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1 Introduction

Research on several primate species indicates that the human motivation to form and maintain

close social ties with each other has a long evolutionary history (Silk et al. 2010). In group living

species, social bonds are shown to generate fitness benefits to the individual, e.g., support in

critical situations, longer life expectancy, improved offspring survival and higher reproductive

rate (Ebenau et al. 2019; McFarland & Majolo 2013; Silk et al. 2010). Just as humans, also

nonhuman animals (henceforth ‘animals’) prefer some individuals over others as interaction

partners (Ebenau et al. 2019; Massen, Sterck & de Vos 2010). Especially in animals, kinship is

the most important factor contributing to the social partner choice (Hamilton 1964), but close

dyadic social ties are not restricted to kin only.

Homophily, the preference for self-similar individuals as social interaction partners, is known to

influence human friendships significantly regarding e.g. age, social class, interests and education

level (Massen & Koski 2014; Noë, Whitaker & Allen 2016; McPherson, Smith-Lovin & Cook

2001). Also nonhuman primates have been found to prefer self-similar individuals as affiliation

partners, as rank- and age-similarity have been reported to contribute to their social partner

choice (Silk et al. 2010; Silk, Altmann & Alberts 2006). Due to the fact that social behaviour in

both human and nonhuman animals is influenced by shared neural and physiological

mechanisms, several scholars have suggested that the human homophilic tendency in social

partner choice has a biological basis (e.g. Massen & Koski 2014).

Research in personality psychology has indicated that homophily in certain personality traits

predicts friendships in humans (Noë, Whitaker & Allen 2016; McPherson, Smith-Lovin & Cook

2001). However, in contrast to kinship, the role of personality in the formation and maintenance

of nonhuman primate social bonds is not as well understood. It has been hypothesised that

personality homophily affects social bonding, because self-similar individuals are more reliable

as cooperation partners (Massen & Koski 2014). Although the topic has just recently began to

fascinate primatologists, few pioneering studies have already provided evidence supporting the

contribution of personality homophily on social relationship quality and longevity (e.g. rhesus
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macaques, Weinstein & Capitanio 2012; chimpanzees, Massen & Koski 2014; bonobos Verspeek

et al. 2019; capuchin monkeys, Morton et al. 2015; Assamese macaques Ebenau et al. 2019).

The aim of this study is to evaluate the influence of personality homophily on the quality of

dyadic social bonds in semi-free ranging Japanese macaque (Macaca fuscata) females. As

Japanese macaques are known for their high nepotistic tendencies and despotic group hierarchy

(Thierry 2000), the species is an interesting subject of study regarding personality homophily. Do

female Japanese macaques show homophilic tendencies in their social partner choice, even when

nepotism and group-level steep dominance hierarchy are known to restrict interactions between

individuals?

Although few studies have covered the influence of personality homophily on macaque social

bonding (rhesus macaques Weinstein & Capitanio 2012; Assamese macaques Ebenau et al.

2019), no study has yet explored the subject from a Japanese macaque perspective. Furthermore,

these studies have focused on male (Ebenau et al. 2019) and juvenile macaques (Weinstein &

Capitanio 2012), whereas the role of personality homophily on female macaque social bonding

remains uncovered. Therefore, the present study is the first one to evaluate the influence of

personality homophily on both Japanese macaque and female macaque social bonding.
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2 Social bonding and friendships

From an evolutionary perspective, ultimate and proximate mechanisms are useful concepts that

enable the elaboration of the underlying causes of behaviour. Ultimate mechanisms explain why

certain behaviours are adaptive and how they have evolved. On the other hand, these behaviours

and their ontogenies are elicited by proximate mechanisms. (Massen et al. 2010.)

In this chapter, I will discuss the main proximate mechanisms guiding social bonding and

cooperation and explain why establishing and maintaining affiliative bonds with conspecifics is

crucial for individuals living in social groups, i.e., the ultimate benefits. Finally, I will introduce

factors that influence the selection of social partners in primates.

2.1 Family first: Kin selection

If cooperation is defined as behaviours that benefit individuals other than the co-operator

(Stevens, Cushman & Hauser 2005), how can it be explained in the framework of natural

selection? In the simplest form, mutualism can account for cooperative behaviour. In mutualistic

situations, both the co-operator and the other individual(s) gain benefits, and therefore engaging

in cooperation should be the best option available. Moreover, mutualism does not require the

ability to identify one’s cooperation partner, which means that it can occur even between

individuals belonging to different species. (Stevens et al. 2005.)

Indeed, mutualism can account for the simple forms of cooperation, but how are more complex

cooperative behaviours explained? Altruism has puzzled evolutionary biologists for a long time

due to the fact that, although beneficial to the recipient, altruistic acts include a cost to the actor.

Why would individuals engage in behaviours that benefit others at a cost to themselves? Altruist

behaviour and close affiliation between individuals has traditionally been explained within two

theoretical frameworks: Kin selection (Hamilton 1964) and reciprocity (Trivers 1971).

Cooperation and patterns of affiliation among kin reflect kin selection, which indeed is a

mechanism influencing a variety of behaviour across different animal taxa (Silk 2002a).
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According to the kin selection theory, the more genes shared by two individuals, the more likely

they are to cooperate, as helping related individuals also improves the likelihood of one’s own

genes succeeding to the next generation (Hamilton 1964). Kin favouritism, also known as

nepotism, affects a variety of behaviour in primates, such as grooming, alloparenting, conflict

cooperation, food sharing and protection against predators or other group members (Chapais et

al. 1997).

Due to high levels of intrasexual competition in social groups, kin selection is considered as the

primary mechanism affecting bonds between same-sex individuals, especially in males

(Berghänel et al. 2011). For example, close genetic relationship between philopatric males is

considered as a mechanism contributing to high levels of affiliation and cooperation in

chimpanzees (Pan troglodytes) (Mitani, Merriwhether & Zhang 2000). There is a considerable

kin bias in primate species exhibiting male dispersal and female philopatry, including all

macaque species, savannah baboons and vervet monkeys (Silk 2009). In such species, females

tend to have highly differentiated relationships among their group members (Chapais et al.

1997).

Are all categories of kin differentiated or is there a relatedness threshold after which distantly

related kin are no longer favoured? Hamilton’s theory (1964) is manifested in his famous Rule:

br > c, in which (b) refers to the benefits of the behaviour, (r) to the degree of relatedness

between actor and recipient, and (c) to the costs of the behaviour. Hamilton’s rule predicts that

altruism should only occur between kin and that high-cost altruism should be limited to close kin

only (Silk 2002a). A study of nepotism in relation to genetic relatedness in female Japanese

macaques indicates a relatedness threshold for agonistic support at r=0.25, as juvenile females

did not receive nepotistic aid from their aunts (Chapais et al. 1997).

However, Hamilton’s rule is challenging to test in practice. As Joan Silk (2002a) remarks, the

effects of an act over the lifetime are almost impossible to quantify. The study of kin selection

relies on the phenotypic gambit, according to which long-term differences in fitness reflect the

individual short-term benefits derived from social interaction (Silk 2002a). Moreover, when

studying the effect of kinship on nepotism, one has to be aware of other possible confounding



5

variables. An individual’s bias towards a close relative may reflect an interest in other

characteristics of that relative rather than kinship itself or the fact that close kin just are more

available as partners. In addition, as related females are also closely ranked in matrilineal

dominance systems, favouring kin may reflect a bias towards close-ranking individuals instead

of kin. (Chapais et al. 1997.)

2.2.1 “Who’s your daddy?”: Kin selection requires the ability to recognise kin

Favouring kin over non-related individuals requires the ability to actually identify one’s own kin.

Non-human primates are thought to rely on early association in kin recognition, especially for

close maternal kin (Silk 2002a). As infants are dependent on their mothers at least for the first

few months of their life, this early association may provide cues for infants to identify also other

maternal kin (Silk 2009). However, it is unclear how far in the degree of relatedness does the

familiarity mechanism apply to. Japanese macaques engaging in homosexual behaviour tend to

avoid mothers, sisters and grandmothers as sexual partners, but this sexual inhibition does not

consider aunts (Chapais et al. 1997).

Paternal kin recognition is more puzzling, as a varying degree of paternity uncertainty exists

even in pair-bonded primate species, and associations between males and infants are rare and

unreliable indicators of paternity (Silk 2002a). Several scholars have thus questioned the ability

of primates to recognise their paternal kin (e.g. Mitani et al. 2000). On the other hand, some

supporting evidence for a mechanism for paternal kin recognition also exists. In species living in

one male multi-female social systems, age may be used as a cue for paternal relatedness.

Moreover, animals may be able to recognise kin via phenotypic cues by detecting phenotypic

similarities in others or by acquiring a phenotypic template for kin recognition based on the

phenotypes of familiar relatives. (Silk 2009.)
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2.2 “You scratch my back and I’ll scratch yours”: Reciprocal altruism

Affiliation and cooperation are not restricted to related individuals. For instance, behavioural

observations and genetic analysis of bonobos (Pan paniscus) has shown that kinship is not

necessary for the formation of close social ties (Mitani et al. 2000). A study of Assamese

macaques suggests that although males show a preference for kin after dispersal, the majority of

their bonding partners are nonkin, and they sometimes prefer to bond with not related individuals

over available kin (De Moor et al. 2020).

Cooperative behaviour among unrelated individuals has traditionally been explained in the

theoretical framework of reciprocity, originally proposed by Trivers (1971). Reciprocity involves

short-term cooperation costs to an individual, which are reciprocated later by their social partner

(Stevens et al. 2005). Thus, by engaging in cooperative behaviour in the benefit of another

individual now, one can expect them to return the favour in the future. According to Trivers

(1971), three requirements of reciprocity have to be met in order to maintain evolutionary

stability. Firstly, the received future benefit must outweigh the immediate cost. Secondly, the

interaction between the given individuals must occur repeatedly. Thirdly, the individuals

engaging in the reciprocal behaviour must be able to recognise each other. (Trivers 1971.)

2.2.1 Calculative or emotion-based? Mechanisms of reciprocity

The form of reciprocity may depend on the situation and the abilities of the individuals involved.

Thus, Trivers’ theory (1971) has been later elaborated and several mechanisms of reciprocal

altruism have been proposed.

Calculated reciprocity, suggested by de Waal and Luttrell (1988), involves monitoring the

quantity and quality of the given and received reciprocal actions. However, as a time delay often

occurs between the cooperative act and the benefits received, it has been suggested that

calculated reciprocity requires cognitive capabilities (Stevens et al. 2005). For instance, one

should have cognitive capabilities of bookkeeping in order to keep an account of reciprocal acts
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one has received from and directed towards another individual (Schino & Aureli 2010a). Thus,

calculated reciprocity has shown to be very rare in non-human animals (Massen et al. 2010).

Symmetry-based reciprocity may explain reciprocal interaction that does not involve calculation.

According to de Waal and Luttrell (1988), as reciprocation partners often have symmetrical

features, such as age, kinship or mutual association, they interact similarly with each other.

Although sometimes the exchanges show periodical asymmetries, these inequalities tend to

balance out in the long run (de Waal & Luttrell 1988).

However, not all reciprocity is based on calculation or symmetrical features. Attitudinal

reciprocity involves an individual basing their decision to reciprocate on their attitude towards

the target individual, which often reflects most recent interactions (Massen et al. 2010).

Furthermore, Schino and Aureli (2010b) have suggested that emotions may play a role in

reciprocal behaviour. When reciprocity is emotionally mediated, the decision to reciprocate is

based on a general attitude towards the possible reciprocal partner, which may be efficient in a

longer time frame (Schino & Aureli 2010a).

Indeed, reciprocity plays a major role in primate cooperation. In a meta-analysis of 14 different

primate species conducted by Schino and Aureli (2010a), reciprocity was actually shown to have

a more significant role in explaining primate allogrooming compared to kinship. Allogrooming is

perhaps the most common form of altruistic behaviour among primates. The recipient engaging

in allogrooming benefits via the removal of ectoparasites and anxiety reduction, whereas the

actor’s opportunities for other activities and monitoring for predators are reduced. (Schino &

Aureli 2010a.)

Unlike in kin-biased or mutualistic cooperation, the future fitness benefits of reciprocation

depend on the partner’s behaviour: Reciprocal relationship with an individual who does not

reciprocate should not be maintained (Stevens et al. 2005). From an evolutionary point of view,

reciprocal partner choice may have reinforced the evolution of altruistic behaviours, if in order to

maximise received benefits, animals prefer to engage in altruistic behaviour in favour of those

individuals that are most likely to reciprocate (Schino & Aureli 2010a). The importance of social
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bonds can be highlighted in risky situations, as choosing a familiar cooperation partner requires

less cognitive effort in assessing partner’s trustworthiness (Ebenau et al. 2019).

2.3 “I’ll be there for you”: Friends as cooperation partners

What kind of characteristics are preferred in affiliative and cooperation partners? Social

relationships between individuals show variation in relation to content, quality and patterning

(Morton et al. 2015). In many social animal species, individuals tend to prefer the company of

some individuals over others (Ebenau et al. 2019). In social sciences this preference for certain

individuals has long been referred to as ‘friendship,’ whereas scientists studying the phenomenon

in nonhuman animals have traditionally used the term ‘close social association’ (Massen et al.

2010). Although the observation that also primates form close and stable social associations with

each other is not new (e.g. Smuts 1985), a number of scholars have only recently started to refer

to these dyadic associations as friendships (e.g. Silk 2002b; Weinstein & Capitanio 2012; Massen

& Koski 2014). Just like human friendships, these social bonds can be stable through time

(Weinstein & Capitanio 2012) and they may persist from juvenility to adulthood (Weinstein &

Capitanio 2008).

However, referring to both human and nonhuman affiliative social bonds as friendships should

imply that the nature of these bonds is to some extent analogous and they serve similar functions

in terms of emotion, psychology and adaptation (Silk 2002b). Animal social relationships have

often been described from the perspective of fitness benefits, whereas human friendships have

been characterised by mutual commitment in assistance and willingness to provide help without

expectations of reciprocity (Massen et al. 2010). Thus, can human and animal friendships then be

considered as comparable to each other?

Indeed, several researchers agree that frequent and continuous affiliative interactions and high

degrees of tolerance and compatibility characterise both human and nonhuman primate

friendships (e.g. Silk 2002b; Weinstein & Capitanio 2021). Furthermore, some scholars (e.g.

Massen et al. 2010) have parallelised human friendships and emotionally mediated reciprocity in
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animals. As a reciprocal action can be viewed as a by-product of having close association with

the other individual, it can be regarded ‘unconditional’ in a shorter time frame (Massen et al.

2010). Accordingly, primates have shown to engage in exchange relations without direct

reciprocation. For instance, Japanese macaques interchange grooming for agonistic support

(Schino, Polizzi di Sorrentino & Tiddi 2007) and capuchin monkeys interchange grooming for

food tolerance without short-term reciprocation (Tiddi et al. 2011). However, given and received

reciprocations are rather symmetrical in a long time frame, and thus engaging in these exchange

relations can be considered as an adaptive strategy (Massen et al. 2010).

2.3.1 Measures of friendship in primatology

Social scientists and biologists have employed somewhat different methods to study close social

associations. Whereas social scientists are able to ask their study subjects directly to identify

their friends via questionnaires, biologists studying animals have to rely on observational

methods. In primates, the amount of time two individuals spend together is thought to reflect the

quality of their relationship, and close social association is most commonly measured by

recording physical proximity and affiliative body contact between two individuals. These

methods are justifiable, as chance is an unlikely explanation for discontinuously distributed

association patterns, and a certain degree of tolerance is required for close proximity. The

frequency of an individual’s affiliative behaviours towards another individual should be viewed

relative to their affiliative behaviour directed towards all other conspecifics. (Massen et al.

2010.)

Other important bond quality measures in primates include grooming and alliances in aggression.

Grooming is an important form of affiliative body contact that many primate species engage in.

Engaging in grooming can increase familiarity and trust between the dyad, but signal willingness

to engage in additional sociopositive interactions (Watts 2002). Additionally, social bonds and

cooperation can also be manifested through alliances in aggression within the group. In these

alliances two or more individuals support each other in aggression towards other group members

and defend each other in such situations (Mitani et al. 2000).



10

2.3.2 Friends with (fitness) benefits

If establishing and maintaining friendships has been selected for in evolution, having friends

should be advantageous for an individual in terms of fitness: i.e., the survival and reproductive

success of an individual (Massen et al. 2010). Indeed, having friends among group members can

be beneficial in relation to fitness and enhance one’s changes of survival. These positive fitness

consequences can include e.g. higher infant survival, longer life expectancy and higher

reproductive rate (McFarland & Majolo 2013).

Intrasexual friendships have shown to have several positive fitness consequences. In free ranging

baboons (Papio hamadryas ursinus), females that maintain high-quality relationships with other

females live significantly longer than others. Furthermore, having close social bonds may even

partially compensate for fitness loss due low dominance rank. (Silk et al. 2010.) The quality of

female-female social bonds especially among close kin has also shown to contribute to infant

survival, unrelated to rank and long-term bonds with males in baboons (Papio cynocephalus

ursinus). It has been suggested that the offspring of baboon females with high-quality social

bonds are able to feed more efficiently due to feeding tolerance and are less vulnerable to

predators as their mothers are spatially less peripheral. (Silk et al. 2009.) Moreover, females with

close social ties appear to cope more efficiently with social stressors due to lower glucocorticoid

levels, which can possibly extend to their young ones (Silk et al. 2009, Crockford et al. 2008).

On the other hand, positive affiliation among non-related primate males can reduce agonistic

tension, enhance social tolerance and create coalitionary support (Berghänel et al. 2011).

Additionally, having same-sex allies can improve males’ access to receptive females and provide

assistance in mate guarding (Massen et al. 2010).

Intersexual relationships also contribute to survival and reproductive success. Closely bonded

males may protect females and their infants and thus prevent infanticide (Massen et al. 2010;

Weinstein & Capitanio 2008). Although high ranking rhesus macaque (Macaca mulatta) males

have higher copulation rate and more mating partners, the quality of male-female social

relationships is a better predictor of a male’s mating access and the actual reproductive success

(Massen et al. 2012).
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Not only the quality but also the quantity of social ties can enhance one’s survival. Survival in

harsh climate conditions correlate positively with the number of social relationships in Barbary

macaques (Macaca sylvanus). Affiliating with several group members can improve survival in

multiple ways. Having a large network of social relationships enhances feeding tolerance, which

promotes more efficient foraging. (McFarland & Majolo 2013.) In addition, having several close

associates increases the number of possible huddling partners and can thus lead to more efficient

thermoregulation, as Japanese macaques tend to favour kin and familiar social partners for

huddling company (McFarland & Majolo 2013; Wada, Tokida & Ogawa 2007).

2.3.3 Factors influencing friendship formation

Cooperation may be useful in situations where an individual alone is not able to achieve a certain

goal. However, cooperation partners are not selected randomly, but certain marked characteristics

are favoured in other individuals. (Massen et al. 2010.) Friendships are often formed on the basis

of kinship, age, sex and social rank, as animals tend to prefer the company of kin, same-sex

groupmates and similarly ranked individuals (Weinstein & Capitanio 2008).

Kin preference in social bonding is not surprising from the viewpoint of Hamilton’s kin selection

theory (1964). Friendships are most common among kin, and the primary mechanism explaining

kin-based friendships is most likely familiarity (Massen & Koski 2014). The fact that maternal

relatedness has a significant impact on relationship formation in nonhuman primates is strongly

supported by evidence (de Waal & Luttrell 1996; Silk et al. 2006; Weinstein & Capitanio 2012;

Schülke, Wenzel & Ostner 2013). However, although the mechanism guiding paternal kin

recognition still puzzles primate researchers, data on rhesus macaques (Schülke et al. 2013) and

baboons (Silk et al. 2006) indicate that also paternal kin are preferred as affiliation partners.

There are several reasons why sex is another factor that individuals take into account when

selecting affiliation partners. Intrasexual friendships contribute especially to an individual’s

survival (e.g. Silk et al. 2010; Berghänel et al. 2011) and female reproductive success through
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increased infant survival (Silk et al. 2009), whereas intersexual friendships are beneficial

especially from reproductive viewpoint (Massen et al. 2010; Massen et al. 2012). Moreover, age

is another factor influencing friendships, as peers are often preferred as affiliation partners (Silk

et al. 2006).

In species with linear dominance hierarchies (e.g. macaques) rank is an important factor affecting

bond formation, as individuals form stronger bonds with closely ranked conspecifics (Schülke et

al. 2013). Weinstein & Capitanio (2008) found positive correlation between high-ranking

matriline membership and number of friends in juvenile rhesus macaques. However, in their

follow-up study rank difference was not found to influence the number of stable friends, which

could suggest that forming long-lasting bonds is not necessary for high-ranking individuals, at

least with regard to peers (Weinstein & Capitanio 2012).

However, not all the variation in affiliative preferences can be explained by kinship, age, sex and

social rank. Research in humans has demonstrated that personality plays a significant role in the

variation of the size and quality of social networks between individuals (Weinstein & Capitanio

2008). For instance, findings on rhesus macaques suggest that personality influences friendship

longevity also in nonhuman primates (Weinstein & Capitanio 2012). The role of personality in

the formation and maintenance of social bonds is examined further in the following chapter.
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3 Primate personality and personality homophily

As noted in the previous chapter, forming and maintaining friendships has various fitness

benefits for individuals, and certain marked characteristics are preferred in friends (Massen et al.

2010). Homophily has shown to be an important principle guiding friendship formation, as

individuals often choose self-similar affiliation partners (Weinstein & Capitanio 2008). It has

been suggested that trust and reciprocity in friendships is enhanced by homophily in personality

(Massen & Koski 2014; Ebenau et al. 2019). In this chapter, I will discuss the structure of

personality and present findings regarding the influence of personality homophily on nonhuman

primate friendships.

3.1 Personality structure

Personality refers to temporally and situationally stable individual differences in behaviour,

affect and cognition (Weinstein & Capitanio 2008; Morton et al. 2015). Thus, the characteristics

of the individual’s personality allow the expression of a variety of different behaviours as they

interact in the contexts of different situations (Capitanio 2004). Personality traits have both a

heritable and an environmental component, and individual variation in personality is exemplified

on the differences in underlying affective, motivational, physiological and cognitive processes

(Weinstein & Capitanio 2008). On the evolutionary level, the adaptation of alternative

behavioural strategies has been explained to account for individual variation in personality

(Adams et al. 2015). Thus, personality traits can be reflected in life history measures, such as

longevity and reproductive success (Morton et al. 2015).

Personality traits are hierarchically organised and expressed in sets of consistently correlated

traits (Koski 2014; Sih & Bell 2008). For instance, boldness when confronted with predation risk

tends to correlate with aggressive behaviour towards conspecifics (Sih & Bell 2008). In

personality psychology, the five-factor model of personality (FFM), also known as “Big Five”,

has been in the centre of academic discussion for several decades (Costa & McCrae 1992). The

instrument used to measure the model is the Revised NEO Personality Inventory, NEO-PI-R,
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which evaluates 30 personality traits that are hierarchically organized into five domains:

Neuroticism, Extraversion, Openness, Agreeableness and, Conscientiousness. For instance,

Neuroticism facets are anxiety, angry hostility, depression, self-consciousness, impulsiveness and

vulnerability. (Costa & McCrae 1992.) However, at the level of the individual, personality traits

reflect inter-connected and dynamic dispositions to respond and thus the same personality

dimension can be manifested differently by two individuals (Capitanio 2004).

Personality research has also extended to other animals, including (especially) nonhuman

primates (Weinstein & Capitanio 2008). Meredith P. Crawford’s rating scale of chimpanzee

personality in 1938 was the first attempt to measure personality in nonhuman primates, but

primate personality became a field of widespread academic interest decades later, in the 1980s.

In primates, some major trends that personality has been studied in relation to have been sex,

age, species and rearing history. The most common settings for personality studies have been

laboratories, but studies have been conducted also in zoos, the wild, and captive open

environments. (Freeman & Gosling 2010.)

In accordance with human personality research, also nonhuman primate personality is

multi-dimensional, including both social and non-social dimensions, and correlated behaviours.

In animal studies, personality is operationalised by evaluating how individuals react

behaviourally in specific contexts. Particular behaviours are then interpreted to reflect certain

personality traits. (Koski 2014.) Generally, personality studies in nonhuman primates have

followed two distinct approaches. The first approach focuses on recording particular behaviours

displayed by individuals, often in specific and controlled situations (Capitanio 2004). However,

in more recent personality studies researchers have administered less control on the

circumstances and instead observed primate behaviour without intervention (e.g. Ebenau et al.

2019; Massen & Koski 2014). The second approach has relied on subjective personality

assessments made by humans who know the specific animals closely (Capitanio 2004).

Important in both approaches, behaviour traits should be evaluated in the context of

species-relevant ecology and behavioural repertoire (Koski 2014).
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Both of these approaches have led to the identification of several personality dimensions to

describe nonhuman primate personality, some of them analogous to the five-factor model

(Adams et al. 2015; Capitanio 2004). For instance, the Neuroticism trait identified in orangutans

is analogous to human Neuroticism, whereas chimpanzee Dominance does not resemble any

human personality constructs (Weiss, King & Perkins 2006; Morton et al. 2013).

In their literature review of studies addressing nonhuman primate personality, Freeman and

Gosling (2010) identified 14 personality dimension categories. The most common primate

personality dimensions in literature include Sociability, Fearfulness, Playfulness,

Confidence/Aggressiveness, Activity, Excitability, Curiosity, Dominance and Agreeableness.

(Freeman & Gosling 2010). Cross-species personality data suggests that there are primate

personality dimensions with long phylogenetic roots, whereas some other dimensions have more

recent evolutionary history (Morton et al. 2013).

3.2 Great minds think alike: Personality homophily

As similarity in kinship (Massen & Koski 2014; Silk et al. 2006), age (Silk et al. 2006), sex (Silk

et al. 2010; Silk et al. 2009) and rank (Schülke et al. 2013) have been recognised to guide

preferences in the establishment of friendships, could similarity in personality also positively

contribute to friendships? Indeed, it has been well demonstrated that the principle of homophily

plays an important role in human friendships (McPherson et al. 2001). Homophily refers to the

preference to form social bonds with individuals with shared characteristics (Ebenau et al. 2019).

Homophily in relation to e.g. age, interests, education and certain personality traits has been

described among human friends (Noë et al. 2016; McPherson et al. 2001). As shared neural and

physiological mechanisms underlie both human and nonhuman animal social behavior, it is

likely that human homophilic tendency in social partner choice has a biological basis (Massen &

Koski 2014).

Given that maintaining social bonds requires an investment of energy, time and trust, from an

evolutionary viewpoint it is logical to choose individuals that are more trustworthy as social
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partners. It is possible that trust between similar individuals is consolidated through a similar

affective state during interaction or by enhancing reciprocal activities due to shared behavioural

tendencies. (Massen & Koski 2014.) It has been suggested that attitudinal or emotionally based

friend selection may be facilitated by similar neural and physiological mechanisms that are

triggered in bond partners sharing similar personality traits (Ebenau et al. 2019). Sharing similar

affective states may thus reduce the cognitive costs of synchronised behavior and participation in

reciprocal exchanges (Koski & Burkart 2015). This process may thus make assessment more

efficient during bond formation via positive affect and sustain long-term relationships via

emotion-based reciprocity. Moreover, similar communication style and more efficient

coordination and cooperation may also increase the fitness benefits of interacting with similar

individuals. (Ebenau et al. 2019.) Data based on common marmosets suggests that personality

homophily on a group level enhances cooperation among all group members (Koski & Burkart

2015).

3.2.1 Personality homophily in nonhuman primates

The tendency of individuals with similar personality traits to form stronger and more affiliative

bonds has been reported across a range of phylogenetically different taxa, which indicates that

personality may be an influential factor contributing to animal sociality (Morton et al. 2015).

However, the role of personality is most likely trait-specific and the influence of different traits

varies between different species (Verspeek et al. 2019). Similarity in certain personality traits has

been found to influence chimpanzee social bond strength (Massen & Koski 2014), friendship

longevity in rhesus macaques (Weinstein & Capitanio 201), and relationship quality in capuchin

monkeys (Morton et al. 2015), bonobos (Verspeek et al. 2019) and Assamese macaques (Ebenau

et al. 2019).

Homo sapiens is not the only Great Ape species preferring friends similar in personality, which

suggests that personality homophily in human friendships has a long evolutionary history

(Massen & Koski 2014). Massen and Koski (2014) found personality homophily regarding

Boldness and Sociability in captive chimpanzees. Operationalised by individual grooming
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frequency and duration, along with the average number of individuals in close proximity, the

effect of Sociability homophily in dyadic friendships remained, even when sex-combination,

age-difference and maternal relatedness were controlled. Interestingly, homophily was found to

positively contribute to friendships between individuals low in Sociability scores. Thus, the

alternative explanation of sociable chimpanzees only having other sociable individuals available

for friends does not explain these findings. (Massen & Koski 2014.)

As friendship formation between kin is most likely explained by familiarity, personality

homophily may be an especially relevant proximate mechanism explaining bond formation

among unrelated individuals. Indeed, in captive chimpanzees homophily in Boldness and

Grooming Equity were found to have positive influences in friendships among non-kin only. As

Boldness was measured in a predatory context, and the foiling of a predatory attack requires

successful cooperation, the authors suggested that homophily in Boldness improves cooperative

action. Choosing individuals similar to oneself may enhance partner reliability, which suggests

that the homophilic preference in partner choice serves an adaptive function. (Massen & Koski

2014.)

Personality homophily is a factor influencing also bonobo friendships. Verspeek and colleagues

(2019) found that the quality of social relationships in bonobos is connected to the genetic

combination of both partners and their similarity in personality traits. They identified four

personality traits (Sociability, Openness, Boldness and Activity), which they compared to two

relationship components - value and compatibility. Value refers to benefits resulting from that

relationship, such as food or support, whereas compatibility measures tolerance between

individuals. An important finding was that bonobos with similar Sociability scores, whether high

or low, had high value relationships. Thus, even less social individuals appear to invest in the

quality of social relationships. Moreover, similarity in Activity correlated with lower

compatibility scores. Hence, bonobos with similar Activity scores showed more aggressive

behaviour and counter-interventions against each other. (Verspeek et al. 2019.) Verspeek and

colleagues (2019) suggested that similarity in Sociality could increase the quality of relationship

through reciprocity in similarly affective behavioral tendencies, whereas low compatibility in
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dyadic relationships of individuals with similar Activity scores could be collateral to rank

differences.

Morton and colleagues (2015) found a positive correlation between homophily in several

personality traits and relationship quality in brown capuchin monkeys. Homophily in Openness

and Sociability were positively related to relationship quality when nondispositional factors (age,

sex, rank similarity and genetic relatedness) were not controlled for. On the other hand, the

connections between, on the one hand, similarity in Neuroticism and higher relationship scores

and between, on the other hand, similarity in Sociability and overall relationship quality

remained even when nondispositional factors were controlled for. The authors suggested that

similarity in Neuroticism and Sociability could contribute to enhanced relationship quality

through emotional and/or social compatibility (Morton et al. 2015.)

3.2.2 Personality homophily in the genus Macaca

Homophily in certain personality traits predicts the success of macaque pairing outcomes

(Capitanio et al. 2015), but what is the relationship between personality homophily and

friendships? Indeed, personality homophily has been found to influence macaque social bonding

in relation to friendship longevity (Weinstein & Capitanio 2012) and bond strength (Ebenau et al.

2019). Weinstein and Capitanio (2012) found that temperament similarity predicts friendship

stability in juvenile rhesus macaques, along with sex, kinship and relationship quality.

Interestingly, temperament was not found to influence the number of stable friends on an

individual level, perhaps because the importance of other factors, such as sex, will be more

influential as the macaques mature (Weinstein & Capitanio 2012).

Ebenau and colleagues (2019) found a connection between increased dyadic bond strength and

increased similarity in trait Connectedness in male Assamese macaques (Macaca assamensis). In

the study, Connectedness was defined by having “frequent and diverse neighbours in 5m

proximity and pronounced social tolerance, expressed as high rates of friendly approaches to and

by others” (Ebenau et al., 2019, p. 9). Thus, the findings suggest that similarity in the need of
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proximity and preferred level of social tolerance are factors guiding male Assamese macaque

partner choice and bond maintenance.

An alternative explanation for the found correlations between personality similarity and quality

of social relationship predicts that friends exert social influence over each other and thus become

similar through shared history (Cullum & Harton 2007). However, the findings in Assamese

macaques support the idea that similarity in personality is a factor guiding bond formation,

instead of individuals becoming similar to each other over time. Accordingly, Connectedness

traits were tested stable in a subset of immigrating males forming new bonds in the group.

(Ebenau et al. 2019.)
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4 Japanese macaque as study species

As the influence of personality homophily on friendship formation has not yet been studied in

females of a despotic macaque species, Japanese macaque (Macaca fuscata) was chosen as a

study species. In this chapter, I will introduce the phylogenetic history of the genus Macaca and

discuss the Japanese macaque socioecology and dominance style. Finally, I will present what is

currently known about the macaque personality structure.

4.1 Macaca phylogenetics

Phylogenetically, the Japanese macaque belongs to the tribe Papionini in the Macaca genus of

the cercopithecine family. The Macaca genus diverged from the great ape ancestors

approximately 25-28 million of years ago (Rogers & Gibbs 2014). Currently the closest living

relatives for the species in the Macaca genus are other Papionini species, including baboons,

geladas, mangabeys, drills and mandrills. According to the fossil records, the monophyletic

group of macaques diverged from other Papionini in the late Miocene 8-7 million years ago, after

which they invaded Eurasia and split into several phyletic lineages (Thierry, Singh & Kaumanns

2004).

The Macaca genus consists of 23 morphologically distinct macaque species distributed into three

lineages currently inhabiting Asia and North Africa: The silenus-sylvanus lineage, the

sinica-arctoides lineage and the fascicularis lineage (Li, Zhao & Fan 2015; Thierry 2007). The

newest Macaca species, the white-cheeked macaque (M. leucogenys) of Tibet has been added to

the genus just recently (Li et al. 2015). Japanese macaque constitutes the broadest and

continuously distributed of these lineages, the fascicularis lineage together with longtailed

macaque (M. fascicularis), rhesus macaque (M. mulatta) and Taiwanese macaque (M. cyclopis)

(Thierry 2007). Primarily frugivorous macaques can be found in various different habitats

including tropical and temperate regions, semi-deserts and areas of human settlement (Thierry

2000).
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4.2 Ecology and social organisation

Japanese macaques are distributed in a variety of temperate habitats in the Japanese archipelago

(30°-41°N), including both evergreen and deciduous forests as well as coniferous forests in high

mountain areas (Hanya et al. 2011). Moreover, in some areas of Japan, macaques live in close

association with humans. Since the Second World War, several monkey parks have been set up in

many parts of Japan, where tourists can mingle among the free-ranging Japanese macaques and

feed these monkeys (Mito & Sprague 2013). Japanese macaques have adapted several strategies

to survive in the changing and sometimes harsh climate conditions. For example, in the

Jigokudani Monkey Park in Shiga Heights, a population of macaques is widely known for their

habit of hot-spring bathing during wintertime (Zhang, Watanabe & Eishi 2007). As temperature

and day length show significant seasonal variation in temperate forests, also the diets of free

ranging Japanese macaques change during the course of the year. In the wintertime Japanese

macaques rely on buds and bark, whereas from spring to autumn their diets include leaves, fruits

and fungi. Fruits and seeds are preferred when available, but Japanese macaques are mostly

dependent on leafy and other vegetative foods for most of the year. (Hanya et al. 2011.)

Like the other macaque species, Japanese macaques are semi-terrestrial primates living in

multimale, multifemale groups. In the Macaca genus, the group structure is shaped by the

mechanisms of male dispersal and female philopatry. (Thierry 2007.) Japanese macaques are

seasonal breeders, and a distinct mating season begins in early autumn and lasts for 4-6 months.

Throughout the mating season, sexually mature females and males form pairs of consortships by

isolating themselves from the rest of the group and engage in affiliative and copulating

behaviour. The time a pair spends in consortship varies from a few hours to more than two

weeks. (O’Neill, Fedigan & Ziegler 2004.)

For many animals, including humans and other primates, social organisation, social structure and

mating systems show great variation across and within species and sometimes even within

populations (Koenig et al. 2013). The socio-ecological model (Sterck, Watts & van Schaik 1997)

has been used to explain primate group dynamics and female social relationships from the

viewpoint of environmental pressure experienced by females. In order to maximise their

inclusive fitness, the two sexes are dependent on somewhat different resources and need thus to
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utilise different strategies for access to these resources. The key resource for male inclusive

fitness is the access to fertile females, whereas the reproductive success of a female is rarely

dependent on the availability of mates. (Wrangham 1980). In contrast, the ability of a female to

make the costly contributions of gestation and lactation to her offspring and her ability to

produce viable egg cells at all depend on her energy intake. Accordingly, the amount of food

absorbed is considered as the key resource for female reproductive success (Trivers 2002;

Wrangham 1980).

Despite resource competition, external predation pressures diurnal primate females to live in

groups, which leads to both between-group and within-group competition depending on the

distribution of food sources relative to the size of the group. Thus, the main idea behind the

ecological model is that important aspects of female social relationships, such as dominance

style, degree of nepotism and philopatry, depend on the distribution of food sources. (Sterck et

al. 1997.) Elizabeth Sterck and her colleagues (1997) have identified four different categories of

female social relationships based on the nature of within-group and between-group competition.

According to the model, competition depends on the distribution patterns of resources. In contest

competition, clumped patches of food resources can be systematically monopolised by some

individuals, and these individuals can thus obtain more of these resources compared to excluded

individuals. Scramble competition occurs when monopolisation of resources is difficult, e.g. in

cases where limiting resource patches are of low value or highly dispersed. (Sterck et al. 1997.)

When within-group contest (WGC) over resources is high, female social relationships should be

characterized by steep dominance hierarchies, accompanied by long-term agonistic alliances

based on kinship and mutualistic coalitions between non-kin. High WGC also predicts female

philopatry, as females would lose access to allies by transferring to another group. (Sterck et al.

1997.) Thus, Sterck and her colleagues (1997) refer to this category of female social

relationships and Resident-Nepotistic, characterized by high levels of WGC resulting in female

philopatry, despotic dominance style and high levels of nepotism.
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4.3 Dominance system and aggression

Although all macaque species share the patterns of grouping and dispersal, there are also

significant differences between macaque species, including differences in patterns of aggression

and the degree of kin preference (Thierry 2007). As the majority of research in macaques was

based on few Macaca species, it was previously agreed that strong nepotism and linear

dominance hierarchies characterize all macaque species (Thierry et al. 2004; Thierry 2007).

However, subsequent studies have shown that there is considerable variation in the Macaca

dominance styles. (Thierry 2007.) Despotic dominance style refers to a system of clearly

detectable and unidirectional dyadic dominance relations that exist linearly, whereas an

egalitarian dominance style is manifested when the dominant individual in a dyad can not be

clearly distinguished (Sterck et al. 1997).

Kinship structures the dominance system in Japanese macaques, as a female’s rank in the group

hierarchy is determined by the rank of her mother’s. Related females thus hold ranks close to

each other, forming a matrilineal dominance hierarchy. Interestingly, as a female acquires a rank

just below her mother and younger sisters are dominant to their older sisters, the offspring of

younger sisters acquire a higher rank than their aunts and cousins. (Chapais et al. 1997.) In

contrast, the dominance status of a Japanese macaque male is rather unstable and is affected by

dispersal and the male’s competitive abilities (Thierry 2007).

Macaque species can be arranged along a four-grade scale according to typical patterns of

aggression and dominance style. Japanese and rhesus macaques exhibit a despotic dominance

style (Grade 1) with high levels of unidirectional aggression and low levels of conciliatory

tendencies, whereas Sulawesi macaques (Tonkean, moor and crested macaques) engage in much

lower levels of aggression and high levels of reconciliation (Grade 4) (Thierry 2000). In contrast

to despotic macaque species, the majority of conflicts are bidirectional and typically induce

protest of retaliation among the Sulawesi macaques. Other macaque species show intermediate

patterns of aggression and reconciliation: Longtailed and pigtailed macaques fall closer to the

despotic end, whereas Barbary and bonnet macaques are characterized by a more tolerant

dominance style. (Thierry 2007.)
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The dominance style in macaques covaries with other traits such as the meaning of the silent

bared-teeth display and the degree of kin bias. Silent bared-teeth display refers to the retraction

of lips and the exposure of teeth (Thierry 2000). In more despotic macaques the bared-teeth

display is used by subordinate individuals to express their submission, whereas in the tolerant

end, in which formal signals of subordination may be absent, it is used to initiate peaceful

interaction. Moreover, the higher degree of despotism in a macaque species, the more females

tend to prefer the company of maternal kin for social interaction and coalition. (Thierry 2007.)

In despotic species the dominance style sets limits for social interaction by determining who may

interact with whom. Power asymmetry influences an individual’s choice of partners for social

interaction and whether the opportunity to choose one’s partners is skewed in favour of more

dominant individuals (Thierry 2000).

4.4 Personality in macaques

Macaca personality has been studied on both individual and species-specific levels. Inter-species

differences have been identified in relation to social behaviour, e.g. patterns of aggression and

reconciliation, affiliation tendencies, and mothering (Capitanio 2004; Thierry 2004). As all the

macaque species share a common ancestry, it has been suggested that the species-level

differences in behavioural expression reflect differences in the modal location of personality

dimensions, rather than variations in these dimensions between Macaca species. Moreover, the

modes of these dimensions differ also between the two sexes. (Capitanio 2004.)

Suggested major personality dimensions typical for macaque species include impulsivity,

excitability/reactivity, sociability, and confidence/aggressiveness, with possible additional

dimensions (Capitanio 2004). Currently most macaque personality data are focused on rhesus

macaques, as the species is the most widely studied nonhuman primate (Weiss et al. 2011). Weiss

and colleagues (2011) have identified six personality dimensions in rhesus macaques:

Confidence (confidence in the presence of stressors and high self-control), Friendliness

(cooperative behaviour and positive social interactions), Dominance (aggressive tendencies and
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unpredictability in behaviour or affect), Openness (exploratory and inquiring behaviour, poor

behavioural control), Anxiety (high distress and tension, and unpredictability in behaviour), and

Activity (high energy, playfulness). The personality dimensions identified in rhesus macaques

are analogous to personality dimensions identified in humans, chimpanzees and orangutans. For

example, rhesus Confidence is positively correlated with chimpanzee Dominance, and low

Confidence is related to human Neuroticism. (Weiss et al. 2011.)

In comparison, Confidence, Friendliness and Activity are dimensions present also in Barbary

macaques, whereas Opportunism seems to be a separate personality domain for Macaca

sylvanus. Opportunism, characterized by social skills that enable the achievement of higher rank

status and the skillful manipulation of others, bears similarities with rhesus Dominance and

Anxiety, but is not completely comparable to rhesus personality dimensions. The presence of

Opportunism in Barbary macaques may reflect their more relaxed dominance style when

compared to despotic rhesus macaques: As kinship and rank constrain social behaviour less,

there may be more need for social tactics. (Konečná et al. 2012.) Furthermore, Openness

dimension was not found in Barbary macaques, nor in Hanuman langurs, although present in

rhesus macaques, chimpanzees and humans (Konecˇná et al. 2012; Weiss et al. 2011). It has thus

been suggested that Openness may be a personality dimension evolved convergently in some

macaque species and in Great Apes, as a consequence of inhabiting a greater number of

environments (Konečná et al. 2012).

Indeed, additional evidence on macaque personality supports the theoretical assumption that

personality adaptations and social strategies are linked. If so, closely related species would have

similar personality dimensions due to shared ancestral traits regarding both personality structure

and social style. Adams and colleagues (2015) compared the personality structure and social

style in six macaque species representing different dominance styles: Japanese (Grade 1), rhesus

(Grade 1), Assamese (Grade 2), Barbary (Grade 3), Tonkean (Grade 4) and crested macaques

(Grade 4). Their evidence suggests that macaque personality is composed of from four to six

dimensions, and the number of the dimensions varies between species. Moreover, they found that

similarities in social style were reflected in similarities in aggression and social competence

related personality dimensions. When comparing connections between lower-level personality

facets, they identified two distinct clusters based on social styles: Despotic Japanese and rhesus
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macaques clustered together, whereas other macaque species exhibiting more lenient dominance

styles formed another cluster. (Adams et al. 2015.)

Moreover, the variance of macaque personality scores also reflects sex differences in relation to

social styles. The differences between two sexes increased as the species’ social style was rated

more relaxed. Thus, crested and Tonkean macaque females were rated significantly higher in the

Friendliness dimension compared with conspecific males, whereas although Japanese macaque

females were rated more friendly than males, the difference was less in magnitude. Furthermore,

when compared with conspecific males, significantly less variation was found in female

Dominance scores in despotic species. In accordance with the findings, the authors suggested

that the expression of Dominance dimension in rhesus and Japanese macaque females is more

constrained. (Adams et al. 2015.)

Although Japanese macaque personality has not yet received wide academic attention, the

current findings are to some extent uniform. Adams and colleagues (2015) have identified four

personality dimensions in Japanese macaques: Dominance, Openness, Friendliness, and Anxiety.

In accordance with these findings, comparable dimensions of Dominance, Openness and

Friendliness were identified by Hopper, Cronin and Ross (2018) three years later. However, the

Anxiety/Reactivity dimension identified by Hopper et al. (2018) did not show congruency to the

Anxiety dimension previously identified by Adams et al. (2015). The incomparability can reflect

differences in rating instruments or individual differences in the two study groups (Hopper et al.

2018). The overall lack of Japanese macaque personality data calls for further studies.
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5 Hypotheses

As presented in Chapters 3 and 4, the effect of personality homophily on primate social

relationships has been a rather recent interest in academic research. However, studies focusing on

a variety of different nonhuman primate species (e.g. chimpanzees, Massen & Koski 2014;

bonobos Verspeek et al. 2019; rhesus macaques Weinstein & Capitanio 2012, Ebenau et al. 2019;

capuchin monkeys, Morton et al. 2015) all suggest that the tendency to prefer individuals with

similar personality traits is not unique to humans. Thus, these findings indicate that personality

homophily as an adaptive mechanism guiding primate social partner choice and maintenance has

a long evolutionary history (Massen & Koski 2014).

Although personality homophily has been found to influence friendship longevity in rhesus

macaques (Weinstein & Capitanio 2012) and bond strength in Assamese macaques (Ebenau et al.

2019), no study has yet addressed the influence of personality homophily in Japanese macaque

social bonding. Overall, Japanese macaque personality structure is not well known, as the subject

has only been covered by two studies (Hopper et al. 2018; Adams et al. 2015). Thus, this

Master’s thesis is among the first few studies covering Japanese macaque personality in general

and the first attempt to shed light on the effects of personality homophily in Japanese macaque

friendships. Japanese macaque social structure is characterized by despotic dominance style and

high degree of female nepotism (Thierry 2007; Thierry 2000), which makes the species an

interesting subject of study regarding personality homophily: Do Japanese macaques prefer

individuals with similar personality traits as friends, despite the restricting effects of despotic

dominance style and female nepotism on individual social bonding?

Moreover, studies addressing personality homophily in the Macaca genus have so far focused on

either males (Ebenau et al. 2019) or juveniles (Weinstein & Capitanio 2012), whereas female

bonding has not yet been studied in the framework of personality homophily. As females are the

philopatric sex in all macaque species and the female rank position in the group social hierarchy

is much more stable than the male dominance status (Thierry 2007; Chapais et al. 1997), it is

likely that females utilize somewhat different strategies when bonding with other individuals in
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the group. Therefore, addressing personality homophily in macaques from the female viewpoint

is another strength of this study.

Based on previously presented studies, the following hypotheses will be tested in this study:

I Personality homophily influences partner choice in female Japanese macaques

Along with nondispositional factors such as relatedness, rank, age and sex, personality

homophily is a factor contributing to partner choice in macaque species (Ebenau et al. 2019;

Weinstein & Capitanio 2012). Due to the phylogenetic relatedness and shared grouping and

dispersal patterns of all macaque species (Thierry 2007), it would be plausible to find parallel

results regarding personality homophily in Japanese macaque social bonding. Moreover, as

rhesus and Japanese macaques are sister species, both exhibiting a despotic dominance style and

similar patterns of aggression (Thierry 2007), one would expect that Japanese macaques would

exhibit similar tendencies in favoring friends with similar personality characteristics, as found in

rhesus macaques (Weinstein & Capitanio). However, as the results from rhesus (Weinstein &

Capitanio 2012) and Assamese (Ebenau et al. 2019) macaques are based on research in males

and juveniles, it is possible that macaque females exhibit different preferences in social partner

choice.

I a. The influence of personality homophily is most significant in traits reflecting the Sociability

dimension of personality

Personality aspects reflecting social behavior have been consistently highlighted in earlier

findings related to personality homophily in primates (e.g. Ebenau et al. 2019; Verspeek et al.

2019; Massen & Koski 2014; Weinstein & Capitanio 2012). Similar Sociability scores predict

higher overall relationship quality in capuchin monkeys, independent from nondispositional

factors (Morton et al. 2015). The effect of homophily in Sociability in dyadic bonds of captive

chimpanzees remains even when other factors, such as sex-combination, age-difference and

maternal relatedness were controlled (Massen & Koski 2014). In accordance, bonobo friends

with similar Sociability scores, whether high or low, gain more benefits (e.g. food and support)
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resulting from that relationship (Verspeek et. al 2019). Male Assamese macaques favor friends

with similar needs of proximity and preferred level of social tolerance (Ebenau et al. 2019). As

personality dimensions reflecting similar tendencies in social behavior have been found to

characterize Strepsirrhine friendships, one would predict that also Japanese macaques prefer

friends with similar social tendencies.
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6 Methods

The study was conducted in close collaboration with the recently established Austrian Research

Center for Primatology (ARCP). The scientific director of the ARCP, dr. Lena Pflüger has

extensive knowledge of the Affenberg population and provided this project valuable assistance

throughout the fieldwork. Dr. Sonja Koski (University of Helsinki) was the primary supervisor

throughout the project. The data was obtained during the fieldwork period between November

2018 and March 2019, by SS.

6.1 The study group

At the beginning of the data acquisition, in November 2018, the group consisted of 164 (56 adult

males, 78 adult females and 30 juveniles) semi-free-ranging Japanese macaques (Macaca

fuscata), housed by the Affenberg Landskron Zoo in Carinthia, Austria. The group has been

derived from the 39 Japanese macaque individuals introduced to the area in 1996 when they

were brought to Affenberg from Minoo City, Osaka, Japan (Pflüger et al. 2014). The Austrian

climate resembles the Osakan climate to some extent, as during wintertime the Affenberg area is

frequently covered with snow and the temperature drops below zero degrees of Celsius (Pflüger

2016). The group is housed in an enclosure of approximately 4 ha, which is mostly covered by

coniferous and deciduous trees. The animals are able to forage for themselves on leaves, herbs,

fallen seeds and insects in the area, but they are also provided with vegetables, fruits and pellets

by the animal care staff of the Affenberg every morning.

Given that the Affenberg Landskron is open for guided tours from April to October, the monkeys

of the study group are well habituated to human presence. However, visitors are only able to

access one third of the enclosure via demarcated pathways, which allows the monkeys to avoid

visitors. Any feeding, touching or and other interactions with the monkeys are prohibited and the

visitors are required to follow the guided group during the tour.
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The group’s population growth has been controlled by the sterilization of certain females since

2000 (Pflüger et al. 2019). The sterilization is conducted by tubal ligation and thus, manipulation

of the animals’ mating behaviour and physiology can be avoided. Females usually have given

birth to at least two offspring before being sterilized and females of smaller matrilines have not

usually been sterilized in order to ensure the continuity of existing matrilines. All individuals of

the group are visually identifiable based on mainly facial characteristics and Affenberg has

extensive individual animal records since the establishment of the park, including births, deaths,

matrilineal family relationships and medical treatment (Pflüger et al. 2019).

The study group has an unusual social environment: Males do not disperse from the natal group.

In such a social environment, female social bonding is likely affected by the presence of related

males. As females have also related adult males available as affiliation partners, the importance

of kinship for friendship may be highlighted if females prefer related males over unrelated

females as friends. On the other hand, the availability of related males for coalitionary support

can reduce pressure to select related females and thus emphasize the influence of personality

homophily.

The research conducted on the study group has previously focused on males only (e.g. Pflüger et

al. 2019; Pflüger 2016; Pflüger et al. 2014). Thus, the present study is the first one to provide

insight into the behavior of the females in the Affenberg group.

6.2 The study sample

The study sample consisted of 32 adult and adolescent females (Table 1). In the beginning of the

fieldwork, the ages of the females were between 3 and 21 (mean age=10.7). All females had

been born in Affenberg, except for one female born in Japan.

Altogether, 12 different matrilines were represented in the sample. Thus, all matrilines including

two or more adult females were represented. No rank analysis had previously been conducted

regarding the Affenberg group’s females. However, in order to ensure that the sample consisted

of females representing different rank statuses, Affenberg’s staff was consulted when comprising
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the sample for this study. Moreover, as matrilines in a Japanese macaque group are hierarchically

positioned (Chapais et al. 1997), wide coverage of different matrilines in the sample ensures that

also different rank statues are represented.

Table 1: Details of the observed females. * signifies generation of direct descendance.

Name Age in November 2018 Matriline Number of living
first-generation
offspring. (Number of
all living offspring).

Sterilization

Alina 11 Maridi 4 no

Florentine 9 Ines 1 yes

Sabine 13 Ines 4 (6) yes

*Amy 4 Ines 1 no

Barbara 18 Pauline 3 (9) yes

**Ingrid 10 Pauline 2 yes

**Kate 7 Pauline 0 yes

Iris 17 Pauline 4 (7) yes

*Jessy 8 Pauline 2 no

Pia 16 Pauline 2 yes

Betty 19 Nicky 2 (9) yes

*Ilvy 11 Nicky 4 yes

*Marlene 3 Nicky 0 no

**Greta 3 Nicky 0 no

Chanel 9 Nicky 2 yes

Conchita 4 Mona 0 no

Melanie 12 Mona 2 (3) yes

*Herta 6 Mona 1 yes

Julia 6 Mona 1 no

Victoria 20 Sissy 0 (10) yes

***Janis 4 Sissy 1 no

***Uschi 6 Sissy 1 no

***Zarah 3 Sissy 0 no

Lilly 17 Gusti 3 (8) yes
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**Sandra 7 Gusti 1 no

Louise 19 Esther 0 yes

Magdalena 9 Chita 1 no

Maya 11 Amanda 4 no

Michaela 26 Unknown 2(3) yes

Olga 12 Rosi 1 (1) yes

*Sakura 5 Rosi 1 no

Sabrina 17 Anastasia 1 yes

6.3 Methods of data collection

Behavioral coding is the main method used in nonhuman primate personality research and it was

chosen as the method of assessment as it requires less subjective judgement by the observer and

enables making direct comparisons between individuals (Freeman & Gosling 2010). The data on

personality was obtained with observations of daily behavior, without experimental

manipulation. The method used in this study is focal sampling, which involved the observation

of a total 32 focal animals, all of them adult females. The total duration of data collected was 159

hours (X=297.4 min./individual). A total of 300 observation minutes was recorded on each

individual, except for one female who died at the end of the fieldwork period, lacking one focal

session of 20 minutes.

One focal session lasted for 20 minutes, during which the behavior of the focal animal was

recorded based on detailed ethogram (see Appendix 1). Attention was paid to conduct focal

sessions for each individual both during the morning (8am-12pm) and afternoon (12pm-5pm)

time slots. The sampled behaviors included state activities such as resting, moving, foraging and

grooming, which yield information of several personality characteristics. The ethogram used in

this study is based on the ethogram used in the study of the Affenberg group, and thus covered

species-relevant repertoire of behaviours.
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Variables that were based on time measurements (e.g. observed grooming time in seconds) were

calculated as proportions to the total focal time per individual, whereas variables based on

countable events (e.g. scratching or approaching another individual) were calculated as

frequencies using the total focal observation time of the given individual. Attention was directed

towards the social behavior of the focal animal to ensure detailed description of the behavior trait

sociability, as the trait can reflect both an individual’s choice of number of accompanying

individuals and their investment in amicable social acts, e.g. grooming. Thus, a scan was

conducted at five minute intervals during each focal session and it was recorded which other

individuals were in body contact or located within 1 meter, 3 meters, 5 meters and 10 meters

radius of the focal individual. If the other individual was not identified, it was noted if the other

individual was adult male, adult female or a juvenile. In addition, the number of other individuals

within a 3 meter perimeter of the focal individual was recorded at one-minute intervals.

The variables included the number of other individuals within a 3-meter proximity (recorded in 1

minute intervals), the total number of different individuals within a 3-meter proximity, the

minutes of grooming given, the minutes of grooming received, the total number of different

grooming partners, the number of aggressive behaviors per minute, the number of approaching

behaviours per minute, the number of being approached by other individuals per minute, the

number of scratching per minute, and the minutes of autogrooming. For the grooming data, only

the time engaged in grooming with other adults was considered.

In addition, the data of success in an enrichment puzzle was used as an indicator of exploratory

tendency. This data was based on a questionnaire completed by seven Affenberg staff members,

all of them familiar with the animals for being worked as a guide for at least three years.

Exploratory tendency was regarded as a discrete variable: Females recorded successful in solving

the puzzle were given value 1, and others value 0.
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6.4 Ethical statement

This study was conducted by following the Ethical Guidelines of the International Primatological

Society (IPS). As the research methods were only based on observation, no touching or trapping

of the animals was required, and no individuals were separated from their group for the purpose

of this study.

6.5 Statistical methods

6.5.1 Relationship quality

Relationship quality was calculated per subject interacting with all other focal individuals,

resulting in a total of 496 dyads. Of these, N nonkin=455, N kin=41. Dyads were considered kin

when they belonged to the same matriline, i.e., (grand-)mother-daughter, sisters or aunt-niece.

Relationship quality was calculated using dyadic grooming duration (gg), grooming asymmetry

(gasymm) and time spent in 1m proximity (prox) to derive a dyadic sociality index DSI.

DSI = (ggij/ggave + gasymmij / gasymmave + proxij/proxave) / 3

6.5.2 Personality

All personality variables were extracted from the focal data and calculated for each individual

(see Table 2).

By definition, personality should be temporally and contextually stable (e.g. Weinstein &

Capitanio 2008). Therefore, the data were divided in two time periods, which allowed the testing
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for reliability for the behavioural scores. The first time period covered 140 minutes of

observation and the second one 160 minutes of observation. Repeatability was tested with

Intra-Class Correlation (ICC), two-way model, absolute agreement (McGraw & Wong 1996;

Bell, Hankison & Laskowski 2009). ICC represents the amount of variance accounted for by

among-individual variance of the whole data.

The repeatable variables were used as personality scores. First, their correlational structure was

assessed with Principal Component Analysis. The aim was to obtain merged, representative

scores of personality dimensions for each individual. However, due to only three variables being

repeatable (see Results), I decided to use the behavioural scores as unmerged. Of those, I

calculated the dyadic personality score differences (as |Score of individual A - Score of

individual B|). Greater values indicate a larger difference in the scores of the two individuals.

6.5.3 The influence of age-difference, personality difference and kinship on DSI

The influence of dyadic age-difference and kinship were tested in order to gain more insight on

social bond formation in female Japanese macaques. Kinship and age-difference were entered in

the linear models along with the dyadic personality differences.

The linearity of dominance hierarchy of the group was tested with Landau’s linearity index,

calculated with MatMan (version 1.1; earlier version described in Netto, Hanegraaf & de Vries

1993) and to reorder matrices to best fit a linear hierarchy (de Vries 1995, 1998).

Due to the large number of non-interacting dyads, the analyses were done with a two-step

approach (‘hurdle-model’). In the first step, all dyads were included in the analysis. The model

was set with binomial distribution, the dyadic sociality index DSI was the response variable,

dyadic kinship, the age difference, the proximity difference, the self-scratching difference, the

autogrooming tendency difference, and the exploratory tendency difference were set as fixed

factors, and individual identity and partner identity were included as random factors. The

analysis was run with the glmmadmb package in R. In the second step, run with lme4 in R, only
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dyads with DSI>0 were included; the model structure was the same (distribution

negative-binomial).

6.5.4 Dominance hierarchy

The number of undetermined relationships was very high (81.65%), which influenced the

detectability of dominance relationships. Consequently, there was no detectable linearity in the

female relationships (Landau linearity index corrected for unknown relationships h' = 0.11, p

right tailed = 0.30). Therefore, rank was not included in further analyses.
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7 Results

7.1 Repeatability

Only three variables showed sufficient repeatability: Self-scratching (intra-class correlation

coefficient ICC= 0.502, p= 0.001), auto-grooming (ICC= 0. 342, p=0. 026), and average number

of individuals in 3m proximity, which proxies Sociability (ICC= 0. 339, p=0. 027).

These data were used as indicators of personality, of which absolute dyadic personality

differences were calculated.

Table 2: Repeatability of the social behavior variables

Variable ICC p-value

N gg partners -0,048 0,6

Aggression 0,044 0,41

Approach active 0,026 0,442

Approach passive 0,132 0,23

Grooming
received

0,165 0,179

Grooming given 0,152 0,2

N individuals in
proximity

0,155 0,195

Scratch 0,502 0,001

Autogroom 0,342 0,026

Average number
of individuals in
3m proximity

0,339 0,027
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7.2 Factors influencing dyadic relationship quality

Overall, data on dyadic interactions were heavily zero-inflated, as only 69 out of 496 possible

dyads engaged in any positive interaction. When all dyads were included in the analysis, the full

model was significantly different from the null model. Kinship predicted DSI significantly

(z=7,43, p<0.000, see Table 3a).

Table 3a: DSI predicted by dyadic personality difference and demographic factors. All dyads included.

β Std. Error z-value Pr(>|z|)

(intercept) -1,56 0,48 -3,25 0,0012

Kinship 3,05 0,41 7,43 <0,0001

Age difference -0,02 0,03 -0,76 0,448

Scratch difference -2,09 3,27 -0,64 0,523

Sociability
difference

-0,67 0,65 -1,04 0,300

Autogroom
difference

-0,18 0,15 -1,21 0,228

Exploration
difference

-0,09 0,30 -0,31 0,755

When only dyads with DSI>0 (N=69) were included, the full model describing variation in

relationship quality was significantly different from the null model, and showed a significant

effect of kinship (predicting DSI positively; z = 2.43, p = 0.015) and dyadic difference in

sociability (predicting DSI negatively; Z = -3.05, p = 0.002) (Table 3b; Figure 1).
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Table 3b: DSI predicted by dyadic personality difference and demographic factors. Only dyads with DSI>0

included.

β Std. Error z-value Pr(>|z|)

(intercept) 1,66 0,55 3,02 0,0025

Kinship 0,81 0,33 2,43 0,015

Age difference 0,07 0,04 1,91 0,056

Scratch difference -1,51 3,93 -0,38 0,701

Sociability
difference

-2,27 0,75 -3,05 0,002

Autogroom
difference

-0,05 0,20 -0,24 0,807

Exploration
difference

0,22 0,34 0,64 0,521

Figure 1: The effect of personality similarity,

i.e., absolute dyadic difference in individual

scores of number of individuals in 3m

proximity, on dyadic sociality index, when

only dyads with DSI>0 were included.



41

8 Discussion

The results of the present study are in accordance with previous research on personality

homophily and primate social bonding. As found in humans (Noë et al 2016; McPherson et al.

2001), chimpanzees (Massen & Koski 2014), bonobos (Verspeek et al. 2019), rhesus macaques

(Weinstein & Capitanio 2012), Assamese macaques (Ebenau et al. 2019) and capuchin monkeys

(Morton et al. 2015), personality homophily also influences the affiliation of female Japanese

macaques.

The fact that personality homophily in partner choice can be found in a variety of primate species

may thus indicate that the mechanism has a long evolutionary history. It has been suggested that

personality homophily serves an adaptive function, as similarity in certain personality traits can

enhance reciprocity in similar affective tendencies and thus positively influence relationship

quality (Verspeek et al. 2019). It is possible that interacting with personality-wise self-similar

individual triggers basic neural and physiological mechanisms, which facilitates attitudinal or

emotionally based friend selection (Ebenau et al. 2019). Moreover, engaging in cooperation with

an individual similar to oneself can improve the success of the cooperative effort, as self-similar

individuals may be more reliable as cooperation partners (Massen & Koski 2014).

In the study group of Japanese macaques, female friendship is determined by kinship, and

personality similarity in Sociability (operationalized by the average number of individuals within

3m proximity). Kinship was the most significant factor influencing social bonding, which is not

surprising given the species’ social structure. On the other hand, the effect of homophily in

Sociability was only found when dyads with DSI>0 were included. In other words, when

examining individuals engaging in any affiliation with each other, personality homophily in

Sociability appears to be a mechanism guiding partner choice. Moreover, when comparing the β

values for the difference in Sociability (-2,27) and for kinship (0,81) (Table 3.b), the significance

of personality homophily in Sociability on friendship is actually higher. These results indicate

that overall social interaction in the Japanese macaque females is to a great extent determined by

kinship, but that the preference for self-similar affiliation partners outweighs kin preference in

already existing affiliation networks. The finding of preference for self-similar individuals in
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highly nepotistic and despotic primate species highlights the importance of personality

homophily as a mechanism guiding partner choice in primates.

According to the hypothesis 1a, the influence of personality homophily should be most

significant in traits reflecting the Sociability dimension of personality. Indeed, when dyads that

had been engaging in positive affiliation were only considered, similarity in sociability scores

had a statistically significant effect on bonding. This evidence is concordant with previous

studies in nonhuman primates. Similarity in tendencies in social behaviour has previously been

found to positively influence partner choice in captive chimpanzees (Massen & Koski 2014) and

in Assamese macaques (Ebenau et al. 2019), and predict higher relationship quality in capuchin

monkeys (Morton et al. 2015) and higher relationship value in bonobo friendships (Verspeek et.

al 2019). This study thus adds to the existing literature.

8.1 Addressing the alternative explanations

The connection of personality and friendship is clearly supported by evidence, but the underlying

mechanism remains somewhat unclear. Do individuals prefer friends with similar personality

traits or do they become more similar via interaction? However, as personality has a strong

heritable component (Weinstein & Capitanio 2008) and remains stable through time

(chimpanzees Koski 2011), the alternative explanation of friends only becoming similar to one

another through time is less likely. Moreover, this alternative explanation is not supported by

data on immigrating male Assamese macaques forming new bonds with self-similar males in

Connectedness (Ebenau et al. 2019).

The strong influence of kinship on Japanese macaque partner choice brings up another question.

As related individuals can exhibit similar personality traits due to their genetic relatedness

(Weinstein & Capitanio 2008), to what extent does the preference of self-similar individuals in

partner choice regarding personality reflect personality homophily, rather than kin selection

instead? However, as the effects of personality homophily and kinship were tested separately,

and as the significance of personality homophily in Sociability outweighed the effects of kinship,

this alternative explanation is unlikely.
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Finally, when the trait Sociability is found as a common factor bringing two individuals together,

one could ask whether sociable individuals prefer to interact with other sociable individuals only

because less sociable individuals are less available as friends. However, this is not the case as the

preference for self-similar individuals in Sociability was found also in individuals scoring low in

Sociability. To conclude, the most likely explanation for the results of this study is the existence

of homophilic preference regarding Sociability.

8.2 Limitations

A major limitation of this study is the amount of focal data. As personality reflects individual

differences in behavior, affect and cognition that are temporally and situationally stable (Morton

et al. 2015; Weinstein & Capitanio 2008), more behavioural data covering a longer time frame

would strengthen the reliability of the results of this study. Moreover, due to the small number of

interacting dyads, rank was not included in the analysis. As rank is an important factor

influencing macaque social interaction (Thierry 2007), the fact that rank was not included in the

analysis can be considered as a limitation of this study. Thus, a more extensive database would

allow the inclusion of rank analysis in the results and perhaps clarify the low repeatability of

other personality factors.

The fieldwork for the present study took place during the animals’ mating season, during which

females may rely on somewhat different mechanisms on their social behaviour than outside the

mating season. Therefore, data covering the females’ behaviour also outside the mating season

would be an important addition to the study. For all the aforementioned reasons, the present

study is a part of a continuing research project, in which data based on the same females has

been collected 2018-2021.
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8.3 Future directions

It is clear that primates show a preference for self-similar individuals regarding certain

personality traits (e.g. Ebenau et al. 2019; Verspeek et al. 2019; Massen & Koski 2014;

Weinstein & Capitanio 2012), but what is the adaptive purpose of this preference? Although the

personality homophily has been hypothesized to positively influence relationship quality and

cooperative effort (e.g. Verspeek et al. 2019; Massen & Koski 2014), these hypotheses have not

yet been tested in practice. Do individuals sharing similar personality traits indeed enjoy more

trustworthy relationships and more successful cooperative efforts? Or do some other beneficial

mechanisms of personality homophily exist? These questions remain yet unanswered, and thus

further investigations are required in order to clarify the adaptive advantage(s) of personality

homophily.

An interesting feature of the Affenberg group is the presence of native males in the group. Thus,

the females have not only related females, but also related adult males available as cooperation

partners. Although not yet tested, it is possible that females prefer the company of their adult

sons and brothers, which could decrease the influence of personality homophily in their partner

choice regarding unrelated females. Thus, as this study focused on female-female social bonding,

another future direction would be the study of patterns in intersexual affiliation.
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9 Conclusions

Although new as a topic of academic interest, the influence of personality homophily in primate

partner choice has been demonstrated by several studies covering different primate species

(rhesus macaques Weinstein & Capitanio 2012; chimpanzees Massen & Koski 2014; capuchin

monkeys Morton et al. 2015; bonobos Verspeek et. al 2019; Assamese macaques Ebenau et al.

2019). The present Master’s thesis adds to that body of literature by providing evidence of

personality homophily in female Japanese macaques. Based on the evidence presented in this

thesis, in the Affenberg group of female Japanese macaques, friendship is determined by kinship

and homophily in Sociability. The results suggest that for Japanese macaque females, overall

social interaction is determined by kinship, but in already existing affiliation networks the

preference for self-similar affiliation partners outweighs kin preference. To conclude, these

findings are in accordance with previous research regarding personality homophily in primates

and social structure typical for Japanese macaque.

While such a homophily effect has been shown in brown capuchin monkeys (Morton et al.

2015), chimpanzees (Massen & Koski 2014), bonobos (Verspeek et al. 2019) and male Assamese

macaques (Ebenau et al. 2019), this is the first study to show personality homophily in Japanese

macaques but also in females of a despotic macaque species. However, as the definition of

personality necessitates the temporal and situationally stable nature of individual differences

(Morton et al. 2015; Weinstein & Capitanio 2008), more behavioural data covering a longer time

frame would strengthen the reliability of the results of this study. The present study therefore

contributes to a continuing research project, collecting a base of focal data of Affenberg females.

As homophily has been found to influence social partner choice in several primate species, it is

likely that the mechanism serves an adaptive purpose and has a long evolutionary history. For

instance, similarity in certain personality traits has been suggested to positively influence

relationship quality (Verspeek et al. 2019) and improve the success of cooperative effort (Massen

& Koski 2014). However, as these hypotheses have yet not been tested in practice, the next step

in study of personality homophily would be the evaluation of the adaptive benefits of the

mechanism.
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12 Appendix

Appendix 1 Ethogram

Behavior Definition

Contact sit Focal animal is sitting in body contact with
another individual

Close spatial cohesion Focal animal is within 1m, but further than
body contact from another individual

Spatial cohesion Focal animal is within 3m but further than
1m from another individual

Approach active: Focal animal comes from beyond to
within 1m perimeter of another
passive: Another animal comes from beyond
to within 1m perimeter of the focal animal

Leave Focal animal turns away and walks away
from another individual after being in spatial
cohesion or after being approached by another
individual

Travel Two individuals travel parallel to each other

Carry A mother carries an infant on the back/belly

Follow Focal animal follows another individual for at
least 5 meters so that when stopped walking,
A and B end up within 5 meters from each
other.

Forage Eating or moving slowly while looking for
food from the ground
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Cofeeding Begins when the focal animal is feeding with
another feeding individual while being so
close to that individual that they would be
able to touch each other. Ends when the two
individuals are more than 1m away from each
other.

Grooming (active/passive) The receiver’s fur is touched
by the actor with both hands, accompanied by
periodic hand contact with the actor’s mouth.

Allogrooming Involvement in a multiple grooming
interaction with at least two other individuals

Autogrooming Grooming of oneself

Scratch The use of finger, hand or foot to rake across
own skin

Grooming displacement (active/passive) An individual stops grooming
another and changes the grooming partner

Sunbathing Sitting upright with stomach turned towards
the sun.

Spatial displacement Focal animal approaches another individual
who leaves, after which the focal animal sits
within 1m radius where the other animal used
to stay.

Lipsmack Opening and closing the lips rapidly,
accompanied with smacking sound

Touch One individual slightly touches another one
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Cry for support High pitch cry accompanied by hectic looking
and searching for a supporter and a tense body
posture

Support The focal animal actively approaches another
individual, who has formerly been in a
conflict and either sits next to this individual
within close spatial cohesion or initiates
friendly physical conflict while being in the
sight of the former opponent.

Intervention Intrusion of a conflict by an individual
previously not involved in the conflict.

Threat Head-movement directed towards the receiver
with an O-shaped mouth and raised eyebrows

Chase Running after another individual for at least
3m distance

Lunge Lunging towards another individual; a
maximal two body length forward

Grab Holding body parts of another individual with
one or two hands for a few seconds

Hit To hit another individual by hand

Bite To bite another individual

Silent bared-teeth display Fear grin, a grimace where lips and mouth are
laterally retracted, the jaws are partly open
and teeth become visible

Flee Focal animal runs away from another
individual

Cover A lateral flexion of the spine, away from
another individual
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Mock leave Focal animal runs away or leaves from
another individual while turning around at
least once to lunge/scream/threat the other
individual

Avoid Focal animal changes its path/sitting spot in
order to avoid getting too close to another
individual with the focus on that other
individual and without being in spatial
proximity

Stare Bending of the back and the face together
with the focus on another individual

Playfight Involves elements of physical aggression (hit,
grab, bite), which are carried out in a less
aggressive, playful manner and without vocal
aggression

Conflict attention Focal individual stops its current action and
turns its head towards the sound of the
conflict

Avoid conflict After attention to a conflict nearby, the focal
individual moves away from the center of the
conflict

Presentation Displaying one’s anogenital area towards
another individual

Mounting Grasping another individual’s back and
interlocking of legs, accompanied by
bouncing movement towards the rump of
another individual. No signs of intromission
or ejaculation detected.

Mating Involves mounting, intromission and pelvic
thrusts. Terminates with an ejaculation,
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indicates by a pause before the male
dismounts and/or the appearance of visible
semen.

Present An individual presents its rump to another
individual

Hold bottom An individual’s rump is being hold by
another for a short while

Active solicitation Female actively grabs or pulls the arm or
other body parts of the male to invite him for
copulation

Refusal Female does not allow the male to inspect her
anogenital region or to copulate


