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Abstract

This Special Issue of Behaviour includes twelve novel empirical papers focusing on the behaviour
and cognition of both captive and wild bonobos (Pan paniscus). As our species less known closest
relative, the bonobo has gone from being little studied to increasingly popular as a species of focus
over the past decade. We suggest that bonobos are ready to come off the scientific endangered list
as a result. This Special Issue is exhibit A in showing that a renaissance in bonobo research is well
underway. In this Editorial we review a number of traits in which bonobos and chimpanzees are
more similar to humans than they are each other. We show how this means that bonobos provide an
extremely powerful test of ideas about human uniqueness as well as being crucial to determining
the evolutionary processes by which cognitive traits evolve in apes. This introduction places the
twelve empirical contributions within the Special Issue in the larger evolutionary context to which
they contribute. Overall this Special Issue demonstrates how anyone interested in understanding
humans or chimpanzees must also know bonobos.

Editorial

Almost twenty years ago Frans de Waal and Frans Lanting married art and
science in publishing the book Bonobos: The forgotten ape (de Waal & Lant-
ing, 1997). The book tells the story of our closest relative that has been
largely ignored by both the public and Western science alike. Compared to
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our other close relative the chimpanzee, bonobos were only recently recog-
nized as a species, have been little studied, and are little known to the general
public as a result. This can distort our view of ape and human evolution, but
worse makes this endangered species particularly vulnerable to extinction
since a much smaller group of scientists are involved in protecting them.
The book remains a call to action for behavioural scientists in particular to
give bonobos the equal attention they deserve.

Perhaps The forgotten ape’s biggest contribution is to make it clear that the
lack of attention is largely an accident of history and not that chimpanzees
inherently have more to teach us. Nowhere is the scientific value of bonobos
more obvious then when trying to answer questions about how ape and hu-
man cognition evolves. Bonobos and chimpanzees are each more similar to
humans than they are to each other across a number of traits that also need
to be explained relative to our own species’ evolution (Table 1). This means
that understanding how bonobos and chimpanzees diverged from one another
can allow for inference about cognitive evolution in similar traits in our own
species (Hare, 2007, 2009, 2011). These significant phenotypic differences
are particularly exciting given how genetically similar the two species are.
Comparisons between bonobos and chimpanzees raise the spectre of identi-
fying the genetic basis and evolutionary origin of traits that otherwise would
be too technically challenging to tackle given the relative gulf between hu-
man and chimpanzee (Prufer et al., 2012). Moreover, a careful comparison
of traits likes those in Table 1 show the danger of only considering chim-
panzees when determining what behavioural or cognitive traits in humans are
unique. Focusing exclusively on human comparisons to chimpanzees would
lead us to erroneously conclude that humans are unique among apes for non-
conceptive sex, a reliance on mothers in adulthood, for showing adult play,
sharing with strangers or having female alliances. For each of these traits
bonobos are more similar to humans than to chimpanzees — meaning these
traits are either shared between bonobos and humans through common de-
scent or convergent evolution. Either outcome will be extremely important
in understanding the evolution of these traits in humans.

With the publication of this Special Issue of Behaviour we are signalling
that the bonobo is ready to be moved off the scientific endangered list. Pan
paniscus has gone from forgotten to popular as a species for scientific study.
With relative stability within bonobo habitat in the Democratic Republic of
Congo over the past decade, field researchers are observing wild bonobos
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Figure 1. Bonobos are endangered and are only endemic to tropical forest South of the
Congo River in the Democratic Republic of Congo. Their suspected historical range (ap-
prox. 500 000 km?2) is nearly the size of France and bigger than California (see http://www.
iucnredlist.org/details/full/15932/0). The map shows the Congo River and the location of
the most productive research sites over the last decade for bonobo behaviour and cognition.
Wamba in the Luo Reserve represents the first and oldest study of wild bonobos established
in 1973 by Takayoshi Kano (Kano, 1992), Lui Katole in Salonga National Park has likely
been the most productive study site on wild bonobos after over a decade of support from the
Max Planck Society (Hohmann & Fruth, 2003b), and Lola ya Bonobo Sanctuary outside the
capital of Kinshasa has allowed for dozens of cognitive and developmental studies focusing
on the sanctuaries’ rehabilitated orphan bonobos rescued from the bushmeat trade (Wobber &
Hare, 2011). Map from wikicommons: File:CongoLualaba_watershed_topo.png. This figure
is published in colour in the online edition of this journal, which can be accessed via http://
booksandjournals.brillonline.com/content/journals/1568539x.

more than ever and Lola ya Bonobo, the bushmeat orphanage in Kinshasa,
has hosted scores of researchers from over a dozen institutions (Figure 1).
Moreover, researchers have increasingly published on bonobo behaviour
from zoo populations — particularly bonobo colonies in Europe. Captive
bonobo researchers have also finally begun to break the shackles of small
sample size from which most bonobo research has long suffered. Lola ya
Bonobo has allowed for a series of large-scale experimental comparisons of
behaviour and cognition between the two Panins where at least 20-30 indi-
viduals of each species have participated (e.g., Hare et al., 2007; Herrmann et
al., 2010, 2011; Wobber et al., 2010a, b, 2014; Maclean & Hare, 2012, 2013;
Rosati & Hare, 2012, 2013). Researchers in European zoos have also been
able to collaborate and boost sample sizes. A number of recent studies have
sampled several zoo populations and allow for powerful analyses (Stevens et
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al., 2007; Jaeggi et al., 2010; Behringer et al., 2014a, b). These experiments
and large-scale studies have corroborated many earlier observational studies
(e.g., de Waal, 1987; Kuroda, 1989; Kano, 1992), revealed many new phe-
nomenon, and suggested at least one novel hypothesis for bonobo evolution
(Hare et al., 2012). Thus, this Special Issue is exhibit A in demonstrating that
a renaissance in bonobo research is well underway.

The issue includes a dozen new empirical papers from the wild and cap-
tivity illustrating why anyone wanting to understand humans or chimpanzees
must also know bonobos. Bonobos are not only equal to chimpanzees as our
relatives, but they are also unique (see Table 1). The majority of papers in
this issue show that whether you are interested in the evolution of culture
and tool use, social relationships and sharing or foraging ecology and cogni-
tion, bonobos have a major contribution to make.

The bonobo female is the focus of four papers that further show exactly
how unusual bonobo female relationships are. Stevens and colleagues exam-
ine relationship value in bonobos by observing social interactions in one of
the world’s largest zoo colonies of bonobos. They report that unlike chim-
panzees who show the strongest relationship values between males, bonobos
show the strongest values between females. Ryu and colleagues present ev-
idence that bonobo swellings may act to attract females as much as males.
In comparison to female chimpanzees whose swellings are only attractive
to males and act as honest indicators of ovulation, bonobos are more like
humans in disguising their ovulation. Ryu and colleagues present new evi-
dence that the extended swelling cycle in bonobos is as crucial to cementing
relationships between females as they are in attracting males. Clay and de
Waal revisit the question of the function of bonobo sexual contact. They
find evidence that bonobo sexual contact is in large part about conflict res-
olution. Bonobos — and in particular female bonobos — often make social
sexual contact during reconciliation or consolation events following a con-
flict. Unlike chimpanzees, bonobos are able to use genital contact and social
sexual behaviour to maintain relatively low intensity aggression. Finally, Ya-
mamoto reports that the bonobos at the Wamba field site frequently shared
pieces of large fruit that are seasonally available. Unlike chimpanzees where
most sharing occurs between males, in bonobos the majority of sharing oc-
curred between adult females. In addition, this paper suggests the existence
of ‘courtesy’ food sharing characterized by begging for social bond rather
than food itself, since the recipients begged for fruit, which could be ob-
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tained by themselves without any cooperation or specialized skills. This is
proposed to enhance female—female bonding in bonobos. All four papers
provide further evidence that the behaviour and psychology of bonobo fe-
males is radically different from that observed in chimpanzees.

Foraging behaviour and cognition of bonobos is the focus of three papers
that each show important ways that bonobos spatial cognition differs remark-
ably from chimpanzees. Beaune and colleagues present years of field data
from the Lui Katole site that shows the pattern of seed dispersal in bonobos.
They find that in violation of optimal foraging theory bonobos homoge-
nously disperse a variety of fruits that vary in both the quality and quantity
at the patch of origin. Plants are thought to evolve strategies to manipulate
the dispersal patterns of their dispersers, but this is not the case in bonobos
apparently. Instead, bonobos uniformly disperse seeds a minimum of 100 m
and typically as much as a kilometre away from their origin. This suggests
that the quality and quantity of food a tree provides does not affect the for-
aging decisions that bonobos make on a daily basis. Two studies on foraging
cognition might help explain how cognitive abilities may free bonobos from
being manipulated by plant evolution similar to other species. Rosati reports
a set of experiments that measure the spatial memory strategies that bonobos
rely on when searching for food. Bonobos are clearly not completely egocen-
tric and show evidence of using an allocentric — or more flexible landmark
based strategy to remember things. But what is most interesting is what is
not observed — a developmental shift seen in chimpanzees. Further, Wobber
and Herrmann test for the possible link between testosterone and cognition
found in other species. While they find the familiar pattern of male testos-
terone and spatial cognition being linked in chimpanzees they find no such
link in male bonobos. This adds to the growing evidence that the hormonal
profile of bonobos — and in particular male bonobos — seems to differ sig-
nificantly from chimpanzees. Bonobos are the ultimate seed dispersers in
the Congo Basin, have the ability to use landmarks when finding things in
space but violate optimal foraging theory, and unlike chimpanzees develop
these abilities differently and are unaffected by testosterone. Bonobos seem
to break all the rules when it comes to foraging.

Two papers are relevant to solving the puzzle of why bonobos are expert
extractive foragers in captivity but have never been seen using tools to ob-
tain food in the wild. Furuichi and colleagues provide powerful new data
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from Wamba to document that while bonobos do have a rich tool use tra-
dition in Wamba they do not use tools from extractive foraging as seen in
chimpanzees at a comparable site in Congo-Brazzaville. More interesting is
the fact that ecological differences between the two sites do not seem to ex-
plain the prevalence of extractive foraging in the chimpanzees and the lack
of this type of tool use in bonobos. Hopkins and colleagues conducted ex-
perimental comparisons of handedness in bonobos and chimpanzees. While
chimpanzees have been repeatedly shown to show right hand bias, bonobos
do not show the same lateralized pattern as chimpanzees. Hopkins and col-
leagues suggest that the chimpanzee pattern may be a result of their increased
reliance on tools while the bonobo pattern may be more representative of the
basal state in our last common ancestor. The two papers raise as many ques-
tions as they answer and make bonobo tool use one of the biggest puzzles
within cognitive ethology.

What is particularly exciting is that for the first time captive and wild
bonobos are regularly being directly compared to chimpanzees. This work
is not only highlighting ways in which bonobos are different, but also sur-
prising ways they are the same. Finding similarity is as important as finding
differences since it puts any differences into a larger phenotypic context.
Three papers in this issue also reveal surprising similarities. Maclean and
Hare test the hypothesis that bonobos will be more skilled at reading human
cooperative — communicative intentions than chimpanzees. Despite their
prediction both species were equally skilled in reading cooperative — com-
municative gestures and equally unskillful at reading the same gestures in a
more competitive context. The results suggest that both bonobos and chim-
panzees differ from human infants in their use of human gestures in a similar
way. Tan and colleagues tested whether bonobos would show a prosocial ten-
dency in what has become a ‘standard’ paradigm to test for proactive sharing
in nonhumans. Despite recent evidence suggesting that bonobos might show
a strong tendency to share in this same paradigm where chimpanzees do not,
the authors found no evidence for proactive sharing. However, they interpret
the results to suggest that there are major limitations to the paradigm used
and that it should be abandoned in favor of other assessments of prosociality
that have been successfully validated across species. Finally, Schroepfer-
Walker and Hare experimentally measure the effect of grooming and play
on the social preferences of bonobos and chimpanzees. While it has long
been assumed that non-food social currencies such as grooming and play
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carry social value, this assumption has never been explicitly tested. The au-
thors find that both bonobos and chimpanzees shift their preferences toward
a human who recently groomed or played with them even though no food
was exchanged. Both species can shift social preference based on the social
currency of grooming or play alone. Interestingly against the authors pre-
dictions the two species did not differ in how their preferences shifted with
males of both species showing a robust effect and females showing a small
or non-significant shift.

Taken together this new body of work clearly shows that progress is be-
ing made understanding in what way bonobos and chimpanzees share traits
and where they do not — as well as pointing to very exciting directions
for future research. Given the quantity and quality of research being pro-
duced, we predict a very exciting future for bonobo research. This means
the future is also bright for a better understanding of our species’ evolution
as well as understanding primate behaviour more generally. Despite grow-
ing momentum there are still major pieces of infrastructure that are missing
for sustainable growth. The first and most obvious is the simple fact that
we are unaware of a dedicated bonobo field researcher that has received a
tenure-tracked assistant professorship at a major research university in the
past decade or more. Over the same period a host of researchers focused pri-
marily on chimpanzee behaviour have deservedly taken up positions at top
universities. Things should become more balanced soon as a new crop of
young bonobo researchers — many of whom published in this issue — are
reaching the stage where they will successfully compete for future positions.
Likewise, as more high impact research is produced departments will want
to lead in this exciting area of research. Another gap that must be filled is the
shortage of Congolese scientists that focus primarily on bonobo behaviour
or conservation (i.e., only one paper in the current Special Issue includes a
Congolese collaborator). It will be these scientists that teach the Congolese
public, politicians and students about the value of the only ape that is 100%
Congolese. Finally, primatologists across the board desperately need to pivot
to Asia. China, in particular, is having increasing influence on all areas where
endangered primates live — the Congo Basin being no exception. Students
need to be recruited from China to work with apes in Africa, conferences
on conservation need to be held there and Chinese academics and zoological
societies must be engaged to build a vibrant conservation community that
can respectfully respond to future challenges. We are hopeful that progress
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will be made in these areas rapidly and we hope that this Special Issue plays
a small role in moving bonobo research into the forefront where it belongs.
The bonobo is forgotten no more!
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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.

Keywords
social organisation, Pan paniscus, relationship quality.

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 0 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 PCA1, 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.

J.M.G. Stevens et al.

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 4+ 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

Brian Hare and Shinya Yamamoto - 978-90-04-30417-8
Heruntergeladen von Bril.com10/14/2019 09:14:20AM
via free access



Relationship quality in captive bonobo groups 271 [25]

Value Compatibility

o
e
.

o

(4]

(=]

E-Y

o

(o]

o
i

Mean component scores per dyad +/- SE
=)
N o

B female female dyads Ofemale-male dyads B male-male dyads

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
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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 PCAs, 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 (Ihobe, 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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Abstract

Perineal sexual skin swelling in relation to menstrual cycle occurs in a variety of primate taxa.
However, sexual swelling with exaggerated size and colour is found only in some Old World
monkeys and the two Pan species. Although several hypotheses have been proposed (e.g., reliable
indicator hypothesis and graded signal hypothesis), it seems unlikely that a single explanation can
account for the significance of the sexual swelling in all of these species. Bonobos (Pan paniscus)
provide an excellent opportunity for studying sexual swelling since they have the most prolonged
maximal swelling periods among primates. In this study we propose a new hypothesis that sexual
swelling in female bonobos increases their attractiveness to other females and thereby facilitates
affiliative social interaction with them. We found that free-ranging female bonobos with maximal
sexual swelling engaged in affiliative social interactions with other females, including genito-
genital rubbing, staying in close proximity and grooming, more frequently than females without
maximal swelling. These tendencies suggest that females with maximal swelling were attractive
to other females. The results also suggest that the benefits of maximal swelling might vary among
females depending on their life-history stage. In particular, young females may get more benefits
from prolonged maximal swelling through increased grooming reciprocity and staying in close
proximity to other females. Thus our study supported the hypothesis that one function of prolonged
maximal swelling in bonobos is to increase attractiveness to other females, thereby enhancing
affiliative relationships between females in a male-philopatric social system.

Keywords
sexual swelling, female bonobos, life-history, social interactions.

1. Introduction

The term sexual swelling is used to describe swelling of the skin of the per-
ineum in relation to the menstrual cycle of females. It has been described
in a variety of primate species including prosimians (e.g., ring-tailed lemur,
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Lemur catta (Jolly, 1966), and Horsfield’s tarsier, Tarsius bancanus (Wright
et al., 1986)), Old World monkeys (e.g., Japanese macaques, Macaca fus-
cata (Tokuda, 1961) and baboons, Papio hamadryas (Pocock, 1906)), and
ape species (e.g., bonobos, Pan paniscus (Savage-Rumbaugh & Wilkerson,
1978; Kuroda, 1980) and chimpanzees, Pan troglodytes (Zuckerman & Ful-
ton, 1934)).

Sexual swelling of very conspicuous size and colour, which has been
described as ‘exaggerated sexual swelling” (Nunn, 1999), is found only in
several Old World monkey species and the two Pan species. In the rest of
this paper, the term ‘sexual swelling’ is used synonymously with Nunn’s
(1999) definition of the exaggerated sexual swelling. It has also been sug-
gested that this conspicuous sexual swelling has evolved independently in
Old World anthropoids at least three times (Dixson, 1983; Nunn, 1999). In
many species, sexual swelling reaches its maximal size near ovulation (e.g.,
Macaca nigra (Dixson, 1977); Papio anubis and Papio cynocephalus (Hen-
drickx & Kraemer, 1969); and Pan troglodytes (Dahl et al., 1991)) and most
mating activity is concentrated in the maximal swelling periods (Saayman,
1970; Furuichi, 1987; Bercovitch, 1988; Wallis, 1992; Young et al., 2013).
Sexual swelling is thought to incur some cost for females, such as possi-
ble hindrance of metabolism from water retention (Nunn, 1999), increased
chance of injuries (Hausfater, 1975) and increased body weight (Bielert &
Busse, 1983), which can increase the energetic cost of locomotion (Nunn,
1999). Therefore, it is assumed that there must also be advantages to females
of having sexual swelling that outweigh the costs (Nunn, 1999; Zinner et al.,
2004; Alberts & Fitzpatrick, 2012).

Several hypotheses have been proposed to explain the function and evolu-
tion of sexual swelling in the context of female reproductive strategies. Some
researchers have suggested that sexual swelling invokes frequent promiscu-
ous mating and inter-male competition that are beneficial for females (the
best-male hypothesis (Clutton-Brock & Harvey, 1976); many-male hypothe-
sis (Hrdy & Whitten, 1987)). Others have suggested that the sexual swelling
encourages dominant males to mate-guard and recognize paternity by accu-
rately indicating the timing of ovulation, and thus to provide support for the
females and/or offspring (obvious-ovulation hypothesis (Hamilton, 1984);
male-services hypothesis (reviewed in Nunn, 1999); and paternal care hy-
pothesis (Alberts & Fitzpatrick, 2012)). Other explanations include a com-
prehensive hypothesis which puts together the functions of sexual swelling
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derived from several hypotheses (graded signal hypothesis; Nunn, 1999) and
the reliable quality indicator hypothesis (Pagel, 1994) which assumes that
sexual swelling may indicate reproductive value of females. Furthermore,
some groups of researchers have suggested variations of a social passport hy-
pothesis. For example, that sexual swelling facilitates between-group transfer
of adolescent females by showing resident males their oestrous status (An-
derson & Bielert, 1994), increases support from males in female—female
competitive situations especially during immigration (Boesch & Boesch-
Achermann, 2000), or helps female—female interactions (Paoli et al., 2006).
However, it seems unlikely that a single benefit inferred from a single hy-
pothesis could account for all aspects of the phenomenon in all taxa. Al-
though sexual swelling is found only in species with multi-male societies
(Clutton-Brock & Harvey, 1976), social systems vary among those species.
It seems likely, therefore, that benefits of sexual swelling for females also
differ between species and should be considered in the context of the social
system in which they occur.

Bonobos (Pan paniscus) provide a unique opportunity for examining the
function of sexual swelling as they have very prolonged periods of maxi-
mal swelling (Thompson-Handler et al., 1984; Furuichi, 1987; Dahl et al.,
1991; Kano, 1992) and also females that achieve high social status in a male
philopatric society (Furuichi, 1997, 2011; Surbeck et al., 2011). In many pri-
mate species sexual swelling reaches its maximal size near ovulation (Wildt
et al., 1977; Dahl et al., 1991; Emery & Whitten, 2003; Young et al., 2013)
and affects male behaviours related to mating, such as consortship (Tokuda,
1961; Hall & de Vore, 1965; Hill, 1987) or coercive mate guarding (Smuts &
Smuts, 1993; Muller et al., 2007). However, bonobos seem to deviate from
this general trend, since the timing of their ovulation and onset of maximal
swelling are highly variable (Furuichi, 1987; Heistermann et al., 1996; van
Schaik et al., 2000; Reichert et al., 2002, but also see Surbeck et al., 2011)
even compared with those of chimpanzees (Deschner et al., 2003). The high
level of variation of timing of ovulation and onset of maximal swelling in this
species seem to reflect effects of very prolonged periods of maximal swelling
(Furuichi, 1987) of female bonobos. Therefore the key to understanding sex-
ual swelling in bonobos may be found in the prolonged period of maximal
swelling, which sometimes continues for more than 20 days (Furuichi, 1987;
Ryu, unpublished data).
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Most previous research on the prolonged period of maximal swelling in
bonobos has focused on its role in controlling the behaviour of males, by
making females attractive to males even outside the oestrous periods (Fu-
ruichi, 1987, 2011; Kano, 1992; de Waal, 1995). This manipulative function
of sexual swelling has been noted with the fact that there is no known case
of coercive mate guarding and infanticide by males in bonobos (Furuichi
& Hashimoto, 2004; Paoli, 2009). It is, therefore, recognized as a success-
ful female counter-strategy toward male mating strategy. However, without
considering that female—female and female—-male bonding play an important
social role and that sexual swelling seems to have an important role in so-
cial bonding (Parish, 1994; Furuichi, 2011) in this male philopatric species,
it will be impossible for us to reach a comprehensive understanding of the
role and evolution of sexual swelling. Therefore it is important to take, not
only mating-related function, but also function for social bonding into ac-
count for better understanding. This will provide a new direction and another
important dimension for future studies. Some researchers have already men-
tioned other possible functions of this prolonged sexual swelling, such as
maximal sexual swelling for genito-genital rubbing (hereafter g-g rubbing;
Kuroda, 1980) rather than copulations (Takahata et al., 1996), or provid-
ing protection against male coercion by attracting other females rather than
males (Paoli et al., 2006; Paoli, 2009), but these have not been considered
thoroughly, or examined quantitatively. Considering the finding that g-g rub-
bing increases for females with maximal swelling (Kano, 1992; Hohmann &
Fruth, 2000, but also see Takahata et al., 1996), it is reasonable to assume
that sexual swelling influences female—female social relationships in bono-
bos (Kano, 1992; Takahata et al., 1996; Paoli et al., 2006). In bonobos, new
immigrant females, which are likely to have no stable social relationship with
others in the group, are eager to interact with senior females (Furuichi, 1989;
Idani, 1991), and such new immigrant females show very long-lasting max-
imal swelling (Furuichi, 1987). Therefore, if females can gain benefits from
having maximal swellings in terms of their social interactions with other fe-
males, those benefits are likely to vary in relation to their life-history stage.

Based on these characteristics, we hypothesized that one function of pro-
longed sexual swelling in bonobos is to increase attractiveness to other
females and facilitate social interaction with them (Swelling for female at-
traction). This hypothesis leads to the following predictions:
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1. Females with maximal swelling will be invited and/or engage in g-g
rubbing more frequently than females without maximal swelling.

2. Females with maximal swelling will have more females in close prox-
imity to them than females without maximal swelling.

3. Females with maximal swelling will spend more time in grooming inter-
actions with other females than females without maximal swelling.

4. Young females with maximal swelling will receive more reciprocated
grooming in interactions with other females.

To test this hypothesis and its predictions, we first investigated frequency
of g-g rubbing as well as copulation in relation to age and swelling status.
Second, we compared the number of females found within 1 m or 5 m of
the focal animal, and those found in the same party. Finally, we investigated
the frequency and reciprocity of grooming interactions in relation to age and
swelling status of females.

2. Materials and methods
2.1. Study site and subjects

Data were collected at the long-term bonobo field site at Wamba in the
northern sector of the Luo Scientific Reserve, D.R. Congo (Kano, 1992;
Furuichi et al., 2012). The research camp is situated in the center of the
northern section of the reserve (0°11'07.6”N, 22°37'57.5"E; WGS84). One
fully habituated unit-group (or community) of free-ranging wild bonobos,
called E1 group, was followed. From 1974 to 1996 researchers conducted
field research using provisioning. Field research was stopped in 1996 by the
civil war. Since researchers resumed field research in 2003, no artificial food
has been provided. E1 group ranges over primary, old and young secondary,
and swamp forests and sometimes agricultural fields (Mulavwa et al., 2010).
January and February have less rain (Mulavwa et al., 2008), although there
is no clear division of dry season and rainy season.

The E1 group consisted of 28 to 31 individuals, including 7 adult and
3 adolescent males and 9 adult and 2 adolescent females during the study
periods. Nine adult females, whose estimated ages ranged from 14 to 41
years old in 2012, were the targets of focal sampling (Altmann, 1974). All of
them had immigrated into the E1 group and had successfully given birth at
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least once after their immigration. Among the 9 adult females, 2 females who
were more than 38 years old (Table 1) were classified as old, and 4 females
from 21 to 29 years old were classified as middle-aged. Three females of less
than 20 years old were classified as young. All of the young adult females
had just one record of successful parturition in the E1 group after their
immigration and had an infant during the study periods. One of 2 adolescent
females (Nc) was the daughter of the oldest female (No) and the other (Zn)
immigrated in October 2011, and they were not included in focal sampling.
Hs and SI were already members of the E1 group at the time that field
study was resumed in 2003, therefore their immigration was earlier than
August 2003. Yk and Jk joined the E1 group in 2004 with infants, which
was considered a possible example of group fusion (for more details, see
Hashimoto et al., 2008).

2.2. Assessment of sexual skin swelling

Sexual swelling was scored on a daily basis in relation to firmness and size of
each individual (Furuichi, 1987). Based on these records, the sexual swelling
status of females was assigned to one of three categories: non-swelling
(swl), intermediate swelling (sw2) and maximal swelling (sw3). Firmness
of sexual swelling was the key feature used to distinguish sw3 from sw2
since the size of swelling between 2 and 3, especially of young females, was
not very different. Moreover because of great individual variation in swelling
size, it has been suggested that firmness is a more reliable measure of sexual
swelling in bonobo than size (Furuichi, 1987). To avoid observation errors
and individual bias in the assessment of sexual skin swelling, at least one
researcher and two research assistants discussed the swelling status of each
female during field observations and during daily meetings in the evening.
Sexual swelling of one female (SI) did not reach sw3 during the study pe-
riods. This might reflect its pregnancy and postnatal infertility since it gave
birth in December 2012 and was nursing its infant until the end of the second
study period.

2.3. Behavioural observation

Data were collected by the first author from September 2011 to January
2012, and June to September 2012. During the study period, bonobos were
followed for 1004.6 h on 134 days (7.57 & 2.46 h per day). Bonobos were
followed from their night beds, located before 06:00 h, until they made new
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night beds, usually later than 17:00 h, by one or two researchers and at least
two research assistants (one mainly followed the main party and the other
usually helped researchers). Bonobos live in fission—fusion social systems
(Kuroda, 1979; Kano, 1982; White, 1988), in which the composition of the
membership of a party changes continuously (Aureli et al., 2008). When they
split into several parties during daily ranging, the largest party was followed
as far as possible. Party composition was recorded every single hour during
party following (the 1-h party method; Hashimoto et al., 2001).

While bonobos were followed, one of the females in the party was ran-
domly selected for continuous focal sampling. A random order for focal
sampling for each day was generated before the beginning of daily obser-
vation. After bonobos were located in the morning at their bed site, HR and
one research assistant looked for the first animal in the random sampling or-
der for at least 30 min. If we could not find the first one, we moved to the next
one in the order, and so on. Some females had priority for focal animal selec-
tion because of a shortage of focal sampling data for them which was mainly
due to the fission—fusion social system (sometimes some females were not
observed for more than a week). One focal session was continued for 20 min
and if a focal animal could not be located for more than 5 min within a focal
session, the focal sampling was terminated. To keep a degree of indepen-
dence of focal sampling of the same individual, focal follows for the same
individual were separated by at least 100 min. Within a focal session, all
activities (e.g., feeding, moving, resting, grooming, agonistic interactions)
involving the focal animal were recorded. All rare events, such as agonistic
interactions (e.g., bite, hit, push and chase), copulations (Hashimoto, 1997)
and g-g rubbing (Kuroda, 1980), which were observed during focal animals
and parties following, were recorded. At the beginning of a focal session and
every 5 min within the session (in total 5 scan points in a focal session), the
names of neighbouring individuals within 5 m of the focal animal and their
behaviours were recorded. The total focal following time for all individu-
als was 241.99 h (744 focal sessions; 26.89 =£ 0.39 h per individual) during
1004.3 h of party following on 134 days (7.57 & 2.46 h). The average length
of a focal session was 19.5 = 1.1 min and each focal session consisted of
4.83 4 0.42 scans (3591 scans in 744 focal sessions). More details for ob-
served hours of each individual in relation to swelling status are shown in
Table 1.
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2.4. Data analysis

All analyses were done using R 2.15.2 (R Core Team, 2012) in R-studio
0.97.248 (RStudio, 2012) with the following packages: Ime4 (Douglas et al.,
2012), glmmADMB (Sakug et al., 2012), nlme (Pinheiro et al., 2012), Imtest
(Zeileis & Hothorn, 2002), plyr (Wickham, 2002), fitdistrplus (Delignette-
Muller et al., 2012), ggplot2 (Wickham, 2009). We used generalized lin-
ear mixed models (GLMM) or linear mixed models (LMM) to control
for random effects of individual differences in the models. All models in-
cluded swelling status (3 levels; non-swelling, intermediate swelling, max-
imal swelling) and age classes (3 levels; old, middle, young) as predictor
variables. Interactions between swelling status and age classes were also
examined in the models by visual inspection rather than by numerical in-
spection with data explorations, to avoid too many variables in the model.

2.5. Analysis of copulation and genito-genital rubbing (g-g rubbing)

To compare the frequency of copulation and g-g rubbing of females in rela-
tion to sexual swelling status, we used a generalized linear mixed model with
negative binomial distribution (GLMM; Zuur et al., 2009). To examine the
effects of swelling status and age on frequency of copulation and g-g rub-
bing (response variables), we included swelling status (3 levels: sw1-3) and
age class (3 levels: young, middle, old) as predictor variables and ID of in-
dividuals as random variables in the model. Repeated copulations within the
same dyad within 5 min (without any interruptions by others or copulation
with others between repeated copulation) were considered to be one event.
The number of copulations and g-g rubbing interactions on each day for each
female were response variables. Most of copulations and g-g rubbings which
occurred within an observed party were detected by researchers and research
assistants. However, because of the fission—fusion social system, daily ob-
served time for each individual was different from each other. To control for
the difference of observation time among individuals, we included the num-
ber of 1-h parties in which each female was observed in a day as an offset
term in the model.

2.6. Analysis of neighbouring female pattern

To examine whether a female with maximal swelling attracted more fe-
males than females with other swelling status (non-swelling or intermediate
swelling), the number of females in proximity to the focal females was
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analysed using GLMM with negative binomial distribution. Two separate
GLMMs were conducted, including the number of females within 1 m and
5 m respectively in response variables, with swelling status and age classes
as predictor variables. Because one focal session consisted of several scan
points (4.83 £ 0.42 scan points), each scan point could be related to oth-
ers to some degree. To control for this spatio-temporal autocorrelation, each
scan in a focal session was nested in a focal session and the IDs of focal
individuals were included as random variables in the model. Because it was
also possible that spatio-temporal distribution of females in a 1-h party could
have some effect on the neighbouring females, the number of females in a
1-h party (response variable) in relation to swelling status and age class (pre-
dictor variable) were also examined by running another GLMM.

2.7. Analysis of grooming interactions

Because bonobos almost exclusively engaged in dyadic grooming interac-
tions and very rarely in mutual grooming interactions (Sakamaki, 2013), we
analysed only dyadic grooming interactions without mutual grooming (mu-
tual grooming was observed only once in one dyad for 40 s in this study). To
examine the effect of sexual swelling and age on the grooming interactions of
females (which might reflect sociality of females), first, we examined occur-
rence of grooming in each focal session (response variable 0 or 1) in relation
to swelling status and age class (predictor variables) by running a GLMM.
Second, we compared the grooming reciprocity index (response variable)
only in the focal sessions in which grooming interaction was observed us-
ing a linear mixed model (LMM), to examine the effect of sexual swelling
and age class (predictor variables) on grooming reciprocity. In these two-step
analyses, individual differences were controlled by including them as a ran-
dom effect of the model. The grooming reciprocity index was calculated as
follows:

R(A) = Ge(B) — Gr(A)/Ge(B) + Gr(A)

R(A): Grooming reciprocity index of A, while A was a focal animal
(grooming with B)

Gr(A): Z(A groomed B, while A was a focal animal)

Ge(B): Z(A groomed by B, while A was a focal animal)

The value of the grooming reciprocity index: R(A) ranges from —1 (which
means that A groomed B, but A was not groomed by B at all during the focal

Brian Hare and Shinya Yamamoto - 978-90-04-30417-8
Heruntergeladen von Bril.com10/14/2019 09:14:20AM
via free access



Prolonged sexual swelling of female bonobos 295 [49]

session) to 1 (which means that A was groomed by B, although A did not
groom B at all).

3. Results
3.1. Copulation in relation to swelling status and age

In total 275 copulations were observed involving 9 adult females and 10
adult and adolescent males. These comprised 208 copulation events, when
copulations that were repeated within 5 min were counted as one event.
Females with maximal sexual swelling had more copulations than females
with any other sexual swelling status (Figure 1a; for more details of GLMM,
see Table 2). Young females also had more copulations than middle-aged or
old females (Figure 1a; for more details of GLMM, see Table 2). The two
old females did not copulate outside of their maximal swelling periods.

3.2. G-g rubbing and solicitation of g-g rubbing in relation to swelling
status and age

184 cases of g-g rubbing were observed involving the 9 adult females. Fe-
males with maximal sexual swelling engaged in g-g rubbing more frequently
than females with non-maximal swelling (Figure 1b; for more details of
GLMM, see Table 2). There was no relationship between frequency of g-g
rubbing and age. G-g rubbing typically in feeding contexts, such as immedi-
ately after entering a fruiting tree, or after encountering a food item (89.8%;
141 out of 157 g-g rubbing interactions in which context could be clearly
confirmed). Because solicitation or initiation of g-g rubbing was confirmed
in only 54 cases out of 184 (29.3%), we did not conduct statistical analysis
for solicitation of the interaction. However, females with maximal swelling
solicited other females with maximal swelling most frequently; in 25 of 54
g-g rubbings (44.64%). The second most frequently observed solicitation
was between females with intermediate sexual swelling (16.07%), and the
third most frequently observed one was females with intermediate sexual
swelling soliciting females with maximal swelling (14.29%). Solicitation be-
tween other combinations of females was less than 10% for each.

3.3. Females in the proximity and in the same party

Focal females had other females within 1 m (including females in contact
with the focal females) in 17.3% of scans (621 of 3591), and the mean
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Figure 1. Mean number of copulations and g-g rubbing interactions per hour with standard
error. (a) Copulations in relation to swelling status and age. (b) G-g rubbing interactions in
relation to swelling status and age. This figure is published in colour in the online edition
of this journal, which can be accessed via http://booksandjournals.brillonline.com/content/

journals/1568539x.
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Table 2.
Negative binomial GLMM results of copulation and genito-genital rubbing in relation to
swelling status and age.

Predictor variable Copulation g-g rubbing

Estimate SE Z p(>|Z]|) Estimate SE VA p(>1Z])

Intercept —5.380 0.416 —12.94 <0.001 —5.782 0.540 —10.71 <0.001
Swelling 1 vs.3  —4.311 0.536 —8.04 <0.001* —1.629 0.387 —4.21 <0.001*
Swelling 2 vs.3  —2.357 0.383 —6.15 <0.001* —1.403 0.334 —4.20 <0.001*

Middle-aged —1.159 0.492 -2.35 0.019* —0.185 0.677 —-027 0.79
vs. Young
Old vs. Young —3.259 0.625 —5.21 <0.001* —0.830 0.807 —1.03 0.30

number of females within 1 m was 0.21 £ 0.51 (Figure 2a). Focal females
had other females within 5 m in 40.8% of scans (1465 of 3591), and the
mean number of females within 5 m was 0.63 &+ 0.93 (Figure 2b). Focal
females had 3.39 £ 2.23 female companions within the same 1-h party (Fig-
ure 2c¢). Females with maximal sexual swelling had more females within
1 m than those of other swelling status (GLMM; Table 3). Females with
maximal swelling did not have females within 5 m compared with non-
swelling females, although there was a significant difference compared with
females with intermediate swelling (GLMM; Table 3). Females with max-
imal swelling, joined larger parties which consisted of more females than
non-swelling females (Table 3), but there was no significant difference com-
pared with females with intermediate swelling (Table 3).

3.4. Grooming frequency

Grooming interactions involving the focal animal were observed in 14.9% of
focal sessions (111 focal sessions of 744). Females spent 8.69% of all focal
animal following time (20.99 focal following hours of 241.99) in grooming
interaction (swl: 7.71%; 5.79 h, sw2: 6.93%; 7.17 h, sw3: 12.74%; 8.04 h,
respectively). Comparison of the number of focal sessions (only in which
grooming interaction was observed) in relation to swelling status showed
that females with maximal swelling engaged in grooming interactions more
often than females of other swelling status (non-swelling: 12.6% (29 focal
sessions of 230), intermediate swelling: 12.8% (41 focal sessions of 320),
maximal swelling: 21.1% (41 focal sessions of 194); Figure 3a, GLMM,;
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Figure 2. Mean number of females within 1 m, 5 m and party. (a) Number of females within
1 m in relation to swelling status and age. (b) Number of females within 5 m in relation to
swelling status and age. (¢) Number of females in 1-h party in relation to swelling status
and age. This figure is published in colour in the online edition of this journal, which can be
accessed via http://booksandjournals.brillonline.com/content/journals/1568539x.
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Table 4). Young females engaged in grooming interactions more often than
old females, but not more than middle-aged females (GLMM; Table 4).

3.5. Grooming reciprocity

The grooming reciprocity index was calculated independently for 111 focal
sessions. Although old and middle-aged females seemed to have a higher
overall reciprocity index (old: 0.275, middle: 0.078, young: —0.332) which
might imply that they received more grooming than young females, this
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Figure 2. (Continued.)

difference was not statistically significant (Figure 3b, LMM; Table 4). Fe-
males with maximal swelling had significant higher reciprocity index scores
than those of intermediate swelling status (LMM; Table 4), but no difference
was found compared with non-swelling status (LMM; Table 4). Although
increase of reciprocity index of young females according to swelling sta-

Table 3.

Negative binomial GLMM results of number of females within 1 m, within 5 m and within
1-h party in relation to swelling status and age.

GLMM  Intercept Swelling1 Swelling2 Middle-aged Old
vs. 3 vs. 3 vs. Young  vs. Young
Within 1m  Estimate  —2.517 —0.613 —0.788 —0.069 —0.349
SE 0.240 0.257 0.239 0.224 0.267
z —10.480  —2.390 —3.300 —0.310 —1.310
p(>1Z])  <0.001 0.017* 0.001* 0.756 0.192
Within5m  Estimate  —0.933  —0.174 —0.307 —0.030 —0.196
SE 0.180 0.166 0.142 0.205 0.244
V4 —5.180  —1.050 —2.160 —0.150 —0.800
p(>|Z]) <0.001 0.295 0.031* 0.883 0.422
Within party ~ Estimate 1471  —0.350 —0.091 —0.082 —0.038
SE 0.046 0.053 0.049 0.046 0.054
VA 31.930 —6.560 —1.860 1.790 0.710
p(>1Z]) <0.001 <0.001* 0.063 0.073 0.473

* Significant difference (p < 0.05).
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Figure 3. Grooming frequency and reciprocity. (a) Proportion of focal sessions in which
grooming interaction was observed. (b) Grooming reciprocity index. Each box indicates
upper quartile and lower quartile and dots indicate outliers. This figure is published in colour
in the online edition of this journal, which can be accessed via http://booksandjournals.
brillonline.com/content/journals/1568539x.

tus appeared to be different from the tendencies found in the other two age
classes (Figure 3b), interaction between the two predictor variables (age class
and swelling) was not statistically significant. However, further analysis with
linear mixed model (LMM) on each age category revealed that there was no
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Table 4.

Binomial GLMM results of comparison of the number of focal sessions which included
grooming interactions and linear mixed model (LMM) result of comparison of grooming
reciprocity index in relation to swelling and age.

Predictor variable Focal session with grooming Grooming reciprocity index

Estimate SE VA p(>|Z|) Estimate SE T p(>|Z))

Intercept —-1.076 0.211 -5.10 <0.001 —0.205 0.174 —1.182 0.240
Swelling 1 vs.3  —0.610 0.271 —2.26 0.024* —0.072 0.147 —0.487 0.628
Swelling2vs.3  —0.612 0.246 —2.49 0.013* —0.259 0.124 —2.077 0.040*

Middle-aged —0.242 0.232 —1.04 0.296 0.340 0.221 1.541 0.174
vs. Young
Old vs. Young —0.668 0.300 —2.23 0.026*  0.630 0.266 2.372 0.055

* Significant difference (p < 0.05).

difference in grooming reciprocity index in middle-aged and old females
in relation to sexual swelling, but there was a significant difference among
swelling phases in young females. The pairwise test with LMM showed that
the reciprocity index in young females was significantly higher in maximal
swelling than in intermediate swelling (p = 0.013, t = —2.599, SE = 0.184),
though the difference between maximal swelling and non-swelling was a
non-significant tendency (p = 0.097, t = —1.695, SE = 0.098).

4. Discussion

Female bonobos are highly social (Furuichi, 1987; White, 1988; Kano, 1992;
Hohmann et al., 1999) and more central in their society than female chim-
panzees (Furuichi, 1989; Kano, 1992; Parish, 1994; Furuichi, 2011; Surbeck
et al., 2011). Previous studies have suggested that prolonged sexual swelling
of this species may contribute to the more female-centred society of bonobos
by diminishing the competitive element of male mating strategy (Furuichi,
2011; Surbeck et al., 2011). Although this study also supported the idea
that sexual swelling attracts males as a sexual signal, the four predictions
concerning female—female interactions were also supported. Thus our re-
sults support the hypothesis that the prolonged sexual swellings of female
bonobos also facilitate female—female interactions by making females with
maximal swelling more attractive to other females. Therefore, this study sug-
gests that prolonged sexual swelling might be a physiological adaptation in
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this species to maintain high level of affiliative social bonding among fe-
males and may contribute to high social status of females in the society (de
Waal, 1995; Parish et al., 2000; Furuichi, 2011). In addition, the function
of sexual swelling in bonobos and chimpanzees may differ in that sexual
swelling in chimpanzees seems to function mainly to attract males (Boesch
& Boesch-Achermann, 2000; Hashimoto et al., 2001). It would be very use-
ful to examine the extent of variation between populations or sub-species
in chimpanzees and bonobos for a better understanding of the function of
sexual swelling in Pan species.

4.1. Increased socio-sexual behaviour during the maximal swelling period
of females

Our data showed that the frequency of copulation was clearly related to the
swelling status in all age classes, which is consistent with previous reports
from wild populations (Furuichi, 1987; Surbeck et al., 2011). Although some
captive studies have reported that females copulated with males through-
out swelling cycles, with the exception of a few days (Savage-Rumbaugh
& Wilkerson, 1978; de Waal, 1995), this study showed that this tendency
was prominent for young females only. Young females (less than 5 years
of tenure) had higher copulation frequencies than other females even in non-
maximal swelling periods. By contrast, two old females never copulated with
males outside of maximal swelling status. This result may indicate that the
need for socio-sexual activity is greater for young females than old females,
because they have relatively short tenure in the group and therefore, may
be more vulnerable to competition even with males. On the other hand, it
could be that they need male support in agonistic interactions with other
females, which is predicted by the social passport hypothesis (Boesch &
Boesch-Achermann, 2000; Deschner & Boesch, 2007).

Considering the fact that g-g rubbing was most frequent in female dyads
with maximal swelling and this interaction occurs most frequently in feeding
contexts (89.8% in this study, 79.5% in Hohmann & Fruth, 2000), females
with maximal swelling can take advantage of their condition in feeding con-
texts. In particular, young females, whose rank is usually low (Furuichi,
1997; Ryu, unpublished data) and are, therefore, at a disadvantage in feeding
competition, can gain more benefits from keeping maximal swelling since
genito-genital rubbing requires body contact and therefore decreases dis-
tance and may also reduce tension between two participants (Furuichi, 1989;
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Hohmann & Fruth, 2000). This may also explain the benefits and the function
of very long-lasting maximal swelling of new immigrant females (Furuichi,
1987, 1992) although they were not the subjects of this study.

4.2. Increased social interaction and attractiveness of females with
maximal swelling

Females with maximal swelling tended to have more females in proximity,
and this tendency was more significant in 1 m proximity, which corresponds
to the ‘personal distance’ defined in the proxemics as established by Hall
(1966). Females with maximal swelling also had more females in the same
1-h party, although the difference between intermediate swelling and max-
imal swelling was not significant. These results suggest that females with
maximal swelling attended bigger parties, or that they attracted other females
to attend parties, although it was not possible to distinguish between these
two possibilities in this study.

It has been reported that time spent in proximity is highly correlated
with frequency of affiliative social interaction in primates (rhesus macaques
(Macaca mulatta) (Hill, 1987); baboon (Papio cynocephalus) (Silk et al.,
2003); ring-tailed lemurs (Lemur catta) (Sbeglia et al., 2010)) and, thus,
staying in very close proximity, such as within 1 m, probably facilitates social
interaction or at least indicates mutual or one-directional attraction among
females. Therefore, together with grooming interaction and g-g rubbing data
including solicitation of interaction, the increased number of females within
1 m of females with maximal swelling implies that females with maximal
swelling were attractive for other females for social interaction.

This study also suggested that sexual swelling played a positive role
in grooming interactions. The high frequency of grooming interactions of
young females is also compatible with previous reports that young females
had higher needs of social bonding with other females than older females
(Furuichi, 1989; Idani, 1991). This implies that the benefits and reason to
keep maximal swelling might vary in relation to female age. Although young
females showed lower grooming reciprocity indices in general, it shifted to
almost the same as old and middle-aged females when they had maximal
swelling.

Newly-immigrated young female bonobos show very prolonged periods
of maximal swelling (Furuichi, 1987, 1992) which were longer than adult
females which are already settled in the group. In chimpanzees, it has been

Brian Hare and Shinya Yamamoto - 978-90-04-30417-8
Heruntergeladen von Bril.com10/14/2019 09:14:20AM
via free access



[58] 304 H. Ryu et al.

suggested that maximal swelling of new immigrant females is to attract
males to facilitate the immigration process (Boesch & Boesch-Achermann,
2000). However this study provides an additional scenario in which maximal
swelling of new immigrant females in bonobos is also used to facilitate
female—female social interaction as well as male attraction. Increasing the
periods of maximal swelling may help new immigrant females to integrate
into the new group more easily. If females with maximal swelling are more
socially active and attract other females for social interactions with them,
prolonged periods of maximal swelling are more beneficial for immigrant
young females whose needs of social bonding with more senior females
seem to be greater (Furuichi, 1989; Idani, 1991).

Grooming in primates has been studied intensively and has been shown to
have important social functions in maintaining and strengthening social rela-
tionships (Seyfarth, 1977; McKenna, 1978; Hill, 1987; Spruijt et al., 1992),
regulating stress and tension (Spruijt et al., 1992), and may also function
as currency exchanged for tolerance or agonistic support (Henzi & Barrett,
1999). Therefore, increased reciprocity in grooming interactions of young
females with maximal swelling may result in direct benefits such as reduc-
ing stress, ecto-parasite load and facilitating social bonding. It may also help
young females to strengthen social bonding with other females in the long-
term. Such benefit seems to be greater for bonobos, in which senior females
tend to have high social status and play central social roles (Parish, 1994,
1996; Furuichi, 2011).

Overall, this study suggests that one of the keys to understanding the
function of sexual swelling in bonobos (especially for young females) is
increased attractiveness of females for social interactions during prolonged
maximal swelling periods. Female bonobos show prolonged periods of max-
imal swelling throughout their lifetimes (ca. 27% of time inter-birth interval
within the average 4.8 years birth interval; Furuichi & Hashimoto, 2002).
However, it is not reasonable to assume that these prolonged periods of max-
imal swelling evolved only for male attraction, since female bonobos showed
lower copulation rates than female chimpanzees (Furuichi & Hashimoto,
2002) during maximal swelling periods and also females can be receptive
even in non-maximal swelling cycles, as was found in young females in this
study.

Therefore we suggest, in conclusion, that attraction of other females has
become an additional function of sexual swelling in bonobos, which origi-
nally evolved as a sexual signal to males. In other words, prolonged periods
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of maximal swelling in bonobos may have evolved partly to facilitate social
interaction among females and may contribute to a female-centred social
structure by facilitating female—female bonding in a male-philopatric so-
ciety (White, 1988; Parish, 1994; Furuichi, 2011; Surbeck et al., 2011).
Together with the results of this study and previous suggestions that sex-
ual swellings have disappeared and re-emerged at least three times during
speciation (Nunn, 1999), the function of sexual swelling may differ among
species. Therefore, we suggest that it is useful to consider the demography
and socio-ecological factors of each species for a more comprehensive un-
derstanding of the function and evolution of sexual swelling in Old World
monkeys and apes.

During the long life-span of bonobos, they encounter demographical and
socio-environmental changes which have to be dealt with in order to live in
the group and minimize fitness loss. Therefore it seems to be more advanta-
geous for females if they have some degree of flexibility in the length of max-
imal swelling periods in relation to their life-history or socio-environmental
or demographical changes since sexual swelling also incurs some costs. Al-
though it has yet to be investigated thoroughly and quantitatively, there seems
to be some degree of flexibility and individual difference in occurrence of
maximal swelling (Furuichi, 1987; Furuichi, 1992). Long-term field study
will clarify this speculation about the flexibility of keeping maximal swelling
and will provide valuable perspectives on understanding female sexuality
and its evolution, not only in this species, but also in humans.
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Abstract

Sexual contacts are thought to play an important role in regulating social tension in bonobos (Pan
paniscus), and are especially common following aggressive conflicts, either between former op-
ponents or involving bystanders. Nevertheless, research on the factors determining post-conflict
sexual contacts, their effectiveness in reducing social tension and the nature of post-conflict sex-
ual behaviour is scarce. Here, we collected data on post-conflict affiliative contacts in bonobos
occurring between former opponents (reconciliation) and offered by bystanders towards victims
(consolation) to investigate the role of sexual contacts in the regulation of aggressive conflicts
compared to non-sexual affiliation behaviours. We tested whether post-conflict sexual contacts:
(1) alleviate stress, (2) confer reproductive benefits, (3) mediate food-related conflict and (4) re-
pair valuable social bonds. Thirty-six semi-free bonobos of all ages were observed at the Lola ya
Bonobo Sanctuary, DR Congo, using standardized Post-Conflict/Matched Control methods. Con-
solation and reconciliation were both marked by significant increases in the occurrence of sexual
behaviours. Reconciliation was almost exclusively characterized by sexual contacts, although con-
solation was also characterized by increases in non-sexual behaviours, such as embrace. Adults
were more likely to engage in post-conflict sexual contacts than younger bonobos. Consistent with
the stress-alleviation hypothesis, victims receiving sexual consolatory contact showed significantly
lower rates of self-scratching, a marker of stress in primates, compared to receiving non-sexual
contact. Post-conflict sexual contacts were not targeted towards valuable social partners and they
did not confer obvious reproductive benefits; nor were they used to mediate food-related conflicts.
Overall, results highlight the role of sex in regulating tension and social conflicts in bonobos.

Keywords
post-conflict behaviour, consolation, reconciliation, socio-sexual behaviour, tension regula-
tion, primate.
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1. Introduction

Bonobos (Pan paniscus) are well known for possessing a particularly rich
and heightened socio-sexuality (Thompson-Handler et al., 1984; de Waal,
1987, 1995; Furuichi, 1989; Kano, 1989; White, 1996; Hashimoto, 1997;
Hohmann & Fruth, 2000; Hohmann et al., 2009; Clay et al., 2011). Sex is
freely incorporated into their daily life, with individuals habitually engag-
ing in sexual interactions in all age and sex combinations. Bonobo females
remain sexually active across their sexual cycles and, unlike most other pri-
mates, engage in face-to-face sexual interactions (e.g., Thompson-Handler
et al., 1984; Kano, 1992; Paoli et al., 2006). Genito-genital contacts are
a hallmark of their socio-sexual behaviour, during which two individuals,
most commonly females, embrace ventro-ventrally, swing their hips later-
ally while keeping their vulva in contact (Kuroda, 1980; Hohmann & Fruth,
2000, Figure 1).

Socio-sexual contacts are thought to help regulate stress in bonobos, act-
ing as a kind of ‘social grease’, to alleviate tension and to facilitate peaceful
co-existence between group members, who generally lack close genetic ties
(de Waal, 1987; Hohmann & Fruth, 2000; Fruth & Hohmann, 2006). Con-
sistent with Hanby’s (1977) prediction about the stress relieving function
of primate socio-sexual contacts, most non-conceptive sexual behaviours in
bonobos occur within socially tense periods, such as feeding, anticipation of
feeding, inter-group interactions and following aggressive conflicts (Mori,
1983; de Waal, 1987; Manson et al., 1997; Hohmann & Fruth, 2000; Paoli et
al., 2006; Hohmann et al., 2009).

Like any socially foraging animal, feeding is a source of contention in
bonobos and sex appears to regulate feeding competition and facilitate food
sharing (i.e., Parish, 1994; Hohmann et al., 2009). For instance, individuals
offering sexual contacts to food possessors are more likely to gain access
to the feeding source (Kuroda, 1984; Thompson-Handler et al., 1984; de
Waal, 1987; Kano, 1992). With the relation between food and tension, most
studies focus have focused on socio-sexual behaviour in the feeding context
(e.g., Parish, 1994; Hohmann et al., 2009), consequently leaving investiga-
tion into its role in other contexts somewhat neglected. In one study how-
ever, Hohmann & Fruth (2000) showed that genital contacts in wild females
increased between opponents following conflicts, a finding that warrants fur-
ther investigation.
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Figure 1. Socio-sexual behaviour in bonobos. (A) Female—female genito-genital contact;
(B) a female bystander offering a genital touch towards a distressed victim following a
conflict. Photographer: Zanna Clay at Lola ya Bonobo Sanctuary.
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In response to the apparent scarcity of systematic data on bonobo socio-
sexual behaviour in other contexts, this study examined the use and function
of socio-sexual behaviours in another pertinent context, post-conflict interac-
tions. As post-conflict interactions have, themselves, received considerable
attention in the animal behaviour literature, it is useful to first lay out the ba-
sic framework and relevant concepts for studying post-conflict interactions
and why this context is interesting for exploring the use and function of sex
in bonobos.

Following aggressive conflicts, former opponents often engage in various
forms of affiliative contacts, a reparative process known as reconciliation
(de Waal & van Roosmalen, 1979; de Waal & Aureli, 1996; Arnold et al.,
2001). In bonobos, these contacts are more often sexual in nature (de Waal,
1987, 1992; Manson et al., 1997; Hohmann & Fruth, 2000; Palagi et al.,
2004), although various post-conflict behaviours are used in primates and
other animals (e.g., de Waal, 1989; Fraser et al., 2008). For instance, chim-
panzees reconcile primarily using embrace, kissing, ‘finger in mouth’ and
touching (Fraser et al., 2008). In addition to reconciliation, uninvolved by-
standers sometimes initiate affiliative contacts with one of the contestants,
typically the former victim (de Waal & Roosmalen, 1979; de Waal & Aureli,
1996). Bystanders can accrue various direct benefits by doing so, such as
protection from redirected aggression (e.g., Fraser et al., 2009). In a select
number of species, however, the offering of friendly contacts appears to be
more driven by a motivation to reduce the distress of a close social partner
or kin-member, based on an apparent absence of purely self-serving benefits
(chimpanzees, P. troglodytes: e.g., de Waal & van Roosmalen, 1979; Koski &
Sterck, 2007; Fraser & Aureli, 2008; Romero et al., 2011; bonobos: Palagi
et al., 2004; Clay & de Waal, 2013a; gorillas, Gorilla gorilla: Cordoni et
al., 2006; crows, C. corax: Fraser & Bugnyar, 2010: dogs, Canis familiaris:
Cools et al., 2008; wolves, C. lupus: Palagi & Cordoni, 2009: African ele-
phants, Loxodonta africana: Byrne et al., 2008). This type of affiliative act,
known as ‘consolation’, has been shown to be effective in reducing the recip-
ient distress (e.g., Fraser et al., 2008; Clay & de Waal, 2013a). With a shift
towards the other, consolation is considered an important bridge between ex-
pressions of empathy in animals and humans, as it suggests that the consoler
can recognize as well as respond appropriately to alleviate anothers’ distress
(e.g., Preston & de Waal, 2002; Romero et al., 2010).
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While sex is thought to play a key role during bonobo post-conflict in-
teractions (i.e., de Waal, 1987; Hohmann & Fruth, 2000), there has been
little systematic investigation. To address this, we used data collected on
post-conflict interactions of two large social groups of semi-free bonobos to
examine different hypotheses relating to the function of post-conflict sex-
ual contacts. We explored the tension regulation hypothesis, as despite much
discussion on the subject, there has been little empirical investigation into
its efficiency in reducing tension as opposed to other non-sexual affiliative
contacts. We compared this with three alternative hypotheses; post-conflict
sexual contacts confer reproductive benefits; post-conflict sexual contacts
resolve fights relating to food-competition and finally; post-conflict sexual
contacts repairs valuable social bonds.

1.1. Post-conflict sexual contact alleviates stress

Despite much discussion on the topic (e.g., Kuroda, 1984; de Waal, 1987;
Kano, 1989; Hohmann & Fruth, 2000; Fruth & Hohmann, 2006; Paoli et
al., 2006), the tension regulation hypothesis has only been directly tested in
one study (Hohmann et al., 2009), which examined the temporal relationship
between salivary cortisol, a biomarker for social stress (e.g., Sapolsky, 2004),
and genital contacts during a competitive feeding task. In this study, social
stress was induced by providing restricted or unrestricted access to food.
The results were equivocal. While the occurrence of genital contacts was
temporally associated with increased cortisol and with the anticipation of
food, higher rates of genital contacts did not correlate with greater reductions
in cortisol. However, this study suffered from methodological limitations
such as a small sample size and incomplete hormonal sampling. Moreover,
it only focused on genital contacts during competitive feeding, rather than
other forms of sexual behaviours and other contexts.

Applying the stress alleviation hypothesis to the post-conflict context, we
predicted that rates of self-scratching of victims, a behavioural marker of
social stress in primates (Maestripieri et al., 1992; Schino et al., 1996; Fraser
et al., 2008), should be lower in victims that had received sexual forms of
post-conflict affiliative contact rather than non-sexual ones.

1.2. Post-conflict sexual contact confers reproductive benefits

While post-conflict sexual behaviours are typically considered as social acts
in bonobos, copulations may also occur following conflicts and other socially
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tense periods (de Waal, 1987), suggesting that individuals could also confer
some reproductive benefits by offering or being offered copulations. These
benefits may be further enhanced by the fact that bonobo females exhibit an
especially prolonged period of oestrous compared to other primates, both in
terms of extended swelling cycles and in the duration of the peak swelling
phase (Thompson-Handler et al., 1984; Dahl, 1986; Blount, 1990). Under
this hypothesis, copulations should therefore be expected to be a regular form
of sexual contact; moreover, they should be primarily initiated by sexually
mature individuals to sexually mature recipients of the opposite sex.

1.3. Sexual contact mediates food-related conflicts

Numerous studies have shown a relationship between socio-sexual be-
haviours and feeding competition (e.g., de Waal, 1987; Parish, 1994; White,
1996; Hohmann et al., 2009). If sex mediates food-related conflicts, sex
should be more likely to occur following food-related conflicts than non-
food related conflicts.

1.4. Post-conflict sexual contact repairs valuable social bonds

It has been proposed that sexual contacts consolidate and repair social bonds
(de Waal, 1987, 1989; Hohmann & Fruth, 2000). This hypothesis predicts
that sex would be most likely between dyads sharing a strong affiliative
relationship. An alternative is that sexual contacts, more than non-sexual
contacts, are facilitated by the trust that exists in dyads with strong affiliative
relationships. Sexual contact in socially distant dyads may be perceived as
too risky and therefore be less common.

2. Methods
2.1. Study site and subjects

Observations were conducted at the Lola ya Bonobo Sanctuary, Kinshasa,
DR Congo. All information about the study site is provided in Clay & de
Waal (2013a, b), which is based on the same data set used here. We con-
ducted observations at the two largest enclosures, Group 1 and Group 2.
Group 1 comprised of 25 individuals (6 adult females, 3 adult males and
16 immatures) and Group 2 comprised of 17 individuals (3 adult females,
4 adult males and 10 immatures; Clay & de Waal, 2013a). As exact birth
dates for orphans were unknown, we used age estimates made by sanctuary
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veterinarians upon each bonobo’s arrival, which were adjusted based on mea-
surements of weight and patterns of dental emergence according to known
patterns of ape development (Wobber et al., 2010; Rosati & Hare, 2012). This
was validated by the known exact ages of individuals born at the sanctuary.

2.2. Data collection

From May—August 2011, observations were conducted by Z.C. and a trained
assistant throughout the day (N = 301 and 152 observation hours recorded
at Groups 1 and 2). We conducted all-occurrence observations of agonistic
interactions that included at least one of the following behavioural elements:
recipient fleeing and/or screaming in reaction to aggression, aggressor threat
barks/grunts, directed display charge, threat arm wave, chase, hit, trample,
slap, shove, poke, or bite. For each agonistic interaction, we recorded the
identities of the initial recipient of the aggression, termed the ‘victim’, and
the aggressor, as well as the identities of all visible bystanders. We also
recorded the conflict context (see Clay & de Waal, 2013a, b) and the con-
flict intensity, which ranged from (1) threat (hand shake, bipedal swagger,
threat bark, lunge); (2) directed display/charge without physical contact;
(3) chase pursuit/quick poke/shove; (4) single grab/hit/slap without biting;
(5) severe/multiple grab/hit or biting; to (6) injurious physical attack or bit-
ing (de Waal, 1988).

For each interaction, we conducted focal sampling of the victim using the
standardized Post Conflict-Matched Control method (de Waal & Yoshihara,
1983). Post-conflict (PC) focals consisted of a 10-min focal observation of
the victim immediately following the conflict. Each focal was matched with
a 10-min Matched Control (MC) focal of the same victim on the following
day (£2 days) at the same or closest possible time (£1 h). Further detail is
provided in Clay & de Waal (2013a, b). We recorded all instances of affilia-
tive contacts between the focal and the original opponent or any bystander.
We coded the occurrence of nine different classes of contact behaviours:
Embrace, Groom, Contact-sit, Touch, Play, Contact-peer, Pat, Hold and Sex-
ual contact behaviours (Embrace, actor places arm around the recipient;
Grooming, directed cleaning/inspection of the hair/skin; Contact-sit, sitting
in physical contact; Touch, soft touch/stroke to the recipient’s body, other
than genitals, using a non-genital body part; Play, wrestle/run/chase/tickle
with play face/laugh; Contact peer, approach close to peer at recipient, re-
sulting in contact; Pat, tap/pat contact onto recipient’s body using flat hand;
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Hold, grasp/hold onto recipient (generally when walking)). Sexual con-
tact included: Genito-genital rubbing (partners embrace ventro-ventrally and
swing their hips laterally, keeping their vulvae in contact), mounting (lateral
contact of the actors genitals behind the recipient and thrusting onto the re-
cipient’s behind), copulation (penile intromission and pelvic thrusting) and
genital touching (touching the recipient’s genitals using a non-genital body
part, such as hand). We recorded the initiator of each interaction, which was
the individual starting the interaction.

We collected data on rates of self-scratching per minute during all focals,
a behavioural marker of social stress in primates (Maestripieri et al., 1992;
Schino et al., 1996; Fraser et al., 2008). Focals were filmed using a Canon
Vixia HF200 HD Camcorder. Aside from interactions involving dependent
infants, interactions involving all individuals were included in the analyses.

In order to construct affinity matrices, instantaneous scan samples of all
visible individuals were carried out throughout the day at 10-min intervals.
The identities of all visible party members were recorded, followed by the
identities of all individuals engaging in: grooming, contact sitting, sitting
within arms reach, play or sexual contact (data on these state behaviours
are distinct to the focal data). We collected a total of 794 and 411 scans
at Groups 1 and 2, respectively. Interactions between all individuals, except
dependent infants, were recorded.

2.3. Ethical approval

We received permission from ‘Les Amis des Bonobos du Congo’ (ABC) and
full ethical approval from Les Amis de Bonobos du Congo (ABC) Scientific
Committee and its Scientific Coordinator to conduct this study. The study
complied with all legal requirements required for conducting research in the
DR Congo and was approved by Emory University’s IACUC committee.

2.4. Data analysis

In previous analyses, using the PC-MC method (de Waal & Yoshihara, 1983),
on the same data set used here, we demonstrated significant occurrence of
both consolation and reconciliation (Clay & de Waal, 2013a), where conso-
lation and reconciliation were defined as increased contact affiliation spon-
taneously offered by the bystander toward the victim or between opponents
during PC periods as compared with MCs. Having demonstrated consolation
using this data set, we broadened the definition of consolation in the present
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analyses to be the spontaneous offering of contact affiliation by a bystander
towards the victim. Likewise, reconciliation was defined as any affiliative
contact occurring between former opponents during the PC period. As we
were interested in affiliation offered by bystanders, any affiliations initiated
by the victim itself towards a bystander were excluded.

As we were interested in the behaviours offered during consolation, we
only examined PC interactions in which a bystander offered contact affilia-
tion to the victim, which resulted in N = 237 events. However, as previous
studies have shown that reconciliation can influence the occurrence of conso-
lation, we removed cases where consolation co-occurred with reconciliation.
This resulted in N = 175 interactions available for analysis (N = 31 victims,
N = 26 aggressors). For each interaction, we compared the occurrence of
different affiliation behaviours with those offered by bystanders to the same
victim during MCs (N = 139 MCs in which bystanders initiated contact af-
filiation). The lower number of MCs reflects the lower occurrence of contact
affiliations occurring during baseline periods (Clay & de Waal, 2013a).

We examined the behavioural nature of reconciliation. As there were very
few cases where reconciliation occurred in the absence of consolation, we
included reconciliation that occurred before consolation, resulting in N = 65
PC and N = 35 MC events.

2.4.1. The nature of consolation and reconciliation behaviour in bonobos

We used Generalized Linear Mixed Models (GLMM; binomial logit) to ex-
amine the extent to which PC periods influenced the offering of specific
forms of affiliation behaviours by bystanders towards victims (consolation)
and between opponents (reconciliation). We conducted GLMMs using the
‘Imer’ function in the R package ‘lme4’. To examine the role of sexual con-
tacts in PC interactions, we conducted a GLMM on the occurrence of sexual
contacts as the binomial dependent variable (yes/no) and context (PC or con-
trol) as the fixed factor. For consolation, these were sexual contacts initiated
by the bystander to the victim and for reconciliation, the sexual contacts
occurring between former opponents. All forms of sexual contacts were in-
cluded in the ‘sex’ category (explored individually in subsequent analyses).
We controlled for repeated sampling and inter-individual/group variation
by including five random effects: the identities of Victim, Aggressor and
Bystander; Group (1 or 2); and Interaction number. To compare between
sexual and non-sexual contacts, we conducted a GLMM on the occurrence
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of Embrace, Play and Grooming during PC periods as compared to con-
trols; behaviours all known to be especially relevant to social affiliation in
bonobo sociality. We conducted GLMMs on each of these behavioural types
using the same Fixed and Random Factors as above, with the occurrence
of a given behaviour (yes/no) entered as the binomial dependent variable.
We applied the Sidak correction in order to control for multiple comparisons
(e = 0.013). For reconciliation, we were not able to examine the frequency
of these non-sexual contact behaviours (Embrace, Play, Grooming) owing to
inadequate sample size of occurrence.

2.4.2. The use and determinants of post-conflict sexual contacts

In order to examine some of the determinants of PC sexual contacts, we
conducted a GLMM on the occurrence of sexual contacts (yes/no) as the
binomial dependent variable and the age (adult, adolescent, juvenile) and sex
(male, female) of the bystander and the victim as fixed factors. We included
the victim, bystander and aggressor identities as random factors, as well
as the Interaction number and Group number. We conducted GLMMs for
sexual contacts during consolation and during reconciliation. We computed
all possible models using different combinations of the predictor variables.
The best model was selected using the Akaike’s information criterion (AIC),
which compares multiple models and identifies the most parsimonious model
that best explains the variance of the dependent variable, while penalizing for
the number of variables in the model. The best model, as indicated by having
the lowest AIC value, is the best model to predict values of the dependent
variable in a new data set (Tabachnik & Fidell, 2001).

2.4.2.1. Does post-conflict sexual contact alleviate victim stress? Previ-
ously, using this data set, we demonstrated that consolation of any type
reduced victim self-scratching as compared to receiving no consolation (Clay
& de Waal, 2013a). In order to examine whether sexual contact had a more
effective stress-alleviating effect compared to non-sexual contact, we used
a Wilcoxon Signed Ranks test to compare mean victim self-scratch rates
(per min) during PC periods in which a bystander offered sexual contact
compared to non-sexual contact (i.e., touch, pat, groom, play). We removed
cases in which consolation co-occurred with reconciliation in order to control
for any confounding effects. We also examined whether victim self-scratch
rates were lower following the occurrence of reconciliatory sexual contacts
between compared to non-sexual reconciliation.
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2.4.2.2. Does post-conflict sexual contact confer reproductive benefits? To
examine whether PC sexual contact confers reproductive benefits, we com-
pared the proportions of conceptive sexual contacts (copulation) with non-
conceptive sexual contacts and calculated the percentage of sexual contacts
that could potentially result in conception (the frequencies of copulations oc-
curring between adult and adolescents). Adolescents were included based on
the fact that bonobo adolescents have been shown to be capable of concep-
tion/insemination (e.g., San Diego Zoo, Twycross Zoo, Lola ya Bonobo).

2.4.2.3. Does sexual contact mediate food-related conflicts? To explore
whether bonobos used sexual contacts to mediate food-related conflicts, we
used GLMMs to examine whether the occurrence of consolatory and rec-
onciliatory sexual contacts were more likely during food-related conflicts
than non-food related conflicts. For both the consolation and reconciliation
GLMMs, the occurrence of sexual contact (yes/no) was entered as the depen-
dent variable, and Feeding Context was entered as the fixed factor (feed/non-
feed). The random effects were the same as described above.

2.4.2.4. Does post-conflict sexual contact repair valuable social bonds?
Previously, we showed that consolation and reconciliation were positively
predicted by affiliation between victims and bystanders or, for reconcilia-
tion, between opponents (Clay & de Waal, 2013a, b). To examine whether
affiliation positively predicted the occurrence of sexual contacts, we ran con-
solation and reconciliation GLMMs, where occurrence of sexual contacts
(yes/no) was entered as the dependent variable and Affiliation was entered
as the fixed factor. Individual identities, group and file number were entered
as random factors.

3. Results
3.1. The nature of consolation and reconciliation behaviour in bonobos

There was considerable variation in the rates of different PC contact be-
haviours offered to victims by bystanders as compared to MCs (Figure 2).
A x’-test on the pooled frequencies of each different behavioural types
(N =9) revealed significant differences in their relative frequencies during
PC periods as compared to MCs (x2 = 101.70, df = 8, p < 0.001). Whereas
contact sitting, play, touch and grooming were typical during control peri-
ods, PC interactions showed notable increases in sexual behaviour, embrace,
holding and contact peering.
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Figure 2. Percentage of post-conflict contact affiliations that contained elements of one of
nine behavioral categories during (A) consolation or (B) reconciliation as compared to control
periods. The bar chart represents means & SEM that were based on mean % per bystander
(consolation) or per victim (reconciliation).

There was significant variation in the rates of different reconciliatory
contacts occurring between former opponents as compared to MCs (x? =
25.558, df = 8, p =0.0013). Again, sexual contacts were significantly more
likely between former opponents during PC periods as compared to controls
(B=1.876,S.E. = 0.594, Z = 3.008, p =0.002; Figure 2B). Despite inter-
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individual variation, sexual contact was used significantly more frequently
in reconciliation compared to in consolation (mean % of reconciliatory con-
tacts that were sexual: 50 &= 43.4%; mean % consolatory contacts that were
sexual = 28 + 22%; X2 = 5.466, df = 1, p = 0.019), suggesting sexual
contacts are important as a form of reconciliatory behaviour in bonobos.
While embracing slightly increased during PC periods, and control periods
were characterized by increased play and grooming, overall sample sizes for
these other behaviours were low and failed to show any significant differ-
ences (play: 8 = —0.672, S.E. = 0.645, Z = —1.042, p = 0.297; groom:
B =-0.098, S.E. =0.808, Z =—0.122, p =0.901).

3.2. The use and determinants of post-conflict sexual contacts

The best fitting GLMM model for consolation only included bystander age
(AIC = 332.75, x> =3.03, df = 0, p = 0.001). This model fitted sig-
nificantly better than the null model, which only included random factors
(p < 0.001). Adults were significantly more likely to offer sexual contacts
than juveniles (8 = 1.157, S.E. = 0.491, Z = 2.353, p < 0.019) or ado-
lescents (8 = 1.231, S.E. = 0.628, Z = 1.960, p < 0.050). However, there
was no effect of the age or sex of the bonobos these adult bystanders tar-
geted, as indicated by the removal of factors of victim age and sex. Similarly,
the model for reconciliation revealed that only victim age significantly con-
tributed to the best fitting model (AIC = 89.99, x? = —39.993, df = 0,
p < 0.001) with both juvenile and adolescent victims less likely to engage
in sexual reconciliation as compared to adults (adolescents: 8 = —3.002,
S.E.=1.107, Z = —2.712, p = 0.006; juveniles: § = —2.001, S.E. = 1.099,
Z =—1.820, p =0.068).

3.2.1. Does post-conflict sexual contact alleviate victim stress?

Mean rates of self-scratching were significantly reduced when victims re-
ceived sexual consolatory contacts (mean rate of self-scratching per vic-
tim (per min) after sexual consolatory contacts = 0.13 + 0.21, and after
non-sexual consolatory contacts = 0.36 4+ 0.32; Wilcoxon signed ranks
test on mean rates per individual victim: Z = —2.614, N; = 26, N, = 23,
p = 0.009, Figure 3). While the offering of sexual reconciliatory contact
showed a trend in the same direction (mean rate of self-scratching for sexual
reconciliatory contacts = 0.21 &£ 0.22, non-sexual reconciliatory contacts =
0.31 £ 0.25), sample sizes for paired analyses were very low and the result
was not significant (Z = —1.355, N =7 pairs, p = 0.17).
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Figure 3. Mean 4+ SEM rate of victim self-scratching during post-conflict periods in which
the victim received sexual or non-sexual consolatory contact.

3.2.2. Does post-conflict sexual contact confer reproductive benefits?
Against this hypothesis, copulations between reproductively viable partners
were extremely rare, with the vast majority of PC sexual contacts non-
reproductive in nature (i.e., 88% of N = 91 consolatory sexual contacts;
94.4% of N = 36 reconciliatory sexual contacts were non-reproductive). Of-
fering genito-genital contacts outweighed all other sexual behaviours in both
consolation and reconciliation (Figure 4). There were also no cases where
adult male bystanders or opponents initiated copulations with female vic-
tims. In the case of consolation, copulations were only initiated by adult
females and juvenile males (N =9 and N = 4, respectively), whose targets
were mostly non-adults. Only 6% of consolatory sexual contacts could po-
tentially have led to conception (N = 6 copulations were offered by adult
females to N = 1 adult male victim and to N = 5 adolescent male victims).
The reproductively viable sexual contacts (adult females and adolescent
males) are shown in Figure 5. No heterosexual copulations were observed
at all for reconciliation.

3.2.3. Does post-conflict sexual contact mediate food-related conflicts?
GLMM analyses revealed no significant relationship between the occurrence
of sexual behaviours and the conflict context for both consolation or rec-
onciliation, suggesting that sexual contacts were not used particularly for
mediating food-related conflicts (8 = —0.292, S.E. = 0.356, Z = —0.822,
p=0.411).
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Figure 4. Percentage of (A) consolatory sexual contacts initiated by bystanders to victims
and (B) reconciliatory sexual contacts occurring between former opponents. The bar chart
represents mean + SEM percentages, based on mean % of total sexual contacts offered per
bystander (A) or per victim (B) (N = 23 for consolation, N = 14 for reconciliation).

3.2.4. Does post-conflict sexual contact repair valuable social bonds?

The affiliative relationship between victims and bystanders (consolation) or
former opponents (reconciliation) had no significant effect on the occurrence
of PC sexual contact behaviours (8 = —0.387, S.E. = 0.232, Z = —1.667,
p = 0.096). In a subsequent analysis in which all kin dyads were removed,
the result still remained non-significant. Note that this analysis was specifi-
cally for sexual vs. non-sexual contacts, because overall we found affiliative
relationships to be a potential factor in predicting PC contact (Clay & de
Waal, 2013a).
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Figure 5. Percentage of sexual contacts initiated by sexually-mature males (N = 5 females,
N =7 males) and female bystander towards victims of aggression. Means == SEM were based
on mean % of sexual contacts offered per bystander per sex category (Male, Female).

4. Discussion

Following aggressive conflict, bonobos use a suite of sexual and, to a lesser
extent, non-sexual behaviours to reconcile with former opponents and, as
bystanders, to console distressed victims. Reconciliation and consolation
were marked by pronounced increases in sexual behaviours, which included
genito-genital contacts, mounting, genital touch and, to a lesser extent, cop-
ulation. Reconciliation was almost exclusively characterized by sexual con-
tacts. While sexual contacts were also the most frequently occurring conso-
latory behaviour, consolation included a rise in other behaviours (embrace,
touch, contact peering and holding). Grooming, play, and contact sitting
occurred more frequently during baseline, suggesting these behaviours are
more relevant for down-tempo social affiliation. Adults were more likely to
engage in post-conflict sexual behaviours than adolescents and juveniles, in-
dicating that the sexual nature of conflict resolution strengthens with age in
bonobos and that the mechanisms underlying post-conflict behaviours are
likely to vary across development.

In accordance with the tension regulation hypothesis, victims receiving
sexual contact showed significantly lower rates of self-scratching compared
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to receiving non-sexual consolatory contact. While receiving any form of
consolatory contact appears to be calming (as indicated by reduced self-
scratching: Clay & de Waal, 2013a, b), the results further specify that sex-
ual contacts are the most effective in doing so. Further research examining
the physiological and behavioural effects of post-conflict sexual contacts is
needed to further probe the role of sex in tension regulation in this species,
as well as to verify whether other differences between sexual and non-sexual
contacts, such as duration of bodily contact, may account for differences in
their effects. Moreover, as the artificially close proximity of bonobos within
the sanctuary setting may have resulted in increased reconciliation and con-
solation rates (i.e., individuals sleep together in dormitories at night, thus
reducing the possibility of post-conflict avoidance, see Palagi et al., 2006),
the next step is to verify whether similar effect exist in the wild.

Consistent with previous studies, genito-genital contacts were the most
frequently offered form of sexual contact (de Waal, 1987; Hohmann & Fruth,
2000; Paoli et al., 2006). Mounting and genital touches were also frequently
observed for both consolation and reconciliation. While, bonobos exhibit a
particularly heightened level of sexuality compared to other primates, their
use of genial touching and mounting during post-conflict periods appears to
reflect a broader relationship for primates between sex and social tension
(Hanby, 1977). In several species of macaques, for example, female—female
mounting and other forms of genital touching occur frequently during post-
conflict interactions (Macaca nemestrina: Oi, 1991; Flack & de Waal, 2007;
M. arctoides: Call et al., 1999, 2002; M. nigra: Dixson, 1977). Chimpanzees
frequently engage in post-conflict mounting and genital touching (i.e., testi-
cle shakes: Arnold et al., 2001; Romero et al., 2011), as well as during other
tense periods, such as during predator or inter-group encounters (Goodall et
al., 1979; Herbinger et al., 2009).

We did not find support for the hypothesis that post-conflict sexual con-
tacts are part of a reproductive strategy. Consolatory copulations were very
rare, with only 6% of all sexual contacts potentially resulting in conception.
Copulation was absent during reconciliation events. This is consistent with
a previous study showing an increase in non-conceptive but not conceptive
sexual behaviours during periods of short-term crowding and feeding (Palagi
et al., 2006).

Although feeding and the anticipation of feeding are associated with
socio-sexual behaviours in bonobos (Kuroda, 1984; Thompson-Handler et
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al., 1984; de Waal, 1987; Kano, 1992; Hohmann et al., 2009), we found no
evidence that socio-sexual behaviours were used to resolve conflicts arising
over food per se. Thus, while anticipation of potential competition or conflict
may induce tension (Hohmann et al., 2009) and consequently, trigger sexual
responses, sexual behaviours are not necessarily more effective than other
contact in mediating the conflict that ensues.

While we have previously shown that affiliation predicts the overall oc-
currence of consolation and reconciliation in bonobos (Clay & de Waal,
2013a, b), we did not find support for the hypothesis that post-conflict sex-
ual contacts were specifically directed towards close friends. This conse-
quently does not support the alternative possibility that sexual interactions
with socially-distant individuals are perceived as socially risky and thus
avoided. The non-significant effect prevailed in a subsequent analysis, where
kin dyads were removed, suggesting that this was not simply due to a correla-
tion between affiliation and relatedness. This pattern is somewhat consistent
with a study of post-conflict behaviour in stump-tailed macaques (Call et al.,
2002), which showed that victims both received and directed socio-sexual
behaviours to all non-kin recipients, regardless of affiliation level. The au-
thors suggested that post-conflict socio-sexual behaviours in stump-tailed
macaques, also a socially tolerant species, might reduce the risk of further or
ongoing aggression, while post-conflict allo-grooming behaviours repaired
damaged social relationships. However, our results did not show comparable
increases in grooming during post-conflict interactions, suggesting a differ-
ence between both species.

While questions remain, our study nevertheless suggests that studying
conflict dynamics in socially tolerant species, such as bonobos and stump
tailed-macaques, can provide a useful means to explore the complexities and
subtleties of triadic conflict interactions and to explore the role of sexual
behaviour in regulating social tension.
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Abstract

Food sharing is considered to be a driving force in the evolution of cooperation in human societies.
Previously postulated hypotheses for the mechanism and evolution of food sharing, e.g., reciprocity
and sharing-under-pressure, were primarily proposed on the basis of meat sharing in chimpanzees.
However, food sharing in bonobos has some remarkably different characteristics. Here I report
details pertaining to fruit sharing in wild bonobos in Wamba based on 150 events of junglesop fruit
sharing between independent individuals. The bonobos, primarily adult females, shared fruit that
could be obtained individually without any cooperation or specialized skills. There was no evidence
for reciprocal exchange, and their peaceful sharing seems to contradict the sharing-under-pressure
explanation. Subordinate females begged for abundant fruit from dominants; this might indicate
that they tested the dominants’ tolerance based on social bonds rather than simply begging for the
food itself, suggesting existence of courtesy food sharing in bonobos.

Keywords
bonobo, Pan paniscus, plant-food sharing, courtesy food sharing, begging for social
bond, prosocial behaviour, reciprocity, sharing-under-pressure.

1. Introduction

Food sharing is one of the most prevalent forms of prosocial behaviour in the
animal kingdom, and it has attracted much attention in investigations of the
evolution of cooperation. Why does the owner relinquish food rather than
keep it? This is the most basic and common question when discussing the
evolution of apparently non-self-rewarding acts. Sharing with dependent re-
lated offspring is relatively common in various animal taxa (Clutton-Brock,
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1991; Ydenberg, 1994; Brown et al., 2004), and its evolution can be ex-
plained by kin selection (Hamilton, 1964). In contrast, sharing among inde-
pendent individuals is far less common and the benefit of sharing is often
questioned or is controversial (Stevens & Gilby, 2004; Jaeggi & van Schaik,
2011). Considerable efforts have been made to find answers for these ques-
tions regarding the mechanism and evolution of food sharing by investigating
non-human primates, particularly chimpanzees (Pan troglodytes).

To explain non-kin sharing, two main hypotheses have been proposed on
the basis of previous studies involving chimpanzees: reciprocity and harass-
ment. The reciprocity hypothesis explains that animals share in exchange for
a past or future benefit (e.g., receiving the same food items or a different cur-
rency such as coalitions or mating). This hypothesis is supported by previous
studies on chimpanzees, which detected statistical associations between shar-
ing food with socially established partners (de Waal, 1989a, 1997; Mitani &
Watts, 2001; Hockings et al., 2007; Gomes & Boesch, 2009). In contrast,
the harassment hypothesis explains that there is an immediate benefit for
the owner. Thus, when the beggar negatively affects the owner’s feeding
rate, the owner may give up some food but retain the majority, i.e., shar-
ing to avoid further harassment from the beggar (‘sharing-under-pressure’:
Wrangham, 1975; ‘tolerated theft’ for human sharing: Blurton Jones, 1984).
This hypothesis is supported by some previous observational and experimen-
tal studies involving chimpanzees (Stevens, 2004; Gilby, 2006; Gilby et al.,
2010), and it provides a more simple and parsimonious explanation for shar-
ing behaviour (Stevens & Gilby, 2004; Stevens & Hauser, 2004). However,
these two hypotheses are not exclusive and each may partially explain the
sharing behaviour of chimpanzees (Jaeggi & van Schaik, 2011).

Previous studies have been mainly based on meat sharing among chim-
panzees (e.g., in Gombe: Teleki, 1973; Goodall, 1986; in Mahale: Kawanaka,
1982; Nishida et al., 1992; in Kibale: Mitani & Watts, 1999, 2001; and in
Tai: Boesch & Boesch, 1989; Boesch, 1994). Meat is a rare commodity and
at some sites might be difficult to obtain without cooperation between indi-
viduals (Boesch, 1994). Some researchers have claimed that the contribution
of an individual during cooperative hunting can predict the amount of meat
they obtain during the following sharing session (Boesch, 1994). This is why
sharing is often discussed in relation to hunting cooperation. In a compar-
ative context, adult male chimpanzees at Bossou often enter ‘risky’ parts
of their habitat to acquire large cultivated foods. In these cases, only a few
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‘brave’ adult males could be fruit owners, and they consequently share these
difficult-to-obtain foods with other community members (Hockings et al.,
2007; Ohashi, 2007). The evolutionary story of human sharing cooperation
has been constructed on the basis of these studies involving chimpanzees,
frequently using comparisons with human hunter—gatherers.

The bonobo (Pan paniscus) is the sister species of the chimpanzee; how-
ever, it has been much less studied in this context, although previous studies
have reported considerable differences in food sharing between these two
species (Kano, 1980; Kuroda, 1980, 1984; White, 1994; Fruth & Hohmann,
2002). The unique features of sharing in bonobos are particularly charac-
terized by their frequent fruit sharing and female participation in this social
interaction. These sharing traits of bonobos are clearly different from the
hunting—sharing observed in chimpanzees. A previous study involving wild
bonobos in Lomako forest suggested that sharing under pressure, or mutu-
alism, is a more plausible explanation than reciprocity (Fruth & Hohmann,
2002) because sharing increased with the number of beggars. Lomako bono-
bos might allow a few recipients to take pieces of food in order to avoid
other begging hands; thus, both the owner and recipients seem to be mutu-
ally benefited. Meanwhile, detailed video analysis of meat and fruit sharing
by a specific dyad of non-kin adult female bonobos in Wamba forest sug-
gested that neither reciprocity nor harassment appeared to completely ex-
plain the observations (Hirata et al., 2010). More specifically, reciprocity
cannot explain why the owner only tolerated the transfer of non-valuable
parts, because it would be more reasonable from a psychological viewpoint
to assume that the owner would share the valuable parts if he/she expected
a future return benefit. Likewise, harassment cannot fully explain the dif-
ferential rate of food transfer (more transfers of fruit than of meat), when
the degree of pressure given by the recipient toward the two types of food
remained more or less constant (Hirata et al., 2010). At present, consider-
ing that sufficient quantitative data are not available, it seems too early to
make any conclusions regarding the mechanisms underlying fruit sharing in
bonobos. We should also consider that the environments where animals live
may influence the nature of food sharing. Unfortunately, to my knowledge,
no specific study has previously compared food sharing in different wild
bonobo sites. In captivity, experiments with chimpanzees and bonobos in
African sanctuaries suggested that bonobos are more tolerant of each other
than of chimpanzees, where they outperformed chimpanzees in a coopera-
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tive task and subsequent co-feeding (Hare et al., 2007). The bonobos even
exhibited a preference for voluntary food sharing rather than eating alone
with monopolisable food sources (Hare & Kwetuenda, 2010), even with un-
familiar individuals (Tan & Hare, 2013). However, an experimental study
with chimpanzees and bonobos in several European zoos reported the oppo-
site; chimpanzees shared food more tolerantly, actively and reciprocally than
bonobos who demonstrated a more despotic nature (Jaeggi et al., 2010a).
The environments in the zoos and sanctuaries may have affected the results,
although we currently do not know what exactly might determine this differ-
ence. Therefore, bonobo—chimpanzee comparisons as well as comparisons
between same-species communities are required from both captive and wild
contexts to understand the complexities of ape sharing behaviours. In this
sense, comparisons between bonobo field sites where food sharing can be
frequently observed are important to obtain ecological insights into the na-
ture of food sharing.

So far, however, insufficient data are available on food sharing among
fully identified wild bonobos in their natural environment. Therefore, the
main aim of the present study was to obtain details of fruit sharing in wild
bonobos in Wamba forest, where long-term research (since 1973) has es-
tablished a tracking record that began 1976 and allows for individual iden-
tification. Thus, I could investigate the detailed social relationships among
sharing individuals. The excellent observational conditions and rich envi-
ronment with abundant junglesop (Anonidium mannii) fruit also allowed me
to focus on a single fruit species in the quantitative data analysis, thereby
avoiding possible confusion due to different food types, which may affect the
characteristics of sharing (Kano, 1980; Kuroda, 1984; White, 1994; Fruth &
Hohmann, 2002; Hirata et al., 2010).

The shared item, i.e., abundant fruit and not rare meat, also raises the
following question: why do independent recipients beg for fruit from other
individuals when it can be obtained without any cooperation or specialized
skills? The previous hypotheses, i.e., reciprocity and harassment, assume
nutritional benefits to the recipients and discusses the benefits accrued to
individuals that share (Stevens & Gilby, 2004). However, if the begging in-
dividual could acquire more of the same food by implementing an alternate
strategy, another perspective may be required to understand this sharing be-
haviour (Slocombe & Newton-Fisher, 2005). The target in the present study,
i.e., junglesop fruit, is often available in small quantities simultaneously, but
it can still be found much more frequently and in greater quantities in Wamba
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than meat in the chimpanzee studies and Treculia fruit in the bonobo stud-
ies in Lomako. In the high season for junglesop fruits in Wamba, I counted
a maximum of nine individuals who ate junglesop fruits simultaneously at
a feeding site, and up to 45 individuals in total during a single observation
day (Yamamoto, unpublished data), although on average 0.49 Treculia fruits
were eaten per day in Lomako (Fruth & Hohmann, 2002). On the basis of
these quantitative data, I examined some previously postulated hypotheses
and propose another hypothesis from the recipient’s perspective to explain
this sharing behaviour and its evolution.

2. Materials and methods
2.1. Study conditions

I studied bonobos in the E1 group at Wamba (0°11’08”N, 22°37'58”E) in
the northern sector of the Luo Scientific Reserve, Democratic Republic of
Congo. The E1 group size varied between 27-31 individuals during the study
periods, including 9-10 adult/adolescent females, 8—10 adult/adolescent
males, 1-2 juvenile females, 2—-3 juvenile males and 6-9 dependent infants,
during the study periods. These numbers did not include some individuals
from other groups who made short-term visits (<1 month at the point of
study). The age—sex class was based on Hashimoto’s (1997) categorization
for Wamba bonobos, i.e., age < 4: infant, 4-7: juvenile, 8—14: adolescent,
>15: adult; and I adjusted it for the purpose of the present study. In the
present study, the distinction between a dependent infant and a juvenile was
based on whether an individual was carried by his/her mother or walked inde-
pendently for >20 m during travel on the ground. In this sense, a juvenile can
be considered as an ‘independent individual’ who could obtain his/her food
by him/herself. The age when the transition occurred was approximately 4
years. | categorized a young female as juvenile if she remained in her natal
group. Corresponding to this categorization of females, I used females’ aver-
age emigration age, i.e., 8 years (Furuichi, 1989; Hashimoto, 1997; Furuichi
et al., 1998, 2012; Hashimoto et al., 2008), for the categorization of males
into juveniles and adults. The distinction between adolescent and adult is
not that meaningful for the present study; hence, hereafter both classes have
been taken together as adult. In this study, I focused on sharing among in-
dependent individuals, i.e., within and between adults and juveniles. Not all
of the individuals lived in the community simultaneously (some vanished
or emigrated, whereas others immigrated or matured), but 315 dyads of in-
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dependent individuals were considered. For each age—sex class ratio and
relevant analyses, I used the median number of individuals in each age—sex
class during the study period, with a total of 22 independent individuals, i.e.,
10 adult females (45.5%), nine adult males (40.9%), one juvenile female
(4.5%) and two juvenile males (9.1%). All individuals in the group were
well identified and habituated. Artificial provisioning was abolished in 1996.
The history of the E1 group and the details of the study site have been previ-
ously described by Kano (1992), Furuichi et al. (1998, 2012), Hashimoto et
al. (2008) and Idani et al. (2008).

2.2. Data collection and analysis

I collected sharing data ad libitum by direct observations and occasionally
with video cameras during four field seasons (July—August 2010, June—
August 2011, September—November 2012 and August-September 2013)
when there was a relatively high availability of junglesop fruit. During these
periods, the bonobos normally move around in a large party that comprises
most group members. If they split into separate parties, I attempted to follow
the larger party. In the present study, in order to avoid possible confusion
caused by different food types, I focused on the sharing of junglesop fruit,
although I collected sharing data for any food type as far as possible, which
will be analysed more in detail in future studies. A junglesop fruit is typically
40-50 cm in length and weighs 4—6 kg (Figure 1a). This fruit is easy to pro-
cess and bonobos consume soft flesh around big seeds. They normally spat
out the seeds which sometimes have fresh remains around them (Figure 1b).
This junglesop fruit is one of the most frequently shared food items among
Wamba bonobos (Kano, 1980; Kuroda, 1984).

I defined food sharing as the unhampered transfer of food from A (the
owner) to B (the recipient) (Kano, 1980; Kuroda, 1984; Feistner & McGrew,
1989). I excluded transfers in which there was no clear possession, such as
collecting scraps in the vicinity of a feeding individual. A sharing event was
recorded when one food item was divided between two individuals (owner—
recipient dyad), which sometimes comprised two or more transfers of small
portions divided from a single food item. Therefore, multiple transfer types
could be observed in a single sharing event. If one food item was shared with
several recipients, one event was recorded for each owner—-recipient dyad.
For example, when A shared a fruit with B and C, I counted two events (A—
B and A-C); if A shared a fruit with B, and then B shared his/her gain with
C, I counted two events (A-B and B-C).
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| EKETCH BOOK

(b)

Figure 1. (a) Junglesop (Anonidium mannii) fruit, and (b) its remains after a bonobo ate the
fruit. Some flesh remained around the seeds (photo by Shinya Yamamoto). This figure is
published in colour in the online edition of this journal, which can be accessed via http:/
booksandjournals.brillonline.com/content/journals/1568539x.

Based on Jaeggi et al. (2010b) and other psychological experimental stud-
ies of ape prosociality (Ueno & Matsuzawa, 2004; Warneken et al., 2007;
Yamamoto et al., 2009, 2012), I examined which individual, the owner or re-
cipient, initiated food transfer. Food transfer was categorized into three types:
proactive transfer (offering), which was initiated by the owner in the absence
of the recipient’s begging; reactive transfer where the owner facilitated tak-
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ing upon the recipient’s begging; and passive transfer where the owner did
not facilitate taking but they simply tolerated the recipient’s taking.

I recorded ‘begging’ when the recipient reached for the owner’s food
when it was in his/her hands, feet or mouth. Close observation (identical
to ‘staring’ in Kuroda (1984) and ‘peering’ in Furuchi (1989)) was often
included in the category of ‘begging’ in previous studies (Fruth & Hohmann,
2002; Gilby, 2006). However, I excluded this from my ‘begging’ category
because (1) close observation has almost no effect on the soliciting of sharing
(Kuroda, 1984; Furuchi, 1989); (2) the animals might only be interested in
the item in another individual’s hand without having any intention of taking
it and (3) close observation is also conspicuous in other contexts, particularly
during social learning in apes (e.g., Yamamoto et al., 2013), and therefore,
the function and motivation of close observation seems ambiguous. I also
recorded the body part (hand or mouth) from which the recipient obtained
their share, which corresponded to whether sharing occurred before or after
the transferred part was chewed or licked by the owner. Even after the owner
chewed or licked the fruit, some edible flesh sometimes still remained around
the seed, which could be transferred to the recipient. The shared portion size
was also categorized as smaller (‘small portion’) or larger (‘large portion’)
than the recipient’s hand. Any social interactions before, during and after
sharing were analysed, where the main targets of this analysis were agonistic
interactions, genito—genital (G—G) rubbing and copulation.

With respect to the social relationship between an owner and a recipient, I
considered two key factors: kin relationships (mother—offspring and brothers
or sisters, but not father—offspring since no genetic information is available
for this at this moment) and pairwise dominance relationships. Assessments
of dominance relationships were based on the outcomes of dyadic agonis-
tic interactions and non-agonistic displacement (approach—retreat). With the
help of experienced local assistants, I confirmed dominant—subordinate re-
lationships only when their evaluations and my own observations were in
complete agreement. If the evaluations did not completely agree for a given
pair of individuals, I considered that the dominance relationship between
them was ambiguous.

Statistical analyses were performed using R version 3.0.3 (R Core Team,
2014) except for matrix analysis which was done with MatrixTester version
2.2.4 developed by Hemelrijk (1990). I generally analysed all the sharing
events between independent individuals; when I paid attention to sharing
between non-kin individuals, I recorded this as ‘non-kin sharing’.
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3. Results

Among independent individuals in the E1 group in Wamba, I recorded a total
of 178 sharing events with 17 food types including fruit, other plant food,
honey and meat of small animals (Table 1). The sharing of junglesop fruit
accounted for 84.3% of these events (150 sharing events); thus, I focused on
interactions related to junglesop fruit.

3.1. Junglesop fruit eating

The junglesop fruit was obtained independently by individuals (i.e., not
through sharing from others) 901 times in total. The field seasons of 2010,
2011 and 2013 occurred during the high season for junglesop fruit, whereas
the field season of 2012 occurred after the high season (Table 2). All of
the age—sex classes consumed junglesop fruit (Tables 3 and 4), although the
adult females consumed them more frequently and the adult males and juve-
niles consumed them less than expected, based on the number of individuals

Table 1.
Shared food types among independent individuals observed in the Wamba E1 group.

Species Local name Food type Size of food No. of events
Anonidium mannii Bolingo Fruit Big 150
Treculia africana Boimbo Fruit Big 6
Anomalurus spp. Itere Meat Big 3
Saba florida Bossenda Fruit Big 2
Brachystegia laurentii Langa Fruit (seed) Big (small) 2
Cola chlamydantha Bokotikoti Fruit Small 2
? Botete Fruit Small 2
Meliponinae spp. Liutsu Honey Big 2
Isolona congolana Bofiningo Fruit Small 1
Musanga cecropioides Bombambo Fruit Small 1
Dialium pachyphyllum Elimilimi Fruit Small 1
Dacryodes edulis Bosou Fruit Small 1
Parkia bicolor Lilembe Fruit Small 1
Pancovia laurentii Botende Fruit Small 1
Landolphia owariensis Batofe Fruit Small 1
Raphia sp. Bolilo Pith Big 1
Guarea laurentii Litoku Pith Big 1
Total 178

The species identification of plant food referred to Idani et al.’s (1994) plant list. Size was
divided into two categories: ‘big’ (bigger than an individual’s hand) or ‘small’ (smaller than
an individual’s hand) (see text for details).
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Table 2.
Numbers of junglesop (Anonidium mannii) fruit eaten and shared by independent individuals
during each field season.

Observation days  No. of fruits eaten ~ No. of fruits shared  Shared/eaten (%)

2010 35 337 54 16.0
2011 37 347 56 16.1
2012 37 2 2 100.0
2013 20 215 13 6.1
Total 129 901 125 13.9

in each age—sex class (age—sex class, observed versus expected: adult fe-
male, 531 versus 409.5; adult male, 290 versus 368.6; juvenile female, 12
versus 41.0; juvenile male, 68 versus 81.9; x2 =756, df = 3, p < 0.01).
The edible ripe fruits could normally be found on the ground. In a typical
case, an individual who found a fruit on the ground first checked the inside
of the fruit by breaking it, and if it was good, he/she took a part of it away
(normally 1/4-3/4, but taking an entire fruit was rare) or started eating it at
the site. Occasionally, another individual took some of the remaining fruit
later. I observed 14 cases where two individuals (adult females in each case)
arrived and touched a fruit almost simultaneously before dividing it. These
cases generated a tension between the participants, resulting in G—G rubbing
between them (13/14 cases), which is considered to be a tension-reducing
behaviour, although physically agonistic interactions were never observed.
I did not count these cases as sharing because the ownership of the fruit was
ambiguous at that point and the fruit was not directly transferred between
individuals.

3.2. Junglesop fruit sharing

Of the 901 junglesop fruit eaten by the bonobos, 13.9% (N = 125) were
shared among two or more independent individuals (Table 2; Figure 2). In
total, 150 sharing events were observed, and each fruit was shared with 1.2
recipients on average. There were 95 events (63.3%) between non-kin indi-
viduals (non-kin sharing) and 55 (36.7%) between independent kin individ-
uals (sharing between mother and offspring or between brothers). Analysis
of the age—sex class of the owners and recipients in all the sharing events
showed that adult females account for the majority of either role (Tables 3
and 4). Adult females accounted for 92.7% of the owners, whereas adult
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Table 3.
Numbers of junglesop (Anonidium mannii) fruit eaten by each age—sex class of independent
individuals.

Eaten individually (%)

Adult female (median N = 10) 531 (58.9)
Adult male (median N =9) 290 (32.2)
Juvenile female (median N = 1) 12 (1.3)
Juvenile male (median N =2) 68 (7.5)
Total 901 (100)

The number of individuals in each age—sex class in the eaten individually group is rep-
resented by the median number throughout the study periods. Adult in the present study
includes adolescent and adult individuals in the categorization of Hashimoto (1997). See text
for details of age—sex categorization.

males accounted for only 7.3%. Sharing never originated from juvenile in-
dividuals. Among the recipients, although juveniles were frequent recipients
(juvenile female: 10.7%, juvenile male: 35.3%) given the small number of
individuals (4.5% and 9.1%, respectively), the frequent adult female recipi-
ents (50.7%) and much less frequent adult male recipients (3.3%) were still
notable in comparison to their population ratios (45.5 and 40.9%, respec-
tively). In non-kin sharing events, adult females accounted for 89.5% of the
owners (10.5% adult males) and 80.0% of the recipients (2.1% juvenile fe-
males; 17.9% juvenile males; there was no adult male recipient).

Table 4.
Numbers of junglesop fruit Anonidium mannii shared by each age—sex class of independent
individuals.

Shared from To

Adult Adult Juvenile Juvenile Total

female male female male (%)
Adult female 72 5 16 46 139 (92.7)
Adult male 4 0 0 7 11 (7.3)
Juvenile female 0 0 0 0 0(0.0)
Juvenile male 0 0 0 0 0(0.0)
Total (%) 76 (50.7) 5(3.3) 16 (10.7) 53 (35.3) 150 (100)

Adult in the present study includes adolescent and adult individuals in the categorization
of Hashimoto (1997). See text for details of age—sex categorization.
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Figure 2. Sharing between adult females. Sl (above) begged for a portion of junglesop
(Anonidium mannii) fruit from Nv’s mouth (video-still by Shinya Yamamoto). This figure
is published in colour in the online edition of this journal, which can be accessed via http:/
booksandjournals.brillonline.com/content/journals/1568539x.

No significant relationship was observed between the number of times of
individual eating and the number of times of receiving (Pearson’s product—
moment correlation: ¢ = 1.21, df = 24, p = 0.24, R = 0.24; Figure 3). Thus,
not only individuals who could not obtain junglesop fruit by themselves but
also those who could obtain the fruit by themselves became recipients in
sharing events.

3.3. Relationship between owners and recipients

No significant relationship was observed between the number of times of
giving and the number of times of receiving in sharing events (Pearson’s
product-moment correlation: ¢t = —0.15, df = 24, p = 0.883, R = —0.03;
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Figure 3. Numbers of times eating junglesop fruits individually and receiving them through
sharing. Each dot represents an independent individual.

Figure 4). An adult female (named Hs) frequently gave and received fruits
(‘A’ in Figure 4). However, the analysis of Hs’s interacting partners showed
that there was no significant overlap among individuals in her giving and
receiving interactions. Hs received fruit most frequently from Yk (10 events),
No (five events), Ki and Nv (four events, respectively), while she gave fruit
most frequently to Ot (six events), An (three events) and Nv (two events).
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Figure 4. Numbers of times of giving and receiving. Each dot represents an independent
individual. No significant correlation was observed between the two. Even for an individual
(Hs, indicated by ‘A’ in this figure) who frequently gave and received fruits, the giving and
receiving partners did not overlap (see text for details).
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Matrix analysis also showed no evidence for reciprocity. No significant
correlation between giving and receiving was found in analyses with all the
150 sharing events (7 K;-test: 7 K, = 0.068, permutations = 2000, p; (one-
tailed probability value in the right tail of the permutation distribution) =
0.22) nor with the 95 non-kin sharing (t K,-test: T K, = 0.074, permuta-
tions = 2000, p, = 0.22). I also calculated a giving/receiving ratio for each
of the 48 dyads where sharing was observed at least once and found that a
giving/receiving score of between 0.5 and 2 (i.e., ‘balanced’) was observed
only in two pairs.

The shared fruit were predominantly transferred from dominants to sub-
ordinates. Among 150 sharing events, 129 events (86.0%) were from dom-
inants to subordinates, 10 (6.7%) were from subordinates to dominants and
11 (7.3%) were between individuals where the dominance relationship was
ambiguous.

Next, I examined whether a recipient received fruits from a specific in-
dividual. In the E1 group, 14 individuals became recipients in the sharing
events: seven adult females, one adult male, two juvenile females and four
juvenile males. With the exception of one juvenile male, every juvenile re-
ceived fruits predominantly from his/her mother (more than half of the fruit
they received). The only adult male received fruit four times only from his
mother. However, the adult females who were involved in sharing as a recip-
ient more than two times (N = 5) did not have such a specific donor. They
each received fruits from 6.2 individuals on average (SD = 1.9).

3.4. Food transfer types

Analysis of the food transfer types showed that passive transfer was observed
in all the 150 sharing events. Reactive transfer occurred in two sharing events
(1.3%) and proactive transfer occurred in one sharing event (0.7%). Multiple
transfer types could be recorded during a single sharing event because a
single sharing event sometimes contained two or more transfers of small
portions divided from one food item. These reactive and proactive transfers
were observed only from mother to her offspring when she gave up the
remaining food before travelling. Recipients obtained their share from the
owners’ hand (or foot) in 112 (74.7%) of the sharing events, and from the
owners’ mouth in 73 events (48.7%) after the owners had chewed or licked
it. Transfers of small portions were observed in 140 (93.3%) of the sharing
events and transfers of portions larger than the recipient’s palm were involved
in 16 events (10.7%).
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3.5. Other social interactions

No physically agonistic interactions were observed during the sharing events.
G—G rubbing between adult females was observed during 14 sharing events:
two cases occurred before the first food transfer during events and 12 cases
after the first transfer. Among the latter cases, five cases were observed after
a large portion was taken by a recipient. Male—female copulations were
observed 16 times during junglesop fruit feeding, and sharing occurred in
three of these cases: one sharing event occurred from an adult female to a
juvenile male before the copulation, another occurred from an adult male to
an adult female during the copulation and the other occurred from an adult
female to a juvenile male after the copulation. I recorded seven cases where
an adult female without any food item copulated with an adult male who
held a junglesop fruit in his hand, resulting in no food sharing between them
except the above one case.

4. Discussion

The present study demonstrates peaceful fruit sharing among wild bono-
bos in Wamba, non-kin sharing of which predominantly occurred between
adult females. In comparison with wild chimpanzees, fruit sharing occurred
much more frequently in wild bonobos. The shared fruit was relatively abun-
dant compared to meat, and could be obtained without any cooperation or
specialized skills. Bonobos also share meat infrequently, but there is no re-
ported evidence of group cooperation in hunting (Thobe, 1992; Ingmanson
& Thobe, 1992; White, 1994; Fruth & Hohmann, 2002; Hohmann & Fruth,
2008; Surbeck & Hohmann, 2008; Hirata et al., 2010). Therefore, the hunting
hypothesis, which assumes the successive occurrence of cooperative hunting
and food sharing, is not applicable to the sharing of food that occurs among
bonobos. In contrast to meat sharing in chimpanzees where a rare and pre-
cious food item is shared, more abundant fruits were shared among bonobos.
Indeed, the bonobo recipients were not restricted to ‘poor’ individuals who
could not obtain the same fruit by themselves. The bonobos, particularly
adult females, could often obtain junglesop fruits by themselves, but they
frequently begged for the same food items from others. More or less ‘poor’
adult males, compared to adult females, seldom begged for fruits from oth-
ers. This clearly shows that bonobos do not share food because the recipients
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cannot obtain the target food by themselves. This is one of the clear differ-
ences from chimpanzees’ meat sharing where individuals who could not get
prey begged for the precious meat from a successful possessor.

Reciprocity is considered to explain meat sharing among chimpanzees at
some sites, but it does not appear to be a good explanation for fruit shar-
ing in bonobos. Neither individual, pairwise, nor group-level analyses of the
balance of giving and receiving showed that the bonobos exchanged fruit
reciprocally. Although some episodic observations in captivity and in a pre-
vious provisioning field in Wamba suggest that bonobos share food in return
for sexual favours (Kuroda, 1984; de Waal, 1989b), this does not seem to
be a plausible explanation for wild bonobos under natural conditions. The
fruits were shared mainly between adult females or between adult females
and juveniles, where sexual exchanges cannot be expected. More clearly,
adult males with their hands full of fruit were observed to copulate with
adult females without any fruit on seven occasions, but they did not share
with their mate, except in one case. In addition, sharing-for-alliance is not
a plausible explanation either. In Wamba, agonistic interactions are not fre-
quent and supporting behaviours among females (particularly support from
a subordinate to a dominant) are not conspicuous, although mothers often
support their sons (Kano, 1992; Furuichi, 1997, 2011; for Lui Kotale, also
see Surbeck et al., 2011; Surbeck & Hohmann, 2013; and for Lomako, also
see Hohmann & Fruth, 2003). It appears that food sharing in bonobos is
not directed predominantly at alliance formation to the same degree as food
sharing in chimpanzees.

The present study shows that neither food-for-food, food-for-sex, nor
food-for-alliance reciprocity is a plausible explanation for Wamba bono-
bos’ food sharing, although it does not completely reject the reciprocity
hypothesis. The sharers may have gained some benefit. For example, they
may have occupied a central position and leadership of the group; thus, they
could decide the directions of group movements. Food-for-grooming reci-
procity cannot be excluded in the present study, either. However, it seems
unlikely that they consciously expected benefits in the future. Hirata et al.
(2010) noted that it is more reasonable to assume that the owner would share
their valuable commodities if they expected a future benefit in return. The
hesitancy of owners, which was represented by their passive attitude with
virtually no proactive and reactive sharing, may disprove their expectation
of future benefits, which is assumed in the reciprocal hypothesis.
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Peaceful sharing with no physically agonistic interactions between owners
and recipients also suggests that the sharing-under-pressure hypothesis does
not fully explain food sharing in bonobos in Wamba. The direction of food
transfer was predominantly from the dominant to the subordinate. When
tensions emerged, they were resolved by G—G rubbing. This often occurred
when a recipient took a large portion (still smaller than half of the item held
by the owner), and the recipient adopted a posture where she laid on her
back as if she was asking for a pardon. Normally, only a single independent
individual begged for a single item held by an owner, and the owners could
easily avoid the begging from subordinates simply by turning away. There
was no obvious case in which a recipient reduced an owner’s feeding rate by
holding his/her arm. Based on a study in Lomako, Fruth & Hohmann (2002)
suggested that the owners benefited by sharing with only a small number of
recipients who assisted them in defending their possession of a Treculia fruit
against others. However, this hypothesis does not seem to be applicable to
the predominantly dyadic sharing interactions of junglesop fruits (which are
smaller than Treculia fruits) in Wamba. Previous studies have reported that
more preferred meat attracted more begging (White, 1994) or nearly constant
begging (Hirata et al., 2010) from recipients, although this resulted in a lower
transfer rate than fruit items. Thus, taking all of these into account, it is
plausible that the owners in the present study gained little or no immediate
material benefit from sharing.

The most parsimonious explanation for the majority of the fruit sharing
events in bonobos in Wamba might be that they shared a surplus. The fruit
was much more abundant than meat, which was suggested by the much
higher frequency of eating the fruit. As well as the species differences be-
tween bonobos and chimpanzees, the present study also suggests that there
are differences among the sites where wild bonobos were studied. In com-
parison with Lomako, Wamba seems to have greater quantities of sharable
fruit. In the present study, 7.1 fruits (junglesop) were eaten on average each
day during the study period in Wamba (if only the high seasons of 2010,
2011 and 2013 are considered, the number increases to 10.0) and 13.7% of
these were shared among independent individuals. In contrast, 0.49 fruits
(Treculia africana) were eaten each day and approximately half of these
were shared in Lomako, where junglesop fruits were eaten and shared much
less frequently than Treculia fruits (Treculia 93%, junglesop 7%) (Fruth &
Hohmann, 2002). In such a rich environment, Wamba bonobos often shared
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only small portions, which the owners may sometimes have already chewed
or licked to consume most of the edible part. In Wamba, in typical cases,
bonobos who first found a junglesop fruit on the ground only took a part
of it but not the whole. The bonobos did not seem to consume the great-
est possible amount of the fruit. Therefore, there was little cost when large
fruit owners relinquished small portions of the abundant fruit. The nature of
sharing, predominantly characterized by passive transfers, also supports the
ambiguous underlying psychology of the owners.

This analysis of fruit sharing in bonobos encouraged us to investigate the
sharing interactions from the viewpoint of the recipients. It may be interest-
ing to examine the reasons why recipients beg for a fruit from others when
they can readily obtain it by themselves. The above hypotheses, reciprocity
and sharing-under-pressure, are based on an assumption that food owners
relinquish their precious food and that recipients always beg for nutritional
gain; however, this does not always seem to suit the bonobos’ cases. The ac-
cess to junglesop fruits was not severely restricted during the study period
and even subordinate males who are considered to have the least access prior-
ity to food (Furuichi, 1989, 1997; Kano, 1992; White & Wood, 2007) could
eat the fruit without any expectation of sharing. The results show that individ-
uals who consumed many fruits still begged for a share. The female-biased
sharing might indicate strong female—female social bonds, as suggested in
previous studies (Idani, 1991; Kano, 1992; Furuichi, 2011). It is also pos-
sible that the subordinates begged to strengthen social bonds, rather than to
obtain the food itself, i.e., ‘courtesy’ food sharing. Of course, the food it-
self would still have been attractive to them and this cannot be excluded;
however, the begging-for-social bond hypothesis may be a better explana-
tion of begging by subordinates when they could find the fruit by themselves.
This has also been suggested anecdotally in previous studies (Kuroda, 1984;
Furuichi, 2011; for chimpanzee fruit sharing, see also Slocombe & Newton-
Fisher, 2005), but insufficient qualitative and quantitative data and analyses
are available at present; thus, further examinations are required to support
this hypothesis, i.e., ‘courtesy’ food sharing characterized by begging-for-
social bond.

In addition to the species differences between bonobos and chimpanzees,
the differences between Wamba and Lomako sites seem to be important and
merit further detailed analysis. As stated above, there appeared to be con-
siderable differences between the two study sites in terms of the food types
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shared and the sharing frequency, which might have been influenced by pos-
sible differences in the fruit and tree compositions between the two forests.
At present, however, no exact comparative data are available to address these
differences; therefore, this should be examined in future studies. The present
study also found that there were remarkable annual differences in the fre-
quency of junglesop fruit sharing in Wamba. In the field seasons of 2010
and 2011, the bonobos shared junglesop fruits frequently (16.0 and 16.1%,
respectively). In 2013, however, they shared the fruit much less frequently
(6.1%). Considering that they consumed many junglesop fruits in each field
season (9.6 fruit eaten per observation day in 2010, 9.4 in 2011 and 10.8
in 2013), the amount of fruit available might not be the best explanation
for this difference. Other possible influential factors might include changes
in food quality and/or social relationships, which were not fully examined.
Further analysis of between-site differences and within-site annual changes,
as well as species differences, will surely help us understand how different
environments and societies facilitate the evolution of sharing cooperation in
the animal kingdom, particularly in Pan and humans.
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Abstract

In an Afrotropical forest, we tested the hypothesis that fleshy-fruit plants with interspecific dif-
ferences in fruit quality and quantity affect ranging behaviour of their seed dispersal vector. If
fruiting plants could affect their dispersal vector, the plants also affect their seed dispersal distance
and eventually their plant population biology. From 2007 to 2011, we measured seed transport
by georeference daily bonobo group movements via GPS. Seed dispersal distance was estimated
with mechanistic model, using 1200 georeferenced dispersal events and the average seed transit
time through bonobo (24.00 h). We compared dissemination for eight plant species that deal with
this trade-off: attracting dispersers by means of fruit quality/quantity versus retaining them in the
patch because of the same quality/quantity value that attracted them. Because fruit traits of these
eight species were different, we expected a difference in seed dispersal distance. Surprisingly, seed
dispersal distances induced by bonobos were not affected by fruit traits. Although fruit nutrient
contents, abundance and average patch feeding duration differed between plant species, patch feed-
ing time was not related to subsequent dispersal distances. The apes’ dispersal distance survey gave
an average dispersal distance estimated of 1332 £ 24 m from the parent plant (97.9% > 100 m).
To conclude, feeding time invested in the patch, fruit quality and abundance had no apparent effect
on bonobo seed dispersal distance. The possible effects in plant population biology are discussed.

Keywords
Africa, bonobo, Congo Basin, dispersal distance, foraging behaviour, forest structure, mutu-
alism, optimal foraging, Pan paniscus, seed dispersal, zoochory.
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1. Introduction

The spatial pattern of seed deposition such as dispersal distance is an aspect
of dispersal ecology that may have major consequences on several aspects of
plant population dynamics as well as on plant community structure and dy-
namics (Jordano, 1995; Levin et al., 2003; Howe & Miriti, 2004; Schupp et
al., 2010). However data that quantify real dispersal patterns are scarce, par-
ticularly concerning forest species dispersed through endozoochory (Clark
et al., 2005; Russo et al., 2006; McConkey & Chivers, 2007; Cousens et al.,
2010). For zoochoric plants, the spatial distribution of seed deposition (i.e.,
seed shadows, Willson, 1993) results from the movement and behaviour of
animals that feed on the fruit and transport the seeds (Westcott et al., 2005).
Frugivores can shape spatial configuration of their food species, in numerous
interactive ways such as by foraging decisions and by migration behaviour
(Jordano et al., 2007; Spiegel & Nathan, 2007; Carlo & Morales, 2008). By
that they will influence the shape of the probability distribution of the seed
dispersal distance that depends on the disperser distance from the source and
its seed retention time (Westcott et al., 2005; Russo et al., 2006; Cousens et
al., 2010). The gut transit time of the seed is another parameter that could po-
tentially affect the probability distribution of dispersal and very few studies
show that this parameter can be affected by seed size and chemical compo-
nents of the fruit that can increase or decrease seed transport time (Levey &
Grajal, 1991; Gardener et al., 1993; Westcott et al., 2005; Tsuji et al., 2010a).
The seed dispersal distances for animals with short gut passage time, such
as birds is related to the time spent in fruiting trees (Lenz et al., 2010). The
quantity and the quality of fruits produced by an individual plant as well
as the level of aggregation of fruiting plants in a landscape can also affect
the probability distribution of seed dispersal (Carlo & Morales, 2008). If the
food patch can sustain the dispersers for a time superior to the transit time,
or if the dispersers frequently return to the patch, and remain in its vicin-
ity, the amount of seeds transported can be high while dispersal distance is
low. For example, orang-utans can select large fruiting trees that they repeat-
edly visit staying around between feeding bouts (Leighton, 1993). In other
words an optimal foraging theory would predict that food quality/quantity
would negatively affect the animals’ foraging effort (daily travel distance).
Large and medium-sized frugivores, such as elephants or apes disperse nu-
merous plant species (Campos-Arceiz & Blake, 2011; Forget et al., 2011). In
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the lowland tropical rainforest of Congo, 85% of the plant species (95% of
the tree species) produce fleshy fruits and rely on animals for primary seed
dispersal (Beaune et al., 2013b). The bonobos (Pan paniscus Schwarz) are
efficient seed dispersers that transport viable seeds of several fruiting species
by endozoochory (Idani, 1986; Tsuji et al., 2010b; Beaune et al., 2013c).
Bonobos have a long gut passage time (24 h 00 min, Beaune et al., 2013a)
and are wide-ranging animal foraging on many fruiting plants during a day
although occasionally they stay around a big fruiting tree and/or frequently
come back to this patch (Beaune et al., 2013a, c). Plant populations are af-
fected by the dispersal distance, which depends on dispersal vectors, but can
the plant affect the behaviour of their mutualistic partners? Here we test the
hypothesis that plant species with different fruit production strategies can af-
fect the behaviour of their disperser and, consequently, their seed dispersal
distance. (a) Fruiting trees that produce large quantities and/or highly nutri-
tive fruit can attract and maintain the disperser in place, resulting in a low
seed dispersal distance. Conversely, (b) trees with limited fruit production
could achieve a high dispersal distance although being less attractive.

For this, we first analyse whether or not bonobos exhibit variation in the
time they spend in fruiting trees. We compare the difference in quality and
quantity of the fruiting species with analysis of the fruit nutrient composition,
traits and the average feeding duration of the bonobo parties (sub-groups) in
the fruiting species. Secondly we develop a mechanistic estimation of seed
dispersal for more than 50 zoochoric plant species incorporating seed transit
time and the empirical movement behaviour of the bonobos as common
dispersers for all these species. Many tropical plants have evolved fleshy
fruit that are attractive to only a limited subset of frugivores (Fleming, 1979).
Afrotropical forest frugivores use different canopy strata with low feeding
overlap (Fleming, 1979; Clark et al., 2001; Poulsen et al., 2002). Bonobos
can be considered as main seed dispersers for the fruiting species selected
here, although alternative dispersers such as birds, rodents and other primates
cannot be excluded (Beaune, 2012; Beaune et al., 2013a).

We compared dispersal distances for several tree species with different
species traits and fruit production strategies (see Table 1). Those dispersal
distances can be used to test whether fruiting plants affect their frugivore
ranging behaviour and thus control their zoochoric partners for seed dispersal
distance and eventually affecting their population biology.

Brian Hare and Shinya Yamamoto - 978-90-04-30417-8
Heruntergeladen von Bril.com10/14/2019 09:14:20AM
via free access



D. Beaune et al.

[116] 362

"HS F UBOW Ik SAN[BA "ON[BA [RUONLIINU UBW pue (O] = A7) Jo1owelp 1saS1e] pue 1yS1om Jinij 9SeI0AR ‘UOIBAIISqO P[OY
JO Y 6,81 U0 paseq awn uorsses Sursero] ageroae DY ‘eioymT e K1ojuaaut sjord ey-g| uo paseq (Yqp) ysiy Iseaiq Je I9)oweIp 9SeIoAy

- - 90F¢9C S0F¢8 o6l 901 0T ¥oc 1 +TC 123puip snssi) SBIDENA
0s OTF9CC v0F6ce €0FTO ¥'cLr 708 6'81 68 CF LT ds vimain QBIJBI[IL
% TPeF €96 LEFLOL 98CFI'LOC - - - 18 CF oI pupin0v] PL2qUIDY seaoejodeg
Y0I  SOFLO9I SOFE€Ll TOFVT 9101  6°SCI 791 I 1% snpnotund snasipoIv]d aseaoepurdeg
£% SIFL9C ¢T1F06T TIFICSI €09l 699 9¥1 8¢ SF LT Hua.4nv] D1IA0OUDd oeaoepuideg
I LE 008< 0008< LI 6901 861 91 61 F8L DUPILLD DINI2AL SBIOLION
9L TTF¢Ie S0FCC TO0F60 ¥'101  L'Svl €91 0 €FLy 'ds wnippiq  oeederurdjesor)
80y VvOFEBL LOF¥e6l TOFCTE G'8CI 696 €81 SL €F 91 suaj0aavns viyipLjod dedoRIOUNY
N wo N uru

(wrur) (1opew UOISSas
Had Ieurerp () ySrem  (§/8ur)  (5/8wr)  (A1p 5/) Surpaoy
a8e10Ay NnIjuedly  Jnijued]y  JeSng  umold  ASioug a3eroAy soroadg Apueq

*(123ppyu1p sNsS1) “euel[ QUO ‘sA10ads 0o1) UAAdS) A30[009 SuIpady 10y sonsLIlorIRyd soroads jueld Suninyy urey

T 3lqBL

Brian Hare and Shinya Yamamoto - 978-90-04-30417-8
Heruntergeladen von Bril.com10/14/2019 09:14:20AM

via free access



Fruit control over seed dispersal distance 363 [117]

2. Methods
2.1. Study species and site

The bonobo is restricted to the tropical rain forest of the Democratic Re-
public of Congo (DRC) on the southern bank of the Congo River. The
bonobo is mainly frugivores, feeding on and disseminating hundreds of plant
species (Kano & Mulavwa, 1984; Tsuji et al., 2010b). Seeds of around 40%
of the tree species in the forest are dispersed by bonobos (Beaune et al.,
2013c). Bonobos live in polyandrogynous communities with fission of sub-
unit groups (parties) during the day while foraging, and fusion in the nesting
place at night (Fruth & Hohmann, 1993). In the Congo Basin, at the south-
west fringe of the Salonga National Park, there is a habituated group of
free-ranging bonobos, tracked by research teams at the LuiKotale field site
(LK) (Hohmann & Fruth, 2003). The bonobo community includes 25-35
individuals identifiable by individual physical traits (genital, face, pilosity,
color). The long-term project of LuiKotale with a habituated bonobo com-
munity which can be daily observed, identified, followed and georefenced
by researchers, allowing us to build a mechanistic model of seed dispersal
distance (Figures 1 and 2).

2.2. Ethics statement

The studied apes are free ranging bonobos observed without invasive meth-
ods, constraint, contact or any interaction with the researchers. Animal wel-
fare had greater priority than scientific interests. The methods used to collect
data in the field are in compliance with the requirements and guidelines of
the Institut Congolais pour la Conservation de la Nature, and adhere to the
legal requirements of the host country, the DRC.

2.3. Dispersal analysis

The probability distribution of seeds is based on empirical bonobo move-
ments, georeferenced from 8th of July 2007 to the 21st of September 2011.
With bonobo movements (i.e., group movements) recorded after observed
feeding sessions in feeding trees georeferenced (Figure 1) and mean tran-
sit time of seeds known (see below), a mechanistic model of seed dispersal
distance can be calculated (Westcott et al., 2005; Tsuji et al., 2010b; Cortes
& Uriarte, 2012). For example, if a bonobo group is observed feeding in an
Gambeya lacourtiana identified and georeferenced at 8.05 a.m. and contin-
uously followed for at least 24 h (and then including at least one or several
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Figure 1. An habituated and identified bonobo of the party (here Emil) is swallowing the
fruits and seeds of Dialium sp. at LuiKotale, DRC. The party is geolocalised at this point and
continuously during 24 h (with GPS track log, including at least Emil) for an estimation of
this seed dispersal event. Photo by LKBP/David Beaune. This figure is published in colour
in the online edition of this journal, which can be accessed via http://booksandjournals.
brillonline.com/content/journals/1568539x.

individuals followed since the record), the seed dispersal distance from the
parent tree is calculated after the georeferenced position of the bonobo party
at 8.05 4+ 24.00 h (mean transit time, see Figure 2). Whenever possible, a
bonobo party was followed daily from nest to nest (approx. 05:30 to 17:30).
Daily travel routes of parties were tracked with a GPS (Garmin® 60CSX)
using 1 point position/5 min for georeferencing. Bonobo transit time was
calculated from direct observations (24.00 h & 9 min SE) and was not af-
fected by the seed size or by bonobo gender (Beaune et al., 2013a). Bonobo
feeding trees were georefenced when identified during group feeding ses-
sions. The most abundant fruiting species eaten by bonobo were selected
and seed dispersal calculations compared to test our hypotheses. The non-
parametric dispersal distance with species effects (i.e., fruit trait) were tested
with Kruskal-Wallis one-way analysis of variance.
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Seed ingestion Seed transport Seed deposition

Figure 2. Illustration of the mechanistic seed dispersal model with an example of seed
transport (Gambeya lacourtiana). 1dentified bonobo feeding trees were georeferenced dur-
ing group observations (2007-2011, LuiKotale, DRC) and bonobo group movement daily
recorded (dark track log). Theoretical seed deposition site were determined by actual bonobo
group position (dark track log) after 24.00 h, corresponding to the average transit time for
seed through bonobo.

2.4. Variation in feeding time session

Feeding durations were estimated by direct observation of the LK bonobo
community. From September 2009 to June 2011 behavioural data of bono-
bos were recorded for 315 days across 22 months of observations. Bonobos
are a fission-fusion society that is depending on season and time of day the
community splits up into smaller foraging subgroups called parties (White,
1988). Males and female bonobos forage together, and the offspring follow
their mothers, an individual effect on seed dispersal distance is by conse-
quent not considered. As parties are largely cohesive and bonobos feed in
group, synchronising their feeding sessions, we considered group feeding
activity to be that of the majority of the visible animals during a continu-
ous behavioural records (a party feeding boots was recorded when >50%
of the bonobos from a party under observation entered a feeding tree and
started feeding until >50% of the animal terminated feeding and the party
moved on or changed its activity, i.e., group scan; Beaune et al., 2013a).
As our estimates of dispersal distances are also at the party level, using this
party-level feeding metric is appropriate for the purposes of this study. A to-
tal of 573 h of feeding session with fruiting species was analysed. Among
these group feeding sessions, the potential correlation of 278 dispersal events
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linked with feeding duration from 22 different fruiting species was analysed
with Spearman correlation.

2.5. Interspecific fruit differences

Fleshy-fruited plant species are different in fruit production and quality
(Hohmann et al., 2006, 2010). The aim of this study was to test whether
fruit production and quality affect the probability of seed dispersal distance.
We contrasted medium-sized tree species with relatively low fruit production
(i.e., Polyalthia (= Greenwayodendron) suaveolens, Placodiscus panicula-
tus) and large-sized fruiting trees which support and maintain dispersers for
longer periods (i.e., Dialium corbisieri and Gambeya lacourtiana). To esti-
mate the mean fruit abundance of each selected species we have calculated
the diameter at breast height (dbh) (Chapman et al., 1992). The mean dbh
was calculated for the main species, based on a 12-ha plot inventory (Beaune
et al., 2013d). One liana, Cissus dinklagei, was added to the test and com-
pared with the seven tree species, for a total of eight species analysed. Fruits
from LK forest were collected for nutrient analyses (Hohmann et al., 2006;
Hohmann et al., 2010). Average fruit mass and diameter were measured on
at least ten mature fruits.

3. Results

Table 1 reports differences in nutritional values, fruit size, weight and dbh
for adult trees, and mean feeding duration in fruiting species. Bonobo parties
spent an average of 30 &+ 2 min (Clgsq, = 27-34 min; range = 1-168 min)
feeding in fruiting plants (N = 22 species using bonobo seed dispersal ser-
vice among 91 identified in another study, Beaune et al., 2013c). Although
feeding times differed among species (see Table 1; three species tested:
N = 50 Cissus dinklagei, 122 Dialium sp., 27 Grewia sp.; H = 15.1015,
df = 2, p =0.0005257), bonobo party feeding time did not correlate with
the 24-h dispersal distance (r = —0.07, p = 0.2422; see Figure 3).

We calculated seed transport for 51 different endozoochoric plant species
(N = 1-362 events). The average dispersal distance £ SD from the parent
plant is 1332 £ 24 m, median = 1198; Clysq, = 1282-1380 m; range =
1-4492 m. The resulting dispersal distance kernel is a probability density
function (Figure 4), characterized by a unimodal leptokurtic distribution,
with a fat-tailed dispersal kernel (i.e., with exceptional seed transports at
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Figure 3. There is no correlation between feeding time spent by the bonobo group on the
fruiting plant and the dispersal distance induced by the group after 24 h. For 22 fruiting
species analysed as whole (N = 278, r = —0.07, p = 0.2422) or other species as Dialium sp.
(122, r = —0.01, p = 0.8572) or Cissus dinklagei (50, r = —0.22, p = 0.1178) at LuiKotale,
DRC. This figure is published in colour in the online edition of this journal, which can be
accessed via http://booksandjournals.brillonline.com/content/journals/1568539x.
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Figure 4. Seed dispersal distribution induced by bonobo based on group movement behaviour
(N = 1200 dispersal events with all plant species at LuiKotale, DRC) and fixed bonobo
transport duration (transit time = 24.00 h).

very long distance; right skewness = 0.81; Kurtosis = 3.38; see (Nathan &
Muller-Landau, 2000) for the different shapes of dispersal kernels). Bono-
bos disperse seeds over long distances, with 97.9% of the dispersal distances
longer than 100 m. There is no annual effect on bonobo dispersal distance
(from 2007 to 2011, four years tested: H =7.6939, df =4, p =0.1035) but
the seasons seems to affect the group travel distance (September—January =
1422 m on average, March—April = 1284 m, February (dry) = 1132, May—
August (dry) = 1337 m tested: H = 17.4279, df = 3, p =0.000577). The
main plant species tested (Cissus dinklagei (N = 173), Dialium sp. (362),
Gambeya lacourtiana (56), Grewia sp. (97), Pancovia laurentii (73), Pla-
codiscus paniculatus (48), Polyalthia suaveolens (61), Treculia africana
(21)), from large G. lacourtiana to medium tree species (P. paniculatus and
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Figure 5. Seed dispersal distances induced by bonobo group for eight plant species (Cis-
sus dinklagei (N = 173), Dialium sp. (362), Gambeya lacourtiana (56), Grewia sp. (97),
Pancovia laurentii (73), Placodiscus paniculatus (48), Polyalthia suaveolens (61), Treculia
africana (21)) at LuiKotale, DRC.

P. suaveolens) (see Table 1 for average dbh) did not significantly affect the
dispersal distance induced by the bonobo ranging behaviour (H = 8.3769,
df =7, p =0.3005) (Figure 5). The hypothesis on interspecific differences
in seed dispersal distance was not supported.

4. Discussion

Our findings provide an analysis based on long-term data, of differences in
dispersal distance among fleshy-fruited plants disseminated by the same en-
dozoochoric dispersal vector. Surprisingly, all the fleshy-fruited species are
dispersed at the same average distance, whatever the feeding time on the
fruiting plant, their fruit quality and abundance: 1.3 km on average. This
is a remarkable long dispersal distance with 97.9% of the seed transports
superior to 100 m away from the parent plants. However, other extensive
studies are required for seed dispersal comparison with other frugivores and
other bonobo communities. Tsuji and his colleagues found a lowest disper-
sal distance induced by a Wamba community with an average distance of
783 and 777 m while foraging on two Dialium species (Tsuji et al., 2010b).
This difference can be due to low sample size, a seasonal effect or a different
community behaviour and ressource availability at Wamba). Bonobos seems
to move at homogenous and regular distances from food patches. This could
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be due to the regular ranging behaviour and consistent travel times of bonobo
groups, whatever the quality and quantity of the fruit they currently feed on.
This interpretation does not fit with predictions of optimal foraging theory
which suggest that animals would adapt their foraging investment (such as
travel) according to food and nutrients availability. One potential explanation
is the stochastic phenology of fruiting species at the site (Fruth et al., unpubl.
data). This unpredictability could force bonobos to forage permanently for
food and then regularly disperse the seeds at long distances. Another unveri-
fied hypothesis is differential ripening for these species. With asynchrony in
ripe fruit availability, frugivores cannot forage for long sessions in the same
area. However, further studies are needed on differential ripening in tropical
plants. Surprisingly in another study, we found that seed size does not seem
to affect transit time (Beaune et al., 2013a), unlike other animals, where a
shorter gut passage is induced by smaller seed size (Westcott et al., 2005).
Whatever their differences in seed/fruit size, colour, fruit quality and quan-
tity, the fruiting-species traits did not seem to affect sufficiently the bonobo
transit time and foraging behaviour for an effect on their seed dispersal dis-
tance.

Extensive seed dispersal among communities homogenises species com-
position, and eventually makes competitive ability dependent on global
rather than local abundances, thus facilitating domination by the single most
abundant species (Levin et al., 2003). This is the case here with bonobos as
dispersal vectors. Seed dispersal limitation in distance (Muller-Landau et al.,
2008) does not exist for different plant species sharing the same dispersers.

The assumption in the theoretical dispersal model that animals move ran-
domly in space (Levin et al., 2003) is supported by our finding for the
distance parameter, which is consistent and without any plant species ef-
fect. This is coherent with mechanistic models of zoochoric seed dispersal
(Cousens et al., 2010).

However we did not explore post-dispersal fate for seed, which surely
shapes species distribution (Réjou-Méchain et al., 2011). Several studies
have shown that the interaction between environmental heterogeneity and the
biological characteristics of species can influence distribution patterns at var-
ious spatial scales (Muller-Landau, 2004; ter Steege et al., 2006). Negative
density dependence with environmental filtering contributes to community
assembly (Paine et al., 2012). Nevertheless, it has also been shown that dis-
persal syndrome predicts spatial distribution, which is relatively dispersed
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for zoochoric species (Seidler & Plotkin, 2006). For species using large
mammals such as the bonobo, we show that seed dispersal is long-distance
but without interspecific differences; although interspecific difference in fruit
characteristics is wide. Do species dispersed by the same partner share the
same distribution pattern? Studies have hypothesised that spatial patterns
are highly context dependent but can be predicted by dispersal syndrome
(Réjou-Méchain et al., 2011) and plant traits (Muller-Landau et al., 2008).
Our hypothesis goes further with spatial prediction, trait-based generalisa-
tion and modelling of seed dispersal in tropical forests, based not on fruit
characteristics, but rather on the disperser variable itself (elephant, bonobo,
guenon, bat, hornbill, etc.).

To conclude, fruit traits of a species (quantity and quality) did not seem
to affect disperser behaviour in relation to dispersal distance. Our finding
leads to new questions about possible plant adaptations to force zoochoric
partners to move constantly within their range. This research challenges the
validity of optimal foraging theory predictions, at least in the case of bonobo
ecology, as nutrient and food availability did not affect foraging and travel
investment. The seed dispersal limitation theory explains how plant biodiver-
sity is maintained, however bonobos induce homogenous dissemination in
their ecosystem and thus dominant species could overcompete other species.
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Abstract

Primates must solve complex spatial problems when foraging, such as finding patchy resources
and navigating between different locations. However, the nature of the cognitive representations
supporting these types of behaviors is currently unclear. In humans, there has been great debate
concerning the relative importance of egocentric representations (which are viewer-dependent)
versus allocentric representations (which are based on aspects of the external environment). Com-
parative studies of nonhuman apes can illuminate which aspects of human spatial cognition are
shared with other primates, versus which aspects are unique to our lineage. The current studies
therefore examined spatial cognitive development in one of our closest living relatives, bonobos
(Pan paniscus) across contexts. The first study assessed how younger bonobos encode locations
in a place-response task in which apes first learn that one of two locations is consistently baited
with a reward, and then must approach the two locations from a flipped perspective. The second
study examined how a larger age sample of bonobos responded to a spatial relations task in which
they first experience that one location is baited, and then can generalize this learning to a new set
of targets. Results indicated that while bonobos exhibited a predominantly allocentric strategy in
the first study, they consistently exhibited an egocentric strategy in the second. Together, these re-
sults show that bonobos can use both strategies to encode spatial information, and illuminate the
complementary contributions to cognition made by egocentric and allocentric representations.

Keywords
spatial cognition, memory, spatial relations, habit formation, allocentric, egocentric.

1. Introduction

Primates in the wild face complex spatial problems. For example, all pri-
mates must locate important items in their environment — such as patchily-
distributed food resources or other conspecifics — as well as travel efficiently
in their environment (Gallistel, 1990; Shettleworth, 1998; Janson & Byrne,
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2007). Studies of primate foraging both in the wild (Janson, 1998, 2007;
Normand & Boesch, 2009; Normand et al., 2009) and in captivity (Menzel,
1973; Menzel et al., 2002; Mendes, 2008; Rosati & Hare, 2012) suggest that
primates exhibit sophisticated behaviors when solving these types of spa-
tial problems. However, the particular cognitive capacities underlying these
behaviors are currently unclear. There are two general strategies that organ-
isms could use for goal-oriented navigation (Maguire et al., 1998; Burgess,
2008). First, an individual could move through the environment using an al-
locentric strategy that depends on representations of the world at large, by
encoding the set of relationships between environmental cues and the rele-
vant goal (such as a food patch). This type of enduring representation of the
layout of objects in the environment has been referred to as a ‘cognitive map’
(Tolman, 1948). Alternatively, an individual could use an egocentric strategy
that depends on representations of the organism’s movements centered on
their own body (e.g., turn left), sometimes called ‘dead reckoning’. The rel-
ative importance of these types of strategies in human spatial cognition is a
topic of debate. Moreover, some hypotheses suggest that language allows hu-
mans to use spatial information with a degree of flexibility and accuracy not
seen in other species (Hermer-Vazquez et al., 2001; Wang & Spelke, 2002).
Consequently, studies of nonhuman ape cognition can identify the capacities
underlying their natural spatial behaviors, as well as illuminate what aspects
of human spatial cognition are unique to our lineage.

How might language influence the manner in which humans encode and
remember spatial information? First, some research suggests that language
influences the coordinate systems that humans use when thinking about
space. Whereas some languages encode spatial relations in terms of a viewer-
relative system (e.g., the table is to the left or right), others use a system that
encodes the absolute position of objects (e.g., the table is to the North or
South). The dominant way a given language describes spatial relations is
thought to influence the way mature language speakers encode spatial re-
lations in nonverbal spatial relations tasks: children who grow up speaking
language with a preponderance of relative constructions — such as English
and other European languages — tend to show an egocentric biases in spa-
tial tasks, whereas speakers of indigenous languages in Africa and other parts
the world that use absolute constructions exhibit allocentric bias (Brown &
Levinson, 1992, 2000; Levinson, 1996; Pederson et al., 1998; Levinson et al.,
2002; Majid et al., 2004). For example, in one relevant task children watch an
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experimenter hide a reward under one cup in a spatial array, and then move
to a second table with an identical array of cups. Their orientation relative
to the array is therefore flipped 180°, and the child is asked to predict which
location will have the target in this new setup. Their predictions in this con-
text concord with their language’s dominant relation construction. As apes
tend to depend primarily on an allocentric strategy in the same spatial rela-
tions task (Haun et al., 2006a), one proposal stemming from this work is that
allocentric encoding is phylogenetically ancestral, whereas human-specific
cultural influences can override these biologically-based biases so that some
humans favor egocentric strategies (see also Gentner, 2007).

An alternative proposal suggests that human spatial memory is supported
primarily by egocentric representations of location, which are then combined
with geometrical information about the surface of the environment (Wang &
Spelke, 2002). According to this proposal, egocentric representations involve
recognizing scenes based on viewer-dependent perspectives, and then updat-
ing these egocentric representations based on information about one’s own
movements. While pre- or nonlinguistic organisms possess geometric rep-
resentations of the surface geometric of the environment, this information
does not directly represent goal-relevant locations in the environment. Thus,
this proposal suggests that flexible representations of space integrating both
landmark and geometric information require spatial language (e.g., Hermer-
Vazquez et al., 1999, 2001). Thus, younger children and animals use only
geometric information, failing to integrate salient information about land-
marks into their search patterns (Cheng, 1986; Hermer & Spelke, 1994).
Indeed, when adults’ language systems are taxed by engagement in a sec-
ond simultaneous task, they perform like young children (Hermer-Vazquez
et al., 1999). This hypothesis thus suggests that language allows geometric
and feature information to be integrated to form these flexible spatial repre-
sentations (Spelke et al., 2010).

These proposals both emphasize the importance of language in support-
ing human-unique forms of spatial reasoning, but differ in which type of
strategy humans alone exhibit. However, current research offers a third pos-
sibility: organisms might posses multiple memory systems, with egocentric
and allocentric representations coexisting in parallel (Sherry & Schacter,
1987; Burgess, 2006, 2008). That is, this hypothesis suggests that humans
and animals may encode both egocentric representations of space as well
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as allocentric representations of the relations between objects and the envi-
ronment at large, with the particular strategy used depending on the context
at hand. For example, neurobiological studies indicate that parallel memory
systems can influence behavior, and that these systems are supported by dis-
tinct neural circuits in the brain. One illustrative set of studies involves the
responses of rats (Rattus norvegicus) to a memory task in which both types
of strategies could be used to locate food (Packard, 2009). In the cross maze
task, rodents are placed in a cross-shaped maze and initially learn that one
side wing is consistently baited with food. This could be encoded using ei-
ther an allocentric strategy (e.g., ‘the food is in that spatial location’), or an
egocentric strategy (e.g., ‘turn left to find the food’). The animals’ strategy
is determined by reversing their start position in the maze so they must ap-
proach the side wings from a flipped orientation to assess if they search in
the previously-rewarded location (allocentric strategy), or if they turn in the
same direction even though this now leads to the opposite wing (egocentric
strategy). In this task, early learning is supported by place-based memory
such that animals initially exhibit allocentric strategies. However, with rep-
etition animals exhibit a shift towards egocentric strategies (Packard, 2009).
Moreover, temporary lesions and other neurochemical manipulations can se-
lective inhibit or strengthen these different types of encoding strategies: the
hippocampus selectively impacts allocentric encoding, whereas changes to
the basal ganglia influence egocentric encoding (Packard, 1999). Together,
this evidence indicates that both allocentric encoding of specific locations in
space, and egocentric encoding of particular motor responses, exist in paral-
lel (Poldrack et al., 2001; White & McDonald, 2002; Poldrack & Packard,
2003).

Developmental work further supports the claim that both types of repre-
sentations can control behavior depending on context (Newcombe & Hutten-
locher, 2006). For example, when infants initially experience that something
interesting (such as a toy) repeatedly appears to one side, but then are flipped
to view the same space from the opposite orientation, they tend to show an
egocentric bias. However, this shifts to an allocentric bias over the first year
of life (Acredolo, 1978, 1979). Studies using search tasks similarly show that
egocentric frameworks are available at an earlier age, whereas older children
can successfully use both egocentric and allocentric strategies (Newcombe
et al., 1998). Importantly, aspects of the external environment can influence
children’s strategies: even young babies can use allocentric strategies when

Brian Hare and Shinya Yamamoto - 978-90-04-30417-8
Heruntergeladen von Bril.com10/14/2019 09:14:20AM
via free access



Spatial reference frames in bonobos 379 [133]

there are very salient landmarks in the external environment (Acredolo &
Evans, 1980). Similarly, although babies tend to exhibit egocentric biases
in unfamiliar experimental rooms, they are more likely to use an allocen-
tric strategy in their own homes (Acredolo & Evans, 1980). Adults exhibit
similar patterns, with a greater preference for using an allocentric frame of
reference when there are salient landmark cues that situate the array in a
larger spatial context (Li & Gleitman, 2002). Together, these results indicate
that different sources of spatial information may be combined in a weighted
fashion, with some information more important in specific contexts than oth-
ers (Ratliff & Newcombe, 2008).

Overall, these hypotheses concerning human spatial cognition predict that
nonlinguistic apes should favor different spatial strategies. The first proposal
suggests that apes use primarily allocentric strategies, but this preference
can be ‘overwritten’ by cultural linguistic influences in humans (Majid et
al., 2004; Haun et al., 2006a; Gentner, 2007). The second view suggests
that nonhumans generally use an egocentric framework to encode space,
and that language enables human-unique forms of allocentric representations
(Wang & Spelke, 2002). The final view suggests that nonhuman apes and
humans should be both capable of using egocentric and allocentric encoding
strategies, although their preference may vary across contexts (Newcombe &
Huttenlocher, 2006). Consequently, evidence from apes can play an impor-
tant role in evaluating the role of language in how humans represent spatial
relations.

What kinds of strategies do apes use when faced with spatial problems?
Several lines of evidence suggest that apes can use allocentric frameworks.
For example, chimpanzees (Pan troglodytes) can form allocentric ‘cognitive
maps’ of their surrounding: when chimpanzees are shown multiple hiding
places for food in a large field, they later will move between those locations
using an optimal route to retrieve the food with the least amount of travel dis-
tance (Menzel, 1973). Similarly, wild chimpanzee foraging patterns in trop-
ical rainforests suggest that the apes traveled in direct routes to reach food
resources (Normand & Boesch, 2009). In tasks designed to examine spatial
strategies in more controlled settings, apes also exhibit allocentric strategies.
For example, all four species of great apes exhibited allocentric strategies in
the spatial relations task described previously (Haun et al., 2006a). Apes also
exhibit allocentric strategies when they initially watch food being hidden in
an array, and then can choose after their orientation is flipped (Hoffman &
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Beran, 2006; Albiach-Serrano et al., 2010). Similarly, when apes’ orientation
towards the array was the same during both the baiting event and when mak-
ing a choice (but they move in the interim), apes appear to predominately
use spatial cues (e.g., proximity to the edge of the table) rather than egocen-
tric information (left or right locations) when searching for food (Hribar &
Call, 2011; Hribar et al., 2011). Finally, some tasks have examined the ex-
tent to which apes use landmark information about the features of items in
the environment (such as color or shape), versus purely spatial information
about specific locations in the environment. For example, in one task apes
initially watched food being hidden under one container in an array where
all containers had different features, but then the locations of the containers
are switched before the apes could choose. Some evidence suggests that apes
tend to show to choose the same location, ignoring that the container’s fea-
tures had changed (Haun et al., 2006b), whereas other studies show that apes
exhibit a greater mixture of spatial strategies (Kanngiesser & Call, 2010).
Importantly, however, apes showed a greater tendency to use feature infor-
mation in tasks involving longer periods of experience (Kanngiesser & Call,
2010), which might suggest the acquisition of a more habit-based response
over time. Nevertheless, current evidence overall suggests that apes have a
bias towards allocentric strategy rather than an egocentric strategy.
However, current comparative data on spatial cognition in apes cannot
address the relative importance of these strategies for two reasons. First, al-
though humans are equally related to both chimpanzees (P. troglodytes) and
bonobos (P. paniscus), chimpanzees are much more commonly studied than
are bonobos (Hare, 2007). For example, in the previous studies that explic-
itly contrasted allocentric versus egocentric frameworks, few bonobos were
tested (three to six across studies; Haun et al., 2006a; Albiach-Serrano et al.,
2010; Hribar & Call, 2011). Importantly, differences in the feeding ecology
of bonobos and chimpanzees suggest that these species face different spa-
tial challenges while foraging. In particular, chimpanzees are thought to face
more patchy, uncertain environments than bonobos (White & Wrangham,
1988; Kano, 1992; Malenky & Wrangham, 1993; White, 1998; Hare et al.,
2012). This difference in feeding ecology predicts that chimpanzees would
show more accurate spatial cognition and memory than bonobos due to their
increased reliance of patchily-distributed foods. Cognitive evidence supports
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this prediction: while both chimpanzees and bonobo can successfully recall
the location of hidden food in a large space, chimpanzees are more successful
at recalling multiple food items than bonobos (Rosati & Hare, 2012).

Second, there is little data addressing whether apes show any ontoge-
netic changes in spatial cognition. This is critical for assessing hypotheses
pointing to a causal role for language in shaping human spatial cognition: if
language drives a particular ontogenetic change in humans, then that devel-
opmental shift should be found in our species alone (e.g., Matsuzawa et al.,
2006; Matsuzawa, 2007; Rosati & Hare, 2012; Rosati et al., in press). How-
ever, it is currently unclear if nonhuman apes show any human-like shifts in
spatial frameworks. For example, the study by Haun and colleagues (2006a)
involved only sub-adult and adult apes, and did not examine whether apes ex-
hibited age-dependent change in their preferred strategy. While some studies
suggest improvement with age in some memory tasks (Herrmann et al., 2010;
Martin-Ordas et al., 2010) these studies did not include infants in the age
range where some human changes in spatial skills occur (e.g., Newcombe
& Huttenlocher, 2006). Other studies of infants have been limited to small
samples of three or fewer chimpanzees (Matsuzawa et al., 2006; Matsuzawa,
2007). Finally, the few previous studies of spatial cognition involving larger
samples sizes of infant and juvenile apes have focused on whether apes could
remember particular locations, not the specific strategy they used to do so do
(e.g., Rosati & Hare, 2012; Wobber et al., 2013).

The current paper therefore examines spatial cognition in bonobos in two
tasks that have both been commonly used to assess allocentric versus ego-
centric encoding of locations. The first study examines how bonobos encode
locations in the place-response task, which has been used to disentangle al-
locentric, hippocampal-dependent strategies from egocentric basal-ganglia-
dependent strategies. This study focuses on younger apes (N = 10) between
the ages of 2 and 7 years. The second study uses a modified version of the
spatial relations task previously developed by Haun and colleagues (2006a)
to examine linguistic influences on spatial cognition. This study examines a
larger sample of bonobos (N = 19) ranging in age from 2 to 13 years. Thus,
these studies can compare the types of strategies bonobos used in these two
different contexts. In addition, these studies can assess whether bonobos ex-
hibit any developmental shift in strategies, suggesting that such shifts might
reflect intrinsic maturation of spatial abilities, not the influence of language.
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2. Study 1: place-response task

This study adapted the cross-maze task used in studies of rodent (Packard,
2009) and lemur memory (Rosati et al., 2014) for use with infant and juvenile
bonobos. Apes were presented with two overturned bowls places on opposite
sides of the room, which they could approach to search for food. As in the
cross maze task, one of the locations was consistently baited with (hidden)
food across sessions. The ape then completed probe trials from a flipped
orientation towards the cups to assess if they had encoded the baited option
from a spatial (allocentric) perspective or a habitual (egocentric) perspective.

2.1. Methods

2.1.1. Ethics statement

All behavioral studies were noninvasive. The studies had IACUC approval
from Duke University (No. A078-08-03), strictly adhered to the legal re-
quirements of the Democratic Republic of Congo, and had approval from
the Ministry of Research and the Ministry of Environment in the DRC (re-
search permit No. MIN.RS/SG/004/2009). Animal husbandry and research
practices complied with the PASA Primate Veterinary Healthcare Manual
and the policies of Lola ya Bonobo Sanctuary in Kinshasa, Democratic
Republic of Congo. All apes were socially housed, and the vast majority
semi-free-ranged in large tracts of tropical forest during the day (540 ha
across groups). In the evening, all apes spent the night in indoor dormitories
(12-160 m?). Apes were tested individually in these familiar dormitories
buildings. Following testing, most apes were released back with their larger
social group outside. Apes had ad libitum access to water and were never
food deprived for testing. In addition to the food the apes could eat in their
forest enclosures, they were fed a variety of fruits, vegetables, and other
species-appropriate food 2—4 times daily. Subjects completed no more than
one test session per day, and participating in all tests were voluntary: if the
ape stopped participating, the session was halted.

2.1.2. Subjects

Ten bonobos (7 females and 3 males) participated in this study, ranging in
age from 3 to 7 years of age (mean age = 4.2 £+ 0.4 years; see Table 1
for all subject details) living at Lola ya Bonobo Sanctuary. Apes in African
sanctuaries are typically born in the wild, and enter the sanctuary after be-
ing confiscated at an early age (approximately 2-3 years old) as a result of
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Table 1.
Subject characteristic and performance in Study 1.

Subject Sex Age Learning trials Probe trials: allocentric
Kanaga Q 2 0.93 1.00
Kipolo d 5 0.85 0.67
Kodoro d 3 0.85 1.00
Lukuru Q 4 0.64 0.83
Masisi Q 4 0.83 1.00
Muanda Q 6 0.69 0.33
Sandoa Q 3 0.96 0.83
Shibombo d 3 0.94 1.00
Tchilenge Q 7 0.78 0.50
Waka Q 4 0.81 0.17
Overall 0.83 0.73

Age estimate is listed in years. Learning trials indicates the proportion of correct choices
across all learning trials. Probe trials indicates the proportion of test trials where subjects
made an allocentric (spatial) response; they made an egocentric response on the remainder of
trials.

the trade in apes for pets and bushmeat. Previous work indicates that sanc-
tuary apes are psychologically healthy relative to other captive populations
(Wobber & Hare, 2011). As exact birth dates for sanctuary apes are generally
unknown, we used age estimates made by sanctuary veterinarians at arrival
(typically when the infants are between 1 and 3 years old), and adjusted
these age estimates using measurements of weight and patterns of dental
emergence according to known patterns of ape development (following the
methods described in Wobber et al., 2010, 2013; Rosati & Hare, 2012), a
technique that is further validated using the known ages of individuals born
in the sanctuaries. The apes had previously participated in a variety of cog-
nitive testing involving making choices between options presented on tables
(e.g., Wobber et al., 2013), but were naive to the particular task here.

2.1.3. General setup

Apes were tested individually in a room in their familiar sleeping dormitory,
with the experimenter and a caretaker present. They were presented with
two identical and opaque overturned bowls (24.5 cm diameter, 15 cm tall,
and red in color) that were placed 2.5 m apart; food could be hidden under
the bowls. The caretaker sat at the starting position with the bonobo in front
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Figure 1. Setup for place-response task (Study 1). In each session, apes first completed
12 learning trials in which one of two locations (both overturned bowls) was consistently
baited. In the final probe trial, the apes’ starting position was rotated 180° so they faced the
locations from a flipped perspective. Their responses therefore indicated if they had encoded
the baited location from a viewer-dependent (egocentric) framework or a spatial (allocentric)
framework. On all trials the caretaker centered the bonobo at their starting position, and the
experimenter stood in the opposite position across the midline of the testing area.

of him, centering the bonobo approximately 1 m away from the midline of
the two bowls (see Figure 1).

2.1.4. Session and trial structure

The bonobos completed 6 sessions total, consisting of three types of trials.
All sessions were identical with the exception of the introductory trials in
the first session (described below). A given bonobo was always tested in
the same room, and the orientation of the setup in that room as well as the
baited location in learning trials was kept identical across sessions, following
the methods of previous work using this task in other species (Packard,
1996, 1999, 2009). In particular, the consistent setup across sessions made it
possible to assess if the apes’ spatial strategy changed over time, following
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previous work showing that rodents initially exhibit allocentric strategies but
switch to egocentric strategies with increase repetition. The trial types in the
sessions were as follows:

(1) Introduction trials (two trials, only in the first session): At the be-
ginning of their first session, apes completed two introduction trials where
they visibly saw the experimenter placing food under both bowls. Here, the
caretaker directed the subject to the centered starting position while the ex-
perimenter baited the bowls (with bonobos typically sitting on their lap).
The experimenter showed the ape two pieces of preferred food (apple), ap-
proached both bowls (in counterbalanced order), called the ape’s name, and
visibly placed a piece of food under each bowl while the ape watched. These
trials therefore served to introduce the idea that the bowls could be baited,
and allowed bonobos to successfully experience retrieving food from both.
Once the experimenter finished baiting, she returned to a midline position
across from the ape and looked straight ahead to avoid cuing the subject.
After the experimenter said “start”, the keeper released the bonobo so he or
she could choose one of the bowls by approaching it. Bonobos had to ap-
proach both bowls to retrieve the food in order to proceed to the subsequent
learning trials in that session; if bonobos who did not initially approach both
locations on their own, the experimenter attracted their attention to the other
bowl. These trials were not included in sessions two through six.

(2) Learning trials (12 in each session): These trials were similar to in-
troductory trials, but only one bowl was baited. When the experimenter ap-
proached both bowls (in counterbalanced order within sessions), she placed
her hand under the bowl while covering it with an occluder, such that the
ape could not see which location had actually been baited with the food. If
the subject chose incorrectly by approaching the empty bowl in learning tri-
als, they could correct their choice (e.g., then approach the correct location)
in order to equate reward experience across all subjects (following previous
studies; Packard, 1996). After the bonobo retrieved the food, the caretaker
attracted them back to the starting position.

(3) Probe trials (one trial at the end of each session): The procedure for
probe trials was similar to that for learning trials. Prior to the trial, the care-
taker walked with the ape to the opposite side of the bowls so that the ape
started in the flipped position (180°) relative to the bowls and the larger spa-
tial layout of the room. The trial then proceeded like learning trials, with
two main exceptions. First, the experimenter baited both bowls (approaching
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them in counterbalanced order across sessions) to avoid biasing the subjects
in subsequent trials. That is, the animal always was rewarded regardless of
what strategy they exhibited. Second, subjects could only approach one bowl
so there was no opportunity for self-correction; the caretaker attracted the
bonobo away from the bowls after they made a choice.

2.1.5. Coding and data analysis

Choices were coded live by the experimenter. A coder blind to the correct
side coded 20% of sessions from videotape for reliability; agreement was
excellent (Cohen’s kappa = 0.99). Choice data were analyzed using two
statistical approaches. The first approach used parametric statistics. For these
analyses, mean proportions of choices for the correct location (in learning
trials) and for allocentric responses (in probe trials) were calculated for each
subject.

The second approach focused on the bonobos’ responses to probe trials,
the main measure of interest. This approach used generalized linear mixed
models (GLMM) to analyze choices as a binary outcome variable, while
accounting for correlation in responses due to repeated measures within sub-
jects (Baayen, 2008). This analysis used the LME4 software package (Bates,
2010) in the statistics program R (R Development Core Team, 2011). The
advantage of using a GLMM model, compared to ANOVA, is that it al-
lowed trial-by-trial modeling of responses, while also controlling for various
covariates and random effects (such as subject). These analyses used likeli-
hood ratio tests to compare fit across models incorporating different factors
(Bolker et al., 2008). Across models, subject was included as a random fac-
tor, and predictors included sex (as a factor), age in years (as a covariate),
session number (one through six) as a covariate, and proportion of correct
learning trials in that session (as a covariate). This analysis therefore could
examine the degree to which age, sex, and previous learning trial experience
predicted the bonobos’ responses on probe trials.

2.2. Results and discussion

The first analysis focused on the bonobos’ performance in learning trials.
Overall, bonobos chose correctly on 82.8 £ 3.3% (mean + SE) of all learn-
ing trials, significantly above chance overall (one sample ¢-test: fo = 9.91,
p < 0.001; see Table 1 for subject means). Indeed, apes were above chance
in selecting the correct location in learning trials across all six sessions (ses-
sion 1: mean = SE = 65.8 &+ 6.3%, to =2.53, p < 0.05; session 2: 75.0 &
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5.0%, t9 = 5.03, p = 0.001; session 3: 75.0 &+ 7.8%, t9 = 3.22, p = 0.01;
session 4: 90.8 &+ 3.6%, ty = 11.31, p < 0.001; session 5: 93.3 + 2.7%,
ty = 15.92, p < 0.001; session 6: 96.7 = 1.4%, ty = 34.29, p < 0.001).
A repeated-measures ANOVA comparing learning trial performance across
sessions revealed a main effect of session (F545 =9.62, p < 0.001) with a
significant linear contrast (F; 9 = 30.18, p < 0.001) indicting the bonobos’
recall of the baited location improved with repeated exposure to the correct
location. Pair-wise comparisons confirmed this: the apes’ memory in session
one was less accurate than that in sessions 46, and session 2 performance
was also lower than in session 6 (Bonferroni correction; p < 0.05 for all sig-
nificant cases). That is, the bonobos’ performance in their last sessions was
significantly better than in their initial sessions.

We next examined performance on probe trials. Bonobos made an allocen-
tric response on 73.3 & 9.7% of trials, significantly above chance (19 =2.41,
p < 0.05; see Table 1 for subject means). Examining the performance of
individual subjects revealed that seven of the ten subjects made predomi-
nantly allocentric choices (67-100% allocentric choices), two subjects made
predominantly egocentric choices (17-33% egocentric choices), and one in-
dividual showed no overall preference (exhibiting both strategies equally
across probe trials). A comparison of performance on learning compared to
probe trials indicated that there was no significant difference between overall
correct choices in the learning trials compared to allocentric choices in the
probe trials (paired sample ¢-test: fg = 1.09, p = 0.30, n.s.; see Figure 2a).
That is, overall bonobos chose the allocentric option at levels comparable
to their rate of success on learning choices. This suggests that they gener-
alized their experience from the learning trials to predict that the food was
located in the same spatial location in probe trials. Finally, while there was no
relationship between an individual’s performance in learning trials and allo-
centric choices in probe trials (r, = 0.47, p = 0.17, n.s.), there was a negative
relationship between age and probe trial performance: older bonobos were
less likely to make allocentric responses than younger apes (r, = —0.65,
p < 0.05). The results from the GLMM, which modeled each individual
probe trial choice as a binary outcome, generally confirmed these results.
The first step was to fit a basic model including subject as a random factor,
sex as a fixed factor, and proportion of correct learning trials as a covariate.
Learning trial performance was included in the model to control for the pos-
sibility that the bonobos’ performance in the immediately preceding session
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Figure 2. Results from place-response task (Study 1). (a) Bonobos’ mean proportion choices
for the correct location in learning trials, and for the allocentric location in probe trials.
(b) Relationship between overall allocentric probe choices and the subject’s age. Error bars
indicate standard error. * p < 0.05, ***p < 0.001.

predicted their probe choices (note that all bonobos had equal experience
with the correct location regardless of their initial choice, as bonobos were
allowed to self-correct following incorrect choices in the learning trials). In
a second model, session number was included as a covariate to the more par-
simonious basic model to assess whether apes showed any shifts in probe
trial performance over time. Finally, in a third model age was also added as
a covariate to assess any potential effects of cognitive development on the
bonobos’ performance. The full model revealed that age was a significant
negative predictor on the apes’ propensity to make an allocentric response
(see Figure 2b and Table 2 for parameters from the full model). However,
there was no change in probe strategies over time. Moreover, whereas com-
paring the basic model to the second model including session number did not
improve model fit (x> =0.13, df = 1, p = 0.72, n.s.), the third model also
including age did show greater fit (model 2 versus model 3: x> = 3.89, df =
1, p < 0.05). This highlights the importance of age as a predictor of apes’
allocentric responses.

Overall, these results indicate that the bonobos primarily used an allocen-
tric spatial strategy in this context. The bonobos quickly learned the location
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Table 2.
Factors influencing the apes’ likelihood for making an allocentric response on probe trials in
Study 1.

Factor Estimate SE z )4
Sex 1.363 1.302 1.047 0.30
Age —0.824 0.406 —2.031 <0.05*
Session —0.036 0.284 —0.127 0.90
Correct learning trials —0.100 2.750 —0.036 0.97

The full generalized linear mixed model assessed the influence of the following factors:
sex (female as baseline), age (in years), session number (1-6) and learning trial performance
(proportion correct in the preceding learning trials that session).

* Significant value.

that was baited in learning trials, showing a preference for that location
from the first session. When the bonobos’ orientation was flipped so they
approached the bowls from the opposite direction, they generalized their
experience in learning trials to consistently select the allocentric location.
That is, they approached the same location in space that had been baited
previously, rather than using a viewer-dependent frame of reference. This
generalization did not change across sessions, indicating the repeated expe-
rience with the correct location on learning trials did not shift the bonobos
from using an allocentric strategy towards an egocentric strategy, as has been
previously demonstrated in other animals (Packard, 2009). However, probe
trial performance was negatively related to age — younger bonobos were
more likely to make allocentric responses on probe trials than were older
bonobos — and a model including age as a factor was a better fit in the
GLMM analysis. It is important to point out, however, that the age range and
sample size in this study were small. Thus, the second study examined spa-
tial cognition in a large sample of bonobos ranging from infants to adults. In
addition, this study used a different task that involved choices between three
options presented on a smaller scale to examine if the bonobos’ allocentric
strategies were stable across contexts.

3. Study 2: spatial relations task

The second study examined how bonobos process spatial relations by pre-
senting them with two tables with identical arrays of three overturned opaque
cups on top, following the basic procedure from (Haun et al., 2006a). Apes
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Figure 3. Setup for relations task (Study 2). Apes first completed a learning phase in which
one location (always either the left or right side) was consistently baited. After apes met a
learning criterion indicating they consistently chose the correct side, they moved 180° into
a new room for the test phase. In the last 10 trials, apes faced an identical table from a
flipped perspective to assess if they had encoded the baited location from a viewer-dependent
(egocentric) framework or a spatial (allocentric) framework. The experimenter sat centered
behind the table at both locations.

first made choices at one of the tables and learned that one of the outer cups
(left or right) always contained food. After demonstrating that they would
consistently pick that cup, apes moved to the second table where apes’ ori-
entation was flipped 180° (see Figure 3). In this second test phase, bonobos
could use either use an allocentric strategy (choosing the cup with the same
orientation in the broader spatial layout), use an egocentric strategy (choos-
ing the cup with the same relation to their own body), or fail to generalize
their previous experience by choosing the center location.

While this study followed the same basic procedure as that by Haun and
colleagues (2006a), there were some adjustments to the methods to test a
larger age range of subjects (in particular, younger bonobos). First, each in-
dividual only completed one session where one location was baited, to see
how this experience generalized in the test phase, whereas in the previous
study apes were trained on all possible locations across three different ses-
sions. Second, bonobos initially completed several types of warm-up trials
to ensure they were proficient with choosing all the various cup locations,
accounting for the fact that the infants were less familiar with these kinds of
table-based tasks than are older apes. Finally, we did not include the initial
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baseline trials used by Haun and colleagues (2006), used there to detect if the
apes had some initial bias for one of the locations in the absence of any rele-
vant experience in the study. As apes in the current study had to demonstrate
proficiency with choosing all three locations in the warm-up phase, the cur-
rent analyses therefore focused only on mean choices in the test phase, and
did not involve a difference score measuring change between the baseline
and test phase.

3.1. Methods

3.1.1. Subjects

Nineteen bonobos (9 females and 10 males) from the same population of
bonobos living at Lola ya Bonobo Sanctuary participated in this study. Indi-
viduals ranged from 3 to 13 years of age (mean age = 6.6 & 0.7 years; see
Table 3 for all subject characteristics). Seven individuals had participated in
Study 1 approximately 1 year previously.

3.1.2. General setup
Apes were tested in two rooms that faced each other across a hallway. The
basic setup consisted of two tables (each 80 cm wide, 40 cm deep, 40 cm
high) with sliding tops that allowed the objects on the tables to be set up and
then moved into the reach of the apes. Each table was placed in the hallway
and facing one of the rooms. An identical array of three overturned cups (di-
ameter 5 cm, height 10 cm) was placed on each table. During testing, apes
sat in one of the rooms facing the array of three cups, and the experimenter
sat across the table from the apes, separated by bars. Apes were tested in-
dividually; adults were alone in the test rooms, whereas infants were tested
with the human caretaker present to ensure that they were comfortable. The
caretaker sat at the back of the room behind the bonobo, and did not inter-
act with the ape or provide any cues. Apes always began the study in one
room (for the learning phase) facing one of the tables, and then moved to
the second room (for the test phase) via an overhead tunnel connecting them
(juvenile and adult bonobos), or by being walked across the hallway by their
caretaker (infant bonobos). The width of the hallway between the learning
phase room and the testing phase room (as well as the overhead tunnel that
adults utilized) was 2 m. Thus, the two tables were also 2 m apart.

In contrast to the first study, this setup made it possible to disentan-
gle whether some apes do not generalize their initial learning to the test
phase, versus whether some bonobos exhibit a mixed strategy involving both
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Table 3.
Subject characteristic and performance in Study 2.

Subject Sex Age Learning trials Test trials
Allocentric Egocentric

Dilolo d 10 30 0.0 0.8
Fizi J 11 21 0.0 1.0
Kalina Q 13 11 0.0 0.0
Kanaga* Q 3 17 0.2 0.0
Kasongo d 9 29 0.0 0.9
Katako Q 7 13 0.0 0.9
Kikwit d 12 20 0.0 0.9
Kindu Q 3 23 0.0 0.4
Kodoro* d 4 20 0.0 0.9
Lomako d 4 21 0.0 1.0
Lukuru* Q 5 12 0.0 0.9
Mabali d 8 19 0.0 0.1
Maliaka Q 4 22 0.0 1.0
Masisi* Q 5 18 0.0 0.9
Matadi d 11 31 0.0 1.0
Oshwe d 3 18 0.0 1.0
Sandoa* Q 4 12 0.0 1.0
Shibombo* d 4 27 0.0 0.4
Waka* Q 5 30 0.0 0.0
Overall 20.7 0.01 0.69

Age estimate is listed in years. Learning trials indicates the total number of learning trials
that the subject completed to meet criterion. Test trial columns indicate the proportion of
allocentric and egocentric choices in the test phase; the remainder of choices were for the
center option. *Subjects that previously participated in Study 1.

egocentric and some allocentric choices, due to the presence of the center
location. Moreover, these methods could be used with older apes as the ex-
perimenter was in a different room than the subject.

3.1.3. Session and trial structure

In the initial learning phase, apes learned that one cup (always one of the
outer cups, left or right side assignment counterbalanced across subjects)
provided food. Here, apes completed four types of trials, including various
warm-up trials to familiarize the apes to the setup, as well as the learning tri-
als where apes learned that one particular cup was consistently baited. Across
all trials only one cup was baited with food on a given trial. After meeting
a criterion indicating they consistently chose the baited location, apes were
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switched 180° to the other table, faced with an identical array of cups for
the test phase. In those trials all three cups were baited to examine how the
apes’ generalized their previous learning to the new array. All trials were
completed as part of the same session. The order of trials was as follows:

(1) Visible food trials (one per cup location in randomized order, three
trials total): In the first part of the learning phase, bonobos completed a
basic introduction to making choices on the table and familiarize them to
the procedure (as some of the infant apes were naive to this test setup). In
particular, food was placed on top of one of the cups and thus was visible
at the time the ape made their choice. These trials introduced the bonobos
to the procedure of choosing cups to get the food, and were repeated if the
bonobo initially chose incorrectly to ensure that all bonobos were proficient
with this basic skill.

(2) Hidden food trials (two per cup location in randomized order, six trials
total): Next, apes saw the experimenter place the food under the correct cup,
but it was hidden under the cup at the time of choice. These trials introduced
the idea of choosing concealed food, and were also repeated if the bonobo
initially chose incorrectly. Thus, these warm-up trials ensured that bonobos
had to demonstrate an ability to correctly choose hidden food items before
proceeding to the learning phase.

(3) Help trials (four trials, always involving the same cup as in the learning
trials): After the warm-up phase was completed, apes learned that only one
of the cups (left or right) consistently contained food. In the four initial help
trials, the experimenter placed the food visibly under the baited side cup.
These trials were similar to the previous hidden food trials, except that only
the one cup was baited; in addition, if the ape chose incorrectly, they were
shown that their choice was empty as well as the location of the correct
choice, without being allowed to repeat the trial to obtain the food.

(4) Learning trials (as main trials necessary to meet criterion, up to 32
trials total): In the last type of trial, the experimenter hid the food under the
baited cup behind an occluder (the same side as had been baited in the help
trials). The experimenter touched all three cups in a counterbalanced order
behind the occluder so as to not give any auditory or movement cues about
the location of the food. As in help trials, if the ape chose incorrectly, they
were shown that their choice was empty as well as the location of the food,
but were not allowed to correct their choice. Apes had to choose the correct
location in 10 of the previous 12 trials to meet the criterion and move onto
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the test phase. They had to meet this criterion within 32 trials or the session
was halted without proceeding to the test phase. Three bonobos did not meet
this criterion within 32 trials, so they were given a break of several days and
then repeated the session (all three then met the criterion). The limit was
set after relatively few trials to ensure that the infant bonobos would remain
food-motivated to continue for the duration of the session, as they would
become disinterested if the session continued for an extended period.

(5) Test trials (10 in total, all three locations baited): After meeting the
learning criterion, apes were switched 180° to the other table, faced with
an identical array of cups during the test phase. As in learning trials, the
experimenter baited the cups behind an occluder and touched all three cups
in counterbalanced order to avoid giving any clues to the food’s location.
In contrast to the learning trials, however, here the experimenter baited all
three locations so as to avoid biasing the ape’s choices on subsequent trials.
Once the ape made a choice, they received the food from their chosen cup
and were not shown the contents of the other cups. This allowed us to assess
if the apes were using an allocentric strategy (chose the cup in the same
spatial direction as in the learning trials), and egocentric strategy (chose the
same cup from their own perspective, left or right), or did not generalize their
previous learning to this new context. The side of the hallway assigned as the
learning versus test room was counterbalanced across subjects to ensure that
any external spatial cues were counterbalanced.

3.1.4. Coding and data analysis

Choices were coded live by the experimenter. A coder blind to the correct
side coded 20% of sessions from videotape for reliability; agreement was
100%. Choice data was analyzed using the same approaches as in the first
study. The first approach used parametric statistics to assess mean propor-
tions of choices for the correct location (in learning trials) and for allocentric
versus egocentric responses (in test trials) for each subject. The second
approach used generalized linear mixed models (GLMM) to analyze test
choices on a trial-by-trial basis.

3.2. Results and discussion

The first analysis focused on the bonobos’ performance in learning trials.
Bonobos took an average of 20.7 & 1.5 learning trials to reach the criterion of
choosing the last ten of twelve trials correctly. Overall, they chose correctly
on 66.1 £ 3.2% of all learning trials, significantly above chance overall (with
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chance at 33.3%; one sample ¢-test: #;3 = 10.38, p < 0.001; see Table 3 for
subject means). A univariate GLM with sex as a between-subjects factor
and age as a covariate revealed that female bonobos reached criterion in
fewer trials than did males (females requires an average of 17.6 & 2.1 trials
compared to 23.6 &+ 1.5 trials for males; Fj 16 = 4.66, p < 0.05). However,
there was no effect of age on the number of learning trials (F; 16 = 0.03,
p = 0.88, n.s.), indicating that younger and older bonobos learned the baited
location at similar rates.

The next analysis examined the bonobos’ performance on test trials,
where they faced a set of cups from a flipped perspective (see Figure 4a
and Table 3 for subject means). Across all subjects, bonobos made an allo-
centric responses on only 1.1 & 1.1% of trials, significantly below chance (at
33.3%; t13 = —30.66, p < 0.001). In contrast, bonobos showed a clear pat-
tern of making egocentric generalizations, choosing that option on 69.0 £
9.0% of trials, significantly above chance (t;3 = 3.93, p = 0.001; see Ta-
ble 3 for subject means). A comparison of egocentric versus allocentric
responses indicated that apes were more likely to use an egocentric strat-
egy (t1s = —7.12, p < 0.001). Apes chose the middle option 30.0 £ 8.7%,

at chance levels (t;9 = —0.39, p = 0.71, n.s.); these responses represent fail-
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Figure 4. Results from the relations task (Study 2). (a) Bonobos’ mean proportion choices
in the test phase for the allocentric option, the egocentric option, and the middle option.
(b) Breakdown of egocentric choices in test phase by the subjects’ sex. Error bars indicate
standard error. * p < 0.05, ***p < 0.001.
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ures to generalize their previous experience to the test phase. Examining
the performance of individual subjects revealed that 13 of the 19 subjects
made predominantly egocentric choices (80—100% egocentric choices), but
no individuals preferred the allocentric option. Indeed, the remaining six in-
dividual bonobos predominantly chose the center location, suggesting a lack
of generalization (they made 60-100% of choices for the center cup during
the test phase). Overall, this suggests that bonobos tended to generalize their
experience from the learning trials to predict that the food was located in the
locations with the same relationship to their own body (e.g., they encoded
the baited location based on whether it was to their own left or right, not
based on external spatial cues). Finally, the number of learning trials need
to reach criterion was not correlated with either the proportion of egocentric
test responses that bonobo exhibited in the test phase (r, = 0.01, p =0.99,
n.s.), nor allocentric test responses (1, = —0.14, p = 0.56, n.s.).

The GLMM analysis modeled each test trial choice in terms of whether
or not the bonobo made an egocentric response (as that was the dominant
type of response). The first step fit a basic model including subject as a ran-
dom factor; sex as a fixed factor; and number of learning trials necessary
to reach criteria as a covariate to assess whether the bonobos’ learning pat-
terns predicted their test choices. In a second model, test trial number was
included as a covariate to the more parsimonious basic model to ascertain
whether apes showed any shifts in their test preferences over time. Finally,
in a third model age was also added as a covariate to assess any potential ef-
fects of cognitive development on the bonobos’ performance. The full model
revealed that male bonobos showed more egocentric choices than females (at
80.0 £ 9.7% for males, but only 56.7 & 15.4% for females; see Figure 4b).
This was the case even when controlling for their differential learning pat-
terns in the learning phase, as learning trials to criterion was included as
a covariate. In addition, apes’ egocentric choices increased over the course
of the ten test trials (see Table 4 for parameters from the full model). More-
over, while the second model including trial number did improve model fit in
comparison to the basic model (model 1 versus model 2: x? =4.59, df = 1,
p < 0.05), the third model including age did not improve fit in terms of pre-
dicting whether apes’ made an allocentric response (model 2 versus model 3:
x2>=094,df =1, p = 0.33, n.s.). Thus, there was no effect of age on the
bonobos’ patterns of choices in the test phase.
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Table 4.
Factors influencing the apes’ likelihood for making an egocentric response on test trials in
Study 2.

Factor Estimate SE z )4
Sex 4.422 2.219 1.993 <0.05*
Age —0.286 0.294 —-0.972 0.33
Test trial number 0.202 0.096 2.099 <0.05*
Learning trials to criterion —0.163 0.163 —1.001 0.32

The full generalized linear mixed model assessed the influence of the following factors:
sex (female as baseline), age (in years), trial number (1-10) and number of learning trials
necessary to reach criterion in preceding learning phase.

* Significant value.

Overall, these results indicate that the bonobos primarily used an egocen-
tric strategy in this context. That is, after the bonobos learned which cup was
baited in the learning trials, the test trials revealed that they had encoded this
location in terms of a viewer-dependent framework. Indeed, bonobos rarely
made an allocentric response: in the vast majority of trials they did not make
an egocentric response, they chose the middle cup (suggesting lack of gen-
eralization from the previous trials). Finally, The GLMM analysis indicated
that bonobos tended to increase their choices for the egocentric location over
the course of the ten test trials, but this reflected a decrease in center cup
choices, not a change in their likelihood of making an allocentric response.
This analysis further indicated that male bonobos were more likely to make
this egocentric generalization; females in contrast showed greater rates of
choosing the middle cup, suggesting those individuals did not generalize
their previous experience to the test phase. One possibility is that males’
slower learning rates in the learning phase meant that they in fact received
more feedback about the correct location, and therefore more likely to gener-
alize this experience in the test phase (although, the number of learning trials
apes took to reach criterion was not a significant predictor of their probe trial
performance). Regardless, no bonobo of either sex exhibited a bias towards
an allocentric strategy in the test trials; in fact there was only one individual
who ever chose it.

4. General discussion

The current studies had two major results. First, across two commonly used
but distinct tasks to assess spatial frameworks, bonobos were able to use
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both egocentric and allocentric strategies. In the first study, apes experienced
that one of two locations in a larger spatial area was consistently baited with
food, and then their strategy was assess by flipping their orientation towards
the testing arena. Here, the bonobos showed allocentric inferences, tending
to go to the same location (rather than making the same egocentric body
movement) when searching for the food. In the second study, apes learned
that food was delivered under one of three cups. When their orientation was
flipped and they faced an identical set of three cups, however, apes tended
to show an egocentric strategy — choosing the cup with the same position
relative to their own body (e.g., to the left or right) but not in the same rela-
tionship to the external environment. Second, the results from these studies
provide little evidence for systematic developmental change in the frames
of reference that bonobos use. There was some suggestion of increases in
use of egocentric frame in Study 1, but that study had a small sample size.
In contrast, the results from Study 2 with a larger sample size did not re-
veal any age-related change in strategies. Overall, these results indicate that
bonobos can used both allocentric and egocentric frameworks, but there was
not consistent evidence for age-related shifts in their use of these strate-
gies.

One major question raised by these results is why the bonobos exhibited
different strategies in the place-response task versus the spatial relations task.
Importantly, studies of multiple memory systems suggest that many diverse
contextual factors can bias organisms toward the use a given strategy in dual-
solution tasks that can be solved in either fashion (Packard & Goodman,
2013). For example, one factor that can shift control of behavior between
hippocampal-based allocentric strategies and basal-ganglia-based egocentric
strategies is the amount of training involved in the task. Rats that experience
extended periods of training in the plus-maze task show a switch in their
response to probe trials over time: although initial responses tend to be allo-
centric, over time rats show more egocentric choices (Packard, 1996, 1999).
However, training effects are unlikely to have driven the difference between
the two studies presented here for two reasons. First, bonobos exhibited al-
locentric strategies in the place-response task, which actually involved more
training over a longer time period (e.g., several sessions across multiple days)
compared to the spatial relations task (which took place in one day). Second,
there was no consistent evidence for shifts from allocentric to egocentric
strategies in either task: in Study 1 there was no change in probe responses
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across days, and an increase in egocentric responses in Study 2 was due to a
decrease in center-cup responses, not a shift from allocentric responses.
Another major factor that appears to influence animals’ performance in
the plus maze concerns the characteristics of the external environment (see
Packard & Goodman, 2013 for a review). In particular, an external envi-
ronment with many varied visual cues and landmarks tends to bias animals
towards using an allocentric strategy, likely because the presence of these
landmarks fosters the formation of a cognitive map of the surrounds. In
contrast, a more homogenous external environment with limited visual cues
appears to bias animals towards an egocentric strategy based on their own
movements. Similarly, the presence or absence of salient visual landmarks
can bias the strategies that infants and young children exhibit in a variety of
spatial tasks (Acredolo, 1978, 1979; Acredolo & Evans, 1980; Newcombe &
Huttenlocher, 2006). However, differences in the external environment are
also not a likely explanation for the current results, as the bonobos were ei-
ther tested in the same building for both tasks, or in similarly constructed
buildings (depending on the group the bonobo lived in at the sanctuary at
the time of testing). These buildings all had similar visual features that could
potentially serve as landmarks (e.g., windows serving as light sources, the
presence of bars versus tiles on the walls, a hallway for humans to move
through the building), and were fairly uniform rooms. However, variation in
the external environment might be one factor driving the difference between
the results in the spatial relations task (Study 2), where the bonobos exhibited
egocentric strategies, and the results of a previous study in which apes exhib-
ited primarily allocentric strategies (Haun et al., 2006a). For example, there
may be differences in the visual cues across the testing facilities in these two
studies, with more possible visual landmarks in the previous study. Addition-
ally, one important difference between the two studies concerns the position
of the experimenter relative to the cup arrays. In particular, in Study 2 the ex-
perimenter could not serve as a landmark as she was always centered relative
to the cup array, sitting behind the table to administer the task (see Figure 3).
However, in the previous study the experimenter sat to one side of the testing
tables, and thus potentially could have served as a consistent landmark (e.g.,
the experimenter was physically closer to one side of the testing tables; see
Figure 3 in Haun et al., 2006a). Thus, the presence of the human might have
biased the apes towards using an allocentric strategy in that experiment.
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One noticeable difference between the place-response task used in Study 1
and the spatial relations task used in Study 2 is the size of testing ‘arena’.
Namely, bonobos had to make choices concerning locations that were 2.5 m
apart in the first study, but chose between an array of cups on a table less
than a meter total in width in the second study. Importantly, research us-
ing reorientation paradigms indicates that both children and adults utilize
landmark-dependent allocentric strategies more often when faced with locat-
ing a target in a large space than in a smaller but otherwise-identical space
(Learmonth et al., 2008; Ratliff & Newcombe, 2008). One reason is that
landmarks are more distal and salient in larger spaces, and therefore more
useful cues for solving spatial problems. For example, in the current studies
the positions of any available landmarks in the testing rooms might have been
more relevant when the bonobos were making decisions between locations
separated at larger distances in Study 1, than when they chose between the
array of cups on the table in Study 2. This difference in size between the two
studies also meant that the type of response the apes made to indicate their
choice differed across the two studies. In particular, apes had to approach
the locations by moving with their entire body over a distance of several me-
ters in the place-response task, whereas in the spatial relations task the apes
sat in front of a table and were within arms-reach of all the locations when
making their choices. Some of the research on spatial strategies in children
suggests that room size impacts strategies not only because of the relative
salience of landmarks, but also due to how children can move around in the
space. When children are tested in a room of a given size, children who are
able to move throughout that room’s space are more likely to use landmark
information than are children who have identical visual access to the land-
marks, but whose movements are confined to a smaller portion of the room
(for example, if a smaller portion of the room is delineated by a line on the
floor and children are asked to remain inside those lines; Learmonth et al.,
2008). Notably, influence of room size or movement are not important factors
in theories that focus on the role of language in spatial cognition (Hermer-
Vazquez et al., 1999; Wang & Spelke, 2002; Majid et al., 2004; Haun et al.,
2006a; Lee & Spelke, 2010). In contrast, these types of contextual factors are
thought to be important in adaptive-combination theories of spatial cognition
(Newcombe & Ratliff, 2007) in which the likelihood of using strategies is de-
pendent on how different sources of information is weighted across different
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situations, for example due to the salience or usefulness of different sources
of spatial information in particular environment.

Another issue raised by these results concerns why the bonobos did not
exhibit age-related changes in spatial strategies. In particular, while there
was some suggestion of increases in use of egocentric frame in Study 1, the
smaller sample size in that study makes it difficult to assess how meaning-
ful this age-related difference is. In contrast, the results from Study 2 with
a larger sample size did not reveal any age-related change in strategies. Im-
portantly, the sample size in that study was sufficient to allow detection of
a sex difference in learning and generalization (e.g., females were quicker
to learn which cup was baited in the learning phase, but then less likely to
generalize this learning to produce either strategy in the test phase), but there
was no indication that older and younger bonobos differed in their initial
learning or in responses in the test phase. Thus, while developmental shifts
in cognition are important in generating mature spatial competency in hu-
mans (Newcombe & Huttenlocher, 2006), the current studies provide little
evidence that bonobos’ spatial frameworks exhibit any age-related change.

Notably, this aligns with results of previous research which suggest that
chimpanzees show greater changes in cognitive skills across development
than do bonobos (Wobber et al., 2010, 2013; Rosati & Hare, 2012; Rosati et
al., in press). For example, one study examined apes’ spatial memory skills
in a naturalistic foraging task in which animals had to recall the locations
of many hidden rewards in a large-scale space (Rosati & Hare, 2012). Even
though chimpanzees and bonobos are very closely related, their developmen-
tal trajectories and mature levels of performance were quite different in this
task: the bonobos exhibited no developmental shifts in accuracy of recall
between infancy and sub-adulthood, whereas chimpanzees exhibit substan-
tial improvement in the same age range and therefore outperformed bonobos
as older ages. Thus, one possibility is that chimpanzees may in fact show
shifts in spatial frameworks in the tasks used here with bonobos. For ex-
ample, chimpanzees’ improved performance in the foraging task may have
been due to an overall increased reliance on allocentric frameworks that are
more useful in a natural context with many salient, distal landmarks. Further-
more, some evidence suggests that primate species can differ in the cognitive
strategies they use in these types of tasks: more frugivorous lemur species are
more likely to use allocentric encoding compared to more folivorous lemur
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species (Rosati et al., 2014). Consequently, future studies should also ex-
amine whether chimpanzees show similar patterns compared to bonobos, or
exhibit age-related changes in use of spatial frameworks.

What do these results mean for claims about human-unique spatial cog-
nition? First, bonobos are able to use both egocentric and allocentric frame-
works, which does not support claims that either allocentric (Haun et al.,
2006a) or egocentric (Wang & Spelke, 2002) frameworks alone are phyloge-
netically ancient. It also suggests that language is not necessary to flexibly
utilize both types of frameworks. Rather, this supports views suggesting that
parallel memory systems support nonhuman and human behavior (Burgess,
2006; Newcombe & Huttenlocher, 2006). These results also indicate that
some types of developmental change in spatial cognition seen in humans
may not be present in bonobos. This suggests that differences in human and
nonhuman patterns of development could result in human-unique cognitive
capacities in adulthood. However, differences in the developmental trajecto-
ries of chimpanzees and bonobos suggests that these species might in fact
provide contrasting views of ancestral developmental traits in humans, for
the developmental trajectories and mature levels of performance in chim-
panzees and bonobos differ for other spatial skills (Rosati & Hare, 2012).
Thus, models of the evolution of human cognitive development, including
theories about the role of language in shaping spatial cognition, should inte-
grate data on the development of both chimpanzees and bonobos in order to
draw strong inferences about what traits are unique to our lineage.
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Abstract

Levels of the steroid hormone testosterone have been found to impact diverse features of cogni-
tion from spatial memory to decision-making regarding risk, both in humans and other animals.
However less is known about whether closely-related species differ in their testosterone-cognition
relationships in line with pressures shaping each species’ cognitive evolution. We therefore ex-
amined relationships between testosterone and cognition in two-closely related species that differ
markedly in their social behaviour, cognition, and patterns of testosterone production: bonobos
(Pan paniscus) and chimpanzees (Pan troglodytes). We presented individuals of both species with
a battery of 16 cognitive tasks and determined whether performance on these tasks correlated with
average testosterone level. We found that among male chimpanzees, high levels of testosterone cor-
related with higher performance in numerous tasks, including tasks assessing spatial cognition and
physical cognitive abilities more broadly. Meanwhile, in male bonobos we found no correlations
between testosterone and performance on the cognitive tasks, and found no correlations in females
of either species. Building on prior comparative research, these results suggest that bonobos and
chimpanzees differ critically in the proximate mechanisms influencing their cognitive capacities,
and that in particular the role of testosterone in shaping behaviour and cognition differs dramati-
cally between the two species.
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1. Introduction

Understanding the proximate mechanisms that influence social behaviour
and cognition can give us a deeper understanding of these traits. Steroid hor-
mones in particular have been found to have diverse effects on behaviour and
cognition, aside from their roles in facilitating reproductive and metabolic
functions (Nelson, 2000; Luine, 2008; Eisenegger et al., 2011). Levels of
testosterone, for example, have been found to correlate with decision-making
in situations involving risk and cooperation (Burnham, 2007; Apicella et al.,
2008; Stanton et al., 2011), abilities to discriminate emotion in faces (van
Honk et al., 1999; Wirth & Schultheiss, 2007; Derntl et al., 2009), and ca-
pacities pertaining to mental rotation (Hooven et al., 2004; Alexander & Son,
2007). Meanwhile, administration of testosterone in men has been demon-
strated to directly affect decision-making in cooperative interactions (Zak et
al., 2009), avoid/approach responses to emotional face stimuli (Volman et al.,
2011), and success in spatial memory and navigation tasks (Janowsky et al.,
1994; Cherrier et al., 2001). Though research targeting the mechanisms un-
derlying these hormone-cognition relationships is ongoing, potential means
by which testosterone might influence behaviour include its effects on the
amgydala and orbitofrontal cortex, specifically in reducing the links between
these two areas (Mehta & Beer, 2010; van Wingen et al., 2010; Eisenegger
etal., 2011).

Many of the relationships found between testosterone and cognition in
humans appear to have deep roots within our evolutionary history. Relation-
ships between testosterone and spatial cognition have been well-documented
within rodents, with testosterone enhancing performance in various types
of maze tasks and even aiding in spatial memory over a temporal delay
(reviewed in Leonard & Winsauer, 2011), and more recent work suggests
that testosterone mediates approach/avoidance responses to socio-emotional
stimuli in male rhesus macaques, particularly in the area of increased vigi-
lance and alertness in interaction with novel objects and response to social
playbacks (Lacreuse et al., 2010, 2012). In addition, the role of testosterone
in aggressive behaviour has been extensively catalogued across numerous
animal taxa (Wingfield et al., 1990; Archer, 2006). Testosterone has been
found to increase in the presence of reproductively active females, and facil-
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itates behaviours related to male dominance hierarchies such as displays and
agonistic interactions (Muller & Wrangham, 2004; Bartos et al., 2010). In-
deed, several studies have revealed that individual and species differences in
aggressive behaviour may be critically mediated by the influence of testos-
terone on patterns of decision-making during competitive interactions (Fux-
jager & Marler, 2010; Wobber et al., 2010).

Despite the broad research on the relationship between testosterone
and cognition across taxa, few studies have directly examined whether
testosterone-cognition relationships vary among closely related species in
line with differing ecological pressures that those species face. Here, we
propose that bonobos (Pan paniscus) and chimpanzees (Pan troglodytes)
provide an ideal comparison to suit this purpose. These two species, while
closely related (Won & Hey, 2005), differ markedly in aspects of their social
behaviour, cognition, and the functionality of testosterone across develop-
ment and in facilitating mating effort (Muller & Wrangham, 2004; Her-
rmann et al., 2010; Wobber et al., 2010, 2013; Hare et al., 2012; Surbeck
et al., 2012). Bonobos show more fluid dominance hierarchies, greater aver-
sion to risk in decision-making, and differ in their development of spatial
memory capacities (Heilbronner et al., 2008; Rosati & Hare, submitted),
indicating species differences in numerous areas where testosterone has a
known influence, as discussed above. These differences between bonobos
and chimpanzees have been proposed to derive from fundamental shifts in
feeding and social ecology between these two species, in particular with the
more predictable feeding environment in the Democratic Republic of Congo
facilitating heightened associations between females and corresponding re-
ductions in male aggressive tendencies in bonobos relative to chimpanzees
(Wrangham & Pilbeam, 2001; Hare et al., 2012). We therefore hypothesized
that bonobos and chimpanzees might differ significantly in their relationship
between testosterone and cognition.

In this paper we discuss the results of a study examining the relationship
between levels of testosterone and performance on a diverse array of cog-
nitive tasks (the Primate Cognition Test Battery (PCTB); Herrmann et al.,
2007) in bonobos and chimpanzees. We examine these relationships sepa-
rately within chimpanzees and bonobos, determining the degree to which
testosterone correlates with cognitive performance within each sex in each
species.
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2. Methods
2.1. Subjects

We collected saliva samples from 27 chimpanzees (13 males and 14 females;
3 to 18 years of age) and 30 bonobos (19 males and 11 females; aged 5 to
22 years) who participated in the battery of cognitive tests described below
and elsewhere (Herrmann et al., 2010). The chimpanzees lived at the Tchim-
pounga Chimpanzee Sanctuary, Republic of Congo and the bonobos at Lola
ya Bonobo sanctuary, Democratic Republic of Congo. All apes came to the
sanctuaries as orphans as a result of the illegal bushmeat trade and were
raised together with peers, living in social groups that have access to large
forest enclosures (see Wobber & Hare (2011) for site description), except
for one ape in the sample who was born on-site and mother-reared. The be-
havioural data discussed here have been published previously in Herrmann
et al. (2010).

2.2. Procedure

2.2.1. Cognitive measures: Primate Cognition Test Battery (Herrmann et
al., 2007)

Subjects were tested on the PCTB that comprised 16 physical and social
cognitive different tasks (see Table 1, see original study (Herrmann et al.,
2007, 2010)). The physical cognitive tasks consisted of problems concern-
ing space, quantities and causality. The space scale comprised tasks in which
the ape had to show an understanding of spatial relations by locating a re-
ward (spatial memory), tracking a reward after invisible displacement (object
permanence), tracking a reward after a rotation manipulation (rotation) or
tracking a reward after visible changes in location (transposition). The quan-
tities scale was divided into problems in which the ape had to discriminate
between two quantities (relative numbers) or had to discriminate between
quantities added to other quantities (addition numbers). The causality scale
included tasks in which the ape had to show causal understanding either of
noise produced by a hidden reward (noise), or a change in appearance pro-
duced by a hidden reward (shape). In addition, apes were presented with a
task where they needed to use a stick in order to retrieve a reward which
was out of reach (tool use), and a task where they needed to discriminate
between a functional and a non-functional tool (tool properties). The social
cognitive tasks consisted of problems concerning social learning, communi-
cation and ‘theory of mind’. The social learning scale comprised a task in
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Primate Cognition Test Battery (PCTB) including domains, scales and tasks.

Domain  Scale Task Description
Physical Space Spatial memory Locating a reward
Object permanence  Tracking of a reward after invisible
displacement
Rotation Tracking of a reward after a rotation
manipulation
Transposition Tracking of a reward after location
changes
Quantities Relative numbers Quantity discrimination
Addition numbers  Quantity discrimination with added
quantities
Causality Noise Causal understanding of produced
noise by hidden rewards
Shape Causal understanding of appearance
change by hidden rewards
Tool use Using a stick in order to retrieve a
reward which is out of reach
Tool properties Understanding of functional and
non-functional tool properties
Social Social learning ~ Social learning Solving a simple but not obvious

Communication

Theory of mind

Comprehension
Pointing cups

Attentional state

Gaze following

Intentions

problem by observing a demonstrated
solution

Understanding communicative cues
indicating a reward’s hidden location
Production of communicative gestures
in order to retrieve a hidden reward
Choice of communicative gestures
considering the attentional state of the
recipient

Following an actor’s gaze direction to a
target

Understanding what an actor intended
to do (unsuccessfully)

Table originally published in Herrmann et al. (2007).

which subjects were required to imitate another’s solution to a problem (in
three separate tasks of this type). The communication scale comprised one
task in which the ape had to understand communicative cues indicating a
reward’s hidden location (comprehension) and two tasks in which subjects
had to produce communicative gestures in order to retrieve a hidden reward
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(pointing cups and attentional state). The theory of mind scale was divided
into a task in which the ape had to follow an experimenter’s gaze to a tar-
get (gaze following) and a second task in which the subject had to infer the
location of a hidden reward based on the intention-guided actions of an ex-
perimenter (intentions).

Given the known relationship between testosterone and spatial memory,
we will outline the rotation task in more detail since this in fact represented a
critical test for whether testosterone correlated with cognitive ability in either
species. In the rotation task, apes were presented with an array of three cups
sitting on a plastic platform, with a food reward hidden under one of these
three cups in full view of the subject. After the food reward was hidden, the
platform was rotated either 180 or 360 degrees (depending on the trial) in
view of the subject. The platform was then pushed towards the subject so
that he or she could identify the location of the hidden reward. If the subject
did so successfully, he was rewarded; if not, he was shown the location of
the food reward but not given the item. Subjects received 9 trials of this task,
3 trials with a reward hidden under the middle cup and 180 degree rotations,
3 trials with a reward hidden under either the left or the right cup and 360
degree rotations and 3 trials with a reward hidden under the either the left or
right cup and 180 degree rotations, with the trials presented in a consistent
order across all subjects.

2.2.2. Hormonal measures
To determine baseline testosterone levels of individuals participating in
PCTB, we collected saliva samples from these individuals using methods
outlined previously (Wobber et al., 2010, 2013) (range 1-22 samples per
individual, mean 8.6 samples). Samples for an individual baseline were all
collected within a 2-month period. This two-month period fell within 1 year
of when subjects participated in the PCTB. Samples were collected between
8:00 AM and 5:00 PM, with the time of day (morning versus afternoon)
counterbalanced within-individual to prevent circadian rhythms from bias-
ing the average testosterone values. Our sampling regime also avoided the
early morning peak in testosterone levels upon waking seen in chimpanzees
and other animals (Muller & Lipson, 2003).

Saliva samples were collected according to procedures described else-
where using cotton rounds and Sweet Tarts as stimulants (Wobber et al.,
2010, 2013). Fifty microliters of 0.1% sodium azide solution was added
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to samples immediately after collection to prevent contamination and to al-
low samples to be kept at room temperature until they were returned to the
laboratory (Lipson & Ellison, 1989). The saliva samples were analysed in
the Reproductive Ecology Laboratory at Harvard University. Salivary testos-
terone measurements were made using an '>’I-based radioimmunoassay kit
(No. 4100, Diagnostic Systems Laboratories, Webster, TX, USA) with the
following modifications: standards were prepared in assay buffer and run
at six concentrations from 2 to 375 pg/ml. Samples were added in 100 ul
amounts together with 300 ul of assay buffer. First antibody (20 ul) and
labelled steroid (50 ul) were added to each tube to yield a total reaction
volume of 470 ul per tube. After overnight incubation at 4°C, 500 ul of
second antibody was added to each reaction tube. Reaction tubes were sub-
sequently centrifuged for 45 min; after aspiration of the supernatant, tubes
were counted in a gamma counter for 2 min. In pilot assays, the ape testos-
terone values using the standard aliquot for human assays (200 pl) were
too high to be readable in the assay range. Thus, we used only 100 ul of
the chimpanzee and bonobo saliva for the T assays, with the same standard
curve as employed in the human testosterone radioimmunoassay protocol.
Validation of this sample collection and analysis procedure is discussed in
Wobber et al. (2013).

2.3. Analyses

We first computed an average testosterone value for each individual. Then,
we log-transformed these average testosterone values to normalize our data
and enable the use of parametric statistics. Below, we first provide descrip-
tive statistics on the testosterone values, to confirm that there was comparable
variance in between sexes in each species within this subsample taken from
a larger project examining testosterone production throughout development
in bonobos and chimpanzees (Wobber et al., 2013). Similarly, we discuss
overall variance in the cognitive measures. Second, we discuss the results
of Pearson correlations measuring the relationship between an individual’s
average testosterone level and his or her performance on (1) each broad
division of the test battery (physical versus social) and (2) each of the six
cognitive scales described above: space, quantities, tools and causality, so-
cial learning, communication, and ‘theory of mind’. For the scales where
we found a significant relationship between testosterone and performance,
we analysed task-by-task correlations with testosterone to determine which
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tasks might best predict the overall relationship. Finally, we performed par-
tial correlations to ensure that age did not mediate any relationships between
testosterone and cognitive performance, given that our previous findings
have established that testosterone and cognitive task performance increase
more markedly with age in chimpanzees than in bonobos (Wobber et al.,
2013, unpublished data). Given the known sex differences in testosterone
levels in mammals, we performed these analyses separately for males and
females within each species.

3. Results

Descriptive statistics showed that variability in testosterone levels was com-
parable between males of the two species, as was variation in performance
across the two main cognitive divisions (Table 2). Variance in testosterone
levels was higher among female chimpanzees due to one female with ex-
tremely high testosterone levels. Finally, variance in performance on the
cognitive tasks was comparable between the two species, with the only
difference that female bonobos showed slightly more variance in cogni-
tive performance than female chimpanzees (meaning that if anything, we
would be more likely to find a relationship between testosterone and cogni-
tive performance in female bonobos given their greater variance on these
measures) (Table 2). Average testosterone levels in each species and sex
were as follows: male chimpanzees 0.27 ng/ml, male bonobos 0.22 ng/ml,
female chimpanzees 0.18 ng/ml, female bonobos 0.17 ng/ml. Note that we
performed statistical analyses with log-transformed testosterone values, with
the rationale discussed in our ‘Analyses’ section above.

Examining the results of Pearson correlations between log average testos-
terone and performance on the cognitive measures, within male chimpanzees
we found several significant relationships between log average testosterone
values and performance on the cognitive tasks. Males with higher testos-
terone on average performed more skilfully in the physical cognition division
of tasks (r =0.795, p =0.001, N = 13), though they did not perform more
skilfully within the social cognition division (Figure 1, Table 3). Looking at
the cognitive scale level, male chimpanzees with higher testosterone levels
performed more skilfully in space (r = 0.620, p = 0.024, N = 13) as well
as causality (r = 0.588, p =0.035, N = 13). Within these two scales, task-
by-task analysis only revealed one task-level correlation between perfor-
mance and testosterone level, with higher levels of testosterone correlating
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Table 2.
Descriptive statistics for testosterone levels and performance on the two major cognitive
divisions (physical versus social cognition) and 6 cognitive scales for each species and sex.

Males Females

Chimpanzees Bonobos Chimpanzees Bonobos

SE Range SE  Range SE Range SE Range

Log testosterone  0.07 0.76 0.07 0.75 0.09 1.11 0.05 0.48

Physical cognition 0.02 0.22 0.01 0.24 0.01 0.16 0.02 0.24
Social cognition 0.02 0.26 0.02 0.32 0.02 0.24 0.03 0.35

Space 0.03 0.39 0.03 0.53 0.02 0.25 0.03 0.36
Quantities 0.03 0.36 0.03 0.42 0.03 0.30 0.03 0.34
Causality 0.03 0.37 0.02 032 0.04 0.42 0.04 0.36

Social learning 0.04 0.33 0.03 0.33 0.03 0.25 0.05 0.33
Communication 0.04 0.41 0.03 0.52 0.03 0.42 0.06 0.73
Theory of mind 0.03 0.39 0.03 0.56 0.03 0.47 0.03 0.39

with more skilful performance on the rotation task (» = 0.601, p = 0.030,
N = 13). Meanwhile, there was also one scale where higher levels of testos-
terone were correlated with poorer performance in male chimpanzees: the
theory of mind scale (r = —0.598, p =0.031, N = 13), and within that scale
on the gaze-following task (r = —0.596, p = 0.030, N = 13) (Table 3).

We next examined the potential co-variation of age with these rela-
tionships between testosterone and performance in male chimpanzees. We
performed partial correlations between log average testosterone and per-
formance on the scales/tasks where there was a significant relationship in
the Pearson correlations and controlled for the effect of age as a covari-
ate. In these partial correlations, only the positive relationships between
testosterone and physical cognition (partial correlation with age, r = 0.696,
p =0.012, df = 10) and between testosterone and the rotation task (partial
correlation with age, r = 0.616, p = 0.033, df = 10) remained significant.
These correlations indicate that testosterone had an independent effect on
physical cognition and rotation in particular, even when taking into account
any effect that learning or heightened experience in interacting with the
world might have conferred in terms of advantages on these tests for older
individuals.

Brian Hare and Shinya Yamamoto - 978-90-04-30417-8
Heruntergeladen von Bril.com10/14/2019 09:14:20AM
via free access



[170] 416 V. Wobber, E. Herrmann

Physical cognition

o o
[==] ©o
’
*

o
-~
*
*
*

Proportion correct
(=T =1
o o

o
i

o
w

26 34 36
Log testosterone

L]
sy

Physical cognition
~(B)

o o
w ©

o
b
I
L]

Proportion correct
o o
w [+7]
| | -l
]
u|

o
Y
L

o
w

26 31 36
Log testosterone

!
=

Figure 1. Regression of average log testosterone levels and average performance across
10 physical cognition tasks in (A) chimpanzee males and (B) bonobo males. Each point
represents one individual (either a chimpanzee, as depicted by the black diamond, or a
bonobo, as depicted by the grey squares), and that individual’s average testosterone level
(log-transformed) as well as their average proportion correct across the physical cognition
tasks. Regression lines denoting for the relationship between testosterone and proportion cor-
rect within the physical cognition division are shown for each species.

Turning to male bonobos, we found no significant relationships between
log average testosterone and performance on any divisions or scales of the
cognitive test battery, despite our larger sample of male bonobos (N = 19)
relative to male chimpanzees (N = 13). Similarly, no significant relation-
ships emerged even when controlling for the effect of age with partial corre-
lations. These findings suggest a stronger role of testosterone in association
with performance on cognitive tasks in chimpanzees relative to bonobos,
despite there being similar levels of variance in task performance and testos-
terone level in males within our sample (Table 2).

Among females, there was only one significant relationship between
testosterone and performance in either species. Female chimpanzees showed
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Table 3.
Relationship between testosterone and cognitive performance in male chimpanzees (N = 13),
male bonobos (N = 19), female chimpanzees (N = 14) and female bonobos (N = 11).

Males Females
Chimpanzees Bonobos Chimpanzees Bonobos
r p r p r p r p

Physical cognition 0.795  0.00I* —0.095 0.698 —0.356 0.211 0.098 0.774
Social cognition —0.140  0.648 0.092 0.708 0363 0.202 —0.503 0.115

Space 0.620 0.024 —0.162 0.509 —-0.448 0.108 —0.357 0.282
Quantities 0.199 0.516 —0.045 0.853 0.016  0.957 0.192 0.571
Causality 0.588 0.035 0.112 0.649 —-0.168 0.567 0.282 0.400

Social learning —0.055 0.865 0.196 0.422  0.065 0.848 —0.311 0.352
Communication —0.200 0.512 0.318 0.184  0.577 0.031* —0.263 0.434
Theory of mind  —0.598 0.031 —0.343 0.151 —-0.166 0.570 —0.496 0.121

Pearson correlation values (r) are indicated for the relationships between log average
testosterone and the overall cognitive task divisions (physical versus social cognition), as
well as each of the 6 cognitive scales, along with their corresponding p-values. Italicised
values indicate a positive correlation.

* Results of a partial correlation controlling for the effect of age were significant.

a positive correlation between log average testosterone and performance in
the communication scale (r = 0.577, p = 0.031, N = 14) (Table 3), which
was likely influenced by a strong relationship between testosterone and per-
formance on the attentional state task (r = 0.665, p = 0.009, N = 14). These
relationships remained significant even after controlling for age (partial cor-
relations, communication scale: r = 0.569, p = 0.042, df = 11, attentional
state task: r = 0.755, p = 0.003, df = 11). Meanwhile, there were no sig-
nificant relationships between testosterone and performance on any division
or scale of the test battery in female bonobos, even after partialling out the
effects of age — though this was the group in our analysis with the smallest
sample size.

4. Discussion

Our results reveal significant differences between bonobos and chimpanzees
in the relationship between testosterone and performance on cognitive tasks,
particularly among males. Among chimpanzee males, higher levels of testos-
terone correlated with higher levels of performance in the physical cognition
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division on the whole, as well as with the space and causality scales. In
addition, among male chimpanzees, higher levels of testosterone correlated
with lower levels of theory of mind performance. Meanwhile among bonobo
males there were no relationships between testosterone and performance on
the cognitive tasks, despite having a larger sample size of male bonobos rel-
ative to male chimpanzees and the two groups showing comparable levels of
variance in these measures. Finally, among female chimpanzees there was
a positive relationship between testosterone level and performance on the
communication scale, largely driven by higher levels of testosterone corre-
lating with more skilful performance in the attentional state task. Among
female bonobos there were no significant relationships between testosterone
and cognitive performance.

These findings indicate that in a number of areas where testosterone has
been implicated in human and rodent cognition including spatial cogni-
tion (Williams & Meck, 1991; Silverman et al., 1999; Hooven et al., 2004,
Leonard & Winsauer, 2011), chimpanzees also show a significant role of
testosterone level in accounting for individual variance. This relationship was
particularly apparent in the rotation task, where individuals needed to track a
reward after the reward locations were rotated geometrically. Females of both
species showed fewer significant relationships between testosterone and per-
formance — the association between testosterone and behaviour/cognition
has been less studied in females than in males, with greater inconclusiveness
of findings (Bateup et al., 2002), though see Beehner et al. (2005), prompting
further inquiry in this area.

Importantly, male chimpanzees and bonobos differed in their relationship
between testosterone and performance on the cognitive tasks administered
here. These results align with the finding that testosterone plays a significant
role in numerous aspects of chimpanzee social life — with males differing in
baseline testosterone level in correlation with dominance rank (Muehlenbein
et al., 2004; Muller & Wrangham, 2004), showing changes in testosterone
levels when females are most fecund (Muller & Wrangham, 2004), and
showing more responsiveness in levels of testosterone surrounding competi-
tive interactions (Wobber et al., 2010; Sobolewski et al., 2012). In contrast, in
bonobos these behaviours have been found to correlate less well with levels
of testosterone, with male bonobos showing a weaker association between
testosterone and rank (Marshall & Hohmann, 2005; Surbeck et al., 2012),
little change in testosterone level depending on female fecundity (Surbeck et
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al., 2012), minimal change in testosterone level surrounding varying types
of competitive interaction (Wobber et al., 2010), and even lesser change in
testosterone level throughout development relative to chimpanzees (Wobber
et al., 2013). On the whole then, these findings suggest that testosterone may
play a greater role in chimpanzee social behaviour and cognition than found
among bonobos, suggesting striking differences in the proximate mecha-
nisms underlying behaviour and cognition in these two species. In line with
the broader cognitive differences between chimpanzees and bonobos then
(Herrmann et al., 2010), the associations found here between testosterone
and cognition in chimpanzees, but not bonobos, suggests one potential mech-
anism by which the behavioural and cognitive variation between these two
ape taxa might be maintained.

Nonetheless, our results have demonstrated a correlative, rather than
a causal relationship; hence, it is possible that testosterone’s effect on
male chimpanzees’ performance on specific cognitive tasks is mediated via
changes in visual attention or motivation to participate in these tasks. How-
ever, if that was the case, it would not explain why testosterone correlated
only with specific tasks and scales rather than performance overall. Further-
more, we were also able to rule out age as a potential covariate driving the
relationships between testosterone and at least some of the cognitive scales
in male chimpanzees. It is also possible that greater ability in certain areas,
such as tracking potential feeding trees in space, in fact enables males to
attain higher rank and therefore to sustain a higher level of testosterone. It
is therefore possible that heightened cognitive abilities drive attainment of
rank and increases in testosterone levels, rather than testosterone levels facil-
itating differing cognitive acuity, as we have postulated here. Further inquiry
experimentally inducing testosterone increases and measuring their potential
effects on cognitive performance in male apes can tease apart elements of
causality in the testosterone-cognition relationship.

This study provides greater insight into the role of testosterone of these
two closely-related species, but additional research is necessary (1) to clarify
the mechanisms by which testosterone might influence cognition, including
manipulations of testosterone level to determine whether this might directly
impact performance (Zak et al., 2009; Volman et al., 2011) and (2) to identify
why relationships between testosterone and cognition might be less signifi-
cant among bonobos relative to chimpanzees, in line with the differences in
social behaviour, cognition and endocrinology between the two species (Her-
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rmann et al., 2010; Hare et al., 2012; Wobber et al., 2013). Moreover, work
with additional steroid hormones such as oestradiol and androstenedione can
clarify the specific mechanisms by which hormone levels mediate individual
differences in cognition across species, including humans (Azurmendi et al.,
2005; Luine, 2008).
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Abstract

One of the most conspicuous behavioural differences among great apes is the paucity of tool use
among wild bonobos (Pan paniscus) in comparison to chimpanzees (Pan troglodytes) who are
one of the most prolific and skilled tool users in the animal kingdom. This is in spite of the fact
that bonobo tool use repertories are as large and diverse as chimpanzees’ in captive settings. In
this study, we compared tool using behaviours and potential drivers of these behaviours in the
‘Wamba bonobo population located in central Democratic Republic of Congo with the Goualougo
chimpanzee population of northern Republic of Congo. The tool use repertoire of wild bonobos
was comprised of only 13 behaviours, compared to 42 for chimpanzees. However, the number
of tool behaviours observed in each study site was similar between bonobos and chimpanzees,
and many types of tool use for social, self-grooming/stimulation, and comfort/protection functions
were commonly used by both species. A marked difference is that 25 of 42 tool behaviours
exhibited by chimpanzees are performed for feeding, in contrast to a single report of bonobos
using a leaf sponge to drink water. We examined whether the differences in tool use repertoires
can be explained by the necessity, opportunity, relative profitability, or invention hypotheses. We
found that habitat composition and fluctuation of fruit production at these two sites were similar,
particularly when compared with variation observed between sites within each species. Thus it was
unlikely that the necessity hypothesis explains the lack of tool use for feeding in bonobos. Though
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further study at Wamba is needed, we did not identify any obvious differences in prey availability
that would indicate differences in tool using opportunities between the sites. This study could not
test the relative profitability hypothesis, and further research is needed on whether tool use is the
most efficient means of calorie or protein intake for wild apes. Bonobos at Wamba formed much
larger and stable parties than chimpanzees at Goualougo, which was contrary to the prediction
by the invention hypothesis. Another explanation is that differences in tool use behaviour between
bonobos and chimpanzees might not be explained by the current ecological or social conditions, but
rather by circumstances during the Pleistocene Epoch. The observed species differences might also
reflect divergent behavioural predispositions, rather than actual differences in cognitive abilities.

Keywords
bonobo, chimpanzee, Pan paniscus, Pan troglodytes, tool use, environmental condition.

1. Introduction

Comparisons of bonobo (Pan paniscus) and chimpanzee (Pan troglodytes)
lifestyles have revealed several intriguing differences between these closely
related apes (Kano, 1992; Fruth et al., 1999). These allopatric species re-
side in the equatorial forests of Africa, separated by the Congo River. They
both live in multi-male multi-female groups with male philopatry and a
fission-fusion social structure (Kano, 1982a). One of the most conspicuous
behavioural differences between these apes is the rarity of tool use among
wild bonobos in comparison to chimpanzees who are one of the most pro-
lific and skilled tool users in the animal kingdom (McGrew, 1992; Sanz &
Morgan, 2007; Shumaker et al., 2011). An increased knowledge of the ecol-
ogy and sociality of wild bonobos and the central subspecies of chimpanzee
(P. t. troglodytes) now makes it possible to examine the specific environ-
mental and social factors which may elicit tool use among chimpanzees
and bonobos. Such a comparison is particularly informative because chim-
panzees inhabiting the Congo Basin exist within habitat types that are more
similar to bonobos than other chimpanzee subspecies residing at the edges
of the species range. In this study, we compare tool use behaviours and po-
tential drivers of these behaviours in the Wamba bonobo population located
in central Democratic Republic of Congo with the Goualougo chimpanzee
population of northern Republic of Congo.

Despite years of field research at multiple study sites, there are few reports
of tool use by bonobos in natural settings (Kano, 1982b; Ingmanson, 1996;
Hohmann & Fruth, 2003a). As we will show in this paper, the species reper-
toire is comprised of 13 tool use behaviours, compared to more than forty for
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chimpanzees (Sanz & Morgan, 2007). In striking contrast to chimpanzees,
there are no reports of bonobos using tools in a feeding context except using
a leaf sponge to drink water. This is despite the fact that bonobos are capable
of using tools to obtain food, as shown by reports from captive populations
(Jordan, 1982; Gold, 2002; Gruber et al., 2010; Shumaker et al., 2011; Boose
et al., 2013).

Ecological and social factors are typically examined in isolation, but it is
likely that a combination of these factors shape the emergence and mainte-
nance of tool use in natural settings. Recent studies addressing the drivers
of tool use cite some iteration of the Necessity and Opportunity Hypotheses,
which state that tool use is a behavioural response to the absolute abundance
of ecological resources or opportunities in the environment (Spagnoletti et
al., 2012; Koops et al., 2013; Sanz et al., 2013b). More specifically, the
Necessity Hypothesis posits that tool use is a response to resource scarcity
which drives its practitioners to exploit novel food items during times of low
resource availability (Fox et al., 1999). The Opportunity Hypothesis pro-
poses that repeated exposure to appropriate conditions, such as encounters
with target items and availability of tool materials, prompts the emergence
and/or maintenance of tool use behaviours (Fox et al., 1999). Shifting the
emphasis away from absolute abundance, the Relative Profitability Hypoth-
esis suggests that tool-assisted feeding strategies targeted at embedded food
items would be expected when it is more profitable than conventional meth-
ods of gathering more accessible foods (Rutz et al., 2010; Rutz & St Clair,
2012). Representing the social forces in the evolution of tool use, the Inven-
tion Hypothesis states that “behaviours such as tool use are rarely invented,
and that the spread and maintenance of such behaviours requires sufficient
opportunities for observational learning via social proximity to conspecifics”
(Fox et al., 2004: p. 163). Recent research in both wild and captive settings
has led to increasing recognition of the role of social transmission in main-
taining technological traditions (Lonsdorf, 2006; Whiten et al., 2007).

The aim of this study is to review differences in bonobo and chimpanzee
tool use repertoires and assess to what extent these differences can be at-
tributed to necessity, opportunity, relative profitability, or invention (Table 1).
We address these hypotheses using behavioural observations and ecological
data from bonobos at Wamba in Democratic Republic of Congo and chim-
panzees of the Goualougo Triangle in Republic of Congo. (1) The absence
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Table 1.

T. Furuichi et al.

Hypotheses to explain the difference in tool use for foraging.

Hypothesis Prediction Data to be examined Results
(1) Necessity Preferred foods are Total basal area of Not supported (basal
hypothesis more abundant at trees per unit area area was similar

(2) Opportunity
hypothesis

(3) Relative
profitability
hypothesis

(4) Invention
hypothesis

Wamba

Bonobos at Wamba
experience a lesser
degree of seasonal

resource scarcity

Tool use
opportunities are
absent or far less
abundant at Wamba

Energetic gains of
tool-assisted
strategies exceed that
of conventional
foraging in
Goualougo

Parties of
chimpanzees in
Goualougo are larger
than those of bonobos
at Wamba

Pattern and degree of
fluctuation of fruit
availability

Feeding behaviour
during the season of
fruit scarcity

Auvailability and
abundance of foods
potentially eaten with
tools

Per-unit-time
energetic gain of
tool-assisted and
conventional feeding
behaviours

Mean party size

between two sites)
Not fully supported
(lesser degree of
fluctuation of fruit
availability, but the
difference was small;
feeding behaviour
during fruit scarcity
was similar).

Not fully supported
(similar foods
potentially eaten with
tools existed in both
sites, but species level
identification or
quantitative data for
comparison were not
available).

Not examined in this
study.

Not supported (party
size in Goualougo
was smaller than that
at Wamba).

of tool use for feeding by bonobos would be explained by the Necessity Hy-
pothesis if their preferred foods are more abundant and if they experience
a lesser degree of seasonal resource scarcity than chimpanzees. (2) To ex-
plain the absence of feeding tool use by bonobos, one might also postulate
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that tool use opportunities are absent or far less abundant in bonobo habitats
than chimpanzee habitats, which would support the Opportunity Hypothesis.
(3) The Relative Profitability Hypothesis predicts that the energetic gains of
tool-assisted strategies exceed that of conventional feeding. (4) With regard
to the Invention Hypothesis, one could predict that chimpanzee parties are
larger and thus provide more opportunities for social transmission of techno-
logical information among independent individuals. In this manuscript, we
also summarize and propose additional possible explanations and evolution-
ary scenarios for the differences in tool use between Pan species.

2. Methods
2.1. Wamba, Democratic Republic of the Congo

The Wamba study area is located in the northern section of the Luo Scientific
Reserve (22°34’E, 0°01'N), Democratic Republic of the Congo. This area is
included in the Congo-equatorial climatic zone. The main habitat type is pri-
mary forest, including some areas of old secondary forest. This habitat type
occurs on terra firma and is characterized by species of the Caesalpiniaceae
family, with some narrow bands of monodominant Gilbertiodendron dew-
evrei forest occurring along the boundaries of swamp forests. The second
main habitat type is swamp forest that exists along the Luo River and its trib-
utaries. Most of the swamp forest is inundated all year, but a part of it near
the terra firma is seasonally inundated. This habitat type is characterized by
a complex mosaic of species, mainly representing the Caesalpiniaceae and
Euphorbiaceae families. The northern section of the Luo Scientific Reserve
contains homesteads, and so this area also includes agricultural complexes
and young secondary forest (Idani et al., 1994; Hashimoto et al., 1998).

To monitor fruit abundance, we used five line transects and reconnaissance
paths, the total length of which was 22.550 km (Mulavwa et al., 2008). Each
trail was surveyed twice a month. We recorded the number of clusters of
fallen fruit that were found within 1 m on each side of the trail, the number
of fruits in each cluster, species of fruit, and whether they were ripe or
unripe. The validity of this approach was established by Furuichi et al. (2001)
who showed that the abundance of chimpanzee fruit foods at Kalinzu in
Uganda was sufficiently evaluated by the number of clusters of ripe fallen
fruits. Furthermore, Mulavwa et al. (2008) compared the numbers of ripe-
fruit clusters of all species and the food species of bonobos at Wamba, and
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found that these numbers fluctuated proportionately. Therefore, in this study,
we evaluated abundance of fruit foods based on the number of clusters of
ripe fallen fruits of all species per km of transect.

A main study group of bonobos, group E, was habituated to the presence
of researchers and has been observed since 1976. The group has subse-
quently split into two groups, E1 and E2. Another group, P, was also ha-
bituated and has been observed since the 1980’s. Observations were made
using artificial provisioning during some part of each year until 1996, but
currently groups E1 and P are being observed from nest to nest under the
natural conditions (Kano, 1992; Furuichi et al., 2012). In November 2012,
group E1 consisted of 31 individuals, including 7 adult males and 9 adult
females, and an eastern subgroup of P that is also continuously monitored by
researchers consisted of 26 individuals, including 5 adult males and 7 adult
females.

Tool use behaviours have been documented through direct observation
throughout the study period (Kano, 1982b; Ingmanson, 1996). In this study,
we report previously unpublished observations of tool use behaviours by
bonobos at Wamba that were made before the end of 2012.

We employed the definition of the 1-h party size proposed by Hashimoto
et al. (2001) for evaluating party sizes of chimpanzees. While following
a party, we recorded the names of all bonobos in sight at the beginning
of each hour and continued recording those bonobos that appeared in the
party throughout the rest of the hour. Thus, the 1-h party represents the
minimum number of bonobos that were present in the party during each
1-h observation. We also recorded the observation time in minutes in each
1-h segment. We obtained the daily 1-h party size by averaging all those
observations recorded in a day, excluding those with less than 30 min of
observation.

2.2. Goualougo Triangle, Republic of Congo

The Goualougo Triangle study area is located along the southern boundary of
the Nouabalé-Ndoki National Park (16°51'-16°56'E, 2°05'-3°03'E), Repub-
lic of Congo. The climate in northern Republic of Congo can be described as
transitional between the Congo-equatorial and sub-equatorial climatic zones.
The lowland tropical forests of northern Congo are part of the regional cen-
tre of endemism Guinea—Congolian that ranges from Nigeria to the Congo
Basin (White, 1986). The different habitat types in the Goualougo Triangle
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have been assessed by ground surveys and satellite imagery classification
(Devos et al., 2008). The main habitat types are mixed-species forest (semi-
evergreen forest with high heterogeneity of species composition and occurs
on terra firma), monodominant G. dewevrei forest (single-species formation
of G. dewevrei which occurs along watercourses as well as on interfluvial
plateaus), and gallery/swamp forest (consists of diverse flora associated with
watercourses, that may be permanently or seasonally inundated).

Relative abundance of preferred chimpanzee foods was systematically
assessed through establishment of two trail networks to monitor the phe-
nological states of tree species and strangler figs known to be consumed by
apes (Chapman et al., 1994). A total of 607 trees representing 47 species
were monitored each month in the Goualougo Triangle. The ground under
each monitored tree was systematically surveyed to determine the abundance
of mature fruit fall. Relative abundance of fruit was estimated on a scale of
0 to 4, with higher scores indicating more fruit. In this study, we evaluated
abundance of fruit foods based on the proportion of monitored trees with
mature fruit fall.

Direct observations of the chimpanzees in the Goualougo Triangle have
been ongoing since February, 1999. Individual chimpanzees were identified
from their distinct physical characteristics and these data compiled in a popu-
lation history database. The main study group is the Moto community which
consisted of 71 individuals, including 17 adult males and 24 adult females
(Morgan, 2007).

Tool use behaviours have been documented through direct observation
during reconnaissance surveys of chimpanzees since the initiation of re-
search at this site. In 2003, we also began remote video monitoring of tool
use sites. For all observations of tool use, observers record the identifica-
tion of the chimpanzee, type of object used, target of object, actions, context
and/or goal of the tool use behaviour, and the outcome.

20-min group scans of party composition and behaviour were recorded
during chimpanzee encounters. Chimpanzee parties were considered to be all
individuals travelling, feeding, resting or socializing within 50 m of one an-
other (definition adopted from (Wrangham et al., 1992; Wilson et al., 2001)).
For this study, we included information from the first scan conducted each
hour so as to provide a direct comparison with the 1-h sampling of bonobo
party size at Wamba. Daily values of party size were based on average sizes
of all recorded 20-min group scans per day, excluding those with only or-
phans present.
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3. Results
3.1. Habitat types and climate

Bonobos and chimpanzees inhabit a wide range of habitats across equatorial
Africa (Table 2). The habitat types of bonobos range from savannah with
patches of forest with 1666—1778 mm annual rainfall at Lukuru to rain forest
with 2733 mm rainfall at Wamba. On the other hand, the habitat types of
chimpanzees range from grassland and woodland with 954 mm rainfall at
Assirik to rain forest with 3244 mm rainfall at Seringbara, including semi-
evergreen forest with 1690 mm rainfall in the Goualougo Triangle. Thus,
the habitat conditions of bonobos and chimpanzees largely overlap with an
exception of the driest extreme in chimpanzees.

Habitat classification of satellite imagery showed that the Wamba forest is
comprised mainly of primary and old secondary forest dominated by repre-
sentatives of the Caesalpiniaceae family (65.5%), with swamp forest (18.9%)
and young secondary forest (15.6%) representing a smaller proportion of
the bonobo range (Hashimoto et al., 1998; Terada et al., unpublished data).
Mixed species semi-evergreen forest (71.5%) was found to be the dominant
habitat in the Goualougo Triangle, with monodominant Gilbertiodendron
dewevrei (Caesalpiniaceae) evergreen (21.7%) and swamp forest (6.1%) also
represented (Devos et al., 2008).

3.2. Ape density, home range and habitat use

Ape densities were nearly identical between the two study sites. At Wamba,
bonobo densities were reported to be 1.4-2.5 individuals/km? (excluding in-
fants) based on home range estimates (Hashimoto et al., 1998). Chimpanzee
density in the Goualougo Triangle was estimated to be 1.5 chimpanzees/km?>
(excluding infants) from line transect surveys and 2.2 chimpanzees based on
home range estimates (Morgan et al., 2006). The home ranges of bonobo
communities at Wamba were estimated to be 12.3—-17.8 km? for the El
study group and 22.5-31.5 km? for the E2 study group (Hashimoto et al.,
1998). The Moto chimpanzee community range was estimated to be 17.3 to
19.2 km? (Morgan et al., 2006). The home ranges of both species were het-
erogeneous in habitat composition, but with some evidence of preference for
dry forest habitats by both bonobos and chimpanzees. Both direct observa-
tions of habituated groups and nest surveys indicated that use of swamps
by bonobos may exceed visitation to inundated habitats by chimpanzees
(Hashimoto et al., 1998; Morgan et al., 2006; Mulavwa et al., 2010).
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3.3. Tool use repertoire

T. Furuichi et al.

The bonobo tool use repertoire was comprised of 13 different types of tools
(Table 3), with 10 types of tool use exhibited by the Wamba population.

Table 3.

Compilation of tool using behaviours observed in wild bonobos.

Context Behaviour Code

Description

Sex of Observed sites

performer Wamba Lomako

Social  Play start 2%

Drag 3*

branch

Drop
twigs

Aimed-
throw

49

Leaf-clip 53

mouth

Taking a branch, small leafy
twig or fruit in hand or
mouth and chasing of others
in a play context.
Possession of object
sometimes changes (sharing
the same object)

Dragging a branch toward
one or more target
individual(s) in threat.
Targets sometimes ignore
this agonistic approach.
Dragging a branch before
departure or during ranging
without targeting
conspecifics. Usually
performed by males to
propose direction of
ranging.

Clipping twigs or small
branches and dropping them
from tree to get attention
from opposite sex (may be
to solicit copulation)
Throwing sticks and
branches at human
observers and at other
bonobos. Bonobos at
Wamba just drop twigs or
branches to human
observers.

Clipping leaves from herbs
or trees by mouth to get
attention from play partner.

M, F + +

M, F

M F**
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Table 3.
(Continued.)

Context Behaviour Code Description Sex of Observed sites
performer Wamba Lomako
Leaf-clip 54 Clipping leaves from herbs F - +
fingers or trees by finger to solicit
mates.
Comfort, Leaf- —  Detaching small branches M, F + —
protection umbrella or twigs and put them on

or their head under heavy rain
rain-hat
Leaf —  Detaching small branchor M, F + +
cover twig and using it as a cover

over their nest. Common
during the rainy season,
possibly for
thermoregulation. At
Wamba one adult male bent
a small branch to cover his
body on his day nest
Fly-whisk 47  Swatting or whisking away F + +
sweat bees by waving and
shaking small, leafy twigs

Self-groom, Leaf- 50  Using leaves to wipe faeces M, F + -
stimulate napkin or urine from one’s own
body
Toothpick -  After feeding, using a small M + -

twig to remove debris from
between teeth

Stick —  Scratching one’s own back M, F + -
scratch with small twig

Feeding Leaf- 4*  Dipping water from atree  F — +
sponge hole using moss. Seemed to

be equivalent of leaf sponge
behavior by chimpanzees

Contexts refer to those in Sanz & Morgan (2007). Names and code numbers of behaviours
refer to those in Whiten et al. (1999), except for what are not observed in chimpanzees
(marked —). Source of information for Wamba: Kano (1982b, 1997); Ingmanson (1996); this
study; for Lomako: Hohmann & Fruth (2003a).

* Universal chimpanzee tool use behaviours (Whiten et al., 1999).

** Performance of this behaviour by females was first reported by this study.
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Table 4.
Types of tool behaviours observed in chimpanzees and bonobos.

Number Number of Context
of all types at

Social Comfort, Self-groom, Feeding Other

types each site protection  stimulate
Chimpanzee 42 6 (Assirik)— 5 4 5 25 3
22 (Goualougo)
Bonobo 13 8 (Lomako)— 6 3 3 1 0
10 (Wamba)

Data for chimpanzees from Sanz & Morgan (2007).

Chimpanzees in the Goualougo Triangle exhibited 22 different types of tool
use, which is approximately half of the species repertoire (Sanz & Morgan,
2007). The number of tool behaviours found at chimpanzee study sites varied
from 22 in Goualougo to 6 in Assirik. Hence, the numbers of tool behaviours
at bonobos study sites (10 in Wamba and 8 in Lomako) are within the range
of variation in chimpanzees (Table 4) (Sanz & Morgan, 2007). Chimpanzee
tool use was most common in feeding contexts, but was also exhibited in self
grooming/stimulation, comfort/protection, and social situations. Bonobo tool
use mainly had social (self-grooming/stimulation and comfort/protection)
functions, except for one behaviour for feeding (leaf sponge to drink water).
Among 13 tool behaviours, 8 were common in chimpanzees and 5 were
uniquely found in bonobos. Out of 4 chimpanzee universal tool behaviours,
3 were observed in bonobos (play start, drag branch, leaf-sponge) but 1 was
not observed (investigatory probe).

A marked difference in tool behaviours between chimpanzees and bono-
bos is the very limited tool use for feeding in bonobos (Table 4). In chim-
panzees, 25 of 42 tool behaviours were performed for feeding (Sanz &
Morgan, 2007). By contrast, tool use for feeding was observed only once
in Lomako, in the use of a leaf-sponge (Hohmann & Fruth, 2003a). There-
fore, what we really need to examine is why wild bonobos do not use tools
for feeding.

3.4. Abundance of preferred resources

Similar to other bonobo and chimpanzee populations, the diet of apes at
Wamba and Goualougo was primarily comprised of ripe fruits (Kano &
Mulavwa, 1984; Morgan & Sanz, 2006). As an indication of the overall
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abundance of food resources, we compared the total basal area of all trees
with DBH greater than 5 cm in Wamba and of all trees with DBH greater
than 10 cm in Goualougo. The basal area for Wamba is 33.27 m? per hectare
for primary forest (including old secondary forest), 28.50 for swamp forest,
21.90 for young secondary forest (calculated from DBH2 in Idani et al.,
1994) and that for Goualougo is 34.04 m? per hectare (Morgan & Sanz,
2006). Due to the difference in sampling (inclusion of a larger sample of
trees than Goualougo), the per-hectare total basal area of trees at Wamba
must be somewhat overestimated as compared to Goualougo. Therefore, we
can conservatively conclude that the total basal area in Wamba is not greater
than at Goualougo.

Though we do not have comparable data for absolute abundance of ripe
fruit, we compared the pattern of seasonal fluctuation in abundance using
parameters that represent proportion of trees with ripe fruit (Figure 1a). The
monthly proportion of trees with ripe fruit on the ground showed similarly
stochastic fluctuations between the sites, though the degree of fluctuation
was greater in Goualougo (Wamba: 5.5 &+ 2.0 clusters per km of transect,
CV = 0.35, N = 61; Goualougo: 5.6 = 3.2% of monitored trees, CV =
0.56, N = 67). When fruits were scarce, bonobos at Wamba increased their
intake of seeds, leaves, and terrestrial herbs (Kano & Mulavwa, 1984), and
chimpanzees in the Goualougo Triangle similarly compensated by increasing
their intake of leaves (Morgan & Sanz, 2006; Sanz & Morgan, 2013b).

Overall, although the degree of fluctuation in availability of ripe fruit
was greater in Goualougo, similar per-hectare tree basal areas and similar
tendencies of food shift during fruit scarcity, together with similar density of
bonobos and chimpanzees mentioned in the previous section, suggests that
the differences in the food conditions between Wamba and Goualougo were
much smaller than differences among sites of each species (Table 2).

3.5. Ecological opportunities for feeding with tools

In the Goualougo Triangle, tools are used to harvest several species of ter-
mites (Macrotermes muelleri and M. lilljeborgi), army ants (Dorylus mayri,
D. rubellus, D. sjoestedti and D. wilverthi), and the honey of stingless bees
(Trigona spp.). Although we have not yet assessed the availability and dis-
tribution of these different insect species at Wamba, we confirmed that these
insects (or their products) are present. Seemingly, there are ample ecologi-
cal opportunities (i.e., termites, army ants, bees and suitable raw materials)
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at Wamba for termite fishing, ant dipping, ant fishing, and honey gathering
tool use, which is similar to research findings at Lui Kotale (McGrew et al.,
2007). We also confirmed the presence of oil palms (Elaeis guineensis) at
Wamba which are the target of pestle pounding and nut cracking by chim-
panzees at Bossou and other sites (Humle & Matsuzawa, 2004).

3.6. Opportunities for social transmission of technical information

As shown in Figure 1b, bonobos at Wamba consistently gathered in larger
parties than chimpanzees in Goualougo (monthly mean party size at Wamba:
9.4 + 2.2 animals, CV = 0.23, N = 50; Goualougo: 3.5 £ 1.3 animals,
CV = 0.36, N = 97). There was a significant difference in party size if we
compared those in the periods for which data was available for both sites
(matched-pair t-test, t = —15.1, df = 38, p < 0.0001). This difference in
party size was further corroborated by mean nest group size of 9.3 & 4.9
(N = 215, range 1, 24) bonobo nests in Wamba (Mulavwa et al., 2010)
versus 2.75 £+ 1.88 (N =375, range: 1, 12) chimpanzee nests in Goualougo
(Morgan et al., 20006).

3.7. Correlations among examined factors

We examined potential relationships among factors that may influence tool
use behaviours: fruit abundance and party size in each site. For Wamba, there
was no significant correlation between these factors (r = 0.31, n.s.). On the
other hand for Goualougo, significant correlation was found between these
factors (r =0.40, n =48, p < 0.01).

4. Discussion

The aim of this study was to review differences in chimpanzee and bonobo
tool use and examine whether these differences could be attributed to current
hypotheses outlining various ecological and social factors suggested to be re-
sponsible for the emergence and maintenance of tool traditions (Table 1). Our
comparison of tool behaviours between bonobos and chimpanzees revealed
that the main difference between the two species exists in their repertoires of
tool use for feeding, which is large and diverse in chimpanzees and nearly
absent in bonobos. On the other hand, our comparisons of ecological and
social conditions between Wamba and Goualougo, and comparisons of habi-
tat conditions across various Pan study sites, suggested that it is difficult to
explain the differences in tool use repertoires between the two species based
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on current ecological or social conditions. Our review of current evidence
for Pan tool use led us to conclude that understanding the differences in the
expression of tool use between chimpanzees and bonobos will require alter-
native ecological, behavioural, or social explanations.

In the reported difference in tool use between wild bonobos and chim-
panzees, we may have overemphasized the contrast or false dichotomy be-
tween the two Pan species (Stanford, 1998; Fruth et al., 1999). The size of the
Wamba tool repertoire was smaller than that of chimpanzees in Goualougo,
but still within the range of the number of tools used by each chimpanzee
(Sanz & Morgan, 2007). Although we did not quantify the frequency of
tool use in this comparison, our impression is that tool use was less fre-
quently exhibited by bonobos than chimpanzees. This species difference is
largely due to the fact that wild bonobos do not use tools in feeding, ex-
cept for an observation of tool use for drinking water by bonobos in Lomako
(Hohmann & Fruth, 2003a). In Goualougo and in other chimpanzee pop-
ulations, tool-assisted feeding occurs on a regular basis and can occupy a
significant portion of the daily activity budget (Pandolfi et al., 2003; Bogart
& Pruetz, 2011). Another difference is the absence of investigatory probing
in bonobos which is a universal behaviour among chimpanzee populations
(Whiten et al., 2001). Many of the behavioural elements involved in inves-
tigatory probing can be generalized to tool-assisted feeding situations that
involve probes or dipping implements, such as termite fishing, ant dipping,
or fluid dipping (Sanz & Morgan, 2010). It has been well-documented that
bonobos have the physical and cognitive abilities to exhibit such tool be-
haviours (Gruber et al., 2010; Boose et al., 2013), and so there may exist
other factors which elicit these tool use behaviours in wild chimpanzees, but
not in bonobos.

For the Necessity Hypothesis to explain the difference in bonobo and
chimpanzee tool use, we would expect to find that bonobos have a more
stable food resource base than chimpanzees. This would effectively alleviate
the need for tool-assisted fallback strategies. In support of this, chimpanzee
tool use was negatively correlated with abundance of ripe fruit at Bossou
in Guinea (Yamakoshi, 1998). In environments with few typically preferred
foods, tool use may also be a strategy to harvest staple food items. This may
be the case for some types of chimpanzee tool use at savannah sites, such
as the termite gathering of chimpanzees at Fongoli in Senegal (Bogart &
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Pruetz, 2011) and possibly the tuber harvesting by chimpanzees at Ugalla in
Tanzania (Hernandez-Aguilar et al., 2007).

However, a recent review of studies that have explored the ecological
dimension of the presence or absence of technology clearly shows that ne-
cessity may play a less prominent role in prompting and promoting tool use
than previously suggested (Sanz & Morgan, 2013b). The Necessity Hypoth-
esis was explicitly tested and a lack of support was cited for nut cracking
tool use by capuchins at Boa Vista in Brazil (Spagnoletti et al., 2012), tool
use to extract insects from tree holes and extract seeds from Neesia fruit by
orangutans across Borneo and Sumatra (Fox et al., 2004), and various forms
of chimpanzee tool use at Seringbara in Guinea (Koops et al., 2013). The
Goualougo chimpanzee population also does not seem to compensate for the
lack of fruit resources by increasing their frequency of tool use for social
insects or honey (Sanz & Morgan, 2013b). Rather, opportunities to gather
termites, ants, and honey were available throughout the year to this chim-
panzee population and enhanced by the use of tool sets (Sanz et al., 2004,
2010; Sanz & Morgan, 2009). Profiles of tool use at the savannah sites of As-
sirik in Senegal and Ugalla in Tanzania did not fit the traditional predictions
of the Necessity Hypothesis in that tool use did not increase during periods
of food scarcity (Hernandez-Aguilar et al., 2007; Bogart & Pruetz, 2011),
but rather may be a necessary response to the lower overall abundance of
preferred resources in arid habitats.

Our comparison between Wamba and Goualougo revealed that availabil-
ity of ripe fruit, the main food of bonobos and chimpanzees, showed similar
patterns of seasonal fluctuation, and therefore did not support the Neces-
sity Hypothesis to explain the Pan difference in tool repertoires for feeding.
The extent of fluctuation was somewhat greater in Goualougo, suggesting
that Goualougo chimpanzees might experience more severe periods of fruit
scarcity. However, Sanz & Morgan (2013b) reported that frequency of tool
use for feeding by chimpanzees in Goualougo was not related to the pro-
portion of fruiting trees, suggesting that this degree of difference in seasonal
fluctuation may not sufficiently explain the marked difference in tool use for
feeding between bonobos at Wamba and chimpanzees at Goualougo. During
times of fruit scarcity, both apes increased their consumption of terrestrial
herbaceous vegetation and leaves which fit the profile of traditional fallback
foods (Marshall & Wrangham, 2007). Recent research also showed that there
is no substantial difference in the kind and use of fallback food between
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chimpanzees and bonobos (Harrison & Marshall, 2011). Furthermore, un-
published data by KK and DM showed that the density of terrestrial herbs
was not higher in Wamba than in Goualougo (Wamba: 230 plots of 2 x
2m, 1.51 £ 2.10 stems of Marantaceae and Zingiberaceae/m?; Goualougo:
7 plots of 5 x 50 m, 2.08 & 0.74 stems of herbs/m?). Hence, it is unlikely
that the availability of fallback foods during fruit scarcity explains the lack
of tool use for feeding in bonobos.

According to the Opportunity Hypothesis, tool use is related to the fre-
quency of encounters with particular tool targets (termites, ants, honey, etc.)
or tool materials that may vary seasonally or between sites. For example,
a higher abundance of arboreal insects provided increased opportunities for
orangutans to invent tool use at Suaq Balimbing compared to other sites (Fox
et al., 2004). Termite gathering by chimpanzees at Gombe is also thought to
be opportunistic, as it occurs during the rainy season when termites are more
accessible (McGrew et al., 1979; McGrew & Collins, 1985). In contrast, ter-
mite fishing has been documented throughout the year at several sites within
central Africa (Sabater Pi, 1974, 1979; McGrew et al., 1979; Suzuki et al.,
1995; Deblauwe, 2009). Termite mounds (Macrotermes) are rare and periph-
eral to the chimpanzee range at Seringbara in Guinea and no evidence of tool
use in termite predation has been detected within this population (Koops et
al., 2013). However, chimpanzees at Seringbara use tools to harvest army
ants, which are both abundant and widespread across the area (Koops et al.,
2013).

Our study revealed that habitat type, vegetation, and seasonal variation in
climate at Wamba and Goualougo are fairly similar, and we did not identify
any obvious differences between the sites that would preclude the possibil-
ity for bonobo tool use for feeding. At the bonobo study site Lui Kotal,
assessment of opportunities for insectivory revealed that the same tool use
opportunities were present and in some cases exceeded abundances reported
from chimpanzee sites (McGrew et al., 2007). A detailed study assessing
the availability of army ants, termites, nut producing trees and potential tool
materials at Wamba is currently underway. Furthermore, the range of habitat
types of chimpanzees and bonobos overlap almost completely from savannah
to rain forest. Due to such large within-species variation and between-species
overlap, it is difficult for the Opportunity Hypothesis to explain presence of
tool use for feeding in all studied chimpanzee populations and almost com-
plete absence of it in wild bonobos.
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The Relative Profitability Hypothesis suggests that tools will be used to
harvest embedded food items when the energetic benefits outweigh the gains
from conventional feeding of more easily accessible food items (Rutz et al.,
2010; Rutz & St Clair, 2012). There are several indications that the en-
ergetic benefits of tool use exceed those of conventional feeding in birds
(Tebbich et al., 2002; Rutz et al., 2010). Nut cracking by chimpanzees has
also been shown to be an energetically profitable behaviour, which can yield
several thousand calories per day (Gunther & Boesch, 1993). Contradic-
tory to this Relative Profitability Hypothesis, past research has shown that
some forms of chimpanzee tool use may not necessarily be the most effi-
cient means of calorie or protein intake. For example, a detailed review of
ant-fishing behaviour among chimpanzees at Mahale revealed negligible nu-
tritional gain from ant-fishing which was suggested to be a ‘leisure’ activity
(Nishie, 2011). As mentioned above, bonobo tool use occurred mostly in
the social and self-directed contexts, and therefore we had no information to
examine the profitability of tool use for feeding in bonobos. A more compre-
hensive evaluation of bonobo diet and nutritional intake may reveal whether
or not conventional feeding is more profitable for this species than employing
tool-assisted strategies.

With regard to the Invention Hypothesis, it is predicted that more frequent
or complex tool use will occur in settings with enhanced opportunities for so-
cial transmission. This hypothesis would explain the absence of tool use in
bonobos if bonobos gather in smaller parties or have weaker social relations
within their groups compared to chimpanzees. Our comparison indicated,
however, that bonobo parties at Wamba were larger than chimpanzee par-
ties at Goualougo. A recent comparison of many study sites of chimpanzees
and bonobos indicated that differences in party size between the species are
not statistically significant but that female bonobos attend party gatherings
much more frequently relative to the very low attendance ratio of female
chimpanzees (Furuichi, 2009). This seems like a prime social setting for
the spread of technological traditions in bonobos. Especially, since studies
have reported a female bias in tool use among wild chimpanzees (McGrew,
1979; Lonsdorf, 2005) and captive bonobos (Boose et al., 2013), which has
yet to be documented among wild bonobos. Importantly, it remains to be
established whether increased gregariousness in bonobos also reflects an in-
crease in close-range social learning opportunities. Moreover, we need to
assess how levels of gregariousness and party composition, and thus social
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learning opportunities, vary across feeding and non-feeding contexts in both
chimpanzees and bonobos. Priority of access to food resources exhibited by
bonobo females (Furuichi, 1997; Surbeck & Hohmann, 2013) may reduce
the need for food gathering with tools. Furthermore, we may want to ques-
tion whether the party size is indeed an important factor for transmission of
tool behaviours. Studies from several sites, including Gombe and Goualougo
(Lonsdorf, 2006; Sanz & Morgan, 2013a), suggested that party sizes while
termite fishing were relatively small, and the majority of parties were moth-
ers with dependent offspring. If the transmission of tool behaviours mainly
occurred between mother and offspring but not among adults, the party size
may have no influence on tool behaviours even if the transmission of tech-
nological information is important for the existence of tool use.

Thus, as far as we know from the current information, differences in eco-
logical or social conditions may fail to explain differences in bonobo and
chimpanzee technological repertoires. It might be because these behaviours
evolved in past ecological and social conditions that differ from contempo-
rary settings. A recent study reported that present-day geographical features
failed to explain the genetic structure of bonobos, and that current genetic
diversity was formed by paleoenvironmental circumstances during the Pleis-
tocene (Kawamoto et al., 2013). During the Pleistocene Epoch which began
2.5 million years ago, forested areas in Africa were reduced to smaller refu-
gia during glacial periods (Mayr & Ohara, 1986; Plana, 2004). Such environ-
mental changes became more conspicuous after 1 million years ago, which
coincides with the divergence of the bonobo and chimpanzee lineages (Won
& Hey, 2005). The range of ancestral chimpanzees experienced more ex-
tensive drying and fragmentation of forests during the late Pleistocene than
the habitat of ancestral bonobos on the left bank of the Congo River where
large forest refugia were maintained even during dry periods. Therefore,
tool-assisted feeding might have had greater adaptive value for the ancestors
of modern chimpanzees who were coping with greater variability in food
resource availability, more arid habitats, and potentially increased compe-
tition with other species than past bonobo populations. It is also possible
that feeding technology evolved independently in the different chimpanzee
subspecies as they repeatedly experienced dry periods. In their examination
of tool use patterns among Ugandan chimpanzee populations, Gruber et al.
(2012) suggested that ancestral chimpanzee populations in the region may
have coped with harsher environments during the last Ice Age which may
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have prompted various behavioural innovations, such as extractive tool use.
A major problem exists in this explanation however. If the ability for tool use
evolved only in chimpanzees under certain conditions in the past, and there-
fore chimpanzees currently living in all types of habitats inherently use tools
for feeding while bonobos in any type of habitat do not, then why is there
no substantial difference in the ability for tool use under experimental con-
ditions? This question needs to be further investigated through comparative
studies both in the wild and captivity.

Although further studies are needed, it is possible that the differences
in tool using propensities between chimpanzees and bonobos in the wild
reflect divergent behavioural predispositions rather than differences in cog-
nitive abilities. Comparative studies of the physical and cognitive abilities of
great apes have failed to explain the paucity of tool use by bonobos. Within
captive settings, bonobo tool use repertoires are as large and diverse as chim-
panzees (Gruber et al., 2010). This is unlike gorillas, who use tools for
feeding but acquire the behaviour more slowly and perform it less frequently
than chimpanzees, suggesting a species difference in predisposition (Boysen
et al., 1999; Lonsdorf et al., 2009). Even in experimental settings where in-
dividuals had limited experience with tools, both chimpanzees and bonobos
demonstrated understanding of tool functional properties (Herrmann et al.,
2008).

The species differences in cognition and behavioural propensities between
chimpanzees and bonobos were aptly expressed in a range of cognitive prob-
lem solving tasks. Bonobos surpassed chimpanzees in solving tasks related
to the social world (i.e., theory of mind, understanding of social causal-
ity), whereas chimpanzees showed more skill in tasks related to the physical
world (i.e., use of tools, understanding of physical causality) (Herrmann et
al., 2010). In a comparison of several captive groups, the only major differ-
ence between chimpanzee and bonobo tool use was that bonobos of all age
and sex classes used tools in a play context (Gruber et al., 2010). The propen-
sity of adult bonobos to engage in play is thought to reflect their neotenous
nature, as well as environmental conditions that afford leisure time and a
behavioural preference for certain types of social interaction.

As mentioned above, some chimpanzee tool use does not seem to be the
most effective means of increasing energy intake, but may be performed
when individuals have leisure time (Nishie, 2011). On the other hand, bono-
bos spend much of their leisure time in play and play is common among
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adults (Enomoto, 1990; Palagi, 2006). Such differences in behavioural pref-
erence may explain why bonobos are likely to perform like chimpanzees
in experimental conditions, but do not regularly perform tool use in natural
settings. This potential difference in behavioural predispositions toward tool
use could be further investigated by comparing levels of object manipulation
and exploratory tendency in chimpanzees and bonobos (Koops et al., data
not shown).

It has been proposed that we are currently living in the “Anthropocene
Epoch” which is shaped by human influences on the environment. Although
apes have persisted through shifting climatic condition, there is no histor-
ical analogue for the rate and degree of environmental change caused by
anthropogenic disturbances. The long-term survival of wild bonobos and
chimpanzees is increasingly endangered by poaching, habitat destruction and
conversion, and infectious diseases. The Disturbance Hypothesis suggests
that ape cultures are fragile and that anthropogenic disturbances may affect
the social mechanisms which maintain these traditions (van Schaik, 2001).
Recognizing the conservation value of animal cultures, scientists have sug-
gested specific strategies for conserving and managing animals that learn
socially and share cultures (Whitehead et al., 2004; Laiolo & Jovani, 2007;
Whitehead, 2010). Such measures must be implemented immediately if we
hope to continue advancing our understanding of behavioural diversity of
our closest living relatives.
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Abstract

The evolutionary origins of human right-handedness remain poorly understood. Some have hypoth-
esized that tool use served as an important preadaptation for the eventual evolution of population-
level right-handedness. In contrast, others have suggested that complex gestural and vocal com-
munication served as prerequisite for the evolution of human right-handedness. In this study, we
tested these competing hypotheses by comparing the handedness of bonobos and chimpanzees,
two closely related species of Pan, on three different measures of hand use including simple reach-
ing, manual gestures and coordinated bimanual actions. Chimpanzees are well known for their tool
using abilities whereas bonobos rarely use tools in the wild. In contrast, many have suggested that
bonobos have a more flexible gestural and vocal communication system than chimpanzees. The
overall results showed that chimpanzees were significantly more right-handed than bonobos for all
three measures suggesting that adaptations for tool use rather than communication may have led
to the emergence of human right-handedness. We further show that species differences in handed-
ness may be linked to variation in the size and asymmetry of the motor-hand area of the precentral
gyrus. The results are discussed within the context of evolutionary theories of handedness, as well
as some limitations in the approach to handedness measurement in nonhuman primates.
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1. Introduction

Chimpanzees (Pan troglodytes) and bonobos (Pan paniscus) are the clos-
est evolutionary relatives to humans. Although humans split from the genus
Pan 5-7 million years ago, bonobos and chimpanzees shared a common an-
cestor as recently as 1-2 million years ago (Fischer et al., 2004; Won &
Hey, 2005). The vast majority of cognitive and behavioral studies in cap-
tivity have been done with chimpanzees, with relatively little information
on the bonobo, likely due to the greater availability of chimpanzees com-
pared to bonobos. However, even with the relative scarcity of bonobo data,
both species have shown similar cognitive abilities, including for example:
symbolic acquisition (Brakke & Savage-Rumbaugh, 1995, 1996; Lyn, 2007),
symbol ordering (Greenfield & Savage-Rumbaugh, 1990; Lyn et al., 2011),
representational (pretend) play (Lyn et al., 2006) and mirror self-recognition
(Gallup, 1970; Hyatt & Hopkins, 1994). Although the physical resemblance
and the recently recorded cognitive similarities are manifest, the two species
have markedly different social structures and behavioural patterns (de Waal,
1989; Stanford, 1998).

For instance, studies in captivity and in the wild show that bonobo society
is decidedly matriarchal, as opposed to the alpha-male dominated chim-
panzee society (Parish, 1996; Parish et al., 2000). In addition there is a
greater number of detailed reports of tool manufacture and use in chim-
panzees (Whiten et al., 1999, 2001), leading some experts to declare bonobo
culture as less ‘material’ (McGrew, 1992), albeit far fewer studies have
been conducted in Pan paniscus (Toth et al., 1993; Gruber et al., 2010).
In contrast, the reports of communication abilities suggest that while both
species are highly communicative, bonobos may have a somewhat more flex-
ible and sophisticated communicative system than chimpanzees (Hopkins &
Savage-Rumbaugh, 1991; Taglialatela et al., 2003; Pika et al., 2005; Pol-
lick & de Waal, 2007; Clay & Zuberbuhler, 2011). More generally, it has
been suggested that bonobos perform better than chimpanzees on tasks that
assess different dimensions of social cognition or cooperation whereas chim-
panzees perform better on competitive, physical and spatial cognition (Hare
& Tomasello, 2004; Hare, 2007; Hare et al., 2007; Herrmann et al., 2010;
Rosati & Hare, 2012).

The purpose of the current study was to examine handedness in chim-
panzees and bonobos as a means of assessing potential differences in lateral-
ization of the nervous system as it relates to motor functions. Our particular
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interest in this question stems from historical and contemporary theories on
the evolution of right-handedness in humans in relation to emergence of
higher cognitive and motor functions including language and speech, tool
use and bipedalism (Corballis, 1992; Bradshaw & Rogers, 1993; Bradshaw,
1997). For example, it has been postulated that human right-handedness is a
consequence of selection for increasing motor demand for oro-facial motor
control or gestural communication (Annett, 2002; Corballis, 2002). Because
it has been reported that bonobos have greater flexibility in vocalizations and
gestures than chimpanzees (Savage-Rumbaugh, 1984; Hopkins & Savage-
Rumbaugh, 1991; Taglialatela et al., 2003; Pollick & de Waal, 2007), it could
be hypothesized that they would express more pronounced asymmetries in
manual gestures compared to chimpanzees. In contrast, others have sug-
gested that the cognitive and motor demands of tool-use may have served as
a prerequisite to the evolution of complex praxic functions that are primarily
under control of the left hemisphere (Frost, 1980; Greenfield, 1991; Gib-
son & Ingold, 1993; McGrew & Marchant, 1997). As noted above, tool-use
is widespread in chimpanzees compared to bonobos and there is evidence of
population-level handedness in wild chimpanzees for some forms of tool-use
such as leaf sponging, ant-dipping and termite fishing but not nut-cracking
(Boesch, 1991; McGrew & Marchant, 1992, 1996, 1997; Biro et al., 2003;
von Lonsdorf & Hopkins, 2005; Biro et al., 2006; Marchant & McGrew,
2007; Humle & Matsuzawa, 2009; Bogart et al., 2012b). If this theory is
correct, then it might be hypothesized that chimpanzees would show greater
expression of manual asymmetries for object directed actions compared to
bonobos (see also Forrester et al., 2011, 2012). To test these competing hy-
potheses, we tested a sample of chimpanzees and bonobos on three measures
of handedness including manual gestures, simple reaching, and a task mea-
suring coordinated bimanual actions, referred to as the TUBE task.

Beyond the theoretical predictions for handedness in these two species,
there are also behavioral and neurological reasons to predict potential differ-
ences in handedness. For instance, Hopkins et al. (2009) recently reported
that bonobos showed greater leftward asymmetries in the motor-hand area
of the precentral gyrus (or KNOB) as well as striatal structures including
the putamen and caudate. In humans and chimpanzees, asymmetries in the
KNOB region correlate with handedness with a larger KNOB volume found
in the hemisphere contralateral to the subject’s preferred hand (Hammond,
2002; Hopkins & Cantalupo, 2004). Based on the report by Hopkins et al.
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(2009) of a larger left KNOB region in bonobos, it can be hypothesized that
this species should show more pronounced right-handedness compared to the
chimpanzees. With respect to their behaviour, several reports of handedness
in bonobos also suggest potential species differences. Chapelain and col-
leagues (Chapelain & Hogervorst, 2009; Chapelain et al., 2011) have exam-
ined handedness for the TUBE task, and contrary to chimpanzees (Hopkins
et al., 2004; Llorente et al., 2010), they reported no evidence of population-
level right handedness in the bonobos (see also Hopkins et al., 2011). There
are also reports of a lack of population-level handedness for manual ges-
tures in bonobos by several authors (Hopkins & de Waal, 1995; Shafer,
1997; Harrison & Nystrom, 2008), which also contradicts reports in cap-
tive chimpanzees (Hopkins et al., 2005a), though methods of handedness
assessment may explain some of these differences (Hopkins et al., 2012).
Whether these purported species differences reflect methodological factors
or are true differences is not clear because the approaches to the assessment
of handedness have varied between studies. Thus, the aim of this study was
to compare bonobos and chimpanzees on identical measures of handedness
when using the same procedures. In addition to hand preferences, we also
measured grasping morphology and performance asymmetries when picking
up small food items in the bonobos and chimpanzees. Christel et al. (1998)
reported that bonobos show nearly exclusive grasping responses that involve
the thumb and index finger, notably the lateral portion. In contrast, Hop-
kins and colleagues (Hopkins et al., 2002, 2005b) have reported that, though
some chimpanzees prefer to use the thumb-index grasping response, many
prefer to use the index and middle finger to grasp small food items, a pat-
tern apparently rarely observed in the three bonobos studied by Christel et
al. (1998). Morphologically, the hand of the bonobo and chimpanzees are
quite similar; thus the reports of potential differences in grasping morphol-
ogy may reflect underlying differences in neural innervations of the digits
or other morphological features that may be involved with reach-and-grasp
responses such as the wrist and elbow. To further explore whether species dif-
ferences are evident in grasping morphology, we compared the bonobos’ and
chimpanzees’ grasping responses when picking up small food items. We also
assessed whether performance differences in grasping skill were evident be-
tween the chimpanzees and bonobos. Previous studies in chimpanzees have
shown that they exhibit a small but significant right hand advantage in grasp-
ing skill (Hopkins & Russell, 2004) but, to our knowledge, there are no such
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data available in bonobos. Christel et al. (1998) assessed response times dur-
ing reach-and grasp responses in three bonobos and found that latencies to
reach were shorter for the right compared to left hand but that the time needed
to grasp the objects was slightly faster for the left compared to right hand.
Comparing the results by Christel et al. (1998) with the findings by Hopkins
& Russell (2004) is difficult because different dimensions of motor skill were
measured. Thus, in this study, we assessed both chimpanzees and bonobos
on the same grasping task in order to compare lateralization in motor skill.

Finally, we present here some preliminary findings on comparative differ-
ences in cortical organization between chimpanzees and bonobos. Despite
the intense interest in behavioural and cognitive abilities between chim-
panzees and bonobos, there is remarkably little research on how these poten-
tial differences might map onto variation in cortical organization. Hopkins et
al. (2009) measured the volume and areas of eight brains regions in a sample
of seven chimpanzees and bonobos and found that bonobos showed greater
leftward asymmetries for the motor-hand area of the precentral gyrus, puta-
men, caudate and hippocampus. More recently, Rilling et al. (2012) used
both voxel-based morphometry (VBM) and diffusion tensor imaging (DTI)
to compare cortical connectivity in three chimpanzee and bonobo brains.
These authors found that bonobos had more grey matter than chimpanzees in
the anterior amygdala and insular cortex compared to chimpanzees. Rilling
et al. also found significantly larger cortical pathways connecting the amyg-
dala and anterior cingulate cortex compared to the chimpanzees.

Rather than use region-of-interest or VBM analysis, here we examined
species difference in the surface area and cortical folding of the central sul-
cus (CS) using a software program called BrainVisa. BrainVISA 4.1.1 (BV)
is freely distributed software (available online at http://brainvisa.info) that
measures cortical folding of the brain (Mangin et al., 2004). We selected the
CS because the cortex lying anterior and posterior to the CS are the primary
motor and somatonsensory cortex, the cortical region where all motor and
sensory regions are represented in the brain, most notably the hand (Bai-
ley et al., 1950). For instance, stimulation of the central region of the CS
will result in selective movements of the hand and individual digits, suggest-
ing that this is the cortical representation of the hand. Furthermore, there
is an anatomical landmark within the precentral gyrus, referred to as the
KNOB (Yousry et al., 1997), and several studies have shown that the volume
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and shape of the KNOB differs in right- and left-handed individuals (Bol-
ing et al., 1999; Hammond, 2002) and similar results have been reported in
chimpanzees and capuchin monkeys (Hopkins & Cantalupo, 2004; Phillips
& Sherwood, 2005; Dadda et al., 2006). The appearance of the KNOB in
the brain has evolved as a consequence of the CS having to fold over and
around a buried gyrus, referred to as the pli-de-passage frontoparietal moyen
parietale (PPFM), which connects the precentral and postcentral gyrus, and
was originally described by Broca (Alkadhi & Kollias, 2004). Comparative
studies have shown that the KNOB is only evident in great apes and humans
and that this is likely attributable to increased gyrification of the brain due
to increasing size and connectivity (Hopkins & Pilcher, 2001). Further, us-
ing different parameterization tools within BV, the depth of the CS can be
quantified along the entire superior to inferior plane (Coulon et al., 2006;
Cykowski et al., 2008; Hopkins et al., 2010). This procedure allows for a
means of quantifying the PPFM within the entire surface area of the CS. In
this study, we examined the surface area and folding pattern of the entire CS
as well as the region within the CS corresponding to the PPFM in a sample
of chimpanzees and bonobos to test whether (a) differences are evident in
CS morphology and (b) whether these differences might map onto variation
in motor skill and/or handedness.

2. Methods
2.1. Subjects

At least one measure of handedness was available in 34 bonobos and 34
chimpanzees that were matched on age, sex and rearing histories (see Ta-
ble 1). The bonobos were housed at three facilities including the Jacksonville
Zoo and Gardens, Milwaukee County Zoo and Great Ape Trust of lowa. The
chimpanzees were all housed at the Yerkes National Primate Research Cen-
ter of Emory University. Within each species, there were 19 females and
15 males and the apes ranged from 3 to 44 years of age (mean = 20.34
years, SE = 1.96). Within each cohort, there were three wild-caught and
31 captive-born individuals. Within the captive-born cohort, there were 27
mother-reared and 4 human-reared individuals. Human-reared apes were
those that were removed from their natal groups before 1 month of age and
raised in a human nursery setting until they were old enough to be introduced
into conspecific social groups. Mother-reared apes were those that were born
and raised by their conspecific mothers and raised in nuclear family settings.
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2.2. Procedure

Handedness was assessed on three measures of hand use previously de-
scribed in these subjects including manual gestures, simple reaching, and
a task measuring coordinated bimanual actions, referred to as the TUBE
task (Hopkins, 1995a; Hopkins et al., 2005a, b, 2007). These three measures
were selected because they elicited different dimensions of hand prefer-
ences and have been shown to be reliable measures across time (Hopkins,
2007). A brief description of each measure is provided below. The testing
was done in the indoor and outdoor enclosures of the apes by three differ-
ent experimenters. The three experimenters participated in data collection
from all individuals between the two species. Thus, no one experimenter
solely collected data from a single species. Because hand use and grasping
morphology were fairly overt manual actions, we did not calculate interrater
reliability in their assessment between raters prior to the onset of data col-
lection.

2.2.1. Manual communicative gestures

At the onset of each trial, an experimenter would approach the subject’s
home cage and centre themselves in front of the subject at a distance of
approx. 1.0-1.5 m. If the subject was not already positioned in front of the
experimenter at the onset of the trial, the subject would immediately move
towards the front of the cage when the experimenter arrived with the food.
The experimenter then spoke the ape’s name and offered a piece of food
until the subject produced a manual gesture, whereupon they were given the
food. Only responses in which the apes’ unimanually extended the digit(s)
through the cage mesh to request the food were considered a response. Hand
use was recorded as right or left for each response. Other possible manual
responses such as cage banging or clapping were not counted as a gesture.
Two-handed gestures, although rare, were not scored as were gestures that
were produced by the subject prior to the experimenter arriving in front
of the subject’s home cage. A minimum of 30 responses were collected
from most subjects (range 7-57) (Hopkins et al., 2005¢) and the number
of trials administered on a given day varied with the subject’s motivation and
availability for testing. However, at least 5 min separated the administration
of each trial. Subjects were tested in both the indoor and outdoor sections of
their home enclosures.
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2.2.2. Coordinated bimanual task (TUBE)

The second handedness measure was a task requiring bimanual coordinated
actions, referred to as the TUBE task (Hopkins, 1995a). For the TUBE task,
peanut butter or other foods that had adhesive qualities were smeared on the
inside edges of poly-vinyl-chloride (PVC) tubes approx. 15 cm in length and
2.5 cm in diameter. Peanut butter was smeared on both ends of the PVC pipe
and was placed far enough down the tube such that the subjects could not
lick the contents completely off with their mouths but rather had to use one
hand to hold the tube and the other hand to remove the substrate. The PVC
tubes were handed to the subjects in their home cages and a focal sampling
technique was used to collect individual data from each subject. The hand
of the finger used to extract the peanut butter was recorded as either right
or left by the experimenter. Each time the subject reached into the tube with
their finger, extracted peanut butter and brought it to their mouth, the hand
used was recorded as left or right. Each subject was tested on at least two
occasions and a minimum of 30 responses was obtained from each subject
(range 30-386).

2.2.3. Simple reaching

During each trial, a raisin was thrown into the subject’s home cage. The raisin
was thrown by the experimenter to a location at least three meters from the
focal subject so that the apes had to locomote to the raisin, pick up the raisin
and bring it to their mouth for consumption. When the subject acquired the
raisin, the experimenter recorded the hand used as left or right. One, and
only one reaching response, was recorded each trial to assure independence
of data points. Thus, raisins were not randomly scattered in home cages
but rather an individual raisin was thrown into the cage and the subject
retrieved the raisin before another was thrown into the cage. Subjects were
required to locomote at least three strides between reaching responses to
maintain postural readjustment between trials. A minimum of 35 responses
was collected from each subject with the range between 35 and 94 for the
sample.

In addition to hand use during the simple reaching task, we also recorded
the type of grip used by the apes when grasping the raisins. Grip type was
characterized as either thumb-index, middle-index, or single digit. Thumb-
index gripping was recorded when the subjects abducted the thumb to the
lateral or tip of the index finger to grip the food item. Gripping was recorded
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as middle-index grip when the subjects grasped the food between the in-
dex and middle finger with the hand either in a prone or supine position.
Thumb-index and middle-index grip types were by far the most common,
but occasionally subjects engaged in what was recorded as single digit re-
sponses. Single digit responses were instances in which the chimpanzees
used one finger to press down hard enough on the food item so that it stuck
while being taken to the mouth.

2.3. Grasping errors

For this measure, small food items (quartered peanuts, sunflower seeds, red-
hots or skittles) were thrown into the subject’s home cage. The use of dif-
ferent food was based on the individual apes’ preferences for these items as
well as food restrictions at each facility (i.e. one bonobo from JZG was aller-
gic to peanuts, so no peanuts are allowed in the Great Ape area). Food items
were dropped in the cage until exactly twenty successful grasping responses
with each hand had been obtained from each subject. Because the emphasis
of this particular experiment was on obtaining twenty responses with each
hand from each subject, the subjects were not required to locomote to the
food items in order for the response to be recorded. Instead, the food items
were dropped next to one of the subject’s hands, thus encouraging them to
use one hand over the other. The experimenter watched as the subject at-
tempted to pick up the food item and noted any errors made in grasping
the food. An error was recorded when the subjects attempted to grasp but
dropped the food or failed to grasp the food item from the floor upon their
attempt. If at any point the subject switched hands or used their mouth to
obtain the food, the trial was not included. Data were collected ad libitum
and during testing, the foods were thrown to either side of the subject’s body
in a random order in order to facilitate responses with both hands.

2.4. Grasping data analysis

For each hand preference and performance measure, a handedness index (HI)
was derived following the formula (HI = (R — L)/(R + L)) where R and L
represent the frequency of right and left hand use for each task, respectively.
For the hand preference measures, positive HI values indicated a rightward
asymmetry and negative values indicated a leftward asymmetry. Note that for
the performance task, a positive HI would reflect better performance by the
left compared to right hand, reflecting the fact that they would thereby make
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more errors with the right hand. For each handedness task, binomial z-scores
were calculated for each subject based on the total frequency of left and right
hand use. Subjects with z-scores greater than or equal to 1.96 or less than or
equal to —1.96 were classified as right-handed and left-handed respectively
while all other subjects were classified as ambiguously-handed (z > —1.96
and z < 1.96). Finally, for the grasping morphology analyses, we computed
a percentage of thumb-index responses for each subject and hand by sum-
ming the total number of left and right thumb-index grasping responses and
dividing these values by the total number of grasping responses for the left
and right hands, then multiplying by 100. Percentages varied between 0 and
100 with higher values indicating greater thumb-index grasping responses.

2.5. Magnetic resonance image collection

Magnetic resonance images (MRI) were obtained from 13 bonobos and
13 chimpanzees that were matched on age, sex and magnet strength. Four
bonobos and 4 chimpanzees were scanned in vivo and the remaining 9 chim-
panzees and 9 bonobos were scanned post-mortem. To minimize stress on
the apes, all in vivo bonobo and chimpanzee magnetic resonance images
were obtained during one of their annual physical examinations. Magnetic
resonance image (MRI) scans followed standard procedures at the YNPRC.
Thus, the animals were first sedated with ketamine (10 mg/kg) or telazol (3—
5 mg/kg) and were subsequently anaesthetized with propofol (40-60 mg/kg
per h). They were then transported to the MRI scanning facility and placed in
a supine position in the scanner with their head in a human-head coil. Upon
completion of the MRI, the apes were singly-housed for 2-24 h to permit
close monitoring and safe recovery from the anesthesia prior to return to the
home social group. All procedures were approved by the Institutional Ani-
mal Care and Use Committees at YNPRC and also followed the guidelines of
the Institute of Medicine on the use of chimpanzees in research. The in vivo
scans were obtained using a 1.5T G.E. echo-speed Horizon LX MR scanner
(GE Medical Systems, Milwaukee, WI, USA). T1-weighted images were
collected in the transverse plane using a gradient echo protocol (pulse repeti-
tion = 19.0 ms, echo time = 8.5 ms, number of signals averaged = 8, matrix
size = 256 x 256, with 0.7 x 0.7 x 1.2 resolution). For the post-mortem
scanning, either 4.7 or 7T magnets were used and T2-weighted images were
collected in the transverse plane using a gradient echo protocol (pulse repe-
tition = 22.0 s, echo time = 78.0 ms, number of signals averaged = 8-12,
and a 256 x 192 matrix reconstructed to 256 x 256).
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2.6. MRI processing

Initially, using Analyze 8.1, all chimpanzee scans were skull-stripped,
cropped, and reformatted at 0.7 cubic isotropic resolution and subsequently
imported into BV. Extracting the sulci from the cortex in the brain scans in-
volves a series of steps in a pipeline process within BV (Mangin et al., 2004)
(see Figure 1) and these methods are described in detail elsewhere (Bogart et
al., 2012a). Initially, the anterior and posterior commissures were manually
specified on the MRI where they intersect with the mid-sagittal slice to align
the brain. The first step was to correct for special inhomogeneities in the sig-
nal intensity providing a spatially smooth bias field with a stable distribution
of tissue intensities (Figure 1b). Next, the analysis of the signal histogram

Figure 1. BrainVISA’s pipeline processing steps. (a) MR image of a skull-stripped chim-
panzee brain, (b) stable tissue intensities after bias field correction, (c) binary mask of the
brain, (d) split mask of left and right hemispheres and cerebellum, (e) grey and white in-
terface, (f) negative mould of the white matter, (g) skeletonised mould of cortical folding
and (h) cortical fold graph of chimpanzee sulci with the central sulcus in red. This figure is
published in colour in the online edition of this journal, which can be accessed via http:/
booksandjournals.brillonline.com/content/journals/1568539x.
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Chimpanzee Bonobo CS

Figure 2. 3-D reconstruction of cortical sulci of the chimpanzee and bonobo brain with the
central sulcus (red) indicated in each species. This figure is published in colour in the online
edition of this journal, which can be accessed via http://booksandjournals.brillonline.com/
content/journals/1568539x.

and mathematical morphology was computed to obtain a binary mask of the
brain (Figure 1¢). The mask was then split into the left and right hemispheres
and the cerebellum (Figure 1d). A negative mould of the white matter was
computed from the split-brain mask. The outside boundary of this mould re-
sults from a 5 mm morphological closing of the masked hemisphere, filling
up the folds. The grey/white interface is the inside boundary of the mould,
reconstructed with topography, preserving deformations assuring the spheri-
cal topology of the mould (Figure 1e). Finally the mould was skeletonised to
detect cortical folding, while topological constraints guarantee the resulting
surfaces have no holes (Figure le, f). The deepest part of the fold indicates
the buried gyrus given the grey/white interface. The final step results in cre-
ating a cortical fold graph containing all the extracted sulci (Figure 1h). The
central sulcus was manually labelled on the 3-D renderings for each brain
(Figure 2).

2.7. Central sulcus measures

Central sulcus measures included surface area (mm?), mean depth (mm) and
grey matter thickness (mm) (see Figure 3). The sulcus surface area was
computed as the sum of the areas of all the triangles required to mesh the
sulcus medial surface. The sulcus mean depth is the average depth computed
across all the bottom points of the sulcus along its principal axis of projection
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Figure 3. Chimpanzee central sulcus labeled and extracted. (a) The surface area and depth
dimensions are shown in the extracted sulcus, as well as the x- and y-coordinates used for
computing differences in cortical folding of the CS along the dorsal-ventral axis. (b) Illus-
tration of the landmarks used to quantify grey matter thickness. This figure is published in
colour in the online edition of this journal, which can be accessed via http://booksandjournals.
brillonline.com/content/journals/1568539x.

(i.e., dorsal-ventral or anterior—posterior). The bottom points are defined
from topological properties and correspond to the sulcus edge that is not
connected to the cortex hull (see Figure 3a). Hence, this definition can be
used even with interrupted sulci. The depth of a bottom point is the length
of the shortest path from this point to the cortex hull embedded in the sulcus
medial surface (mathematically speaking, the shortest geodesic path). Sulcus
grey matter thickness (GM thickness) was quantified by measuring the mean
distance between the pial surface and the grey/white interface around the
buried sulcus (see Figure 3b).

2.8. Comparative analysis of the motor-hand area

To explore the variation in the central CS region further, we quantified the CS
surface area corresponding to the PPFM using previously described methods
(Coulon et al., 2006; Cykowski et al., 2008; Hopkins et al., 2010) (see Fig-
ure 4).
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Depth Measures of CS Along 100
Point Mesh

Figure 4. (a) Chimpanzee central sulcus and (b, c) the surface area and depth dimensions
are shown in the extracted sulcus, as well as the x- and y-coordinates used for computing
differences in cortical folding of the CS along the dorsal-ventral axis (d) outputted data
from CS parameterization. Depth of CS is plotted on ordinate and the y coordinate along
the abscissa. SP, superior maximum; CS, depth before y coordinate 50; IP, maximum inferior
depth after y coordinate 50; PPFM, pli-de-passage moyen parietale, which is the shallowest
CS depth measure between the SP and IP y coordinates. This figure is published in colour
in the online edition of this journal, which can be accessed via http://booksandjournals.
brillonline.com/content/journals/1568539x.

For each subject, the CS was standardized into 100 equally spaced sec-
tions along the dorsal-ventral axis and the depth of the sulcus at each point
was quantified. The procedure can be briefly summarized as follows: a co-
ordinate system is computed on the sulcus that indicates the position of
each point relative to its depth (x coordinate) and its position along the
sulcus between the dorsal and ventral extremities (y coordinate), as illus-
trated in Figure 4b and 4c. At each position, y = 0 through 100 along the
sulcus length, the depth is defined as the length of the corresponding y iso-
coordinate line (see Figures 4d and 5). Various publications provide more
technical details about this procedure (Davatzikos & Bryan, 2002; Coulon
et al., 2006; Cykowski et al., 2008; Hopkins et al., 2010). From the parame-
terization, the depth measure of the CS at each of the 100 y-location points
are outputted to a text file. From this file, we recorded the greatest depth
measure that was superior (SP) and inferior (IP) to the central location of the
CS (location 50) (see Figure 5). We then recorded the shallowest CS depth
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Figure 5. Variation in CS depth along the Superior-Inferior plane in the chimpanzee (purple
line) and bonobos (blue line). SP, maximum superior depth; PPFM, shallowest CS depth point
between SP and IP; IP, maximum inferior depth. This figure is published in colour in the
online edition of this journal, which can be accessed via http://booksandjournals.brillonline.
com/content/journals/1568539x.

between the SP and IP locations. The PPFM size was then computed for
the left and right hemisphere following the formula (PPFM = ((depth;p +
depthgp)/2.0) — depthpprm).

2.9. CS data analysis

For all measures (total CS surface area, mean depth, GM thickness), mean
scores were computed by averaging the raw values between the left and right
hemisphere. Asymmetry quotients (AQ) for all measures were also calcu-
lated following the formula: (AQ = (R — L)/(R + L)), where R and L
represent right and left hemisphere values for each measure, respectively.
Positive AQ values reflected a right hemisphere bias whereas negative values
reflected a left hemisphere bias. Inferential statistics were used for all analy-
ses with alpha set to p < 0.05 unless normality or homogeneity of variance
assumptions for the tests could not be met. If these assumptions were not
met, then non-parametric tests were used. Post-hoc comparisons on inferen-
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tial statistics, when used, were conducted using Tukey’s Honestly Significant
Difference test.

3. Results
3.1. Hand preferences

Individual HI scores for each subject are shown in Table 1. We initially com-
pared the HI values for each task as a function of the species and sex using
a mixed model analysis of variance. Handedness measure was the repeated
measure while species and sex were the between-group factors. A signif-
icant main effect for species was found Fj 56 = 8.166, p < 0.009. Overall,
the chimpanzees had significantly higher HI values than the bonobos and this
was consistent across all three measures. The mean HI score for each species
and task are shown in Figure 6. Within each species, we also performed
one-sample ¢-tests to test for population-level asymmetries when consider-
ing handedness on a continuous scale of measurement. For all analyses, the
estimated population mean for the HI scores was zero and none of the ¢-tests

0.5 - R Chimpanzee
Bonobo

0.4

§ iT i 3 i

-0.1 4 l
-0.2 -

-0.3 1

Mean HI score (+/-s.e.)

-04 1

'05 T T T T
Gesture TUBE Reach Overall

Handedness Measure

Figure 6. Mean HI scores (£SE) for each handedness task (gesture, TUBE, and reach) and
the overall score in bonobos and chimpanzees.
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Table 2.
Distribution of handedness based on z-scores for each task and species.

Task Bonobo Chimpanzee

No. R No. A No.L No. R No. A No.L
Gestures 12 7 9 21 6 7
TUBE 16 4 11 23 5 6
Reaching 9 15 10 17 9 8

reached statistical significance within the bonobo sample. In contrast, the
chimpanzees showed population-level right handedness for manual gestures
t33 = 3.27, p < 0.01 and the TUBE task #33 =4.78, p < 0.002.

The hand preference data based on the classification criteria applied to
the z-scores largely confirmed analysis of the HI scores. The hand prefer-
ence distributions based on the z-scores are shown in Table 2. Within the
bonobo sample, chi-square goodness-of-fit tests failed to reveal significant
differences in the number of right- and left-handed individuals for any of the
measures. In contrast, for chimpanzees, there were significantly more right-
than left-handed individuals for manual gestures x2(1, N = 28) = 7.00,
p < 0.02 and the TUBE task x?(1, N =29) =9.97, p < 0.004.

3.2. Grip morphology and performance asymmetries

We next considered whether species and/or sex differences were evident in
the grasping morphology and performance asymmetries. We initially cal-
culated the percentage of grasping responses that involved the thumb and
index finger for the left and right hands and compared these values be-
tween species and sexes using a mixed model analysis of variance. Hand
was the repeated measure (left, right) while sex and species served as the be-
tween group factors. No significant main effects or interactions were found.
The mean percentage of thumb-index grasping responses for bonobos and
chimpanzees were 71.6 and 62.9%, respectively. For the grasping error data,
overall the chimpanzees (mean HI = —0.078) showed a greater right hand
advantage compared to the bonobos (mean HI = 40.013) but the difference
in HI values did not reach conventional levels of statistical significance.

3.3. Central sulcus morphology and asymmetry

In the first analysis, we compared the bonobos and chimpanzees on the mean
surface area, mean depth and mean GM thickness of the overall CS using
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Table 3.
Descriptive data on CS and PPFM measurements in chimpanzees and bonobos.

Bonobo SD Chimpanzee SD

Average

Surface area 1063.08 193.85 1176.44 229.65

Mean depth 9.367 0.87 9.798 1.23

GM thickness 2.458 0.692 1.984 0.421

PPFM 6.227 2.629 5.167 1.995
Asymmetry

Surface area 0.042 0.123 —0.048 0.171

Mean depth 0.029 0.054 —0.046 0.111

GM thickness —0.042 0.092 0.008 0.038

PPFM —0.201 0.730 0.127 0.641

Handedness —0.010 0.331 0.215 0.291

Surface area measurements are in mmz, while mean depth, GM thickness and PPFM
measures are in mm.

MANOVA. Species was the between group factors. A significant species
difference was found for mean GM thickness Fj 4 =4.463, p < 0.05 with
chimpanzees having thinner grey matter (mean = 1.984 mm) compared to
bonobos (mean = 2.459 mm) (see Table 3). A second MANOVA using the
surface area, mean depth and GM thickness AQ scores revealed significant
species differences for the mean depth AQ Fj 4 =4.726, p < 0.05, while
a borderline significant difference was found for GM thickness AQ variable
Fi124=3.199, p < 0.09. The mean AQ scores for each species are shown in
Table 3. For comparison, we have also plotted the mean HI scores. As can
be seen, bonobos had greater leftward biases than chimpanzees for surface
area and mean depth, but greater rightward biases for GM thickness. We next
compared bonobos and chimpanzees on the PPFM measures within the CS
region. A comparison in the mean PPFM, as well as the PPEFM AQ values did
not differ between the species; though there was a trend for bonobos to have
a greater leftward asymmetry compared to the chimpanzees (see Table 3).

4. Discussion

The results of this study are relatively straightforward. When compared on
three measures of hand preference, chimpanzees were significantly more
right-handed than the bonobos. No species differences were found in per-
formance asymmetries either in grasping or in their grip preferences. We
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also found that grey matter thickness within the CS fold was lower in chim-
panzees than bonobos. Further, significantly greater leftward asymmetries
were found in CS depth in chimpanzees compared to bonobos. In contrast,
chimpanzees had greater rightward asymmetries in GM thickness compared
to bonobos.

With respect to the hand preference results, the evidence that chimpanzees
were significantly more right-handed than the bonobos, particularly for the
TUBE task, suggest that previous reports of a lack of population-level hand-
edness in bonobos are not an artefact of the sample size. From an evolu-
tionary perspective, one interpretation of this finding is that selection for
increasing motor skill, such as tool-use, may have resulted in increased
preferential use of the right hand for coordinated bimanual actions in Pan
troglodytes. The absence of selection for tool-use in bonobos may explain
the less developed hand preferences in this species, at least with regard to
the measures of handedness employed in this study. In short, the results of
this study favour theories that emphasize the importance of tool-use as a
potentially important adaptation for the development of right-handedness in
early humans. There are, however, two caveats to this conclusion. First, the
best way of directly testing for the potential role of the evolution of tool
use on behavioural asymmetries would be to compare data from both bono-
bos and chimpanzees on tool use tasks. That was not done in this study but
these types of data would lead to more definitive conclusions. Second, ev-
idence of hand preference for tool use in wild chimpanzees is not entirely
consistent with the theory that increased selection for tool use led to in-
creased right-handedness. When data from wild chimpanzees are combined
across field sites, they appear to show right-handedness for wadge dipping
and ant -dipping but left hand preferences for termite fishing and no bias
for nut-cracking. Of course, it may be the case that tool use per se was not
the sole driving force behind the development of human right handedness.
For example, though gorillas have been documented to use tools in captiv-
ity (Boysen et al., 1999; Parker et al., 1999), evidence of tool use in wild
individuals, like bonobos, are fairly limited despite long-term behavioural
observations at some field sites. However, of all the great apes and despite
early claims by some (McGrew & Marchant, 1993), gorillas appear to show
the most consistent evidence of right handedness. For bimanual feeding,
there is evidence of right-handedness in wild and captive populations (Byrne
& Byrne, 1991; Meguerditchian et al., 2010a; Lambert, 2012; Tablowo &
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Figure 7. Mean HI scores (+SE) in manual gestures from previous studies compared to the
data reported in this study.

Forrester, 2013). Moreover, in two of three captive populations, more than
90% of the gorillas were reported to be right-handed for bimanual feeding.
The fact that the chimpanzees were significantly more right-handed for all
measures, including manual gestures, was somewhat surprising within the
context of existing data on gestural communication in bonobos and chim-
panzees. One factor that might explain this result is in the methodology used
to assess handedness in chimpanzees and bonobos. Shown in Figure 7 are
the mean HI scores for bonobos and chimpanzees for spontaneous commu-
nicative gestures pooled from published data in the literature (Hopkins &
de Waal, 1995; Shafer, 1997; Hopkins et al., 2005¢, 2012; Harrison & Nys-
trom, 2008; Meguerditchian et al., 2010b). As can be seen, the HI scores are
significantly higher in the bonobos during the observational conditions com-
pared to the results reported here, when collected under structured testing
conditions. In contrast, the chimpanzee HI scores are relatively comparable
between the observational and experimental conditions. Although we can-
not rule out the possibility that the differences in HI values between the two
bonobo cohorts simply reflects sampling variation, the results suggest that
the experimental paradigm used in this study to elicit manual gestures did
not induce a population-bias, which appears evident when assessing their
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natural interspecies communication. This discrepancy was less apparent in
the chimpanzees and we would therefore caution against making too strong
of a claim regarding the handedness for manual gestures in the bonobos.

The reason for the discrepancy in findings between the two bonobo co-
horts is not clear but we would note that the tendency for the bonobos in
this study to spontaneously point to foods outside of their home cage was
rarely observed. This is quite different from what has been reported in cap-
tive living chimpanzees, particularly those housed at the Yerkes National
Primate Research Center (Leavens & Hopkins, 1998). In fact, at one zoo, a
carestaff member indicated that the bonobos were discouraged from point-
ing or begging for foods from the humans interacting with them, thereby
fundamentally extinguishing this behaviour. To what extent these types of
experiences may influence both the propensity and lateralization in gestu-
ral communication during these interspecies exchanges is unclear; however,
this could prove to be an important variable. Previous studies have shown
that hand preferences for reaching at 4 years of age predicts subsequent
hand preferences for manual gestures in captive chimpanzees as assessed by
the methods employed in this study (Hopkins et al., 2005a). Hopkins et al.
(2005a) have previously argued that these early reaching responses become
ritualized into a manual gestural response as the subjects grow older. Early in
life the young chimpanzees can reach through the cage mesh to retrieve food
and they exhibit asymmetries in hand preference for this reaching response
(Hopkins, 1995b). As they grow older, their hands become too large to reach
through the cage mesh and therefore they develop a more ritualized gestural
response to request the food. Thus, their hand preferences for manual ges-
tures largely develop from their early reaching preferences. What may have
happened with the bonobos in this study, compared to the chimpanzees, is
that these ritualized processes during development were never experienced
and therefore they did not come to use gestures functionally the same way as
the chimpanzees, or at least those in this study. Though this is speculative, it
is plausible and warrants further investigation.

Regarding grasping morphology, the results are largely consistent with
the previous report by Christel et al. (1998) with bonobos showing a prepon-
derance of thumb-index grasping responses. Though the findings reported
by Christel et al. (1988) in bonobos were certainly suggestive of species
differences when compared to previous reports on grasping morphology in
chimpanzees (Tonooka & Matsuzawa, 1995; Jones-Engel & Bard, 1996;
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Butterworth & Itakura, 1998; Hopkins et al., 2005d), our findings do not
confirm the presence of differences in grasping morphology when subject
variables such as age, sex and rearing history are controlled for in the species.
We also found no significant differences in asymmetries in manual perfor-
mance as measured by the error rates between the two species nor did we find
any population-level biases within each species. Though the performance
measures were not significant within and between species, the patterns of
results between the hand preference and performance measures were con-
sistent. That is to say, the chimpanzees showed population-level right hand
preferences and show overall performance asymmetries which reflected bet-
ter performance by the right compared to left hand on the grasping task. In
contrast, the bonobos showed no population-level hand preferences and per-
formed equally well with the right- and left-hands. The lack of significant
population-level asymmetries in grasping performance differs from previ-
ous reports but this likely reflects the lower statistical power in this study
compared to previous reports. Notably, Hopkins et al. (2002) assessed per-
formance asymmetries in 74 chimpanzees in contrast to the 31 individuals in
this group. Hopkins et al. (2002) noted that the effect size for performance
asymmetries in grasping were relatively small and required larger samples
in order to detect the differences. Thus, with only 31 chimpanzees and bono-
bos in this study, there may not have been enough statistical power to detect
significant differences in grasping performance.

Analysis of the surface area, depth and GM thickness revealed several
interesting results. Overall, the chimpanzees had thinner GM within the CS
fold compared to bonobos. Previous studies have shown that GM thickness
is negatively correlated with white matter volume in chimpanzees (Bogart et
al., 2014); therefore, these results indicate that bonobos may have less white
matter within the pre- or post-central gyri. Additionally, we found significant
differences in asymmetries in mean depth and GM thickness with leftward
asymmetries present in chimpanzees compared to bonobos for CS depth
and the opposite pattern for GM thickness. These results are also consistent
with the suggestion that differences in white matter between bonobos and
chimpanzees in the pre- or post-central gyri may underlie the effects. It has
been suggested that phylogenetic variation in cortical folding is driven, in
part, by increases in white matter (van Essen, 1997; Herculano-Houzel et
al., 2010). According to this view, regions that are strongly connected form
more connections and results in the surface of the cortex folding inward and
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thereby forming gyri and sulci. By this definition, the greater CS depth in
the left hemisphere of chimpanzees expands the surface area of the fold;
the consequence is an increased thinning of the grey matter within the left
hemisphere, which is necessary, assuming a finite and consistent amount
of grey matter between hemispheres. Because the right hemisphere is less
folded, it has grey matter that can be more thickly dispersed along the surface
area.

Another important result was the differences in PPFM asymmetry.
Though not significant at p < 0.05, nonetheless, the data reported here
are entirely consistent with the behavioural data on handedness (see Fig-
ure 6). Chimpanzees were more right-handed than the bonobos and they also
showed much more rightward asymmetries in the PPFM. This may appear
paradoxical but it is important to recall that a greater right AQ value for the
PPFM actually reflects a larger region in the left hemisphere. Because we are
measuring the depth of the fold, which is being impeded by the presence of
the buried PPFM gyrus, a smaller PPFM value likely indicates a larger buried
gyrus connecting the pre- and post-central gyri. Presumably this would in-
dicate potentially greater intrahemispheric connectivity between the motor
and somatosensory functions.

Finally, the robust leftward asymmetry in the PPFM found here in bono-
bos is consistent with the reported evidence of leftward asymmetries in the
volume motor-hand region of the precentral gyrus or KNOB (Hopkins et al.,
2009).

In summary, this study found that chimpanzees are significantly more
right-handed than bonobos for a series of measures of hand preference.
Like other studies on handedness in a different set of closely related species
(Macaque, Cebus) (Spinozzi et al., 1998; Westergaard et al., 2001; Lilak &
Phillips, 2007; Meunier & Vauclair, 2007), the results reported here suggest
that differences in ecological or sociological factors may play an important
role in the development of handedness in closely-related primates. There has
historically been a tendency to consider primate handedness in very lim-
ited, linear evolutionary terms, with a very anthropocentric view of human
uniqueness relative to other apes (Cashmore et al., 2008; Cashmore, 2009;
Uomini, 2009). If nothing else, we believe our results suggest that many evo-
lutionary factors influence the development of handedness and that there is
need to more broadly consider the comparative study of handedness, partic-
ularly among closely-related species with the goal of trying to find common
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ecological or social factors that might explain between-species similarities
and differences in handedness. This approach, we believe, may be more fruit-
ful in identifying the unique factors that have selected for the pronounced
expression of handedness seen in humans.
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Abstract

Previous research has shown that chimpanzees exploit the behavior of humans and conspecifics
more readily in a competitive than a cooperative context. However, it is unknown whether bono-
bos, who outperform chimpanzees in some cooperative tasks, also show greater cognitive flexibility
in competitive contexts. Here we tested the cooperative-competitive hypothesis further by compar-
ing bonobos and chimpanzees in a series of tasks where a human gesture indicated the correct
(cooperative) or incorrect (competitive) choice. A human either pointed cooperatively to the object
a subject should choose, or competitively to the object subjects should avoid choosing. In contrast
to previous research, subjects were most skilled at choosing the correct location when the commu-
nicator was cooperative and there were no major differences between bonobos and chimpanzees.
Analysis of gaze direction revealed that in some cases subjects visually followed the direction of
the experimenter’s gesture despite choosing incorrectly, dissociating gesture following from ges-
ture comprehension. This supports the hypothesis that, unlike human children, nonhuman apes
respond to the direction of social gestures more readily than they understand the communicative
intentions underlying them. We evaluate these findings in regard to previous studies comparing the
cooperative and communicative skills of bonobos and chimpanzees.

Keywords
cognition, chimpanzee, bonobo, cooperation, competition.

1. Introduction

A range of animals are able to communicate in flexible ways depending on
their audience, the context, and the state of the receiver (Searcy & Now-
icki, 2010). However, even the most adaptable animal communicators do not
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approach the flexibility observed in humans (Tomasello, 2008). Human in-
fants are thought to begin developing skills for intentional communication as
early as 9 months as evidenced first through their comprehension, and then
production of pointing gestures (Carpenter et al., 1998; Behne et al., 2005).
It has been proposed that the early expression of these pointing gestures is
fundamental to the development of human cultural cognition and language
(Carpenter et al., 1998; Butterworth, 2003) and the emergence of pointing in
infants has become a central marker for the development of uniquely human
social cognition (Tomasello, 2006).

The skills of other great apes have been examined to test whether the
pointing abilities observed in human infants are unique to our species de-
velopment (Hare, 2011). While nonhuman apes do regularly use manual
gestures to flexibly communicate with one another in their natural inter-
actions (Nishida, 1980; Goodall, 1986), evidence from observational and
experimental studies suggest the same cognitive mechanisms are not always
responsible for gestures in human and nonhuman apes (Call & Tomasello,
2007). Longitudinal studies examining the natural gestures used by chim-
panzees show that the production of these gestures develops relatively slowly
through a process of social ritualization (Tomasello et al., 1994; Tomasello
& Call, 1997). Nonhuman apes have largely only been observed to produce
imperative gestures, and rarely if ever make declarative or informative ges-
tures (Melis et al., 2006, 2009; Tomasello, 2006; Lyn et al., 2011). A series
of studies also have suggested that in the most basic communicative contexts
nonhuman apes show little flexibility in comprehending human gestures. Un-
like human infants, mother-reared chimpanzees do not spontaneously use
cooperative social gestures when searching for hidden objects or food (Call
et al., 1998, 2000; Itakura et al., 1999; Barth et al., 2005). They do not show
spontaneous skill even when the target of the gesture is made more obvious
by placing the hiding locations as much as 2 m apart (Itakura et al., 1999;
Herrmann & Tomasello, 2006; but see Mulcahy & Call, 2009). Moreover,
once chimpanzees learn to use one human gesture to find food, they do not
readily generalize this skill to a slightly different gesture. For example, when
chimpanzees are trained to search in the location toward which a human ex-
tends their finger within a few centimeters, they no longer reliably follow the
pointing gesture if the experimenter simply stands one meter away from the
location to which he points (Povinelli et al., 1997, 1999). Finally, in a direct
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longitudinal comparison of human, bonobo and chimpanzee infants, only hu-
man infants showed spontaneous skill at reading human gestures (Wobber et
al., 2013). Taken together, this work supports the hypothesis that the sudden
and early emerging gestural flexibility seen in human infants is a completely
derived trait in our lineage (Herrmann et al., 2007).

This conclusion has been challenged more recently. Some apes with ex-
tensive human socialization have shown skills similar to human infants in
basic tests of their comprehension of human gestures (Call et al., 2000; Leav-
ens et al., 2005; Lyn et al., 2010). Some researchers have suggested that wild
as well as human socialized bonobos occasionally make declarative gestures
(Vea & Sabater-Pi, 1998; Lyn et al., 2011). Nonhuman great apes also adjust
to their audience by making visual gestures more often when visible to the re-
cipient, using tactile or vocal signals when not visible (Kaminski et al., 2004;
Call & Tomasello, 2007; Tempelmann et al., 2011), and signaling danger
more often when the receiver is ignorant than knowledgeable of an immi-
nent threat (Crockford et al., 2012). Finally, it has been suggested that apes
only struggle to spontaneously read gestures in cooperative contexts but are
skilled when interpreting the same gestures in a competitive context (Hare &
Tomasello, 2004). Almost universally nonhuman apes have been tested for
their comprehension of human gestures in experimental contexts that require
them to understand the cooperative-communicative intentions of a human
experimenter. Yet primates rarely share information about the location of
monopolizable food (Dittus, 1984; Coussi-Korbel, 1994; Hauser, 1996; Hi-
rata & Matsuzawa, 2001). This suggests that more flexible social cognitive
skills will be observed in apes when they are competing (Hare, 2001). In
support of this hypothesis chimpanzees were more skilled at locating hidden
food using gestures when competing against the signaler than when cooper-
ating with him (Hare & Tomasello, 2004). Bonobos and chimpanzees were
also more skilled at understanding the intentions behind a gesture meant to
communicate which location they were prohibited from searching than when
a similar gesture was made in a cooperative manner (Herrmann & Tomasello,
2006). However, this study included only two bonobo subjects, limiting the
ability for a direct comparison of the two Pan species.

These findings present the possibility that nonhuman apes can understand
the communicative intentions behind a human gesture when searching for
food in a competitive context; it is only that they do not understand the
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cooperative-communicative intentions of a human when the signaler is try-
ing to help them locate monopolizable food. Moreover, it is not that apes fail
to understand the meaning of human gestures because they cannot follow the
directionality of these signals, because there is overwhelming evidence that
apes follow the gaze direction of others to external targets (Tomasello et al.,
1998, 1999, 2001, 2007b; MacLean & Hare, 2012), but do not use these same
cues to locate food in cooperative tasks (Call et al., 1998). This leads to the
prediction that in cooperative contexts nonhuman apes may initially follow
the direction of a human gesture, but do not reliably search in this location
because they simply do not understand the informative motive behind the
gesture in this context (Tomasello et al., 2007a). In the current series of stud-
ies we examine the ability of a group of bonobos and chimpanzees to use the
pointing gestures of a human experimenter. We chose to investigate subjects’
visual orienting and choice behavior in response to a pointing cue because
many previous studies document that apes struggle to interpret this gesture
in cooperative-communicative contexts (Call et al., 1998, 2000; Itakura et
al., 1999; Barth et al., 2005). Thus, using a pointing gesture in both a co-
operative and competitive context allows direct comparison to the previous
literature, and also allows us to test the hypothesis that apes follow the di-
rection of these cues faithfully, without understanding their communicative
intent (Tomasello et al., 2007a).

Similar to Herrmann & Tomasello (2006) we either cooperatively indi-
cated where subjects should choose or competitively indicated where sub-
jects were ‘prohibited’ from choosing. In order to test the orienting hypoth-
esis we also varied whether the food being chosen was visible or hidden
and we coded from video the first orienting response of subjects after the
experimenter pointed. We predicted that subjects would choose correctly
when the experimenter’s gesture was prohibitive, but not cooperative, but
would first orient toward the cued location in both contexts. This would sup-
port the idea that nonhuman apes follow the direction of pointing gestures,
but do not understand the cooperative-communicative intentions underlying
them. Lastly we directly compared the performance of bonobos and chim-
panzees to assess whether bonobos, who outperform chimpanzees in some
cooperative tasks (Hare et al., 2007; Tan & Hare, 2013), and are affected by
human competitors (Rosati & Hare, 2012), also show greater proficiency in
the cooperative-communicative object choice paradigm.
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2. General methods

All chimpanzee subjects live, and were tested at the Tchimpounga Sanctary,
Pointe Noire, Republic of Congo. Bonobo subjects live and were tested at
Lola ya Bonobo, Kinshasa, Democratic Republic of Congo. For a more de-
tailed description of these field sites see Wobber & Hare (2011). Subjects
were tested in a familiar dormitory room with metal grid walls. Subject de-
mographics and experiment participation are shown in Table 1. The majority
of subjects for both species (19 bonobos, 13 chimpanzees) had some pre-
vious experience in object choice tasks using cooperative-communicative
gestures (see Table 1). All subjects were relatively unfamiliar with the exper-
imenter (E1) prior to the experiment (E1 had briefly participated in research
with some subjects approximately 1 year beforehand). Food was hidden un-
der small plastic bowls (17.5 x 5.5 cm) positioned on a table with a sliding
platform (50 x 81 cm) used to present subjects with the choices on each trial.
On trials when food was hidden in containers a large plastic occluder was
used to hide the baiting process from the subject. The sliding platform was
marked in two places to delineate three 27 cm areas (left, center and right)
used in scoring choices (see below). All trials were recorded from two video
cameras. The first camera was positioned behind and to the side of E1 and
recorded E1, the subject and procedure. The second camera was mounted to
the rear of the table where choices were located and recorded the subject’s
face during trials (Figure 1). This angle was used to score looking behavior.
Data were analyzed using nonparametric statistics in IMB SPSS Ver-
sion 20. We compared performance to chance expectation using one-sample
Wilcoxon signed-rank tests. We compared performance between conditions
and species using Mann—Whitney U-tests, and assessed learning between
sessions using Related-Samples Wilcoxon signed-rank tests. We report the
standardized test statistic (7") from each of these tests throughout.

3. Experiment 1

In Experiment 1 subjects were introduced to the experimenter either as a
cooperator, who shared food, or a competitor who stole food from the sub-
ject. Apes then participated in a series of object-choice trials in which the
experimenter either helpfully pointed to the (visible) food item that subjects
should choose (cooperative condition), or prohibitively pointed to the item
that subjects should not choose (competitive condition).
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Figure 1. (A) The pointing gesture used in Experiments 1 and 2. Panels B and C show
images from the coding camera corresponding to a subject looking at choices to the left (B)
or right (C) of the blue lines defining the choice areas. This figure is published in colour in the
online edition of this journal, which can be accessed via http://booksandjournals.brillonline.
com/content/journals/1568539x.
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3.1. Method

3.1.1. Subjects
We tested 20 chimpanzees (Table 1; 15 males, 5 females, mean age = 11
years) and 20 bonobos (Table 1; 14 males, 6 females, mean age = 9 years).

3.1.2. Procedure

3.1.2.1. Familiarization. 'We conducted 4 familiarization trials at the be-
ginning of each session to introduce subjects to E1’s cooperative or compet-
itive motive. In each of these trials E1 placed a banana piece in the center
of the table and slid the platform forward allowing subjects to reach for the
food. Choices were defined as subjects touching or positioning their hand
over the marked center area of the table where the food was positioned. In
the cooperative condition E1 allowed subjects to retrieve the food. In the
competitive condition E1 pulled the sliding platform away from subjects as
they reached for the food, preventing them from obtaining it. We conducted
these familiarization trials immediately before each of the two test sessions.

3.1.2.2. Test. In test trials E1 placed a piece of banana on each side of
the table. He then called the subject’s name and pointed to one of the ba-
nana pieces. The pointing gesture was performed with the contralateral arm,
whole hand outstretched, fingers approximately 5 cm from the banana. E1
held this gesture for approx. 1 s before sliding the table forward for sub-
jects to choose, maintaining the gesture until subjects made a choice or the
trial timed out (see Design and analysis). Choices were defined as subjects
touching or positioning their hand over the left or right marked areas of the
table. Touching or positioning the hand over the center area was disregarded
and E1 waited for subjects to choose either the left or right option. If a sub-
ject used both hands attempting to choose two options simultaneously, E1
retracted the table and repeated the trial. In the cooperative condition, if sub-
jects chose the food E1 pointed to they were allowed to consume the reward,
whereas choices to the non-indicated food ended the trial with no reward. In
contrast, in the competitive condition if subjects chose the food E1 pointed
to, E1 withdrew the table ending the trial, whereas subjects were allowed to
consume the reward if they chose the non-indicated food. Therefore, in both
conditions E1 provided subjects with the same social cue, but the meaning
of this cue differed between the cooperative and competitive conditions.
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3.1.2.3. Design and analysis. We conducted two 10-trial sessions with
each subject. These sessions were separated by a 5-min break. Half of the
subjects within each species were tested in the cooperative condition while
the other half were tested in the competitive condition. The location (left
or right) that E1 pointed to was counterbalanced within each session. Sub-
jects were allowed 30 s to choose on each trial and if no choice was made
during this time the trial was scored as ‘no choice’ and the next trial was
conducted. We used the percentage of correct choices (including only trials
in which subjects made a choice) as the dependent measure for analysis of
choice behavior. From video, we recorded the direction of subjects looking
behavior (Figure 1) on each trial during the period beginning when E1 gave
the cue, and ending when he pushed the platform forward for subjects to
choose. Only the direction of the first look (left or right) was recorded and
if subjects did not look to either location in this period the trial was scored
as ‘no look’. If the subject’s face was out of view during the coding window,
the trial was scored as ‘off camera’ and excluded from analysis. Because the
lighting conditions and enclosure mesh varied between testing rooms, only a
subset of videos could be coded for looking behavior (bonobo N = 11, chim-
panzee N = 8). A second individual blind to the condition and hypotheses
scored looking behavior and subjects’ choices in 20% of trials to assess inter-
observer reliability. Inter-observer reliability was good for looking direction
(kappa = 0.73; Altman, 1991), very good for choice location (kappa = 0.93),
and scores from the primary coder were retained in cases of disagreement.

3.2. Results

3.2.1. Choice accuracy

Subjects in the cooperative condition chose the food that E1 pointed to sig-
nificantly more often than expected by chance (mean = 69 + 3% correct,
T =3.73, N =20, p <0.01) and showed no effect of learning between
the first and second sessions (7 = —0.17, N = 20, p = 0.87). Eight sub-
jects (4 bonobos, 4 chimpanzees) performed above chance expectation as
individuals in the cooperative condition (binomial tests, p < 0.05). Sub-
jects in the competitive condition also tended to choose the food that El
pointed to, leading to overall scores significantly worse than chance expec-
tation (mean = 42 4 2% correct, T = —2.99, N =20, p < 0.01). However,
subjects in the competitive condition improved between the first and second
test sessions, decreasing their tendency to choose the food that E1 pointed to
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Figure 2. The results from Experiment 1. Both bonobos and chimpanzees performed better
when El’s gesture cooperatively indicated the correct choice than when his gesture pro-
hibitively indicated the incorrect choice.

over time (session 1 mean = 36 + 3% correct; session 2 mean = 48 + 3%
correct; T =2.54, N =20, p = 0.01). At the individual level, no subjects
performed above chance expectation in the competitive condition (binomial
tests, p > 0.05). Overall performance was significantly higher in the cooper-
ative than the competitive condition in both species (Figure 2; chimpanzees:
T =3.80, N =20, p <0.01; bonobos: T =3.24, N =20, p < 0.01).

There were no species differences in overall performance in either the
cooperative or competitive conditions (cooperation: 7 = 0.45, N = 20,
p = 0.68; competition: T = —1.65, N =20, p = 0.11). However, in the
competitive condition chimpanzees improved between the two test sessions
(T =246, N =10, p = 0.01), but bonobos did not (T = 0.67, N = 10,
p = 0.50).

3.2.2. Looking measures

For the subset of individuals for whom we were able to code looking behav-
ior, we analyzed the pattern of looking behavior following E1’s gesture, and
the relationship between looking direction and subsequent choice accuracy.
Subjects in the cooperation condition looked at one of the two items during
the coding window in 95 % 2% of trials. Of these trials, their first look was to
the item that E1 pointed to 91% of the time. Thus subjects visually followed
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E1’s gesture to the correct item significantly more often than they chose this
item (T =2.52, N =8, p =0.01). After an initial look to the correct loca-
tion these subjects chose with 73 £ 5% accuracy, while choices following
an initial look to the incorrect location tended to be less accurate (50 £ 22%
correct; T = —0.81, N =5, p = 0.42). Subjects in the competitive condi-
tion looked to one of the two items during the coding window in 88 £ 3% of
trials. Of these trials, their first look was to the item that E1 pointed to (the
incorrect choice) 88% of the time. After initially looking at this item subjects
chose at a very low accuracy (mean = 36 £ 3%), whereas choices follow-
ing a look to the item E1 did not point to were significantly more accurate
(mean =76 £ 11%; T =—-2.29, N =10, p =0.02).

3.3. Discussion

The main finding from Experiment 1 was that apes of both species per-
formed significantly better when the experimenter’s gesture was cooperative,
and indicated the object they should choose, than when the gesture was
competitive, and indicated the object they should not choose. This result
contrasts with previous studies in which chimpanzees used prohibitive ges-
tures at higher levels than cooperative-communicative gestures (Herrmann
& Tomasello, 2006). However, several features of our design may explain
this discrepancy. First, the prohibitive gesture in our study indicated the ob-
ject that subjects should not choose, whereas the gesture used by Hermann
& Tomasello (2006) directed the subjects’ attention to the object they should
choose (though it was intended to prohibit subjects from doing so). Thus it
may be that the gesture directed subjects’ attention to the indicated object,
strongly biasing them to choose this object regardless of whether the exper-
imenter’s gesture was helpful or prohibitive. Our analysis of looking data
supports this hypothesis as subjects in both the cooperative and competitive
condition initially oriented toward (and tended to choose) the indicated ob-
ject on the majority of trials. Second, in this task food was visible to subjects
at both the correct and incorrect locations, and the experimenter’s gesture
served to indicate which item the subject should select rather than informing
the (ignorant) subject of where a single piece of food was hidden. Conse-
quently subjects were not reliant on the experimenter’s gesture to infer the
location of the reward, and instead tended to select the first visible piece of
food that they oriented toward. In Experiment 2 we address the impact of
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whether the food is hidden or visible by testing subjects using the same ges-
ture from Experiment 1 in a context where the food is hidden under one of
two containers.

4. Experiment 2

In Experiment 2 we tested subjects in a traditional object choice task where
food was hidden in one of two containers and the experimenter provided a
helpful pointing gesture to indicate the food’s location.

4.1. Method

4.1.1. Subjects
We tested the same subjects from Experiment 1 (approximately 1 week
later).

4.1.2. Procedure

4.1.2.1. Familiarization. We conducted 4 familiarization trials at the be-
ginning of each session to introduce subjects to finding food underneath the
containers used in test trials. On each trial E1 visibly placed a piece of ba-
nana under one of the two containers positioned at the right and left sides
of the table and slid the platform forward for the subject to make a choice.
Choices were defined as subjects touching or positioning their hand over the
marked areas at the left or right sides of the table. If a subject chose the baited
container, E1 lifted this container allowing the subject to eat the reward. If
a subject chose the un-baited container, E1 lifted this container to show the
subject that it was empty, retracted the table and visibly removed the banana
from underneath the correct container. Subjects were required to correctly
choose the baited container on at least 3/4 familiarization trials to advance to
the test. All subjects met this criterion.

In test trials E1 blocked the subject’s view of the table with the plastic
occluder and baited or sham baited each of the containers. E1 then removed
the occluder, performed the pointing gesture (identical to Experiment 1) to
indicate the baited container, and pushed the platform forward for subjects
to make a choice. If a subject chose the baited container, E1 lifted this
container allowing the subject to eat the reward. If a subject chose the un-
baited container, E1 lifted this container to show the subject that it was
empty, retracted the table and visibly removed the banana from underneath
the baited container.
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4.1.3. Design and analysis

We conducted two 10-trial sessions with each subject. These sessions were
separated by a 5-min break. The location that the experimenter pointed to
was counterbalanced within each session. Subjects were allowed 30 s to
choose on each trial and if no choice was made during this time the trial
was scored as ‘no choice’ and the next trial was conducted. We used the
percentage of correct choices (including only trials where subjects made
a choice) as the dependent measure for analysis of choice behavior. From
video, we recorded the direction of subjects looking behavior using the
same procedures (and subjects) from Experiment 1 (bonobo N = 11, chim-
panzee N = 8). A second individual blind to the condition and hypotheses
scored looking behavior and subjects’ choices for 20% of trials to assess
inter-observer reliability. Inter-observer reliability was very good for both
measures (looking: kappa = 0.85; choice: kappa = 0.95; Altman, 1991) and
scores from the primary coder were retained in cases of disagreement.

4.2. Results

4.2.1. Choice accuracy

Overall subjects chose the container that E1 pointed to significantly more
often than chance expectation (mean = 73 + 2% correct, T = 5.35, N =40,
p < 0.01). Nineteen subjects (8 bonobos, 11 chimpanzees) performed above
chance at the individual level (binomial tests, p < 0.05). Of these subjects,
12 individuals had previously participated in the cooperative condition in
Experiment 1, whereas 7 subjects had previously participated in the com-
petitive condition. Averaging data across both test sessions, subjects who
had previously participated in the cooperative condition in Experiment 1 did
not differ from subjects who had previously participated in the competitive
condition (7 = 1.89, N =40, p = 0.06). However, these groups did differ
significantly in the first test session, with subjects who had previously partic-
ipated in the cooperative condition performing better than subjects who had
previously participated in the competitive condition (Figure 3; previously
cooperative: 79 + 4% correct; previously competitive: 65 + 4% correct;
T =2.23, N =40, p = 0.03). Nonetheless, both groups performed above
chance in the first test session (previously cooperative: T = 3.55, N = 20,
p < 0.01; previously competitive: T =2.66, N =20, p =0.01). There was
no significant difference between these groups in the second test session
(T =1.25, N =40, p=0.21).
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Figure 3. Performance in the first test session of Experiment 2 as a function of whether
subjects previously participated in the cooperative or competitive condition in Experiment 1.

There were no differences between species regardless of whether subjects
had previously participated in the cooperative (T = 0.77, N = 20, p = 0.48)
or competitive (T = 0.27, N =20, p = 0.80) condition in Experiment 1.
However, among the subjects that participated in the competitive condition
of Experiment 1, chimpanzees performed above chance expectation in the
first test session of this study (mean = 68 £ 6% correct, T = 2.33, N = 10,
p = 0.02) whereas bonobos did not (mean = 62 + 7% correct, T = 1.36,
N =10, p =0.17).

4.2.2. Looking measures

For the subset of individuals for whom we were able to code looking be-
havior, we analyzed the pattern of looking behavior following E1’s gesture,
and the relationship between looking direction and subsequent choice accu-
racy. Overall subjects looked toward one of the two containers during the
coding window on 95 £ 1% of trials. Of these trials, they first looked to
the location that E1 pointed to 89% of the time. Following an initial look
to the correct location subjects responded correctly on 78 & 3% of trials.
In contrast, when subjects first looked toward the incorrect option the chose
correctly only 48 £ 10% of the time. The difference in accuracy follow-
ing initial looks toward the correct and incorrect containers was significant
(T =2.33, N =16, p =0.02). Lastly, we compared whether subjects who
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participated in the cooperative condition of Experiment 1 were more likely
to choose the location that they initially oriented toward more often when
the food was visible (Experiment 1) than when the food was hidden (Exper-
iment 2). Subjects chose the object they initially oriented toward at similar
frequencies between these conditions (food visible: mean = 72 4 4%; food
hidden: mean = 70 + 6%; T = —0.28, p =0.78).

4.3. Discussion

Overall, subjects of both species used the cooperative-communicative ges-
ture at high levels, and nearly half of our subjects performed above chance
expectation at the individual level. These unusually high levels of perfor-
mance may be due to the saliency of our pointing gesture, which was
proximal to the indicated container (approx. 5 cm), and was sustained un-
til subjects had made a choice. Indeed, previous research indicates that cues
conferring local enhancement generally facilitate performance in this type
of task (Itakura et al., 1999; Miklési & Soproni, 2006; Schmitt et al., 2014).
Moreover, the similarity in performance between Experiment 1 (cooperative
condition) and Experiment 2 indicates that it was most likely the salience of
the pointing cue, not simply that food was visible, that was responsible for
subjects’ high accuracy with the cooperative cue in Experiment 1.

Interestingly, in the first session of Experiment 2, subjects who had pre-
viously interacted with the experimenter as a competitor used the experi-
menters’ cooperative gestures at lower levels than subjects who had previ-
ously interacted with the experimenter as a cooperator. Thus, even though
this experiment was conducted approximately 1 week after Experiment 1,
subjects’ previous experience constrained or facilitated their initial ability to
use cooperative-communicative cues in this study. However, after minimal
experience interacting with the experimenter as a cooperator (10 trials), the
difference between these groups abated. Thus, previous experience interact-
ing with humans (both immediate and long term), is likely to influence apes’
behavior in cooperative-communicative tasks (Lyn et al., 2010).

Finally, analysis of looking behavior in this study largely echoed the find-
ings from Experiment 1. When subjects initially looked toward the correct
container, they chose with very high accuracy whereas choices following
an initial look to the incorrect location tended to be inaccurate. However,
on ~20% of trials, subjects did initially look to the correct location, but
subsequently chose incorrectly. Thus we found some support for the hypoth-
esis that apes follow the direction of gestures in object choice tasks more
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readily than they understand the communicative intentions underlying them
(Tomasello et al., 2007a). Our comparison of gaze direction following the
gesture and the subject’s subsequent choice in the hidden food and visible
food manipulations of the first two experiments suggest that hiding the food
has little effect on subject’s performance. This argues against the previous
suggestion that subjects perform poorly in the object choice task because
they interpret the human’s gesture as indicating the hiding location itself and
not the food hidden within (Call et al., 1998).

5. Experiment 3

In Experiments 1 and 2, E1 gestured by extending his hand approx. 5 cm
from the cued location. Opposite to our prediction that subjects would per-
form better when E1’s gesture was prohibitive, both species performed best
when E1 pointed cooperatively to the location they should choose, but poorly
when E1 pointed to the location they were prohibited from choosing. How-
ever, the difference in performance between the cooperative and competitive
conditions in Experiment 1 may simply reflect an effect of local enhance-
ment in which the physical proximity of E1’s hand to one of the choices
biased subjects to attend to and select this option. Thus, even if apes possess
an advantage with competitive communication, this effect may have been
overshadowed in Experiment 1 by strong local enhancement cues. Therefore
in Experiment 3 we introduced a more subtle gesture in which E1’s arm was
equidistant from the two options, reducing the potential confound of local
enhancement. As in Experiment 1, this gesture was used either cooperatively
to indicate the object that subjects should choose, or prohibitively to indicate
the object that subjects should not choose.

5.1. Method

5.1.1. Subjects
The subjects were the same as Experiments 1 and 2, with the exception
that only 12 bonobos (8 males, 4 females, mean age = 8.3 years) were
tested in this study. Experiment 3 was conducted approximately 1 week after
Experiment 2.

5.1.2. Procedure
We conducted 4 familiarization trials, identical to those from Experiment 1,
at the beginning of each session to introduce subjects to E1’s cooperative
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Figure 4. The pointing gesture and results from Experiments 3 and 4. In Experiment 3
subjects did not use a subtle pointing gesture (A) either when this gesture cooperatively
indicated the correct location, or competitively indicated the incorrect location. In Experi-
ment 4 El provided a more salient gesture (B) and subjects used this cue at higher levels
in the cooperative than the competitive condition. This figure is published in colour in the
online edition of this journal, which can be accessed via http://booksandjournals.brillonline.
com/content/journals/1568539x.

or competitive motive. Test trials were identical to Experiment 1 with the
exception that E1 provided subjects with a more subtle pointing gesture.
Specifically, E1 held his hand centered in front of his chest, with his index
finger extended toward one of the visible pieces of food (Figure 4A). While
holding this gesture E1 said the subject’s name and alternated his gaze be-
tween the subject and the location where he pointed two times. Following
this cue E1 pushed the platform forward for subjects to choose. This cue
was similar to that used by Hermann et al. (2007) with the exception that E1
stopped pointing before pushing the platform forward for subjects to choose.
As in Experiment 1, half of the subjects within each species were tested in
the cooperative condition, in which E1’s gesture indicated the food that sub-
jects should choose. For the other half of subjects (competitive condition),
E1’s gesture indicated the piece of food that subjects should not choose.
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5.1.3. Design and analysis

The design and analysis were identical to Experiment 1. As in Experi-
ments 1-2 we attempted to score looking behavior between the time when
El provided the cue and subjects’ ultimate choice. However, the direction of
subjects’ looks was much less obvious in response to the subtle gesture used
in this study, and inter-rater agreement (blind to the hypotheses and condi-
tion) was only moderate for looking direction (kappa: 0.56; Altman, 1991).
Therefore we could not reliably code looking direction in this experiment
and did not analyze these data. Inter-rater agreement for subjects’ choices
was very good (kappa: 0.96).

5.2. Results

Subjects in the cooperative condition did not choose the item that E1 pointed
to more often than expected by chance (mean = 49 £+ 1% correct; T =
—1.27, N =16, p = 0.20) and showed no learning between the first and
second test session (7' = —1.71, N = 16, p = 0.09). Similarly, subjects in
the competitive condition struggled to use E1’s pointing gesture and also
performed at chance levels (mean = 47 &+ 2% correct; T = —1.58, N = 16,
p = 0.11) with no learning between sessions (I’ = —1.23, N =16, p =
0.22). No subjects performed above chance expectation at the individual
level in either condition (binomial tests, p > 0.05). A comparison of overall
accuracy between the cooperative and competitive conditions revealed no
significant difference (Figure 4; T = 1.06, N =32, p =0.31).

There were no species differences in either the cooperative (7" = 0.35,
N =16, p = 0.79) or competitive conditions (T = —0.60, N = 16, p =
0.56) and neither species performed above chance expectation in either the
cooperative condition (chimpanzee: T = —0.82, N = 10, p = 0.41; bonobo:
T =—-0.95, N =6, p=0.34) or the competitive condition (chimpanzee:
T =-128, N =10, p =0.20; bonobo: T = —-0.92, N =6, p = 0.36).
Finally, performance did not differ between the cooperative and competitive
conditions within either species (chimpanzee: T = 1.24, N =20, p =0.25;
bonobo: T =0.08, N =12, p =1.0).

5.3. Discussion

The main finding from Experiment 3 was that neither chimpanzees nor bono-
bos used a subtle pointing gesture (pointed finger centered in front of the
experimenter’s chest) either when this cue cooperatively indicated the cor-
rect choice, or prohibitively indicated the incorrect choice. While this cue
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eliminated the element of local enhancement that may have supported per-
formance in Experiments 1 and 2, it also greatly reduced the salience of the
cue leading to chance performance in both conditions. In contrast to Experi-
ments 1 and 2, subjects’ looking behavior could not be scored reliably, and it
was not apparent that subjects visually followed the direction of the gestures.

6. Experiment 4

In Experiment 4 we tested apes in the same task from Experiment 3, but
used a pointing gesture intermediate to that from Experiments 1 and 2, and
Experiment 3.

6.1. Method

6.1.1. Subjects

We tested the same subjects from Experiment 3 (approx. 4 days later). Sub-
jects were tested in the same condition (cooperative or competitive) that they
had participated in during Experiment 3.

6.1.2. Procedure

The procedure was identical to Experiment 3 with the exception of the point-
ing gesture that E1 performed. In Experiment 4 E1 pointed toward one of the
food items with his index finger extended ~25 cm from the item he pointed
to (Figure 4B). This cue was maintained until subjects made a choice or the
trial timed out. Thus the gesture used in this experiment was intermediate
to that used in Experiment 1 (proximal pointing) and Experiment 3 (distal
pointing).

6.1.3. Design and analysis

The design and analysis were identical to Experiment 3. Again we attempted
to code the direction that subjects looked following E1’s gesture. However,
as in Experiment 3 the direction that subjects looked could not be judged
reliably (kappa = 0.61; Altman, 1991) and therefore was not included in
analysis. Reliability for subjects’ choices was very good (kappa = 0.93).
One bonobo subject in the competitive condition became reluctant to choose,
making choices on only 4/10 test trials in the first test session, and 0/10 trials
in the second test session. Therefore we excluded this subject from analysis.
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6.2. Results

Overall, subjects in the cooperative condition chose the item that E1 pointed
to significantly more often than expected by chance (mean = 57 &£ 2% cor-
rect; T =2.88, N =16, p < 0.01) and showed no learning between the first
and second test sessions (7' = —1.24, N = 16, p = 0.22). Two subjects (both
chimpanzees) performed above chance at the individual level in the coopera-
tive condition (binomial tests, p < 0.05). Subjects in the competitive condi-
tion also tended to choose the item that E1 pointed to, leading to performance
significantly worse than chance expectation (mean = 46 + 2%, T = —2.08,
N =15, p = 0.04). Subjects in the competitive condition showed no im-
provement between the first and second test sessions (7 = 0.45, N = 15,
p = 0.66), and no subject performed above chance expectation at the in-
dividual level (binomial tests, p > 0.05). Overall subjects in the cooperative
condition performed significantly better than subjects in the competitive con-
dition (Figure 4; T =3.55, N =31, p < 0.01).

There were no species differences in either the cooperative (7' = 0.77,
N =16, p = 0.49) or the competitive condition (7" = —0.69, N = 15,
p = 0.51). Consistent with the results across species, both chimpanzees and
bonobos performed above chance in the cooperative condition (chimpanzees:
T =2.26, N =10, p =0.02; bonobos: T =2.03, N =6, p =0.04), and
tended to score below chance in the competitive condition (chimpanzees:
T =-1.90, N =10, p =0.06; bonobos: T = —0.92, N =5, p = 0.36).
Similarly, performance was better in the cooperative than the competitive
condition within both species (chimpanzee: T = 2.91, N = 20, p < 0.01;
bonobos: T =2.02, N =11, p = 0.05).

Lastly, for subjects that participated in the same condition (cooperative or
competitive) across Experiments 1, 3 and 4, we conducted a Friedman’s anal-
ysis of variance by ranks to determine whether performance differed signifi-
cantly across the three types of pointing gesture. For subjects in the coopera-
tive condition performance varied significantly across cue types (x> = 9.94,
N =9, df =2, p <0.01) and post-hoc tests revealed that performance in
Experiment 1 was better than performance in Experiment 3, but that no other
pairs differed. For subjects in the competitive condition performance also
varied significantly across cue types (x> =9.33, N =8, df = 2, p =0.01),
and post hoc tests revealed that performance was significantly worse in Ex-
periment 1 than in Experiment 4, but that no other pairs differed.
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6.3. Discussion

The results from Experiment 4 are consistent with those from Experiment 1.
Subjects of both species used the cooperative cue more readily than the
competitive cue to guide their choice behavior. The main difference from
Experiment 1 was that here, subjects were less skilled with the pointing
gesture, most likely because E1’s finger was less proximal to the indicated
object. As in Experiment 3, subjects’ initial orienting responses were not
easily detected, and could not be scored reliably.

7. General discussion

Our findings provide no support for the competitive communicator hypothe-
sis. In the three studies where subjects were tested in either a cooperative or
competitive scenario, subjects in the competitive condition never responded
above chance expectation, and were significantly worse than chance expecta-
tion in several cases. In contrast, many subjects in the cooperative condition
responded above chance expectation in multiple contexts.

Interestingly we found some support for the hypothesis that apes respond
to the direction of social gestures more readily than they understand the
communicative intentions underlying them. In Experiments 1-2, subjects
tended to follow E1’s gesture to the correct referent, but only subsequently
chose this object approx. 75% of the time. Thus apes followed the direction
of the gesture considerably more often than they used the gesture to guide
their choice. This tendency to look toward the correct choice more often
than choosing it occurred both when the food was visible, or hidden from
the subjects during the procedure. This argues against the possibility that
apes struggle with the object choice task because they interpret the gesture
as referring to the hiding container itself (which has no value to the subject),
rather than the hidden food within it (Call et al., 1998, 2000). However, in
Experiments 3 and 4 subjects’ looking direction was less salient and could
not be coded reliably. Given that looking direction was less clear in these
contexts, it is possible that apes struggled to use the pointing gesture in part
due to a failure to link the gesture to its referent. Therefore, determining
whether apes follow the directionality of more subtle pointing gestures (such
as those from Experiments 3 and 4) remains an important question for future
research, and will likely be aided by improved technology for noninvasively

Brian Hare and Shinya Yamamoto - 978-90-04-30417-8
Heruntergeladen von Bril.com10/14/2019 09:14:20AM
via free access



Apes exploit helpful but not prohibitive gestures 515 [269]

monitoring eye movements (e.g., Hattori et al., 2010; Kano & Tomonaga,
2011).

Our results raise the question of why we did not replicate the findings of
previous research on this topic (e.g., Hare & Tomasello, 2004; Herrmann &
Tomasello, 2006). One possible explanation could be subtle methodologi-
cal differences between the different experiments. For example, in Hare &
Tomasello (2004) procedures were designed to maximize the competitive na-
ture of the interaction. The human experimenter indicated displeasure when
a subject chose the correct hiding location and when the subject chose incor-
rectly, the experimenter ate the food reward to clearly indicate that he was
actively competing. It may be that these types of social cues are necessary
to indicate that a human — who typically is neutral or helpful — is actively
competing. Like previous studies (Hare & Tomasello, 2004; Herrmann &
Tomasello, 2006), our experiments did not use behavioral criteria to verify
that a cooperative or competitive relationship had been established prior to
the test. Thus an important design consideration for future studies will be to
determine the specific procedures required to effectively establish a coopera-
tive or competitive relationship, as well as behavioral measures to assess the
impact of these manipulations.

A second plausible explanation is that the competitive gestures used by
Hare & Tomasello (2004) and Herrmann & Tomasello (2006), still directed
subjects’ attention to the correct response (e.g., a demonstrator reached to-
ward the object unsuccessfully, or forbid subjects from selecting the object),
whereas our competitive gesture directed subjects’ attention to the object
they should not choose. Consequently, in our studies subjects may have
struggled to avoid inhibiting the incorrect response after the gesture directed
their attention to this object. Indeed, in Experiments 1 and 2 subjects did
visually orient toward the indicated location on the majority of trials, regard-
less of whether the experimenter’s gesture was cooperative or competitive in
nature. Therefore, the salience of this gesture may have inadvertently intro-
duced a problem of inhibitory control in which subjects in the competitive
condition were required to choose the location opposite to where their atten-
tion was originally directed. Given that inhibitory control actively constrains
primate problem solving in many contexts (Santos et al., 1999; Amici et
al., 2008; Vlamings et al., 2009; MacLean et al., in press), it may also par-
tially explain the generally poor performance in the competitive conditions
of these tasks. Therefore, it may be that the competitive advantage is only de-
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tectable when both the cooperative and competitive gestures initially direct
attention toward the correct response, and there are few constraints imposed
by inhibitory control.

Another important difference between our study and previous publications
testing the competitive communicator hypothesis is differences in the rearing
and experimental histories of the subjects. It is possible that the difference
in results are in part a result of the daily human contact that the majority of
our subjects receive from human surrogate mothers for the first several years
they live at the sanctuary; they receive helpful pointing gestures from humans
in a way that mother-reared zoo-born apes typically do not. Additionally,
the majority of our subjects had some previous experience in cooperative-
communicative tasks (Table 1) perhaps facilitating their performance in these
studies. As documented in other populations of apes, rearing history and
previous experience can influence performance in these types of tasks in
some cases (Tomasello & Call, 2004; Lyn et al., 2010). Thus an important
question for future research will be whether these findings generalize to
novel gestures that subjects have no experience with prior to the test (e.g.,
foot pointing).

Regardless of which of these explanations best accounts for our data, it
is clear that the competitive communication hypothesis has little power to
explain the results of these studies. Therefore future research on the method-
ological variables that elicit a competitive response, and the role of other
task demands (e.g., inhibiting a response when attention is directed toward
the incorrect option) will be important for further evaluation of the competi-
tive communicator hypothesis.

Lastly, we found no differences between bonobos and chimpanzees in
either the cooperative or competitive conditions. Bonobos, who are char-
acterized by higher social tolerance than chimpanzees (Hare et al., 2012),
have been shown to outperform chimpanzees in some cooperative problem-
solving tasks (Hare et al., 2007; Tan & Hare, 2013; but see MacLean & Hare,
2013). In addition, bonobos are sensitive to human competitors as their pref-
erences for risk in a foraging task shifted in similar ways to chimpanzees
when both species competed against a human (Rosati & Hare, 2013). How-
ever, the explanation for the species differences in cooperative abilities im-
plicates differences in social tolerance, not differences in an understanding
of cooperative or communicative intentions (Hare et al., 2007). Our results
lend further support for this interpretation, as the two Pan species appear not
to differ in their understanding of cooperative or competitive gestures.
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Abstract

Bonobos are the only ape species, other than humans, that have demonstrated prosocial behaviors
toward groupmates and strangers. However, bonobos have not been tested in the most frequently
used test of prosociality in animals. The current study tested the other-regarding preferences of
bonobos in two experiments using the prosocial choice task. In the first experiment subjects pre-
ferred a food option that would benefit both themselves and another bonobo. This preference was
likely the result of a location bias developed in the pretest since they showed the same prefer-
ence in the non-social control condition within test sessions. A second experiment was designed
to help subjects overcome this bias that might interfere with their social choices. Bonobos again
did not prefer to choose the prosocial option. However, results suggest constraints of this paradigm
in revealing social preferences. In discussing our results we consider why bonobos show robust
prosocial preferences in other paradigms but not here. While others have suggested that such con-
tradictory results might suggest interesting motivational or cognitive differences between humans
and non-humans, we propose that the current ‘standard’ paradigm has failed validation due to three
methodological constraints. Across the dozens of studies completed few have demonstrated that
non-human subjects understand the causal properties of the apparatus, non-social biases quickly
develop in inadequately counterbalanced pretests that typically explain subjects’ choices in the test,
and even human children found this choice task too cognitively demanding to consistently show
prosocial preferences. We suggest it is time to consider switching to a variety of more powerful
and valid measures.
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1. Introduction

A central question in animal cognition is the origin of human sharing and
cooperation. Nonhuman animals and humans have been compared for their
prosocial behaviors and the underlying motivations. Currently there is ten-
sion in the literature regarding the extent to which non-human primates share
prosocial preferences with humans (Cronin, 2012). Some studies suggest that
non-human primates are willing to help and share without immediate, tangi-
ble rewards (i.e., they are showing other-regarding preferences, Burkart et al.,
2007; Warneken et al., 2007; de Waal et al., 2008; Lakshminarayanan & San-
tos, 2008; Cronin et al., 2010; Massen et al., 2010; Horner et al., 2011; Melis
et al., 2011; Yamamoto et al., 2012). Other studies report negative results
suggesting that non-human primates are not motivated to help or share —
even when there is no cost to the actor (Silk et al., 2005; Jensen et al., 2006;
Vonk et al., 2008; Cronin et al., 2009; Stevens, 2010; Silk & House, 2011;
Skerry et al., 2011; Liebal et al., 2014). Resolving this disagreement will
be required in order to understand the evolution of human other-regarding
preferences.

Bonobos are one of our species’ two closest relatives. Their close phyloge-
netic relationship to humans makes them especially important to understand
when testing hypotheses regarding human cognitive evolution. In the case of
prosocial behaviors, bonobos, like humans and chimpanzees, are prosocial
toward groupmates in various forms. They spontaneously console victims of
aggression (Clay & de Waal, 2013a, b). This consolation reduces the anxi-
ety level of the victims and protects them from future aggression (Palagi &
Norscia, 2013). In an experimental context, bonobos voluntarily disengage
from playing to help groupmates obtain out-of-reach food, even when there
are no immediate, tangible rewards (Tan & Hare, 2013, 2014).

Bonobos are especially important in understanding human sharing since
in this regard they are very different from chimpanzees (Hare et al., 2012).
Several differences between the two Pan species make bonobos a strong
candidate for human-like other-regarding preferences: First, relative to chim-
panzees bonobos are highly food tolerant. Bonobos co-feed on the same food
resource that quickly becomes monopolizable between chimpanzees (Hare
et al., 2007; Wobber et al., 2010a; but see Jaeggi et al., 2010a), obtain equal
food shares after collaboration (Hare et al., 2007), and become anxious com-
pared to chimpanzees in anticipation of food being monopolized (Wobber
et al., 2010b). Second, relative to the xenophobia observed in chimpanzees,
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bonobos are highly tolerant toward strangers (Wrangham, 1999; Tan & Hare,
2013, 2014). In the wild intergroup encounters of bonobos can be affiliative
with strangers and engage in grooming, genital rubbing, copulation and co-
feeding (Furiuichi, 2011). Transferring bonobos between groups is relatively
free of aggression compared to chimpanzee transfer (Idani, 1991; Pfalzer
& Ehret, 1995; Gold, 2001). Third, bonobos are prosocial toward strangers
without immediate, tangible rewards. In two recent studies, bonobos volun-
tarily shared monopolizable food with a stranger and preferred to share with
a stranger over a groupmate (Hare & Kwetuenda, 2010; Tan & Hare, 2013).
In a helping task, bonobos are also willing to pay an energetic cost to help a
stranger obtain out-of-reach food (Tan & Hare, 2013; see also Tan & Hare,
2014). These findings illustrate the unique character of the bonobo social sys-
tem and raise the possibility that bonobos show high levels of other-regard
previously thought to be unique to humans.

While bonobos have shown choices consistent with other-regard toward
groupmates and strangers in multiple paradigms, they have yet to be tested
using what has become the ‘standard’ non-verbal method for measuring
prosociality. First developed by Silk et al. (2005) and Jensen et al. (2006),
the standard approach to examining prosocial preferences requires subjects
to make a direct choice between a prosocial option, which delivers a food
reward to both the actor and a recipient in an adjacent room (1/1), and an
asocial option, which delivers the same amount of food to the actor but
none to the recipient (1/0). Because the payoff to the subjects is identical
in either option, subjects should show a preference for the prosocial option
that benefits the recipient if they have other-regarding preferences. As shown
in Table 1, variations of the prosocial choice task have been administered
in six non-human primate species representing New World monkeys, Old
World monkeys and great apes (and even non-primates, e.g., Di Lascio et al.,
2013). Although these studies yield inconsistent results within and between
species (Cronin, 2012), many have taken them as core evidence to support
human uniqueness in sharing (e.g., Jaeggi et al., 2010b; Silk & House, 2011,
2012; Jensen, 2012).

Here we tested whether bonobos, whose prosociality is well-established
in other contexts, would be prosocial in what many think of as the con-
ventional task (Jensen, 2012; Silk & House, 2012). Bonobos should prefer
to aid the recipient given their high level of social tolerance and observed
other-regarding preferences in other contexts. In experiment 1 benefiting the
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recipient (a groupmate or a stranger) was cost-free because subjects received
equal rewards if they chose either a selfish or other-regarding option; in ex-
periment 2 subjects had to pay a cost to benefit the recipient, making their
prosocial preference costlier.

2. Experiment 1

In this experiment subjects were presented with a prosocial option and an
asocial option (see Figure 1a). The prosocial option (the 1/1 option) had two
slices of food with one delivered to the subject and the other to a recipient.
The asocial option (the 1/0 option) also had two slices with one delivered
to the subject and the other discarded by experimenters. To increase the
intuitiveness of the task, we have two human experimenters each holding
a plastic tray to present and distribute the options. We chose this social
presentation method since this approach has been used successfully in a
variety of tasks (in some cases leading to improved performance over non-
social versions, e.g., Wobber & Hare, 2009; Wobber et al., 2010a).

One important methodological feature here is that we included a pretest
to show that our subjects could take advantage of their understanding of
this paradigm to maximize their own benefits before testing whether they
provided benefits to others (i.e., they showed self-regards before being tested
for other-regards). To show self-regard understanding, we tested each subject
alone, allowed them free access to the recipient room, and presented them
with exactly the same options they would receive in the test phase (i.e., 1/1
and 1/0). They would receive one extra unit of food by choosing 1/1 because
they could travel to the recipient room. Only if they prefer the 1/1 option in
this context will they demonstrate an understanding of the consequences to
themselves and to the recipient room (Jensen et al., 2006; Melis et al., 2010;
Hare & Tan, 2011). We assume that subjects had the basic understanding
that conspecifics would eat food. Once subjects knew which option would
deliver food to the recipient room, they would therefore understand that
the food would be consumed if another bonobo were in the room. Without
such a demonstration of self-regards, one cannot determine whether subjects
lose track of where the food pieces would go or perceive the task as food
competition against the recipient (see Table 1 for a summary of published
prosocial choice experiments).
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2.1. Methods

2.1.1. Subjects

Ten bonobos (4M:6F) from Lola ya Bonobo sanctuary were tested in this ex-
periment (mean age 8.20 £ 0.59, Table 2). All bonobos lived in one of three
social groups with access to large forested enclosures in the day and indoor
sleeping enclosures at night. Although they were orphans from bushmeat
trade, it is evident that the cognition of orphan bonobos was not differ-
ent from that of mother-reared bonobos (Wobber & Hare, 2011). Subjects
could quit at any time by refusing to eat and/or sitting next to the exit of the
testing rooms. Ten other bonobos participated but did not finish the pretest
phases because three were uncomfortable being separated (Fizi, Lisala and
Opala) and seven could not pass the pretests by the end of our field trip (Api,
Kalina, Katako, Luozi, Sankuru, Tembo and Waka). Subjects were never
food-/water-deprived. To maximize subjects’ motivation, the experiment was
conducted prior to their morning or afternoon meal.

Each subject was paired with a recipient in the experimental trials of
the test phase (see Procedure). Nine bonobos (5M:4F) played the role of
the recipient and three of them were also subjects (Boyoma, Kikongo, and
Noiki). In five pairs, the recipient was a familiar groupmate; in the other five
pairs, the recipient was a stranger from another social group. We maximized
possible combinations by including as many individuals as possible to play

Table 2.
Participant information of experiment 1.

Subject Recipient

Name Sex Age* Name Sex Age* Familiarity Location
Boyoma M 6 Noiki F 11 Ingroup Left
Dilolo M 10 Lukuru F 6 Outgroup Left
Kasongo M 9 Chibombo M 6 Outgroup Right
Kikongo M 9 Api M 9 Ingroup Right
Mabali M 10 Kodoro M 4 Outgroup Right
Maniema M 8 Kikongo M 9 Ingroup Left
Masisi F Chibombo M 6 Outgroup Left
Noiki F 11 Boyoma M 6 Ingroup Right
Sake F Katako F 7 Outgroup Right
Tshilenge F 7 Muanda F 6 Ingroup Left

* Based on estimates from Wobber et al. (2010b).
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the role of recipient. To exclude potential reciprocity during the experiment,
the subjects and the recipients did not reverse their roles except in the pairs
of Noiki and Boyoma (this was due to the availability of other participants,
e.g., they were sick or in the forest). In total, we created 10 dyads comprised
of 16 unique individuals.

2.1.2. Setup

The general setup consisted of two adjacent testing rooms, the subject room
and the recipient room (Figure 1a). The experiment was conducted in two
different buildings. In one building, both rooms were 15 m?; in the other
building, the recipient room was 8.6 m?, and the subject room was 15 m?.
The two rooms were separated by mesh and were connected by a sliding
door. Two experimenters each held a blue, plastic tray (30 x 20 cm) in front
of the subject room to present food. The trays were two meters apart and were
controlled by coordinated behaviors of the experimenters so that subjects
could never reach both simultaneously (see Procedure). Therefore, subjects
could only choose one tray. Fruit slices (bananas or apples) were used as
reward.

2.1.3. Procedure

The experiment consisted of four phases: number pretest, experience pretest,
self-regard pretest and test. Each phase followed the general procedure with
two experimenters (E1, E2) holding and controlling the food trays as well as
a third experimenter (E3) centering the subject. A trial began as E3 lured the
subject to the middle point between E1 and E2 with milk or peanuts. E1 and
E2 simultaneously showed the contents of the food trays by holding them
in front of the subject and calling its name three times. They then quickly
pushed the trays aside to two predetermined locations that were 2 m apart
and against the mesh. The subject had 60 s to make a choice. The holder
of the chosen tray distributed the food according to the rules of specific
phases; meanwhile the other experimenter immediately retracted the other
tray. A trial was aborted and re-run immediately if the subject did not make
a choice within 60 s or if it moved to either side before the trays were pushed
forward. Each phase was usually finished in one testing day. If subjects lost
motivation, they continued on a subsequent day.

2.1.3.1. Number pretest. This phase was designed to test whether the sub-
jects could discriminate quantities and choose between the contents of the
food trays. The subjects were individually tested in the subject room. In each
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trial, one tray contained one slice of food while the other had two slices. The
quantities of food on the two trays were switched every trial, and the loca-
tions of E1 and E2 were switched every other trial. The subject was directly
handed all the food on the chosen tray. The subject could proceed to the next
phase if they made correct choices in 8 out of 10 consecutive trials within one
day. For those who succeeded in passing the criterion, the average number
of trials needed was 18.10 & 7.20 (10-28 trials).

2.1.3.2. Experience pretest. This was a four-trial session designed to in-
troduce the 1/0 option to the subjects. This phase was similar to the number
pretest with three major exceptions. First, an opaque bucket would be placed
next to the experimenter who was at the distal side of the recipient room. The
bucket was out of the subject’s reach and was shown to the subject that it was
empty at the beginning of this pretest. Therefore, one tray was proximal to
the recipient room (a.k.a. the recipient tray) and the other was proximal to
the bucket (a.k.a. the bucket tray). Second, the bucket tray represented the
1/0 option. It always contained two slices of food but only delivered one
slice to the subject if chosen. The holder picked up the first slice, showed it
to the subject, called its name twice to attract attention, dropped that slice
into the bucket, and then gave the second slice to the subject. The recipient
tray was always empty to make sure that the subject would pay attention to
the bucket tray. Third, the locations of the two trays (and the two rooms) did
not change within subjects but were counterbalanced between subjects. E1
and E2 switched locations every trial. One subject (Dilolo) did not partic-
ipate in this pretest because we directly administered the trials of the next
phase by mistake, but he did experience the 1/0 option at least four times
during the next phase (see below).

2.1.3.3. Self-regard pretest. This phase was designed to demonstrate that
the subject understood the consequences of each option. In this pretest, the
door connecting the subject room and the recipient room was open, allowing
the subject to freely travel between both rooms. Like the experience pretest,
the bucket tray contained two slices of food and only one slice would be
given to the subject (1/0). Here the recipient tray also contained two fruit
slices and represented the 1/1 option. If chosen, the experimenter showed
the first slice to the subject, called its name twice to attract attention, dropped
that slice in the recipient room, and directly handed the second slice to the
subject. Therefore, the recipient tray gave the subject both slices, one in
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the subject room and the other in the recipient room. The locations of the
two trays were consistent with the experience pretest and counterbalanced
between subjects. E1 and E2 switched locations every trial. The subject
could proceed to the next phase if they chose the recipient tray in 8 of 10
consecutive trials. The average number of trials needed was 12.40 £ 5.95
(8-25 trials).

2.1.3.4. Test. This 20-trial session consisted of two types of trials. The first
and the last five trials were control trials, while the 10 trials in the middle
were experimental trials. The contents and locations of the food trays were
similar to the self-regard pretest, but the door connecting the subject room
and the recipient room was closed. In the experimental trials, a recipient was
in the recipient room (see Figure 1a); in the control trials, the recipient room
was empty. Because the subject could not enter the recipient room, it received
only one slice no matter which tray it chose. However, in the experimental
trials choosing the recipient tray would donate one slice to the recipient (i.e.,
the prosocial option) while choosing the bucket tray would leave the recipient
with nothing (i.e., the asocial option).

2.14. Coding and analysis

A choice was coded if the subject stuck out fingers, lips or straws toward
one tray through the mesh, or if they sat down in front of one tray with their
body touching the mesh. We did not code gestures of the recipient due to the
narrow mesh of some testing rooms that blocked gestural attempts. A second
coder coded all the trials and inter-coder reliability was perfect (Cohen’s
kappa = 1). All statistics were two-tailed and non-parametric due to limited
sample size.

2.2. Results

Figure 1b demonstrates the main results of experiment 1. The subjects pre-
ferred the 1/1 option to the 1/0 option in both the experimental and the
control conditions (experimental: mean = 7.90 &+ 1.77, N =10, p = 0.011;
control: mean = 8.40 £+ 1.76, N = 10, p = 0.006, one-sample Wilcoxon
signed rank test, two-tailed). However, their preferences for the 1/1 option
did not differ between the two conditions throughout the test phase (N = 10,
Z = 1.018, p = 0.309, one tie, Wilcoxon signed rank test, two-tailed).
Neither stranger pairs nor groupmate pairs showed a preference (stranger:
N =5,7Z=-1.511, p=0.131, no tie; groupmate: N =5, Z =0, p=1.0,
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one tie; all Wilcoxon signed rank test, two-tailed). In either condition, the
subjects’ preferences did not differ when the first 5 and the last 5 trials were
compared (experimental: N = 10, Z = 0.333, p = 0.739, four ties; con-
trol: N =10, Z = 0.966, p = 0.334, five ties, Wilcoxon test, two-tailed).
At the individual level, in each condition there were five subjects choosing
the 1/1 option for 9 or 10 times (see Figure 1b). We scored the difference in
the frequency of choosing the 1/1 option between the experimental and the
control condition as an index of each subject’s prosociality. The recipient’s
group membership had no effect on this difference score (N =10, U =9.5,
p = 0.526; Mann—Whitney U -test, two-tailed).

2.3. Discussion

Although the subjects preferred the prosocial option to the asocial option
when the recipient was present, they showed the same preference when the
recipient was absent. If we consider only the pairs of strangers or only those
of groupmates, the results remain the same. The individual analysis is con-
sistent with this pattern. Half of the subjects preferred the 1/1 option in the
control condition. This result suggests that subjects have developed a bias
toward the content or the location of the 1/1 option.

It is unlikely that the subjects were simply attracted by the content of
the 1/1 option because both options always contained two pieces of food.
Alternatively, the subjects might have preferred the 1/1 option in an attempt
to retrieve the fruit slice delivered into the recipient room even though they
had no access. However, they were tested in their sleeping building and thus
understood the separation caused by the sliding door.

The subject’s apparent location bias was likely introduced during the self-
regard pretest because the subjects were required to choose the 1/1 option
8 of 10 times before the test phase. In the test phase the two options con-
ferred equal payoff to the subjects, so there was no cost to them if they kept
choosing the same location. Our results are consistent with two chimpanzee
experiments with a similar self-regard pretest (Jensen et al., 2006, experi-
ment 1; Yamamoto & Tanaka, 2010, experiment 1). Experiment 1 of Jensen
et al. (2006) had a similar lateral setup of the two options, and their sub-
jects developed a location bias toward the 1/1 option; in experiment 1 of
Yamamoto & Tanaka (2010), their subjects were trained to associate each
option with a button in a fixed color and developed a location bias toward
one particular color.
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Some proposed to avoid this problem by not conducting the self-regard
pretest (Horner et al., 2011). We disagree with this proposal because it will
be unclear whether subjects understand the consequences of their choices.
Placing this self-regard phase after the test phase is also problematic since
it is possible that subjects enter the test phase without any understanding of
the setup but gradually develop such understanding during the test. Others
suggested that this location bias could be avoided by making the location of
the prosocial option contrary to the biased location so that subjects would
clearly have overcome the pre-existing bias if they show a prosocial pref-
erence (Massen et al., 2010). Similarly in a token-exchange version of this
task, Horner et al. (2011) designated the least preferred token in the baseline
as the prosocial token in the test phase.

Following this logic we kept the self-regard pretest and adjusted the re-
ward distributions in the second experiment. The prosocial option delivered
one fruit slice to the subjects and three slices to the recipient room (1/3). The
other option consisted of two pieces and all went to the subjects (2/0). In the
self-regard pretest subjects would have to prefer the 2/0 option to understand
they would obtain less food if the 1/3 option were chosen because the access
door between rooms was closed; in the test they would need to choose the
1/3 option to benefit the recipient (and thus overcome the location bias to-
ward the 2/0 option). As a result, we also created a costly sharing situation
where the prosocial act could be regarded as altruistic.

3. Experiment 2

This experiment presented subjects with an asocial option and a prosocial
option (Figure 1c). The asocial option (the 2/0 option) had two slices of food
that would all be given to the subjects; while the prosocial option (the 1/3
option) had four slices with one delivered to the subjects and three to the
recipient.

3.1. Methods

3.1.1. Subjects

Seven bonobos (3M:4F) participated in this experiment. Five of them were
subjects in experiment 1 (Table 3). Four other bonobos were dropped out
of the experiment because they were not able to pass the pretests by the
end of our field trip (Mabali, Maniema, Muanda and Tembo). Each subject
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Table 3.
Participant information of experiment 2.

Subject Recipient

Name Sex Age* Name Sex Age* Location
Boyoma M 6 Noiki F 11 Right
Dilolo M 10 Mabali M 10 Right
Kikongo M 9 Tchilenge F 7 Left
Kinshasa F Muanda F 6 Left
Noiki F Kikongo M 9 Left
Sankuru F 11 Tchilenge F 7 Right
Tshilenge F Kikongo M 9 Left

* Based on estimates from Wobber et al. (2010b).

was paired with a groupmate recipient since in experiment 1 there was no
difference in prosociality between stranger pairs and groupmate pairs. Five
bonobos played the role of recipient and three of them were also subjects
(Kikongo, Noiki and Tchilenge). We followed the same rules as in experi-
ment 1 to determine the pairings. There was no role-reversal except in the
pairs of Kikongo and Tchilenge due to the availability of other participants.
In total, we created seven dyads comprised of nine unique individuals.

3.1.2. Setup and procedure

Figure 1c shows the setup of the current experiment. Its setup and general
procedure were identical to experiment 1 with two food trays and three ex-
perimenters. This experiment consisted of four phases: number pretest I,
number pretest II, self-regard pretest and test. Each phase was usually fin-
ished in one testing day.

3.1.2.1. Number pretest I. This phase was designed to test whether sub-
jects could distinguish different contents on the food trays. It was identical
to the number pretest in experiment 1 (i.e., one piece versus two pieces). The
subject could proceed to the next phase if they chose the option with two
food slices in 8 of 10 consecutive trials. The average number of trials needed
was 16.14 & 6.41 (10-26 trials).

3.1.2.2. Number pretest II. This phase was designed to test whether the
subjects could prefer four fruit slices to two. It was identical to the number
pretest I except that one tray contained two slices and the other contained
four. Subjects needed 10.14 £ 1.25 (9-13) trials to pass this phase.
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3.1.2.3. Self-regard pretest. This phase was designed to introduce the 1/3
and the 2/0 options and demonstrate that the subjects understood the conse-
quences of each option. In this phase, the recipient room was empty and was
separated from the subject room by open mesh. The recipient tray was the
1/3 option and always contained four fruit slices. If the subjects chose this
tray, the holder picked up three slices, showed them to the subject by calling
its name twice, dropped them into the recipient room and directly handed
the remaining slice to the subject at the end. The subject could see but could
never retrieve the food in the recipient room (i.e., a 1/3 payoff). The other
tray contained two slices. The subject would receive all of them if it chose
it (i.e., a 2/0 payoff). The location of the recipient room (and the recipient
tray) did not change within subjects but was counterbalanced between sub-
jects. The two tray-holders switched locations every trial. To pass this phase,
the subject had to choose the 2/0 option in 8 of 10 consecutive trials. The
average number of trials needed was 28.43 &+ 10.72 (1646 trials). Because
we needed to establish a preference for the 2/0 option here, we could not
open the door to the recipient room as we did in experiment 1. However,
since subjects have already demonstrated that they paid attention to the tray
with four pieces in the number pretest II, their preference for 2/0 to 1/3 in
the current phase suggests that they have now understood the payoffs of each
option to self and to the recipient room.

3.1.2.4. Test. This session has 10 trials and was identical to the self-regard
pretest except that there was a recipient in the recipient room. The test was
conducted no more than one day after the self-regard pretest. The locations of
the two options were the same as the self-regard pretest. Therefore, choosing
the 1/3 option was altruistic because it benefited the recipient at a cost to the
subject. Moreover, an altruistic choice would require the actor to overcome
any location bias toward the 2/0 option established in the self-regard pretest.
It is important to note that here we compared subjects’ choices to chance
level, instead of comparing a social condition to a non-social condition.
This was because if we had administered a non-social condition, it would be
equivalent to the self-regard pretest and subjects would have more experience
in this hypothetical non-social condition than in the social condition.

3.1.3. Coding and analysis

All coding followed the same criteria as in experiment 1. A second coder
coded all trials and inter-coder was perfect (Cohen’s kappa = 1). Due to
limited sample size, all statistics were non-parametric and two-tailed.
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3.2. Results

As shown in Figure 1d, subjects as a group did not prefer any option (mean =
3.86 291, N =7, p =0.303, one-sample Wilcoxon signed rank test, two-
tailed). They did so in the first and the second half of the test (first half:
mean = 2.14 + 1.46, N =7, p = 0.391; second half: mean = 1.71 + 1.49,
N =7, p =0.2, one-sample Wilcoxon signed rank test, two-tailed). At the
individual level, three subjects showed a preference of one option in 9 of 10
trials: Noiki and Kikongo preferred the 2/0 option, and Kinshasa preferred
the 1/3 option.

3.3. Discussion

The bonobos did not prefer the 2/0 option collectively, although two sub-
jects did show such an individual preference. They did not prefer the 1/3
option as a group either, but one individual preferred the 1/3 option. It is
plausible that the subjects at least demonstrated some degree of prosociality
because they did not overwhelmingly choose the 2/0 option (Massen et al.,
2010). A more parsimonious interpretation is that subjects’ choices might
have been affected by local enhancement, i.e., they were attracted by the
presence/proximity of the recipient so that they did not exclusively choose
the 2/0 option during the test (Jaeggi et al., 2010b). Finally similar to Jensen
et al. (2006) the current results show considerable individual variability with
two subjects sticking to the selfish option and one subject preferring the al-
truistic option. Future research should adjust the payoffs of the two options
to examine if subjects are sensitive to the cost of the prosocial option. For
example, when the selfish option becomes 4/0, if subjects choose 4/0 less
often when the prosocial option is 3/1 than when it is 1/3, it would suggest
that subjects’ choices were not simply a result of local enhancement.

4. General discussion

Overall we found little evidence for other-regarding preferences in this
prosocial choice task with bonobos. In experiment 1 the subjects could aid a
stranger or a groupmate recipient at no cost to themselves, but they showed
a preference for the prosocial option regardless of the presence of the recip-
ient. Because both options in experiment 1 had the same amount of food,
the observed preference was likely due to a bias toward the location of the
prosocial option developed during the self-regard pretest. In experiment 2
prosocial choices could not be explained by a location bias since subjects
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had to choose the opposite location chosen in the pretest. In addition, they
would obtain less food by doing so. As a group the bonobos showed no
preference for any option or location with two subjects preferring the self-
ish option and one preferring the altruistic option, which could be explained
parsimoniously by local enhancement.

One interpretation of our results is that bonobos, like chimpanzees, show
little evidence of other-regard in this paradigm, which supports the argument
that humans have unique propensity to share among great apes (Warneken
& Tomasello, 2009; Jaeggi et al., 2010b; Silk & House, 2011, 2012; Jensen,
2012). The genus Pan may have psychological constraints preventing the
expression of other-regard in the prosocial choice task and, by extrapolation,
the context of food provisioning more generally (Warneken & Tomasello,
2009; Silk & House, 2011). Although the current study could not rule out
this food inhibition hypothesis, it has been repeatedly challenged by findings
that bonobos and chimpanzees demonstrate other-regard in other tasks that
directly provision the recipient with food (Greenberg et al., 2010; Melis
et al., 2011; Tan & Hare, 2013). In fact, chimpanzees, which are highly
competitive over food, show other-regard in some other tasks using visible
food, invisible food and non-food (Warneken et al., 2007; Melis et al., 2011),
whereas reducing the visibility of food does not necessarily lead to positive
results in the prosocial choice task (Vonk et al., 2008). If the relatively food-
intolerant chimpanzees appear unaffected by the presence or the visibility
of food, these factors should not constrain the prosociality of the relatively
food-tolerant bonobos (see also Cronin, 2012).

Alternatively our results may tell us more about methodological con-
straints intrinsic to this standard paradigm for prosociality. Given this task
requires the use of an apparatus, subjects must first show they understand
the physical setup by demonstrating self-regard (Jensen et al., 2006; Melis
et al., 2010; Hare & Tan, 2011). However, this introduction seems to cre-
ate a location bias that then carries over into the test and likely interferes
with any preference the subjects might naturally express. A location bias
could explain all three 1/1-vs-1/0 experiments on great apes in which a self-
regard pretest was conducted (Jensen et al., 2006, experiment 1; Yamamoto
& Tanaka, 2010, experiment 1; current study, experiment 1). In fact, while
Jensen et al., 2006 is normally cited as evidence against other-regards in
chimpanzees, the subjects in experiment 1 show a strong bias for the proso-
cial option in the test trial just as the bonobos do here. However, like our
bonobos, the chimpanzees showed the same preference in the self-regard
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pretests and controls. This pattern does not suggest an interpretable failure
on the part of the subjects.

One approach to avoid the development of a location bias is to make the
prosocial choice in test trials at the opposite location from where the same
food distribution was presented in the self-regard pretest. In this way sub-
jects have to overcome the location bias to demonstrate prosocial preferences
(e.g., Massen et al., 2010; Horner et al., 2011). While we have designed
experiment 2 in this way, this design feature only protects against a false
positive due to a location bias — but remains open to alternate interpreta-
tions such as local enhancement. Subjects could choose the prosocial option
because they were simply attracted by the presence of the recipient.

Other approaches to avoid a location bias focus on removing or replacing
the self-regard pretest. For example, some propose to omit the self-regard
pretest or conduct it after the test phase (e.g., Horner et al., 2011; Yamamoto
& Tanaka, 2010, experiment 2). However, without a self-regard pretest it
is almost impossible to know if the subjects understood the consequences
of their choices in the actual test. That means any results from no-pretest
experiments will be equally difficult to interpret since they might be false
negative (e.g., subjects pay no attention to the other end of the apparatus) or
false positive (e.g., subjects attempt to compete for the extra food piece).
Table 1 shows that over 50% of published experiments omitted the self-
regard pretest.

A common alternative to the self-regard pretest is experience trials (i.e.,
subjects are given 2-30 forced-choice trials with each option). This approach
is problematic for two reasons. First, the number of experience trials given
is arbitrary. No study has ever validated that amount of experience leads
to an understanding of the consequences of each option. For example, the
current study shows that there was tremendous variability of how much ex-
perience each subject needed to understand the consequences of each option
(the number of trials needed to pass the self-regard pretest: experiment 1:
8-25; experiment 2: 16-46). Second, experience trials alone cannot show
subjects understand what would happen to the recipient room. Because sub-
jects cannot enter the recipient room, they only experience the reward of each
option for themselves. This approach seems to be based on an assumption:
within an arbitrary number of experience trials, their subjects will somehow
pay attention and understand what happens on the other end of the apparatus
through observation alone. This assumption is likely unwarranted unless an
additional pretest is conducted to show that subjects indeed pay attention to
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the reward that would eventually go into the recipient room (e.g., as in the
number pretest II in experiment 2 of the current paper).

The last approach is proposed by Cronin et al. (2010) to measure the
change of subjects’ choices over time in the test phase. For example, if their
choices of the prosocial option decrease in the non-social control but not
in the experimental condition, that should be evidence of prosocial prefer-
ences. However, given the Cronin study itself included a rigorous self-regard
pretest, it remains to be further tested if measuring the temporal change of
subjects’ choices alone is sufficient. A combination of this approach and the
self-regard pretest might provide the strongest evidence of subjects’ under-
standing of the setup (as in Cronin et al., 2010).

We suggest a self-regard pretest is crucial for interpreting the results from
this paradigm but that counterbalancing the location of the prosocial option
is critical. As shown in Table 1, when considering experiments with a self-
regard pretest, a location bias only develops in those studies using a between-
subjects design in regards to the location of the prosocial choice (or no
counterbalancing at all, Jensen et al., 2006; Yamamoto & Tanaka, 2010; the
current study). This design leads to a location bias since the 1/1 option, in
both the pretest and the test, always leads to maximal payoff and it stays in
the same location. To corroborate, studies that are able to use a design that
counterbalances the location of the 1/1 option within each subject did not
generate a location bias (Burkart et al., 2007; Lakshminarayana & Santos,
2008; Cronin et al., 2009; Stevens, 2010). Therefore, it is not that all pretests
create a location bias as previously suggested (Horner et al., 2011), but that,
in particular, a between-subjects design does.

Not all designs are equal in terms of their ability to allow for a counter-
balanced pretest. Table 4 presents a qualitative comparison of the four major
setups previously used based on the difficulty of running self-regard pretest
and that of counterbalancing the choice options within subjects. For exam-
ple, when subjects face each other across opposite rooms no experiments
have conducted a self-regard pretest (Silk et al., 2005; Fletcher, 2008, popu-
lation 1; Takimoto et al., 2010). This is likely because the necessary config-
uration of rooms that would allow for a subject to travel in a separate tunnel
to the recipient room for the pretest typically does not exist. In addition,
while the ‘opposite’ and ‘vertical’ designs allow for easy counterbalancing,
the ‘lateral’ and ‘token’ designs do not and likely encourage competing bi-
ases to develop in the pretest. One notable exception is the lateral design
used by Stevens (2010), in which within-subject counterbalancing occurred
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between test sessions given the small size of the species being tested (i.e.,
the experiment did not have to be designed around the constraints of the
available housing as in ape studies). Overall the vertical design seems to be
the most desirable: it accommodates the needs of a self-regard pretest and
within-subject counterbalancing, plus it controls for local enhancement.

A lack of self-regard pretest and inadequate counterbalancing are only part
of the challenges to the overall validity of the standard prosocial choice task.
For example, Burkart & Rueth (2013) found that even 2-5-year-old human
children failed to show prosocial preference when choosing between 1/1 and
1/0, but the same subjects were prosocial when choosing between 0/1 and
0/0. It is important to note that their subjects all received self-regard pretest
and within-subject counterbalancing in a vertical design task (see House et
al., 2012 for a similar result in children with an opposite design). As sug-
gested by the authors, making a choice between 1/1 and 1/0 seems too taxing
for the subjects because they had to encode and consider payoffs of four food
dishes at once. That means any prosocial choice task using 1/1 and 1/0 might
create false negative regarding prosocial preferences as it did in human chil-
dren. Interestingly, an effective approach to reduce the cognitive load is to
use 0/1 and 0/0 as payoff options (Burkart & Rueth, 2013). This essentially
turns the standard prosocial choice task into an instrumental helping task (see
also Cronin et al., 2010).

The question of ape prosocial and other regarding preferences is central
to understanding the evolution of human sharing and cooperation. However,
while a variety of tasks have consistently revealed helping and sharing in
both bonobos and chimpanzees (Warneken et al., 2007; Hare & Kwetuenda,
2010; Melis et al., 2011; Yamamoto et al., 2012; Tan & Hare, 2013, 2014),
studies using the standard prosocial choice task with apes have largely pro-
duced negative results (Silk et al., 2005; Jensen et al., 2006; Brosnan et al.,
2009; Yamamoto & Tanaka, 2010; current study). In interpreting this liter-
ature some have weighted the negative findings in the prosocial choice task
heavier than the positive results in other experimental tasks (Silk & House,
2011; Jensen, 2012). However, while positive results using other paradigms
have included pretests in which subjects successfully demonstrated an un-
derstanding of the apparatus (e.g., Warneken et al., 2007; Tan & Hare, 2013)
most prosocial choice tasks have either failed to show subjects understand the
task or omitted the pretest all together (see Table 1). In addition, while quan-
titative comparisons between chimpanzees and human infants have shown
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highly similar results in instrumental helping tasks (Warneken et al., 2007),
even human children show inconsistent results in standard prosocial choice
tasks (Brownell et al., 2009; House et al., 2012; Burkart & Rueth, 2013).
Our results and literature review suggest at least three constraints intrinsic
to the standard prosocial choice paradigm: a lack of self-regard pretest, in-
adequate counterbalancing and unnecessary cognitive load. Taken together,
it is difficult to conclude that standard prosocial choice tasks provide a valid
measure of prosociality or other-regard. While a species failure to solve a
problem or show a preference can often be interpreted as a meaningful dif-
ference between human and non-human apes (e.g., Hare & Tomasello, 2004;
Melis et al., 2009; Wobber et al., 2014) that is currently not the case for
the standard prosocial choice task. The failure of bonobos, chimpanzees and
children in this task and the strength of evidence from other paradigms raise
serious questions about the validity of this approach as a vehicle to power-
fully compare human and non-human prosociality. Future prosocial choice
studies using a vertical task design with 0/1 and 0/0 payoff options may
allow researchers to circumvent the method constraints we outline, but es-
sentially this would only replicate the decision subjects face in previously
published instrumental tasks where there are already clear positive results
across a range of species.
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Abstract

While natural observations show apes use grooming and play as social currency, no experimental
manipulations have been carried out to measure the effects of these behaviours on relationship
formation in apes. While previous experiments have demonstrated apes quickly learn the identity
of individuals who will provide food in a variety of cooperative and non-cooperative situations,
no experiment has ever examined how grooming and play might shape the preferences of apes
for different individuals. We gave a group bonobos (N = 25) and chimpanzees (N = 30) a choice
between an unfamiliar human who had recently groomed or played with them and one who had
not. Both species showed a preference for the unfamiliar human that had interacted with them over
the one who did not. The effect was largely driven by the males of both species while interacting
with females showed little effect on their preferences for unfamiliar humans. Subjects showed
this preference even though they only had social interactions with one of the unfamiliar humans
for a few minutes before each trial and their choices were not rewarded with food differentially.
Our results support the long held idea that grooming and play act as a form of social currency in
great apes (and likely many other species) that can rapidly shape social relationships, particularly
between unfamiliar individuals.

Keywords
bonobo, chimpanzee, groom, play, social bonds, social currency.

1. Introduction

Apes, like all primates, rely on social relationships to survive and repro-
duce. Evidence from several anthropoid species, including chimpanzees,
shows that strong individual relationships, both with kin and non-kin, pro-
vide adaptive benefits and in many cases are correlated with reproductive
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success (Schiilke & Ostner, 2008; Silk et al., 2009, 2010; Gilby et al., 2013).
Apes can manipulate social relationships, including through the use of coali-
tions and alliances to increase rank within the dominance hierarchy (e.g., de
Waal, 1982; Goodall, 1986; Surbeck et al., 2011). Social manipulation used
to increase rank presumably benefits the individual as rank correlates with
measures of fitness (Kano, 1996; Pusey et al., 1997; Gerloff et al., 1999;
Boesch et al., 2006; Wroblewski et al., 2009).

Given the importance of social relationships for apes, observational work
has been conducted to understand how these relationships are established
and maintained. A number of studies in captivity and the wild have shown
how bonobos and chimpanzees use grooming to form and maintain social
bonds (de Waal, 1982; Kano, 1992). There is evidence for reciprocal groom-
ing in both species (Watts, 2002; Stevens et al., 2006). In chimpanzees there
is evidence that male chimpanzees groom their alliance and hunting part-
ners more frequently than non-alliance and hunting partners (Nishida &
Hosaka, 1996; Watts, 2000, 2002; Mitani & Watts, 2001). Though bonds
between chimpanzees are strongest between male dyads (Gilby & Wrang-
ham, 2008; Mitani, 2009), strong bonds can also form in male—female and
female—female dyads (Gilby & Wrangham, 2008; Langergraber et al., 2009;
Lehmann & Boesch, 2009). Meanwhile bonobo mothers and sons seem to
preferentially travel together and groom most frequently in the wild (Kano,
1992; Furuichi, 1997; Hohmann et al., 1999; Surbeck et al., 2011). Female
bonobos form coalitions to compete against males but strong bonds between
males have not been observed (Parish, 1996; Hohmann et al., 1999). Play has
also been observed to be another way apes can form and maintain bonds and
is important even in adulthood (Goodall, 1986; Palagi et al., 2004; Palagi &
Paoli, 2007; Nishida, 2012). Both species tend to play most frequently with
kin and allies (Goodall, 1986; Palagi et al., 2004; Nishida, 2012).

Experiments have also been conducted to examine the cognitive abilities
in apes that might play a role in relationship formation and maintenance
(Tan & Hare, 2013). Bonobos and chimpanzees are both skilled at solv-
ing instrumental tasks through cooperation with conspecifics (Melis et al.,
2006; Hare et al., 2007). Chimpanzees recruit help when cooperation is nec-
essary and can quickly determine which of two partners is most skillful
(Melis et al., 2006). Chimpanzees are able to maintain cooperation when
they encounter a conflict of interest through non-verbal negotiation although
skills at reciprocity are inconsistent (Melis et al., 2008, 2009; Brosnan et
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al., 2009). Bonobos retain a more juvenile level of individual tolerance into
adulthood that facilitates cooperation in obtaining food, something not seen
in chimpanzees (Hare et al., 2007). However, this leads to difficulty in in-
hibiting previously learned social associations (Wobber et al., 2010a, b).
Bonobos also prefer to share food with strange bonobos over groupmates —
a preference that may facilitate the extension of social networks in a way
not observed in other apes (Hare & Kwetuenda, 2010; Tan & Hare, 2013).
A number of experiments have also studied the social preferences of apes
using human experimenters. Bonobos and chimpanzees show a preference
for a human that was trying to share food with another human over one who
was trying to steal the food during a triadic interaction (Russell et al., 2008;
Subiaul et al., 2008; Herrmann et al., 2013a). Chimpanzees also demon-
strated an almost immediate reversal of preference from a previously stingy
to currently generous human in a reversal learning paradigm in which it took
them dozens of trials to demonstrate a reversal when a non-social cue like
colour was used (Wobber & Hare, 2009). Taken together experimental stud-
ies support the idea of bonobos and chimpanzees as flexible cooperators that
monitor social relationships closely and rapidly change their preferences —
even potentially in interactions with humans.

While observational studies have demonstrated the potential role of
grooming and play in social relationships and experiments have shown how
flexible bonobos and chimpanzees are in forming and maintaining cooper-
ative relationships, no study has ever experimentally examined grooming
and play as a currency in establishing social relationships in apes, where the
amount of grooming or other affiliative behavior received leads to a change
in preference toward one social partner over the other. While a strong role
of grooming and play has long been suspected based on observational work,
all previous experimental studies require apes to show social preferences
or solve social problems for food rewards (although see Maclean & Hare,
2013). The Social Currency hypothesis suggests that both grooming and
play are valued in social interactions and can be used to establish or shift
social preferences depending on the amount of play or grooming that oc-
curs between individuals. The central prediction being that an individual can
improve their social relationship with another group member by grooming
or playing with them. Therefore, an experimental manipulation of groom-
ing and play should show a shift in preference toward those individuals who
play and groom subjects the most. If confirmed a secondary question then
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becomes uncovering the mechanism that might drive such exchanges (e.g.,
biological markets, No& & Hammerstein, 1995).

Given the rapid shift in preference for cooperative partners observed in
some experiments (Melis et al., 2006; Wobber & Hare, 2009; Herrmann et
al., 2013b), it may be apes alter their preferences extremely rapidly based
on a relatively short social exchange. In this experiment we will test the
social currency hypothesis by manipulating which of two social partners
each subject interacts with before choosing which partner they prefer to
receive food from. If grooming and play act as social currency, subjects
should shift their preference toward an individual that recently played or
groomed them. In testing the social currency hypothesis it is also important to
examine both Pan species since they have very different response to strangers
related to establishing new relationships (Tan & Hare, 2013), they handle
social stress related to relationship maintenance differently (Wobber et al.,
2010a, b), they exhibit temperament differences (Herrmann et al., 2011) and
they differ in social cognitive abilities (Herrmann et al., 2010; Wobber et al.,
2010a, b). In this context, we predicted bonobos would show greater short-
term shifts due to their increased tolerance in general, and especially towards
strangers. To control for differences in the two species general preference
for interacting with conspecific strangers (i.e., chimpanzees are xenophobic
while bonobos are xenophilic), human experimenters were used. When both
species have been tested in the same context, they show the same strong
preferences to interact with humans over playing alone and neither species
has a xenophobic response to humans (Herrmann et al., 2011; Maclean &
Hare, 2013).

2. Methods

30 chimpanzees and 24 bonobos housed at the Tchimpounga Centre for
Chimpanzee Rehabilitation (Pointe Noire, Republic of Congo) and Lola ya
Bonobo (Kinshasa, Democratic Republic of Congo) participated in this ex-
periment. Most subjects arrived at the sanctuary as orphans and have been
raised in mixed sex social groups with access to large outdoor forested en-
closures where they engage in species-typical behavior including grooming
and playing (for details see Wobber & Hare, 2011). Subjects interact with
human caretakers on a daily basis when they return to their night dormitories
at sunset. Chimpanzees ranged in age from 8-23 years and bonobos from
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6-23 years. All had limited exposure to the human experimenters prior to
the experimental conditions. A between-subjects design was utilized with
15 chimpanzees and 13 bonobos completing the groom condition and 15
chimpanzees and 12 bonobos completing the play condition (Table 1). Six
subjects that were unable to complete the baseline session were dropped
from all analyses.

Table 1.
List of subjects.

Chimpanzee Bonobo
Subject Sex Age Condition Subject Sex Age Condition
Elykia M 22 P Kikwit M 14 P
Jo M 22 P Lomami M 12 P
Jay M 21 P Illebo M 10 P
Yoko M 14 P Bandaka M 10 P
Tabonga M 12 P Eleke M 8 P
Chimpie M 12 P Yolo M 8 P
Tiki M 10 P Kisantu F 14 P
Kimenga M 7 P Bandundu F 14 P
Pembele F 18 P Likasi F 10 P
Low-Low F 18 P Muanda F 8 P
Diba F 15 P Kinshasa F 6 P
Fanitouek F 11 P Sake F 6 P
Vitika F 10 P Makali M 25 G
Lounama F 10 P Api M 11 G
Marcelle F 8 P Boende M 11 G
Tomy M 21 G Bili M 10 G
Jacob M 19 G Maniema M 9 G
Tamishi M 18 G Kasongo M 9 G
Tchibanga M 13 G Chibombo M 6 G
Wolo M 13 G Isiro F 14 G
Kefan M 11 G Kalena F 13 G
Petit Prince M 10 G Salonga F 13 G
Lufumbu M 9 G Katako F 7 G
Mayebo F 22 G Lukuru F 6 G
Ramses F 15 G Masisi F 6 G
Ouband F 11 G
Oumine F 11 G
Ulemvuka F 10 G
Makou F 9 G
Mvouti F 8 G

M, male; F, female; P, play; G, groom.
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2.1. Test procedure

The test consisted of two phases and was conducted over 2-3 test sessions.
All subjects began with a baseline preference test on day one followed by
a test session that was divided across two more days. For a few subjects,
the first test session occurred 30 min after the baseline session, rather than
the following day, due to management constraints. Care was taken to assure
an equal representation of species, sex and condition across the different
testing schedules. Three human experimenters (E1, E2 and E3) took part in
this experiment. E1 and E2 took part in all preference tests and following
the baseline preference test, one was designated as the actor. E3 centred the
subject but otherwise did not interact with them in any way. E1 and E2 were
unfamiliar individuals though the subjects did have limited experience with
them in different capacities. It was not possible to control for gender and race
between E1 and E2 (see discussion) due to experimenter availability in the
two sanctuaries. Five human experimenters served as E1 and E2 throughout
the experiment. KSW was an experimenter for each subject and was known
to the apes through minimal exposure during three weeks of study at the
sanctuaries a year prior to the current experiment. Upon arrival to complete
the current set of experiments, KSW did not interact with the apes prior
to testing. At Tchimpounga two caretakers also served as E1 or E2. The
primary experimenter was a female caretaker who worked exclusively with
the juvenile group, located in a geographically separate area from the sub-
adult and adult animals. This caretaker had very limited exposure to the sub-
adult and adult individuals. Four older juveniles were tested at Tchimpounga
and for these subjects and four additional adults a male caretaker who had
a limited role with each group performed the role of second experimenter.
At Lola ya Bonobo the second male experimenter was held constant and
was only known to the apes through a three-week observational study he had
conducted a month prior to the experiment. In this capacity he did not ever
have physical contact with the animals and could only observe them from a
distance of 10 or more meters. It is important to note that, overall, subjects
did not have an a priori preference for one experimenter over the other. KSW
served as the actor in 16/30 and 12/24 instances for the chimpanzees and
bonobos, respectively.

2.1.1. Baseline
To assess any pre-existing preferences between E1 and E2 apes were given
a baseline preference test. Subjects were brought one at a time into a testing
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room in their night dormitory and were allowed to acclimate to the space.
Preference test trials began when E1 and E2 simultaneously gave the subject
a slice of banana through the mesh that allowed human—ape interaction, in
the centre of the room, before stepping away from the mesh. E3 then re-
centered the ape using a banana slice. E1 and E2 stepped forward to the mesh
and kneeled, 2 m apart, each holding half a banana in their outstretched hand
as E3 stepped away from the testing room. Subjects were allowed to choose
to beg from either E1 or E2. Regardless of choice, the subject never received
the half banana. This procedure was then repeated for a total of eight trials.

2.1.2. Test session

The test session unfolded identically to the baseline preference with the
addition of an interaction period during each trial. The actor became the
experimenter (E1 or E2) that was least preferred in the baseline session. If
the ape showed no preference then the actor was chosen randomly. Trials
again began with E1 and E2 giving the subject a banana slice in the centre
of the room. The non-actor then remained within arm’s reach of the mesh
and within a meter of the actor, facing the subject, throughout the interac-
tion period to control for effects of proximity. Crucially, while the non-actor
maintained proximity, s/he did not interact with the subject. Simultaneously,
the actor began a 3-min interaction period (see below) which varied by con-
dition. Following the interaction period, E3 centred the subject with a small
piece of banana and E1 and E2 positioned themselves on either side of the
room, counterbalanced by trial, holding half a banana. The subject was al-
lowed to make a choice but was not provided with the banana. Each subject
completed 8 test trials.

2.1.3. Interaction period

2.1.3.1. Groom condition. The actor sat in front of the mesh and engaged
in grooming with the subject by sifting through the hair on the subject’s
body parts that were within reach of the mesh while making the grooming
lipsmack vocalizations. Grooming was not reciprocal and if the subject at-
tempted to groom the actor then the actor shifted positions to widen the space
between subject and experimenter. If the subject left the mesh the actor made
verbal attempts to call the subject back. Time away from the mesh was coded
and included in analysis.
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2.1.3.2. Play condition. The actor engaged the subject in high energy play
that varied depending on individual preferences. Play could involve tick-
ing, chase and poking and generally included all three. The actor alternated
between a cheerful voice and their best attempt to mimic ape laughter vocal-
izations. If the subject left the mesh the actor made verbal attempts to call
the subject back. Time away from the mesh was included in the analysis.

2.2. Coding and analysis

In both baseline and test trials choices were coded live by KSW and 30%
of trials were later confirmed through reliability coding using an observer
blind to the conditions and hypotheses and Cohen’s kappa was 0.958. In the
baseline and test trials choice was coded when the subject’s fingers crossed
the mesh in front of the experimenter. To control for motivation, time spent
engaged was coded for each subject. Subjects were free to terminate an inter-
action with the actor by moving away from the mesh that allows human—ape
interaction. Participants were considered engaged if they remained within
arm’s reach of the mesh barrier. For analysis, we used Poisson regression
because the data consisted of counts (number of times the subject picked the
actor). Baseline and test observations form repeated measures on the same
individual, which are correlated. Generalized estimating equations (GEEs)
were used to account for the dependent structure of the data. Inference fo-
cused on the treatment variable which had levels baseline and test condition
(groom or play). Species, sex of the subject and sex of the human experi-
menters were included in the model as main effects as well as an interaction
terms, condition by species and condition by sex of the subject. These analy-
ses used the geeglm package (Yan, 2002; Yan & Fine, 2004; Hgjsgaard et al.,
2006) in the R environment for statistical computing version 3.1.0 (R Core
Team, 2014). An additional model, focusing on males only, was created to
test for effects of period (first four vs. last four). Differences in motivation
were compared using an independent samples #-test performed in JMP (JMP
Pro 10, SAS Institute, Cary, NC, USA). Finally to see if motivation affected
choice we ran an ordinary least squares regression on time spent unengaged
and the change in preference between the baseline and test conditions, also
in JMP.
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3. Results

Bonobos increased their preference for the actor in the play condition from
35% in the baseline to 52% in the test session (Figure 1) and in the groom
condition from 39% in the baseline condition to 57% in the test condition
(Figure 2). Chimpanzees increased their preference for the actor in the play
condition from 39% in the baseline to 52% (Figure 1) in the test trials and
increased their preference for the actor in the groom condition from 32%
in the baseline condition to 47% in the test condition (Figure 2). Species,
condition and sex were included in the GEE model as well as interaction
effects of species by condition and sex by condition (Table 2). There was no
effect of species or experimenter sex but both condition and sex contributed
to the model. The effect of sex was entirely driven by males (Figure 1). Males
had a coefficient of 0.53 (SE = 0.53, p < 0.001) in the groom condition and
0.62 (SE = 0.08, p < 0.001) in the play condition. Females had a coefficient
of 0.11 (SE = 0.09, p = 0.25) in the groom condition and 0.01 (SE = 0.17,
p = 0.96) in the play condition. A second model (Table 3) that only included
males looked at period effect (first four vs. last four). In this model, both
groom and play were significant in both periods but the effect size diminished
in the last four of the groom condition, indicating subjects were shifting their
preference away from the actor in the final half of the session.
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Figure 1. The y-axis represents the proportion of trials the experimenter who groomed the
subject or ‘actor’ was chosen over an experimenter who did not in the baseline (light grey)
and test conditions (dark grey) for both species separated by sex in the play condition. Error
bars represent standard error.
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Figure 2. The y-axis represents the proportion of trials the experimenter who groomed the
subject or ‘actor’ was chosen over an experimenter who did not in the baseline (light grey)
and test conditions (dark grey) for both species separated by sex in the groom condition. Error

bars represent standard error.

Chimpanzees were equally engaged in both conditions (t = —0.85, p =
0.80), spending 94 and 91% of the time engaged in the play and groom
conditions, respectively (i.e., remaining in proximity of the human exper-
imenter). Bonobos were more engaged in the play condition (t = —2.47,
p = 0.026), spending 92% of their time engaged compared to 75% in the
groom condition. The level of engagement did not affect the change in pref-

Table 2.
Results of the GEE model.
Coefficient P

Species 0.26
Species x Condition 0.05
Experimenter sex 0.20
Males

Groom 0.53 <0.0001

Play 0.63 <0.0001
Females

Groom 0.11 0.25

Play 0.01 0.96
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Table 3.
Results of the supplementary GEE model, restricted to
males but including periods (first four/last four trials).

Coefficient p
Period 1
Groom 0.73 <0.001
Play 0.55 <0.001
Period 2
Groom 0.31 0.01
Play 0.68 <0.001

erence between the baseline and test conditions (play: R* =0.05, p = 0.29;
groom: R? =0.06, p = 0.20).

4. Discussion

Chimpanzees and bonobos rapidly changed their preference for a novel
experimenter following an affiliative interaction, providing support for the
Social Currency hypothesis. Although play and grooming behaviour likely
arouse different emotional states in an individual (Rosati & Hare, 2012), apes
used both grooming and play interactions equally as a currency to establish
social relationships with human experimenters. Bonobos and chimpanzees
did not differ in their response to human affiliative behaviors as social cur-
rency, despite differences in temperament (Hermann et al., 2011), frequency
of cooperative behaviours (Kano, 1992; Muller & Mitani, 2005) and social
cognitive abilities (Hermann et al., 2010; Wobber et al., 2010a, b).

The change in preference was strong in both species in both conditions
but was primarily driven by males. Female chimpanzees and bonobos did not
use play or grooming as a social currency in this particular paradigm. We did
not initially predict such a dichotomy, and in fact, would have predicted the
sex difference to differ between species due to differential bonding patterns
between the sexes (Hohmann et al., 1999; Gilby & Wrangham, 2008). The
observed pattern may be related to the shared socioecology between species
where females disperse at adolescence (Pusey, 1980; Kano, 1992). In such
a system males remain in their natal community for life and gain benefits
from forming long-term relationships with kin and non-kin (Hohmann et al.,
1999; Mitani, 2009; Surbeck et al., 2011). As males mature, the ability to
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use affiliative behaviour as a social currency to quickly ascertain the rep-
utation of a partner should hasten the climb up the social ladder given the
importance of allies in attaining rank (Nishida & Hosaka, 1996; Surbeck et
al., 2011). Males are also likely to benefit from rapidly establishing a rapport
with sexually receptive females (Idani, 1991; Kahlenberg et al., 2008). Dis-
persing females face different social challenges. Increasing evidence shows
that females of both species do form differential bonds with both sexes and
these relationships are likely to be adaptive (Gilby & Wrangham, 2008;
Langergraber et al., 2009; Lehmann & Boesch, 2009). Moreover, upon im-
migration females must establish relationships with unfamiliar individuals
and should benefit from being able to form reputations based on social cur-
rency. Therefore, it is unlikely that females do not use affiliative behaviour
as a currency in forming new social interactions. Rather, it may be that fe-
males require more time to assess the value of a relationship and our short
experimental interactions here are insufficient to see a change in preference.
These results are more difficult to interpret in female bonobos. Unlike fe-
male chimpanzees who are hostile towards immigrants and less social than
males, bonds between bonobo females are generally strong but not long-
lasting (Parish, 1996; Hohmann et al., 1999), immigrants seek out specific
high ranking females when entering a new community (Idani, 1991) and in
experiments both male and female bonobos will pay a cost to have a social
interaction with a stranger (Tan & Hare, 2013). These lines of evidence sug-
gest they would show sensitivity to short-term affiliative interactions. Future
research comparing these species using conspecific partners or longer peri-
ods of interaction may still reveal the expected species difference.

Subjects’ rapid shift in preference for a human that either played or
groomed with them can best be attributed to the social value of the experi-
menter’s affiliative behaviour. Subjects were not differentially rewarded with
food for their choices, making it difficult to explain a shift in preferences
during the experiment based on anything but the interaction. Both species
interacted with the experimenter similarly, choosing to maintain proxim-
ity throughout the interaction period and made choices on every trial. Both
experimenters maintained proximity to the subject’s room throughout each
interaction period. Therefore the shift is not due to a lack of opportunity to
interact equally with each experimenter. Although we were not able to hold
constant the gender of the experimenters, this did not affect the outcome,
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primarily because the identity of the actor interacting socially with the sub-
ject was determined by selecting the least preferred experimenter for each
subject in a baseline. While we observe apes quickly shift preferences based
on affiliative interactions, this experiment does not speak to the precise cog-
nitive mechanism involved. Future research will be needed to differentiate
between mechanisms such as calculated reciprocity or physiological bond-
ing, increased familiarity or trust through physical contact.

Regardless of mechanism the ability to quickly establish relationships us-
ing affiliative behaviors as social currency can have lifelong reproductive
consequences for bonobos and chimpanzees. This is especially true for im-
migrating females who must establish a foraging territory and navigate a new
social environment before reproducing (Idani, 1991; Pusey & Schroepfer-
Walker, 2013). Females who can integrate more rapidly into their transfer
community are expected to have an advantage in early reproduction. Males
should also benefit from prioritizing the establishment of certain relation-
ships (Mitani, 2009). As new males mature and move up the hierarchy they
can become essential allies for older males and established males should
then compete for their attention. They should also be attuned to establish-
ing relationships with females as affiliative relationships may be important
for reproductive success. Moreover, cooperation among bonobos and chim-
panzees is often predicated on a previously established relationship. The
ability to use both grooming and play as a social currency to guide partner
choice should lead to stable and strong relationships among individuals.

Here we have established that chimpanzees and bonobos can use play
and grooming as a social currency to form relationships. However, with
further exploration, we expect to find differences in the speed, the develop-
mental trajectory, the importance of different affiliative behaviours and the
point at which social currency is overcome by the accumulation of social
debt. We predict that the ability to use affiliative behaviour to form relation-
ships and assess reputation is likely to develop over the juvenile period and
should be especially important during the adolescent period when females
transfer to their adult communities and males must enter the established
hierarchy. Though we did not assess developmental changes, informal ob-
servation suggests juveniles and adolescents (10 years and younger) of both
species showed larger shifts of preference than adults in the groom condition.
Reciprocity is thought to be important for maintaining cooperative interac-
tions in chimpanzees and bonobos. However, despite observational studies
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that note apes can exchange various commodities, including grooming, meat
and coalitionary support (e.g., de Waal, 1997; Koyama et al., 2006; Mitani,
2006; Gomes & Boesch, 2009), experimental evidence is mixed and shows
only weak support for contingent reciprocity (Melis et al., 2008; Brosnan et
al., 2009). Melis et al. (2008) argue that short-term exchanges may be an in-
appropriate medium for assessing reciprocity in species that cooperate over
long time periods. The current experiment was not designed to specifically
address reciprocity but may be helpful in understanding the phenomenon
because this experiment assesses interactions between strangers, rather than
between individuals with a relationship history. Apes may be willing to pay
a higher price in an initial encounter with a stranger to gain information
about that individual, even sacrificing food to learn about a new competitor
or ally through a social interaction (Hare & Kwetuenda, 2010; Tan & Hare,
2013). However, once the interaction begins, it may behove an individual
to watch their accumulation of ‘debt’. In this study we found limited evi-
dence that chimpanzees may be attentive to the amount of grooming they
receive with no reciprocation across a new interaction. Chimpanzees were
less likely to beg from the actor in the latter half of the session (first 4
trials 55%, last 4 trials 38%). This phenomenon was not observed in the
play condition (if anything, subjects continued to increase their preference
across trials) and suggests grooming may be perceived differently from play
in initial short-term interactions. Further work, addressing reciprocity among
strangers, should be undertaken to clarify the extent to which apes are capa-
ble of contingent reciprocity.
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