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"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.  

Observations in recent years clearly show  

that the groups at Wamba differ greatly in  

social structure and these group personalities  

are probably rooted in differences in the 

personalities of the members of each group.  

In the ongoing research, then, there is a great 

need to focus our attention on personality" 

 

The last ape - pygmy chimpanzee behavior and 

ecology - Kano 1992 
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CHAPTER 1 

General Introduction 
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Introduction to the genetic basis of Pan personality 

In this PhD I endeavored to implement the challenging marriage of three 

major research fields in the study of animal personality: Personality 

psychology, behavioral ecology and quantitative behavioral genetics. In 

the first part of the introduction, I describe the different approaches in 

the study of personality that psychologists and behavioral ecologists have 

used to measure personality, and the attempts that have been made to 

bridge these fields. In the second part I discuss the role of genetic 

variation as a proximate mechanism shaping personality. In the third and 

final part, I focus on why bonobos and chimpanzees are appealing study 

species for research on personality and its underlying mechanisms.  

Personality: definitions and dimensions 

Human personality research is a wide ranging research discipline that 

dates back to the late 19th century. It is claimed to have originated in the 

work of Sir Francis Galton (1884): “Measurement of Character”. He made 

the first attempts to list adjectives that describe individual characteristics 

of personality. Later, in 1932, it was suggested that personality may be 

broadly analyzed into five distinguishable factors, each of the factors 

being highly complex and comprising many variables (McDougal 1932). 

This suggestion provided a base for half a century of work that resulted in 

the organization of human personality into a coherent structure, that is 

now known as the Big Five (Digman 1990; Goldberg 1990; John & 

Srivastava 1999: see box 1). Although “Person” is the root word of 

personality, this concept is no longer limited to humans but now refers to 

the unique combination of behavioral traits that define a specific 

individual, which is also applicable to nonhuman animals. Initially, some 

of psychology’s most respected pioneers, such as Pavlov, Yerkes and 

Hebb started examining animal personality as models to study human 

personality (Pavlov 1906; Yerkes 1940; Pavlov 1941; Hebb & Thompson 

1954; Gosling 2001; Réale et al. 2007).  
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The popularity of the animal personality concept is reflected in the 

increasing importance of the topic in the field of behavioral ecology over 

the past ten years. Animal personality dimensions have now been 

documented in a wide variety of species ranging from insects to primates 

(Gosling & John 1999; Gosling 2001; Carere & Eens 2005; Gosling 2008; 

Sih & Bell 2008; Freeman & Gosling 2010; Gartner & Powell 2012), which 

underlines its importance and early evolution in the animal kingdom. 

Studying animal personality is particularly useful for tackling questions 

that are more difficult to answer when studying just humans. It allows for 

greater experimental control, so that biological or environmental factors 

can be manipulated and their effects on personality can be measured. It 

also creates opportunities for naturalistic observation and a reduced cost 

and time of longitudinal studies because of the shorter lifespan of many 

animal species, depending on the life history traits of the animal species 

under study. In general, animal personality research offers an interesting 

framework to study both biological and environmental bases of 

personality and how they interact (Bell 2007; Gosling & Olson 2008; 

Gosling & Mehta 2013).  

Box 1.     The Big Five as a grand unified theory for human personality  

Openness vs closedness to experience: reflects the degree of intellectual 
curiosity, creativity and a preference for novelty and variety 
Conscientiousness vs lack of direction: reflects the degree of organization and 
dependability, self-discipline and preference for planned over spontaneous 
behavior  
Extraversion vs introversion: reflects the degree of positivity, surgency, 
assertiveness, sociability and preference for company of others  
Agreeableness vs antagonism: reflects the degree of friendly, helpful and 
trusting behavior towards others compared to antagonistic and suspicious 
behavior 
Neuroticism vs emotional stability: reflects the degree of stress sensitivity, 
anger, anxiety and impulsivity compared to emotionally stable individuals 
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Defining personality  

The struggle to converge the different fields of research that are now 

studying personality is reflected in the terminology and definitions of the 

concept found throughout personality literature. There is not one specific 

definition for the term personality that would satisfy both animal and 

human personality researchers (Box 2). However, there is consensus on a 

broad concept, where personality is defined as inter-individual 

differences in behavior that are consistent across time and situations 

(Pervin & John 1997; Koolhaas et al. 1999; Réale et al. 2007).  

Temperament and coping style are terms that were initially 

developed in separate literature and appeared to be developed to avoid 

using the word personality for research in animals, as it was associated 

with anthropomorphism (Mehta & Gosling 2008). Nonetheless, the 

meaning of both terms has recently converged with the definition for 

personality indicated above (Stamps & Groothuis 2010). By contrast, the 

term behavioral syndrome is more a statistical term and defines 

correlations between behavioral traits. Based on the definitions above, a 

correlation between personality traits could be considered a behavioral 

syndrome (Bell, 2007; Sih & Bell, 2008). In this PhD I will focus on 

personality. 
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The consistency part of the definition of personality implies that 

individuals, who score higher on a certain behavioral axis relative to other 

individuals, will also tend to score higher on this axis when tested at later 

points in time or across different contexts. Personality is therefore best 

visualized as different behavioral reaction norms for different individuals 

across situations or time (Dingemanse et al. 2010; Nettle & Penke 2010; 

see box 3).  

The resulting personality phenotype depends on a combination of 

intrinsic dispositions that are unique to the individual, which are shaped 

by external factors (Dingemanse et al. 2010; Nettle & Penke 2010). 

Intrinsic dispositions represent the intrinsic properties of an individual 

that are maintained by proximate mechanisms, such as  genetic variation 

(Bouchard & Loehlin 2001; Bailey et al. 2007; Norton & Bally-Cuif 2012) or 

differences in baseline levels of hormones, such as cortisol and 

testosterone (Capitanio et al. 2004; Sellers et al. 2007; Zipser et al. 2013) 

that influence personality. These intrinsic dispositions further interact 

with external factors that have the potential to change across time or 

contexts. These factors could be any set of external stimuli, such as the 

presence of conspecifics, predators, food or abiotic elements such as 

temperature or light availability (Bell & Sih 2007; Biro et al. 2010; Harris 

Box 2.     Animal personality terminology and definitions   
Personality is defined as "consistent differences in behavior among 
individuals from the same species or population, even if they experience the 
same ecological conditions” (Pervin & John 1997; Nettle & Penke 2010). 

Temperament is defined as "behavioral styles or tendencies rather than 
discrete behavioral acts, that show continuity over time” (Clarke & Boinski 
1995) and later also as “the idea that individual behavioral differences are 
repeatable over time and across situations” (Réale et al. 2007). 

Coping style is defined as "a coherent set of behavioral and physiological 
stress responses which is consistent over time" (Koolhaas et al. 1999). 

Behavioral syndrome is defined as "a suite of correlated behaviors reflecting 
between-individual consistency in behavior across multiple situations. A 
population or species can exhibit a behavioral syndrome and within the 
syndrome, individuals have a behavioral type." (Sih et al. 2004; Bell 2007).  
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Personality can therefore be represented as an outcome of 

variation in the intercept (which is the mean of the individual’s 

phenotype) and slope (the individual’s response to environmental 

factors) of the behavioral reaction norm. When behavior is repeatable 

across time or context within the population, the reaction norm curves 

will have similar slopes but the intercepts will differ between individuals. 

Therefore, an individual’s personality will depend on the individual’s 

environment, wherein it operates within the margins of its intrinsic 

dispositions.  

Methods to measure personality  

Despite the popularity of animal personality research in behavioral 

ecology over the past decade (Réale et al. 2010), the field is still relatively 

young and therefore loaded with debates on methodological and 

theoretical issues (Freeman et al. 2011; Koski 2011a; Carter et al. 2013). 

Especially the confusion on how to measure personality traits often leads 

to mislabeling of traits and therefore misinterpreting of results (Uher 

2008b; Carter et al. 2013). Two major approaches are typically used:  The 

biological approach that uses “behavioral codings”, and the psychological 

approach that uses “observer trait ratings” (Vazire et al. 2007; Brosnan et 

al. 2009; Nettle & Penke 2010; Freeman et al. 2011; Koski 2011a). 

Although both rating and coding are currently being used in animal 

personality research, both approaches differ at conceptual, 

methodological and practical levels (Gosling 2001; Uher 2008a; Freeman 

et al. 2011; Koski 2011a). 

Behavioral codings are the most commonly used methodology in 

animal personality research, and is commonly practiced by behavioral 

biologists (Gosling 2001; Freeman et al. 2011). Data are collected by close 

observation and recording of animal behaviors, typically in terms of 

behavioral frequencies or durations. Behavioral codings can be collected 

in either a naturalistic or experimental context. The naturalistic context 

implies that behaviors are coded based on how the individual behave in 

in their day to day environment, without intervention of the researcher 

(Anestis 2005; Freeman & Gosling 2010; Anestis 2011; Freeman et al. 
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2011; Koski 2011a). In the experimental context, individuals are exposed 

to external stimuli to provoke behaviors that are more difficult to observe 

in a naturalistic context (Bard & Gardner 1996; Capitanio 1999; Freeman 

et al. 2011). Experimental set-ups using novel objects or predators have 

been successfully used to assess traits like Novelty Seeking and Boldness 

in a variety of species (Powell & Svoke 2008; Carter et al. 2012b; Massen 

et al. 2013; Andersson et al. 2014; Baker et al. 2015).  

Originally, the use of behavioral observations in animal personality 

research was applied to study single behavioral dimensions, like boldness 

(Brown et al. 2005) and aggression (Petit et al. 1997). Recently however, 

they are increasingly applied to identify multidimensional personality 

constructs (Watson & Ward 1996; Uetake et al. 2004; Konečná et al. 

2008; Powell & Svoke 2008; Koski 2011b; Gartner & Powell 2012; Massen 

et al. 2013). To reduce the number of behavioral variables, they are 

subjected to factor analysis, which clusters them together into larger 

dimensions based on the correlations between the variables (Anestis 

2005; Pederson et al. 2005; Rouff et al. 2005; Fox & Millam 2010; Carter 

et al. 2012a; Freeman et al. 2013).  

Observer trait ratings are less commonly used in animal personality 

research, and rely on people who are familiar with the subjects to have 

them rate the individuals on a set of predefined adjectives (such as 

“curious” or “friendly”) (Gosling & John 1999; Gosling 2001; Uher & 

Asendorpf 2008; Freeman et al. 2011). Adjectives are then reduced into 

larger dimensions by use of factor analysis and often these dimensions 

are then compared to the dimensions found in humans (the Big Five) (but 

see Koski 2014). This approach is adopted by comparative personality 

psychologists, who through comparison of human and animal personality 

aim to describe neurophysiological mechanisms and evolutionary history 

of differences in structure (King & Figueredo 1997; Gosling & Vazire 2002; 

King et al. 2005a; King et al. 2008; King & Weiss 2011; Weiss et al. 2011; 

Weiss & King 2015). Trait ratings are commonly used in a cumulative 

observation context. This context depends on the experience of raters 

with their subjects, as they judge their adjective scores based on their 
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total experience with the individual, across time and context (King & 

Figueredo 1997; Martin 2005; Weiss et al. 2006; Freeman et al. 2011).  

The trait rating approach was at first perceived as too subjective and 

even anthropomorphic by behavioral biologists, but is now considered by 

several authors to reflect real personality constructs as long as certain 

criteria have been fulfilled (Gosling & Vazire 2002; Vazire et al. 2007; 

Weiss et al. 2012) (see 1.3 Test Validity). Ratings have to be consistent 

across different raters and across time and context (Capitanio 1999; 

Dutton 2008; King et al. 2008; Weiss et al. 2011; Konečná et al. 2012). 

Rated dimensions should also show associations with observed behaviors 

(Pederson et al. 2005; Kuhar et al. 2006; Konečná et al. 2008; Murray 

2011; Freeman et al. 2013; Morton et al. 2013a; Schaefer & Steklis 2014; 

Baker et al. 2015; Eckardt et al. 2015) and physiological characteristics 

and health (Capitanio et al. 2004; Blatchley & Hopkins 2010; Jin et al. 

2013; Weiss et al. 2013; Latzman et al. 2015). Furthermore, codings are 

not necessarily free from subjectivity either, and the importance of a 

clear ethogram and inter-observer reliability testing is often neglected 

(Kaufman & Rosenthal 2009). The debate on methodological issues of 

both approaches has resulted in the development of different tests to 

determine validity of the resulting personality models.  

Tests for validity of personality assessments 

Inter-observer reliability 

The first criterion to validate personality models is that independent 

measures must agree between different raters or observers. For ratings 

this can be achieved by comparing adjective ratings of the same 

individual between different raters. Gosling (2001) reviewed consistency 

across raters in animal personality research and found an inter-rater 

agreement correlation of 0.52, which is similar to the human personality 

studies (Funder et al. 1995; McCrae, 1982). Rating reliabilities typically 

depend on how long the raters are acquainted with the subjects, the age 

or developmental stage of the individual that is rated, the species and 

interactions between these parameters (Gosling 2001; Highfill et al. 
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2010). For behavioral codings, inter-observer reliability is required when 

several observers are collecting behavioral data that will be analyzed for 

the same project. It is important that observers receive proper training 

and a clear ethogram so that behaviors are recognized and coded 

correctly. Unfortunately, measures for inter-observer reliability are often 

missing in animal behavior research (Kaufman & Rosenthal 2009).  

Consistency over time and context 

The second criterion of personality model validity refers to the definition 

of personality, which states that personality should be consistent over 

time and context. This means that individual measurements of a certain 

trait can be reproduced when measured again at a different time or in a 

different context. Test-retest reliability is typically measured using intra-

class correlations of adjectives or behaviors when rated or observed in 

two consecutive years (=temporal stability) or between different 

experiments (=context stability). This test statistic is rarely reported in 

personality literature based on ratings, as many studies assessed 

personality of their animals only once (Freeman & Gosling 2010), 

although exceptions are found (Uher et al. 2008; Fox & Millam 2010; 

Konečná et al. 2012; Baker et al. 2015). In personality studies using 

behavioral codings, repeatability of the behavioral variables is considered 

an indispensable requirement (Bell et al. 2009; Koski 2011b; Massen et al. 

2013). 

Construct validity  

The third criterion to validate personality models is only applicable to 

rated personality traits, and says that rated personality dimensions 

should correlate with observed behavior. This is usually done by linking 

rated traits (such as “Aggressiveness”) to single behavioral instances 

(such as “number of bites”). Dimensions are deemed valid when they 

predict coded single behaviors or behavioral dimensions that are 

expected to be associated. This method is commonly used in animal 

personality research, for example in cockatiels (Nymphicus hollandicus), 

rated “Affiliativeness” scores correlated with observed “Sociability” 

scores (Fox & Millam 2010) and in hanuman langurs (Semnopithecus 
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entellus) rated “Confidence” scores were positively correlated with 

observed “Dominance” scores (Konečná et al. 2008).   

Comparative validity 

One final method to assess validity of personality is referred to as 

comparative validity (Mehta & Gosling 2008; Roberts et al. 2008). 

Comparative validity is based on associations of personality dimensions 

with expected species-specific sex and age differences based on our 

knowledge of other species or the ecology and social structure of the 

study species. Personality is for example known to slightly change over 

the development of an individual due to aging and experience. As these 

changes are for example highly similar in humans and chimpanzees (King 

et al. 2008), we expect them to be similar in bonobos as well.  

Cross species comparisons of personality dimensions   

As mentioned briefly in 1.2, animal personality dimensions derived from 

ratings are often compared to the human Big Five personality model, in 

an attempt to identify its evolutionary origin (Goldberg 1990; Gosling & 

John 1999; Mc Crae & Costa 1999). Depending on differences in ecology 

and the phylogenetic distance between the study species, variations are 

found in the number and composition of dimensions. Extraversion, 

Neuroticism and Agreeableness show the strongest cross-species 

generality, followed by Openness (Gosling & John 1999). Not 

unexpectedly, primate species, especially great apes, show the highest 

similarity in personality construct when compared to humans. In 

chimpanzees, a model was found with five factors very similar to the 

human model with addition of Dominance, a sixth chimpanzee specific 

domain (King & Figueredo 1997). Similar models, but with fewer 

dimensions have been described in orangutans (Pongo abelii and Pongo 

pygmaeus (Weiss et al. 2006)), gorillas (Gorilla beringei (Eckardt et al. 

2015)), langurs (Semnopithecus entellus (Konečná et al. 2008)), macaques 

(Macaca mulatta (Weiss et al. 2011), Macaca sylvanus (Konečná et al. 

2012; Baker et al. 2015), Macaca silenus (Rouff et al. 2005) and Macaca 

nigra (Neumann et al. 2013; Baker et al. 2015)), chacma baboons (Papio 

hamadryas ursinus (Seyfarth et al. 2012)), squirrel monkeys (Saimiri 
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sciureus (Baker et al. 2015)) and capuchin monkeys (Sapajus apella 

(Morton et al. 2013a)).  

In behavioral ecology, cross-species comparisons of coded 

behavioral dimensions are more commonly used to assess hypothesis-

driven research on evolutionary mechanisms behind personality. In this 

field of research, consistent individual differences in behavior within a 

species initially posed a challenge, as based on optimization theory, 

behavioral variation should be centered upon a single adaptive optimum, 

or on several co-existing evolutionary stable strategies. Therefore 

consistent individual behavioral differences have long been neglected as 

being biologically meaningful, and were interpreted as measurement 

error or non-adaptive variation around an adaptive mean (Wilson 1998; 

Groothuis & Carere 2005). This view has changed and behavioral 

ecologists are now considering several mechanisms that could explain 

consistent variation in behavior, such as frequency dependent selection, 

mutation-selection balance, spatiotemporal variation in environmental 

factors and trade-offs between alternative strategies (Dall et al. 2004; Sih 

et al. 2004; Dingemanse & Reale 2005; Wolf et al. 2007; Sih & Bell 2008; 

Dingemanse & Wolf 2010; Schuett et al. 2010; Wolf & Weissing 2012). 

 Very few attempts have been made to compare rated 

multidimensional personality models with similar models derived from 

codings for the same species. This was initially due to the lack of 

comparability of personality dimensions resulting from both methods, but 

recently more efforts are made to construct multidimensional coded 

personality models that should allow better comparison (Koski 2011a, b).  

Nonetheless, studies that do compare rated and coded dimensions 

usually conclude that both methods should be used if possible as they 

measure different aspects of personality (Pederson et al. 2005; Carter et 

al. 2012a). Including more proximate measures of personality may gain 

better insight into the comparison of dimensions resulting from both 

approaches.  
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Behavioral genetics as a proximate mechanism for 

personality 

Recent progress in genetic and genomic techniques has led to explosive 

advances in answering fundamental questions for the study of personality 

(van Oers & Mueller 2010; Brent & Melin 2014). For example, how 

personality variation in populations is generated, and how it is 

subsequently maintained by selection. In order for selection to act on 

personality, personality traits have to have a heritable genetic basis (van 

Oers & Sinn 2013). This means that a substantial proportion of the 

variation in personality traits among individuals of the same population is 

caused purely by genetic factors, in contrast to non-genetic aspects like 

environmental factors or random chance. Heritability of personality 

dimensions has been established in a variety of animal taxa and species 

such as squid (Euprymna tasmanica) (Sinn et al. 2006), swifts (Apus 

melba) (Bize et al. 2012), squirrels (Tamiasciurus hudsonicus) (Taylor et al. 

2012), marmots (Marmota flaviventris) (Petelle et al. 2015), rhesus 

macaques (Macaca mulatta) (Brent et al. 2014), chimpanzees (Pan 

troglodytes) (Weiss et al. 2000) and orangutans (Pongo abelii & Pongo 

pygmaeus) (Adams et al. 2012). 

Identifying what exact combination of genes is shaping personality, is 

a more difficult question to tackle, but over the past decade several 

attempts have been made using different approaches (Murphy et al. 

2001; Flint & Willis-Owen 2010; Munafo & Flint 2011; van Oers & Sinn 

2013). A bottom-up approach can be used, where the effect of variation 

in several to hundreds of genes on variation in phenotypic traits of 

interest is tested. This approach struggles with identifying clear gene-

behavior links, most likely due to the small effect sizes of different loci 

that contribute to variation in personality traits (Munafo & Flint 2011). In 

line with this, large sample sizes are a first requirement to reach 

statistical significance when including hundreds or thousands of loci at 

once. However, this limits the number of study species, as for example for 

great apes, the available sample sizes are often modest (Bradley & Lawler 
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2011). Therefore a second, top-down approach is of interest for 

primatologists, where information from other species or behaviors is used 

to test the hypothesis of interest, by focusing on candidate gene 

polymorphisms (Flint & Willis-Owen 2010; Inoue-Murayama et al. 2011).  

The quest for the Holy Grail: The candidate gene approach 

Candidate gene approaches to study personality have been used across a 

variety of taxa like birds (Fidler et al. 2007; Abe et al. 2012; Mueller et al. 

2013), horses (Momozawa et al. 2005), rodents (Young & Hammock 

2007), dogs (Hejjas et al. 2007; Inoue-Murayama 2009) and primates, 

including humans (Bouchard & Loehlin 2001; Barr et al. 2004; Ebstein 

2006; Bailey et al. 2007; Donaldson et al. 2008; Hong et al. 2009; Inoue-

Murayama 2009; Babb et al. 2010; Bradley & Lawler 2011). Primatologists 

initially studied genetic variation across species to explain the emergence 

of different social systems or personality traits, without linking the allelic 

variation to actual measured individual behaviors (Inoue-Murayama et al. 

2000; Inoue-Murayama et al. 2002; Inoue-Murayama et al. 2006; Hong et 

al. 2007; Donaldson et al. 2008; Inoue-Murayama et al. 2008; Rosso et al. 

2008; Hong et al. 2009; Babb et al. 2010).  

Recently, more studies linking candidate genes with actual individual 

differences in personality have been published. In rhesus macaques 

(Macaca mulatta), playfulness and aggressiveness are influenced by 

length variations in the serotonin transporter gene (5-HTTLPR) (Barr et al., 

2004) and MAOA gene (Newman et al., 2005). In vervet monkeys 

(Chlorocebus aethiops), an association between novelty seeking and the 

dopamine D4 receptor gene (DRD4) has been identified (Bailey et al., 

2007), and in chimpanzees (Pan troglodytes), neuroticism is associated 

with variation in the TPH2 gene (Hong et al., 2011). In this study we focus 

on two genes that have been shown to contribute to individual 

differences in social personality traits in a variety of mammalian species 

ranging from rodents to humans: the genes coding for the receptors for 

oxytocin (OXTR) and vasopressin (Avpr1a). 
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Oxytocin and vasopressin  

Oxytocin (OT) and vasopressin (AVP) are two neuropeptides known to 

play a significant role in social behavior, and this role has been studied 

intensively the last ten years in a variety of species. They are often 

referred to as sister peptides because they differ in structure by only two 

amino acids (Stoop et al. 2015). Both neuropeptides are synthesized 

primarily in the central nervous system, although smaller amounts of 

these peptides are produced in other tissues. Central production of OT 

and AVP is located in separate populations of parvo-and magnocellular 

neurons in the paraventricual nucleus (PVN), the supraoptic nucleus 

(SON) and accessory nuclei (AN) and suprachiasmatic nucleus of the 

hypothalamus (Stoop et al. 2015). From there AVP and OT are 

transported into the pituitary and stored or released into the systemic 

circulation or within synapses in the brain, where they can affect their 

receptors in brain regions some distance from their cells of origin 

(Brownstein et al. 1980; Young & Gainer 2003).  

OT and AVP signal through four different receptors, three of them 

are AVP receptors (Avpr1a, Avpr1b and Avpr2) and one is an OT receptor 

(OXTR), that also exhibits affinity for AVP (Stoop et al. 2015). Receptor 

types OXTR and Avpr1a are most abundantly expressed in the brain and 

are therefore studied the most in behavioral association studies (Caldwell 

et al. 2008; Stevenson & Caldwell 2012; Stoop et al. 2015). Although AVP 

and OT pathways are present in a variety of taxa, and are therefore 

relatively evolutionarily conserved in structure and expression 

(Donaldson & Young 2008), there are small variations in the genes coding 

for Avpr1a and OXTR that cause species-specific and individual behavioral 

variation (Hammock & Young 2005b; Sala et al. 2013). The mechanism 

underlying the association of behavioral differences with variation in 

these two genes has primarily been studied in rodents. By incorporating 

the 5’ promoter region of Avpr1a from vole species into the Avpr1a gene 

of mice, Donaldson and Young (2013) have shown that the length of this 

promoter region partly determines Avpr1a distribution patterns in the 

brain (see box 4). Use of transcription predictor assays suggests this might 
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be due to alterations of gene expression in these different brain regions 

(Young & Wang 2004). As the length of this promoter region is highly 

variable, differences in receptor distribution patterns in the brain are 

found within (Hammock et al. 2005; Hammock & Young 2005a; Ophir et 

al. 2008), but also between different vole species (Young et al. 1999a). 

Similar species specific differences in receptor distribution patterns have 

also been found for OXTR variations (Insel & Shapiro 1992).  

 

 

Box 4. Influence of genetic 

polymorphisms on gene expression 
levels, brain activation, and social 
behavior (Figures adapted from 
Donaldson & Young 2008). 
A. In voles, Avpr1a microsatellite length 
variations are associated with 
differences in Avpr1a receptor 
distribution patterns (Hammock & 
Young 2005b). B.  Allele length in an 
analogous microsatellite polymorphism 
in human Avpr1a predicts Avpr1a RNA 
expression in the hippocampus, with 
longer alleles showing higher levels of 
expression (Israel et al. 2008) and 
higher amygdala activation (Meyer-
Lindenberg et al. 2009). 

Studies on the social effects related to these different brain receptor 

patterns have shown that individuals with longer Avpr1a alleles showed 

increased levels of social behavior, specifically in parental care and a 

more definitive partner preference (Hammock et al. 2005; Hammock & 

Young 2005a). Based on these results in rodents, it was later suggested 

that the effect of variation in specific candidate genes might affect a 

wider variety of species, including primates (Hammock & Young 2005a; 

Fink et al. 2007), although interpretation of genotype-phenotype 

associations is more complicated due to the higher complexity of primate 

social systems compared to those found in voles (Dunbar & Shultz 2010). 

Nonetheless, studies in humans have also found promising associations 

for these two genes with personality and will be discussed in part 3.2, 

with their relevance for repeating them in bonobos and chimpanzees.  
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Bonobos and chimpanzees as study species 

In terms of studying the evolution of human personality, our two closest 

living relatives, chimpanzees (Pan troglodytes or P. t.) and bonobos (Pan 

paniscus or P. p.) offer an interesting comparative framework. Bonobos 

and chimpanzees are two sister-species, both belonging to the family of 

Hominidae, to which also humans belong, together with gorillas and 

orangutans. The common ancestor of bonobos and chimpanzees 

separated from the hominoid line approximately 5 million years ago, and 

from each other as recently as 0.8 to 2.5 million years ago (Won & Hey 

2005; Hey 2010; Prado-Martinez et al. 2013) (see box 5).  

 

Box 5. Tree showing divergence 
times of human and ape species 
belonging to the family of 
Hominidae. Approximate dates 
of divergences are given for, 
from left to right, orangutan, 
gorilla, human, chimpanzee and 
bonobo. This figure nicely 
reflects the close phylogenetic 
relatedness of chimpanzees, 
bonobos and humans, which 
makes them interesting study 
species to identify the 
evolutionary origin of human 
traits (Figure from Paabo 2013). 

Despite this close phylogenetic relatedness, differences between the 

two species in morphology, behavior and personality have been 

described ever since bonobos were discovered in 1929 (Coolidge 1933; 

Boesch et al. 2002a; Stumpf 2007). In the early 1920’s, Robert Yerkes 

discussed differences in morphology, behavior and personality between 

the two species (Yerkes & Learned 1925; Coolidge 1933; Yerkes 1939). 

Although initially most researchers continued highlighting differences 

between the two species (Nishida & Hiraiwa-Hasegawa 1987; de Waal 

1989), researchers now find also continuity in behavior (Stanford 1998; 

Fruth et al. 1999; Boesch et al. 2002a; Stumpf 2007; Jaeggi et al. 2010; 

Cronin et al. 2015).  
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The two species are geographically separated by the Congo river in 

Central Africa. North of the river is the range of the common chimpanzee, 

with its distribution ranging from the West African coast to East-Africa’s 

Lake Tanganyika. Common chimpanzees are further divided into four 

living subspecies: Western chimpanzees (P.t. verus), Nigerian-

Cameroonian chimpanzees (P.t. ellioti), Central chimpanzees (P.t. 

troglodytes) and Eastern chimpanzees (P.t. schweinfurthii). South of the 

Congo, in the Congo basin, lies the range of bonobos (Kano 1992) (Box 6). 

It is suggested that because of this geographic isolation, the two species 

evolved independently throughout time, leading to the development of 

species-specific social systems (Furuichi 2009).  

 

Box 6. Map showing the distribution of bonobos and chimpanzee subspecies 
throughout Africa.  
(Source: http://www.janegoodall.ca/about-chimp-range-habitat.php) 

 

Bonobo chimpanzee behavioral dichotomy and personality 

Despite the rather large number of personality studies done in 

chimpanzees (Yerkes 1939; Buirski et al. 1978; Dutton et al. 1997; King & 

Figueredo 1997; Weiss et al. 2000; Weiss et al. 2002; Anestis 2005; King 

et al. 2005a; Martin 2005; Pederson et al. 2005; Anestis et al. 2006; Weiss 

et al. 2007; Dutton 2008; King et al. 2008; Weiss et al. 2009; Blatchley & 

Hopkins 2010; Koski 2011b; Herrelko et al. 2012; Hopkins et al. 2012; 

Freeman et al. 2013; Massen et al. 2013; Latzman et al. 2014; Massen & 

http://www.janegoodall.ca/about-chimp-range-habitat.php
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Koski 2014; Latzman et al. 2015; Weiss & King 2015), very few studies 

have focused on bonobos, and those that did, used very small sample 

sizes of only a few individuals (Uher & Asendorpf 2008; Uher et al. 2008; 

Murray 2011). Because bonobos, together with chimpanzees, are 

humans’ closest living relatives (Prüfer et al. 2012), this lack of data on 

large samples for bonobo personality is problematic when seeking to 

increase our understanding of the evolution of human personality 

(Wrangham & Pilbeam 2001; Hare 2009). Comparing human personality 

dimensions and their development with personality dimensions across 

closely related great ape species could indicate whether dimensions are 

old and phylogenetically conserved or whether they evolved in humans 

more recently. Personality traits like Conscientiousness, Agreeableness 

and Extraversion are conserved in both humans and chimpanzees and 

show similar developmental changes across age (McCrae et al. 1999; 

Costa et al. 2001; King et al. 2008; Weisberg et al. 2011; Weiss & King 

2015). We therefore expect them to be similar in bonobos.  

Furthermore, studying personality in bonobos has the advantage 

that we can make predictions to assess validity of resulting personality 

dimensions as bonobos and chimpanzees differ in key aspects of their 

social organization and behavior, which is likely reflected in differences in 

their personality. Bonobos, like chimpanzees, live in fission-fusion 

societies where females are the dispersing sex (Nishida 1972; Goodall 

1986; Furuichi 1989; Kano 1992; Boesch & Boesch-Acherman 2000; 

Stumpf 2007; Furuichi 2011). Different from chimpanzees however, 

where males are dominant over females (Goodall 1986; Boesch & Boesch-

Acherman 2000), in bonobos there is partial female dominance, meaning 

that females dominate males, but not all females inherently rank above 

all males (Furuichi 1997; Vervaecke et al. 2000a; Stevens et al. 2007). In 

bonobos, unrelated adult females within a group form stable and high 

value relationships (Furuichi 2011; Stevens et al. 2015) that are 

maintained by same-sex socio-sexual interactions (de Waal 1987; de Waal 

1995; Hohmann & Fruth 2000; Clay & de Waal 2015). On the other hand, 

bonobo males within a community are often related to one another but 
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show little bonding or support (Kano 1992; White 1996). In contrast, in 

chimpanzees, males form long-lasting, strong and equitable bonds and 

show high levels of aggression and competition, both within and between 

communities (Goodall 1986; Nishida & Hosaka 1996; Boesch & Boesch-

Acherman 2000; Gilby & Wrangham 2008; Mitani 2009a). Female 

chimpanzees live rather solitary compared to bonobo females, and are 

more likely to range alone or in small parties with other females than in 

mixed parties with males, especially during non-estrous periods (Kuroda 

1979; Goodall 1986; Furuichi 1989; Kano 1992; Boesch & Boesch-

Acherman 2000; Lehmann & Boesch 2008; Langergraber et al. 2009; but 

see below for discussion on inter-and intraspecies dichotomy versus 

continuity).  

These sex differences in sociality are known to be reflected in sex 

differences in personality traits in chimpanzees. Chimpanzee males score 

for example higher on personality dimensions like Positive Affect and 

Equitability, which have loadings for behavioral variables related to social 

bonding (Koski 2011b). Male chimpanzees also score higher on Anxiety, 

which is believed to reflect the stressors of their male-dominated society 

(Koski 2011b). Male chimpanzees also consistently score higher than 

females on “Dominance”, a rated personality trait with high loadings of 

adjectives such as dominant, independent and bullying (Weiss et al. 2007; 

King et al. 2008; Weiss & King 2015) and lower on “Conscientiousness”, a 

dimension with negative loadings for aggressive and impulsive (Weiss et 

al. 2007; King et al. 2008; Weiss & King 2015). Based on our knowledge of 

differences in social organization between bonobos and chimpanzees, we 

expect the sex effects on these personality dimensions to be reversed in 

bonobos. For example, if a “Dominance” factor is found in bonobos, we 

expect female bonobos to score higher compared to males.  

Small-scale studies focusing on single personality dimensions in 

bonobos and chimpanzees have described interspecies differences that 

are speculated to have arisen based on differences in ecology of the two 

species. Bonobos are for example known to prefer the safe feeding 

option in an experimental context, whereas chimpanzees often prefer the 
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more risky option that has a larger reward (Heilbronner et al. 2008; Rosati 

& Hare 2012). This difference between the two species can then be 

traced back to differences in their ecology, as bonobos have more stable 

habitats with higher food availability throughout the year (Kano 1992). 

Bonobos are also more novelty aversive than chimpanzees are (Herrmann 

et al. 2011) and have a more passive coping style (Wobber et al. 2010a). 

Furthermore, bonobos outperform others on tasks related to theory of 

mind, such as gaze following (Herrmann et al. 2010) and social sensitivity 

(Kano & Call 2014). Finally, bonobos are said to show higher social 

tolerance which is reflected in their more peaceful intercommunity 

encounters (Idani 1990; Kano 1992) and increased levels of food sharing 

behavior (Hare et al. 2007; Wobber et al. 2010b).  

However, many of the above mentioned interspecies differences in 

behavior and personality are recently under debate and some studies 

suggest more continuity in the two species, with results from bonobo 

studies sometimes falling in the range of chimpanzee studies (Stanford 

1998; Boesch et al. 2002b; Lehmann & Boesch 2005; Lehmann & Boesch 

2008; Jaeggi et al. 2010; Cronin et al. 2015). Studies have for example 

shown that intraspecific variation in intersexual bonding patterns in both 

bonobos and chimpanzees are less clear than previously described (White 

1996; Boesch & Boesch-Acherman 2000; Boesch et al. 2002b; Hohmann & 

Fruth 2003a). Bonding patterns in Western chimpanzees are also said to 

more closely resemble the bonobo pattern of intersexual bonding 

(Boesch & Boesch-Acherman 2000; Lehmann & Boesch 2005; Gomes & 

Boesch 2009), while Eastern chimpanzees show variation in the strength 

of both intra-and intersexual social bonds (Gilby et al. 2010; Newton-

Fisher et al. 2010; Langergraber et al. 2013; Machanda et al. 2013). 

Interspecies differences in levels of social tolerance in a foodsharing 

context are also currently under debate as large intergroup differences 

are found in bonobos (Jaeggi et al. 2010; Cronin et al. 2015). Therefore a 

large scale study focusing on bonobo and chimpanzee personality may 

provide further insight into the debate surrounding the distinctiveness of 

these two species.  
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Neurobiological mechanisms shaping Pan personality 

Because of their close genetic relatedness with humans, studying 

bonobos and chimpanzees is particularly interesting when we want to 

learn more about the evolution of human personality traits (Wrangham & 

Pilbeam 2001). When traits are found in all three species, it is likely that 

they evolved before the split of humans and a Pan ancestor. However, 

when a trait is found uniquely in one of the three species, for example 

chimpanzees, this may indicate that this trait is derived and evolutionary 

more recent, having evolved in chimpanzees after the divergence of 

chimpanzees and bonobos. Another option could however also be that 

the trait has evolved in both humans and bonobos separately, making the 

current chimpanzee specific trait the ancestral one.  

Although both bonobos and chimpanzees have more than 98% of 

their genome in common with humans (Prufer et al. 2012), some studies 

suggest higher levels of similarity between bonobos and humans 

compared to chimpanzees and humans, especially when focusing on their 

psychology (Hare 2007; Hare et al. 2007; Herrmann et al. 2011). These 

parallels in psychological traits between humans and bonobos are 

suggested to be reflected in their neurobiology (Hammock & Young 

2005b). Compared to chimpanzees, humans and bonobos show higher 

similarity in the number of microsatellites in the non-coding 5’ region of 

Avpr1a. Humans and bonobos have two microsatellites, RS1 and RS3, 

whereas chimpanzees are polymorphic for the deletion of a ~360 bp 

region called DupB, which includes the RS3 microsatellite (Hammock & 

Young 2005b; Donaldson et al. 2008).   

Even though no studies have been done on behavioral association of 

RS3 in bonobos, studies in humans and chimpanzees suggest large effects 

of the presence and length of the microsatellite on personality and social 

behavior (Bachner-Melman et al. 2005; Knafo et al. 2008; Walum et al. 

2008; Meyer-Lindenberg et al. 2009; Tansey et al. 2011; Hopkins et al. 

2012; Hopkins et al. 2014). In humans, increased microsatellite repeats 

further correlate with increased levels of prosociality (Knafo et al. 2008) 

and stronger amygdala activation to face recognition (Meyer-Lindenberg 
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et al. 2009). Furthermore, longer RS3 alleles are associated with higher 

promoter activity and Avpr1a messenger RNA levels in the hippocampus 

(Knafo et al. 2008; Tansey et al. 2011), suggesting that this microsatellite 

plays a role in gene regulation in humans (Box 4).   

In chimpanzees, the effects of RS3 length variations have never been 

studied, but deletion of DupB has been associated with a reduction in 

social personality traits and social sensitivity. DupB+/- and DupB+/+ 

chimpanzees have a ‘‘smarter’’ social behavioral style compared to 

individuals without DupB alleles, meaning they will use more coalitions, 

receive more grooming and are more likely to initiate play (Anestis et al. 

2014). Males with a DupB allele also show more affiliative behavior 

(Anestis et al. 2014), have a more dominant and conscientious personality 

profile (Hopkins et al. 2012), higher scores on a social cognition task, and 

more responsiveness to socio-communicative cues (Hopkins et al. 2014) 

than DupB-/- males. So far, data on RS3 in bonobos have been based on 

small sample sizes totaling five individuals (Hammock & Young 2005b; 

Donaldson et al. 2008; Rosso et al. 2008). All three studies showed that 

bonobos do not have the deletion of the DupB region, but further testing 

in larger samples is required to make sure that the deletion of DupB is not 

present in bonobos, and to find out if and how RS3 is shaping behavioral 

traits in bonobos.  

Avpr1a is not the only potential candidate gene for explaining 

behavioral similarities and differences in humans, bonobos and 

chimpanzees. A particular single nucleotide polymorphism (SNP) in the 

third intron of the human OXTR (rs53576 A/G) is also an interesting 

candidate for producing known interspecies behavioral differences (Insel 

2010). In humans, carriers of the rs53576 risk allele (A) show a reduction 

in social traits like empathic sensitivity (Bakermans-Kranenburg & van 

Ijzendoorn 2008; Rodrigues et al. 2009; Tost et al. 2010) and prosociality 

(Lucht et al. 2009; Kogan et al. 2011). The underlying mechanism of how 

rs53576 generates behavioral differences is still unknown, but evidence 

has been found for a link with structural neural alterations in key 

oxytocinergic regions (Tost et al. 2010; Wang et al. 2013). Individuals 
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carrying one or two risk alleles (A) show a significant decrease in 

hypothalamus gray matter, an increased volume of the right amygdala 

gray matter in males, an increased structural correlation of the 

hypothalamus and dorsal anterior cingulate cortex (dACG), and an 

increase in structural coupling of hypothalamus and amygdala (Tost et al. 

2010; Wang et al. 2013).  

Interestingly, bonobos and chimpanzees show interspecies 

differences in volume of gray matter of these particular brain regions, and 

in associated white matter pathways connecting them. Compared to 

chimpanzees, bonobos have a larger hypothalamus and right dorsal 

amygdala and a larger pathway connecting the amygdala with the ventral 

anterior cingulate cortex (vACG) (Rilling et al. 2011). These differences in 

brain anatomy are thought to be linked with observed interspecies 

differences in behavior and temperament (see above), including levels of 

empathy and prosociality (Rilling et al. 2011). We therefore hypothesize 

that if bonobos and chimpanzees share the same genetic variation of 

rs53576 (A/G) in OXTR as found in humans, they might differ in 

frequencies of these alleles on a species level.  
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Aims and outline of this study 

This thesis consists of two sections. The first section (chapters two, three 

and four) aims to quantify bonobo personality and relates this to 

chimpanzee personality literature. The second section (chapters five to 

seven) will focus on genetic variation in OXTR and Avpr1a as a proximate 

mechanism for personality variation within and between bonobos and 

chimpanzees.  

Part one: Describing bonobo personality  

To quantify bonobo personality and later compare the results with those 

found for chimpanzees, I use two methods very similar to those used in 

previous chimpanzee studies (Weiss et al. 2007; Weiss et al. 2009; Koski 

2011b; Massen et al. 2013).  

In chapter two I determine bonobo personality based on keeper 

ratings of bonobos using the Hominoid Personality Questionnaire (HPQ) 

based on their cumulative experience with the animals. These ratings 

were then used to determine a multidimensional personality model. I 

investigate how this model relates to the Big Five model found in humans 

(Goldberg 1990) and the six factor model found in chimpanzees, where a 

sixth Dominance factor has been found (King & Figueredo 1997). This is 

the first study to use the HPQ in bonobos, and it allowed me to collect 

data for 154 individuals, approaching ~ 80% of the current captive 

bonobo population, which makes it the largest study done on bonobo 

personality so far. Data were collected again about six years later for a 

subset of 42 individuals to test the stability of these ratings.  

In chapter three I use behavioral codings derived from a naturalistic 

and experimental context and examine sex, age and dominance rank 

associations with the rated dimensions to test validity of the rated 

personality model (King et al. 2008; Baker et al. 2015). Sex and age 

differences were checked for all 154 individuals, while behavioral data 

were collected for 46 individuals across different zoos in Europe in two 

consequent years.  
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In chapter four, behavioral data from a naturalistic and experimental 

context are used to quantify a multilevel personality model. The 

behavioral variables were selected based on two studies done in 

chimpanzees (Koski 2011b; Massen et al. 2013), in order to allow close 

inter-species comparisons of the resulting dimensions. I also compare 

these results to the dimensions derived from the rating approach in 

chapter two. If both methods result in similar dimensions, the resulting 

factors should be comparable in structure.  

Part two: OXTR and Avpr1a as proximate bases for Pan 

personality differences  

Chapter five, the first chapter of the second part, will describe the 

theoretical framework behind the potential for OXTR and Avpr1a 

variation as a proximate mechanism for shaping behavioral differences 

and personality within and between bonobos and chimpanzees. As 

variation in both genes is known to regulate sociability and fear in a 

variety of species, we describe how the two species differ in these genes 

and how this could relate to species specific traits.  

In chapter six I link variation in OXTR and Avpr1a to four previously coded 

personality dimensions in chimpanzees. This is the first study to examine 

OXTR genotypic variation on personality in chimpanzees and the results 

for Avpr1a add to the growing body of evidence that deletion of the DupB 

region in chimpanzees is shaping individual behavior (Hopkins et al. 2012; 

Anestis et al. 2014; Hopkins et al. 2014).  

In chapter seven I investigate whether bonobo personality traits derived 

from chapter two and three are heritable and therefore have a genetic 

basis, and if so, whether Avpr1a genotype is linked to personality 

variation. As this is the first behavioral association study for Avpr1a in 

bonobos, the results of this chapter allow for the first bonobo-

chimpanzee interspecific comparison of Avpr1a effects on personality.  
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Chapter eight, the final chapter, is a general discussion that combines the 

results of the previous chapters and puts them in a larger evolutionary 

framework. Here I will also discuss further avenues of research.  
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Abstract 

To better understand human and chimpanzee personality evolution, we 

obtained trait ratings of personality for 154 captive bonobos (~80% of the 

U.S. and European population). We found factors that we labeled 

Assertiveness, Openness, Extraversion, Agreeableness, Attentiveness, and 

Conscientiousness. The interrater reliabilities and test-retest reliabilities 

for these factors were comparable to those found in humans and other 

species. Using orthogonal targeted Procrustes rotations, we compared 

the bonobo dimensions with those of three samples of captive 

chimpanzees. Overall congruence coefficients indicated a fair degree of 

similarity; at the factor level, there was good evidence for Assertiveness, 

Conscientiousness, Openness, and Agreeableness in the chimpanzee 

samples; evidence for Attentiveness and Extraversion was poor. These 

findings suggest that, as expected given their close phylogenetic 

relationship, bonobo personality structure resembles chimpanzee 

personality structure in some respects. However, divergent evolution, 

perhaps as a result of socioecological differences between bonobos and 

chimpanzees, also appears to have shaped personality structure in these 

species. 
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Introduction 

Studying humans’ closely related nonhuman relatives — the great apes—

helps in understanding the evolution of complex behavioral phenomena. 

One recent application of this approach has been to study the 

organization of personality traits into dimensions (Gosling & Graybeal 

2007), with the goal of identifying which personality dimensions are 

ancestral (i.e., descended from a common ancestor species) and which 

are derived (i.e., recently evolved in response to ecological or social 

challenges faced by a given species). 

Humans and chimpanzees share a common ancestor that lived 

approximately 5 million years ago (Glazko & Nei 2003). A study of 

chimpanzees whose personalities were rated by zoo keepers and 

volunteer research assistants found six personality dimensions (King & 

Figueredo 1997). Dominance, the first dimension identified in that study, 

consisted of traits related to competitive prowess; the remaining five 

dimensions identified in that study resembled the domains of the human 

five-factor model (or Big Five)—extraversion, conscientiousness, 

agreeableness, neuroticism, and openness (Goldberg 1990; Mc Crae & 

Costa 1999). Broadly speaking, most or all of these dimensions have been 

identified in studies of chimpanzees living in environments other than 

zoos (King et al. 2005a; Weiss et al. 2007) and in studies using different 

rating forms (Dutton 2008; Freeman et al. 2011). 

We sought to better understand chimpanzee and human personality 

evolution by assessing personality in bonobos. The common ancestor of 

bonobos and chimpanzees lived about 1 million years ago, and thus 

bonobos share a common ancestor with humans and chimpanzees 

(Glazko & Nei 2003). Bonobos are closely related to chimpanzees and, like 

chimpanzees, live in fission-fusion societies in which females are the 

dispersing sex (Furuichi 2011). Nonetheless, bonobos differ from 

chimpanzees in several key respects. First, compared with chimpanzees, 

bonobos live in more stable and predictable environments with low 

seasonality and more stable food availability (Furuichi 2011). This is 
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believed to have led bonobos to have a lower degree of fission-fusion and 

lower rates of inter- and intragroup competition than chimpanzees do 

(Furuichi, 2011). Second, unlike chimpanzees, bonobos exhibit 

nonexclusive female dominance (Vervaecke et al. 2000a; Furuichi 2011); 

bonobo females form stable and valuable social relationships (Stevens et 

al. 2015). Third, compared with chimpanzees, bonobos are more risk-

averse, are better at socio-cognitive tasks than at instrumental tasks, and 

are less bold (see Hare et al. 2012, for a review).  

In the present study, we compared the personality structure of 

captive bonobos with personality structures previously identified in three 

samples of captive chimpanzees (King & Figueredo 1997; Weiss et al. 

2007, 2009). Personality dimensions shared by these species are likely to 

be ancestral and to reflect their close phylogenetic relatedness (Glazko & 

Nei 2003) and their similar social structures (Furuichi 2011). Personality 

dimensions that are not shared are likely to be derived (i.e., to have 

recently evolved in chimpanzees, bonobos, or both). These derived 

characteristics could reflect genetic drift or differences between the two 

species, specifically the differences in the rates of inter- and intragroup 

competition and how dominance is expressed (Furuichi 2011; Vervaecke 

et al. 2000). 

Method 

Subjects 

The subjects were all non-infant bonobos from 16 facilities that 

participated in the study (7 zoological parks and 1 research institute in the 

United States, 5 zoological parks in Germany, 1 zoological park in 

Belgium, 1 zoological park in the United Kingdom, and 1 zoological park in 

the Netherlands). The subjects comprised about 80% of the current 

captive population in Europe and the United States and consisted of 71 

males (mean age=16.2 years, SD=10.8, age range=1.6–43.9 years) and 83 

females (mean age=16.6 years, SD=12.7, age range=2.2–61.5 years). This 

population originated from 36 wild-caught bonobos that belonged to at 

least four populations spread across bonobos’ range (Reinartz 1997). 
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Therefore, it is likely that the variation within our sample is within what 

one would see in the wild, albeit at the lower end of that range. 

Personality Assessment 

Questionnaire. Personality was assessed via ratings on the Hominoid 

Personality Questionnaire (HPQ; Weiss et al. 2009). This questionnaire 

consists of 54 personality-descriptive adjectives, each paired with one to 

three descriptive sentences that set the adjective in the context of 

behavior. The HPQ instructs raters to make ratings on a 7-point scale (1 = 

displays total absence or negligible amounts of the trait, 7 = displays 

extremely large amounts of the trait) and to not discuss their ratings. 

Of the 54 items, 43 were originally developed and used to assess 

chimpanzee personality (King & Figueredo 1997). Of these items, 41 were 

derived from a taxonomy of the Big Five (Goldberg 1990) and 2 were 

devised for rating chimpanzees. The remaining items included 5 that 

represented openness and neuroticism, added as part of a study of 

orangutan personality (Weiss et al. 2006), and 6 that represented 

openness and conscientiousness, added as part of a later study on 

chimpanzees (Weiss et al. 2009). 

Raters at the German and Dutch facilities completed versions of the 

HPQ in their native languages. After the data had been collected, a 

researcher not involved in the study found a minor error in the German 

translation of the HPQ: The behavioral descriptive sentence for the 

adjective “autistic” refers to “rocking” in the English version and “stone 

throwing” in the German version. Because the behavioral descriptive 

sentences are offered as a guide and not as definitive descriptions of the 

traits, and because this difference would lead our results to be more 

conservative, we did not exclude this item. 

Raters and ratings. Caretakers and staff at zoological parks, researchers, 

and other people who knew the individual subjects made the ratings. 

Some of the ratings did not include information regarding the raters’ 

identities; we considered the seven unidentified ratings (each for a 

different subject) at one zoo to have come from a single rater and the six 



Genetic basis of Pan personality 

 

42 

unidentified ratings (each for a different subject) at another zoo to have 

come from a different single rater. Furthermore, at one zoo, two raters 

assessed a single subject together. These two raters and a third worked 

together to rate 2 additional subjects. In these cases, joint ratings were 

considered to have come from a single rater. 

Of the subjects in the sample, 112 subjects were rated only one 

time; 47 were rated by 1 rater, and 65 were rated by 2 to 5 raters. The 

remaining 42 subjects were rated two times; the second rating occurred 

an average of 5.6 years (SD = 0.4) after the first rating. Of these 42 

subjects, 2 were rated by 1 rater, and 40 were rated by 2, 3, or 5 raters; 

17 were rated by the same rater or raters during both data-collection 

waves. There were 25 and 29 raters in the first and second data-collection 

waves, respectively. Five raters rated subjects in both waves. The length 

of time that raters had known the subjects was available for 222 of the 

291 ratings in the first data-collection wave (M = 5.8 years, SD = 5.3) and 

for 103 of 117 ratings in the second data-collection wave (M = 5.6 years, 

SD = 6.5). 

Analyses 

Interrater reliabilities, internal consistencies, and test-retest 

reliabilities. Interrater reliabilities of the HPQ items and personality 

factors were calculated using intraclass correlations (ICCs). ICC(3,1) 

indicates the reliability of single ratings; ICC(3,k) indicates the reliability of 

the mean scores of an average of k raters (Shrout & Fleiss 1979). For each 

factor, we determined the internal consistency reliabilities (Cronbach’s 

alphas) of the mean item scores across raters using the alpha function of 

the psych package for R (Revelle 2015). For subjects that were rated 

twice, we computed the test-retest reliabilities of factors using the 

rpt.aov function in R (Nakagawa & Schielzeth 2010). 

Data reduction. We performed an unweighted least squares factor 

analysis using the fa function of the psych package (Revelle 2015) for the 

R software environment (Version 3.0.2; R Development Core Team, 

2013). We used this analysis to determine the structure of all items with 
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interrater reliabilities greater than zero. As in previous studies (e.g., Weiss 

et al. 2011), we used the wave of data with the most responses; for 

subjects rated by multiple raters, we took the mean rating across raters. 

We determined the number of factors to extract by examining the scree 

plot and by conducting a parallel analysis via the fa.parallel function of 

the psych package for R (Revelle 2015). Next, to determine which type of 

rotation would be appropriate, we conducted both orthogonal (varimax) 

and oblique (promax) rotations. If the intercorrelations between promax-

rotated factors were high and the structure of the promax-rotated factors 

differed from that of the varimax-rotated factors, we retained the 

promax-rotated factors. If the factor intercorrelations were not high and 

the structures did not differ, we retained the varimax-rotated factors. As 

in previous studies (e.g., Weiss et al. 2006), for the purpose of labeling 

factors and creating unit-weighted factor scores, we defined salient 

loadings as those that were equal to or greater than |.4|. When an item 

had multiple salient loadings, we interpreted an item as belonging to the 

factor on which it had the highest loading. 

Cross-species comparisons. As we noted in the introduction, prior studies 

using the HPQ or its predecessor, the Chimpanzee Personality 

Questionnaire, revealed that chimpanzee personality can be described 

along six dimensions (King & Figueredo 1997; Weiss et al. 2007, 2009). 

We compared structures derived from three chimpanzee samples with 

the bonobo personality structure. The first chimpanzee sample, the 

ChimpanZoo sample, comprised 100 chimpanzees housed in U.S. zoos, as 

described previously (King & Figueredo 1997). The second chimpanzee 

sample, the Yerkes sample, comprised 175 chimpanzees housed in Yerkes 

National Primate Research Center, as described previously (Weiss et al. 

2007). Ratings of the individuals in both of these samples were made 

using the original 43-adjective questionnaire (King & Figueredo 1997). 

The third chimpanzee sample, the Japanese sample, comprised 157 

individuals housed in zoos, research centers, and a sanctuary, all located 

in Japan. Of these subjects, 146 were described in a previous study (Weiss 

et al. 2009). The 11 additional subjects included 4 that were housed in the 
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Fukuoka Zoo, 5 that were housed in the Higashiyama Zoo, and 2 that 

were housed in the Hirakawa Zoo. All chimpanzees in the third sample 

were rated using a Japanese translation of the HPQ (Weiss et al. 2009). 

We planned to use different approaches to compare bonobos and 

chimpanzees depending on whether we found that bonobos, like 

chimpanzees, have six personality dimensions (King & Figueredo 1997). If 

we had found that bonobos and chimpanzees have a different number of 

personality dimensions, we would have used a method described in 

previous studies (e.g., Weiss et al. 2011): We would first have computed 

unit-weighted scores on the basis of the bonobo and chimpanzee 

structures and then obtained correlations between these scores. 

However, because we found that the bonobos have six personality 

dimensions, we compared the chimpanzee and bonobo structures using 

targeted orthogonal Procrustes rotations (Mc Crae et al. 1996). Each 

rotation compared a structure derived from one of the three chimpanzee 

samples with a structure derived from the present bonobo sample. The 

chimpanzee studies differed with respect to whether factors or 

components were extracted and in the number of items subjected to data 

reduction. We therefore made sure that, for each targeted rotation, the 

extraction method and the set of items used to derive the bonobo target 

matrix matched that of the chimpanzee sample. We interpreted 

congruence coefficients using guidelines derived from a study in which 

experts judged the similarity between structures with different levels of 

congruence (Lorenzo-Seva & ten Berge 2006). The researchers found that 

congruence coefficients below .85 were not indicative of factor similarity, 

that congruence coefficients ranging from .85 to .94 were indicative of 

“fair similarity,” and that congruence coefficients greater than or equal to 

.95 were indicative of equality and thus indicated “good similarity” 

(Lorenzo-Seva & ten Berge 2006, p. 61). 
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Results 

Interrater reliabilities of items 

Interrater reliabilities for the 54 adjectives for each rating wave are 

presented in Table S1 in the Supplemental Material available online. In 

the first wave, ICC(3,1) values ranged from .04 for “sensitive” to .70 for 

“submissive” (M = .34, SD = .16), and ICC(3,k) values ranged from .11 for 

“sensitive” to .86 for “submissive” (M = .55, SD = .18). For the second 

wave, ICC(3,1) values ranged from .09 for “erratic” to .82 for “dominant” 

(M = .45, SD = .13), and ICC(3,k) values ranged from .21 for “erratic” to .93 

for “dominant” (M = .69, SD = .12). Because all items had reliabilities 

greater than zero for both waves, we did not exclude any items. 

Personality Structure 

The scree plot and the parallel analysis indicated that there were six 

factors. The varimax- and promax-rotated factors did not differ 

appreciably, and the absolute factor intercorrelations were modest (M = 

.14, SD = .12). We therefore interpreted varimax-rotated factors (for the 

promax-rotated structure and factor intercorrelations, see Tables S2 and 

S3 in the Supplementary Material). These six factors explained 56% of the 

variance. For ease of interpretation and to maintain consistency with 

previous studies in how dimensions are labeled, before interpreting 

factors, we multiplied the loadings of four factors by −1. On the basis of 

the items that loaded on each factor, we labeled the factors 

Assertiveness, Agreeableness, Openness, Attentiveness, Extraversion and 

Conscientiousness (see Table 2.1). 

Assertiveness in bonobos resembled the dominance dimension in 

chimpanzees (King & Figueredo 1997; Weiss et al. 2007, 2009), 

orangutans (Weiss et al. 2006), rhesus macaques (Weiss et al. 2011), and 

gorillas (Gold & Maple 1994; Schaefer & Steklis 2014; Eckardt et al. 2015). 

It also resembled the confidence component in Hanuman langurs 

(Konečná et al. 2008) and Barbary macaques (Konečná et al. 2012) and 

the Assertiveness component in brown capuchin monkeys (Morton et al. 

2013a). With respect to the five-factor model, this dimension resembled 
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the assertiveness facet of Extraversion in humans (Costa & McCrae 1992). 

Bonobos with higher scores for this factor tended to be independent and 

confident, and more prone to displacing, threatening, or taking food from 

other bonobos. On the other hand, bonobos with lower scores for this 

factor tended to be less confident, more anxious, and more prone to 

getting displaced and physically hurt or emotionally upset as a result of 

agonistic interactions. 

Conscientiousness in bonobos resembled Conscientiousness in 

chimpanzees (King & Figueredo 1997; Weiss et al. 2007, 2009) in that it 

was made up of two clusters (King et al. 2008). It also partly overlapped 

the Proto-Agreeableness component in mountain gorillas (Eckardt et al. 

2015), and it was similar to the Conscientiousness facet of deliberation in 

the five-factor model (Costa & McCrae 1992). Bonobos with high scores 

for this factor thus tended to be kind, considerate, and predictable in 

their relationships with others, whereas bonobos with low scores for this 

factor tended to be impulsive, unpredictable, and aggressive. 

Openness in bonobos resembled its counterparts in humans (Costa & 

McCrae 1992), chimpanzees (King & Figueredo 1997; Weiss et  al. 2007, 

2009), rhesus macaques (Weiss et al. 2011), brown capuchin monkeys 

(Morton et al. 2013), and mountain gorillas (Eckardt et al. 2015). 

However, as in mountain gorillas (Eckardt et al. 2015) and brown 

capuchin monkeys (Morton et al. 2013), traits such as “active” and 

“playful” had positive loadings on Openness in bonobos. These traits are 

associated with the activity facet of Extraversion in humans (Costa & 

McCrae 1992), the Extraversion component in orangutans (Weiss et al. 

2006), and the Activity component in rhesus macaques (Weiss et al. 

2011). Bonobos with high scores for this factor thus tended to be playful 

and to engage actively in exploring novel social and physical 

environments. On the other hand, bonobos with low scores for this factor 

tended to be indolent, inactive, and disinclined to explore novel 

individuals or environments. 

Attentiveness in bonobos resembled the identically named 

component identified in brown capuchin monkeys (Morton et al. 2013). 
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The items loading on this factor overlapped some with the items loading 

on the intellect component in orangutans (Weiss et al. 2006). In 

chimpanzees (King & Figueredo 1997; Weiss et al. 2007, 2009), these 

items defined high Dominance and high Conscientiousness. In gorillas, 

these items defined high Dominance (Eckardt et al. 2015; Schaefer & 

Steklis 2014). In rhesus macaques, these items defined high Confidence, 

Friendliness, and Activity (Weiss et al. 2011). The Attentiveness factor 

was also similar to the conscientiousness facets of order and self-

discipline in the five-factor model (Costa & McCrae 1992). Bonobos with 

higher scores for the Attentiveness factor thus tended to be more 

focused and perhaps better at solving problems. On the other hand, 

bonobos with low scores for this factor tended to be easily distracted and 

uncoordinated. 

Agreeableness in bonobos resembled its counterparts in orangutans 

(Weiss et al. 2006) and chimpanzees (King & Figueredo 1997). It also 

included loadings associated with high Sociability in mountain gorillas 

(Eckardt et al. 2015), all of which were also associated with high 

Agreeableness in humans (Costa & McCrae 1992). Some of the items 

were associated with high Agreeableness in Hanuman langurs (Konečná 

et al. 2008), high Extraversion in humans (Costa & McCrae 1992) and 

Extraversion in chimpanzees (King & Figueredo 1997). Bonobos with high 

scores for this factor thus tended to empathize with and help their 

conspecifics, whereas bonobos that had low scores for this factor did not. 

Extraversion in bonobos differed from dimensions labeled Extraversion, 

Sociability, or Friendliness in other species (King & Figueredo 1997; Weiss 

et al. 2006; Weiss et al. 2007; Konečná et al. 2008; Weiss et al. 2009; 

Weiss et al. 2011; Morton et al. 2013a; Schaefer & Steklis 2014; Eckardt 

et al. 2015). The items “solitary,” “depressed,” “autistic,” and 

“individualistic” all had negative loadings on this factor. Traits such as 

“solitary” and “depressed” are associated with low Extraversion in 

humans (Costa & McCrae 1992) and chimpanzees (King & Figueredo 

1997), low Sociability in brown capuchin monkeys (Morton et al. 2013), 

and low Friendliness in rhesus macaques (Weiss et al. 2011). 
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Table 2.1. Varimax-Loaded Factor Loadings 

Adjective Ast* Con* Opn* Att Agr Ext* h
2
 

Anxious -.81 -.04 -.16 -.07 -.03 -.17 .71 

Timid -.76 .27 -.12 -.07 -.05 -.12 .68 

Fearful -.75 .06 -.17 -.16 -.10 -.12 .64 

Independent .75 -.20 -.02 .13 .04 -.30 .66 

Dominant .68 -.52 -.26 .07 .11 .07 .82 

Vulnerable -.66 .22 .10 .00 -.19 -.37 .67 

Submissive -.64 .43 .18 -.08 .04 -.17 .66 

Cool .63 .13 -.04 .08 .26 -.05 .50 

Stable .62 .24 .13 .11 .20 .03 .52 

Dependent -.61 .12 .17 -.37 .20 .35 .71 

Decisive .54 -.07 .09 .40 .15 .00 .49 

Persistent .52 -.40 .15 .14 .13 .05 .49 

Excitable -.52 -.30 -.05 -.12 .00 -.01 .39 

Cautious -.36 .31 -.10 .20 .35 -.08 .41 

Quitting -.20 .08 -.19 -.20 .12 .00 .14 

Bullying .27 -.76 .0 .08 -.16 -.06 .68 

Aggressive .15 -.75 .10 .08 -.14 .05 .63 

Stingy .20 -.72 .02 -.14 -.03 -.05 .58 

Irritable -.12 -.70 -.17 -.09 -.14 -.21 .60 

Jealous -.04 -.68 .18 -.15 -.07 -.08 .53 

Gentle -.02 .67 -.02 .04 .53 -.06 .73 

Erratic -.27 -.60 -.02 -.29 -.06 -.18 .57 

Defiant .11 -.59 .23 -.11 -.19 -.05 .46 

Reckless .07 -.58 .19 -.38 -.21 -.05 .57 

Manipulative .21 -.55 .05 .17 .14 .14 .42 

Impulsive -.29 -.48 .28 -.15 -.14 -.06 .45 

Predictable .21 .41 -.23 .00 .26 -.05 .33 

Active -.13 -.12 .77 -.08 .09 .21 .68 

Playful -.08 -.05 .73 -.04 .10 .20 .59 

Inquisitive .22 -.01 .68 .21 .11 .03 .57 

Inventive .34 -.05 .64 .20 .03 -.24 .62 

Imitative -.08 .04 .63 -.22 .17 .13 .50 

Innovative .33 .01 .63 .07 .05 -.21 .56 

Conventional -.08 .16 -.31 .09 .31 -.01 .51 

Curious .15 -.14 .58 .23 .17 -.07 .46 

Lazy .12 .03 -.54 -.37 .06 -.30 .54 
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Unemotional .15 .15 -.25 -.11 .12 -.01 .14 

Disorganized -.18 -.15 -.03 -.71 -.16 -.20 .63 

Intelligent .18 -.07 .15 .68 .36 .06 .65 

Clumsy .04 .00 -.04 -.68 -.06 -.15 .50 

Thoughtless -.18 -.17 -.09 -.68 -.18 -.03 .56 

Distractible -.22 -.11 .06 -.59 -.05 .12 .42 

Unperceptive -.33 -.15 -.16 -.50 .09 -.24 .47 

Friendly -.01 .40 .18 -.12 .71 .24 .77 

Affectionate -.21 .28 .18 .08 .71 .32 .76 

Protective -.30 -.04 -.13 .27 .70 -.02 .66 

Sympathetic -.07 .36 .00 .17 .62 -.13 .56 

Helpful .07 .15 .17 .31 .59 .04 .51 

Sociable .15 -.06 .34 -.01 .56 .34 .57 

Sensitive .25 .15 -.15 .48 .53 -.3 .62 

Solitary -.17 .17 -.26 -.09 -.14 -.67 .61 

Depressed -.42 -.13 -.18 -.21 -.07 -.67 .72 

Autistic -.43 -.23 -.08 -.34 -.06 -.43 .55 

Individualistic .14 -.19 .23 -.18 -.04 -.43 .33 

Proportion of 

variance accounted 

for 

.14 .12 .09 .08 .08 .05  

Note: Ast = Assertiveness, Con = Conscientiousness, Opn = Openness, Att = 
Attentiveness, Agr = Agreeableness, Ext = Extraversion 
Principal component analyses yielded highly similar results. h

2
 = communality. 

Boldface highlights loadings >= |0.4| 
*: Loadings on this factor were multiplied by -1 
 

The item “autistic” is associated with high Neuroticism in 

chimpanzees (Weiss et al. 2009) and low Sociability in brown capuchin 

monkeys (Morton et al. 2013). The item “individualistic” is associated 

with Extraversion in chimpanzees (Weiss et al. 2009) and components or 

factors labeled Sociability (Eckardt et al. 2015) or Extraversion (Schaefer 

& Steklis 2014) in gorillas. Thus, compared with bonobos who had low 

scores in this factor, those with high scores tended to be well integrated 

into their social environment. 
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Table 2.2. Reliabilities and Test-Retest Reliabilities of the Factors 

 Wave 1 reliability  Wave 2 reliability  Test-retest 

reliability 

Factor 
ICC 

(3,1) 

ICC 

(3,k) 
α 

 ICC 

(3,1) 

ICC 

(3,k) 
α 

 
r p 

Assertiveness .64 .83 .92  .72 .88 .95  .62 <.0001 

Conscientiousness .61 .81 .90  .59 .81 .94  .61 <.0001 

Openness .60 .80 .87  .65 .84 .91  .37 <.01 

Attentiveness .23 .45 .84  .52 .76 .90  .41 <.01 

Agreeableness .32 .55 .87  .54 .77 .92  .17 <.05 

Extraversion .61 .81 .69  .67 .86 .83  .28 <.05 

Note: Significant test-retest reliabilities were still significant when we used permutation 
tests. The intraclass correlation coefficients (ICCs) indicate (a) the reliability of individual 
ratings of factor scores (ICC(3,1), and (b) the reliability of mean ratings of factor scores 
ICC(3,k). 
 

We also tested the extent to which these dimensions were 

dependent on the use of exploratory factor analysis. We therefore 

extracted six components using principal component analysis. The 

varimax- and promax-rotated structures derived via principal component 

analysis were nearly identical to the varimax- and promax-rotated 

structures derived via factor analysis (Table 2.1 and S2).  

Factor reliabilities 

Interrater reliabilities, internal consistencies, and test-retest reliabilities 

for the factors are shown in Table 2.2. Interrater reliability in the first 

wave was fair for attentiveness and agreeableness and excellent for the 

remaining factors. Interrater reliabilities of these factors in the second 

wave were all excellent. Internal consistencies were excellent, except for 

extraversion in the first wave. All factors showed good test-retest 

reliability except for agreeableness. 

Interspecies comparisons 

We used targeted orthogonal Procrustes rotations (McCrae et al. 1996) to 

compare the personality structures of bonobos and chimpanzees (see 



Genetic basis of Pan personality 

 

51 

Table 2.3). For all three comparisons, the total congruence, which is 

based on all of the factor or component loadings (McCrae et al. 1996, p. 

559), indicated that, overall, the factor or component structures for all 

three chimpanzee samples exhibited a fair degree of similarity with the 

bonobo structure. The pattern of congruence for the factors or 

components was consistent across comparisons of the structures derived 

from the three chimpanzee samples to the structure derived from the 

bonobo sample: The highest congruence coefficients were found for 

Assertiveness, Conscientiousness, Openness, and Agreeableness, and the 

lowest congruence coefficients were found for Attentiveness and 

Extraversion. Specifically, Assertiveness, Conscientiousness, and 

Agreeableness exhibited at least fair similarity in the ChimpanZoo and 

Yerkes chimpanzee samples and fair similarity in the Japanese 

chimpanzee sample. In addition, for Openness, the congruence 

coefficients indicated fair similarity in the ChimpanZoo and Japanese 

samples; the congruence coefficients for the Yerkes sample did not 

indicate similarity. Extraversion in the ChimpanZoo sample exhibited a 

fair degree of similarity to bonobo Extraversion; the congruence 

coefficients for this factor in the Yerkes sample and Japanese sample, 

however, were not indicative of similarity. Finally, no factors or 

components similar to Attentiveness were found in any of the 

chimpanzee samples. 

Table 2.3 Congruence coefficients calculated by rotating chimpanzee 

structures toward the bonobo structure 

 

Chimpanzee sample 

Factor ChimpanZoo Yerkes Japan 

Assertiveness .947 .855 .896 

Conscientiousness .953 .956 .921 

Openness .947 .811 .905 

Attentiveness .656 .787 .781 

Agreeableness .905 .909 .927 

Extraversion .853 .685 .782 

Total .906 .852 .874 
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 Discussion 

We found that 54 personality traits in bonobos were defined by the 

factors Assertiveness, Conscientiousness, Openness, Attentiveness, 

Agreeableness, and Extraversion. These factors showed interrater 

reliabilities and test-retest reliabilities comparable to those of human 

personality factors (e.g., Costa & McCrae 1992) and personality traits and 

dimensions in other species (Gosling 2001; Bell et al. 2009). Of these 

factors, Assertiveness, Conscientiousness, Agreeableness, and possibly 

Openness had chimpanzee analogues. In contrast, the evidence for 

chimpanzee analogues of Extraversion and Attentiveness was weak. This 

pattern of results suggests that four bonobo factors (Assertiveness, 

Conscientiousness, Agreeableness, and Openness) were ancestral and 

present in the common ancestor of chimpanzees and bonobos and that 

two bonobo factors (Extraversion and Attentiveness) were derived, 

possibly as a result of differences in bonobo and chimpanzee 

socioecology and bonobo social behavior (Furuichi 2011; Hare et al. 2012; 

Vervaecke et al. 2000). 

The bonobo Assertiveness factor was similar to chimpanzee 

dominance (King & Figueredo 1997; Weiss et al. 2007, 2009) and to 

components and factors identified in other primate species (Weiss et al. 

2006; Konečná et al. 2008; Weiss et al. 2011; Konečná et al. 2012; Morton 

et al. 2013a; Schaefer & Steklis 2014; Eckardt et al. 2015). This finding 

calls into question the perception that bonobos are egalitarian (de Waal 

1995) and the predictions made by some that bonobos should not have a 

Dominance or Assertiveness dimension (Eckardt et al. 2015). However, it 

is consistent with behavioral observations, which reveal strong 

dominance hierarchies in captive bonobos (Vervaecke et al. 2000a; 

Stevens et al. 2007). Items defining Conscientiousness components or 

factors in chimpanzees and humans (King & Figueredo 1997; Weiss et al. 

2007, 2009) loaded on two bonobo factors. The first factor, 

Conscientiousness, was characterized by high levels of predictability and 

low levels of impulsive aggression. It thus somewhat resembled the 

deliberation facet of Conscientiousness in humans (Costa & McCrae 1992) 
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and the Proto-Agreeableness component in mountain gorillas (Eckardt et 

al. 2015). The second factor, Attentiveness, was characterized by the 

ability to focus on and do well in carrying out tasks. It thus resembled the 

order and self-discipline facets of conscientiousness in humans (Costa & 

McCrae 1992) and the Attentiveness component in brown capuchin 

monkeys (Morton et al. 2013). This split of Conscientiousness traits into 

two factors may explain bonobos’ superior performance compared with 

chimpanzees on tests related to social causality (Herrmann et al. 2010). 

Further testing should reveal the degree to which this factor reflects 

cognitive skills in bonobos. 

The bonobo Openness factor resembles that of chimpanzees, except 

that items related to activity and playfulness, which load on Extraversion 

in chimpanzees (King & Figueredo 1997; Weiss et al. 2007, 2009), load on 

the Openness factor in bonobos. A similar pattern has been found in 

gorillas (Eckardt et al. 2015) and capuchin monkeys (Morton et al. 2013). 

This difference between bonobos and chimpanzees may reflect the fact 

that, in bonobos, play is used to reduce tension (Palagi 2006) and has an 

important role in trust building (Behncke 2015). The bonobo 

Agreeableness factor resembled that of chimpanzees (King & Figueredo 

1997; Weiss et al. 2007, 2009), humans (Costa & McCrae 1992), 

orangutans (Weiss et al. 2006), western gorillas (Gold & Maple 1994), and 

Hanuman langurs (Konečná et al. 2008). Conversely, the Extraversion 

factor in bonobos was dissimilar to that in chimpanzees, because it 

characterized individuals that were not withdrawn and depressed. A 

somewhat similar pattern was found for the Sociability component in 

mountain gorillas (Eckardt et al. 2015). 

When Eckardt et al. (2015) tried to explain the evolutionary bases for 

differences between the personalities of mountain gorillas and 

chimpanzees (which were similar to those we found between 

chimpanzees and bonobos), they hypothesized that distinct Extraversion, 

Openness, and Agreeableness dimensions would benefit primate species 

characterized by fission-fusion social structures, because they would offer 

individuals more flexibility to cope with constantly changing social 
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environments than if these factors were not distinct. The presence of 

separate Openness, Agreeableness, and Extraversion factors in bonobos 

is consistent with this hypothesis; bonobo social structure is considerably 

more flexible than that of gorillas (Robbins 2011). Although direct 

comparisons of the degree of fission-fusion in different ape species have 

been hindered by differences in methodology and study duration (Aureli 

et al. 2008), researchers working on future comparative studies may wish 

to test whether differences in social-structure stability across species are 

associated with the structure of traits related to Extraversion, Openness, 

and Agreeableness. 

This study is not without limitations. One limitation is that the 

sample size was relatively small for factor analysis; another is that 

translation issues may have affected ratings of bonobos housed in 

German zoos. Therefore, the differences between bonobos and 

chimpanzees may not be species differences but may instead reflect 

sampling variability. However, the pattern of congruence between the 

current bonobo sample and the three chimpanzee samples was highly 

consistent. A third limitation is that this study was limited to captive 

bonobos as opposed to wild bonobos, which may have different 

personality structures. However, this feature of our study ruled out the 

possibility that differences between bonobos and chimpanzees could 

reflect differences between captive and wild populations. Nonetheless, 

these limitations suggest there would be much value in collecting 

additional data, both via questionnaires and by behavioral observations 

and tests, on bonobos and chimpanzees housed in zoos, sanctuaries, and 

in the wild. 

Although there was considerable overlap between the personalities 

of bonobos and chimpanzees, most probably reflecting their recent 

common ancestor, there were differences, too, that may be the signals of 

more recent selection. Although more work needs to be done in this area, 

we expect that it is bound to reveal an even more complete picture of the 

evolution of personality in Hominidae. 
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Abstract 

The ongoing debate on methodological issues of the use of ratings in 

animal personality research has resulted in the appearance of different 

ways to determine validity of the resulting personality dimensions. The 

goal of the present study is to assess construct validity of previously 

identified personality traits in bonobos by focusing on their association 

with sex, age and observed behaviors. Personality traits were rated using 

the Hominoid Personality Questionnaire in 154 individuals and factor 

analysis revealed six personality dimensions. Assertiveness, Openness and 

Extraversion dimensions showed good construct validity, as assessed 

through appropriate associations with sex, age and behaviors. 

Conscientiousness showed several significant behavioral associations but 

requires further investigation as factor item loadings differ between 

bonobos and chimpanzees, which impedes interspecies comparison of 

this factor. Agreeableness and Attentiveness showed weak validity in this 

study and require further testing. Valid dimensions can now be used to 

further assess the fitness consequences and the underlying proximate 

mechanisms of personality in bonobos.  
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Introduction 

Studying humans’ closely related relatives, the great apes, helps in 

understanding the evolution of complex behavioral phenomena. One 

recent application of this approach has been to study the organization of 

personality. Personality is commonly defined as inter-individual 

behavioral differences that are stable across time and situations (Réale et 

al. 2007) and has been described in a wide range of animal taxa, ranging 

from ants to primates (Gosling 2001; Freeman & Gosling 2010). Studies 

have shown that personality traits are heritable (Weiss et al. 2000; Brent 

et al. 2014; Petelle et al. 2015) and predict life history patterns and 

fitness (Smith & Blumstein 2008; Reale et al. 2009; Seyfarth et al. 2012).  

Similar to human personality research, animal personality is often 

assessed using observer trait ratings (King & Figueredo 1997; Gosling 

1998; Weiss et al. 2009; Fox & Millam 2010). The rating method relies on 

asking individuals who are familiar with the individual animals to rate 

them on a set of predefined traits (Gosling & John 1999; Gosling 2001). In 

humans, personality studies typically yield five broad factors (the Big 

Five), labeled Openness, Conscientiousness, Extraversion, Agreeableness 

and Neuroticism (Goldberg 1990; Mc Crae & Costa 1999) and several of 

these dimensions are found in other animal species, including great apes 

(King & Figueredo 1997; Gosling & John 1999; King & Landau 2003; Weiss 

et al. 2006; Konečná et al. 2008; Weiss et al. 2011; Konečná et al. 2012; 

Morton et al. 2013a; Weiss et al. 2015). As trait ratings require judgments 

by observers, the validity of the resulting personality traits is commonly 

checked by linking the resulting dimensions to phenotypic traits or life-

stages and behaviors (Capitanio 1999; Pederson et al. 2005; Uher & 

Asendorpf 2008; Murray 2011; Baker et al. 2015).  

Two commonly used ways to assess validity are referred to as 

comparative validity and construct validity (Mehta & Gosling 2008; 

Roberts et al. 2008; Baker et al. 2015). Comparative validity is based on 

associations of personality dimensions with expected species-specific sex 

and age differences based on findings in other species. Differences in 
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personality between the two sexes can occur, because males and females 

differ in their reproductive roles. Males tend to experience greater 

variation in reproductive success than females, and therefore may be 

more sensitive to fitness consequences associated with higher levels of 

exploratory behavior (Croft et al. 2003). For example, in guppies (Poecilia 

reticulata), three-spined sticklebacks (Gasterosteus aculeatus) and great 

tits (Parus major), males are in general bolder than females (van Oers 

2005; Harris et al. 2010; King et al. 2013) and risky male behaviors have 

been shown to increase mating success in guppies (Godin & Dugatkin 

1996) and fiddler crabs (Uca mjoebergi) (Reaney & Backwell 2007).    

Comparative validity can also be assessed by studying the 

development of personality dimensions across the life-span of the 

individual (King et al. 2008; Baker et al. 2015). Personality is known to 

change over the development of an individual due to aging and 

experience. In humans these changes are relatively consistent across 

populations and cultures. Agreeableness and Conscientiousness increase 

while Extraversion and Neuroticism decrease with age and Openness 

increases and then later decreases again (Labouvie-Vief et al. 2000; Mc 

Crae et al. 2000; Srivastava et al. 2003; Roberts et al. 2006).  

Construct validity can be assessed by looking at associations 

between rated dimensions and measured behaviors. This can be done by 

linking them to observed behavior in a naturalistic (Pederson et al. 2005; 

Vazire et al. 2007; Konečná et al. 2008; Uher & Asendorpf 2008) or in an 

experimental context (Carter et al. 2012a; Baker et al. 2015). The 

experimental context entails the introduction of external stimuli 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 successfully been used to assess personality traits such 

as novelty seeking and boldness in a variety of species (Carere & Eens 

2005; Carter et al. 2012a; Massen et al. 2013; Andersson et al. 2014; 

Baker et al. 2015).  Latency to approach novel objects was for example 

negatively associated with levels of “Sociability” scores in common 

squirrel monkeys (Saimiri sciureus), while latency to touch was negatively 
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associated with rated “Dominance” scores in black crested macaques 

(Macaca nigra) (Baker et al. 2015).  

The aim of this study is to assess validity of six previously rated 

personality dimensions in bonobos: “Assertiveness”, “Conscientiousness”, 

“Openness”, “Agreeableness”, “Attentiveness” and “Extraversion” (Weiss 

et al. 2015). Bonobos offer an interesting study species as together with 

chimpanzees, they are human’s closest living relatives (Prüfer et al. 2012). 

Therefore, studying the development and sex differences in bonobo 

personality traits, and comparing these to humans and chimpanzees, can 

learn us more on the evolution of human personality. Furthermore, based 

on our knowledge of personality in humans and chimpanzees, we can 

make predictions on our expectations of sex and age differences in 

bonobo personality to test validity (=comparative validity). Bonobos and 

chimpanzees show remarkable differences in social organization and 

behavior that are likely reflected in their personality. Bonobos and 

chimpanzees both live in multi-male multi-female groups and are male-

philopatric (van Lawick-Goodall 1968; Nishida 1972; Nishida & Kawanaka 

1972; Furuichi 1989; Kano 1992). However, while chimpanzees are male-

dominated (Goodall 1986; Boesch & Boesch-Acherman 2000), bonobos 

have partial female dominance, meaning that females dominate males, 

but not all females inherently rank above all males (Furuichi 1997; 

Vervaecke et al. 2000a; Stevens et al. 2007).  

In chimpanzees, due to their social organization and high levels of 

male aggressiveness, males consistently score higher than females on the 

personality trait “Dominance” that has high loading of variables such as 

dominant, independent and bullying (Weiss et al. 2007; King et al. 2008; 

Weiss & King 2015). Males also score lower on “Conscientiousness”, a 

trait with negative loadings for aggressive and impulsive (Weiss et al. 

2007; King et al. 2008; Weiss & King 2015). In bonobos, similar factors 

were found and labeled “Assertiveness” and “Conscientiousness” (Weiss 

et al. 2015). Based on the sex reversal in dominance, we expect bonobo 

females to score higher on “Assertiveness” and lower on 

“Conscientiousness” than males. Developmental changes of personality 



Genetic basis of Pan personality 

 

60 

with age are also similar in humans and chimpanzees, with increased 

“Conscientiousness” and “Agreeableness” and decreased “Extraversion” 

and “Openness” in older individuals (McCrae et al. 1999; Costa et al. 

2001; King et al. 2008; Weisberg et al. 2011; Weiss & King 2015). As these 

effects on personality are rather well conserved across species, we expect 

these to be similar in bonobos.  

Finally, we aim to test construct validity of rated dimensions by 

looking at their association with measured behavioral variables from both 

naturalistic and experimental contexts. Studies looking at the trait-

behavior comparison have been done in bonobos but on rather small 

sample sizes, five and four individuals respectively in each study (Uher & 

Asendorpf 2008; Murray 2011). In chimpanzees, associations have been 

shown for a variety of factors and variables in larger samples (Pederson et 

al. 2005; Vazire et al. 2007; Murray 2011). For example “Dominance” has 

been found to correlate positively with levels of aggression given and 

negatively with submissive behaviors, “Extraversion” correlated positively 

with social and affinitive behaviors, and “Sociability” showed a positive 

correlation with play (Pederson et al. 2005; Vazire et al. 2007; Murray 

2011). Based on these results in chimpanzees, we expect similar 

associations to occur in bonobos.  
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Method 

Data collection: HPQ ratings 

Personality ratings were independently collected by different raters, and 

by different people than those involved in collection of behavioral 

codings (See Weiss et al. 2015 for details). Ratings were made using the 

Hominoid Personality Questionnaire (HPQ: Weiss et al. 2009) in two 

waves (first wave 2006-2008, second wave 2012). Personality data were 

collected for a total of 154 individuals (71 males, 83 females) with ages 

ranging roughly from 2 to 62 years. Inter-rater reliabilities and 

repeatabilities of the ratings were high and factor analysis revealed six 

factors labeled Assertiveness, Openness, Conscientiousness, 

Agreeableness, Attentiveness and Extraversion. The underlying construct 

of the variables can be found in Table 3.1, while details on item loadings 

for each personality factor can be found in Weiss et al. (2015;  Chapter 2, 

Table 2.1).   

Table 3.1: The adjectival contents of the personality dimensions  

Factor Adjectives loading on to factor  

Assertiveness 
+ Independent + Dominant + Cool + Stable + Decisive + Persistent - 

Excitable - Dependent - Submissive - Vulnerable - Fearful - Timid  
- Anxious 

Conscientiousness 
+ Gentle + Predictable - Impulsive - Manipulative - Reckless - Defiant 

- Erratic - Jealous - Irritable - Stingy - Aggressive - Bullying 

Openness 
+ Active + Playful + Inquisitive + Inventive + Imitative + Innovative  

+ Curious - Lazy - Conventional 

Attentiveness 
+ Intelligent - Unperceptive - Distractable - Thoughtless - Clumsy      

- Disorganized 

Agreeableness 
+ Friendly + Affectionate + Protective + Sympathetic + Helpful  

+ Sociable + Sensitive 
Extraversion - Individualistic - Autistic - Depressed - Solitary 

 

Comparative validity: sex and age relationships with personality  

The association between sex, age and the rated personality dimensions 

was tested using linear mixed models where sex and age and rank were 

entered as fixed effects. Group was entered as a random intercept to 

account for non-independence of observations within the same zoo. The 

significance of the fixed effects was tested using an F-test with a 



Genetic basis of Pan personality 

 

62 

Kenward-Roger correction for the number of degrees of freedom. Linear 

mixed models were fitted using the lme4 package in R (www.r-

project.org, version 3.1.0). Visual inspection of residual plots did not 

reveal any obvious deviations from homoscedasticity or normality. The F-

test was performed using the add-on package pbkrtest (Halekoh & 

Hojsgaard 2014).  

Construct validity: personality-behavior associations 

For 44 individuals (18 males and 26 females) that were rated, we also 

collected behavioral observations. As these observations were all done 

between 2011 and 2014, we only used ratings collected in 2012 during 

the second wave to do the validity analysis. We used Spearman rank 

correlation coefficients to assess the relationship between unit-weighted 

scores on the rated personality factors with the single behavioral 

variables. As calculating numerous correlations increases the risk of a 

type I error, i.e., to erroneously conclude the presence of a significant 

correlation, the level of statistical significance of correlation coefficients 

was adjusted using Bonferroni correction (Curtin & Schulz 1998). As few 

personality studies apply a correction for multiple testing we report both 

the results with and without Bonferroni correction to increase 

comparability between studies.  

Data collection 

Naturalistic observations. Behaviors were coded using an extensive 

ethogram. Behavioral variables and their definitions are shown in 

supplementary information Table S4. Variables based on durations of 

behavioral states (activity, grooming given, grooming received, individual 

play, social play, auto-scratching and auto-grooming) were calculated as 

proportions of time performing the behavior corrected for individual focal 

observation time. Behavioral variables based on occurrences of 

behavioral events (submission, aggression given, aggression received, 

socio-sexual behaviors) were calculated as frequencies per hour and 

corrected for individual total observation times (both focal observation 

times and all occurrence observation times). 'Sit alone' was calculated as 

the proportion of all scans where the subject was recorded as being 
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alone, with no other individuals sitting within a 2m radius of the subject. 

Number of neighbors was the average number of neighbors present in 

scans where the subject was recorded as being in proximity (within 2 m) 

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 by whom the subject was groomed. 

Grooming diversity was calculated with the Shannon-Wiener diversity 

index (Di Bitetti 2000), corrected for group size effects as follows: 

Grooming diversity = H/Hmax 

H  = - SUM (pi x ln (pi) ) 

in which pi is the proportion of individual’s grooming effort given to the 

ith individual 

Hmax = ln (N – 1) 

in which N is the number of individuals in the group. GDI results are in a 

value between zero and one, zero reflecting perfect skew with all 

grooming directed to one individual, and one reflecting perfect equality.  

Dominance was measured by assigning normalized David’s scores to 

each individual (de Vries et al. 2006; Stevens et al. 2007), based on the 

occurrences of “fleeing upon aggression” (Vervaecke et al., 2000; Stevens 

et al., 2007). David’s scores use dyadic dominance proportions to 

calculate dominance scores or cardinal ranks for each individual, based on 

the proportions of wins and losses in agonistic encounters, by looking at 

fleeing upon aggression (Gammell et al. 2003; de Vries et al. 2006). We 

then standardized the David’s scores by dividing them by group size to 

test overall associations of rank with personality traits.  

Data were collected by NS and 8 students she supervised. Each 

student received at least three weeks of training after which inter-

observer reliability was tested between all researchers that collected 

behavioral codings by scoring two 10 minute bonobo focal video 

recordings. Spearman rank correlations were used to determine inter-

observer reliability with a mean r=0,86 found across all pairs of observers, 
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which is considered highly reliable (Martin & Bateson 1993). We used a 

combination of continuous 10 minute focal animal observations, 

alternated with instantaneous group scan sampling. During focal 

observations, the main activity of the focal individual was recorded, as 

were all self-directed behaviors and social interactions. Scans were used 

to determine spatial proximity measures for all individuals in the group in 

between each focal observation. During the entire period of observation, 

bouts of agonistic behavior were recorded at all occurrences. The total 

amount of data collected included 1666.15 hours of focal observations 

(mean 32.04 hours per individual), 10472 group scans (mean 616 per 

individual) and 2132h of all occurrences observations of aggression (mean 

39.5 hours per individual). Behavioral observations were coded using the 

Observer (Noldus version XT 10, the Netherlands). 

Experimental tests. Along with observing naturally occurring behaviors 

we conducted a battery of eight group experiments, adapted from 

previous work on chimpanzees (Massen et al. 2013). Two experiments 

involved introducing fake predators. A further two experiments involved 

introducing novel foods. Finally, four experiments involved puzzle 

feeders.  

In the predator experiments, two model predators were used: a 4 

meter snake that was made out of a fire hose and clay and painted to 

resemble a python, and a taxidermied leopard in crouching position with 

bared teeth. As leopards are confirmed predators of bonobos in the wild 

(D'Amour et al. 2006) and pythons are assumed predators (Kano 1992), 

our models should represent actual threats that bonobos would face in 

the wild. Both predator models were placed in sight, but out of reach of 

the bonobos. The bonobos’ behavior towards the models was scored: 

number of approaches, time spent in proximity and number of displays 

against the mesh, including both poking with sticks and banging the 

mesh, behind which the predator was placed. The snake experiment was 

dropped from further analysis as the response of the bonobos towards 

the model was very modest and little variation among individuals was 

measured. 
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In the novel food experiments, bonobos were given durian fruit and 

pasta that was dyed blue with an edible food dye. During the durian 

experiment, two whole durian fruits were placed in the enclosure a few 

meters apart to avoid monopolization by one individual. Two cameras 

were used to allow tracking both fruits at the same time. During the pasta 

experiment, 250 grams of pasta were boiled, left to cool and then put in 

two piles in the enclosure, some meters apart, again to avoid 

monopolization. In these novel food experiments we measured latency to 

approach the novel food closer than 2 meters (in seconds) and whether 

they tasted it (one/zero). When an individual did not approach the food 

item, it was given the maximum duration of 1800 s.  

In each of the 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 sink to the bottom with a squared mesh on top too small to 

fit an adult bonobo’s hand through (“Barrel Mesh”). The third was a seed-

filled hanging double tube system that has to be rotated in order to 

release its content (“Tubes”). The final one was a crate hanging from the 

outside of a mesh door next (“Reel and feed”) to the enclosure that has 

to be tilted using a rope that hangs in the enclosure. This way the 

bonobos were able to obtain fruit and/or vegetables in the crate that 

were part of the daily diet. Detailed descriptions of the puzzle feeders can 

be found in the supplementary material (Figure S1-S8). For all puzzle 

feeders the following variables were measured: a) the time in seconds to 

approach the puzzle within 2 meters; b) the proportion of time spent 

manipulating the puzzle; c) the proportion of time spent within 2 meters 

of the puzzle without touching it; d) the number of times they 

approached the puzzle. 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 tools.   

We had at least two experiments per category. All experiments were 

filmed (Canon Legria FS406, Japan) and recordings were coded using 

Observer Video-Pro (Noldus version XT 10, the Netherlands). Data 
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recording started as soon as the group had access to the experiment or 

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. The order of the experiments was randomized and there were at 

least 3 days between two experiments.  
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Results 

Relationship of age and sex with personality dimensions 

Female bonobos scored significantly higher than males on Assertiveness 

(F(1,104)=25.48, p<0.001) and Extraversion (F(1,103)=14.28, p<0.001) 

(Figure 3.1). A significant association with age was found for Openness 

and Extraversion, with younger individuals scoring higher on both factors 

(Openness: F(1,106)=70.54, p<0.001, est=-0.052; Extraversion: 

F(1,106)=5.64, p=0.019, est=-0.017; Figure 3.2 & 3.3). Sex and age effect 

results for the other dimensions were not significant and can be found in 

Supplementary Table S6.  

 

 

Figure 3.1. 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. 
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Figure 3.2. Correlation between individual Openness scores and age 

 

 

 

Figure 3.3. Correlation between individual Extraversion scores and age 
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Comparing personality dimensions with naturalistically observed 

variables 

Correlations between rated personality dimensions and individual 

behavioral variables are shown in Table 3.2. After Bonferroni correction, 

Assertiveness was significantly positively correlated with grooming 

received and negatively with aggression received and fleeing upon 

aggression. The correlation between Assertiveness and dominance rank 

was 0.29 but did not reach the p<0.001 significance level (p=0.06). 

Conscientiousness showed negative correlations with frequencies of 

grooming given and received. Correlations for Openness showed 

significant positive associations with approaches to leopard and puzzles 

and tasting the novel food. Agreeableness, Extraversion and 

Attentiveness showed no correlations with any of the variables that 

reached the significance level of p<0.001.  
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Table 3.2. Correlations between personality factors derived from HPQ and coded single behavioral 
variables  
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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 
Grooming Density Given 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 
Grooming Diversity index 0.01 -0.26 0.34 0.06 0.09 0.24 
Nr of Neighbors 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 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 

 
Leopard Nr of Approaches -0.10 -0.24 0.47* -0.02 0.06 0.05 

 
Leopard Nr of Displays 0.08 -0.29 0.29 -0.06 0.07 0.12 

Novel 
Food 

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 

Puzzle 
feeders 
  

Puzzle Nr of Approaches -0.05 -0.37 0.54* -0.06 0.40 -0.03 
Puzzle Time Manipulated 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 

Ast = Assertiveness, Con = Conscientiousness, Opn = Openness, Agr = Agreeableness, Ext = 
Extraversion, Att = Attentiveness. * Indicates significant after Bonferroni correction 
(p<0.001).Boldface indicates p<0.05  
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Discussion  

The aim of this paper was to assess validity of six previously identified 

rated personality dimensions in bonobos. Assertiveness, Openness and 

Extraversion dimensions showed good comparative and construct 

validity, as assessed through appropriate associations with sex, age and 

behaviors. Conscientiousness showed several significant behavioral 

associations but requires further investigation as factor item loadings 

differ between bonobos and chimpanzees, which impedes interspecies 

comparison of this factor. Agreeableness and Attentiveness showed weak 

validity in this study and require further testing. 

Previous studies on several primate species have reported modest to 

strong validities of rated personality traits with behavior (for review see 

Murray 2011). However, many of the behavioral associations found in this 

study, did not reach the p<0.001 required by the Bonferroni correction, 

indicating the need for this correction in future personality studies. A 

solution would be to test fewer correlations by making clear predictions 

on what associations one would expect. This would reduce the number of 

correlations and allow for a larger p-value for an association to be 

significant. Also, increasing the sample size could potentially increase 

significance of the associations. Nonetheless, we found considerable 

associations between the rated dimensions and observed behaviors. 

Assertiveness showed associations with behavioral variables that reflect 

social attractiveness and dominance status in bonobos. Individuals 

scoring high on Assertiveness will likely be the more dominant, and thus 

socially attractive individuals. In bonobos, high ranking individuals 

typically receive more grooming (Franz 1999; Vervaecke et al. 2000b) and 

less aggression (Paoli & Palagi 2009). Studies in other primate species 

found similar results for similar dominance related personality factors. In 

chimpanzees (Murray 2011) and rhesus macaques (Capitanio 1999), a 

correlation was found for Confident scores with increased levels of 

grooming received and an association between Dominance and levels of 

submissive behavior (given and received respectively) was documented in 

gorillas (Kuhar et al. 2006) and chimpanzees (Pederson et al. 2005).  
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In line with our expectations, the sex difference found for this 

dimensions in bonobos was reversed from what was found in 

chimpanzees (King et al. 2008), with female bonobos scoring higher on 

“Assertiveness” than males. This is in line with their social system, where 

females occupy the higher ranks in the dominance hierarchy (Vervaecke 

et al. 2000a; Stevens et al. 2007), and similar to what was found for 

hyenas, where females also scored higher on Assertiveness than males in 

line with their female dominated society (Gosling 1998). 

Openness showed high validity based on both behavioral 

associations and the association with age. Individuals rated high on 

adjectives such as active, playful, inquisitive and innovative were also 

likely to show higher levels of curiosity and exploration, two major facets 

of Openness across animal species (Gosling & John 1999). Individuals 

scoring high on Openness approach and examine the experimental 

objects more and longer, and will taste novel food objects, which reflects 

high levels of non-social exploration or novelty seeking.  

Extraversion was positively associated with variables related to social 

integration and females scored higher on this factor than males, but 

unfortunately, none of the associations reached the p<0.001 significance 

level. In chimpanzees no clear sex-effect was found for this factor (King et 

al. 2008; Weiss & King 2015), but this could be due to the fact that 

Extraversion dimensions in bonobos and chimpanzees differ in their 

adjective item loadings (Weiss et al. 2007; King et al. 2008; Weiss et al. 

2009; Weiss & King 2015; Weiss et al. 2015), making interspecies 

comparison for this factor difficult. Nonetheless, the sex effect found in 

bonobos is in line with sex differences in sociability and therefore 

potentially levels of Extraversion reported for this species. In bonobos, 

male social bonds are relatively weak while relationships among females 

and between females and their adult sons are strong (Kano 1992; Parish 

1996; White 1996; Hohmann & Fruth 2002; Stumpf 2007; Stevens et al. 

2015). Similar to studies done in humans and chimpanzees, both 

Extraversion and Openness decreased with age (Labouvie-Vief et al. 2000; 

Mc Crae et al. 2000; Costa et al. 2001; King et al. 2008; Weiss & King 
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2015) which provides further support for validity of these rated 

dimensions in bonobos.  

For Conscientiousness, significant negative associations were found 

for frequencies of grooming given and received, for which the 

interpretation is more difficult. Individuals scoring high on 

Conscientiousness are more gentle and predictive and less manipulative, 

impulsive and bullying. As the exchange of grooming serves an important 

function in bonobo social politics and bond formation and maintenance 

(Vervaecke et al. 2000 b, Sakamaki 2013, Surbeck et al. 2014, Stevens et 

al. 2015), it is likely that the association of these behaviors with 

Conscientiousness reflects to some extent levels of strategic handling and 

manipulation of others, with individuals scoring low being more strategic. 

In humans and chimpanzees, age related increases in Conscientiousness 

are reported (King et al. 2008), which do not appear to be present in 

bonobos. But this does not necessarily contradict validity of this factor. 

Items defining the Conscientiousness factor in chimpanzees and humans 

(King & Figueredo 1997; Weiss et al. 2007; Weiss et al. 2009) are divided 

into two separate factors in bonobos, Conscientiousness and 

Attentiveness (Weiss et al. 2015), which makes interspecies comparison 

for this factor difficult. Based on these results, we conclude that validity 

for conscientiousness looks promising but requires further testing.  

On the other hand, for Agreeableness and Attentiveness little 

support for validity was found. Both factors showed little predicted 

associations with behavioral variables, age or sex. In humans and 

chimpanzees again age-related increases have been documented for 

Agreeableness, which were not present in bonobos. Agreeableness also 

showed no significant associations behaviors, which raises questions 

about validity of this factor. The lack of behavioral associations for 

Agreeableness and Attentiveness is likely partly caused by not including 

enough behavioral variables to fully cover the range of adjectives used in 

the rating approach. For example in capuchins, Attentiveness correlates 

positively with individual attention span during experimental testing 

(Morton et al. 2013a), and no such variables were included in this study. 
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Aligning our ethogram more with the adjectives included in the 

questionnaire could improve the outcome of the validity analysis.  

Establishing validity of personality dimensions is only the first step 

towards understanding the relevance and function of inter-individual 

differences. The next step will be to assess how individual personality 

profiles influence fitness in bonobos and how personality is maintained 

by more proximate and ultimate mechanisms.  
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Abstract  

Individuals differ consistently in their behavioral tendencies and show 

continuity in these differences over time and context, which is referred to 

as personality. Despite the recent interest in studying animal personality 

in behavioral ecology, the field is still young and there is still discussion on 

how to measure personality. The use of behavioral observations in animal 

personality research was primarily represented in studies that focus on 

inter-individual differences in single behavioral domains, but is recently 

also being applied to identify multidimensional personality constructs. In 

this study, we aim to identify bonobo personality using behavioral 

observations in naturalistic and experimental contexts. Factor analysis 

revealed four dimensions that we labeled SociabilityB, OpennessB, 

BoldnessB and ActivityB. Our results indicate that combining variables 

from naturalistic and experimental contexts into one factor analysis 

reduces the number of extracted personality dimensions, as variables 

from both contexts can cluster together. This approach helps in gaining 

better insight to distinguish which personality factors are robust, 

independent dimensions and should therefore receive different labels. 

Comparing the four dimensions resulting from observational data to six 

previously identified dimensions derived from ratings filled out by human 

raters, only revealed similarities between the Openness dimensions 

assessed in both methods. As the other dimensions showed fewer 

similarities, we conclude that dimensions from both methods should be 

considered complementary as they appear to capture different facets of 

bonobo personality. Therefore we advocate the use of both rated and 

coded dimensions in further studies that focus on proximate and ultimate 

causes of personality.  
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Introduction 

Research efforts in studying animal personality are rapidly increasing ever 

since consistent inter-individual behavioral differences have been shown 

to be targeted by both natural and sexual selection (Dingemanse & Wolf 

2010; Schuett et al. 2010). For selection processes to work, a genetic 

basis for personality traits on which selection can act is required 

(Bouchard & Loehlin 2001; van Oers & Sinn 2013). Supporting this 

necessity, personality has been shown to be heritable (Weiss et al. 2000; 

Williamson et al. 2003; Sinn et al. 2006; Adams et al. 2012; Brent et al. 

2014; Petelle et al. 2015) and to predict life history patterns and fitness 

(Smith & Blumstein 2008; Reale et al. 2009; Seyfarth et al. 2012).  

Despite the popularity of animal personality research in behavioral 

ecology over the past decade (Réale et al. 2010), the field is still relatively 

young and therefore loaded with debates on methodological and 

theoretical issues (Freeman et al. 2011; Koski 2011a; Carter et al. 2013). 

Especially the confusion on how to measure personality traits often leads 

to mislabeling of traits and therefore misinterpreting of results (Carter et 

al. 2013). Two commonly used approaches to measure personality are 

observer trait ratings and behavioral codings (Freeman et al. 2011). The 

ratings method relies on asking individuals who are familiar with the 

individual animals to rate them on a set of predefined traits (Gosling & 

John 1999; Gosling 2001). In humans, personality studies using the rating 

method typically yield five dimensions (Big Five) (Goldberg 1990; Mc Crae 

& Costa 1999) and some of them have been found in species throughout 

the animal kingdom (Gosling & John 1999), especially in primates (King & 

Figueredo 1997; Weiss et al. 2006; Konečná et al. 2008; Weiss et al. 2011; 

Konečná et al. 2012; Morton et al. 2013a; Baker et al. 2015; Eckardt et al. 

2015; Weiss et al. 2015).  

The behavioral codings method is based on observing frequencies 

and durations of individual behaviors, and can be collected in a 

naturalistic or experimental context (Freeman et al. 2011). The benefit of 

including experimental tests is that it allows researchers to provoke 
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behaviors that are rare or difficult to observe in a naturalistic context 

without intervention from observers. For example, variables related to 

Persistence, Boldness or Novelty Seeking have been successfully 

measured using puzzle feeders, predator experiments or novelty 

experiments in a variety of species (Carere & Eens 2005; Carter et al. 

2012b; Massen et al. 2013; Andersson et al. 2014).  

Behavioral observations in animal personality research have 

primarily been applied in studies that focus on inter-individual differences 

in single behavioral domains like boldness (Brown et al. 2005) and 

aggression (Petit et al. 1997). Recently, however, they are increasingly 

being used to identify multidimensional personality constructs (Watson & 

Ward 1996; Uetake et al. 2004; Konečná et al. 2008; Powell & Svoke 

2008; Koski 2011b; Massen et al. 2013). Similar to the analyses of ratings, 

factor analysis is used to reduce a number of coded behavioral variables 

by clustering them together into larger dimensions based on how the 

variables correlate with one another (Anestis 2005; Pederson et al. 2005; 

Rouff et al. 2005; Fox & Millam 2010; Carter et al. 2012a; Freeman et al. 

2013).  

For example, in chimpanzees, dimension reduction analysis on 15 

consistent behavioral variables collected in the naturalistic context 

revealed five independent dimensions, which were labeled “Sociability”, 

“Positive Affect”, “Equitability”, “Anxiety” and “Activity” (Koski 2011b). 

An additional study using the experimental context found another two 

dimensions related to “Persistence/Exploration” and “Boldness” (Massen 

et al. 2013). Studies on coded personality dimensions based on 

behavioral observations in bonobos are scarce, and so far done only on 

very few individuals (Uher & Asendorpf 2008; Murray 2011). Because, 

together with chimpanzees, bonobos are humans closest living relatives 

(Prüfer et al. 2012), this lack of large scale data on bonobo personality is 

problematic when seeking to increase our understanding of the evolution 

of human personality (Wrangham & Pilbeam 2001; Hare 2009).  
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The aim of this study is to identify bonobo personality dimensions 

using behavioral coding from both naturalistic and experimental contexts. 

To allow close interspecies comparison of bonobo personality dimensions 

with the personality construct found in chimpanzees, we designed our 

study using the same behavioral variables used in two chimpanzee 

studies (Koski 2011b; Massen et al. 2013). Since bonobos and 

chimpanzees differ in key aspects of their social organization and 

behavior, we expect to find these differences reflected in their 

personality structure. Furthermore, we can use our knowledge on 

similarities and differences between bonobo and chimpanzee behavior to 

assess validity of the resulting personality dimensions. Bonobos, like 

chimpanzees, live in fission-fusion societies where females are the 

dispersing sex (Goodall 1986; Kano 1992; Boesch & Boesch-Acherman 

2000; Stumpf 2007; Furuichi 2011).  

Different from chimpanzees, however, where males are dominant 

over females (Goodall 1986; Boesch & Boesch-Acherman 2000), bonobos 

show non-exclusive female dominance, especially in feeding contexts 

(Vervaecke et al. 2000b; Stevens et al. 2007; Furuichi 2011). In bonobos, 

stable and high value relationships are formed between females (Furuichi 

2011; Stevens et al. 2015), while in chimpanzees males are dominant and 

form long-lasting, strong and equitable bonds and females are more 

solitary (Goodall 1986; Gilby & Wrangham 2008; Lehmann & Boesch 

2008; Langergraber et al. 2009; Mitani 2009b). This is reflected in sex 

differences in personality traits like Positive Affect and Equitability, where 

chimpanzee males score higher than females (Koski 2011b). Males also 

score higher on Anxiety, which is believed to reflect the stressors of their 

male-dominated society (Koski 2011b).  

Based on this knowledge of differences in social organization 

between bonobos and chimpanzees, we expect the sex effects on these 

personality dimensions to be reversed in bonobos. Further validation of 

personality dimensions will be done by looking at the association of 

personality dimensions with age and dominance rank. Our final aim is to 

assess how personality dimensions resulting from behavioral 
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observations in this study relate to previously established rated 

personality dimensions in bonobos (Weiss et al. 2015). This will allow us 

to conclude which dimensions should be used to further study proximate 

mechanisms and fitness consequences of personality in bonobos.   

Methods  

Subjects  

Behavioral coding data were collected for 46 adult and adolescent captive 

bonobos housed in 6 zoological parks in Europe: Planckendael  (PL) in 

Mechelen, (Belgium), Apenheul (AP) in Apeldoorn (the Netherlands), 

Twycross Zoo World Primate Center (TW), Twycross (United Kingdom), 

Wuppertal Zoo (WU), Wuppertal (Germany), Frankfurt Zoo (FR), Frankfurt 

(Germany) and Wilhelma zoological and botanical garden (WI) in Stuttgart 

(Germany). There were 28 female and 18 male bonobos whose ages 

ranged from 7 to 63 years. All subjects were housed in groups that 

included juveniles and/or infants. Details on group compositions can be 

found in the supporting information (Table S7). Enclosure sizes differed 

between zoos but bonobos always had access to water, food and 

enrichment.   

Data collection: naturalistic observations 

Details on behavioral data collection can be found in Staes et al. (In Prep-

b: see chapter 3). Behaviors were coded using an extensive ethogram. 

Behavioral variables and their definitions are shown in Table S4. Data 

were collected by NS and 8 students she supervised. Inter-observer 

reliability reached a mean r=0,86 across all observers, which is considered 

highly reliable (Martin & Bateson 1993). The total amount of data 

collected included 1666.15 hours of focal observations (mean 32.04 hours 

per individual), 10472 group scans (mean 616 per individual) and 2132h 

of all occurrences observations of aggression (mean 39.5 hours per 

individual). Behavioral observations were coded using the Observer 

(Noldus version XT 10, the Netherlands). All variables were tested for 

temporal consistency and therefore data were collected in two 

consecutive years for each group (see Supplementary materials Table S7).  
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Data collection: experimental tests  

Along with observing naturally occurring behaviors we conducted a 

battery of eight group experiments, adapted from work on chimpanzees 

(Massen et al. 2013). Experimental variables and their definitions are 

shown in Table S5 (for details see: Staes et al. In Prep-b). We used two 

predator experiments (Snake and leopard), two novel food experiments 

(durian fruit and blue dyed pasta) and four puzzle feeder experiments 

(Hanging barrel, barrel mesh, tubes and reel and feed) (Figure S1-S8). To 

test for temporal consistency, we repeated each experiment about one 

year later in five of the six zoos (Supplementary materials Table S7). For 

practical reasons, experiments could not be repeated at TW. Therefore 

data for these individuals were not included in the repeatability analysis. 

To test for contextual consistency, we had at least two experiments per 

category (predator; novel food; tool use). All experiments were filmed 

(Canon Legria FS406, Japan) and recordings were coded using Observer 

Video-Pro (Noldus version XT 10, the Netherlands).  

Data collection: HPQ ratings 

Personality ratings and codings were independently collected by different 

raters and observers (See Weiss et al. 2015 for details on ratings, and 

Staes et al., In prep for details on codings). Ratings were made using the 

Hominoid Personality Questionnaire (HPQ: Weiss et al. 2009) in two 

waves (first wave 2006-2008, second wave 2012). Personality data were 

collected for a total of 154 individuals (71 males, 83 females) with ages 

ranging roughly from 2 to 62 years. Inter-rater reliabilities and 

repeatabilities of the ratings were high and factor analysis revealed six 

dimensions labeled AssertivenessR, OpennessR, ConscientiousnessR, 

AgreeablenessR, AttentivenessR and ExtraversionR. Dimensions derived 

from ratings were labeled with a subscript R.  
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Statistical analysis 

Consistency. Statistical analysis was conducted using IBM SPSS Statistics 

20. To test for consistency of individual behavior across time, intraclass 

correlations (ICC) were used. ICC’s were run using a two-way mixed 

model, with period fixed and individual as random. We checked 

consistency and not absolute agreement, as the definition for personality 

requires stability of traits between individuals across time (Réale et al. 

2007; Nettle & Penke 2010). This allows for absolute measures of 

behavioral variables to differ between groups one year later as long as 

between-individual stability is maintained (Mc Crae et al. 2000). Different 

experiments were used to test cross-context consistency of behavioral 

measures in each of the three experimental contexts: predator, novel 

food and puzzle feeders. If tests within one context measure the same 

thing, ICC values should be highly significant and a mean value of the 

variables from all experiments can be clustered together to reduce the 

total number of variables for factor analysis.  

Exploratory factor analysis (EFA). To determine the underlying 

personality constructs, observational and experimental variables were 

entered into an exploratory factor analysis (EFA) (Budaev 2010). The 

number of dimensions to extract was determined using a visual analysis 

of the scree plot and a parallel analysis. The latter compares eigenvalues 

from the dataset to eigenvalues from random matrices of a similar 

sample size. Only components exceeding the 95th percentile of values 

derived from random matrices are retained (Horn 1965; O'Connor 2000). 

The EFA solution was varimax rotated and variable loadings ≥ |.4| were 

considered salient. The resulting dimensions were labeled with a 

subscript B to indicate that they are derived from behavioral codings.  

Sex, age and dominance rank effects on personality. Sex, age and 

dominance rank effects on the resulting personality dimensions were 

tested using linear mixed models. Dominance was measured by assigning 

normalized David’s scores to each individual (de Vries et al. 2006; Stevens 

et al. 2007). David’s scores use dyadic dominance proportions to calculate 

dominance scores or cardinal ranks for each individual, based on the 
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proportions of wins and losses in agonistic encounters, by looking at 

fleeing upon aggression. We then standardized the David’s scores for 

each group by dividing them by the total number of group members. Sex, 

age and rank were entered as fixed effects. Group was entered as a 

random intercept to account for non-independence of observations 

within the same zoo. The significance of the fixed effects was tested using 

an F-test with a Kenward-Roger correction for the number of degrees of 

freedom. Linear mixed models were fitted with the lme4 (Bates et al. 

2015) package in R (www.r-project.org, version 3.1.0). Visual inspection of 

residual plots did not reveal any obvious deviations from 

homoscedasticity or normality. The F-test was performed using the add-

on package pbkrtest (Halekoh & Hojsgaard 2014).  

Validity of rated personality dimensions 

For 44 individuals (18 males, 26 females) we had data available of both 

codings and ratings. Because codings were collected between 2011 and 

2014, we only used ratings collected in 2012 during the second wave. We 

used Spearman rank correlation coefficients to assess the relationship 

between unit-weighted scores on personality dimensions derived from 

ratings (Weiss et al. 2015) and consistent single behavioral variables 

belonging to the behavioral dimensions. As calculating multiple 

correlations increases the risk of a type I error, i.e., to erroneously 

conclude the presence of a significant correlation, the level of statistical 

significance of correlation coefficients was adjusted using Bonferroni 

correction (Curtin & Schulz 1998). As few personality studies apply a 

correction for multiple testing we report both the results with and 

without Bonferroni correction to increase comparability between studies. 

Ethics statement 

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 guidelines (guidelines 2012).  
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Results 

Consistency of behavioral variables 

Consistencies of behavioral variables ranged between 0.45 and 0.90, with 

12 out of 17 variables being temporally consistent: activity, aggression 

received, number of neighbors in proximity, number of times an 

individual approaches others, play, grooming given and received, number 

of grooming partners given and received, grooming diversity index, 

scratching and autogrooming. Five items were not consistent and 

therefore were dropped from further analyses: submission, aggression 

given, sexual interactions, point affinitive behaviors and number of times 

an individual is approached by others (Table 4.1). 

Consistency of experimental variables 

Consistency analysis revealed that 15 out of 29 variables were temporally 

consistent, with ICC values ranging from 0.449 (time in proximity tubes) 

to 0.803 (time manipulating barrel) (Table 4.2). Next, significant variables 

were tested for cross-context consistency. As none of the variables 

measuring the same behavior in different contexts in both the predator 

or food context were temporally consistent, across context analysis was 

only done for the behavioral variables assessed in the different puzzles 

(Table 4.3). For all temporally consistent puzzle variables, cross context 

consistency was confirmed (p<0.001) and mean values were calculated 

for these variables across different experiments. This led to four variables 

to be included in dimension reduction analysis: Puzzle Proximity, Puzzle 

nr of Approaches, Puzzle manipulation and Puzzle Latency to Approach. 

Hereafter, we were left with 10 variables that were consistent across time 

and context in the experimental condition. 
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Table 4.1: Temporal stability of single behavioral variables      

Variable ICC (3,1) 95% CI lower, upper F P-value 

Activity 0.705 (0.428; 0.848) 3.395 <0.001 

Submission 0.384 (-0.196; 0.683) 1.624 0.075 

Aggression given 0.262 (-0.407; 0.613) 1.356 0.176 

Aggression received 0.448 (-0.053; 0.710) 1.811 0.036 

Nr of Neighbors 0.807 (0.631; 0.899) 5.171 <0.001 

Approaching 0.827 (0.670; 0.909) 5.772 <0.001 

Being approached 0.386 (-0.172; 0.678) 1.628 0.069 

Play 0.533 (0.109; 0.755) 2.141 0.011 

Grooming given 0.607 (0.250; 0.794) 2.543 0.002 

Grooming received 0.658 (0.347; 0.820) 2.920 0.001 

Point affinitive 0.138 (-0.643; 0.548) 1.160 0.324 

Sexual 0.202 (-2.986; 0.840) 1.250 0.390 

Grooming density given 0.764 (0.549; 0.876) 4.232 <0.001 

Grooming density received 0.607 (0.251; 0.794) 2.546 0.002 

Grooming diversity index 0.725 (0.475; 0.856) 3.365 <0.001 

Scratch 0.904 (0.313; 0.987) 10.397 0.011 

Autogroom 0.859 (0.832; 0.926)  7.109 <0.001 

significantly repeatable variables are indicated in bold 
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Table 4.2. Temporal consistency experimental variables 

Experiment 

type Model Measure ICC (3,1) 

95% CI lower, 

 upper F P-value 

Predator Leopard Latency to approach 0.108 (-0.957; 0.594) 1.121 0.386 

  

Time in proximity 0.536 (-0.018; 0.789) 2.156 0.028 

  

Nr of Approaches 0.487 (-0.125; 0.766) 1.950 0.047 

  

Display (=poke stick 

+ bang fence) 0.523 (-0.046; 0.783) 2.097 0.032 

 

Snake Latency to approach 0.254 (-1.135; 0.739) 1.341 0.289 

  

Time in proximity 0.409 (-1.196; 0.841) 1.693 0.210 

  

Nr of Approaches 0.234 (-0.092; 0.634) 4.092 0.061 

    

Display (=poke stick + 

bang fence) 0.000 (-2.717; 0.731) 1.000 0.500 

Food Durian Latency to approach 0.582 (0.153; 0.793) 2.390 0.008 

  

Taste -0.464 (-1.965; 0.277) 0.683 0.857 

 

Pasta Latency to approach 0.137 (-0.748; 0.574) 1.158 0.340 

    Taste 0.678 (0.348; 0.841) 3.103 0.001 

Puzzle Barrel Latency to approach 0.351 (-0.314; 0.679) 1.541 0.113 

  

Time in proximity 0.539 (0.067; 0.772) 2.170 0.016 

  

Nr of Approaches 0.711 (0.415; 0.857) 3.463 <0.001 

  

Time manipulating 0.803 (0.601; 0.903) 5.078 <0.001 

 

Mesh Latency to approach 0.665 (0.321; 0.834) 2.984 0.001 

  

Time in proximity 0.417 (-0.181; 0.712) 1.715 0.066 

  

Nr of Approaches 0.528 (0.044; 0.767) 2.119 0.019 

  

Time manipulating 0.140 (-0.741; 0.575) 1.163 0.336 

  

Tool use 0.498 (-0.016; 0.752) 1.992 0.028 

 

Reel 

feed 

Latency to approach 0.618 (0.226; 0.811) 2.616 0.004 

 

Time in proximity -0.052 (-1.130; 0.480) 0.950 0.557 

 

Nr of Approaches 0.367 (-0.281; 0.688) 1.580 0.100 

 

Time manipulating 0.236 (-0.548; 0.623) 1.308 0.226 

 

Tubes Latency to approach 0.468 (-0.077; 0.737) 1.879 0.040 

  

Time in proximity 0.449 (-0.115; 0.728) 1.816 0.048 

  

Nr of Approaches 0.229 (-0.562; 0.619) 1.296 0.234 

    Time manipulating 0.521 (0.03; 0.763) 2.087 0.021 

Boldface indicates significant ICC values, for which variables are kept in EFA.  
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Table 4.3. Contextual consistency experimental variables 

Measure ICC (3,1) 95% CI lower; upper F P-value 

Latency to approach (reel, tubes, mesh) 0.528 (0.316; 0.681) 2.117 <0.001 

Time in proximity (barrel, tubes) 0.531 (0.271; 0.698) 2.132 <0.001 

Nr of Approaches (barrel, mesh) 0.555 (0.307; 0.714) 2.245 <0.001 

Time manipulating (barrel, tubes) 0.730 (0.580; 0.826) 3.703 <0.001 

Boldface indicates significant ICC values, for which variables are later combined into one 
measure for EFA 

 

Personality structure 

Factor analysis was conducted on the final 22 consistent variables (12 

from the observational context and 10 from the experimental context), 

using orthogonal rotation (varimax). Sampling adequacy for the analysis 

was high (KMO = 0.622) and inter-variable correlations were sufficiently 

high (Bartlett’s test of sphericity p<0.001). After the first run, one 

variable, time manipulating puzzle, was deleted from EFA based on low 

communalities (0.326). The remaining 21 variables were analyzed again 

with FA and, based on the scree-plot and parallel analysis, five 

dimensions were retained (see Table 4.4). However, only a single item, 

Tool use, loaded on the fifth dimension, and so we analyzed these data 

again, this time extracting only four dimensions. This yielded a 4 factor 

solution explaining 65.75% of total variance, where Tool use did not load 

on any of the dimensions. The varimax- and promax-rotated dimensions 

did not differ appreciably, and the absolute factor intercorrelations were 

modest (M = 0.23, SD = 0.08). 

The first dimension explained 29.9% of variance. Variables with 

positive loading on this dimension included grooming frequencies given 

and received, number of grooming partners, number of individuals sitting 

in proximity and grooming diversity index. Variables with negative 

loadings included latency to approach the puzzles and durian fruit, and 

autogrooming. We labeled this dimension SociabilityB. Dimension 2 

explained 14.3% of total variance and had positive item loadings for 

number of times an individual approached the puzzles or other 
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individuals, time spent in proximity of the puzzles and high levels of play. 

We labeled this dimension OpennessB. The third factor explained 12.9% 

of the variance and had factor loadings for items related to the leopard 

experiment: number of times they approached the leopard, time spent in 

its proximity and number of displaying towards the leopard. Individuals 

scoring high on this dimension also received more aggression. We labeled 

this dimension BoldnessB. Dimension 4 explained 8.7% of total variance 

and had loadings for activity and scratching. We labeled this dimension 

ActivityB.  

Table 4.4. Varimax rotated Factor Loadings 
 

 
Factor 

 
Variable SociabilityB OpennessB BoldnessB ActivityB h² 

Grooming Received 0.83 -0.03 -0.03 0.20 0.74 

Grooming Density Received 0.76 -0.07 -0.12 0.14 0.68 

Nr of Neighbors 0.71 0.13 0.13 -0.04 0.54 

Grooming Given 0.67 0.18 0.13 0.39 0.69 

Latency to Approach Puzzle -0.66 -0.49 0.02 0.24 0.79 

Grooming Density Given 0.64 0.20 0.33 0.42 0.84 

Latency to Approach Durian -0.64 -0.23 -0.01 0.14 0.47 

Grooming Diversity Index 0.53 0.12 0.19 0.36 0.67 

Autogroom -0.48 0.10 -0.39 0.01 0.46 

Puzzle Nr of Approaches 0.08 0.91 0.13 0.06 0.83 

Play -0.07 0.70 0.00 0.22 0.63 

Time in Proximity to Puzzle 0.20 0.68 -0.31 0.03 0.59 

Approach others 0.05 0.65 0.35 0.27 0.69 

Taste Pasta 0.27 0.41 0.20 0.11 0.42 

Leopard Nr of Approaches 0.02 0.11 0.82 0.02 0.67 

Leopard Nr of Displays 0.21 0.07 0.62 -0.01 0.48 

Time in Proximity to Leopard 0.10 -0.08 0.59 -0.44 0.54 

Aggression Received -0.37 0.12 0.54 0.31 0.54 

Scratch -0.10 -0.17 0.19 -0.69 0.66 

Activity  0.29 0.30 0.26 0.53 0.65 

Eigenvalue 5.98 2.85 2.59 1.73 

 % variance explained 29.92 14.25 12.93 8.65 

 h²= communality. Boldface highlights loadings >|0.4|  
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Sex, age and dominance rank associations with coded personality  

Female bonobos scored significantly higher than males on OpennessB 

(F(1,35)=7.70, p=0.009) but lower on ActivityB (F(1,36)=6.63, p=0.014) but 

did not differ from males in Sociability F(1,36)=2.68, p=0.110) and 

Boldness scores F(1,38)=2.34, p=0.134) (Figure 4.1). An age effect was 

found for OpennessB, with younger individuals scoring higher on this 

dimension (F(1,36)=25.51, p<0.001, β=-0.05) (Figure 4.2). No significant 

age effects were found for the other dimensions (Sociability F(1,34)=0.78, 

p=0.382; Boldness F(1,37)=1.65, p=0.201; Activity F(1,35)=1.77, p=0.192). 

SociabilityB was associated with higher dominance rank (F(1,38)=33.31, 

p<0.001, β=0.80) (Figure 4.3). None of the other personality traits were 

significantly associated with dominance rank (Openness F(1,37)=0.04, 

p=0.845; Boldness F(1,37)=1.40, p=0.259; Activity F(1,37)=0.44, p=0.509). 

For a figure of the mean sex difference in personality dimensions see 

supplementary information figure S9.  

 
Figure 4.1. Sex difference in mean scores on personality dimensions derived from 

codings (± standard error). Significant effects are indicated with * 
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Figure 4.2. Correlation between Openness scores and age. 

 

 
Figure 4.3. Correlation between Sociability scores and dominance rank. 
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Comparing personality dimensions of codings and ratings 

Correlations between behavioral variables belonging to each coded 

personality dimensions, with rated personality dimensions are shown in 

Table 4.5. ConscientiousnessR was positively correlated with the latency 

to approach the puzzles and negatively with grooming (given and 

received). OpennessR showed positive correlations with nr of approaches 

to leopard and puzzles, activity and whether they tasted the pasta. 

AssertivenessR, AttentivenessR, AgreeablenessR and Extraversion showed 

no significant associations with any of the behavioral measures that were 

scored.  
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Table 4.5 Correlations between personality factors derived from HPQ and coded single 
behavioral variables 

 

Behavioral variables loading 

onto coded personality 

factors 

Personality factors derived from HPQ 

ASTR CONR OPNR ATTR AGRR EXTR 

SOCB Grooming Received 0.43 -0.50* 0.15 0.15 0.07 0.3 

 
Grooming Density Received 0.13 -0.29 0.04 0.16 0.07 0.03 

 
Nr of Neighbors 0.31 -0.30 0.12 0.13 0.19 0.26 

 
Latency Approach Puzzle -0.24 0.45* -0.38 -0.1 -0.02 -0.41 

 
Grooming Density Given 0.01 -0.33 0.42 0.17 0.01 0.19 

 
Grooming Given 0.21 -0.50* 0.26 0.26 -0.02 0.31 

 
Latency to Approach Durian -0.23 0.08 -0.03 -0.2 -0.05 -0.40 

 
Grooming Diversity Index 0.01 -0.26 0.34 0.24 0.06 0.09 

  Autogroom -0.04 -0.13 -0.08 -0.17 -0.27 -0.14 

OPNB Puzzle Nr of Approaches -0.05 -0.35 0.56* -0.06 -0.08 0.41 

 
Play -0.04 -0.04 0.33 -0.02 -0.13 0.28 

 
Approach others -0.04 -0.23 0.44 0.12 -0.07 0.18 

  Taste Pasta -0.07 -0.28 0.57* -0.02 0.07 0.26 

  Time in Proximity to Puzzle -0.06 -0.27 0.32 -0.06 -0.07 0.31 

BOLB Leopard Nr of Approaches -0.1 -0.24 0.53* 0.07 -0.002 0.05 

 
Leopard Nr of Displays 0.08 -0.29 0.34 0.16 0.001 0.14 

 
Time in Proximity Leopard 0.27 -0.14 0.34 0.13 0.26 0.13 

  Aggression Received -0.39 0.19 0.11 0.09 -0.23 -0.05 

ACTB Scratch 0.01 0.21 -0.12 0.03 0.09 -0.01 

 
Activity  0.02 -0.39 0.51* 0.12 -0.13 0.19 

Spearman correlations (two-tailed). * Indicates significant after Bonferroni correction 
(p<0.0025).Boldface indicates p<0.05 . SOCB=SociabilityB, OPNB = OpennessB, 
BOLB=BoldnessB, ACTB=ActivityB, ASTR=AssertivenessR, CONR=ConscientiousnessR, 
OPNR=OpennessR, ATTR=AttentivenessR, AGRR=AgreeablenessR, EXTR=ExtraversionR.  
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Discussion  

We tested behavioral consistency in 46 zoo housed bonobos using both 

naturalistic and experimental observations. From twenty temporally and 

cross-situationally consistent behavioral variables we then extracted four 

personality dimensions that were labeled SociabilityB, OpennessB, 

BoldnessB and AnxietyB. Validity of these dimensions was high as assessed 

by their associations with sex, age and dominance rank. Comparing these 

dimensions to previously identified dimensions that were assessed using 

a rating approach, showed a high comparability for the Openness 

dimension between the two methods.  

Five out of 17 behavioral variables were not temporally consistent. In 

a comparable study on chimpanzees, only 1 out of 16 behavioral variables 

was not consistent over time (Koski 2011b). Also only half of the 

experimental variables were consistent when tested again one year later. 

The low temporal consistencies in our study could be due to several 

reasons. First, although the sample size for this study is rather large, it is 

still relatively small for ICC analysis. Being approached and submission 

were barely insignificant. Second, the group compositions in our study 

were rather unstable due to transfers of individuals for breeding program 

purposes, with some groups being fairly new at the time of data 

collection. In contrast very little changes in group membership occurred 

in the chimpanzee studies (Koski 2011b). Levels of aggression given, 

submissive behaviors, sexual interactions and point affinitive behaviors 

are typically behaviors used for formation and maintenance of social 

bonds and to establish dominance rank (de Waal 1987; De Waal & Lanting 

1997; Hohmann & Fruth 2000). Unstable group compositions can lead to 

unstable social bonds and dominance hierarchies which in turn could lead 

to lower consistencies of these variables. Also, changed group 

compositions could alter group responses to experiments.  

Third, low consistencies in the experimental context could be due to 

a change in perception for some of the experiments that can differ 

between individuals, for example levels of habituation towards the snake 
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or leopard experiment. Furthermore, the inconsistency of the 

experimental variables collected in the snake experiment can most likely 

be explained by the general lack of response towards this predator 

model, indicating that it was unsuitable for measuring boldness. Ideally, 

experiments should yield considerable between subject variation in 

behavioral response (Fairbanks & Jorgensen 2011). Cross context 

consistency for temporally stable variables from the puzzle feeder 

experiments was high, indicating that the number of approaches, latency 

to approach and time spent in proximity and working on the puzzles are 

consistent between individuals in the four contexts. In sum, individuals 

showed consistency in most but not all of their behaviors in both 

naturalistic and experimental contexts and these consistent variables 

could then be used to determine personality traits.    

By selecting variables similar to those used in two chimpanzee 

studies (Koski 2011b; Massen et al. 2013) we aimed to use a method that 

would allow close interspecies comparison between bonobos and 

chimpanzees.  Correlation patterns amongst the behavioral variables 

revealed four dimensions that resembled to some extent personality 

dimensions identified in chimpanzees (Koski 2011b; Massen et al. 2013). 

However, in chimpanzees 7 dimensions were found, two from 

experimental context and five from naturalistic context (Koski 2011b; 

Massen et al. 2013). The main difference between this study and the two 

chimpanzee studies is that we combined behavioral variables from both 

naturalistic van experimental contexts into one factor analysis, which 

allows variables from both contexts to cluster together. This explains why 

the chimpanzee studies found a separate positive affect dimension, 

including variables such as play and approaching others, and an 

exploration dimension, containing variables like time in proximity to 

puzzles and approaching the puzzles. Our results show that variables from 

these two dimensions actually cluster together into one dimension, 

labeled OpennessB in our study. The discussion surrounding the over-or 

under-labeling of traits is known in psychology research as the jingle-

jangle fallacy (Gosling 2001; Carter et al. 2013). A single trait label could 
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be representing functionally different traits, measured with different test, 

which is referred to as the ‘jingle’-fallacy, but as in our case, two trait 

labels could also actually be measuring the same thing, which is known as 

the ‘jangle’-fallacy. Our results indicate that combining behavioral 

variables from both naturalistic and experimental contexts into one factor 

analysis could help in gaining better insight in which personality 

dimensions are robust, independent dimensions and should therefore 

receive different labels.  

Similar to Sociability factors found in chimpanzees (Koski 2011b) and 

macaques (Neumann et al. 2013), our SociabilityB factor had high loadings 

for grooming variables and number of neighbors. As in other primates, 

grooming is an important aspect of social relationships and used to 

establish and maintain close social bonds in bonobos (Vervaecke et al. 

2000b; Sakamaki 2013). SociabilityB was significantly correlated with 

dominance rank, which provides further support for the variables 

clustering together in this dimension, especially for explaining why 

individuals scoring low on SociabilityB will take longer to approach food 

related experiments. In bonobos, high ranking individuals are typically 

groomed more often (Franz 1999; Vervaecke et al. 2000b) and are more 

successful at obtaining preferred and defendable food items (Parish 1994; 

Vervaecke et al. 2000a). As bonobo females typically occupy the higher 

ranks (Stevens et al. 2007) and are known for their high social 

gregariousness (Hohmann & Fruth 2002) and high value relationships 

(Stevens et al. 2015), we expected females to score higher on SociabilityB 

than males but the difference was not significant. This is similar to what is 

found in chimpanzees, where no significant sex effect on a Sociability 

measure derived from coded data was found (Koski 2011b).  

Our OpennessB factor is a combination of two dimensions found in 

chimpanzees that were labeled Positive affect and  

Exploration/Persistence (Koski 2011b; Massen et al. 2013). In our study, 

this component showed high loadings on behavioral variables related to 

exploration-curiosity and playfulness, two major facets of the Openness 

construct as found in a variety of animal species (Gosling & John 1999). 
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Bonobos scoring high on OpennessB show higher frequencies of 

approaching the puzzle devices and spent more time in proximity of the 

puzzles while others are working on them. They also show higher 

frequencies of play, which is suggested to be an important factor in 

learning to explore the environment in bonobo society (Behncke 2015).  

Female bonobos scored significantly higher on this dimension than males. 

This provides support for validity of this personality dimension as 

bonobos are a male philopatric species (Kano 1992) and therefore 

increased levels of novelty seeking can be beneficial for dispersing 

females to facilitate exploration of novel environments and the 

approaching of strangers when they enter a new group. When bonobo 

females leave their natal group, they typically establish new relationships 

with high ranking resident females (Pfalzer & Ehret 1995). Also in line 

with our results, female bonobos have been found to engage more often 

in play behavior (Palagi 2006). Further validation of these dimensions 

comes from the significant age decline in OpennessB, which is in line with 

studies of both humans and chimpanzees (McCrae et al. 1999; Labouvie-

Vief et al. 2000; Costa et al. 2001; King et al. 2008; Massen et al. 2013; 

Weiss & King 2015).   

The third dimension was labeled BoldnessB for its high positive 

loadings on the variables related to the leopard experiment and 

resembled the Boldness dimension found in chimpanzees (Massen et al. 

2013). Similar to previous studies in chimpanzees (Massen et al. 2013) 

and baboons (Carter et al. 2012b), approach behavior and time spent in 

proximity to the leopard model clustered separately from similar 

behaviors towards puzzle feeders, indicating these variables serve 

different functions in these different contexts. This supports their claim 

that novel object tests and threatening stimuli do not necessarily both 

measure Boldness and should therefore be used with caution.  The 

negative loading of aggression received on this dimension indicates that 

bonobos that receive more aggression are more likely the ones that score 

higher on Boldness, which might be explained by a trade-off between 

boldness and risk-taking behavior. Based on life-history theory, 
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individuals are known to adjust their risk-taking behavior depending on 

their reproductive value, hence fitness (Clark 1994; Wolf et al. 2007). 

Individuals with higher fitness should focus mainly on surviving to 

maintain this and should therefore be more risk-averse. Following this 

reasoning, individuals with lower fitness should be more risk-prone as 

they have little to lose. In bonobos, aggression is directed mostly towards 

males and/or low ranking individuals (Parish 1996; Paoli & Palagi 2009) 

who have lower food getting success (Vervaecke et al. 2000a). This in 

combination with the fact that males showing higher levels of aggression 

have higher mating rates than the receivers (Hohmann & Fruth 2003b) 

indicates a potential general reduction in fitness. Therefore, following the 

logic above, individuals that receive more aggression would benefit from 

having bolder personality types.  

The final dimension that we extracted was labeled ActivityB and was 

a mixture of the Activity and Anxiety dimensions found in chimpanzees 

(Koski 2011b). In chimpanzee Activity,  activity and aggression given 

clustered together which is a correlation frequently found in a variety of 

species (Konečná et al. 2008; Koski 2011b). In our study aggression given 

was not consistent across time and therefore not included in the 

personality analysis. Chimpanzee Anxiety had high loadings of self-

directed behaviors, including scratching, that loads on the negative end of 

our ActivityB dimension. However, the role of scratching as a variable that 

represents more anxious personality is still being questioned (Fairbanks & 

Jorgensen 2011). In chimpanzees and various other primates, auto-

scratching is seen as a displacement behavior associated with anxiety 

(Aureli & Van Schaik 1991; Baker & Aureli 1997), and has been validated 

by observing fluctuating levels of auto-scratching when using anxiety 

increasing or decreasing drugs (Schino et al. 1996). For bonobos, auto-

scratching is sometimes used as a measure for stress or anxiety (Clay & de 

Waal 2015) and has been shown to increase with social stress (Hohmann 

et al. 2009) but no long term studies on inter-individual differences have 

been done. The lack of long-term studies on the link between auto-

scratching and Anxiety makes it unclear whether scratching reflects long-
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term stable trait like individual differences in Anxiety (Fairbanks & 

Jorgensen 2011). Female bonobos score significantly lower on ActivityB 

compared to males. In chimpanzees, males show higher levels of self-

directed behaviors than females and this is suggested to reflect the 

stressors of their male dominated society (Koski 2011b). Our results are in 

line with these results, considering that in bonobos, females occupy the 

higher ranks in the hierarchy than do males (Vervaecke et al. 2000a; 

Stevens et al. 2007), but no significant association was found between 

dominance rank and ActivityB. The link between ActivityB, cortisol and 

rank requires further investigation in bonobos to clear out validity of this 

personality dimension and whether it represents Activity or Anxiety.   

We further compared the four dimensions derived from codings with 

six previously identified personality dimensions derived from ratings. 

None of the rated dimensions showed a high number of significant 

associations with observed behaviors belonging to the coded dimensions. 

However, rated OpennessR did show associations all higher than 0.3 with 

behavioral variables that load onto coded OpennessB., indicating a fair 

similarity between the two dimensions, although the associations were 

not all signficiant at the p<0.001 level. Individuals with higher levels of 

curious, exploratory and playful behavior are thus also rated higher on 

adjectives such as active, playful, inquisitive, innovative and lower on lazy 

and conventional. On the other hand, most variables related to BoldnessB 

also showed positive associations of the same strength with rated 

OpennessR. This may be a result of a difference in specificity between 

ratings and behavioral assessments: whereas our behavioral assays 

included variables related to both novelty seeking and threatening 

stimuli, the questionnaire was limited to adjectives that do not 

necessarily distinguish between different contexts (Carter et al. 2012a). 

Individuals that approach both novel objects/environments and threats 

could therefore be rated more curious, active and inquisitive. It is very 

likely that both methods are therefore measuring different aspects of 

Openness/Boldness. ConscientiousnessR showed some significant 

associations with the behavioral variables from our coded personality 
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construct but not enough so that dimensions would fully overlap in their 

item loadings. Although all significant associations between the rated 

personality dimensions and single behavioral variables support validity of 

the rated dimensions (Staes et al. In Prep-b; see chapter 3), this shows 

that on a  dimensional level, the results from both methods reflect 

different aspects of bonobo personality. Therefore, this study  supports 

the conclusion made by previous researchers, that if possible, both 

methods should be used combined, as such an approach is likely to 

provide more information and could increase the validity and reliability of 

the measures (Pederson et al. 2005; Rouff et al. 2005; Carter et al. 

2012a).  

The gap between rated and coded personality dimensions is 

probably caused by methodological differences between both 

approaches. Behavioral variables included in the codings approach may 

not fully cover the entire range of adjectives used in the rating approach, 

therefore making it impossible to result in similar dimensions. For 

example AssertivenessR, AgreeablenessR and ExtraversionR did not 

associate with any of the behavioral variables loading on the coded 

personality dimensions. Based on item loadings for AttentivenessR, 

variables related to intelligence and focus during experimental tasks 

could be included. For example, in capuchins, attention span during 

testing correlated positively with a similar Attentiveness factor (Morton 

et al. 2013a). Ratings also consider personality across the entire time the 

rater has known the individual, which means that the impression of the 

rater is based on the behavior of the individual in multiple contexts. On 

the other hand, codings only consider personality aspects of the 

individual during the time of data collection, which is often more limited 

in variation across time and contexts (Nettle & Penke 2010; Freeman et 

al. 2011). Future studies should therefore include personality dimensions 

resulting from both approaches to study proximate and ultimate 

mechanisms of personality in bonobos.  
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Abstract 

Recent literature has revealed the importance of variation in 

neuropeptide receptor gene sequences in the regulation of behavioral 

phenotypic variation. Here we focus on polymorphisms in the oxytocin 

receptor gene (OXTR) and vasopressin receptor gene 1a (Avpr1a) in 

chimpanzees and bonobos. In humans, a single nucleotide polymorphism 

(SNP) in the third intron of OXTR (rs53576 SNP (A/G)) is linked with social 

behavior, with the risk allele (A) carriers showing reduced levels of 

empathy and prosociality. Bonobos and chimpanzees differ in these same 

traits, therefore we hypothesized that these differences might be 

reflected in variation at the rs53576 position. We sequenced a 320 bp 

region surrounding rs53576 but found no indications of this SNP in the 

genus Pan. However, we identified previously unreported SNP variation in 

the chimpanzee OXTR sequence that differs from both humans and 

bonobos. Humans and bonobos have previously been shown to have a 

more similar 59 promoter region of Avpr1a when compared to 

chimpanzees, who are polymorphic for the deletion of ~360 bp in this 

region (+/-DupB) which includes a microsatellite (RS3). RS3 has been 

linked with variation in levels of social bonding, potentially explaining part 

of the interspecies behavioral differences found in bonobos, chimpanzees 

and humans. To date, results for bonobos have been based on small 

sample sizes. Our results confirmed that there is no DupB deletion in 

bonobos with a sample size comprising approximately 90% of the captive 

founder population, whereas in chimpanzees the deletion of DupB had 

the highest frequency. Because of the higher frequency of DupB alleles in 

our bonobo population, we suggest that the presence of this 

microsatellite may partly reflect documented differences in levels of 

sociability found in bonobos and chimpanzees. 



Genetic basis of Pan personality 

 

103 

Introduction 

Understanding the evolution of behavioral differences in closely related 

species is one of the major challenges in modern behavioral ecology. 

Recently, genetics have been increasingly used to understand how these 

differences occur (Thomas & Klaper 2004; Fitzpatrick et al. 2005). For 

example, differences in genes coding for neuropeptide receptors in the 

brain have been linked to variation in social behavior between species (de 

Bono & Bargmann 1998; Insel & Young 2000; Tost et al. 2010).  

Primate studies, especially on great apes, are particularly interesting 

to increase our understanding of the evolution of sociality that led to the 

current complex social structures found in human populations. In terms 

of human sociality, our two closest living relatives, chimpanzees (Pan 

troglodytes or P.t.) and bonobos (Pan paniscus or P.p.) offer an 

interesting comparative framework, as they differ in key aspects of social 

behavior (Stanford 1998; Doran et al. 2002; Stumpf 2007). The common 

ancestor of these two sister-species separated from the hominoid line 

approximately 5 million years ago, and from each other as recently as 0.8 

to 2.5 million years ago (Won & Hey 2005; Hey 2010; Prado-Martinez et 

al. 2013).  

Despite this close phylogenetic relatedness, most research has 

focused on the dichotomy between these two species (Parish & De Waal 

2000; Furuichi 2011). Bonobos are often described as being highly sexual, 

showing lower levels of aggression and higher levels of reconciliatory 

tendencies than chimpanzees. Additionally, bonobos are female co-

dominated compared to a male dominated society in chimpanzees 

(Kuroda 1980; de Waal 1987; Kano 1992; Parish 1996; Parish & De Waal 

2000; Vervaecke et al. 2000a; Furuichi 2011). However, other studies now 

challenge this view and suggest more behavioral continuity between 

these species for these traits (Stanford 1998; Doran et al. 2002; Palagi et 

al. 2004; Stumpf 2007).  
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The debate on the distinctiveness of these two species reflects 

recent efforts to determine more proximate causes of interspecies 

differences and how these evolved in early hominids. Although it is 

generally accepted that complex social behavior is regulated by a 

combination of genes, the environment, and an interaction of the two 

(Robinson 2004), studies have identified candidate genes showing large 

effects on behavioral variation (Fitzpatrick et al. 2005). Within this study 

we focus on variation in two genes known to play a role in the regulation 

of social behavior, namely the receptor genes for oxytocin (OXT) and 

arginine vasopressin (AVP). OXT and AVP are neuropeptides that are 

primarily synthesized in the hypothalamus, transported to the posterior 

pituitary from where they can be stored or released into the systemic 

circulation, or within synapses in the brain, where they can interact with 

receptors in different brain regions (Brownstein et al. 1980; Young & 

Gainer 2003). For both OXT and AVP, the genes that code for their 

receptors in the brain have been explicitly linked to variation in 

behavioral phenotypes in various species ranging from rodents 

(Hammock & Young 2005b; Sala et al. 2013) to primates (Hopkins et al. 

2012; Anestis et al. 2014), including humans (Knafo et al. 2008; Walum et 

al. 2008; Wu et al. 2012).  

The link between oxytocin receptor gene (OXTR) variation and 

behavior has primarily been studied in humans (Israel et al. 2009; 

Thompson et al. 2011; Walum et al. 2012). One particular single 

nucleotide polymorphism (SNP) in the third intron of the oxytocin 

receptor gene (rs53576 A/G) has recently emerged as an interesting 

candidate for producing behavioral consequences (Wu et al. 2005; 

Bakermans-Kranenburg & van Ijzendoorn 2008; Rodrigues et al. 2009; 

Tost et al. 2010). In humans, carriers of the rs53576 risk allele (A) show a 

reduction in social skills, including empathic capacity (Bakermans-

Kranenburg & van Ijzendoorn 2008; Rodrigues et al. 2009; Tost et al. 

2010) and prosocial behavior (Lucht et al. 2009). Although rs53576 is 

located in a non-coding intronic region, it could still be of functional 
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importance to regulate behavioral variation.  

For example, intronic SNPs can affect the relative binding affinity of 

specific splicing regulatory proteins, resulting in different behavioral 

phenotypes in humans (Seo et al. 2013). However, this does not seem to 

be the case for rs53576 (Costa et al. 2009). Another study describes how 

transcriptional control elements within the third intron of the human 

OXTR are involved in transcriptional suppression of the gene (Mizumoto 

et al. 1997), which led to the hypothesis that SNPs in this region could be 

regulatory by altering methylation patterns (Lerer et al. 2008). Although 

the underlying mechanism of how rs53576 generates behavioral 

differences remains largely unknown, there is evidence for structural 

neural alterations in key oxytocinergic regions (Tost et al. 2010; Wang et 

al. 2013). Individuals carrying at least one risk allele (A) show a significant 

decrease in hypothalamus gray matter, an increased volume of the right 

amygdala gray matter in males, an increased structural correlation of the 

hypothalamus and dorsal anterior cingulate cortex (dACG), and an 

increase in structural coupling of hypothalamus and amygdala (Tost et al. 

2010; Wang et al. 2013).  

Interestingly, bonobos and chimpanzees show interspecies 

differences in volume of gray matter of these particular brain regions, and 

in associated white matter pathways connecting these regions (Tost et al. 

2010). Compared to chimpanzees, bonobos have a larger hypothalamus 

and right dorsal amygdala and a larger pathway connecting the amygdala 

with the ventral anterior cingulate cortex (vACG) (Rilling et al. 2011). 

These differences in brain anatomy are thought to be linked with 

observed interspecies differences in behavior and temperament, 

including empathy and prosociality (Rilling et al. 2011). Bonobos are 

found to perform better at solving tasks related to theory of mind or 

understanding social causality, which indicates higher empathic sensitivity 

(Herrmann et al. 2010). Furthermore, in bonobos, higher levels of social 

tolerance (Hare et al. 2007; but see Jaeggi et al. 2010), prosociality (Hare 

& Kwetuenda 2010; Tan & Hare 2013) and lower levels of inter- and 

intragroup aggression (Idani 1990; Doran et al. 2002; Furuichi 2011) have 
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been described compared to chimpanzees. In light of these findings, we 

hypothesized that if bonobos and chimpanzees share the same genetic 

variation of rs53576 (A/G) in the OXTR as found in humans, they might 

differ in frequencies of these alleles on a species level. This variation 

could explain differences found in social behavior and organization 

between these species. A second candidate gene involved in regulation of 

social behavior, is the gene coding for the vasopressin receptor 1a 

(Avpr1a). The length of the promoter region of this gene correlates with 

increased sociability in a variety of mammalian species, including humans 

(Bachner-Melman et al. 2005; Hammock & Young 2005b; Knafo et al. 

2008; Hopkins et al. 2012). The underlying mechanism has been studied 

using homologous recombination techniques in rodents. By incorporating 

the 5’ promoter region of Avpr1a from vole species into the Avpr1a gene 

of mice, Donaldson and colleagues (2013) have shown that the length of 

this promoter region partly determines Avpr1a distribution patterns in 

the brain. Use of transcription predictor assays suggests this might be due 

to alterations of gene expression in these different brain regions (Young & 

Wang 2004). As the length of this promoter region is highly variable, 

differences in receptor distribution patterns in the brain are found within 

(Hammock et al. 2005; Hammock & Young 2005b; Ophir et al. 2008), but 

also between different vole species (Young et al. 1999a). Studies on the 

social effects related to these different brain receptor patterns, indicated 

that individuals with longer alleles showed increased levels of social 

behavior, specifically in parental care and a more definitive partner 

preference (Hammock et al. 2005; Hammock & Young 2005b). Based on 

the results in rodents, it was later suggested that the effect of variation in 

this specific gene might affect a wider variety of species, including 

primates (Hammock & Young 2005b). 

Based on a small sample of two bonobos, Hammock and Young 

(2005b) described how humans and bonobos have a more similar 5’ 

Avpr1a promoter region when compared to chimpanzees. The former 

have three microsatellites in this region named STR1, RS3 and RS1 

whereas chimpanzees are polymorphic for the presence of an 
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approximately 360 bp deletion, called the DupB region, which includes 

the RS3 microsatellite (Donaldson et al. 2008). Although both RS1 and 

RS3 have been subject of behavioral association studies, the majority of 

behavioral correlates have been attributed to variation in RS3 (Bachner-

Melman et al. 2005; Knafo et al. 2008; Hong et al. 2009; Meyer-

Lindenberg et al. 2009). In humans, more RS3 microsatellite repeats 

correlate with increased prosocial behavior (Knafo et al. 2008) and 

stronger amygdala activation to face recognition (Meyer-Lindenberg et al. 

2009). Furthermore, individuals with longer RS3 alleles show higher 

promoter activity (Tansey et al. 2011) and have higher Avpr1a messenger 

RNA levels in their hippocampus, where vasopressin is produced, 

suggesting that this microsatellite plays a role in gene regulation in 

humans (Knafo et al. 2008). However, in non-human primates very little is 

known about the link of RS3 with behavior. Rosso et al. (2008) found no 

direct link between the presence of RS3 and male mating behavior across 

12 Old World primates. They showed that species with dissimilar male 

behaviors (e.g. bonobos, orangutans and lar/symphalangus gibbons) all 

share the presence of the RS3 microsatellite. 

Since Avpr1a has been linked to intersexual bonding in voles 

(Hammock & Young 2005b) and humans (Walum et al. 2008), it will be 

interesting to evaluate if differences in bonding patterns and sociability 

between closely related Pan species covary with the length of the RS3 

alleles. Bonobos and chimpanzees are reported to differ in levels of intra- 

and intersexual bonding. In bonobos, there is evidence for strong male-

female association and grooming in all groups (Hohmann et al. 1999; 

Stevens et al. 2006). These associations are believed to reflect 

reproductive efforts (Surbeck et al. 2012), while sexual coercion has never 

been observed (Paoli et al. 2006). In chimpanzees, bond strength is 

typified by the strongest bonds occurring between the males, the 

weakest between females, with male-female bond strength falling 

intermediary (Goodall 1986). However, recent evidence shows a more 

complex picture, with some authors suggesting that bonding patterns in 

Western chimpanzees more closely resemble the bonobo pattern of 
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intersexual bonding (Boesch & Boesch-Acherman 2000; Lehmann & 

Boesch 2005; Gomes & Boesch 2009), but Eastern populations show 

variation in the strength of intra- and intersexual social bonds (Gilby et al. 

2010; Newton-Fisher et al. 2010; Langergraber et al. 2013; Machanda et 

al. 2013). 

Until now, data on RS3 in bonobos have been based on small sample 

sizes totaling five individuals (Hammock & Young 2005b; Donaldson et al. 

2008; Rosso et al. 2008). All three studies showed that bonobos do not 

have the deletion of the DupB region, but no further results on RS3 

variation have been published. In chimpanzees, more studies are 

available that have examined the variation of the RS3 genotype and its 

relation to behavior. These studies have mainly focused on the deletion 

of DupB ( =DupB-), which includes the RS3 microsatellite (Donaldson et al. 

2008; Rosso et al. 2008; Hopkins et al. 2012; Anestis et al. 2014; Hopkins 

et al. 2014).  

For Western chimpanzees, the presence of DupB (= DupB+) has been 

associated with a variety of social traits and capacities. DupB+/- and 

DupB+/+ individuals appear to have a ‘‘Smarter’’ social behavioral style 

compared to DupB-/- individuals, meaning they score higher on the 

number of coalitions, on the amount of grooming received and on 

likeliness to initiate play (Anestis et al. 2014). DupB+ males show more 

affiliative behavior (Anestis et al. 2014), have a more dominant and 

conscientious personality profile (Hopkins et al. 2012), higher scores on a 

social cognition task, and more responsiveness to socio-communicative 

cues (Hopkins et al. 2014) than DupB-/- males.  

Interestingly, the allele frequencies for this deletion differ between 

subspecies of chimpanzees, with a higher prevalence of the deletion 

occurring in chimpanzees of West-African origin (P.t.verus) (DupB 

frequency=0.74 [57] and 0.77 (Anestis et al. 2014)) compared to the 

Eastern chimpanzees (P.t. schweinfurthii) (DupB- frequency=0.38 (Anestis 

et al. 2014)). No deletions have been reported for the Central 

chimpanzees (P.t.troglodytes), however the sample size for this 

subspecies was limited to two individuals (Rosso et al. 2008). 
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While studies have looked into ecological differences to explain 

different patterns of intersexual bonding between bonobos, Western and 

Eastern chimpanzees, it is also possible that variation in long-term 

association, and perhaps affiliation could partly be due to differences in 

DupB- allele frequencies. Since few studies have described the variation 

in Avpr1a alleles in bonobos and chimpanzees, especially of Eastern 

origin, our goal was to investigate the presence of DupB in a larger 

sample size of bonobos, and describe and compare the RS3 length 

variation in both bonobos and chimpanzees. 
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Methods 

Samples  

Hair or blood samples were obtained from the Centre for Research and 

Conservation at the Royal Zoological Society of Antwerp, Belgium 

(bonobo N=21; chimpanzee N=8); the Biomedical Primate Research 

Centre Rijswijk, Netherlands (chimpanzee N=14); Arnhem Zoo, the 

Netherlands (chimpanzee N=7); Chester Zoo, United Kingdom 

(chimpanzee N=5) and Beekse Bergen, the Netherlands (chimpanzee 

N=1). The San Diego Zoo Institute for Conservation Research (California, 

United States) PCR amplified DNA that was banked in their Frozen Zoo 

from 14 bonobos for analysis in their genetics lab or by Macrogen Inc., 

Korea. 

We selected unrelated individuals for both species in order to 

capture as much variability as possible in the captive populations. For 

bonobos, we were able to utilize DNA/data from a total of 33 wild-born 

individuals (founders) and two unrelated F1- offspring of missing founder 

couples unrelated to each other or the other founders, thereby capturing 

approximately 90% of the total captive founder variation. Relatedness 

among these founders was assumed to be very low or non-existent and 

individuals were captured over a period of more than 30 years from 

different populations located across the entire bonobo distribution region 

(Reinartz 1997). 

For chimpanzees, we collected DNA from a total of 20 wild-born 

individuals, six individuals of unknown origin and nine unrelated F1-

offspring. Subspecies status has been assigned to 32 out of 35 of our 

chimpanzees (Carlsen 2012). Our sample group consists of 21 P. t. verus, 

two P.t. schweinfurthii, one P.t. troglodytes, one labeled as P.t.troglodytes 

or P.t.schweinfurthii and seven subspecific hybrids primarily troglodytes x 

verus. We extracted DNA using a Puregene Core Kit B (QIAGEN). Human 

DNA from the main investigators and negative control samples were 

included in all procedures to rule out contamination during analysis. For 

both OXTR and Avpr1a genotyping, we re-analyzed approximately 20% of 
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the samples at least once. Additionally, offspring of the founders were 

genotyped and used in conjunction with studbook information to validate 

inheritance patterns of the alleles in this study. 

OXTR 

Amplification of the OXTR region surrounding rs53576 in humans was 

completed for 27 bonobos and 35 chimpanzees (Tables S8 and S10) using 

the primer set from Wu et al. (2005): forward 5’- GCC CAC CAT GCT CTC 

CAC ATC-3’ and reverse 5’- GCT GGA CTC AGG AGG AAT AGG GAC-3’. Each 

25 µL PCR reaction mix contained 1X QIAGEN Taq Buffer advanced, 1 mM 

MgCl2, 200 µM dNTP’s, 1.25U 5 PRIME Taq DNA Polymerase (5 U/µL), 0.5 

µM of both primers and approximately 45 ng genomic DNA. PCR started 

with an initial incubation at 95°C (5 minutes), followed by 40 cycles at 

95°C (30 s), 62°C (40 s), 72°C (40 s) and a final extension period of 10 

minutes at 72°C. Samples showing multiple PCR bands were gel extracted 

based on size selection prior to sequencing. Sequencing of the region of 

interest was performed by Macrogen Europe (Netherlands). Resultant 

sequences were aligned to human reference sequences using Geneious 

(Version 5.5). Human variation within this OXTR region was identified 

using the Ensembl dbSNP database. Potential functional consequences of 

the observed genetic variation were evaluated in terms of differential 

binding preference of transcription factors with both the TFSEARCH tool 

(with a cutoff score of 0.85) (Wingender et al. 1997) and JAPSAR 2014 

(with a profile threshold score of 0.75) (Mathelier et al. 2014). We used 

pedigree analysis to determine SNP variation in an additional 7 bonobo 

founders by genotyping in total, 16 of their descendants (Table S9). 

Avpr1a 

Amplification of the region surrounding the RS3 microsatellite was done 

for 35 bonobos and chimpanzees, using different primer sets for both 

species. For bonobos we used the primer set from Bachner-Melman et al. 

(Bachner-Melman et al. 2005): forward 5’-CCT GTA GAG ATG TAA GTG CT-

3’ and reverse 5’-TCT GGA AGA GAC TTA GAT GG-3’. As chimpanzees are 

polymorphic for an ~360 bp deletion including the reverse bonobo primer 

region, we developed a new primer set: forward 5’- TTT TTC AGA GGG 
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ATC CTG-3’ and reverse 5’-GGA ATG AGT TAA CAA ATG TTG TAG-3’. 

Forward primers were fluorescently labeled (6-FAM). The 25 µL PCR 

reaction mixes contained the same components used for the OXTR 

reactions except the MgCl2 was omitted. PCR cycle conditions were 

comparable to the OXTR conditions except for the annealing temperature 

and the number of cycles, which were set to 54°C and 35 cycles 

respectively. Individuals were genotyped using automated capillary 

electrophoresis (Macrogen Inc., Korea or ABI 3130 Genetic Analyzer, Life 

Technologies). For chimpanzees, RS3 amplicons were first visualized on 

an agarose gel (1.8%). DupB-/- individuals were excluded from further 

genotyping since they lack the variable RS3 microsatellite region. 

Ethics Statement 

No animals were sacrificed or sedated for the purpose of this study. All 

European DNA samples were provided from existing DNA databanks that 

collect and store samples following BIAZA guidelines that state that some 

material may be obtained opportunistically during health checks or other 

recognized husbandry procedures. Most of these samples were hair 

samples that were collected non-invasively. In case of blood samples, we 

followed the BIAZA guidelines that state that no more than 10% of 

samples taken for veterinary purposes can be used for secondary 

research purpose. Samples from San Diego Zoo animals were collected 

during routine veterinary checks and approved by the SDZG IACUC 

(assurance# 12–023). Additional samples from other USA zoos were also 

collected opportunistically for population management purposes and are 

not subject to IACUC approval. Human DNA from the main investigators 

(NS and JMGS) was acquired non-invasively by use of buccal swabs. As the 

samples were collected non-invasively and only for the purpose of 

methodological validation, with no intent to interpret or publish further 

results regarding these samples, the Scientific Advisory Board of the Royal 

Zoological Society of Antwerp waived the requirement for human 

subjects approval for human tissue collection and use in this study. This 

research was approved by the University of Antwerp (Belgium) and 

endorsed by the European Breeding Program for bonobos. 
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Results 

OXTR variation 

We sequenced a 320 bp region surrounding the rs53576 SNP found in 

humans (reference NCBI: NC_000003.11:g.8804371A>G) in 35 

chimpanzees, 27 unrelated bonobos, and an additional 16 descendants of 

7 bonobo founders that were missing (Figure 5.1 and Tables S8–S10). 

Both species showed no variation at this position, with all individuals 

being G/G. Further inter-and intraspecific variation is shown in Figure 5.1. 

The bonobo dataset showed no SNPs in the sampled region, but we did 

identify five new SNPs in chimpanzees that are not present in humans or 

bonobos (Table 5.1). Four of these SNPs occur at a low frequency, with 

minor alleles present in one to three individuals, most often in subspecific 

hybrids of unknown subspecies mixtures. The fourth SNP (ID: 

NC_006490.3:g.8947139T>C, ss1388116472) on the contrary, is present 

in a higher proportion, with the minor allele (C) occurring exclusively in 

the Western subspecies (P. t. verus) at a frequency of 0.11. Genotype 

frequencies for this SNP do not deviate from Hardy-Weinberg equilibrium 

in our sampled population (x2= 0.18, df= 1, p =0.36). Analysis on the 

presence of regulatory motifs indicate that this SNP overlaps with an SRY 

transcription factor binding site for the common T allele whereas the 

‘‘rare’’ C allele misses this SRY recognition site at the 85 and 75 thresholds 

in TFSEARCH and JASPAR (2014) respectively. Humans and bonobos, both 

homozygous T at this position, show no variation in SRY binding at this 

position. As variation in this SNP is balanced across the age and sex 

spectrum in chimpanzees, we expect neither of these to influence allele 

frequencies in our populations (Table S10). 
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Figure 5.1. Human, chimpanzee and bonobo oxytocin receptor gene sequences 
surrounding rs53576 (CHR3; NC_00003.11) Schematic (A) shows the position of the 
sequence in the third intron of the human OXTR (GRCh 37.p13gi|224589815). Inter- and 
intraspecific variation is shown in (B). Bold letters indicate single nucleotide 
polymorphisms indicated following. IUPAC nucleotide codes. Underscores indicate 
positions of interspecific variation (human variation was identified using Ensembl dbSNP 
database). 
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Table 5.1. Position and frequency of alleles and genotypes of SNPs identified in chimpanzee 
OXTR rs53576 surrounding region for a total of 35 unrelated individuals 

SNP ID* NCBI ss number Allele frequency Genotype frequency 

NC_006490.3: 

g.8946985G>C 

ss1388116469 0.94. (G); 0.057 (C) 0.914 (GG); 0.057 

(GC); 0.029(CC) 

NC_006490.3: 

g.8946997A>G 

ss1388116470 0.971 (A); 0.029 (G) 0.971 (AA); 0.029 (GG) 

NC_006490.3: 

g.8948239C>T 

ss1388116471 0.971 (C); 0.029 (T) 0.943 (CC); 0.057 (CT) 

NC_006490.3: 

g.8947139T>C 

ss1388116472 0.886 (T); 0.114 (C) 0.800 (TT); 0.171 (CT); 

0.029 (CC) 

NC_006490.3: 

g.8947163G>A 

ss1388116473 0.986 (G); 0.014 (A) 0.971 (GG); 0.029 (AG) 

*: ID is based on position of SNP in chimpanzee genome version 74.214 (CHIMP2.1.4 – Chr3). 

doi:10.1371/journal.pone.0113364.t001 

 

Avpr1a variation 

The RS3 microsatellite was present in all 35 unrelated bonobos, and 11 

different alleles were distinguished with length ranging from 463 to 489 bp 

(Table 5.2). The most prevalent alleles had a frequency of 0.23 (allele 481) 

and 0.26 (allele 485). In chimpanzees 11 different RS3 alleles were found, of 

which two are chimpanzee specific, with length varying from 463 to 494 bp 

(Table 5.2). However, the deletion of DupB, including RS3, was present in 

the majority of chimpanzees (61%, see Table 5.2). Subspecies status has 

been assigned to 32 out of 35 of our wild born chimpanzees (Carlsen 2012). 

In our sample, all individuals homozygous for the deletion of DupB 

(including the RS3 microsatellite) were West-African P. t. verus (Figure 5.2). 

Individuals belonging to P. t. troglodytes and P. t. schweinfurthii subspecies 

were all DupB+/+. We do not expect age or sex to influence our results, as 

the allelic frequency distribution for both species includes individuals of 

both sexes and a variety of ages (Tables S8–S10). 
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Table 5.2. Frequency and percentage of RS3 alleles found in an unrelated set of bonobos 
(Pan paniscus) (N=35) and chimpanzees (Pan troglodytes) (N=35). 

 Pan Paniscus  Pan Troglodytes 

Allelle (bp) Frequency Percentage (%)  Frequency Percentage (%) 

140* 0 0  43 61 

463 4 6  1 1 

465 7 10  0 0 

469 1 1  0 0 

475 0 0  1 1 

477 4 6  3 4 

479 8 11  2 3 

481 16 23  5 7 

483 1 1  6 9 

484 9 13  0 0 

485 18 26  2 3 

487 1 1  1 1 

489 1 1  1 1 

492 0 0  4 6 

494 0 0  1 1 

* = DupB- allele 
 

 
Figure 5.2 Distribution of DupB genotype frequencies for chimpanzee subspecies. X-axis shows 
individuals homozygous for the deletion (DupB-/-), heterozygous for the deletion (DupB+/-) or 
homozygous for the presence of RS3 (DupB+/+). Different chimpanzee subspecies are indicated on the 
map in black (1) (Pan troglodytes verus), dark grey (2) (Pan troglodytes troglodytes) and white (3) (Pan 
troglodytes schweinfurthii). Hybrids are not shown on the map. (Map adapted from Prüfer et al 2012) 
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Discussion 

We investigated variation in oxytocin (rs53576) and vasopressin (RS3) 

receptor genes within chimpanzees and bonobos, and their putative 

relationship to differences in social behavior for both species. As such, we 

identified previously unreported variation in the oxytocin receptor gene 

for chimpanzees with possible functional importance but no variation was 

found in this region for bonobos. For the vasopressin receptor gene, we 

confirm that there is no deletion of the DupB region, including the RS3 

microsatellite, in a large sample of bonobos, whereas in chimpanzees the 

deletion occurred in most of the sampled individuals. 

For the oxytocin receptor gene, the rs53576 position was fixed in 

both chimpanzees and bonobos. Given a lack of available data on the 

presence of rs53576 in other ape species, it is unclear whether the 

variation evident at this site in humans has emerged after divergence 

from a Panin ancestor, or conversely, whether past variation in the genus 

Pan has simply become fixed. Regardless, given the lack of variation at 

the rs53576 site in bonobos and chimpanzees, we can conclude that 

reported interspecies differences relating to empathic sensitivity and 

prosociality are not driven by variation at this particular site. This suggests 

that rs53576 only serves functional importance in humans. Recent studies 

have reported additional SNPs in the human OXTR gene, linked with 

empathy (Wu et al. 2012) and autism (Wu et al. 2005) indicating that it is 

a more complex interaction affecting behavioral differences and that it is 

still unclear which precise mechanisms are involved. Accordingly, we 

assessed bonobos and chimpanzees for additional variation in the region 

surrounding rs53576. Bonobos showed no further variation, however five 

additional SNPs were identified within this region in chimpanzees, which 

is in line with observed variability in human studies (Wu et al. 2005; 

Bakermans-Kranenburg & van Ijzendoorn 2008; Rodrigues et al. 2009; Wu 

et al. 2012). Further work using quantitative behavioral data is now 

needed to determine whether these SNPs are of any functional 

importance in chimpanzees. The question then remains whether they 

only explain intra- or also interspecific behavioral differences. 
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Since behavioral association studies in chimpanzees in general have 

relatively small sample sizes, ss1388116472 is the best candidate for 

future research, as this SNP has a minor allele frequency of more than 

5%. Currently there is little information available on the effects of 

oxytocin in great apes. The few studies done in chimpanzees have 

reported the importance of oxytocin in social bonding (Crockford et al. 

2013; Wittig et al. 2014). As bonobos and humans are all TT at this 

position, this SNP could partly explain reported interspecies differences in 

social bonding (Parish & De Waal 2000; Stumpf 2007), but quantitative 

comparative data on differences in behavior between the species are 

needed to confirm this hypothesis. From a functional perspective, it 

would be interesting to evaluate whether the reduced binding affinity of 

SRY in the third intron of oxytocin, caused by the ‘‘rare’’ C allele in the 

Western chimpanzee subspecies (P. t. verus), affects the transcription of 

the oxytocin receptor, and as such the social behavior. More specifically, 

since SRY transcription factors are exclusively expressed in males, we 

hypothesize that this SNP should be regarded as a candidate to explain 

sex-specific differences in oxytocin receptor expression patterns, and 

therefore sex-specific differences in chimpanzee behavior. Altogether 

these results underline the importance of species, or even population 

specific, genetic scans in the upstream flanking regions of regulating 

genes to fully appreciate the role of silent genetic variation in observed 

behavioral patterns. 

Our second goal was to investigate whether the absence of DupB 

found in a majority of Western chimpanzees (Hammock & Young 2005b; 

Donaldson et al. 2008; Rosso et al. 2008) would be found in bonobos 

using a larger sample size than in previous studies. Our results confirm 

that all bonobos investigated retain the DupB region containing the 

microsatellite RS3. They show variation in the length of RS3, with 11 

different alleles occurring in our sampled captive population. As found in 

previous studies (Donaldson et al. 2008; Rosso et al. 2008), our sampled 

chimpanzee population showed a high prevalence (61%) of the DupB- 

allele. These results suggest that the deletion of the DupB region is 
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chimpanzee specific, and that it is very likely to have occurred after these 

two sister-species separated from each other. When chimpanzees have 

RS3 (39%), they show variation in length comparable to what is found in 

bonobos. Comparing all the sampled chimpanzee subspecies, the DupB 

deletion occurs only in P.t. verus or hybrids of these Western 

chimpanzees. Although our samples contained relatively few Eastern and 

Central chimpanzees, these results are in line with previous findings on 

subspecies differences for the occurrence of the deletion. The frequency 

of the deletion is found to be rather high in Western chimpanzees 

(Donaldson et al. 2008; Hopkins et al. 2012; Anestis et al. 2014) while it is 

the minor allele in Eastern chimpanzees (Anestis et al. 2014).  

Furthermore, while the few Eastern and Central chimpanzees we 

tested makes it difficult to compare RS3 diversity between bonobos and 

chimpanzee subspecies, our sampled set of bonobos shows RS3 length 

variation comparable to chimpanzees in general. Due to the high 

frequency of the DupB allele in chimpanzees, we have a much higher 

frequency of DupB+ alleles including RS3 in our bonobo population. As 

RS3 is known for its role in the regulation of bonding and sociability in 

voles (Hammock & Young 2005b) and humans (Walum et al. 2008), and 

deletion of DupB has been associated with a reduction in sociability and 

affiliation in primarily male Western chimpanzees (Anestis et al. 2014), 

the variation in DupB might partly reflect differences in levels of 

sociability and intersexual bonding documented between bonobos and 

chimpanzees (Sugiyama 1988; Hohmann & Fruth 2003a; Lehmann & 

Boesch 2005; Gomes & Boesch 2009; Gilby et al. 2010; Langergraber et al. 

2013; Machanda et al. 2013; Newton-Fisher 2014). Further studies 

relating sociability to the DupB deletion in chimpanzees are needed to 

validate the hypothesis regarding its putative role in social bonding 

differences in bonobos and chimpanzees. 

Traditionally chimpanzees are seen as male-male bonded (Goodall 

1986; Williams et al. 2002), while female-female bonds prevail in bonobos 

(Parish 1996; Parish & De Waal 2000). However this dichotomy has 

become more blurred as intraspecific variation in bonding patterns was 
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identified in chimpanzees (Boesch & Boesch-Acherman 2000; Boesch et 

al. 2002b), and to some degree in bonobos (White 1996; Hohmann & 

Fruth 2003a). Comparisons are hampered as different measures of social 

bonding are used (e.g. territory overlap, association patterns, proximity, 

affiliative behavior such as grooming and coalitionary support), while 

these may not always be equivalent (Lehmann & Boesch 2009; Machanda 

et al. 2013). Finally, short term bonds and long term bonds may differ in 

functionality (Matsumoto-Oda 2002), but so far few comparable data sets 

exist on the stability of such bonds. The current evidence suggests that, at 

least qualitatively, there seems to be more inter-and intraspecific overlap 

in intersexual bonding than previously recognized (Stumpf 2007). For 

example, differences between and within Western and Eastern 

chimpanzees (Lehmann & Boesch 2005; Lehmann & Boesch 2008; 

Lehmann & Boesch 2009) are less clear cut than previously thought 

(Langergraber et al. 2009; Langergraber et al. 2013). There seems to be 

variation within the Eastern subspecies, suggesting influences of 

demography and/or ecological variation, perhaps yet undetected among 

Western chimpanzees and bonobos, for which fewer long-term field sites 

exist. Therefore considering differences at species or subspecies level 

may be less useful than at population level (Newton-Fisher 2006). 

Quantitative comparisons, to measure and compare strength and stability 

of bonding between different chimpanzee populations, are not yet 

available, as methodologies often differ. More integrative measures of 

components of relationship quality, as have been used for captive 

chimpanzees (Fraser et al. 2008; Koski et al. 2012), can be used to make 

such quantitative comparisons in the future.  

As allele and genotype frequencies for vasopressin show differences 

between chimpanzee subspecies (Anestis et al. 2014), the question 

remains to what extent variation of RS3 is responsible for reported 

subspecies differences in social structure and behavior (Doran et al. 2002; 

Muller & Mitani 2005), or whether demographic and/or ecological 

conditions such as resource supplies can explain observed variation 

(Lehmann & Boesch 2005; Newton-Fisher 2014). So far the effect of the 
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deletion of DupB has only been studied within groups of captive Western 

chimpanzees, so the question whether the behavioral effects of DupB 

deletion are similar in Eastern and Central chimpanzees remains to be 

answered. In our current study, Eastern chimpanzees show higher 

frequencies of DupB+ alleles, and as these longer alleles are in general 

linked to an increase in male social behavior (Hammock et al. 2005; 

Anestis et al. 2014), we might expect Eastern chimpanzee males to show 

increased levels of sociability and intersexual social bonding compared to 

Western chimpanzees, which is currently not found by studies in the wild. 

On the contrary, West African chimpanzees, with fewer DupB+ alleles 

show stronger intersexual bonding and are therefore suggested to more 

resemble levels found in bonobos (Boesch & Boesch-Acherman 2000).  

However, as no quantitative comparisons of intersexual bonding 

between bonobos and Western chimpanzees have been made so far, it is 

unclear to what extent bonobo intersexual bonding and sociability really 

resembles what is found in Western chimpanzees. In general, bonobo 

parties are still larger than those of both Western and Eastern 

chimpanzees, and unlike chimpanzees, bonobos are almost never seen 

solitary in the wild (Stumpf 2007). These differences in party size, 

combined with reported higher levels of social tolerance and peaceful 

intergroup interactions, might partly be caused by the fact that the DupB 

deletion does not occur in bonobos. 

The fact that intersexual bonding is higher in Western chimpanzees 

compared to Eastern chimpanzees, may suggest that ecological factors 

play a more important role in shaping intersexual association in different 

subspecies of chimpanzees. Chimpanzees in eastern sites experience 

higher seasonality compared to Western chimpanzees and bonobos, who 

have few dry months per year (Doran et al. 2002). This results in spatial 

and temporal variation in food availability and periods of food scarcity in 

Eastern chimpanzees, which has been shown to influence female social 

association patterns (Boesch & Boesch-Acherman 2000; Doran et al. 

2002). We suggest that whereas ecology is an important predictor for 

subspecies differences in social association, DupB genotypes might be a 
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good predictor for population rather than subspecies differences in 

sociability in chimpanzees, as populations of the same subspecies may 

differ in the occurrence of these alleles through mechanisms of genetic 

drift or natural selection. To address the functionality of this deletion in 

different (sub)species, comparative data on social behavior in individuals 

belonging to all three taxa are needed. As studies in chimpanzees have 

only focused on the deletion of DupB, there is a need for future studies to 

focus on intra-and interspecific variation in RS3 length in relation to 

behavior if we want to gain better insight on the exact functional 

consequences of RS3. 
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Abstract 

The importance of genes in regulating phenotypic variation of personality 

traits in humans and animals is becoming increasingly apparent in recent 

studies. Here we focus on variation in the vasopressin receptor gene 1a 

(Avpr1a) and oxytocin receptor gene (OXTR) and their effects on social 

personality traits in chimpanzees. We combine newly available genetic 

data on Avpr1a and OXTR allelic variation of 62 captive chimpanzees with 

individual variation in personality, based on behavioral assessments. Our 

study provides support for the positive association of the Avpr1a 

promoter region, in particular the presence of DupB, and sociability in 

chimpanzees. This complements findings of previous studies on 

adolescent chimpanzees and studies that assessed personality using 

questionnaire data. In contrast, no significant associations were found for 

the single nucleotide polymorphism (SNP) ss1388116472 of the OXTR and 

any of the personality components. Most importantly, our study provides 

additional evidence for the regulatory function of the 5′ promoter region 

of Avpr1a on social behavior and its evolutionary stable effect across 

species, including rodents, chimpanzees and humans. Although it is 

generally accepted that complex social behavior is regulated by a 

combination of genes, the environment and their interaction, our findings 

highlight the importance of candidate genes with large effects on 

behavioral variation. 
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Introduction 

The field of personality research is flourishing and no longer limited to 

human psychology. Personality traits have been identified in a wide 

variety of animal species (Gosling 2001; Mather & Logue 2013; Van Oers 

& Naguib 2013) and have demonstrated some level of heritability (van 

Oers & Sinn 2013) and influence on fitness (Smith & Blumstein 2008). Yet, 

identifying the proximate mechanisms, more specifically the genetic 

variation that causes such consistent variation in behavioral phenotypes, 

remains challenging (Munafo & Flint 2011).Most literature on the genetic 

architecture of personality traits originates from human research (Ebstein 

et al. 2002; Balestri et al. 2014). Corresponding studies that link genetics 

and personality in non-human animals remain scarce, although recently 

progress has been made in birds and rodents (van Oers & Mueller 2010; 

van Oers & Sinn 2013). 

In non-human primates, research is increasingly focusing on 

identifying the genetic variation that underlies phenotypic differences, 

both within and between species (Bradley & Lawler 2011). Currently, 

however, only a few studies have investigated the effects of particular 

candidate genes on primate personality, respectively. In rhesus macaques 

(Macaca mulatta), playfulness and aggressiveness are influenced by 

length variations in the serotonin transporter gene (5-HTTLPR) (Barr et al. 

2004) and MAOA gene (Newman et al. 2005). In vervet monkeys 

(Chlorocebus aethiops), an association between novelty seeking and the 

dopamine D4 receptor gene (DRD4) has been identified (Bailey et al. 

2007), and chimpanzee (Pan troglodytes) neuroticism is associated with 

variation in the TPH2 gene (Hong et al. 2011). From a comparative 

perspective, studying chimpanzees offers unique opportunities in 

revealing more recent patterns in the role of genetics in the evolution of 

human behavior (Wrangham & Pilbeam 2001). 

Here we focus on two genes that have been shown to contribute to 

individual differences in social personality traits: the vasopressin receptor 

gene 1a (Avpr1a) and the oxytocin receptor gene (OXTR). Oxytocin and 
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vasopressin are neuropeptides produced in cell bodies of paraventricular 

(PVN) and supraoptic nuclei (SON) of the hypothalamus. Oxytocin and 

vasopressin neurons either project from the PVN or surrounding 

structures to the pituitary, from where the neuropeptides can be released 

peripherally or back into the brain, or to brain areas other than the 

hypothalamus, such as the amygdala, septum, medulla oblongata or 

hippocampus (Buijs et al. 1983). The interaction of the neuropeptides 

with their receptors in these different brain regions results in the 

regulation of behavior (Brownstein et al. 1980; Young & Gainer 2003). 

The vasopressin and oxytocin pathways are present in a variety of taxa 

and, therefore, are relatively evolutionarily conserved in structure and 

expression (Donaldson et al. 2008). However, small variations in the 

genes coding for vasopressin and oxytocin receptors cause species-

specific behavioral variation (Hammock & Young 2005), likely through 

differences in the brain distribution patterns of these receptors 

(Donaldson & Young 2013; Insel & Shapiro 1992). In humans, genotype 

variation, for both Avpr1a and OXTR, is linked with prosociality (Israel et 

al. 2009; Knafo et al. 2008), social cognition (Ebstein et al. 2009) and 

partner bonding (Walum et al. 2008, 2012). Similar effects have been 

described in voles (Microtus sp.), where genotype differences for Avpr1a 

and OXTR are associated with levels of parental care, social engagement 

and partner bonding (Hammock et al. 2005; Hammock & Young, 2005). 

Regarding vasopressin, most studies have focused on length 

variations in the upstream 5′-region of the Avpr1a gene, finding that 

individuals with longer Avpr1a alleles show increased sociability 

(Hammock et al. 2005; Hammock & Young, 2005; Knafo et al. 2008; 

Meyer-Lindenberg et al. 2009; Walum et al. 2008; Young & Wang 2004). 

Within this region humans have three microsatellites that vary in length, 

STR1, RS1 and RS3 (Thibonnier et al. 2000), with RS3 demonstrating the 

most notable association with social behavior (Bachner-Melman et al. 

2005; Hong et al. 2009; Knafo et al. 2008; Meyer-Lindenberg et al. 2009). 

The RS3 microsatellite is located in the second part (=DupB) of a larger 

~350 bp tandem duplicated region (called DupA and DupB). Interestingly, 
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chimpanzees have a homologous Avpr1a 5′ promoter region, but unlike 

humans, individuals either have duplicated (containing both DupA and 

DupB) or single alleles (hence lacking DupB the RS3 microsatellite) 

(Donaldson et al. 2008; Hammock & Young 2005; Rosso et al. 2008; Staes 

et al. 2014). Previous studies on captive chimpanzees have found 

associations between DupB deletion and a variety of social personality 

factors. Based on personality data derived from questionnaires, DupB+ 

male chimpanzees score higher on dominance and conscientiousness 

factors compared to females, whereas DupB−/− males do not differ 

significantly from females (Hopkins et al. 2012). Furthermore, males with 

a DupB+ allele score higher on their responsiveness to socio-

communicative cues compared to DupB−/− males (Hopkins et al. 2014). 

Anestis et al. (2014), using behavioral observations to determine 

personality, found that males without the deletion were more affiliative, 

and both males and females with a DupB allele received more grooming, 

play, and coalition support than chimpanzees homozygous for the 

deletion. The results of these studies suggest that Avpr1a affects 

chimpanzee personality, particularly in males. However, these studies 

were biased towards the Western chimpanzee subspecies or to rather 

young individuals between ages 4 and 10, and differed in the methods 

used to assess personality. 

Endocrinological studies suggest that oxytocin plays a potentially 

large role in regulating social bonding in chimpanzees (Crockford et al. 

2013; Wittig et al. 2014), but little is known about the potential effects of 

genetic variation in OXTR. In humans, a particular single nucleotide 

polymorphism (SNP), which indicates a genome position at which two 

different nucleotides can appear in a significant proportion of the 

population, is present in the third intron of OXTR, named rs53576. This 

SNP has been linked with empathic sensitivity (Bakermans-Kranenburg & 

van Ijzendoorn 2008; Rodrigues et al. 2009), pair bonding (Walum et al. 

2012), attachment (Costa et al. 2009) and positive affect (Lucht et al. 

2009), possibly because this genotype is correlated with structural neural 

alterations in key oxytocinergic regions in the brain (Tost et al. 2010). In 
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chimpanzees, rs53576 does not appear to be present, but other intronic 

SNP variations have been identified in the region surrounding the rs53576 

position (Staes et al. 2014). One particular SNP (ss1388116472 T/C), 

located in the third intron of the oxytocin receptor, could potentially 

explain observed behavioral variation, as this SNP is located in a sex 

determining region Y protein (SRY) recognition site. The C allele may 

cause reduced binding affinity of SRY at this position, which could affect 

OXTR transcription. As SRY is a transcription factor linked to the Y 

chromosome and hence exclusively expressed in males, we hypothesized 

that if ss1388116472 is of functional importance, and it will have male-

specific effects on social traits. Based on previous research that described 

a link between OXTR and affiliation (Lucht et al. 2009), social bonding 

(Walum et al. 2012) and prosociality (Israel et al. 2009) in humans, we 

hypothesized that male chimpanzees will show an effect of OXTR 

genotype on two previously established personality components: 

sociability and positive affect (Koski 2011). 

In this study we investigated the effects of Avpr1a and OXTR allelic 

variation on personality by combining newly available genetic data from 

chimpanzee populations with previously established individual variation 

in personality traits. The current assessment of the association of social 

behavior and Avpr1a expands on previous research by integrating 

methodology and improving upon limitations found in previous studies. In 

small sample sizes true effects may not always be found (Ioannidis 2005), 

therefore, we utilized a larger sample size, and captured genetic and 

behavioral data from three subspecies of adult chimpanzees of both 

sexes. Moreover, the personality assessment was comprehensive and 

based on a broad study sampling of a large number of behavioral 

variables, which had been formally assessed for long-term repeatability, 

contextual consistency and correlational structure (Koski 2011; Massen & 

Koski 2014). Furthermore, this is the first study investigating the effects of 

the OXTR SNP allelic variation on personality in chimpanzees. We 

specifically looked for sex differences and their interaction with the SNP 

variation and predicted a larger effect among male chimpanzees for both 
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neuropeptide receptor genes. 

Methods 

Personality profiles 

Data on individual personality scores were taken from earlier published 

data on 90 chimpanzees housed in 4 groups: Burger's Zoo (N = 22), 

Dierenpark Amersfoort (N = 15) and Beekse Bergen Safaripark (N = 29) in 

The Netherlands, and Chester Zoo (N = 24) in the UK (Koski 2011; Massen 

& Koski 2014), to these data we added new data on individuals from a 

different captive group: Antwerp Zoo (N= 7) in Belgium. In total, 97 adult 

and adolescent captive chimpanzees (69 females and 28 males between 7 

and 46 years of age) were used to assess the personality structure. For 

group compositions see supplementary information Table S11.  

Personality was determined via behavioral observations (Table 6.1) 

by SEK and students. Students involved in data collection were trained for 

a period of minimum 4 weeks after which inter-observer reliability (IOR) 

was tested and had to meet the minimum criterion of 90% similarity 

before data were considered as reliable. IOR was checked for all zoos 

involved in this study. The methods of observation and data extraction 

were identical in all zoos. For detailed information on observation 

methods see Koski, 2011; for more information on the behavioral 

variables that were extracted to assess personality profiles see 

Supplementary information Table S2. Behavioral variables used for 

further personality analysis were first tested for within zoo temporal 

consistency using intraclass correlation (ICC). Only significantly repeatable 

variables were retained (Koski 2011). 

Following the methodology of Koski (2011), we repeated the analysis 

of the underlying correlational structure of the 11 temporally consistent 

behavioral variables due to the addition of 7 individuals to the previously 

published data (Massen & Koski 2014). The resulting four personality 

dimensions were highly similar to the earlier findings reported by Massen 

and Koski (2014), indicating the stability of this personality structure. The 

personality traits formed four orthogonal factors: Sociability, Positive 
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Affect, Anxiety and Grooming Equity. The characteristic behaviors of each 

personality factor are shown in Table 6.1; details of item loadings on the 

personality dimensions can be found in supplementary information (Table  

S13). 

Table 6.1. The behavioral contents of the personality dimensions 
 

Sociability 
Grooming 
Equitability 

Positive Affect Anxiety 

Frequency of 
grooming given 
and received to all 
partners 

Grooming density 
given and received 
(no. of grooming 
partners out of all 
available partners) 

Frequency of 
affinitive behaviors 
(hugs, kisses, gentle 
touches, finger-to-
mouth) 

Self-scratching 

 Average number of 
individuals sitting in 
2m proximity but not 
in contact with 
individual 

 

Frequency of play 
initiated and joined 
(including social and 
individual play) 

Self-grooming 

 Non-aggression   

 Inactivity   

 

DNA extraction and genotyping 

In addition to the genotypic information on 24 unrelated individuals 

described in Staes et al. (2014), we genotyped an additional set of 38 

individuals for whom personality profiles were already available (Table 

S11). Genotyping was done by NS and PH. To ensure unbiased 

observations, genotypes were unknown to researchers involved in 

behavioral data collection. We obtained hair and blood samples from 43 

female and 19 male chimpanzees (a total of 62 individuals from the 

following institutes: the Centre for Research and Conservation at the 

Royal Zoological Society of Antwerp, Belgium N = 7, the Beekse Bergen, 

the Netherlands N = 23, Arnhem Zoo, the Netherlands N = 22, Chester 

Zoo, United Kingdom N = 10). Subspecies status has been assigned to 52 

out of 62 of the chimpanzee subjects (Carlsen 2012; Hvilsom et al. 2013). 

Our sample group consisted of 38 Pan troglodytes verus, two Pan 

troglodytes schweinfurthii, one Pan troglodytes troglodytes, one labeled 

as P. t. troglodytes or P. t. schweinfurthii and 13 subspecific hybrids of all 

mixtures (Table S11).We extracted DNA using a Puregene Core Kit B 
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(QIAGEN). Human DNA from the main investigators and negative control 

samples were included in all procedures to prevent potential sources of 

contamination during analysis. For both OXTR and Avpr1a genotyping we 

re-analyzed approximately 20% of the samples at least once. Additionally, 

we used studbook information to validate inheritance patterns of the 

alleles. 

OXTR and RS3 were genotyped as reported in Staes et al. (2014). The 

OXTR region was amplified with primers developed by Wu et al. (2005): 

forward 5′-GCC CAC CAT GCT CTC CAC ATC-3′ and reverse 5′-GCT GGA CTC 

AGG AGG AAT AGG GAC-3′. Each 25 μL PCR reaction mix contained 1× 

QIAGEN Taq Buffer advanced, 1 mM MgCl2, 200 μM dNTP's, 1.25 U 5 

PRIME Taq DNA Polymerase (5 U/μL), 0.5 μM of both primers and 

approximately 45 ng genomic DNA. PCR started with an initial incubation 

at 95 °C (5 min), followed by 40 cycles at 95 °C (30 s), 62 °C (40 s), 72 °C 

(40 s) and a final extension period of 10 min at 72 °C. Prior to sequencing, 

amplification success was visualized on 1.8 % agarose gels. Samples 

displaying multiple amplicons were gel extracted based on size selection 

prior to sequencing. Sequencing of the region of interest was performed 

by Macrogen Europe (the Netherlands). Resultant sequences underwent 

quality control and were aligned with each other and human reference 

sequences using Geneious (Version 5.5). 

Amplification of the RS3 microsatellite was performed using primer 

set: forward 5′-TTT TTC AGA GGG ATC CTG-3′ and reverse 5′-GGA ATG 

AGT TAA CAA ATG TTG TAG-3′. Forward primers were fluorescently 

labeled (6-FAM). Here the 25 μL PCR reaction mixes contained the same 

components used for the OXTR reactions, except for MgCl2 that was 

omitted. PCR conditions were the same as for OXTR except for reduction 

in the annealing temperature and the number of cycles that were set to 

54°C and 35 respectively. RS3 amplicons were first visualized on an 

agarose gel (1.8%), and DupB−/− individuals were excluded from further 

genotyping since they lack the variable RS3 microsatellite region. 

Individuals were genotyped using automated capillary electrophoresis 

(Macrogen Inc., Korea). 
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Linear mixed models (LMM) 

Linear mixed models were fitted to estimate the effect of sex, age and 

genotype on each of the four personality dimensions. To account for non-

independence of observations within the same zoo, we included zoo as a 

random intercept in the linear mixed model. We used empirical Bayesian 

techniques to predict the zoo-specific effect on the outcome, assuming 

that these effects follow a normal distribution. The differences between 

an individual's personality score value and the overall mean of this 

personality factor, was calculated as a weighted average between the 

zoo-specific effect and the effect attributable to the genotype 

(Fitzmaurice et al. 2004). This model enabled us to disentangle the effect 

of the genotype and the zoo-specific effect, even in the presence of a 

confound. Genotype and age were entered as fixed effects. The 

significance of the fixed effects was tested by an F-test with a Kenward–

Roger correction for the number of degrees of freedom. Linear mixed 

models were fitted using the lme4 package in the statistical software 

program R (www.r-project.org, version 3.1.0). The F-test and post hoc 

analysis were performed using the add-on packages pbkrtest and 

multcomp, respectively. 

Ethics statement 

No animals were sacrificed or sedated for the purpose of this study. All 

DNA samples were provided by existing DNA databanks that collect and 

store samples following BIAZA guidelines (specifically stating that some 

material may be obtained opportunistically during health checks or other 

recognized husbandry procedures). The majority of samples were non-

invasively collected hair samples. With regard to blood samples we 

followed the BIAZA guidelines that state that no more than 10% of 

samples taken for veterinary purposes can be used for secondary 

research purpose. Human DNA from the main investigators (NS and 

JMGS) was acquired non-invasively by use of buccal swabs. As these 

samples were collected non-invasively, and only for the purpose of 

methodological validation and with no intent to interpret or publish 

results regarding these samples, the Scientific Advisory Board of the Royal 
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Zoological Society of Antwerp waived the requirement for human subject 

approval for human tissue collection and use in this study. This research 

was approved by the University of Antwerp (Belgium). 

Results 

We genotyped 62 chimpanzees for whom personality profiles were 

available to link with their respective Avpr1a and OXTR genotypes. As the 

frequency of DupB+ alleles in our sample was low (=30.46%), we were not 

able to link differences in absolute RS3 length with personality 

differences. Instead, we grouped individuals based on the presence of 

DupB in three categories: DupB+/+, DupB+/− and DupB−/−. Thirty eight 

individuals were homozygous for the deletion (13 males, 25 females), 13 

were heterozygous (3 males, 10 females) and 11 individuals had no 

deletion (3 males, 8 females). When DupB was present, we distinguished 

11 RS3 alleles that differ in length, varying from 463 to 494 bp. Following 

this we analyzed OXTR genotypic variation regarding the s1388116472 

(C/T) SNP. Sixteen individuals were heterozygous (CT; 7 males, 9 females) 

and 48 were homozygous (TT; 14 males, 34 females). Our sample did not 

contain any CC individuals. Genotype frequencies for this SNP do not 

deviate from the Hardy– Weinberg equilibrium in our sampled population 

(χ2 = 1.36 df = 1. p = 0.76). 

An overall model including both sexes, and accounting for the effects 

of age and zoo, did not meet the assumption of homoscedasticity. To 

address this, we fitted separate models for males and females (Table 6.2). 

In the best model, Sociability was predicted by the Avpr1a genotypes 

(males: F(2,5.84) = 5.91; p = 0.040; females F(2,37.35) =4.00; p =0.027) 

(Figure 6.1). Post hoc analysis, using Tukey's correction for multiple 

testing, showed that DupB+/+ males (M=2.40, SD = 0.65) were 

significantly more sociable compared to DupB+/− (M = 0.24, SD = 0.43) (p 

= 0.001; Cohen's d = −1.43) and DupB−/− males (M = 0.26, SD = 0.80) (p b 

0.001; Cohen's d=−1.10). In females, post hoc testing showed that 

DupB+/− females (M = 0.39, SD = 1.19) score significantly higher than 

DupB+/+ (M = 1.01, SD = 2) (p = 0.029; Cohen's d = 0.60) and DupB−/− 
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females (M =−0.40, SD=0.45) (p =0.042, Cohen's d=−0.41). The models 

investigating the effect of age and genotype on the three other 

personality factors also revealed no significant associations with the 

Avpr1a genotype in either sex (Supplementary information Table S14). 

OXTR genotype and age were not significant predictors for any of the 

personality component scores in either sex. 

 

 

 

Table 6.2. Model statistics for Sociability as an outcome variable 

Sociability   
 

    

Sex 
Predictor 
variable 

P * Condition Est SD 
Cohen
’s d 

P ** 

      Male Avpr1a 0.040 
DupB+/- ; 
DupB+/+ 

-2.10 1.47 -1.430 0.001 

   
DupB-/- ; 
DupB+/+ 

-2.19 2.00 -1.097 <0.001 

   
DupB-/- ; DupB+/- -0.09 1.72 -0.054 0.974 

 
OXTR 0.762 TT    

 
  Age 0.649 Age       

Female Avpr1a 0.027 
DupB+/- ; 
DupB+/+ 

1.06 1.78 0.597 0.029 

   
DupB-/- ; 
DupB+/+ 

0.40 2.17 0.184 0.534 

   
DupB-/- ; DupB+/- -0.66 1.64 -0.406 0.042 

 
OXTR 0.281 TT    

 
  Age 0.114  Age    

 
*: p-value regression 
**: p-value post-hoc Tukey test 
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Figure 6.1. DupB genotype effects on Sociability scores in male and female 
chimpanzees. Groups are indicated by different symbols. 
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Discussion 

We hypothesized that individual differences in social personality traits in 

chimpanzees are associated with variation in two candidate genes: 

Avpr1a and OXTR. Our study provides further support for the positive 

association of the vasopressin promoter region in chimpanzees, and 

sociability. DupB+/+ male chimpanzees show higher sociability than 

DupB+/− and DupB−/− males, and DupB+/− females score higher on 

sociability compared to DupB−/− and DupB+/+ females. In contrast, no 

significant associations were found for the SNP, which was earlier 

identified on the oxytocin receptor gene (i.e. ss1388116472), with any of 

the personality components measured for either sex. 

Our results suggest that this SNP is not of functional importance in 

regulating any of the personality components measured here, despite a 

potential functional mechanism described for the OXTR SNP 

ss1388116472 T/C (Staes et al. 2014). We cannot rule out other possible 

behavioral effects, such as associations between this SNP and stress or 

social sensitivity as described for rs53576 in humans (Rodrigues et al. 

2009). In addition to this third intron, recently other regions have 

emerged as being potentially interesting for behavioral association 

studies, such as the 5′ upstream region of OXTR that has been linked with 

autism in humans (Wang et al. 2009; Wermter et al. 2010). Future studies 

should focus on understanding the similarities and differences in the role 

of the oxytocin receptor on behavioral variation across species. 

Our study corroborates previous findings on an association between 

a reduction in sociability and deletion of the DupB region in the Avpr1a 

gene. DupB+/+ males have higher sociability scores, meaning that they 

are more frequently involved in grooming interactions with others. 

Anestis et al. (2014) found that adolescent chimpanzees with a DupB 

allele scored higher on two personality components, “Smart” and 

“Affiliative”, each of which include a measure of grooming, with the latter 

association having been found only in males. “Smart” individuals receive 

more grooming than they give, have a higher frequency of coalitions 
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when involved in aggressive interactions and display a higher probability 

to initiate play. “Affiliative” males groomed more often relative to total 

grooming in the group and showed a higher percentage of initiated 

affiliative interactions (Anestis et al. 2014). We found a similar association 

of grooming with DupB presence using a slightly different, but more 

uniform measure of grooming, suggesting that the presence of the DupB 

allele including the RS3 microsatellite, is an important factor in 

determining affiliative behavioral tendencies in chimpanzees. 

In females, the effect of Avpr1a genotype on sociability was more 

complex. We found that DupB+/− females scored higher than 

homozygous females, but found no significant difference between the 

two homozygous genotypes. As there is sexual differentiation in the 

vasopressin system (De Vries & Panzica 2006), and as previous studies 

also primarily report associations with male social behavior, these results 

are not unexpected (Winslow et al. 1993; Walum et al. 2008; Hopkins et 

al. 2012). Although we could not test for group effects statistically, we 

found that females that are housed in groups with DupB+/+ males (in 

particular at Antwerp Zoo) scored higher on the sociability component 

compared to females that were housed with DupB−/− males. This 

suggests that for females, social factors may strongly influence 

phenotypic differences. This, in turn, may reflect flexibility in female 

chimpanzee social behavior in captivity. These results are consistent with 

our knowledge of how chimpanzees balance their grooming services over 

repeated interactions (Gomes et al. 2009). When DupB+/+ males show 

higher frequencies of grooming interactions with group members, 

including the females housed in that group, females may reciprocate 

grooming more frequently compared to females housed with less 

sociable males. 

In contrast to previous studies, we were able to investigate all three 

genotype combinations: DupB+/+, DupB+/− and DupB−/−. Until now, 

results on the behavioral consequences of DupB deletion were only 

available for captive Western chimpanzees, with low frequencies of 

DupB+/+ individuals and where comparisons were only made between 
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individuals having (DupB+/+ and DupB+/−) or lacking (DupB−/−) the DupB 

region (Anestis et al. 2014; Hopkins et al. 2012, 2014). Therefore, these 

studies could not rule out a possible heterozygous advantage. As we 

included more DupB+/+ individuals in our analysis we were able to 

exclude this as a possibility. However, as all the DupB+/+ males in our 

study were housed in the same zoo, where no male individuals with 

DupB+/− and DupB−/− genotypes were present, the observed differences 

may partially be due to zoo-specific effects on sociability. To explore this 

possibility, we corrected for a zoo effect by fitting the linear mixed 

models with a random intercept for zoo, and showed that the effect was 

not solely due to the particularities of the Antwerp Zoo group. The 

differences between an individual's sociability value and the overall mean 

sociability was calculated as a weighted average between the zoo-specific 

effect and the effect attributable to the Dup+/+ genotype (Fitzmaurice et 

al. 2004). The model thus enabled us to disentangle the effect of the 

genotype and the zoo-specific effect, even in the presence of a confound. 

Therefore we can conclude that the significant differences in sociability 

scores between the genotypes cannot be attributed solely to the zoo-

effects and are, at least partly, attributed to the genotype. 

Previous studies showed that frequencies of the presence of DupB 

differ between subspecies of chimpanzees, with Western chimpanzees (P. 

t. verus) showing higher frequencies of the deletion and Eastern 

chimpanzees (P. t. schweinfurthii) showing DupB− as the minor allele 

(Anestis et al. 2014; Donaldson et al. 2008; Staes et al. 2014). Therefore, 

the question arose whether DupB deletion may be causing subspecific 

differences in social behavior (Anestis et al. 2014; Donaldson et al. 2008; 

Staes et al. 2014). A formal investigation of this possibility was, however, 

difficult as earlier studies only included personality data on Western 

chimpanzees (Anestis et al. 2014; Hopkins et al. 2012, 2014). Our study 

included individuals from three subspecies (Eastern, Western and Central 

(P. t. troglodytes)) and subspecific hybrids, but due to the low number of 

individuals per subspecies and the high frequency of subspecific hybrids 

we were not able to formally test subspecies effects. The question, 
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therefore, remains as to whether the bias towards higher sociability 

scores in DupB+/+ individuals was solely due to DupB genotype or 

involves a confound of subspecies effect. The bias towards higher 

sociability in the Eastern and Central subspecies without the deletion is 

inconsistent with findings on subspecies differences on sociability levels 

in the wild. Namely, Western chimpanzees are more sociable and range in 

larger, bisexually bonded parties (Boesch & Boesch-Acherman 2000; 

Lehmann & Boesch 2005) and yet, they have a higher prevalence of the 

deletion genotype (thus lower sociability). Based on the length of 

geographic isolation and evolutionary divergence of the subspecies (Hey 

2010), we cannot rule out the possibility that other subspecific genetic 

variation is to some extent involved in the regulation of sociability 

aspects. Unfortunately, the captive chimpanzee population is largely 

composed of Western chimpanzees making it difficult to address any 

subspecific effects on behavior or personality. However, there are 

indications that our results do not merely reflect subspecific genetic 

variation other than DupB. In our study, one of the three males with very 

high sociability scores and a DupB+/+ genotype is a hybrid of Western and 

Central subspecies, while the other two are hybrids of Central and 

Eastern subspecies. Secondly, the DupB−/− genotype is present in 

Eastern/Western or Western/Central hybrids, and these all score low on 

sociability, despite being part Eastern or Central. Lastly, previous studies 

that found effects of DupB presence on personality in chimpanzees 

worked solely with Western chimpanzees, but  found similar effects on 

social personality aspects. 

These results indicate the importance of ecological and 

environmental factors on the regulation of social association patterns in 

chimpanzees. Compared to Western chimpanzees, Eastern chimpanzees 

experience higher seasonality food availability and periods of food 

scarcity, which influences levels of gregariousness (Doran et al. 2002; 

Goodall 1986). Therefore, the question remains as to what extent 

behavioral differences can be attributed to ecology, genotype or an 

interaction of the two. One benefit of captive research is that ecological 
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variation can be minimized, allowing for the assessment of primarily 

genotypic effects within a specific environmental setting. Despite the fact 

that DupB behavioral effects may be leveled out by environmental effects 

in the field when comparing chimpanzee subspecies, it could be 

interesting to consider them on a population level within subspecies. 

Allele frequencies may differ between populations of the same 

subspecies, which could partly account for reported inter-population 

differences in levels of association and intersexual long-term bonding 

(Langergraber et al. 2009; Langergraber et al. 2013). Genotype 

differences could even be considered on an individual level, as, for 

example, different alpha males belonging to the same population in 

Gombe show significant differences in their tendency to groom (Foster et 

al. 2009). 

These predictions could be extended to captive research, where 

reports of group effects on behavioral variation have been documented 

and often attributed to environmental effects or group history (Koski & 

Sterck 2007; Fraser & Aureli 2008; Fraser et al. 2008; Koski et al. 2012). 

With regard to Avpr1a, the conflicting findings on the occurrence of 

prosociality in different groups of chimpanzees are particularly interesting 

(for review see Cronin 2012). As Avpr1a variation has been linked to 

prosociality in humans (Knafo et al. 2008), and we find evidence here for 

association of Avpr1a with frequencies of grooming behavior in 

chimpanzees, a low-cost form of prosocial behavior (Dunbar & Sharman 

1984), these different levels of prosociality reported in chimpanzees 

could be due to differences in DupB+/+ frequencies in the tested 

populations. As test groups are typically small, the addition of an outlier, 

such as a DupB+/+ individual, may potentially influence the outcome of 

the experiments. Future studies in prosocial tendencies of chimpanzees 

could consider looking into genotypes of the tested individuals. 

Interestingly, the deletion of the DupB region is absent in bonobos 

and humans (Donaldson et al. 2008; Staes et al. 2014). The question 

remains as to whether this difference could explain reported interspecies 

differences in prosociality (Hare & Kwetuenda 2010; Tan & Hare 2013; 
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but see: Cronin et al. 2015) and social tolerance (Hare et al. 2007; but see 

Jaeggi et al. 2010) between bonobos and chimpanzees, with bonobos 

scoring higher than chimpanzees in both aspects. The evolutionary origin 

of these behavioral differences between the two species is often 

explained by environmental factors, but we suggest that genetic 

differences may also play a role. Future research should focus on 

quantifying bonobo personality using methods similar to those used for 

chimpanzees, and on comparing these with the results found for 

chimpanzees. 

In conclusion, our study provides more evidence for the regulatory 

function of the 5′ promoter region of the Avpr1a gene on social behavior 

and its evolutionary stable effects across species. Our findings highlight 

the importance of considering genotypic effects, in addition to ecological 

and demographic factors in the regulation of inter-and intra-group 

behavioral differences. Furthermore, despite the fact that complex social 

behavior is known to be regulated by a combination of genes, the 

environment and their interaction, our findings highlight the importance 

of candidate genes, like Avpr1a, that have large effects on behavioral 

variation. 
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Abstract 

Animals show consistent inter-individual differences in behavior or 

personality that can have important consequences on their fitness. A first 

step to understand how selection can work on the evolution of 

personality, is to estimate the proportion of phenotypic variance in traits 

attributable to additive genetic variation, i.e., the heritabilities of the 

traits. Very little is known about heritability and its underlying 

mechanisms in bonobos. In this study we first estimated the heritabilities 

of six bonobo personality dimensions derived from observer trait ratings 

(subscript R) and four bonobo dimensions derived from behavioral tests 

and observations (subscript B). All ten personality dimensions showed 

nonzero heritabilities ranging from 0.13 for ExtraversionR to 0.53 for 

SociabilityB. Secondly, we tested whether variation in these dimensions 

was associated with polymorphisms in the vasopressin 1a receptor gene 

(Avpr1a), which has been associated with social behavior and stress in 

mammals. Our results show that bonobos homozygous for long RS3 

alleles show increased levels of AttentivenessR and decreased levels of 

OpennessB, but statistical significance differed between statistical models. 

Our results support previous hypotheses about the potential for Avpr1a 

variation to explain within and between species differences in behavior 

between bonobos and chimpanzees.  
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Introduction 

The importance of personality in the ecology and evolution of species is 

poorly understood but growing evidence suggests that personality 

differences are associated with fitness outcomes (Boon et al. 2007; Smith 

& Blumstein 2008). A remaining challenge is to identify the more 

proximate mechanisms that cause personality differences and how these 

differences are maintained by selection (Sih et al. 2004; Dingemanse & 

Réale 2013). Different mechanisms have been suggested that could lie at 

the basis of personality, such as frequency dependent selection, 

mutation-selection balance, spatiotemporal variation in environmental 

factors and trade-offs between alternative strategies (Dall et al. 2004; Sih 

et al. 2004; Nettle 2006; Boon et al. 2007; Penke et al. 2007; Sih & Bell 

2008; Réale et al. 2010). In order to study these selection scenarios, 

models should incorporate explicit genetic mechanisms, since the 

expected response to natural selection depends on the underlying 

genetic structure (Van Oers et al. 2005).  

The heritability of traits measures how much of the variation in these 

traits among individuals of a population, is caused by additive genetic 

variation, in contrast to non-genetic aspects like environmental factors or 

random chance (Danchin et al. 2008). Studies to measure the heritability 

of personality used to be hampered by the fact that quantitative genetic 

analysis requires large sample sizes, which is often difficult depending on 

the species studied (van Oers & Sinn 2013). However, with the latest 

advances in quantitative genetics involving the use of mixed models to 

estimate the relative contribution of each of these aspects, heritability 

can be studied in smaller sample sizes (Lynch & Walsh 1998, van Oers & 

Sinn 2013). In these ‘animal models’, phenotypic variation (VP) is then 

equal to the sum of the contribution of genetic variance (VA) to the 

contribution of environmental variance (VR) (Visscher et al. 2008). The 

resulting heritability estimate is the proportion of phenotypic variance 

that is explained by additive genetic variance (VA/VP) and is referred to as 

narrow sense heritability (h²) (Wray & Visscher 2008). Genetic variance is 

often estimated based on the use of multigenerational pedigree 
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information from which the exact relatedness of the individuals can be 

used to estimate these quantitative genetic parameters (Visscher et al. 

2008). When heritability of a trait is high, this means that most of the 

phenotypic variation of this trait in the population can be explained by 

variation in genes. Personality traits typically show heritability estimates 

ranging from 0 to 0.5 in species such as dumpling squid (Euprymna 

tasmanica: Sinn et al. 2006), Alpine swifts (Apus melba: Bize et al. 2012), 

American red squirrels (Tamiasciurus hudsonicus: Taylor et al. 2012), 

yellow-bellied marmots (Marmota flaviventris: Petelle et al. 2015), rhesus 

macaques (Macaca mulatta: Brent et al. 2014), chimpanzees (Pan 

troglodytes: Weiss et al. 2000), orangutans (Pongo spp.: Adams et al. 

2012) and humans (Bouchard & Loehlin 2001) (for review see van Oers & 

Sinn 2013). 

Although animal personality traits thus seem to have a significant 

genetic basis, the challenge remains to identify what exact combination 

of genes is shaping personality (van Oers & Sinn 2013). However, over the 

past decade several strategies have been used to pinpoint the genomic 

regions of interest for the personality traits of interest (Murphy et al. 

2001; Flint & Willis-Owen 2010; Munafo & Flint 2011; van Oers & Sinn 

2013). A bottom-up approach can be used, where the effect of variation 

in several to hundreds of genes on variation in phenotypic traits of 

interest is tested. This approach struggles with identifying clear gene-

behavior links, most likely due to the small effect sizes of different loci 

that contribute to variation in personality traits (Munafo & Flint 2011). In 

line with this, large sample sizes are a first requirement to reach 

statistical significance when including hundreds or thousands of loci at 

once. However, this limits the number of study species, as for example for 

great apes, the available sample sizes are often modest (Bradley & Lawler 

2011). Therefore a second, top-down approach is of interest, especially 

for primatologists, where information from other species or behaviors is 

used to test the hypothesis of interest, by focusing on candidate gene 

polymorphisms (Fitzpatrick et al. 2005; Flint & Willis-Owen 2010; Inoue-

Murayama et al. 2011).  
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In humans, variation in the dopamine (DRD2 & DRD4) receptor genes 

has been linked with novelty seeking (Noble et al. 1998; Heck et al. 2009) 

and several animal studies have found similar associations for these 

genes, in for example great tits (Fidler et al. 2007), dogs (Ito et al. 2004) 

and zebrafish (Boehmler et al. 2007). In chimpanzees, variation in the 

tryptophan hydroxylase 2 (TPH2) gene is associated with Neuroticism 

(Hong et al. 2011) and in rhesus macaques, monoamine oxidase A 

(MAOA) gene variation is linked with Aggressiveness (Newman et al. 

2005). In this study we investigate the gene coding for the vasopressin 1a 

receptor (Avpr1a) as a candidate gene to explain variation in personality. 

Length variations in the Avpr1a promoter region have been linked with 

behaviors related to Sociability and Anxiety in several mammalian 

species, including great apes and humans (for review see: Caldwell et al. 

2008).  

In chimpanzees, a deletion is occurring in the Avpr1a 5’ promoter 

region of a ~360bp region (DupB) in a majority of individuals (Donaldson 

et al. 2008; Rosso et al. 2008; Staes et al. 2014: see chapter 5). The effects 

of DupB deletion in Avpr1a in chimpanzees has been linked to several 

personality traits. Primarily in male chimpanzees, the deletion of this 

region resulted in lower scores of personality traits such as, Sociability 

(Staes et al. 2015: see chapter 6), Friendliness and Smart (Anestis et al. 

2014). All these personality dimensions were derived from behavioral 

codings that include levels of affiliative behavior and grooming. 

Associations were also found with personality dimensions derived from 

ratings, where only male chimpanzees with a DupB allele were rated 

higher on Dominance and Conscientiousness than females, while males 

with the deletion did not differ from females (Hopkins et al. 2012; 

Latzman et al. 2014). Finally, DupB deletion was associated with a 

reduction in attentiveness to human social cues (Hopkins et al. 2014). 

Bonobos (Pan paniscus) offer an interesting species to study the 

association of Avpr1a and personality, as they differ from chimpanzees in 

the number of microsatellites in the Avpr1a 5’ promoter region. Similar to 

humans, the DupB deletion is not occurring in bonobos and both humans 
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and bonobos therefore have three microsatellites (RS1, RS3 and STR1), 

whereas the RS3 microsatellite that is located in the DupB region is often 

missing in chimpanzees (Donaldson et al. 2008; Rosso et al. 2008; Staes et 

al. 2014: see chapter 5).  

As bonobos and chimpanzees are closely related sister-species (Hey 

2010; Prufer et al. 2012; Prado-Martinez et al. 2013), we expect that the 

presence and length variations of the RS3 microsatellite in bonobos serve 

a similar function in the regulation of personality traits as those described 

in chimpanzees. If the findings in this study support this claim, this could 

indicate that DupB deletion in chimpanzees is partly responsible for inter-

species differences found in social personality traits between the two 

species (Hammock & Young 2005b; Staes et al. 2014).  

This study aims to determine the heritability of personality traits in 

captive bonobos and, for any trait that is heritable, to test whether 

individual differences in the trait were associated with the RS3 length 

polymorphism in the Avpr1a gene. Personality in our study was measured 

using ratings and behavioral codings. Factor analysis of the ratings 

identified six personality dimensions (AssertivenessR, OpennessR, 

ExtraversionR, ConscientiousnessR, AgreeablenessR and AttentivenessR) 

(Weiss et al. 2015: see chapter 2). The remaining four dimensions 

(SociabilityB, OpennessB, BoldnessB and ActivityB) were identified by a 

factor analysis of the behavioral codings (Staes et al. In prep-a: see 

chapter 4). As age and sex are both important predictors for variation in 

personality in great apes (King et al. 2008; Weiss & King 2015), including 

bonobos (Staes et al. In prep-a; b: see chapter 3 and 4), these two 

variables will also be included in our models.  
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Methods  

Behavioral codings  

Coding data were collected from 2012 to 2014 for 46 adult and 

adolescent captive bonobos (28 females and 18 males aged between 7 

and 63 years old) housed in 6 zoological parks in Europe: Planckendael in 

Mechelen, Belgium, Apenheul in Apeldoorn, the Netherlands, Twycross 

Zoo World Primate Center in Twycross, United Kingdom, Wuppertal Zoo 

in Wuppertal, Germany, Frankfurt Zoo in Frankfurt, Germany and 

Wilhelma zoological and botanical garden in Stuttgart, Germany. All 

groups contained juveniles and/or infants, but these were not included in 

the analysis. Enclosure sizes differed slightly between zoos but bonobos 

always had access to water, food, and behavioral enrichment. Data were 

collected by NS and 8 students under her supervision that were all tested 

for inter-observer reliability. The methods of observation and data 

extraction were identical in all zoos and are discussed in detail in Staes et 

al. (in prep b – see chapter 4). Factor analysis revealed four factors, for 

which structures are shown in Table 7.1. For definitions of the behavioral 

and experimental variables that were extracted to construct the 

personality model, see supplementary information Tables S4 and S5. 

Details on each item’s loading onto each dimension can be found in 

supplementary information Table S4 (Staes et al. in prep-b; chapter 3).   

Table 7.1. The behavioral contents of the personality dimensions  

Factor Adjectives loading on to factor 

Sociability 
 + Grooming frequencies + Grooming density + Neighbors + Grooming 

diversity - Latency to approach puzzles/durian - autogroom 

Openness 
+ Approaches to puzzles/others + Play + Proximity to puzzles + Taste 

pasta 

Boldness 
 + Approaches to leopard + displays to leopard + proximity to leopard + 

Aggression received 

Anxiety  + Self-scratching - Activity 
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Observer trait ratings 

Ratings by people familiar with the bonobos were collected for 154 

subjects (83 females, 71 males, age ranging 2 to 63 years), comprising 

about 80% of the current captive population in Europe and the United 

States. Data were collected using the Hominoid Personality Questionnaire  

(HPQ; Weiss et al. 2015), which is an expanded version of a questionnaire 

used to assess chimpanzee personality (King & Figueredo 1997; Weiss et 

al. 2009; Weiss et al. 2015). The HPQ consists of 54 personality 

descriptive adjectives, each paired with a description that sets the 

adjective in the context of behavior. The HPQ instructs raters to make 

ratings on a 7-point scale (1 = “displays total absence or negligible 

amounts of the trait”, 7 = “displays extremely large amounts of the 

trait”). Inter-rater reliabilities of the adjectives were significant and 

temporal consistency was found up to six years in between rounds of 

data collection. Factor analysis revealed six personality factors, for which 

structures are shown in Table 7.2. For more details on item loadings for 

each personality factor, see Weiss et al. (2015 – see chapter 2).  
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Table 7.2. The adjectival contents of the personality dimensions  
Factor Adjectives loading on to factor  

AssertivenessR 

+ Independent + Dominant + Cool + Stable + Decisive + Persistent - 

Excitable - Dependent - Submissive - Vulnerable - Fearful – Timid - 

Anxious 

ConscientiousnessR 
+ Gentle + Predictable - Impulsive - Manipulative - Reckless - Defiant 

- Erratic - Jealous - Irritable - Stingy - Aggressive - Bullying 

OpennessR 
+ Active + Playful + Inquisitive + Inventive + Imitative + Innovative + 

Curious - Lazy - Conventional 

AttentivenessR 
+ Intelligent - Unperceptive - Distractable - Thoughtless - Clumsy - 

Disorganized 

AgreeablenessR 
+ Friendly + Affectionate + Protective + Sympathetic + Helpful + 

Sociable + Sensitive 

ExtraversionR - Individualistic - Autistic - Depressed - Solitary 

 

Genotyping 

We collected DNA samples for 113 subjects (62 females, 51 males, age 

ranging 2 to 62 years) for whom personality profiles were available to link 

with their respective Avpr1a genotypes (N=43 for codings and N=112 for 

ratings). For 21 out of these 113 individuals, genotypes were previously 

described in Staes et al. (2014) (see chapter 5). Behavioral coding data 

were available for 43 subjects (26 females, 17 males, with the age ranging 

from 7 to 62 years). Ratings data were available for 112 subjects (61 

females, 51 males, age ranging 2 to 61 years). Avpr1a genotyping was 

conducted by NS and PH in 2011-2012 and genotypes were unknown to 

researchers involved in data collection for both codings and ratings to 

ensure that observations were not biased by knowledge of the individual 

genotypes. We obtained DNA from hair, tissue or blood samples from the 

Centre for Research and Conservation at the Royal Zoological Society of 

Antwerp (Belgium) N = 55 and the institute of human genetics at the 

University of Freiburg (N = 5). The San Diego Zoo Institute for 
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Conservation Research (California, United States) PCR amplified DNA that 

was banked in their Frozen Zoo from 54 bonobos for analysis in their 

genetics lab or by Macrogen Inc., Korea. Human DNA from the main 

investigators and negative control samples were included in all 

procedures to test for potential contamination during analysis. 

Approximately 20% of the samples were re-analyzed at least once to 

ensure correct genotyping. We also used studbook information to 

validate inheritance patterns of the alleles in this study.  

RS3 genotyping was done as reported in Staes et al. (2014 – see 

chapter 5). Amplification of the RS3 microsatellite was performed using 

primer set forward 5’-TTT TTC AGA GGG ATC CTG-3’ and reverse 5’-GGA 

ATG AGT TAA CAA ATG TTG TAG-3’. Forward primers were fluorescently 

labeled (6-FAM). Each 25µL PCR reaction mix contained 1X QIAGEN Taq 

Buffer advanced, 200µM dNTP’s, 1.25U 5 PRIME Taq DNA Polymerase 

(5U/µL), 0.5µM of both primers and approximately 45ng genomic DNA. 

PCR started with an initial incubation at 95°C (5 min), followed by 35 

cycles at 95°C (30 s), 54°C (40 s), 72°C (40 s) and a final extension period 

of 10 min at 72°C. Individuals were genotyped using automated sanger 

sequencing (Macrogen Inc., South Korea).   

Statistical analysis 

Estimating heritability  

To estimate heritability we fit linear variance component models with the 

MCMCglmm package in R (version 2.15.2, R Foundation for Statistical 

Computing, R Development Core Team 2009) (Hadfield 2010). This 

function fits an animal model in a Bayesian framework. The hypothesis to 

be tested is that more related individuals, who share more genes, will 

have more similar personality phenotypes than less related individuals. 

These models can also take into account potential environmental 

variance such as zoo, sex or age-related effects, that could lead 

individuals to be more similar to one another in the phenotype. Pedigree 

information of the sampled bonobo population was used to evaluate 

covariance between phenotypic and genetic similarity. All variance 
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components models were run with a minimum of 1.000.000 iterations 

and burn-in periods of 100.000. Convergence of our model was tested 

using the Heidelberg stationary test, where p-values must exceed 0.05, 

and also by using autocorrelations, which had to be smaller than 0.1 for 

the first lag (de Villemereuil 2012). Posterior modes of heritability 

estimates are reported with their credible intervals. Heritabilities 

exceeding 0.10 with reasonable, narrow credible intervals are considered 

as biologically valid (Brent et al. 2014). Sex, age and the sex by age 

interaction were entered as fixed effects and their significance was 

assessed from the posterior distributions using the highest-posterior-

density function (HPD interval, library coda in R) (Hadfield 2010). When 

the HPD interval does not include zero, the factor was considered 

significant. As the inclusion of fixed effects can inflate heritability 

estimates and reduces comparability between studies (Wilson 2008), we 

report the basic intercept model without additional factors, and the full 

model with only significant effects included. Group was included as a 

random effect in the model.  

Estimating Avpr1a genotype effects  

We estimated genotype effects using linear mixed effects models with 

the lmekin function of the R package coxme (Therneau 2015) in R (version 

3.1.0; R Core Team 2015). By using the lmekin function we are able to 

incorporate a kinship matrix into the model, allowing us to correct for the 

effect of relatedness. Personality traits were treated as response 

variables and sex, genotype and their interaction considered as factors 

with fixed effects. Genotype was entered as a classification of short 

versus long RS3 alleles, using the mean allele length of the population as 

a cutoff for the classification (Knafo et al. 2008). As only two subjects 

were homozygous for the short form allele, we created two genotype 

groups: individuals that have one or two short alleles (SS+SL) and 

individuals that are homozygous for two long alleles (LL). Age was entered 

as a fixed effects covariate and group as a random intercept.   
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However, recently the use of random intercept models has been shown 

to inflate the type I error rate in data sets in which, as is the case in our 

study, fixed effects may vary within the levels of random effects 

(Schielzeth & Forstmeier 2009; Barr et al. 2013). By including group as a 

random intercept, we assume that the slope of the effect of the predictor 

on the response variable is the same in all groups. However, this is not 

necessarily the case when studying personality, as groups may differ in 

their response to the explanatory variable. For example, the effect of 

genotype on Sociability could differ between groups based on group size 

or number of males and females present. Therefore we ran a second 

model, this time including random slopes for sex, age, genotype and 

genotype by sex interaction within groups. As adding random slopes to 

the model increases model complexity, the sample size for the coded 

personality traits (N=43) was insufficient for the number of variables 

included in the model and therefore random slopes were only tested for 

the larger dataset on ratings.  

Significance of genotype effects in both models was tested only 

when the full model was significant (likelihood ratio test; Dobson 2002). 

We assessed significance of the full model by comparing the full with a 

null model lacking all fixed effects terms involving genotype. Such a 

comparison of full and null models addresses multiple testing issues 

which otherwise would arise (Forstmeier & Schielzeth 2011). To test for 

the stability of the models we excluded groups one at a time and 

compared the estimates derived with those obtained from the full model. 

This revealed the model to be moderately stable. We inspected qq-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.  
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Ethical statement 

No animals were sacrificed or sedated for the purpose of this study. All 

European DNA samples were provided from existing DNA databanks that 

collect and store samples following BIAZA guidelines that state that some 

material may be obtained opportunistically during health checks or other 

recognized husbandry procedures. Most of these samples were hair 

samples that were collected non-invasively. In case of blood samples, we 

followed the BIAZA guidelines that state that no more than 10% of 

samples taken for veterinary purposes can be used for secondary 

research purpose. Samples from San Diego Zoo animals were collected 

opportunistically during routine veterinary checks and approved by the 

SDZG IACUC (assurance# 12-023).  Additional samples from other USA 

zoos were also collected opportunistically at AZA accredited facilities for 

population management purposes and are not subject to IACUC approval. 

Human DNA from the main investigators (NS and JMGS) was acquired 

non-invasively by use of buccal swabs. As the samples were collected 

non-invasively and only for the purpose of methodological validation, 

with no intent to interpret or publish further results regarding these 

samples, the Scientific Advisory Board of the Royal Zoological Society of 

Antwerp waived the requirement for human subjects approval for human 

tissue collection and use in this study. This research was approved by the 

University of Antwerp (Belgium), and was endorsed by the European 

Breeding Program for bonobos. All research complied with the ASAB 

guidelines (guidelines 2012). 
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Results 

Heritability of Personality 

Heritability estimates for personality dimensions ranged from  0.17 to 

0.58 for the intercept model (Table 7.3). In general, adding fixed and 

random effects to the model lowered heritability estimates for most 

dimensions (range 0.13 to 0.53), although the decrease was often 

modest. As the sex by age interaction was never significant, the results 

are not shown in the table.  

Relationship between Avpr1a genotype and personality 

We distinguished 11 RS3 alleles that varied in length from 463 to 489 bp 

(Table 7.4). The mean allele length of 476bp was used as a cut-off point 

for classification of RS3 genotype into short or long alleles. As the shorter 

alleles are less frequent, and only two individuals were homozygous 

short, the classification resulted in two categories: individuals that have a 

short allele (codings  N=16; ratings N=31) versus individuals that have two 

long alleles (codings N=27; ratings N=81).  

In the linear mixed models without random slopes, genotype 

significantly predicted OpennessB (χ²(2)=8.20 p=0.017) and AttentivenessR 

(χ²(2)=6.02 p=0.049). Individuals that were homozygous for long alleles of 

RS3 scored significantly lower on OpennessB than individuals with a short 

allele (β=-0.68, SE=0.26, 95% CI=-0.82;-0.36) and higher on Attentiveness 

(β=0.615, SE=0.251, 95%CI=0.44;0.86). No further associations were 

found for genotype with personality traits (SociabilityB χ²(2)=1.64, p=0.44; 

BoldnessB χ²(2)=4.23, p=0.12; ActivityB χ²(2)=1.04, p=0.60; AssertivenessR 

χ²(2)=2.50, p=0.29; ConscientiousnessR χ²(2)=2.95, p=0.23; OpennessR 

χ²(2)=4.30, p=0.12; AgreeablenessR χ²(2)=2.29, p=0.32; ExtraversionR 

χ²(2)=2.15, p=0.34) (See supplementary table S15 for estimates on sex 

and age). Adding random slopes for each group to the model for rated 

personality traits resulted in no significant genotype effects, although the 

genotype effect on AttentivenessR approached significance (χ²(2)=5.406, 

p=0.067) (See supplementary table S16).   
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Table 7.4. RS3 allele frequencies in two bonobo populations for whom personality 
traits were assessed  

 

 

Ratings (N= 112) 

 

Codings (N= 43) 

 Allele (bp) Frequency Percentage 
 

Frequency Percentage 

Short 463 7 0.03 

 

3 0.03 

 465 25 0.11 

 

14 0.16 

 469 2 0.01 

 

0 0 

 477 10 0.04 

 

5 0.06 

Long 479 26 0.12 

 

9 0.10 

 481 37 0.16 

 

12 0.14 

 483 14 0.06 

 

10 0.12 

 484 40 0.18 

 

18 0.21 

 485 54 0.24 

 

13 0.15 

 487 1 0.00 

 

1 0.01 

 489 10 0.04 

 

1 0.01 
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Discussion  

We found that personality traits collected using both codings and ratings 

have heritabilities ranging from 0.13 (ExtraversionR) to 0.53 (SociabilityB), 

showing that variation in in all personality traits can at least partly be 

attributed to genetic variation. The second aim of our study was to 

consider Avpr1a as a candidate gene responsible for part of the 

phenotypic variation found. In line with our previous study, 11 alleles 

were found in the sampled bonobos with a total length variation of 26 bp 

between the shortest and longest allele (Staes et al. 2014). Further 

assessment of the effect size of RS3 length variation in Avpr1a on 

personality resulted in two significant associations with personality traits: 

OpennessB and AttentivenessR. 

Adding factors such as zoo, age, sex attenuated heritability in most 

traits, meaning that in a majority of cases our model overestimated the 

proportion of additive genetic variance when not taking these factors into 

account. Despite the sample size differences between the two methods 

that were used to measure personality, the estimate ranges for 

heritability were comparable, and in line with estimates ranging from 0 to 

0.5 found in previous animal personality studies (Sinn et al. 2006, Bize et 

al. 2012, Taylor et al. 2012, Petelle et al. 2015, Brent et al. 2014, Weiss et 

al. 2000, Adams et al. 2012, for review see van Oers & Sinn 2013). The 

Openness dimension is particularly interesting, as elsewhere we have 

shown that it has high similarities between the two methods based on 

the strong associations between behavioral and rated adjectives that 

loaded onto the components (Staes et al. In prep-a- see chapter 4). A 

previous meta-analysis on the genetics of personality in a wide range of 

species has already indicated that different personality traits may be 

characterized by different degrees of genetic influence, with the 

heritability of exploratory behavior being higher than for other traits (van 

Oers & Sinn 2013). However, in this study this does not appear to be the 

case, as heritability estimates for Openness are actually relatively low. 

Estimates for SociabilityB, AssertivenessR and AttentivenessR on the other 

hand were the highest in this study, with Sociability even reaching 50%.  
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This means that 50% of the variation in Sociability found in the population 

can be explained by genetic relatedness of the individuals. It is however 

impossible to conclude whether this is due to low or high selection 

pressure on this trait. High heritability estimates could indicate low 

selection pressure, as additive genetic variance is expected to be eroded 

by selection (Stirling et al. 2002). It could however also be caused by low 

levels of residual variance, in cases where traits are little influenced by 

the environment (Falconer & Mackay 1996). Furthermore, as 

environmental factors and selection pressures differ for captive and wild 

populations, the heritability estimates for personality traits in this study 

cannot be extrapolated to the wild, which stresses the importance of 

repeating this study in the field (Sinn et al. 2006; Visscher et al. 2008; 

Taylor et al. 2012). Nonetheless, our results indicate a modest to large 

genetic basis for personality traits in captive bonobos, and encourage 

continuation of the quest to identify what exact genetic variation is 

causing individual phenotypic variation. 

Avpr1a genotype was associated with AttentivenessR, where 

bonobos with two long alleles score higher on this trait than conspecifics 

with a short allele. AttentivenessR is a factor derived from personality 

ratings that describes high levels of intelligence and focus in bonobos. As 

AttentivenessR is a bonobo specific personality factor that shows little 

comparability to personality factors described in chimpanzees (Weiss et 

al. 2015 - see chapter 2), we can not directly compare our results to 

previous Avpr1a and personality associations in chimpanzees. However, it 

is likely that keepers who frequently interact with their animals, rate 

bonobo Attentiveness primarily based on their responsiveness towards 

them during training and feeding sessions.  

Therefore, very responsive and well-training animals are perceived 

as more Attentive. In male chimpanzees, experimental testing has shown 

that individuals with a DupB allele, and thus a bonobo like “long” Avpr1a 

allele, are more responsive to socio-communicative cues of humans 

compared to males homozygous for the DupB deletion (Hopkins et al. 

2014). Bonobos are also known to outperform chimpanzees in tasks 
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related to theory of mind (Herrmann et al. 2010). They are better at gaze-

following (Kano & Call 2014) and focus more on faces and eyes when 

encountered with pictures of conspecifics (Kano et al. 2015) compared to 

chimpanzees. Although further experimental evidence should be 

collected, our results potentially indicate that variation in Avpr1a is 

associated with differences in social responsiveness, not only within 

bonobos and chimpanzees, but also between bonobos and chimpanzees.   

The second significant association was found for RS3 genotype and 

OpennessB, a personality trait derived from codings which consists of a 

variety of behaviors related to curiosity and novelty seeking (Staes et al., 

in prep-a – see chapter 4). Although this factor showed high similarity to 

the Openness component derived from ratings (Staes et al., in prep-a – 

see chapter 4), the effect was only significant for the coded factor and 

was reversed in the rated factor. As the population for the rated factor 

was much larger than for the coded factor, this could be an indication 

that this result is actually a false positive (Chabris et al. 2012). Another 

potential explanation for the incongruent genotype effect on both 

factors, is that they do not measure the same trait as, despite the 

similarity in construct of the two factors, there are methodological 

differences between the ratings and codings approach.  

Nonetheless, if we consider our results to be a true positive gene 

personality association, they are in line with results from studies 

previously done in rodents, where vasopressin is known to promote 

anxiety-like behaviors (Pitkow et al. 2001; Beiderbeck et al. 2007; Engin & 

Treit 2008; Bosch et al. 2010). Higher levels of vasopressin or increased 

levels of Avpr1a expression in these brain regions have been shown to 

reduce novelty seeking behavior in other taxa. In voles with higher levels 

of Avpr1a expression, individuals spend less time in the open arm of the 

elevated plus maze (Pitkow et al. 2001). In rats, administration of 

vasopressin into the septum enhances anxiety-related behavior in the 

same test, while local administration of an Avpr1a antagonist reduces 

social investigation during the resident intruder test (Beiderbeck et al. 

2007). Finally, Avpr1a knock-out mice show lower levels of anxiety 
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(Bielsky et al. 2004; Egashira et al. 2007).  

If in bonobos, longer RS3 alleles are associated with increased 

transcription of Avpr1a, similar to what is found in humans (Knafo et al. 

2008; Tansey et al. 2011), this may promote anxiety related behaviors 

and therefore reduce levels of exploratory behavior, hence OpennessB. In 

chimpanzees, a recent study also found an association between the 

presence of DupB and an increase in Anxiety related scratching behavior 

(Latzman et al. in press). Behavioral studies also indicate potential higher 

anxiety levels in bonobos compared to chimpanzees, as bonobos behave  

more risk averse (Heilbronner et al. 2008) and neophobic in non-social 

contexts compared to chimpanzees (Herrmann et al. 2011). Anecdotal 

evidence also suggests that bonobos were more sensitive to stress 

induced by captivity compared to chimpanzees (Tratz & Heck 1954; King 

et al. 2005b). These studies combined, support our finding that higher 

frequencies of DupB alleles in bonobos may be causing increased levels of 

Anxiety and therefore lower Openness in bonobos.   

This study was not without limitations, and significance of the 

outcome depended on whether random slopes were added to the 

statistical model. Therefore we want to stress the importance of further 

testing and replication of these results before making strong conclusions. 

But taking the limitations into consideration, our study provides the first 

evidence for an association, between RS3 microsatellite length variations 

and personality in bonobos. More explicitly, further experimental 

evidence should be collected on interspecies differences of bonobos and 

chimpanzees in receptive joint-attention and Openness to support our 

claims. Nonetheless these results are promising and in line with our 

hypothesis that Avpr1a may be a good candidate to explain aspects of 

interspecies differences in behavior and personality in bonobos and 

chimpanzees.   
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CHAPTER 8 

General Discussion 
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Discussion of the genetic basis of Pan personality 

In this thesis I developed multi-dimensional personality models in 

bonobos using two approaches: the personality psychology approach 

based on trait ratings, and the behavioral ecology approach based on 

using coded observational data. As both methods have pros and cons, my 

aim was to compare the outcomes and check validity of the resulting 

dimensions. Bonobo personality structures from both approaches were 

then compared to previously identified chimpanzee personality 

constructs and discussed in an evolutionary framework. Next, I focused 

on potential proximate mechanisms shaping diversity in personality 

profiles, both within and between bonobos and chimpanzees. More 

specifically, I looked at variation in the two genes coding for the oxytocin 

and vasopressin 1a receptor as a basis for personality differences. In the 

following chapter I will give an overview of the major findings for each of 

these aims and discuss outcomes, methodology and topics for future 

research.  
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Can bonobo personality reliably be measured and to 
what extent does it differ from chimpanzee personality?  

A first requirement that has to be met before the resulting personality 

dimensions are used for further research, is that they have to be reliably 

measured (Gosling 2001). As both the trait rating and behavioral coding 

approach resulted in temporally stable adjectives and variables, with high 

inter-rater/-observer reliabilities, we conclude that personality traits in 

bonobos can reliably be assessed (see chapter two, three and four). These 

results are in line with previous findings for other animal species (King et 

al. 2005a; Weiss et al. 2006; Weiss et al. 2007; Konečná et al. 2008; Bell et 

al. 2009; Weiss et al. 2009; Koski 2011b; Weiss et al. 2011; Konečná et al. 

2012; Massen et al. 2013; Morton et al. 2013a).  

Next, comparative validity of the resulting personality dimensions 

was evaluated by looking at their association with sex and age and by 

comparing them to results from chimpanzees (Gosling 1998; Roberts et 

al. 2008; Baker et al. 2015; Weiss & King 2015). For ratings, construct 

validity was also assessed by looking at the ability of the personality 

dimensions to predict individual behaviors (Pederson et al. 2005; Konečná 

et al. 2008; Mehta & Gosling 2008; Uher & Asendorpf 2008). For the 

rating approach, three out of six dimensions showed high comparative 

and construct validity: AssertivenessR, OpennessR and ExtraversionR (Table 

8.1). More detailed comparison of these three dimensions to previously 

found chimpanzee dimensions provided further evidence for validity for 

AssertivenessR and OpennessR (see chapter 2 and table 8.2). Interestingly, 

the highest resemblance in personality structure in this study was found 

for bonobos and the ChimpanZoo dataset, which consists of ratings 

collected for chimpanzees living in zoos. The other two chimpanzee 

datasets were collected in a research center and in a mixture of different 

settings, including labs, zoos and a sanctuary, respectively. This may 

indicate that personality structure may slightly be shaped or biased by the 

type of captive environment in which it is assessed. This stresses the need 

to collect more data for bonobos living in different settings and in the 

wild to fully understand how it is structured.  
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Table 8.1: Validity of rated bonobo personality dimensions based on 
comparison with results from chimpanzees and associations with sex, age 
and behavior 

 
Chimpanzee 

analogue 

Validity 

Dimension Sex Age Behavior 

AssertivenessR V F>M 
 

V 

ConscientiousnessR V 
  

± 

OpennessR V 
 

Negative effect V 

AttentivenessR 

    AgreeablenessR V 
   ExtraversionR 

 
F>M Negative effect 

 V = presence of expected behavioral association or chimpanzee analogue; 
F=females, M=males; +- = association requires further investigation.  

 

But not all bonobo dimensions resembled dimensions found in 

chimpanzees. ExtraversionR was for example a bonobo specific dimension 

and considerably different from its chimpanzee counterpart, but was 

nevertheless deemed valid in bonobos based on its associations with age 

and sex. For the other three dimensions, AttentivenessR, AgreeablenessR 

and ExtraversionR, no sex or age differences were found, and their 

association with behaviors requires further investigation 

(ConscientiousnessR) or was completely absent (AttentivenessR, and 

AgreeablenessR). This does not necessarily mean that these personality 

dimensions are invalid in bonobos. The absence of sex and age effects 

could indicate that bonobos simply do not differ in these traits across age 

and sex classes. Also, age effects in this study were assessed as linear 

effects, while studies have shown that personality dimensions do not 

necessarily change in a linear fashion, but show increases or decreases 

until a certain age is reached, in humans around age 30, and then remain 

more stable (Terracciano et al. 2006). Therefore it would be worthwhile 

considering re-analyzing age differences in personality dimensions across 

age classes (King et al. 2008). Although chimpanzee analogues for both 

bonobo AgreeablenessR and ConscientiousnessR have been found, these 

dimensions are not identical in their item loadings for both species, and 

therefore age and sex effects are not necessarily expected to be identical 

for the two species (Table 8.1 & 8.2).  
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Table 8.2: Comparison of adjectival contents of rated personality dimensions for bonobos 
and chimpanzees (chimpanzee data from Weiss et al. 2007; Weiss et al. 2009) 

Bonobo Chimpanzee 

Dimension Adjectives Dimension Adjectives 

AssertivenessR 

+ Independent  
+ Dominant + Decisive  

+ Persistent + Cool  
+ Stable - Excitable  

- Dependent – Submissive  
- Timid - Vulnerable  
- Anxious - Fearful  

Dominance 

+ Independent  
+ Dominant + Decisive  
+ Persistent + Stingy  

+ Manipulative  - 
Dependent - Submissive   

- Timid - Vulnerable  
 - Anxious 

Conscientious- 
nessR 

+ Gentle + Predictable  
- Impulsive - Defiant  
- Reckless - Irritable  

- Aggressive – Jealous 
 - Bullying – Manipulative 

 - Erratic - Stingy  

Conscientious- 
ness 

- Impulsive - Defiant  
- Reckless - Irritable  

- Aggressive - Jealous  
- Bullying – Disorganized 

 - Excitable - Clumsy  
- Unperceptive 

 - Distractible - Thoughtless 

OpennessR 

+ Inquisitive + Inventive  
+ Innovative + Curious  

+ Active + Playful + Imitative 
- Lazy - Conventional 

Openness 
+ Inventive + Inquisitive  
+ Innovative + Curious  

+ Cautious 

 AttentivenessR 
+ Intelligent – Clumsy         

 - Unperceptive - Distractible 
- Thoughtless - Disorganized 

Neuroticism 

+ Intelligent + Erratic 
+Depressed + Fearful  

+ Autistic - Stable  
-Unemotional - Cool 

AgreeablenessR 

+ Friendly + Affectionate  
+ Protective  

+ Sympathetic + Helpful  
+ Sensitive + Sociable 

Agreeableness 

+ Friendly + Affectionate 
 + Protective + 

Sympathetic + Helpful + 
Sensitive  

+ Gentle + Conventional 

ExtraversionR 
- Individualistic – Solitary 

 - Autistic - Depressed  
Extraversion 

+ Active + Playful + 
Sociable - Individualistic – 

Solitary 
 - Lazy 

Boldface indicates variables similar in these dimensions for both species 

 

The AttentivenessR dimension raises most questions, due to a lack of 

associations with age, sex, behaviors and evidence for chimpanzee 

analogues of AttentivenessR. Based on close inspection of the item 

loadings, it seems that AttentivenessR in bonobos has been split off from 

the ConscientiousnessR factor found in chimpanzees and is therefore 
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potentially an evolutionary derived factor that is bonobo specific. To 

further investigate the importance and validity of this factor in bonobos, 

more testing is required. Based on the item loadings, we expect that it 

reflects how vigilant bonobos are to both social and non-social cues in 

their environment. This can in turn lead to inter-individual differences in 

the ability of bonobos to focus during cognitive tasks as was previously 

found for capuchin Attentiveness (Morton et al. 2013a). Future studies 

that include more behavioral variables in the analysis should reveal what 

the AttentivenessR dimension reflects in bonobos.   

The coding approach revealed four factors: SociabilityB, OpennessB, 

BoldnessB and ActivityB. In line with the results from other species 

(Pederson et al. 2005; Konečná et al. 2008; Highfill et al. 2010; Konečná et 

al. 2012; Baker et al. 2015), validity of these dimensions was high as 

assessed by their associations with sex, age and dominance rank (see 

chapter 4). However, the number of dimensions extracted in this study 

was significantly smaller than the seven dimensions found in two 

chimpanzee studies that used identical behavioral variables (Koski 2011b; 

Massen et al. 2013). Details on factor item loadings for bonobos and 

chimpanzees can be found in table 8.3. The BoldnessB factor was almost 

identical in both species, but the three other bonobo dimensions 

appeared each time to be merges of two chimpanzee dimensions. 

Bonobo SociabilityB had factor loadings that highly resemble the 

Sociability and Equitability factor of chimpanzees, bonobo OpennessB was 

a combination of chimpanzee Positive Affect and Exploration and bonobo 

ActivityB was a combination of chimpanzee Activity and Anxiety.  

The difference in extracted factors for both species can be traced 

back to differences in the methodology used in the two studies, which 

stresses the importance of finding a good workable consensus to measure 

personality for future research (Gosling 2001). An important finding of 

this study is that personality measures from naturalistic and experimental 

contexts should be combined into one factor analysis, so that these 

variables can cluster together into fewer, but more robust personality 

dimensions.  
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Table 8.3: Comparison of variable contents of coded personality dimensions for bonobos 
and chimpanzees (chimpanzee data from Koski 2011b; Massen et al. 2013) 

Bonobo Chimpanzee 

Factor Behavioral variables Factor  Behavioral variables 

SociabilityB 

+ Grooming frequencies  
+ Neighbors  

+ Grooming density  
+ Grooming diversity  
- Latency to approach 

puzzles/durian 
 - autogroom 

Sociability 
+ Grooming frequencies  

+ Neighbors + Being Approached 

Equitability 
Grooming density + Grooming 

diversity 

OpennessB 

 Approaches to 
others/puzzles + Play  
+ Proximity to puzzles  

+ Taste pasta 

Positive 
Affect 

Approaches to others + Play  
+ Point affinitive 

Exploration
/ 

Persistence 

 Approaches to puzzles  
+ Proximity to puzzles + Time 

manipulating puzzles + Tooluse 
+ Tool modification + success to 

obtain reward  

BoldnessB 

 + Approaches to leopard 
+ proximity to leopard + 

displays to leopard + 
Aggression received 

Boldness 
 + Approaches to predator  

+ proximity to predator  

ActivityB + Activity -Self-scratching 
Anxiety + Self-scratching + Autogroom 

Activity + Activity + Aggression Given 

Boldface  indicates variables similar in this dimensions for both species 

As discussed in chapter 4, the number of dimensions that are 

extracted and the following labeling of these dimensions causes a 

significant amount of confusion and discussion in the field of personality 

research (Gosling 2001; Carter et al. 2012b; Carter et al. 2013). One 

personality dimension label could actually be representing two 

functionally different traits that were measured with different tests, 

which is known as the ‘Jingle-fallacy’. On the other hand, when too many 

factors are extracted using different assessment methods, different 

personality dimension labels could actually be representing the same 

functional dimension, which is known as the ‘jangle-fallacy’. This study 

shows that combining experiments with naturalistic observations to 

determine personality should reduce chances for a jangle-fallacy.  
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Our results also indicate that the tools that are commonly used to 

measure consistent individual behavioral variation within-species, are less 

applicable for close inter-species comparisons. In our study, direct 

interspecies comparisons of mean personality factor scores are hampered 

by differences in personality structure and factor item loadings between 

the two species. Despite the fact that we collected identical behavioral 

variables for the two species, bonobos and chimpanzees have species 

specific personality profiles that slightly differ. Therefore individual factor 

scores for males and females on for example chimpanzee Sociability, 

cannot directly be compared to bonobo male and female Sociability 

factor scores. The chimpanzee factor only has variable loadings for 

frequencies of grooming given and received (see chapter 6), while the 

Sociability factor found in bonobos was more complex (see chapter 4), 

with loadings for grooming frequencies, equitability of grooming, number 

of grooming partners, number of neighbors in proximity, latency to 

approach puzzle feeders, etc. Two approaches potentially would allow a 

better species comparison of personality factors scores. First, variables 

could be combined into one factor analysis for the two species, thereby 

creating a Pan personality structure (Wildenburg 2014). This way factor 

scores for individuals from both species can directly be compared to one 

another. However, this method has the disadvantage that 1) behavioral 

variables for both species are selected without taking into account 

differences in temporal stability of these variables between the two 

species, and 2) by doing this, species specific personality characteristics 

are eliminated.  

A second solution would be to only measure and compare single 

personality dimensions that are assessed for both species in an identical 

manner. For example by comparing how both species score on a single 

behavioral dimension like Exploration that is measured using identical 

pre-determined behavioral variables. This method would however not 

have allowed us to explore and compare the multidimensional bonobo 

personality structure with the Big Five in humans (Goldberg 1990; Mc 

Crae & Costa 1999) and Big Six chimpanzees (King et al. 2005a; Weiss et 
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al. 2007), respectively.  

In conclusion, both ratings and codings revealed a total of ten 

personality dimensions, most of them showing good construct and 

comparative validity. Our next aim was to determine how dimensions 

from both approaches relate to one another. We found very little overlap 

in factor item construct between the two methods, except for one 

dimension: Openness. These results indicate that even though both 

methods yield reliable personality dimensions, they do measure different 

aspects of bonobo personality and should therefore be used 

complementary to one another in future studies focusing on proximate 

and ultimate consequences and origins of personality (Pederson et al. 

2005; Rouff et al. 2005; Carter et al. 2012a).         

Application of personality scores for future research 

Now that these personality dimensions have been established in 

bonobos, a few issues remain to be answered. First, it is unclear how 

representative our models are for bonobos as a species. Other studies 

should focus on collecting personality data for additional populations. 

Nonetheless, as our sample size was fairly large, and studies in 

chimpanzees have found that dimensions are highly similar for 

populations in different habitats (King et al. 2005a; Weiss et al. 2007; 

Weiss et al. 2009), we expect that our results represent robust and valid 

models.  

Second, the question arises how selection has given shape to the 

current personality dimensions found in bonobos. In chapter 7 we have 

shown that personality traits are partly heritable, and thus have a genetic 

basis on which selection can act. Some traits like Sociability even reached 

a heritability estimate of 50%, meaning that half of the phenotypic 

variation in this trait is attributable to genetic relatedness of the 

individuals. But not all traits were equally heritable, with our overall 

mean heritability estimate being 0.24, indicating that environmental 

factors have a large influence on phenotypic variation in certain traits, like 

Extraversion and Agreeableness, as well. Although we included sex, age 
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and group as fixed and random effects in the model, more factors could 

be included in the model that may be influencing phenotypic variation. 

An additional factor that was not assessed in this study, is the influence of 

rearing. Rearing conditions have been shown to influence personality in 

primate species (Murray 1998; Martin 2005), but for our bonobo 

population, testing the effects of rearing are hampered by large variations 

in duration of hand rearing (ranging from days to years) and age of the 

infant at the time of reintroduction in to the group (ranging from months 

to years). About 20% of the population was at one point hand-reared, 

13% was wild-caught and, depending on the age at capture, also to some 

extent hand-reared. As these factors impede interpretation of the results 

of the analysis, we choose not to include rearing in the model.  

Nonetheless, this genetic predisposition to behave a certain way  as 

shown by our heritability estimates, is in contradiction to the common 

assumption that individuals behave primarily plastic to respond optimally 

in changing environments. Therefore studies are currently focusing on 

what selection processes are responsible for individual differences in 

personality traits. Several potential mechanisms have been described: 

frequency dependent selection, mutation-selection balance, 

spatiotemporal variation in environmental factors or trade-offs between 

alternative strategies (Dall et al. 2004; Sih et al. 2004; Dingemanse & 

Reale 2005; Wolf et al. 2007; Sih & Bell 2008; Dingemanse & Wolf 2010; 

Schuett et al. 2010; Wolf & Weissing 2012). All these mechanisms have 

potential to explain why individual differences in behavioral styles exist in 

bonobo populations. For example, individual differences in levels of 

Boldness may be selected for in bonobos when a trade-off occurs 

between fitness consequences that come from foraging in relation to 

decreased chances of survival due to predation (Figure 8.1). To address 

this question in more detail, studies should focus on how personality 

traits influence reproductive success (Wielebnowski 1999; Both et al. 

2005; Reale et al. 2009; Nettle & Penke 2010) or individual fitness in 

general (Bremner-Harrison et al. 2004; Boon et al. 2007; Schuett et al. 

2011; Weiss et al. 2013; for review see Smith & Blumstein 2008). A 
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schematic overview of potential ways individual variation in personality 

can lead to different fitness outcomes in bonobos is shown in Figure 8.1.  

 

Figure 8.1: Examples of how personality traits can influence individual fitness 
consequences (Figure adapted from Réale et al. 2007)  

For example, personality traits are known to influence levels of social 

bonding in group-living primate species. Capuchins and chimpanzees that 

are more similar in their Sociability scores share overall higher quality 

relationships (Massen & Koski 2014; Morton et al. 2015). The quality of 

social relationships can in turn influence levels of mating success, infant 

survival and/or reproductive success and thus influence fitness 

consequences of the individuals (Silk 2007). Based on the personality 

dimensions found in our study, preliminary results show that this is also 

the case in bonobos. Individuals with more similar Sociability scores have 

higher value relationships (Verspeek 2015; Verspeek et al. 2015) and 

these higher value, affiliative relationships can in turn lead to higher 

mating success with females in estrous in bonobos (Surbeck et al. 2011; 

Stevens & Staes 2015).  

Although we have shown in chapter 7 that personality traits have a 

genetic basis, it is important to note that personality is multivariate in 

nature and that traits are often not fully independent of one another. 

Studies have shown that certain traits have a similar genetic basis, 

meaning they are genetically correlated, which may prevent them from 

reaching their own independent optima, and therefore restricting 
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evolutionary change (van Oers et al. 2005; van Oers & Mueller 2010; 

Dochterman, 2010; Taylor et al. 2012; Petelle et al. 2015). Determining 

the existence of genetic correlations between these personality 

dimensions is therefore key in understanding the evolutionary processes 

leading to the current personality structure found in bonobos and 

chimpanzees.  

The bonobo personality profiles can also be applied to make 

predictions about cognitive style and performance, as has been done for 

other species (Carere & Locurto 2011). Personality is linked to individual 

differences in cognitive performance on experimental tasks in a variety of 

species such as mice, parrots and great tits (Groothuis & Carere 2005; 

Cussen & Mench 2014), but also in primates (Herrelko et al. 2012; Morton 

et al. 2013b; Hopper et al. 2014). For example, chimpanzees scoring 

higher on Openness are more interested in solving puzzles (Herrelko et al. 

2012), while chimpanzee males rated higher on Dominance, Openness 

and Methodical were better problem solvers (Hopper et al. 2014).  

Bonobo personality dimensions can also be utilized for more 

practical applications, such as use in breeding programs and captive 

population management, which again has been done or suggested for 

other species (Powell & Gartner 2011; Watters & Powell 2011; Tetley & 

O'Hara 2012). Captive breeding programs make recommendations for 

breeding groups based on the genetic relatedness of individuals in the 

population but personality profiles can sometimes help to predict and 

improve breeding success (Carlstead et al. 1999; Wielebnowski 1999; but 

see McKay 2003) and can be linked with wellbeing (Weiss et al. 2002; 

Capitanio et al. 2004; Weiss et al. 2006; Weiss et al. 2009; Weiss et al. 

2011). Personality profiles could also be used to facilitate the introduction 

process of new individuals in a social group, as individuals scoring high on 

Agreeableness and Openness may be better candidates to first introduce 

the new individual to, than individuals scoring high on Assertiveness or 

low on Conscientiousness (cfr high scores for aggressive, bullying) 

(Stoinski et al. 2004; Kuhar et al. 2006; Powell & Svoke 2008). Also, mean 

between group differences in personality profile scores could be used to 
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assess whether differences in zoo-management (cfr fission-fusion, time 

spent training the individuals, feeding schedules, enclosure sizes) can be 

used to make suggestions for improvement of management. Finally, 

personality scores could also be useful in reintroduction programs, where 

captive bred individuals are planned to be released back into the wild. 

This is a key approach in conservation attempts for many endangered 

species, including great apes, but post-release survival is often low 

(Goossens et al. 2005; Russon 2008).  

Last but not least, bonobo personality dimensions can be used to 

determine more proximate mechanisms of how consistent inter-

individual differences arise and are regulated. Associations have been 

documented between personality measures and brain morphology and 

activity (Schmidt et al. 2009; Latzman et al. 2015), hormone levels 

(Capitanio et al. 2004; Sellers et al. 2007; Caramaschi et al. 2013; Andari 

et al. 2014) and genetic and epigenetic variation (Bouchard & Loehlin 

2001; Groothuis & Carere 2005; Ebstein 2006; Bell 2007; Bell & Aubin-

Horth 2010; Flint & Willis-Owen 2010; van Oers & Mueller 2010; Munafo 

& Flint 2011; Curley & Branchi 2013; van Oers & Sinn 2013, Verhulst et al. 

In press). In the next part of this chapter we discuss the association 

between variation in the oxytocin and vasopressin 1a receptor genes and 

the bonobo personality traits found in this study. This can be seen as a 

first step towards using individual personality profiling in relation to 

candidate gene variation, although many more options are possible. 
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Do OXTR and Avpr1a predict within and between 
species differences in bonobos and chimpanzees?  

One of the main hypotheses of this research was that Avpr1a and OXTR 

are responsible for part of the variation in personality within and 

between bonobos and chimpanzees. Our study did not support within-

species association of personality with OXTR variation in either of the 

species. The two species did however differ from each other in their OXTR 

sequence, which may be responsible for between-species differences in 

oxytocin mediated traits, but one can only speculate here as there is no 

formal way to test this. The association  between OXTR variation and 

personality is therefore certainly not absent and further studies could 

focus on including wild populations or museum samples to expand the 

chances of finding genetic variation at this locus within bonobos. Also, as 

discussed in chapter four, based on the results from studies done in 

humans, sequencing other regions of OXTR may provide useful (Wu et al. 

2005; Wu et al. 2012) 

On the other hand, our study did provide further support for an 

association of Avpr1a and personality differences both within and 

between bonobos and chimpanzees (Figure 8.2). We found an association 

between Avpr1a and SociabilityB in chimpanzees, and with AttentivenessR 

and OpennessB in bonobos. Furthermore, chimpanzees with two DupB+ 

alleles, who therefore resemble more the Avpr1a genotype found in 

bonobos, show more bonobo like behavioral profiles.  

This last statement is however primarily based on interspecies 

differences in sociability, social sensitivity and anxiety reported in 

literature (Tratz & Heck 1954; Boesch & Boesch-Acherman 2000; Boesch 

et al. 2002b; King et al. 2005b; Stumpf 2007; Lehmann & Boesch 2008; 

Hopkins et al. 2014; Kano & Call 2014; Kano et al. 2015), and not from 

direct comparison of actual personality measures. Direct interspecies 

comparisons of genotype effects on personality are hampered by 

differences in personality structure and personality factor loadings 

between the two species, as mentioned in part one of this discussion.  
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Figure 8.2: The illustration above summarizes the findings of the current 
study for Avpr1a allele length associations with personality in bonobos and 
chimpanzees. Grey bars indicate the 5’ promoter region of Avpr1a, green 
bars indicate the first exon, red indicates the presence and length variation 
of the RS3 microsatellite. Chimpanzee males with one or two DupB- alleles 
(without the red RS3 microsatellite) (A) scored significantly lower on 
Sociability than DupB+/+ males (B). Bonobos with two long RS3 alleles (C) 
scored significantly higher on AttentivenessR and OpennessB than bonobos 
with one or two short alleles (D). 

However, to compare species-specific genotype effects on 

individual differences in behavior, it may actually be more informative to 

look at single behavioral variables, instead of suits of correlated 

behaviors, or personality (see Figure 8.3). For example, when rerunning 

the analysis for testing the effect of DupB deletion on chimpanzee 

grooming given and received separately , the behavioral variables that 

load on to Sociability, showed only a significant difference in levels of 

grooming given for chimpanzees (F(2)=12.80, p<0.01), and not for 

grooming received (F(2)=8.40, p=0.16). Comparing levels of grooming 

given of DupB+/+ chimpanzee males with those of bonobos, indicates 

that they have similar levels in this study (Figure 8.3). 
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Figure 8.3: Comparison of frequencies of grooming given in captive chimpanzees and 
bonobos related to DupB deletion in Avpr1a. Bonobos show similar high levels of 
grooming given as found in chimpanzee males that do not have the deletion.  

 

Whether there is selection for DupB+ or DupB- alleles in 

chimpanzees remains to be investigated. Individuals with longer alleles, 

might show differences in their social strategies, which could in turn lead 

to different individual fitness consequences. The genotype frequency 

differences between the different chimpanzee subspecies are particularly 

interesting here (see chapter 5 and 6). So far, based on the sampled 

individuals, the DupB+ frequencies are rather low in Western 

chimpanzees while they are high in Eastern chimpanzees (Donaldson et 

al. 2008; Rosso et al. 2008; Staes et al. 2014 - chapter 5; Staes et al. 2015 

- see chapter 6). This appears to contrast findings of social bonding 

differences in chimpanzee subspecies, as Western chimpanzees in general 

show higher levels of social bonding. As we discussed in chapter 5 and 6, 

this finding may be caused by large ecological differences in wild 

populations of both subspecies (Boesch & Boesch-Acherman 2000; Doran 

et al. 2002; Staes et al. 2014 - chapter 5; Staes et al. 2015 - chapter 6). 
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However, based on these associations of Avpr1a with both aspects of 

social behavior but also Anxiety/Openness found in bonobos (Staes et al. 

in prep - chapter 7) and chimpanzees (Anestis et al. 2014, Hopkins et al. 

2014, Staes et al. 2015 – chapter 6, Latzman et al. in press), this 

difference in DupB frequencies across subspecies may actually be 

representing different selection pressures on DupB presence/absence in 

the different subspecies. As shorter Avpr1a alleles are associated with 

lower levels of anxiety-related behavior (Latzman et al. in press) and 

therefore potentially higher Exploration, deletion of DupB may have 

facilitated chimpanzee dispersal throughout time. This may have led to 

increased levels of survival for migrating Western chimpanzees, while 

Eastern chimpanzees did benefit more from the presence of DupB that 

increased their social sensitivity in order to cooperate and survive in their 

more seasonal and less stable environment (Boesch & Boesch-Acherman 

2000; Doran et al. 2002). Fixation of the DupB deletion in Western 

chimpanzees may also have been accelerated by different population 

bottle necks that occurred during migration of chimpanzees from East to 

West Africa throughout time (Prado-Martinez et al. 2013).  

An important factor to consider, is that so far no genotypes of wild 

populations of Western chimpanzees and bonobos have been sampled, 

so our results on Avpr1a genotype frequencies of the captive bonobo and 

chimpanzee populations may actually be biased towards individuals with 

shorter alleles. Particularly interesting here is that longer alleles may be 

associated with lower levels of Openness/Exploration. As trappability has 

been shown to be higher in more exploratory and risk-taking individuals 

in a variety of species (Garamszegi et al. 2009; Boyer et al. 2010; Carter et 

al. 2012), there is a possibility that individuals with shorter alleles were 

therefore more prone to be captured and end up in captivity. Future 

studies in different populations of wild chimpanzees belonging to 

different subspecies could shed light on to what extent Avpr1a genotype 

and environment are shaping wild chimpanzee Sociability.   
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Compared to chimpanzees, bonobos and humans have more similar 

Avpr1a genotypes as the two latter species do not have the DupB 

deletion. Based on the few human samples of the investigators included 

in this study that were sequenced (N=6), human RS3 allele lengths seem 

to be slightly longer than those found in bonobos (human range 494-501 

bp; bonobo range 463-489 bp). If longer RS3 allele lengths are indeed 

associated with increased levels of bonding and social sensitivity as 

shown in this study, selection at the Avpr1a gene could partly be a driving 

factor for the high levels of partner bonding, cooperation, empathy and 

social sensitivity found in humans (de Waal 2008; Knafo et al. 2008; 

Walum et al. 2008; Meyer-Lindenberg et al. 2009). This leads to the 

conclusion that deletion of DupB in chimpanzees and the resulting change 

in phenotype, is likely derived in the chimpanzee lineage.  

In our study sex-specific effects of Avpr1a genotype on personality 

were only found in chimpanzees, consistent with previous studies in this 

species (Hopkins et al. 2012; Anestis et al. 2014; Hopkins et al. 2014). The 

vasopressin system in the brain is typically sexually dimorphic, as 

androgens and estrogens can differentially alter vasopressin expression 

and receptor binding, with typically higher levels of vasopressin 

expression found in males (de Vries et al. 1992; de Vries et al. 1994; 

Goodson & Bass 2001). Vasopressin therefore regulates social behavior in 

a sex-specific manner, primarily regulating male social behavior. The lack 

of a significant sex difference in the effects of Avpr1a on behavior in 

bonobos requires further investigation. In some species no sexual 

dimorphism is found in the vasopressin system (Goodson & Bass 2001), 

including rhesus macaques (Caffe et al. 1989; Young et al. 1999b) and 

marmosets (Wang et al. 1997), but whether this is the case in bonobos 

remains to be investigated. Future studies using gene expression profiling 

or brain imaging techniques to investigate the link between genotype and 

receptor distribution patterns can be used to further address this 

question.   
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Candidate genes are just a piece of the puzzle 

Identifying the genetic polymorphisms that lie at the basis of complex 

traits like personality is a daunting task. In this study I used a candidate 

gene approach, also referred to as a top down approach, where results 

from behavioral genetic association studies in other species were used to 

formulate the potential relevance of the gene for phenotypic differences 

in our study species (Fitzpatrick et al. 2005; van Oers & Sinn 2013). 

However, personality traits are believed to be polygenic, with a 

combination of genes contributing each a part to the phenotypic variation 

(Bradley & Lawler 2011). This, in combination with the fact that a typical 

primate genome much like the human genome, consists of about 3 billion 

nucleotides (Lander et al. 2001; Bradley & Lawler 2011) forces us to 

recognize that identification of the complete genetic architecture 

underlying complex phenotypic traits is a challenging, if not impossible 

task. However, the effects of Avpr1a in this study are consistent with 

results from previous studies and add to the growing body of evidence 

that some loci in the genome can have large effects on phenotypes 

(Fitzpatrick et al. 2005; Bradley & Lawler 2011; Anestis et al. 2014). To 

further complete the puzzle, we need to expand our knowledge on other 

gene behavior associations and how genetic variation affects gene 

transcription, expression and regulates inter-and intraspecific differences 

in personality. For example, the use of gene microarrays to genotype 

numerous loci for each individual to match them with corresponding 

personality profiles has the potential to identify more genes involved in 

the genetic architecture behind personality (Butcher et al. 2004).  

And other such potential genes have already been identified and 

suggested to be of relevance for shaping within and between species 

differences in personality and behavior in great apes, but studies linking 

behavior to genotypes are often still lacking in these species. For example 

the genes coding for the serotonin transporter (5HTT), the androgen 

receptor (AR), dopamine receptor D4 (DRD4), monoamine oxidase A 

(MAOA) and monoamine oxidase B (MAOB) show considerable 

polymorphic variation in great apes (Inoue-Murayama et al. 2000; Garai 
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et al. 2014) and have previously been linked with traits like 

Aggressiveness, Extraversion and Dominance in other species (Lesch et al. 

1996; Newman et al. 2005; Wendland et al. 2006). The personality data 

collected in this study can be used to further examine links between 

these candidate genes and behavior for bonobos and chimpanzees.  

After establishing these associations, the next step should be to 

identify the pathway that leads from genetic variation to altered 

neurophysiology. Studies on gene expression in different brain regions 

could yield valuable information that is needed to support the results on 

behavioral associations. For Avpr1a, in humans and voles several studies 

have been done showing linking genetic variation in the promoter region 

of the gene to altered levels of Avpr1a expression in different brain 

regions (Hammock et al. 2005; Hammock & Young 2005b; Knafo et al. 

2008; Tansey et al. 2011). In order to make firm conclusions about a 

causal link between RS3 and Pan personality in this study, data on Avpr1a 

expression in the brain should be collected for individuals with different 

RS3 genotypes belonging to both species.  

One other final piece of the puzzle that could be added in order to 

fully understand the mechanism from gene to behavior, is to measure 

actual levels of circulating hormones that interact with the receptors. To 

our knowledge, only two studies have measured circulating levels of 

urinary oxytocin in chimpanzees, and those both demonstrated the 

importance of individual differences in circulating hormone levels for 

social bonding in this species (Crockford et al. 2013; Wittig et al. 2014). 

 Also, experimental set-ups using intra-nasal administration to 

manipulate oxytocin and vasopressin systems can be used to investigate 

the potential role for these hormones in modulating social traits like 

grooming, social sensitivity and cooperation in great apes. Studies in 

humans have shown that oxytocin inhalation increases cooperation, trust, 

social investigation time, partner preference and social memory  

(Declerck et al. 2008; Guastella et al. 2008a; Guastella et al. 2008b; Andari 

et al. 2010; Zink & Meyer-Lindenberg 2012; Lambert et al. 2013; Declerck 

et al. 2014). A limited number of studies have also investigated the 
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effects of intranasal vasopressin on traits like social communication, 

cooperation and social stress in humans (Thompson et al. 2006; Ebstein 

et al. 2009; Rilling et al. 2012; Zink & Meyer-Lindenberg 2012). These 

studies provide promising results for future experimental paradigms in 

great apes. 

 

Final conclusions           

In conclusion, the results in this thesis show that bonobo personality can 

reliably be assessed and, as expected given their close phylogenetic 

relationship, bonobo personality structure resembles chimpanzee 

personality structure in many aspects. However, divergent evolution, 

perhaps as a result of socio-ecological differences between bonobos and 

chimpanzees, also appears to have shaped personality structure in 

species specific ways.  The findings in this thesis also highlight important 

methodological issues in animal personality research. First, combining 

variables from different observational contexts into one dimension 

reduction analysis, should help in gaining better insight to distinguish 

which personality factors are robust, independent dimensions and should 

therefore receive different labels. Second, our results also show that 

codings and ratings yield largely different personality dimensions. We 

therefore advocate the use of both rated and coded dimensions in further 

studies that focus on proximate and ultimate causes of personality. In this 

study, the role of Avpr1a as a proximate base for shaping inter-and 

intraspecific differences in Pan personality was supported by the results. 

More specifically, levels of SociabilityB and social sensitivity, and, to a 

lesser extent OpennessB, appear to be linked with genetic variation at this 

locus in the two species. Our results add a small piece to the puzzle that 

will in the end describe the mechanisms behind how bonobos and 

chimpanzees, despite their close relatedness, have evolved into two 

species that show remarkable similarities, but also differences, in their 

personality and behavior.   
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Chapter 2: Bonobo Personality  

 

Table S1  

     Inter-rater reliabilities of items         

 
Period 1 

 
Period 2 

Adjective ICC(3,1) ICC(3,k)   ICC(3,1) ICC(3,k) 

Fearful 0.31 0.54 
 

0.49 0.74 

Dominant 0.65 0.83 
 

0.82 0.93 

Persistent 0.38 0.63 
 

0.58 0.80 

Cautious 0.18 0.38 
 

0.29 0.54 

Stable 0.42 0.66 
 

0.46 0.71 

Autistic 0.46 0.69 
 

0.53 0.76 

Curious 0.40 0.64 
 

0.42 0.68 

Thoughtless 0.17 0.35 
 

0.38 0.64 

Stingy 0.39 0.64 
 

0.49 0.73 

Jealous 0.38 0.62 
 

0.51 0.75 

Individualistic 0.25 0.47 
 

0.38 0.63 

Reckless 0.45 0.68 
 

0.46 0.71 

Sociable 0.42 0.67 
 

0.61 0.82 

Distractable 0.21 0.42 
 

0.24 0.48 

Timid 0.52 0.75 
 

0.55 0.78 

Sympathetic 0.23 0.45 
 

0.41 0.67 

Playful 0.59 0.79 
 

0.52 0.75 

Solitary 0.59 0.79 
 

0.47 0.72 

Vulnerable 0.53 0.75 
 

0.46 0.71 

Innovative 0.30 0.54 
 

0.60 0.81 

Active 0.50 0.73 
 

0.50 0.75 

Helpful 0.20 0.40 
 

0.33 0.59 

Bullying 0.62 0.81 
 

0.75 0.90 

Aggressive 0.55 0.77 
 

0.61 0.82 

Manipulative 0.46 0.70 
 

0.50 0.74 

Gentle 0.42 0.66 
 

0.47 0.72 

Affectionate 0.24 0.46 
 

0.59 0.81 

Excitable 0.24 0.46 
 

0.43 0.68 

Impulsive 0.25 0.48 
 

0.30 0.55 
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Inquisitive 0.41 0.65 
 

0.48 0.73 

Submissive 0.70 0.86 
 

0.54 0.77 

Cool 0.25 0.47 
 

0.43 0.69 

Dependent 0.33 0.57 
 

0.57 0.79 

Irritable 0.22 0.43 
 

0.37 0.63 

Unperceptive 0.17 0.35 
 

0.38 0.64 

Predictable 0.14 0.30 
 

0.31 0.57 

Decisive 0.33 0.57 
 

0.40 0.65 

Depressed 0.47 0.70 
 

0.60 0.81 

Conventional 0.18 0.38 
 

0.27 0.51 

Sensitive 0.04 0.11 
 

0.35 0.61 

Sensitive  0.04 0.11 
 

0.35 0.61 

Defiant 0.38 0.62 
 

0.58 0.80 

Intelligent 0.12 0.27 
 

0.51 0.75 

Protective 0.37 0.62 
 

0.43 0.68 

Quitting 0.10 0.24 
 

0.26 0.50 

Inventive 0.34 0.58 
 

0.48 0.72 

Clumsy 0.15 0.32 
 

0.30 0.55 

Erratic 0.11 0.25 
 

0.09 0.21 

Friendly 0.26 0.49 
 

0.29 0.54 

Anxious 0.46 0.69 
 

0.56 0.78 

Lazy 0.48 0.71 
 

0.35 0.61 

Disorganized 0.08 0.19 
 

0.50 0.74 

Unemotional 0.14 0.31 
 

0.29 0.54 

Imitative 0.36 0.61 
 

0.42 0.67 

Independent 0.27 0.50   0.37 0.63 

Note. Period 1 results based on 218 ratings of 81 bonobos (k = 2.69) by 40 
raters. Period 2 results based on 115 ratings of 40 bonobos (k = 2.88) by 24 
raters. 
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Table S2                

Promax-rotated factor loadings 

 
Factor 

 Adjective Ast
a
 Con

a
 Opn Att

a
 Agr Ext

a
 h² 

Anxious -.86 -.12 -.13 .13 .04 -.19 .71 

Timid -.79 .23 -.07 .07 -.03 -.14 .69 

Fearful -.75 .02 -.13 .00 -.04 -.13 .64 

Independent .73 -.16 -.01 .00 .01 -.28 .66 

Dominant .71 -.54 -.32 -.02 .12 .09 .82 

Vulnerable -.71 .23 .18 .13 -.18 -.39 .67 

Submissive -.67 .42 .24 .00 .05 -.21 .66 

Cool .66 .14 -.04 -.08 .22 -.06 .50 

Stable .64 .28 .12 -.06 .13 .02 .52 

Dependent -.58 .09 .16 -.30 .28 .32 .71 

Decisive .46 -.09 .06 .33 .07 .00 .49 

Persistent .50 -.39 .11 .07 .12 .06 .49 

Excitable -.55 -.36 -.06 .03 .08 -.02 .39 

Cautious -.47 .21 -.08 .27 .33 -.13 .41 

Quitting -.16 .05 -.18 -.18 .15 -.01 .14 

Bullying .25 -.76 -.05 .12 -.11 .09 .68 

Aggressive .11 -.76 .05 .15 -.09 .07 .63 

Stingy .22 -.71 -.01 -.12 .05 -.03 .58 

Irritable -.12 -.72 -.18 .02 -.05 -.19 .60 

Jealous -.03 -.66 .17 -.08 .02 -.06 .53 

Gentle -.05 .61 .02 -.04 .48 -.11 .73 

Erratic -.25 -.61 -.01 -.19 .06 -.18 .57 

Defiant .12 -.54 .21 -.08 -.13 -.03 .46 

Reckless .17 -.50 .19 -.38 -.11 -.02 .57 

Manipulative .14 -.61 -.01 .21 .16 .14 .42 

Impulsive -.31 -.46 .28 -.04 -.06 -.06 .45 

Predictable .24 .38 -.21 -.10 .22 -.07 .33 

Active -.18 -.08 .75 -.06 .12 .18 .68 

Playful -.13 -.01 .71 -.04 .11 .18 .59 

Inquisitive .13 .04 .68 .17 .07 .01 .57 

Inventive .27 .03 .67 .13 -.01 -.25 .62 

Imitative -.07 .09 .63 -.26 .20 .10 .50 
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Innovative .31 .10 .66 -.02 .02 -.22 .56 

Conventional -.10 .04 -.61 .11 .31 -.02 .51 

Curious .04 -.12 .58 .23 .15 -.10 .46 

Lazy .27 .03 -.49 -.45 .11 -.28 .54 

Unemotional .21 .14 -.25 -.18 .12 -.01 .14 

Disorganized .02 -.06 .03 -.75 -.04 -.17 .63 

Intelligent -.05 -.18 .11 .74 .26 .01 .65 

Clumsy .26 .09 .01 -.79 .04 -.13 .50 

Thoughtless .02 -.09 -.06 -.70 -.07 .00 .56 

Distractible -.07 -.05 .07 -.60 .05 .13 .42 

Unperceptive -.22 -.15 -.11 -.47 .21 -.24 .47 

Friendly -.03 .33 .18 -.20 .72 .17 .77 

Affectionate .15 .19 .14 -.01 .69 .26 .76 

Protective .19 -.18 -.15 .23 .68 -.07 .66 

Sympathetic -.01 .26 .03 .12 .59 -.19 .56 

Helpful -.07 .04 .16 .30 .56 -.02 .51 

Sociable .09 -.11 .30 -.06 .58 .30 .57 

Sensitive .10 .02 -.16 .46 .47 -.08 .62 

Solitary -.13 .20 -.15 -.08 -.13 -.67 .61 

Depressed -.39 -.13 -.07 -.12 .01 -.68 .72 

Autistic -.37 -.22 -.01 -.25 .04 -.44 .55 

Individualistic .19 -.12 .29 -.23 .01 -.42 .33 

Proportion of variance .14 .12 .09 .08 .08 .05   

Note. 
a
Factor was reflected. Ast = Assertiveness, Con = Conscientiousness, Opn = 

Openness, Att = Attentiveness, Agr = Agreeableness, Ext = Extraversion. Loadings 
≥ |.4| in boldface. For ease of comparison, adjectives are listed in the same 
order as in Table 1.  
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Table S3           

Factor inter-correlations       

Factor Ast
a
 Con

a
 Opn Att

a
 Agr 

Con
a
 -.03 

    Opn .10 -.14 
   Att

a
 .46 .22 .07 

  Agr .16 .27 .00 .24 
 Ext

a
 -.01 .05 .15 .05 .11 

 Note. 
a
 Factor was reflected. Ast = Assertiveness, Con = 

Conscientiousness, Opn = Openness, Att = Attentiveness,  
Agr = Agreeableness, Ext = Extraversion. 
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Chapter 3 

Table S4: Behavioral variables for personality assessment bonobos 

Variable Definition Calculated as 

Activity Time spent not 
resting, sleeping, 
sitting or auto-
grooming 

Focal observation time minus time spent resting, 
sleeping, sitting or autogrooming, divided by total 
focal observation time 

Submission Frequency of 
submissive behaviors 

Frequency per hour of flee, flinch and crouch 
behaviors during focal observations of all subjects 
in the group 

Aggression 
given 

Frequency of 
performed aggressive 
behaviors 

Frequency per hour of aggressive intentions, long 
charges, short charges, direct displays, mutual 
displays and parallel displays with victim showing 
grin, flee or counter aggression  during focal 
observations of all subjects in the group 

Aggression 
received 

Frequency of received 
aggressive behaviors 

Frequency per hour of received aggressive 
intentions, long charges, short charges, direct 
displays, mutual displays and parallel displays  
during focal observations of all subjects in the 
group   

Number of 
neighbors 

Average number of 
group members in 
proximity to subject 

Average number of group members in subject's 
proximity in scans recorded as 'sit with' (S) 

Approach 
others 

Frequency of focal 
subject approaching 
others 

Frequency per hour of focal subject approaching 
and staying in 2 m proximity of others 

Being 
approached  

Frequency of focal 
subject being 
approached by others 

Frequency per hour of focal subject being 
approached  

Grooming 
density 
given 

Number of group 
members groomed by 
subject 

Number of individuals the subject gives grooming 
to divided by total available grooming partners  

Grooming 
density 
received 

Number of group 
members that groom 
the subject 

Number of individuals the subject receives 
grooming from divided by total available grooming 
partners  

Grooming 
diversity 
index 

Equality of grooming 
effort given to 
different grooming 
partners 

Shannon-Wiener diversity index corrected for group 
size effect (see text for formula)  

Grooming 
given 

Time spent grooming 
others 

Time spent grooming divided by focal observation 
time  

Grooming 
received 

Time spent being 
groomed by others 

Time spent being groomed divided by focal 
observation time 

Play Time spent playing 
with group members 

Total duration of calm play and rough play divided 
by focal observation time  
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Scratching Time spent self-
scratching, both 
gentle and rough 

Total duration of rough and gentle auto-scratching 
behaviors divided by focal observation time  

Auto-
grooming 

Time spent self-
grooming 

Total duration of auto-grooming divided by focal 
observation time  

Socio-
sexual 
behaviors 

Frequency of short 
duration affinitive 
behaviors 

Frequency/h of point affinitive behavior by focal 
subject (affiliative touch, embrace, sex inspect, sex 
present, copulation, non-copulatory mount, oral 
genital massage, genital massage) 

 
 



Genetic basis of Pan personality 

 

193 

Table S5: Variables, their definitions and what experiments they are sampled in 

using the experimental setup 

Variable Definition Calculated as Type of experiment 

Manipulate 
Puzzle 

Percentage of time 
spent manipulating 
the puzzle 

Duration of working the 
puzzle while touching 
divided by total duration 
of experiment  
 

Hanging barrel 
Crate with mesh 
Reel and feed 
Turning tube 

Tool use Percentage of time 
spent manipulating 
the puzzle with tools 

Duration of tool use 
divided by total duration 
of experiment  
 

Crate with mesh 

Latency to 
approach  

Latency to first 
approach the 
experiment object 
within arm’s reach of 
it  

Duration of interval 
between entering of the 
group in the enclosure 
and first approach 
towards experiment 
object 
 

All experiments 

Number of 
approaches 

Number of 
approaches made 
towards the 
experiment 
throughout duration 
of experiment 
 

Absolute count of 
approaches made during 
the total duration of the 
experiment 

Hanging barrel 
Crate with mesh 
Reel and feed 
Turning tube 
Leopard 

Proximity Time spent within 2m 
proximity to the 
experiment object 
while not touching it 

Summed durations of 
time spent within 2m of 
the object divided by 
total duration of the 
experiment duration 
 

Hanging barrel 
Crate with mesh 
Reel and feed 
Twisting tube 
Leopard 

Taste novel 
food 

Tasting a novel food 
item 

One zero sampling of 
whether they taste novel 
food during experiment 
 

Durian 
Blue pasta  

Poke 
leopard 

Using a tool to poke at 
the fake leopard 

Absolute count of times 
the subject tries to poke 
at the fake predator with 
a tool during the total 
duration of the 
experiment 
 

Leopard 

Knock 
barrier 

Making forceful 
contact with the 
barrier separating the 
subject from the fake 
leopard 

Absolute count of times 
the subject makes 
forceful contact with 
barrier during duration of 
the experiment 

Leopard, snake 
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Fig S1: Stuffed leopard model presented during predator experiment  

 

Fig S2: Snake model presented during predator experiment 
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Fig S3: Bonobo with durian fruit presented in novel food experiment  

 

Fig S4: Bonobo with blue pasta presented in novel food experiment  

 



Genetic basis of Pan personality 

 

196 

 

Fig S5: Bonobo with “Tubes” puzzle presented in puzzle feeder experiment  

 

Fig S6: Bonobo with “Reel and feed” presented in puzzle feeder experiment  
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Fig S7: “Hanging barrel” puzzle presented in puzzle feeder experiment 

 

Fig S8:  “ Barrel with mesh” presented in puzzle feeder experiment 
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Table S6: Sex and age effects on rated personality dimensions 

  
F ndf, ddf  p-value est se 

Assertiveness Sex 25.48 1,104 <0.001 -0.932 0.186 

 
Age 0.64 1,106 0.425 0.006 0.008 

Conscientiousness Sex 2.38 1,108 0.126 0.299 0.191 

 
Age 0.97 1,109 0.326 0.008 0.008 

Openness Sex 1.20 1,101 0.274 -0.155 0.140 

 
Age 70.54 1,106 <0.001 -0.052 0.006 

Agreeableness Sex 2.60 1,98 0.110 -0.241 0.149 

 
Age 2.75 1,101 0.100 0.011 0.007 

Attentiveness Sex 0.87 1,102 0.355 -0.139 0.149 

 
Age 0.74 1,105 0.392 -0.006 0.007 

Extraversion Sex 14.28 1,103 <0.001 -0.612 0.161 

 
Age 5.64 1,106 0.019 -0.017 0.007 

Boldface indicates significant main effects  
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Chapter 4 

Table S7: Group composition, time of behavioral data collection and observers 

  Zoo 
Adult and 
subadult Juveniles Period  Observers 

Round 1 PL 3M / 2F 1M / 1F Nov. 2011 - Jan. 2012  AP 

 
AP 2M / 4F 2M / 2F Mar. - Apr. 2012  AS, NS 

 
WI 2M / 5F 1F Feb. - Mar. 2012  AP 

 
FR 3M / 6F 3M / 2F Apr. - May 2012 SR, NS 

 
WU 3M / 3F 3M May. - Jun. 2012  SR, NS 

  TW 3M / 6F 1M / 2F Sep. – Nov. 2012  NS 

Round 2 PL 3M / 3F 1M / 1F Nov. 2012 - Jan. 2013 WR 

 
AP 2M / 4F 1M / 2F Feb. - May 2013 LJ 

 
WI 2M / 4F 2F Nov. - Dec. 2012  NS 

 
FR 3M / 7F 3M / 3F Feb. - Apr. 2014 MW 

 
WU 3M / 2F 2M Jan. - Mar. 2013 WR 

  TW 3M / 5F 1M / 2F Aug. – Oct. 2013 MB 

Round 3 WI 3M / 9F 2M / 2F  May – Jul. 2013.   MB 
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Chapter 5 

Table S8. Individual information on age, sex, origin and genotype for bonobo 

samples used in this study.  

Table S8. Individual information on age, sex, origin and genotype for bonobo samples 
used in this study. 

Studbook 
number 

Sex Date of  Birth Sire Dam Genotype  RS3 
Genotyped 

OXTR 

86 Female 1976 Wild Wild 465-479 x 
55 Female 1966 Wild Wild 463-465 x 

313 Female 1995 Wild Wild 485-485 
 

220 Female 1993 Wild Wild 481-485 x 
42 Female 1968 Camillo Margrit 469-485 

 
67 Female 1971 Wild Wild 485-487 x 
88 Female 1978 Wild Wild 481-485 

 
91 Female 1978 Wild Wild 484-484 

 
56 Female 1966 Wild Wild 481-485 

 
166 Female 1982 Wild Wild 479-485 x 
260 Female 1999 Hani Molaso 481-485 x 
116 Female 1982 Wild Wild 481-485 x 
23 Female 1958 Wild Wild 465-489 x 
60 Female 1975 Wild Wild 463-465 x 
62 Female 1970 Wild Wild 463-485 

 
46 Female 1964 Wild Wild 477-481 x 

115 Female 1982 Wild Wild 481-485 x 
1009 Female 1990 Wild Wild 477-477 x 
102 Male 1977 Wild Wild 484-484 

 
64 Male 1975 Wild Wild 481-485 

 
97 Male 1979 Wild Wild 465-481 

 
169 Male 1979 Wild Wild 465-479 

 
57 Male 1970 Wild Wild 485-485 

 
104 Male 1979 Wild Wild 479-481 

 
34 Male 1960 Wild Wild 465-479 x 
69 Male 1976 Wild Wild 479-481 x 
68 Male 1976 Wild Wild 479-481 x 
54 Male 1980 Wild Wild 481-483 x 

167 Male 1980 Wild Wild 484-484 x 
1003 Male 1985 Wild Wild 481-485 x 
165 Male 1978 Wild Wild 463-485 x 
105 Male 1979 Wild Wild 479-481 x 
58 Male 1970 Wild Wild 484-485 x 

123 Male 1981 Wild Wild 477-481 
 

168 Male 1980 Wild Wild 484-484 x 
31 Female 1951 Wild Wild 

 
x 
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Table S9. Individual information on age, sex and origin for additional bonobo 

samples used to identify potential OXTR SNP variation of 7 missing founders. 

Studbook number Sex Year of Birth Sire Dam 

134 Female 1985 Bosondjo Laura 

84 Male 1978 Vernon Catherine 

133 Female 1985 Vernon Loretta 

38 Male 1963 Camillo Margrit 

52 Female 1973 Camillo Margrit 

137 Male 1986 Bono Salonga 

132 Female 1985 Bono Natalie 

240 Female 1998 Kidogo II Hermien 

348 Female 2005 Redy Hermien 

376 Male 2007 Ludwig Natalie 

244 Male 1998 Masikini Lina 

164 Male 1991 Mato Lisala 

151 Male 1989 Mato Catherine 

386 Male 2008 Keke Maringa II 

159 Male 1990 Mato Lisala 

279 Male 2001 Mato Eja 
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Table S10. Individual information on age, sex, origin and genotype for chimpanzees 

 
Stbk Nr  Sex Birth Y Sire Dam Genotype SNP 

11051 Female 1966 W W 140-140 TT 

/ Female Unknown Unkno
wn 

Unknown 140-140 TT 

11315 Female 1971 W W 140-140 TT 

10886 Female 1963 W W 140-140 TT 

11110 Female 1967 W W 140-140 CT 

11053 Female 1966 W W 140-140 TT 

11546 Female 1975 11134 11044 140-477 TT 

11387 Female 1972 10493 10549 140-140 TT 

11664 Female 1977 Unkno
wn 

Unknown 483-485 TT 

11309 Female 1970 10885 10736 140-140 TT 

11725 Female 1978 Unkno
wn 

Unknown 477-479 TT 

10627 Female 1957 W W 140-140 TT 

11977 Female 1982 10936 10935 140-140 CT 

12170 Female 1985 Unkno
wn 

Unknown 492-492 TT 

10617 Female 1957 W W 140-140 CT 

11706 Female 1977 10413 10342 140-140 TT 

11210 Female 1969 W W 140-481 TT 

11112 Female 1967 W W 140-140 CT 

11251 Female 1970 W W 483-483 TT 

11724 Female 1978 Unkno
wn 

Unknown 481-489 TT 

12559 Female 1991 Unkno
wn 

10871 481-481 TT 

11160 Female 1968 W W 140-140 TT 

10706 Female 1959 W W 140-140 TT 

10892 Female 1963 W W 483-485 TT 

11209 Female 1969 W W 140-140 TT 

11207 Female 1969 W W 140-140 TT 

10888 Female 1963 W W 140-140 TT 

12055 Female 1983 11132 11244 140-475 TT 

12688 Female 1993 12082 11827 140-140 TT 

12063 Male 1978 Unkno
wn 

Unknown 481-483 TT 

12328 Male 1986 Unkno
wn 

Unknown 477-479 TT 

11052 Male 1967 W W 140-140 TT 

12455 Male 1989 10662 10963 492-492 TT 

10784 Male 1960 W W 140-140 CT 

11910 Male 1981 W W 140-140 CT 

10794 Male 1961 W W 140-140 CC 
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Chapter 6  

Table S11: Information on age, sex, genotype and group compositions of 
subjects that were used for personality assessment. 

Studbook  
number 

Zoo Sex Subspecies* 
Year of 

birth 
Avpr1a 

genotype 

s1388116472 
(C/T)  

12876 Amersfoort Zoo F 
Unknown 

subspecies 
1996 

No genotype 
available 

No genotype 
available 

11263 Amersfoort Zoo F 
Unknown 

subspecies 
1970 

No genotype 
available 

No genotype 
available 

13125 Amersfoort Zoo M 
Unknown 

subspecies 
2001 

No genotype 
available 

No genotype 
available 

11715 Amersfoort Zoo F P.t.v. 1977 
No genotype 

available 
No genotype 

available 

12942 Amersfoort Zoo F P.t.v. 1997 
No genotype 

available 
No genotype 

available 

13036 Amersfoort Zoo F P.t.v. 1999 
No genotype 

available 
No genotype 

available 

13207 Amersfoort Zoo F P.t.v. 2003 
No genotype 

available 
No genotype 

available 

11093 Amersfoort Zoo F P.t.v. 1966 
No genotype 

available 
No genotype 

available 

12459 Amersfoort Zoo F P.t.v. 1989 
No genotype 

available 
No genotype 

available 

11079 Amersfoort Zoo F P.t.v. 1966 
No genotype 

available 
No genotype 

available 

10950 Amersfoort Zoo F P.t.v. 1964 
No genotype 

available 
No genotype 

available 

12236 Amersfoort Zoo F P.t.v. 1986 
No genotype 

available 
No genotype 

available 

12580 Amersfoort Zoo F P.t.v. 1991 
No genotype 

available 
No genotype 

available 

13101 Amersfoort Zoo M P.t.v. 2000 
No genotype 

available 
No genotype 

available 

11015 Amersfoort Zoo M P.t.v. 1965 
No genotype 

available 
No genotype 

available 

12559 Antwerp Zoo F 
hybrid P.t.t. / 

P.t.s. 
1991 DupB+/+ TT 

12063 Antwerp Zoo M 
hybrid P.t.t. / 

P.t.s. 
1978 DupB+/+ TT 

11664 Antwerp Zoo F 
hybrid P.t.t. / 

P.t.s. 
1977 DupB+/+ TT 

12455 Antwerp Zoo M 
hybrid P.t.v. / 

P.t.s. 
1989 DupB+/+ TT 

11724 Antwerp Zoo F P.t.s.  1978 DupB+/+ TT 

12170 Antwerp Zoo F P.t.s.  1985 DupB+/+ TT 

12328 Antwerp Zoo M P.t.t. 1986 DupB+/+ TT 

11882 
Beekse Bergen 

Safari park 
F P.t.v. 1980 DupB-/- CT 
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12027 
Beekse Bergen 

Safari park 
F P.t.v. 1983 DupB-/- CT 

12333 
Beekse Bergen 

Safari park 
F P.t.v. 1997 DupB-/- CT 

11110 
Beekse Bergen 

Safari park 
F P.t.v. 1967 DupB-/- CT 

11977 
Beekse Bergen 

Safari park 
F P.t.v. 1982 DupB-/- CT 

12913 
Beekse Bergen 

Safari park 
M P.t.v. 1997 DupB-/- CT 

12838 
Beekse Bergen 

Safari park 
M P.t.v. 1995 DupB-/- CT 

11051 
Beekse Bergen 

Safari park 
F P.t.v. 1966 DupB-/- TT 

12199 
Beekse Bergen 

Safari park 
F P.t.v. 1986 DupB-/- TT 

12969 
Beekse Bergen 

Safari park 
F P.t.v. 1997 DupB-/- TT 

11160 
Beekse Bergen 

Safari park 
F P.t.v. 1968 DupB-/- TT 

11914 
Beekse Bergen 

Safari park 
M P.t.v. 1981 DupB-/- TT 

11251 
Beekse Bergen 

Safari park 
F P.t.v. 1970 DupB+/+ TT 

12888 
Beekse Bergen 

Safari park 
F P.t.v. 1996 

No genotype 
available 

No genotype 
available 

12339 
Beekse Bergen 

Safari park 
F P.t.v. 1988 

No genotype 
available 

No genotype 
available 

12503 
Beekse Bergen 

Safari park 
F P.t.v. 1990 

No genotype 
available 

No genotype 
available 

12485 
Beekse Bergen 

Safari park 
M P.t.v. 1990 

No genotype 
available 

No genotype 
available 

12960 
Beekse Bergen 

Safari park 
M P.t.v. 1997 

No genotype 
available 

No genotype 
available 

12688 Burger’s Zoo F 
Subspecific 

hybrid 
1993 DupB-/- TT 

12785 Burger’s Zoo M 
Subspecific 

hybrid 
1994 DupB-/- TT 

12716 Burger’s Zoo M 
Subspecific 

hybrid 
1993 DupB-/- TT 

12217 Burger’s Zoo F 
Unknown 

subspecies 
1986 DupB-/- CT 

12594 Burger’s Zoo F 
Unknown 

subspecies 
1992 DupB-/- CT 

11571 Burger’s Zoo M 
Unknown 

subspecies 
1975 DupB-/- CT 

12726 Burger’s Zoo F 
Unknown 

subspecies 
1993 DupB-/- TT 

11688 Burger’s Zoo F 
Unknown 

subspecies 
1977 DupB-/- TT 

10617 Burger’s Zoo F P.t.v. 1957 DupB-/- CT 

10784 Burger’s Zoo M P.t.v. 1960 DupB-/- CT 
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11910 Burger’s Zoo M P.t.v. 1981 DupB-/- CT 

12080 Burger’s Zoo F P.t.v. 1984 DupB-/- TT 

10706 Burger’s Zoo F P.t.v. 1959 DupB-/- TT 

12401 Burger’s Zoo M P.t.v. 1989 DupB-/- TT 

12055 Burger’s Zoo F 
Subspecific 

hybrid 
1983 DupB+/- TT 

12092 Burger’s Zoo F 
Unknown 

subspecies 
1984 DupB+/- TT 

12274 Burger’s Zoo F 
Unknown 

subspecies 
1987 DupB+/- TT 

12725 Burger’s Zoo F P.t.v. 1993 DupB+/- TT 

12449 Burger’s Zoo F P.t.v. 1989 DupB+/- TT 

12207 Burger’s Zoo F 
Subspecific 

hybrid 
1986 DupB+/+ TT 

11183 Burger’s Zoo F P.t.s. or P.t.t. 1968 DupB+/+ TT 

11799 Burger’s Zoo F P.t.v. 1979 DupB+/+ TT 

11315 Chester Zoo F 
Unknown 

subspecies 
1971 DupB-/- TT 

11706 Chester Zoo F 
Unknown 

subspecies 
1977 DupB-/- TT 

11572 Chester Zoo F P.t.v. 1975 DupB-/- TT 

11387 Chester Zoo F P.t.v. 1972 DupB-/- TT 

11309 Chester Zoo F P.t.v. 1970 DupB-/- TT 

12279 Chester Zoo M P.t.v. 1987 DupB-/- TT 

12573 Chester Zoo F 
Subspecific 

hybrid 
1991 DupB+/- TT 

11546 Chester Zoo F 
Subspecific 

hybrid 
1975 DupB+/- TT 

11423 Chester Zoo F 
Unknown 

subspecies 
1973 DupB+/- TT 

11603 Chester Zoo M P.t.v. 1976 DupB+/- TT 

12870 Chester Zoo F 
Subspecific 

hybrid 
1996 

No genotype 
available 

No genotype 
available 

12846 Chester Zoo F 
Subspecific 

hybrid 
1995 

No genotype 
available 

No genotype 
available 

12253 Chester Zoo F 
Subspecific 

hybrid 
1986 

No genotype 
available 

No genotype 
available 

13079 Chester Zoo M 
Subspecific 

hybrid 
2000 

No genotype 
available 

No genotype 
available 

11220 Chester Zoo M 
Subspecific 

hybrid 
1969 

No genotype 
available 

No genotype 
available 
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12809 Chester Zoo F 
Unknown 

subspecies 
1995 

No genotype 
available 

No genotype 
available 

12361 Chester Zoo F 
Unknown 

subspecies 
1988 

No genotype 
available 

No genotype 
available 

12744 Chester Zoo F 
Unknown 

subspecies 
1994 

No genotype 
available 

No genotype 
available 

11174 Chester Zoo M 
Unknown 

subspecies 
1968 

No genotype 
available 

No genotype 
available 

12054 Chester Zoo F P.t.v. 1983 
No genotype 

available 
No genotype 

available 

12521 Chester Zoo F P.t.v. 1990 
No genotype 

available 
No genotype 

available 

12946 Chester Zoo F P.t.v. 1997 
No genotype 

available 
No genotype 

available 

12710 Chester Zoo F P.t.v. 1993 
No genotype 

available 
No genotype 

available 

11090 Chester Zoo M P.t.v. 1966 
No genotype 

available 
No genotype 

available 

12213 Edinburgh M P.t.v. 1986 DupB-/- CT 

12550 Edinburgh F P.t.v. 1991 DupB-/- TT 

12404 Edinburgh F P.t.v. 1989 DupB-/- TT 

11944 Edinburgh F P.t.v. 1981 DupB-/- TT 

12727 Edinburgh M P.t.v. 1993 DupB-/- TT 

12679 Edinburgh M P.t.v. 1993 DupB-/- TT 

11887 Edinburgh F 
Subspecific 

hybrid 
1980 DupB+/- CT 

12701 Edinburgh M 
Subspecific 

hybrid 
1993 DupB+/- CT 

11210 Edinburgh F P.t.v. 1969 DupB+/- TT 

12702 Edinburgh M P.t.v. 1993 DupB+/- TT 

12877 Edinburgh F 
Subspecific 

hybrid 
1996 

No genotype 
available 

No genotype 
available 

*subspecies abbreviations: P.t.v = Pan troglodytes verus P.t.s.= Pan troglodytes schweinfurthii P.t.t.= Pan 
troglodytes troglodytes 
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Table S12: Behavioral variables for personality assessment chimpanzees 

Variable Definition Calculated as 

Grooming 
given 

Frequency of grooming given Frequency/h of grooming given by 
focal subject, so that each grooming 
partner is counted only once/focal 
observation 

Grooming 
received 

Frequency of grooming received Frequency/h of grooming received by 
focal subject, so that each grooming 
partner is counted only once/focal 
observation 

Grooming 
density given 

Number of individuals the focal subject 
grooms 

Total number of individuals focal 
subject gives grooming to divided by 
all available grooming partners 

Grooming 
density 
received 

Number of individuals the focal subjects 
received grooming from 

Total number of individuals focal 
subject receives grooming from 
divided by all available grooming 
partners 

Number of 
neighbours 

Number of individuals within 2m Average number of individuals in 
proximity, sampled once per focal 
observation 

Aggression 
given 

Frequency of aggression given (chase, 
hunch-over of physical aggression) 

Frequency/h aggression given (ad lib. 
data, corrected to total group 
observation time) 

Activity Time spent not resting or autogrooming (%) Focal sample activity at each minute 
summed per category; observations 
spent resting or autogrooming 
subtracted from total (%) 

Point 
affinitive 
behaviors 

Frequency of short duration affinitive 
behaviors (kiss, kiss-bite, gentle touch, 
embrace, sexual inspection, genital touch, 
mount, mate, hand-or fingers to mouth) 

Frequency/h of point affinitive 
behavior by focal subject 

Play  Frequency of play initiated  Frequency/h of play initiated by focal 
subject 

Scratch Frequency of self-scratching Frequency/h of self-scratching. 
Counted separately when separated 
by 5-s interval or the scratched body 
part changed 

Auto-
grooming 

Duration of autogroom Frequency/h focal autogrooms. 
Recorded as durations to the nearest 
second 
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Table S13: Personality profile analysis chimpanzees 

 

 

 Sociability 
Grooming 

equitability 

Positive 

Affect 
Anxiety 

Grooming given 0.934 0.053 -0.101 0.044 

Grooming received 0.853 0.312 -0.039 -0.090 

Gr. density received 0.353 0.737 -0.087 -0.137 

Gr. density given 0.469 0.656 -0.080 0.141 

Nr of Neighbours -0.149 0.574 0.414 -0.219 

Aggression -0.119 -0.428 0.164 0.028 

Activity 0.036 -0.665 0.063 -0.223 

Affinitive behav. -0.074 -0.093 0.917 0.078 

Play -0.047 -0.143 0.895 -0.043 

Scratch -0.281 0.035 0.105 0.816 

Autogrooming 0.424 0.019 -0.117 0.729 

Eigenvalue 3.19 1.75 1.35 1.26 

% variance explained 29.00 15.93 12.27 11.46 

 

Varimax rotated principal component loadings of the 11 behavioral variables of the 

social personality traits. Principal component analysis was done on n = 97 individuals.. All 

variables included in the PCA showed sufficient repeatability values as calculated with 

intra-class correlations. indicating that within-individual variability was smaller than 

between-individual variability (range ICC: 0.23 – 0.86). KMO = 0.57 indicated sufficient 

sampling adequacy; all variables had communalities > 0.4. Four components were 

extracted based on Parallel Analysis and a Scree plot.  Loadings > ± 0.4 are shown with 

bold typeface. 
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Table S14: Linear Mixed Model information for personality components 
Equitability, Positive Affect and Anxiety 

Outcome 
variable 

Sex 
Predictor 
variable P* condition estimate s.e. P** 

Equitability Male AVPR1a 0.161 DupB+/- - DupB+/+ 2.074 0.76 0.015 

    
DupB-/- - DupB+/+ 1.612 0.72 0.058 

    
DupB-/- - DupB+/- -0.464 0.31 0.285 

  
OXTR 0.707 TT 

   

 
  Age 0.053 Age 

   

 
Female AVPR1a 0.58 DupB+/- - DupB+/+ 0.314 0.382 0.684 

    
DupB-/- - DupB+/+ 0.043 0.346 0.991 

    
DupB-/- - DupB+/- -0.271 0.253 0.524 

  
OXTR 0.228 TT 

   
    Age 0.660 Age 

   
Positive Affect Male AVPR1a 0.626 DupB+/- - DupB+/+ 1.092 0.89 0.413 

    
DupB-/- - DupB+/+ 1.183 0.85 0.326 

    
DupB-/- - DupB+/- 0.092 0.34 0.958 

  
OXTR 0.445 TT    

 
  Age 0.890 Age 

 
  

 
Female AVPR1a 0.442 DupB+/- - DupB+/+ 0.218 0.19 0.478 

    
DupB-/- - DupB+/+ 0.249 0.17 0.310 

    
DupB-/- - DupB+/- 0.031 0.13 0.967 

  
OXTR 0.103 TT    

    Age 0.081 Age    

Anxiety Male AVPR1a 0.279 DupB+/- - DupB+/+ -0,526 0.46 0.476 

    
DupB-/- - DupB+/+ -0.894 0.41 0.072 

    
DupB-/- - DupB+/- -0.368 0.294 0.415 

  
OXTR 0.512 TT    

 
  Age 0.338 Age    

 
Female AVPR1a 0.437 DupB+/- - DupB+/+ 0.725 0.59 0.438 

    
DupB-/- - DupB+/+ 0.079 0.52 0.987 

    
DupB-/- - DupB+/- -0.646 0.47 0.363 

  
OXTR 0.315 TT    

    Age 0.598 Age    

*p-value regression  ,  **p-value post-hoc Tukey test 
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Table S15 : Linear mixed model output model with group as random intercept  

  Response Main effects est SE min max 

Ratings AssertivenessR Sex Male -1,035* 1,157 -1,698 -0,469 

  
Genotype Long/Long 0,318 0,316 0,133 0,449 

  
Age 0,080 0,091 0,030 0,121 

 
ConscientiousnessR Sex Male -1,582 1,196 -2,110 -0,925 

  
Genotype Long/Long -0,538 0,322 -0,707 -0,377 

  
Age 0,072 0,094 -0,001 0,108 

 
OpennessR Sex Male 0,034 0,848 -0,205 0,477 

  
Genotype Long/Long 0,363 0,233 0,255 0,532 

  
Age -0,630* 0,067 -0,702 -0,599 

 
AgreeablenessR Sex Male -0,751 0,951 -1,290 -0,294 

  
Genotype Long/Long 0,147 0,263 -0,072 0,286 

  
Age 0,094 0,075 0,047 0,147 

 
AttentivenessR Sex Male 1,119 0,914 0,748 1,892 

  
Genotype Long/Long 0,615* 0,251 0,443 0,857 

  
Age -0,038 0,072 -0,119 0,015 

 
ExtraversionR Sex Male -1,670* 1,001 -2,463 -0,870 

  
Genotype Long/Long -0,034 0,273 -0,211 0,067 

    Age -0,222* 0,079 -0,301 -0,189 

Codings SociabilityB Sex Male 0,724* 1,292 0,111 1,893 

  
Genotype Long/Long 0,344 0,353 -0,001 0,557 

  
Age 0,027 0,127 -0,041 0,133 

 
OpennessB Sex Male -0,975* 0,968 -1,205 -0,187 

  
Genotype Long/Long -0,677 0,259 -0,815 -0,357 

  
Age -0,574* 0,093 -0,654 -0,509 

 
BoldnessB Sex Male 0,081 1,336 -1,011 1,625 

  
Genotype Long/Long 0,617 0,351 0,263 0,717 

  
Age -0,281 0,127 -0,563 -0,101 

 
ActivityB Sex Male 0,871* 1,097 0,030 1,381 

  
Genotype Long/Long 0,277 0,298 -0,347 0,663 

  
Age -0,151 0,107 -0,246 -0,040 

* indicates p<0.05 
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Table S16 : Linear mixed model output ratings model with random slopes for 
group 

Response Main effects est SE min max 

AssertivenessR Sex Male -0,937* 0,381 -1,074 -0,709 

 
Genotype Long/Long 0,244 0,299 0,061 0,388 

 
Age 0,060 0,091 0,005 0,123 

ConscientiousnessR Sex Male -0,239 0,369 -0,446 -0,035 

 
Genotype Long/Long -0,538 0,322 -0,707 -0,377 

 
Age 0,072 0,094 -0,001 0,108 

OpennessR Sex Male -0,072 0,263 -0,156 -0,003 

 
Genotype Long/Long 0,359 0,233 0,252 0,530 

 
Age -0,629* 0,068 -0,689 -0,593 

AgreeablenessR Sex Male -0,361 0,296 -0,633 -0,238 

 
Genotype Long/Long 0,144 0,263 -0,072 0,286 

 
Age 0,097 0,076 0,061 0,147 

AttentivenessR Sex Male 0,240 0,284 0,129 0,441 

 
Genotype Long/Long 0,615 0,251 0,364 0,854 

 
Age -0,038 0,072 -0,109 0,015 

ExtraversionR Sex Male -0,858* 0,323 -1,127 -0,614 

 
Genotype Long/Long -0,117 0,262 -0,346 -0,050 

  Age -0,263 0,080 -0,291 -0,230 

* indicates p<0.05 
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Abstract 

Behavioral differences in bonobos and chimpanzees have been 

highlighted throughout the past century, ever since bonobos were 

discovered. The purpose of this study was to investigate in more detail 

how bonobos and chimpanzees differ in their personality and which 

proximate mechanisms may be shaping both within and between-species 

differences.  

First, we measured personality in bonobos using two approaches: 

a personality psychology approach and a behavioral ecology approach. 

The psychological approach is based on ratings done by people who are 

familiar with the individual bonobos that rate them on a list of 54 

personality adjectives. Dimension reduction analysis of ratings of 154 

individuals (~80% of total captive bonobo population worldwide) yielded 

a six factor structure, very similar to the personality structure earlier 

described in chimpanzees. The factors were labeled AssertivenessR, 

ConscientiousnessR, AgreeablenessR, OpennessR, AttentivenessR and 

ExtraversionR. Validity of the resulting personality dimensions from both 

approaches was tested and AssertivenessR, OpennessR and ExtraversionR 

dimensions showed good construct validity, as assessed through 

appropriate associations with sex, age and behaviors. Conscientiousness 

showed several significant behavioral associations but requires further 

investigation as factor item loadings differ between bonobos and 

chimpanzees, which impedes interspecies comparison of this factor. 

Agreeableness and Attentiveness showed weaker validity in this study 

and require further testing. 
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The behavioral ecology approach used frequencies and durations 

of coded observed behaviors to determine personality dimensions. 

Dimension reduction analysis for a total of 46 bonobos yielded a four 

factor solution: SociabilityB, OpennessB, BoldnessB and ActivityB. Validity 

of all four dimensions was high as assessed by their associations with sex, 

age and dominance rank. Our results also indicate that combining 

behavioral variables from naturalistic and experimental contexts into one 

factor analysis reduces the number of extracted personality dimensions, 

as variables from both contexts can cluster together. This approach helps 

in gaining better insight to distinguish which personality factors are 

robust, independent dimensions and should therefore receive different 

labels. Comparing the four dimensions resulting from observational data 

to six previously identified dimensions derived from ratings filled out by 

human raters, only revealed similarities between the Openness 

dimensions assessed in both methods. As the other dimensions showed 

fewer similarities, we conclude that dimensions from both methods 

should be considered complementary as they appear to capture different 

facets of bonobo personality. Furthermore, we found that these bonobo 

personality traits collected using both codings and ratings have 

heritabilities ranging from 0.13 (ExtraversionR) to 0.53 (SociabilityB), 

showing that variation in in all personality traits can at least partly be 

attributed to genetic variation. 

 

Therefore our second goal was to determine the proximate 

mechanisms shaping variation in personality both between and within 

bonobos and chimpanzees, by looking at variation in two candidate 

genes: the vasopressin 1a (Avpr1a) and oxytocin (OXTR) receptor genes. 

In humans, a single nucleotide polymorphism (SNP) in the third intron of 

OXTR (rs53576 SNP (A/G)) is linked with social behavior, with the risk 

allele (A) carriers showing reduced levels of empathy and prosociality. As 

bonobos and chimpanzees differ in these same traits, we hypothesized 
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that these differences might be reflected in variation at the rs53576 

position. We sequenced a 320 bp region surrounding rs53576 but found 

no indications of this SNP in the genus Pan. However, we identified 

previously unreported SNP variation in the chimpanzee OXTR sequence 

that differs from both humans and bonobos. Unfortunately no further 

evidence was found for associations of these SNP variations with 

personality in chimpanzees.  

 

Length differences in the promoter region of Avpr1a influence 

behavioral traits primarily related to sociability in different animal species 

ranging from voles to primates, including humans. Interestingly, bonobos 

show more similarity to humans in this polymorphic region compared to 

chimpanzees, as chimpanzees are often missing a ~350bp region in the 

promoter region of the gene (called the DupB region), which is suggested 

to explain part of the behavioral differences found in these species. Our 

study provides support for this claim, as associations were found for 

Avpr1a with personality differences both within and between bonobos 

and chimpanzees. We found an association between Avpr1a and 

observed Sociability in chimpanzees, and with rated AttentivenessR and 

observed OpennessB in bonobos. Furthermore, chimpanzees with two 

DupB+ alleles, who therefore resemble more the Avpr1a genotype found 

in bonobos, show more bonobo like behavioral profiles. These results 

highlight the importance of candidate genes with large effects on 

behavioral variation, with variation in Avpr1a possibly underlying both 

within and between species differences in social personality traits in Pan.  
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Samenvatting 

Sinds de ontdekking van bonobo’s ongeveer een eeuw geleden, proberen 

wetenschappers te achterhalen in welke mate ze verschillen tonen in 

gedrag in vergelijking met hun nauw verwante zustersoort, de 

chimpansees. Het doel van deze studie is om in detail te onderzoeken hoe 

bonobo’s en chimpansees verschillen in persoonlijkheid en welke 

proximale mechanismen mogelijk verantwoordelijk zijn voor variatie in 

persoonlijkheid, zowel tussen als binnen de twee soorten.  

 

In eerste instantie werd persoonlijkheid gemeten in bonobo’s 

gebruik makend van twee methoden: een psychologische en een gedrags-

ecologische persoonlijkheidsbenadering. De psychologische methode is 

gebaseerd op een methodologie die ook in de menselijke 

persoonlijkheidsliteratuur wordt gebruikt, waar mensen die vertrouwd 

zijn met de dieren wordt gevraagd om een vragenlijst in te vullen. Elke 

dier wordt beoordeeld op een schaal van 1 tot 7 op een lijst van 54 

persoonlijkheidskenmerken. Dimensie reductie analyse van deze 

adjectieven voor een totaal van 154 dieren (~80% van de totale populatie 

bonobo’s in gevangenschap wereldwijd) resulteerde in een 

persoonlijkheidsstructuur met zes factoren, die erg gelijkt op de structuur 

eerder beschreven voor chimpansees. De factoren werden dan als volgt 

benoemd: assertiviteitR, openheidR, zelf-disciplineR, extraversieR, 

vriendelijkheidR en aandachtigheidR. De betrouwbaarheid van deze 

dimensies werd nadien getest en op basis van hun associatie met 

geslacht, leeftijd en geobserveerde gedragingen toonden assertiviteitR, 
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openheidR en extraversieR goede constructvaliditeit. Zelf-disciplineR 

vertoonde significante associaties met gedrag maar meer onderzoek is 

nodig omdat de adjectieven die op deze factor laden verschillen tussen 

bonobo’s en chimpansees. VriendelijkheidR en aandachtigheidR toonden 

zwakke constructvaliditeit en zouden verder experimenteel onderzocht 

moeten worden.   

 

De gedrags-ecologische benadering maakt gebruik van de 

frequenties en duur van gecodeerde gedragsobservaties om 

persoonlijkheid te bepalen. Dimensie reductie analyse van 22 temporeel 

stabiele gedragingen, verzameld voor een totaal van 46 dieren, 

resulteerde in een persoonlijkheidsstructuur met vier factoren. Bonobo’s 

scoorden bijgevolg hoger of lager op sociaalB, openB, moedigB en actiefB. 

Validiteit voor deze persoonlijkheidsdimensies werd voor alle vier 

factoren bevestigd op basis van hun associaties met geslacht, leeftijd en 

dominantie. Onze resultaten tonen ook aan dat door gedragsvariabelen 

van zowel naturalistische als experimentele observaties te combineren in 

één dimensie reductie analyse, de gedragsvariabelen samen kunnen 

clusteren, wat resulteert in minder persoonlijkheidsdimensies, die meer 

robuust zijn en dus aparte labels verdienen. Een vergelijking van de 

persoonlijkheidsdimensies afkomstig van de psychologische benadering 

met die van de gedrags-ecologische methode, toont dat de openheid 

dimensie die in beide methoden werd gevonden, grote gelijkenissen 

vertoont. De andere dimensies vertoonden echter relatief weinig 

gelijkenissen, waaruit we besluiten dat de persoonlijkheidsdimensies van 

beide methoden verder gebruikt moeten worden voor toekomstig 

onderzoek omdat ze verschillende aspecten van bonobo persoonlijkheid 

beschrijven. We toonden ook aan dat ongeveer 13% (extraversie) tot 53% 

(socialiteit) van de variatie in deze persoonlijkheidsdimensies te wijten is 

aan genetische variatie in onze bonobopopulatie.  
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Daarom was het tweede doel van deze studie om te achterhalen 

wat de proximale mechanismen zijn die variatie in persoonlijkheid 

veroorzaken in bonobo’s en chimpansees, door te kijken naar variatie in 

twee kandidaat genen: het vasopressine 1a (Avpr1a) en oxytocine (OXTR) 

receptor gen. In mensen is een polymorfisme op een specifieke 

nucleotide locatie in the derde intron van het OXTR gen (rs53576 SNP 

(A/G)) geassocieerd met variatie in sociaal gedrag. Dragers van het risico 

allel (A) gedragen zich minder empatisch en minder prosociaal dan 

dragers van het G allel. Omdat bonobo’s en chimpansees van elkaar 

verschillen in dezelfde kenmerken, was onze hypothese dat variatie op de 

rs53576 positie aan de basis zou kunnen liggen van deze verschillen 

tussen de twee soorten. We sequeneerden een 320bp regio rondom 

rs53576 maar vonden geen aanwijzingen voor de aanwezigheid van deze 

SNP in het genus Pan. We vonden echter wel nooit eerder beschreven 

SNP variaties in het chimpansee OXTR gen die niet voorkomen bij mensen 

en bonobo’s. Er werden in deze studie echter geen verdere associaties 

gevonden tussen deze SNP variaties en persoonlijkheid in chimpansees.  

 

Ook lengte verschillen in de promotor regio van het Avpr1a gen 

beïnvloeden gedrag, voornamelijk sociaal gedrag, in verschillende 

diersoorten, variërend van woelmuizen tot primaten, inclusief mensen. 

Wat interessant is, is dat bonobo’s in vergelijking met chimpansees, meer 

gelijken op mensen in de promotor regio van het gen, omdat 

chimpansees daar vaak een deletie vertonen van ~350bp, die ook wel 

DupB genoemd wordt. Deze deletie werd gesuggereerd aan de basis te 

liggen van enkele opmerkelijke gedragsverschillen die teruggevonden 

worden tussen chimpansees en bonobo’s, wat door onze studie bevestigd 

werd. We vonden een associatie tussen Avpr1a en geobserveerde 

sociabiliteit in chimpansees, en met aandachtigheidR en openheidB in 

bonobo’s. Chimpansees met twee DupB allelen, die dus van genotype 

meer gelijken op het genotype gevonden in bonobo’s, vertoonden ook 
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persoonlijkheidsprofielen die meer gelijkend zijn op die van bonobo’s. 

Deze resultaten benadrukken het belang van kandidaat genen met grote 

effecten op gedrag, en vooral het effect van variatie in Avpr1a als een 

mogelijk proximaal mechanisme voor verschillen in persoonlijkheid zowel 

tussen als binnen chimpansees en bonobo’s. 
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