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Abstract

‘We use Principal Component Analyses (PCA) to describe components of social relationship quality
in bonobos. We find a three component structure, with the first two components, labelled Value
and Compatibility, closely matching the theoretical constructs as well as components reported
for chimpanzees and other primates. The third component differed but was abandoned based on
Parallel Analysis. Among bonobos, female—female dyads have higher Value and Compatibility.
Relationships between males are characterised by low Value and Compatibility. Dyads that had
been housed together for a longer time and maternally related ones also have more valuable
relationships, while individuals close in rank have low compatibility. The results confirm the strong
bonds among female bonobos, but for the first time can describe how they differ qualitatively from
close bonds reported for captive chimpanzee females. We suggest future studies should also include
Parallel Analysis to more accurately describe the number of components in relationship quality.
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1. Introduction

Living in social groups can bring about fitness benefits (Kappeler & van
Schaik, 2002). Within social groups not all relationships are equal, and indi-
viduals of many species are known to have diversified social relationships,
resulting in complex social networks. Social relationships can be beneficial
for individual fitness, and recent studies have shown that strong friendships
between females can result in higher longevity, fecundity and offspring sur-
vival (Silk et al., 2003, 2009, 2010; Silk, 2007; Cameron et al., 2009; Frere
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et al., 2010). Similarly, males can increase their fitness by forming bonds or
friendships with other males (Feh, 1999; Schiilke et al., 2010; Wiszniewski
et al., 2012; Gilby et al., 2013). Finally, there is accumulating evidence
that male—female bonds can also increase the fitness of males in baboons,
macaques and chimpanzees (Moscovice et al., 2010; Massen et al., 2012;
Langergraber et al., 2013).

While the influence of high quality social relationships on individual fit-
ness is becoming increasingly clear, describing and measuring the quality
of these social bonds is still under much debate. Hinde (1976) and Kum-
mer (1978) describe social relationships as an emergent property of repeated
social interactions between two individuals and can be seen as investments,
where individuals are expected to invest more in valuable partners. Follow-
ing these concepts, Cords & Aureli (2000) proposed that relationship quality
could be described by three components, labelled Value, Compatibility and
Security. Value refers to the direct benefits gained by the relationship, such
as food sharing or agonistic support. Compatibility is measured by tolerance
and affiliation, based on a history of shared history of social exchanges. Se-
curity means that the behaviour of partners is predictable and consistent over
time. Subsequently, several studies have sought to specify these relationship
components and relate them to other behaviours, conciliatory tendencies for
example. However chosen operational measures of each component often
differ between studies (reviewed in Cords & Aureli, 2000 and Fraser et al.,
2008). Traditionally, behavioural ecologists have looked at the frequency of
one or a few behaviours, such as proximity, grooming or support, to mea-
sure relationship value (e.g., Lehman & Boesch, 2009; Langergraber et al.,
2012; Massen et al., 2012); alternatively, they inferred closeness of social re-
lationships indirectly, for example by assuming that kin have higher quality
relationships than non-kin, or that members of the dispersing sex have lower
relationship quality than dyads that are philopatric. The latter assumption
may be problematic (see below). More recently, principal component anal-
ysis (PCA) has been used to describe relationship quality in captive chim-
panzees (Fraser et al., 2008). The benefit of Principal Component Analyses
is that behavioural variables can be objectively reduced to a few behavioural
dimensions, which are comprehensive and conceptually more coherent and
can then be related to different variables. In a study on zoo housed chim-
panzees, Fraser et al. (2008) found three components of relationship quality
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from nine behavioural variables, which matched to the three theoretical con-
structs that had been proposed. Once these dimensions of relationship quality
have been assessed, it is then possible to look at variation across different
dyads. Fraser et al. (2008) found that value was higher among related dyads,
between chimpanzees that had been housed together longer or where age
differences were smaller. Compatibility was higher among female—female
than among male-male or male—female dyads, and was also higher among
male—female compared to male—male dyads. Furthermore, this component
was higher for related chimpanzees, and among individuals that had been
housed together longer. Finally, security again was higher in related dyads,
among male—female dyads and dyads of similar age, but was lower in dyads
that had been housed together longer. Thus, this first study could clearly
identify components of relationship quality and show that certain precon-
ceptions about the influence of kin and sex-combination were not present for
this captive group of chimpanzees. Subsequent studies have used the same
approach and a three-component model has been found in a different group
of chimpanzees (Koski et al., 2012), in Japanese macaques (Majolo et al.,
2010), Barbary macaques (McFarland & Majolo, 2011) as well as in ravens
(Fraser & Bugnyar, 2010). In wild spider monkeys the PCA resulted in only
two components, showing the need for a wider taxonomic angle (Rebecchini
et al., 2011). Moreover, it has been noted that while these models use dyadic
values, relationships within dyads can be asymmetric (Majolo et al., 2010).
All these studies seem to indicate that multiple components can be described,
but more studies are needed to see how consistent they are across taxa.
While two studies have investigated relationship quality in captive chim-
panzees, much less is known about relationship quality in the chimpanzees’
sibling species, the bonobo (Pan paniscus). Quantifying the relationship val-
ues can shed light on the ongoing debate about how different these two
species really are, and can provide more insight on the influence of kinship in
social bonding. Traditionally, differences between these two sibling species
have been highlighted. Both species live in societies that are comparable in
size, and in both species females migrate to neighbouring communities when
they reach adolescence (Goodall, 1986; Kano, 1992; Furuichi et al., 1998;
Stumpf, 2007). However, chimpanzee society is described as male bonded
and females are relatively more solitary (Goodall, 1986; Stumpf, 2007) while
bonobo society is female-centred with strong relationships among females,
between females and their adult sons, and perhaps even between females and
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unrelated males (Badrian & Badrian, 1984; White, 1988; Furuichi, 1989,
2011; Parish, 1996; Hohmann & Fruth, 2002; Stevens et al., 2006). These
close bonds between female bonobos have received much attention, as they
challenge assumptions about socio-ecological models and kin selection that
predict closer bonds between related individuals, and even about our own
evolutionary past (Parish & de Waal, 2000).

However, the chimpanzee-bonobo dichotomy in terms of social bonding
has been questioned on two levels. Firstly, the idea of chimpanzees as be-
ing only male bonded has been challenged. Chimpanzee males do indeed
form meaningful relationships with other males (Mitani, 2009; Gilby et al.,
2013), but so do female chimpanzees in the wild and in captivity (Baker
& Smuts, 1994; Langergraber et al., 2009; Lehman & Boesch, 2009). Fur-
thermore, kinship did not predict bonding in wild male and female chim-
panzees (Langergraber et al., 2007, 2009). Recently, long-term male—female
relationships have been shown to influence male reproductive success in
chimpanzees in East-Africa (Langergraber et al., 2013). Secondly, the strong
female bonding of bonobos has been questioned. Previous research in cap-
tivity has shown very strong bonds between female bonobos (Parish, 1996),
but often these females were closely related and in groups containing only
one or two males that were always unrelated to the females. Therefore, the
existence of female bonding in bonobos has been questioned and it has
been proposed as a side effect of life in captivity (Stanford, 1998; Franz,
1999; Hohmann et al., 1999). It has been suggested that relationships be-
tween male and female bonobos are more important, even when controlling
for kinship effects (Hohmann et al., 1999; Hohmann & Fruth, 2002). Our
own subsequent research on a larger dataset of several groups of zoo housed
bonobos, in which females were generally unrelated and mother—son dyads
were present, showed that grooming, proximity and proximity maintenance
was not stronger among females than among females and unrelated males
or among males. We found that only coalitionary support was consistently
significantly more common among females than among males or among fe-
males and unrelated males (Stevens et al., 2006). However, the significance
of these behavioural variables and their interdependence, in terms of the three
proposed components of relationship quality, was not examined. Jaeggi et al.
(2010) compared relationships in chimpanzees and bonobos, using a PCA
on three behavioural variables (grooming frequency, proximity and support
given). In the chimpanzees this resulted in one component of relationship
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quality, which had high loadings on grooming given, support and proximity.
In the bonobos however, the data split into two components; the first was la-
belled ‘affiliative relationship’ and included a high loading of grooming and
proximity and a negative loading of support. The second component was la-
belled ‘political relationship’ and had a high loading of support, minor load-
ing of proximity and negative loading of grooming. This suggests that rela-
tionship quality in bonobos may differ from chimpanzees. However, the anal-
yses of Jaeggi et al. (2010) were based on one group of six bonobos, studied
for 125 h, and were based on a limited set of behavioural variables. There-
fore, a study that is based on a larger sample size and is more comparable to
the chimpanzee studies (Fraser et al., 2008; Koski et al., 2012) is needed.

Here we use a larger set of data from captive bonobo groups, not including
the data from Jaeggi et al. (2012) group, and include eight behavioural vari-
ables, resembling those used in the chimpanzee studies (Fraser et al., 2008;
Koski et al., 2012). Our first aim is to describe components of Relationship
Quality among captive bonobos, using Principal Component Analyses. We
predict that Relationship Quality can be described in similar components to
those found in chimpanzees. Second, we test which components are stronger
in female—female dyads to further clarify the nature of female bonding in
bonobos. Third, we look at other variables that have been found to affect the
components of Relationship Quality in other species: kinship, tenure of the
relationship, age difference and rank difference.

2. Material and methods
2.1. Study groups

We studied six groups of bonobos housed in four European Zoos (Wuppertal,
Apenheul, Twycross, Planckendael, see Table 1). Data were only collected
from individuals above seven years old, which is the earliest age of repro-
duction in captivity for male and female bonobos (Pereboom et al., 2011).
In each group, the bonobos were housed together for most of the day and
night and were only separated briefly during maintenance or cleaning work.
Observations ran from the morning (usually around 8 h 30 min) until dusk,
when bonobos started building nests for the night (usually around 5.30 p.m.,
depending on season). The group in Planckendael was studied three times (in
1999, 2001 and 2011), however the group composition differed substantially
between each period, and only a few dyads were present in more than one
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Table 1.
Composition and observation time for each of the five study groups.

Group and year N of males > N of females > N of immatures <  Observation
of study 7 years 7 years 7 years time (h)
Planckendael 1999 3 4 4 203
Planckendael 2001 3 3 2 503
Planckendael 2011 3 3 2 295
Wauppertal 1999 4 2 1 193
Apenheul 2001 3 5 3 493
Twycross 2001 3 3 2 490

Immatures were not included in any of the analyses.

group setting (overlap between period Planckendael 1999 and Planckendael
2001: 6 out of 15 dyads; overlap period Planckendael 2001 and Planckendael
2010: 1 out of 15 dyads; there was no further overlap in dyads between
any of the other groups studied). When a dyad occurred in more than one
study period, we chose the data for the dyad based on the period with the
longest observation time. This resulted in a total sample of 102 different
dyads composed of 17 females and 16 males. Each individual was repre-
sented in 6.18 + 0.23 dyads (mean + SE). Data on Planckendael in 2011
were collected by EDG, all other data were collected by IMGS, following a
standardised ethogram for social behaviour in bonobos.

2.2. Data collection and analyses

We used behaviour sampling to score social behaviours among individu-
als that were older than seven years of age. All occurrences of aggression,
grooming, coalitionary support and peering were recorded. In each grooming
bout, the participation of each partner was scored once. Subsequent switches
between the active and passive role where not counted as new bouts (Ver-
vaecke et al., 2000a) and frequency of grooming bouts within a dyad was
calculated. Support was defined as all instances where an individual A in-
tervenes with an aggression within 30 s in an agonistic interaction between
two other individuals B and C to aid in attack or in defence (de Waal, 1978).
We only studied triadic interventions because in polyadic interactions, where
more than three individuals were involved, it was often unclear to whom the
support was directed. When more individuals joined in support, these in-
teractions were not considered. All aggressions from individual C towards
B were considered as opportunities for support, regardless of the reaction
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of the victim B. We then corrected for the opportunity for individual A to
provide support to B in a conflict with C, by dividing the total number of
supports between A and B by the total number of conflicts that individu-
als A or B had with other group members, excluding the conflicts they had
with each other, and then multiplied this number by 100 (Vervaecke et al.,
2000b; Stevens et al., 2006). Every support pro for an individual implied a
contra support against a victim (de Waal, 1978). Here too, we corrected for
the number of conflicts. Thus the target of a coalition is considered as the
receiver of ‘counter-intervention’ (or contrasupport, sensu Vervaecke et al.,
2000b). Proximity was scored using scan sampling, noting every fifteen min-
utes which individuals were within arm’s reach (or less than one meter) from
each other. For analyses, seven data points were chosen at random per obser-
vation day, to avoid interdependency of these data (Martin & Bateson, 1993;
Stevens et al., 2006). To calculate a proportional value the total number of
randomised samples was then divided by the total number of samples taken
per group.

For each dyad we used eight behavioural variables to include in the first
Principal Component Analysis (PCA1; Table 2). We chose behavioural vari-

Table 2.
Behavioural variables entered in the Principal Component Analysis.

Behavioural variable Definition Mean =+ SE per dyad

Grooming frequency Number of grooming bouts exchanged 0.28 £0.03
within a dyad (i.e. the sum of all bouts
from A to B and from B to A)

Grooming symmetry Symmetry of grooming within a dyad 0.26 £0.02
(see text)

Proximity Proportion of scans spent within arm’s 0.12 £ 0.07
reach

Aggression frequency Frequency of all aggressive 0.17 £0.02
interactions within a dyad

Aggression symmetry Symmetry of aggression within a dyad 0.20 £0.18
(see text)

Support Index of agonistic support (frequency 0.48 £ 0.08
of support/opportunity to support)

Counter-intervention Index of counter-intervention 0.46 + 0.07

(frequency of counter-intervention/
opportunity to intervene)
Peering Frequency of peering 0.12 £ 0.01
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ables that closely matched the studies on chimpanzees by Fraser et al. (2008)
and Koski et al. (2012). To allow intergroup comparison with observation
times that differed between groups, we transformed all behaviours either to
frequencies by dividing by the number of group observation hours, or to
proportions (see below). For frequencies of grooming and aggression be-
tween individuals A and B, we added the total number of aggressions and
grooming bouts from A to B and from B to A, and divided by the total
group observation time. Following Fraser et al. (2008), we calculated sym-
metry in grooming between individuals A and B using the following formula:
A grooms B/(A grooms B + B grooms A). For each dyad, the lowest of the
two values obtained reversing A’s and B’s roles was chosen to represent the
degree of symmetry, so values ranged from O to 0.5, with higher values indi-
cating more symmetrical exchanges. Symmetry in aggression was calculated
in the same way. Food sharing was not consistently scored in all of the study
groups; therefore, successful begging could not be included as a variable.
Instead, peering behaviour (i.e., “the actor stares at the receiver’s face from
very close distance, up to a few centimetres” Kano, 1992, p. 200) was used
as a proxy for tolerance. The function of peering in bonobos is poorly un-
derstood, but according to some it is a begging gesture (Kano, 1980), while
others have stated it is “a solicitation for initiating affiliative interactions”
(Idani, 1995) or ‘a request for social tolerance’ (Stevens et al., 2005a). Con-
sistency of affiliation could not be measured in our study, since observation
periods lasted between one to three months. Unlike the more conspicuous
behaviours, approaches and their response could not reliably be scored using
the all occurrence sampling and were therefore not included in the analyses.

We analysed the variables with a first principal component analysis
(PCA1) with varimax rotation and Kaiser normalization. To improve nor-
mality, we transformed the data using square root transformation on all
frequency data (grooming, aggression, support, counter-intervention, peer-
ing). Kaiser’s measure of sampling adequacy was 0.65, which is on the low
side, but acceptable (Budaev, 2010). To determine the number of compo-
nents, we first followed Kaiser’s rule and accepted all components which had
an eigenvalue greater than 1 (Kaiser, 1960), in combination with visual in-
spection of the scree plot (Cattell, 1966). Coefficients of correlation greater
than 0.5 or less than —0.5 were considered to be high loadings. Although
Kaiser’s rules and/or investigation of scree plots have also been used as cri-
teria in all previous studies investigating relationship quality to determine
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the number of components (Fraser et al., 2008; Fraser & Bugnyar, 2010;
Majolo et al., 2010; McFarland & Majolo, 2011; Rebecchini et al., 2011;
Koski et al., 2012), this procedure may lead to overestimating the number of
factors, and the use of Parallel Analysis has been shown to be more reliable
to determine the number of extracted components (Horn, 1965; Franklin et
al., 1995; O’Connor, 2000). Parallel Analysis is a “sample based adaptation
of the population based Kaiser’s rule” (Zwick & Velicer, 1986) and allows
the researchers to determine the significance of components (Franklin et al.,
1995). Only when eigenvalues from PCA are larger than the corresponding
eigenvalues from Parallel Analysis, should the components be considered
as true components. We therefore used SAS to conduct Parallel Analysis to
confirm the number of extracted factors (O’Connor, 2000). When the Parallel
Analysis indicated only two out of the three original components should be
contained in the final analysis, we performed a second Principal Component
Analysis extracting just two components to determine the variable loadings
per component and individual component scores (PCA2).

Next, we used Linear Mixed Models to investigate the influence of kinship
(separate factor for maternal and paternal kin), tenure (in years), sex combi-
nation (female—female; male—female; male—male), rank difference, and age
difference (in years) on the extracted scores from PCA2. Kinship informa-
tion was derived from the studbook; within each group all paternities were
known (Pereboom et al., 2011). We only included kin with relatedness coef-
ficients larger than 0.125 and treated it as a binary variable (kin or non-kin).
For the factor ‘maternal kin’, this included one mother—daughter pair, six
mother—son pairs and three maternal half-sibling pairs; for paternal kinship
this included five father—son pairs and three paternal half-sibling pairs. Since
females usually are transferred between zoos when they reach adolescence,
our study groups contained no father—daughter pairs. There were also no full
siblings. Relationship tenure was calculated from the studbook and included
the number of years two individuals had spent together (with an error mar-
gin of 0.5 years; minimum 0.5, maximum 22 years). Rank differences were
taken from Stevens et al. (2007) for five of the groups and calculated in the
same way for Planckendael 2010 by constructing an ordinal dominance hi-
erarchy based on the analyses of ‘fleeing upon aggression’ (Vervaecke et al.,
2000a), and calculating net differences between individuals’ ordinal ranks
using MATMAN software (de Vries et al., 1993). Age difference was cal-
culated by taking the differences of (estimated) years of birth (taken from
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Pereboom et al., 2011) for the two members of a dyad. Because of the rel-
atively low number of related individuals in our groups (which were mostly
mother—son dyads), we could not include interaction factors for sex combi-
nation, kin or age in the linear models. To account for interdependence of
the data, we included the identities of the two bonobos forming each dyad,
as well as the factor ‘group’ as random variables in the statistical model. We
used F-tests and backward selection to construct a final model that only re-
tained variables with significant effects. When a significant effect was found
for categorical variables, we performed post-hoc pairwise comparisons, us-
ing Tukey tests for multiple comparisons of means. PCA, Parallel Analysis,
and linear mixed models were conducted using SAS software (version 9.0)
with the critical « set at 0.05.

3. Results
3.1. Components of relationship quality

Using Kaiser’s criterion, three components were extracted from PCAL1, ex-
plaining 31.03%, 17.57% and 13.64% of overall variance respectively, to-
talling 62.24%. The first component had high positive loadings for proximity,
grooming frequency, support and peering. These variables are very close
to the definition of relationship value by other studies (Cords & Aureli,
2000; Fraser et al., 2008) and thus could be labelled ‘Value’. The second
component included high values for aggression frequency and high values
for aggression symmetry (indicating asymmetric aggression) variables that
suggest incompatibility (Fraser et al., 2008). In the further analyses, we re-
versed the signs for the scores obtained for each dyad for that component
so that the values represented the degree of compatibility as opposed to
the incompatibility of the dyad (cf. Fraser et al., 2008). The third compo-
nent included a high positive loading for counter-intervention and a negative
loading for grooming symmetry. Since grooming symmetry loaded high and
positive on Fraser et al. (2008)’s security component, our component seems
to measure insecurity. However, subsequent Parallel Analysis showed that
only the two first components had higher eigenvalues than randomly gener-
ated values (Figure 1). Therefore, the third factor should not be considered
further, and was dropped from further analyses. The factor loadings for the
two-component model, resulting from PCA2, are shown in Table 3. In this
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Figure 1. Comparison of eigenvalues of the components extracted in the Principal Com-
ponent Analysis with Kaiser’s criterion and with eigenvalues exctracted based on Parallel
Analysis. Based on Kaiser’s rule, three components would be retained. Parallel Analysis
shows that the third component is not valid.

model, the first component explained 34.80% of total variance, and con-
tained high positive loadings for proximity, grooming, support, peering and
grooming reciprocity, and therefore corresponds to the theoretical compo-
nent ‘Value’. The second component explained 19.25% of total variance and
contained high positive loadings for aggression frequency and aggression
reciprocity and we therefore labelled it ‘Compatibility’. The behavioural
variable counter-intervention did not load high on either of the two com-
ponents and therefore was abandoned in the final model.

3.2. Factors affecting relationship quality

The first component, labelled Value, was significantly influenced by the fol-
lowing factors: sex combination, age difference, maternal kinship and tenure
(Table 4). Post-hoc comparisons showed that female—female dyads had sig-
nificantly higher value than male—female (p,q; < 0.0001) and male-male
dyads (pagj < 0.0001), and male—female dyads had significantly higher val-
ues than male-male dyads (p.q = 0.0013) (Figure 2). Maternal kin had
significantly higher value than non-kin, but there was no effect of paternal
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Table 3.

Varimax rotated component matrix of the final Principal Component Analyses (PCA2) run

on the dyadic scores for 8 variables.

Variable Value (in)Compatibility

Proximity 0.88* 0.09

Groom frequency 0.72* 0.28

Support 0.66* —0.28

Peering 0.61* —0.07

Groom symmetry 0.55* -0.17

Aggression symmetry 0.09 0.76*

Aggression frequency 0.00 0.67*

Counter-intervention —-0.25 0.44

% of variation explained 34.80 19.25

Eigenvalue 2.44 1.35
An asterisk indicates high loadings (>0.5 or <—0.5).

Table 4.

Effects of the variables on the components Value and Compatibility.

Component B £ SE t value p

Value
Intercept —0.38 £ 0.38 —1.00 0.32
Sex combination (MM vs FF) 1.55 £ 0.25 6.21 <0.0001
Sex combination (MM vs MF) 0.84 £+ 0.20 4.31 <0.0001
Maternal kin —0.86 £ 0.26 —-3.32 0.001
Tenure 0.054 £0.017 3.16 0.003
Age difference 0.017 £ 0.013 1.31 0.19
Rank difference 0.002 £ 0.051 0.04 0.97
Paternal kin —0.27 £ 0.39 —0.70 0.49

Compatibility
Intercept 0.50 £ 0.29 1.70 0.10
Sex combination (MM vs FF) 0.79 +0.27 2.90 0.005
Sex combination (MM vs MF) —0.058 £0.22 —-0.26 0.80
Rank difference 0.11 £0.06 1.95 0.05
Maternal kin 0.47 £0.29 1.60 0.11
Paternal kin 0.60 + 0.42 1.44 0.15
Tenure 0.002 £0.018 0.10 0.91
Age difference 0.004 + 0.016 0.24 0.80
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Figure 2. Mean relationship quality (PCA component scores) of female—female, female—male
and male-male dyads.

kin. Dyads that had longer tenure had higher value, and value increased with
age difference.

Compatibility was influenced by sex combination and rank difference.
Female—female dyads had higher compatibility than male—female dyads
(pagi = 0.0001) and male-male dyads (p.q; = 0.06). There was no signifi-
cant difference in compatibility between male-male and male—female dyads
(pagj = 0.45). Compatibility increased with increasing rank distance, indi-
cating that dyads which were close in the hierarchy were less compatible.

4. Discussion

Using traditional methods, we found a three-component model for relation-
ship quality in bonobos, similar to that reported for chimpanzees (Fraser et
al., 2008; Koski et al., 2012), although some behavioural variables could
not be included in this study. This contradicts an earlier attempt to use PCA
to measure relationship quality in bonobos, using less behavioural variables
and including only one study group (Jaeggi et al., 2010), but provides fur-
ther evidence that, even when using different behavioural variables, the three
component structure as proposed by Cords & Aureli (2000) can emerge in



272 Relationship quality in captive bonobo groups

various species even when social organisation differs (Majolo et al., 2010;
Fraser & Bugnyar, 2011; McFarland & Majolo, 2011). However, when we
used Parallel Analysis to avoid overestimation of the number of factors
(Horn, 1965), we only found the first two components of relationship quality.
Perhaps the second method can be seen as more conservative and more reli-
able. Since other studies have not used Parallel Analysis, a direct comparison
becomes more difficult. On the other hand, the results of the two PCAs were
very similar, with only grooming reciprocity changing from component and
counter-intervention did not load on either of the components in the second
PCA.

Irrespective of our methods, in bonobos the first component ‘Value’ is
very similar to the one reported for chimpanzees (Fraser et al., 2008; Koski
et al., 2012), macaques (Majolo et al., 2010; McFarland & Majolo, 2011)
and ravens (Fraser & Bugnyar, 2010), suggesting that this factor is consistent
across taxa. Our second component, ‘Compatibility’ included aggression fre-
quency and aggression symmetry. Most studies report aggression frequency
in the compatibility factor, but aggression symmetry has not been included in
any of the previous studies. Other variables reported in compatibility compo-
nents include: tolerance to approaches (Fraser et al., 2008; Fraser & Bugnyar,
2010; Majolo et al., 2010; McFarland & Majolo, 2011), proximity during
feeding (Majolo et al., 2010), support (McFarland & Majolo, 2011), and
counter-intervention (Fraser et al., 2008; Fraser & Bugnyar, 2010; Koski
et al., 2012). In our study ‘tolerance to approaches’ and ‘proximity during
feeding’ could not be included for practical reasons; ‘support’ grouped with
the first component, as it does in most of the other studies; and ‘counter-
intervention’ only had weaker loadings on the compatibility factor in either
of the PCA:s, if we follow Budaev’s advice that minimum loadings should be
0.5 or higher (but see Koski et al., 2012 for the use of minimal loadings of
0.4 or higher). In general, our compatibility component matches closely to
that reported in previous studies. In our traditional analysis, using Kaiser’s
criterion, the third component of relationship quality contained ‘grooming
symmetry’ and ‘counter-intervention’ and we labelled it, tentatively, as se-
curity. However, since the Parallel Analysis indicated this last component
was not statistically valid, we suggest the third factor should not be retained,
and suggest a more cautious interpretation of this third factor.

In general, the full three-component model, as proposed by Cords & Au-
reli (2000), has only been found in chimpanzees (Fraser et al., 2008) and
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ravens (Fraser & Bugnyar, 2011). Notably the third component, ‘security’,
defined as “the predictability of the partner’s response to social interactions”
(Cords & Aureli, 2000), seems to be least consistent across studies, and is
not always found or differs greatly between studies. This may be partly due
to different behavioural variables entered in the model. In one chimpanzee
study, the security component contained a measure of consistency of affil-
iation and grooming symmetry (Fraser et al., 2008). Grooming symmetry
was the only variable in a component labelled ‘security’ in a study on Bar-
bary macaques (McFarland & Majolo, 2011), but in Japanese macaques the
component labelled as ‘(in)security’ comprised aggression and a measure for
grooming variability (Majolo et al., 2010). Furthermore, few studies (includ-
ing this one) could actually include measures of temporal consistency within
a dyad. Finally, these consistency measures may also depend on the length of
the observation period. In general, this component is less consistent across
studies and labelling seems to be more subjective than in the first two com-
ponents. As mentioned, the inclusion of the Parallel Analysis suggests that
the third factor may also not be statistically valid in our study, and therefore,
we recommend that future studies also apply this procedure when studying
relationship quality and especially before making generalisations about the
three-component structure of relationship quality.

Our review above shows that finding ubiquitous components of relation-
ship quality across species can be challenging. Deciding which behavioural
variables are entered in the model will depend on practicalities and obser-
vational conditions, but the question remains whether there are universal
indicators of relationship quality and whether these can or should be com-
plemented with species-specific indicators of relationship quality. The six
studies so far all have some behavioural variables in common but differ
in many others. Measures of grooming/preening frequency, proximity and
aggression frequency are common variables in all studies to date, and con-
sistently group together on the first two components. Other variables, such
as food transfers in chimpanzees (Fraser et al., 2008), or embraces in spi-
der monkeys (Rebecchini et al., 2011), are more species specific and may
never or only rarely be observed in the other species. For example in spi-
der monkeys, support in was not observed in sufficient number of dyads and
was not included in the analyses (Rebecchini et al., 2011). Finally, there are
variables that do not consistently cluster onto the same components, such as
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agonistic support, which in Barbary macaques was found to load on the fac-
tor labelled Compatibility (McFarland & Majolo, 2011), but loaded on the
Value component in Japanese macaques (Majolo et al., 2010), ravens (Fraser
& Bugnyar, 2012), chimpanzees (Fraser et al., 2008; Koski et al., 2012) and
bonobos (this study). It has been suggested that studying relationships at a
dyadic level may not always be appropriate, since relationships are rarely
symmetrical and may have different implications for a subordinate member
of a dyad compared to a dominant member of the dyad (Majolo et al., 2010;
McFarland & Majolo, 2011). Previous studies in bonobos have shown that
certain behaviours, such as grooming, can be fairly asymmetric and can be
influenced by dominance status of the receiver (Vervaecke et al., 2000b, c;
Stevens et al., 2005b; Jaeggi et al., 2010). In the current study we attempted
to include symmetry measures for grooming and for aggression in the dyadic
analyses, but found that they always grouped with the frequency variables in
the Principal Component Analysis. A future study looking at relationship
quality on individual rather than dyadic levels, such as has been done in
macaques (Majolo et al., 2010; McFarland & Majolo, 2011), may also be
useful in bonobos, so that the asymmetric nature of relationships can be fur-
ther investigated. Studying relationship value at a dyadic level has allowed
us to investigate in more detail the effects of kinship, sex combination, rela-
tionship tenure and similarities in rank and age in a more objective way than
was previously possible.

4.1. Kinship

Kinship had no significant effect on compatibility, but bonobos that were ma-
ternally related were found to have higher relationship value than unrelated
dyads. This is in line with expectations of inclusive fitness benefits between
related individuals (Silk, 2002, 2007) and this higher value was also found in
related dyads in chimpanzees (Fraser et al., 2008; Koski et al., 2012), ravens
(Fraser & Bugnyar, 2010) and macaques (Majolo et al., 2010). Due to small
sample size it was not possible to test mother—son and maternal kin rela-
tionships separately, and both were included in our factor ‘kin’. In general,
maternal (half-) siblings in bonobos do not seem to form close bonds (Kano,
1992), so the main effect of kin should be attributed to mother—son dyads.
In bonobos, mother—son bonds have been shown to be important, as mothers
provide agonistic support to their sons even into adulthood (Stevens et al.,
2006; Furuichi, 2011) and can influence the mating success of their adult
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sons (Surbeck et al., 2011) In contrast to other studies in macaques (Wid-
dig, 2007; Schiilke et al., 2013), but similar to studies on wild chimpanzees
(Langergraber et al., 2007; Mitani, 2009), we did not find strong effects of
paternal kin relationships on either component of relationship quality.

4.2. Sex combination

In captive bonobo groups, female—female dyads were characterised by high
value and compatibility. Unlike in previous studies on social bonding in fe-
male bonobos (Parish, 1996), all but one female—female dyads in our study
were unrelated, demonstrating that high value of female—female value and
compatibility in captive groups need not be a side effect of relatedness and
underscoring that kinship is not always required for maintenance of high
value relationships (Langergraber et al., 2007; Mitani, 2009; Seyfarth & Ch-
eney, 2012). These results were not unexpected, since we previously reported
higher frequency of support among unrelated female bonobos, even though
grooming was never more common among female—female dyads and prox-
imity was not always higher in these dyads (Stevens et al., 2006). By using
the composite measure value, we can show that the component value is sig-
nificantly higher in female—female dyads. In matrilocal macaques, female—
female dyads also have higher relationship value (Majolo et al., 2010; Mc-
Farland & Majolo, 2011), but studies on chimpanzees found no effect of sex
combination on relationship value. This makes bonobos unique in being a
female-dispersal species, where higher value is found between unrelated fe-
males than between mostly related males. Like in our results on bonobos,
the chimpanzee studies showed higher compatibility among female—female
dyads (Fraser et al., 2008; Koski et al., 2012) and security was highest in
male—female dyads and lowest in male-male dyads (Fraser et al., 2008).
While previous studies have suggested that unrelated female chimpanzees
can also form close bonds (Baker & Smuts, 1994; Langergraber et al., 2009;
Lehmann & Boesch, 2009), our study, and comparisons with relationship
quality data of captive chimpanzees (Fraser et al., 2008; Koski et al., 2012),
suggests that these bonds may differ between species in the aspect of rela-
tionship value, which is high in female-female dyads among bonobos but
not chimpanzees. In bonobos it still remains to be studied what the effects
of high value and high compatibility female bonds are on individual fitness
(cf., Silk, 2007). Female—female coalitions may help individual females to
obtain and maintain a higher rank, but fitness effects of dominance have not
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been shown in female bonobos. In chimpanzees, such rank effects have been
documented in the wild, and high-ranking females have higher reproductive
success (Pusey et al., 1997). Data on the direct link between relationship
quality and reproductive success are still missing for chimpanzees and bono-
bos. In baboons, high-ranking females also tend to mature at an earlier age,
grow faster, produce healthier infants, have shorter interbirth intervals, live
longer and have higher lifetime fitness than lower ranking females (Silk et
al., 2003, 2009, 2010; Cheney et al., 2004), but also direct relations between
females with strong social relationships and higher reproductive success are
reported (Silk et al., 2003, 2009; Silk, 2007). Such fitness effects may be
hard to detect in captive primates, and wild studies on the effects of female
bonding and dominance on fitness outcomes will be more appropriate.

For male—female dyads, value was significantly lower than female—female
dyads but still higher compared to male-male dyads. This can be partly
attributed to the mother—son dyads that were included in this category, but it
has also been suggested for wild bonobos that males may gain fitness benefits
from maintaining long-term friendships with unrelated females (Hohmann
& Fruth, 2003; Surbeck et al., 2012). Compatibility in male—female dyads
was lower than female—female dyads but did not significantly differ from
male-male dyads. Indeed aggression is most common between males and
from females to males, but much more rare between females or from males
to females (Hohmann & Fruth, 2003). Male-male dyads had lower value
than male—-female or female—female dyads, and lower compatibility than
female—female, but not compared to male—female dyads. Similar patterns
of behaviour are observed in the wild, where males rarely groom or support
each other (Thobe, 1992; Kano, 1992), but do show high grooming rates with
females (Surbeck et al., 2012) and male-male aggression is most common
(Kano, 1992; Hohmann & Fruth, 2003; Surbeck et al., 2012). This opens
intriguing questions why male—male relationships in bonobos seem to be
more different from those in chimpanzees. In chimpanzees, participation in
male coalitions has been shown to influence male mating success, providing
a direct link between social bonding and fitness (Gilby et al., 2013). For
bonobos, coalitions between males are uncommon (Kano, 1992; Stevens
et al., 2005b) and seem to have no fitness benefits. Future studies could
focus more on the nature of male-male relationships in wild and captive
conditions.
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4.3. Rank difference

Rank distance can have a large influence on affiliative behaviour (de Waal,
1991). Previous studies in bonobos have shown that individuals with simi-
lar rank groomed more reciprocally but not more frequently (Vervaecke et
al., 2000c). In our study, there was no effect of rank difference and rela-
tionship Value. However, relationship Compatibility was influenced by rank
difference, indicating that aggression was more frequent and more recipro-
cal in dyads that had smaller rank differences. Since we did not discriminate
between mild and severe forms of aggression, it is possible that individ-
uals close in rank have frequent aggressive encounters that are relatively
mild; the threshold to reciprocate aggression may be lower in closely ranked
individuals, leading to more reciprocal aggression. Rank distance was not
investigated in the studies on relationship quality of chimpanzees (Fraser
et al., 2008; Koski et al., 2012), and proved to have no effect on compo-
nents of relationship quality in Japanese macaques (Majolo et al., 2010) or
Barbary macaques (McFarland & Majolo, 2011). The fact that we included
aggression symmetry in our analyses, and that this variable grouped with
aggression frequency, may also explain why we found an effect. Previous
studies in wild and zoo-housed bonobos have shown that group hierarchies
in captive bonobos are fairly steep, and male hierarchies especially are steep
and asymmetric (Stevens et al., 2007; Surbeck et al., 2010). This underscores
the asymmetric nature of social relationships as suggested by Majolo et al.
(2010).

4.4. Relationship tenure

We found that dyads with longer relationship tenure had higher value. This
effect was also found in chimpanzees, where security also decreased with
increasing tenure, which the authors could not explain (Fraser et al., 2008).
Compatibility (indicating frequency and symmetry of aggression) was not
influenced by relationship tenure in our study, similar to what has been found
in chimpanzees (Fraser et al., 2008). The fact that value increased with re-
lationship tenure indicates that it may take some time before high value
relationships are established, even though the response of bonobos towards
young (female) strangers has been shown to be positive (Idani, 1991; Tan &
Hare, 2013). The reciprocal interchange of grooming for support may act as
a functional mechanism to strengthen bonds over time, especially between
female bonobos (Vervaecke et al., 2000a, b, c; Stevens et al., 2005b). Further
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studies should compare these interchange mechanisms between chimpanzees
and bonobos.

4.5. Age difference

We found no significant effects of age difference on either component of
relationship quality.

Age effects on relationship quality are rarely found. Fraser et al. (2008)
found higher value in dyads of more similar age and explained this using
the similarity principle proposed by de Waal & Luttrel (1986), which states
that individuals of similar age might have similar needs and possibilities in
a social group. There could, however, be an interaction between age and
relationship length or tenure. Fraser et al. (2008) studied one group of chim-
panzees, in which no adult chimpanzees were introduced and individuals in
the study were often born in the group and grew up together. However, in our
sampled group of bonobos, dyads with longer tenure do not necessarily have
more similar ages, as there has been a high frequency of individual transfers
between groups due to the breeding program, so that some individuals with
very similar ages were only recently introduced to one another.

Additionally, not only age differences but the actual age of the individuals
in the dyads may be influencing the results. Relationships between ado-
lescent bonobos could differ from relationships between adult bonobos in
aspects of value and compatibility.

As this is the first large-scale study on relationship quality in bonobos, re-
peatability of this model should be tested by including more captive and wild
populations. Nonetheless, thus far it seems that the first two components,
value and compatibility, are very similar to those reported for chimpanzees.
However, at least in captivity, the two species differ in that female—female
dyads have high relationship value in bonobos, but not in chimpanzees, while
in both species relationship compatibility is higher in female—female dyads.
Relationships between unrelated bonobo female are characterised by high
relationship value and compatibility, which may be the key to their success
in maintaining long term bonds, which seem to strengthen over time, perhaps
by mechanisms of reciprocal altruism.
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