showing submissive behavior and positively related to

receiving submissive behavior.

In line with our expectations, differences in personality between male and female bonobos were largely the

opposite as what has been found in chimpanzees (King et al., 2008). For one, females scored higher on
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Assertiveness than males. This is consistent with the bonobo’s social system, where females occupy the higher
ranks in the dominance hierarchy (Vervaecke et al., 2000a, Furuichi, 2011). It is also consistent with findings in
hyena, another species in which the females are dominant, where females scored higher on Assertiveness than
males (Gosling, 1998). This sex difference in Assertiveness was further supported by our finding of similar sex
differences in behaviors: females were groomed more often, received less aggression, and displayed submissive

behaviors less often than did males.

Openness was associated with variables that reflect curiosity and play, two facets of Openness that have been
identified across many species (Gosling and John, 1999). Further supporting the comparative validity of the
dimension, as in humans and chimpanzees (Costa et al., 2001, Mc Crae et al., 2000, King et al., 2008, Weiss and
King, 2015), Openness and behavioral variables related to Openness, for example, exploring puzzles, novel foods,
and leopards were lower in older individuals. As Openness showed the strongest positive associations with
behaviors related to play, and affinitive and sexual interactions, the decline of Openness with age suggests that
there is no support in this study for the hypothesis that the retention of juvenile levels of these traits in adult
bonobos may be causing less pronounced age-related effects on personality. Similar age related effects were
found for Extraversion, a dimension that was positively associated with variables related to social integration,
which was in line with our prediction that age effects are stable across closely related primate species. However,

none of the associations reached the p<0.001 significance level.

In contrast to the lack of sex differences in extraversion among chimpanzees (King et al., 2008, Weiss and King,
2015), female bonobos were significantly more extraverted than males. However, this could be due to the fact that
the traits associated with Extraversion differed between bonobos and chimpanzees. Specifically, unlike
chimpanzees, for whom Extraversion is defined by traits related to gregariousness, activity, and affect (Weiss et
al., 2009, Weiss and King, 2015, Weiss et al., 2007, Weiss et al., 2015, King et al., 2008), the bonobo variant of
Extraversion is defined by only a few traits related to social integration and affect (Weiss et al., 2015). Nonetheless,
the sex differences in bonobos are consistent with the strength of social relationships in male and female bonobos,
where male social bonds are relatively weak while relationships among females and between females and their
adult sons are strong (Kano, 1992, Parish, 1996, Hohmann and Fruth, 2002, Stumpf, 2007, Stevens et al., 2015).
One previous study reported that bonobo males behaved more extraverted than females (Schroepfer-Walker et
al., 2015), however, the behavior recorded in this study was directed towards a human experimenter and not
conspecifics. Furthermore, behavior towards caretakers or experimenters was not included in our study. As
chimpanzees who are more extraverted attend more often to other chimpanzees than to humans(Pederson et al.,

2005), and chimpanzees that had high levels of early human exposure scored lower on Extraversion (Freeman et
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al., 2016), these seemingly contradictory findings may, in fact, be consistent with the present findings. Further
work that contrasts the association between Extraversion in bonobo- and human-directed interactions is needed

to test this possibility.

For Conscientiousness, significant negative associations were found for frequencies of grooming given and
received, for which the interpretation is more difficult. Individuals high on Conscientiousness are more gentle and
predictable and less manipulative, impulsive, and bullying. As grooming-exchanges serve an important function in
bonobo society for the formation and maintenance of social bonds (Vervaecke et al., 2000b, Sakamaki, 2013,
Surbeck and Hohmann, 2015, Stevens et al., 2015), Conscientiousness may be negatively related to being more
strategic. In humans and chimpanzees, age-related increases in Conscientiousness are reported (King et al., 2008,
Mc Crae et al., 2000). In bonobos, age differences were seemingly absent. However, this may reflect the fact that
Conscientiousness in bonobos is comprised of only one aspect of that dimension in chimpanzees with the other
aspect being relegated to the bonobo Attentiveness dimension (Weiss et al., 2015). As such, these findings do not

necessarily imply low levels of comparative validity.

For Agreeableness and Attentiveness there was little support for validity. Both factors showed few associations
with behavioral variables, age or sex. In humans and chimpanzees age-related increases have been documented
for Agreeableness (King et al.,, 2008, Mc Crae et al., 2000), which were not present in bonobos. Also, after
Bonferroni correction, Agreeableness was not significantly correlated with coded behaviors. Because an
Attentiveness factor was not identified in chimpanzees or humans, we were unable to make a priori assumptions
about age and sex effects for this dimension. Based on the item loadings, this dimension may reflect how vigilant
individuals are to social and non-social cues in their environment. A similar dimension was related to focus during
cognitive tasks in brown capuchin monkeys (Morton et al., 2013). Thus, the absence of significant correlations here
and elsewhere may reflect shortcomings of the ethogram used in this study, and further development of the

ethogram could reveal significant correlations between these dimensions and behaviors.

Developing valid measures of great ape personality is an important step in learning more about the evolutionary
bases and functions of individual differences in personality. The present findings suggest that these dimensions
derived from ratings are a promising beginning for studies focusing on how personality profiles influence fitness, or
how personality variation is related to proximate mechanisms like candidate gene variation, not only in bonobos,
but also in their close relatives, the chimpanzees and humans (Staes et al. 2014, Staes et al., 2015, Staes et al,, in

prep).
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