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Abstract
Avariety of studies on food sharing elucidate both its ultimate
and proximate functions in non-human primates, especially in
Pan. For chimpanzees, food sharing serves as a means to
strengthen social relationships. In contrast, little is known
about food sharing in orangutans, since their semi-solitary
lifestyle barely provides an opportunity to share food outside
of the mother-offspring context. However, recent long-term
studies suggest that social bonding might play a more impor-
tant role for orangutans than previously assumed. In zoos,
orangutans are often kept in groups and seem to cope with
group living quite well. If captive orangutans use food sharing
as a social tool, they are expected to share food frequently and
selectively with close social partners and to engage frequently
in active transfers. We provided three orangutan groups with
monopolizable food and recorded all dyadic food-related in-
teractions. For each dyad, we determined the relationship
quality and tested whether it predicts food sharing. We found
that, in support of our predictions, almost two thirds of inter-
actions involving food resulted in sharing and that the proba-
bility for an individual to share food with a particular partner
increased with the strength of their relationship. Exceeding

our expectations, food sharing occurred even between individ-
uals from two neighboring groups. Finally, a comparison with
studies on captive chimpanzees revealed a significantly higher
proportion of active transfers for orangutans suggesting
species-specific sharing psychologies.

Significance statement
Sharing of food is a universal prosocial behavior in humans.
Recent research aims to elucidate its adaptive functions and
proximate mechanisms by comparison with other species, es-
pecially non-human primates, in natural and captive settings.
For bonobos and chimpanzees, our closest relatives, the qual-
ity of social relationships was revealed to be important for
food sharing. In contrast, there is very limited knowledge on
food sharing in orangutans, our most distant and semi-solitary
living hominid relatives. This study provides the first system-
atic investigation of food-sharing patterns and the role of re-
lationship quality in captive orangutans. The results demon-
strate that group-living orangutans share frequently and selec-
tively with close associates and even more actively than found
for chimpanzees. These findings add further evidence
supporting the hypothesis that social bonding played a role
in the evolution of human prosocial behavior.
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Introduction

Prosocial behavior comprises Bactions intended to benefit one
or more people other than oneself […]^ (Batson and Powell
2003, p. 653), such as sharing of resources, comforting,
cooperating, helping, or altruistic punishment. Across human
cultures, prosocial behaviors play a central role in regulating
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social relationships and are fundamental for maintaining so-
cial as well as moral norms (Levine et al. 2001; Goetz et al.
2010). While social psychologists have investigated prosocial
behavior already for nearly a century (Dovidio et al. 2006;
Eisenberg et al. 2007), only more recently comparative psy-
chologists and biologists developed a growing interest in this
topic often aiming to elucidate the evolutionary origins of
human prosocial behavior (e.g., Gintis et al. 2003; de Waal
2008; Clutton-Brock 2009; Cheney 2011; Silk and House
2011; Tomasello and Vaish 2013).

A particular kind of sharing of resources is food sharing,
which has been defined as the tolerated Btransfer of a defen-
sible food item from one food-motivated individual to
another^ (Feistner and McGrew 1989, p. 22). In humans,
sharing is not restricted to kin or group members and emerges
early in ontogeny (Zahn-Waxler et al. 1992; Gurven and
Jaeggi 2015). However, food sharing is not limited to Homo
sapiens, but has been found in many non-human primates as
well as non-primate species (e.g., de Kort et al. 2003; Carter
and Wilkinson 2013; Jaeggi and Gurven 2013a). In 38 non-
human primate species, adults share food with immature
offspring, and in less than half of these species, sharing also
occurs among unrelated adults. Since there is no primate
species in which sharing occurs among adults, but not
between adults and their offspring, Jaeggi and van Schaik
(2011) suggested that sharing with offspring has been an evo-
lutionary predecessor for sharing in other contexts.

In terms of its ultimate function, food sharing with off-
spring potentially increases inclusive fitness (Hamilton
1964) due to nutritional and/or informational benefits
(Brown et al. 2004). Kin selection (Maynard Smith 1964) is
therefore a widely accepted explanation for its evolution
(Jaeggi and van Schaik 2011). Sharing with non-kin, on the
other hand, could have evolved through different mecha-
nisms, e.g., avoiding costs of harassment (Stevens and
Stephens 2002), reciprocity (reciprocal altruism: Trivers
1971) or costly signaling (Zahavi 1995). Thus, food sharing
may increase the possessor’s fitness immediately or in the
long run (Jaeggi and Gurven 2013b), and the Bcurrency^ of
these benefits (e.g., food, grooming, coalitionary support, or
access to mates) may vary between and within species
(Stevens and Gilby 2004; Mitani 2006; Jaeggi and van
Schaik 2011; Silk et al. 2013). Since recent research has ac-
cumulated evidence for a correlation between enduring, close
relationships (social bonds) and long-term reciprocity and co-
operation in primates (Carter 2014; Freidin et al. 2015), the
interaction between social bonds and food sharing is of par-
ticular interest.

Strong social bonds are particularly evident among both
kin and reciprocating individuals (Silk and House 2011).
The potential individual or inclusive fitness benefits, which
are mediated by social bonds, include enhanced access to food
or mating partners, grooming, support during agonistic

encounters, or in acquiring dominance rank (Silk 2007).
Moreover, stable and long-term bonds, especially between
individuals of different generations, correlate with opportuni-
ties for social learning and thereby for cultural transmission of
information, such as ecological knowledge and foraging skills
(van Schaik and Burkart 2011). Schino and Aureli (2009)
suggest that close and long-term relationships develop by
emotional bookkeeping and therefore do not require sophisti-
cated cognitive skills. The value of a social partner Bencoded
in the brain as a compressed score of the relation history^
(Jaeggi and Gurven 2013a, p. 193), including exchanged ben-
efits, adjusts the species-specific sharing psychology, which
results in more frequently positive responses toward solicita-
tions of more valuable partners. Accordingly, the influence of
social bonds and food sharing is mutual: On the one hand,
relationship quality should be a useful predictor for the prob-
ability of sharing with a particular partner, because the value
of this partner is based on previously received benefits and
influences the decision to share or not. An act of food sharing,
on the other hand, adds another received benefit to the emo-
tional record of the partner and might thereby strengthen their
social bond.

Several studies provide evidence for such a correlation be-
tween social bonds and sharing in non-human primates. While
most research focuses on chimpanzees (Pan troglodytes) and
bonobos (Pan paniscus), both in the wild (e.g., Gomes and
Boesch 2009; Wittig et al. 2014; Yamamoto 2015) and in
captivity (e.g., Jaeggi et al. 2013; Silk et al. 2013; Calcutt
et al. 2014), very little is known about the two Asian great
ape species, Bornean (Pongo pygmaeus) and Sumatran orang-
utans (Pongo abelii). The difficulties in observing these arbo-
real apes in their natural habitat might only partly account for
this lack of knowledge. More importantly, their social organi-
zation differs from that of other great apes and seems to offer
little opportunities for developing strong social bonds outside
the mother-offspring context. Orangutans are characterized by
an individual-based fission-fusion sociality with a mean party
size of less than two individuals (van Schaik 1999). The only
stable and long-term Bgroups^ are mothers with their one or
two offspring, which are characterized by extraordinarily
strong and long-lasting bonds (van Noordwijk et al. 2009).
Within these close social units, food transfer occurs regularly
from mothers to dependent offspring and conduces most like-
ly to social learning of diet and foraging skills (Jaeggi et al.
2008; van Noordwijk et al. 2009). However, recent studies on
orangutans suggest that social bonds might also be relevant for
associations among females and male-female consortships
(Mitra Setia et al. 2009). For example, related females with
dependent offspring, who form clusters with overlapping
home ranges, often tolerate or enable social play among their
offspring, sometimes feed in proximity, and occasionally even
share food (van Schaik 1999; Singleton et al. 2009; van
Noordwijk et al. 2009, 2012). Conceivable functions of
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female-female bonds might consist in safe opportunities for
their offspring for social play with peers and social learning
from other role models than their mother (van Noordwijk et al.
2009, 2012). Males and sexually active females engage in
temporary consortships, which have been suggested to be a
female strategy to reduce sexual harassment (Fox 2002).
Females show preferences to associate with particular males
and often heavily resist mating attempts by non-preferred
males (Utami Atmoko et al. 2009a). Within these
consortships, food sharing has been observed on some occa-
sions, predominantly from males to females and probably as a
means of female partner choice (van Noordwijk and van
Schaik 2009). Given these hints of a possible correlation be-
tween social bonds and food sharing in wild orangutans, one
objective of the present study is to systematically investigate
sharing patterns and the effect of relationship quality on food
sharing in captivity. Although social behavior in captivity is
not necessarily representative for natural conditions, we ex-
pect, if orangutans have evolved tendencies to form social
bonds and share food, these tendencies to turn out particularly
in long-term groups, where orangutans have more opportuni-
ties to interact with conspecifics.

Considering proximate aspects of food sharing, primate
species differ with regard to the extent of the possessor’s ac-
tive contribution (Jaeggi and Gurven 2013a). In passive shar-
ing, which is the most frequent sharing type in non-human
primates, a non-possessor is allowed to take food without
resistance or assistance by the possessor. With regard to its
socio-cognitive preconditions, some inhibitory control should
be sufficient. In contrast, active sharing involves an action by
the possessor that facilitates or performs the transfer and can
either be reactive, i.e., upon request, or proactive, i.e., posses-
sor initiated (Jaeggi et al. 2010a). Active sharing is much less
common in non-human primates. It occurs mostly upon re-
quest and to adults, with the exception of some callitrichids,
who frequently proactively offer food to infants (Feistner and
McGrew 1989; Jaeggi et al. 2010a). Active sharing requires
the abilities to recognize and respond to the needs of others
(Jaeggi and Gurven 2013a). Unlike in passive sharing, the
actively sharing possessor has maximum control over the re-
cipient’s identity, the amount and the quality of the food she is
going to transfer. Control over the distribution of food has
been suggested as a precondition for selective sharing
(Jaeggi and Gurven 2013b), which in turn is necessary for
using food sharing as a social tool.

In chimpanzees and bonobos, but not in orangutans, food
sharing among adults preferentially involves meat following a
hunt (e.g., Hohmann and Fruth 2008; Gomes and Boesch
2009) and large fruits or cultivated plant food (Hockings
et al. 2007; Yamamoto 2015). These are compact,
monopolizable, and high-valued food items, which seem to
elicit food sharing in primates (Jaeggi and Gurven 2013a). In
contrast, all recorded instances of sharing between adult

orangutans involved food that had been readily obtainable
for both partners (van Noordwijk and van Schaik 2009), while
for the very rare consumptions of vertebrate meat, no sharing
among adults has been reported to date (Sugardjito and
Nurhuda 1981; Utami and van Hooff 1997; Hardus et al.
2012). These differences between species probably reflect dif-
ferent selection pressures, which might have led to species-
specific sharing psychologies (Jaeggi and Gurven 2013a).

Food sharing in captive chimpanzees and bonobos has
been systematically studied by providing monopolizable food
items to induce food-related interactions (e.g., deWaal 1997a;
Crick et al. 2013; Jaeggi et al. 2013; Silk et al. 2013). Up to
date, no such study has been conducted for orangutans. If
there is a correlation between social bonds and food sharing,
orangutans are of particular interest: Despite their semi-
solitary lifestyle in the wild, they are often kept in zoos in
permanent groups, where they cope—with some variability
between the two species (Weingrill et al. 2011)—with group
life quite well (Jantschke 1972; Edwards and Snowdon 1980;
Poole 1987), which reflects a remarkable flexibility in their
social behavior.

We conducted the first systematic investigation of food-
sharing behavior in socially housed Sumatran orangutans using
monopolizable food items. Based on (a) the flexibility in social
behavior demonstrated by orangutans in captivity, (b) the pres-
ence of socio-cognitive preconditions necessary for selective
sharing, (c) the proposed relationship between control over
food and active and selective sharing, and (d) the previously
suggested potential functions of grouping and social bonds for
wild orangutans, we expect the following: (1) food sharing to
occur frequently and in various forms, (2) relationship quality
to be a predictor for the occurrence of food sharing, (3) active
sharing to occur frequently and especially between closely as-
sociated adults, and (4) potential differences regarding active
sharing compared to studies on chimpanzees and bonobos, due
to different species-specific sharing psychologies.

Methods

Study groups and housing conditions

We tested three groups of Sumatran orangutans in their indoor
enclosures in the zoological gardens of Berlin and Dortmund,
Germany. The Berlin group consisted of four individuals: one
adult male, one adult female, their independent immature
daughter, and a second, unrelated adult female (Table 1).
Depending on the weather, they had access to two connected
indoor enclosures (59 m2 each) and an outdoor enclosure
(490 m2). The two groups at Zoo Dortmund consisted of three
and four individuals, respectively; group A comprised one
adult male, one adult female, and their dependent daughter,
while group B consisted of two unrelated adult females, one of
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them with a 3-month-old infant that was not regarded as par-
ticipating in the study, and an unrelated independent imma-
ture, who was the older daughter of the adults of group A
(Table 1). During the summer, both groups usually join each
other in the outdoor enclosure (1515 m2), while in the win-
ter—during the observation period – they are kept in adjacent
indoor enclosures (48 and 65 m2), each with additional
sleeping boxes and alternating temporary access to a third
compound (140 m2). Since these indoor enclosures were sep-
arated by flexible mesh, the two groups had the opportunity to
interact with each other.

The enclosures in both zoos were equipped with resting
and climbing structures, nesting material, objects to manipu-
late, devices for behavioral enrichment, and permanent access
to water. The indoor enclosures in Dortmund and the outdoor
enclosure in Berlin were covered with steel mesh, which pro-
vided additional climbing opportunities. The main diet in both
zoos consisted of a mixture of vegetables and fruits, but in-
cluded also leaves, grain, yogurt, cooked eggs, occasionally
cooked meat, and special food items for behavioral enrich-
ment, usually distributed throughout the compounds or given
directly to each animal. No changes to the daily routine—such
as alterations regarding feeding procedures or times—were
required for testing.

Experimental setting and procedure

To elicit food-related interactions (hereafter: food interac-
tions), we used monopolizable food items. Unlike other stud-
ies with chimpanzees and bonobos that used bundles of twigs
and leaves or paper bags filled with leaves, fruits, or vegeta-
bles (e.g., de Waal 1989; Jaeggi et al. 2010c), we chose single
large fruits or vegetables with hard peels, because (i) they
could be monopolized and defended more easily, and (ii) it
would take more time to fully consume the food.

For each group, we conducted 11 trials on separate days.
During the first six trials, each group was provided with a

moderately preferred vegetable they were not very familiar
with (Hokkaido pumpkin), followed by five trials with a famil-
iar, highly preferred fruit (melon in Berlin, pineapple in
Dortmund). The trials were conducted in the indoor enclosures
with all group members present in February and March 2013.
Because of visibility problems in Berlin, three trials had to be
repeated in June 2013. Each group was tested only once per
day. In Dortmund, the two groups were tested consecutively in
a daily alternating test order. During the tests, both groups were
present in their separate, neighboring enclosures.

The orangutans had unlimited access to water and at no
time they were deprived from food. Before testing started,
the procedure and the food items to be used were thoroughly
discussed with the curators and keepers. Each test session was
conducted with the assistance of at least one zookeeper.
During the test periods, the keepers monitored the general
social behavior of the orangutans to be aware of any signals
indicating stress that might have been caused by the study. In
this case, all testing would have been canceled immediately;
however, this was not necessary.

All trials were continuously video-recorded by KSK using
the digital camcorder CANON Legria FS200. A session
started by placing the food in the enclosure and then providing
access by opening a sliding door. A session ended when the
provided food item had been either finished or abandoned for
at least 5 min.

Data coding and definitions

We used all occurrences sampling as the sampling rule
(Altmann 1974; Martin and Bateson 2007) and applied a cod-
ing scheme (Fig. 1) to code all food interactions. For each
event, we additionally recorded the respective dyad, food
type, on- and offset, requesting, and resistance behavior (cf.
online resource 1, ST1–3 for operational definitions).

We defined a food interaction as a food-related interaction
between a possessor of food and a non-possessing, but food-

Table 1 Details of observed individuals: sex, age, and kin relationship with other group members

Individual Sex Date of birth Age category Group Information on kinship

Enche (En) Male 15/05/1989 Adult Berlin Father of Sa

Njamuk (Nj) Female 14/03/1990 Adult Berlin Mother of Sa

Djasinga (Ds) Female 07/02/2003 Adult Berlin No kin

Satu (Sa) Female 25/01/2006 Independent immature Berlin Daughter of En and Nj

Walter (Wa) Male 24/04/1989 Adult Dortmund A Father of Ei and Ta

Toba (To) Female 07/02/1994 Adult Dortmund A Mother of Ei and Ta

Eirina (Ei) Female 30/12/2007 Dependent immature Dortmund A Daughter of Wa and To

Suma (Su) Female 14/03/1993 Adult Dortmund B No kin

Djamuna (Dm) Female 28/05/1999 Adult Dortmund B With 3-month-old infant

Tao (Ta) Female 18/11/2004 Independent immature Dortmund B Daughter of Wa and To
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interested solicitor (online resource 1, ST1). Only interactions
where the possessor had the opportunity to defend his posses-
sion were considered as food interactions. Therefore, contrary
to Jaeggi et al. (2010c), instances of stealing, which indicated
a sudden snatching of food that could not have been prevented
by the possessor, were not included. Following de Waal
(1989), we included collect near as a form of tolerated trans-
fer, since in some cases possessors defended leftovers within
their reach.

A food interaction started when the solicitor began to show
interest in the food (or in the very rare case of proactive trans-
fer by the possessor-initiated transfer) and ended when a piece
of food was transferred or when the solicitor did not show
interest for at least 5 s. It usually comprised a request, a resis-
tance behavior and/or a food transfer. Request behaviors in-
cluded visual and tactile gestures (Liebal et al. 2006) as well as
actions (online resource 1, ST1). In a strict sense, only active
behaviors were considered as resistance, with one exception:
when a possessor had shown no reaction until the solicitor
stopped showing interest, this passive Bignoring^ was also
considered as resistance. We distinguished between five de-
grees of resistance: no reaction, slight resistance (e.g., turn
away), moderate resistance (e.g., shield food), strong resis-
tance (e.g., move away or struggle), and threat (e.g., threat
face or bite). When different resistance behaviors were com-
bined, we categorized them with regard to the strongest be-
havioral element (online resource 1, ST1).

A food interaction was coded as either no food sharing or
food sharing. Since failed transfer occurred rarely and neither
of the two categories could be ascribed reliably, those events
were excluded from the analysis, although they were reported
as a distinct category (Fig. 1). On- and offset of a food inter-
action was generally defined from the perspective of the so-
licitor, therefore a food interaction that initially included some

form of resistance, but finally led to unresisted transfer, was
coded as food sharing and referred to as Binitial resistance^
(online resource 1, ST2).

Inter-rater reliability

All coding was done by KSK. To assess inter-rater reliability,
22 % of the total coded events were coded again by a second
person with focus on tolerance, requesting, and resistance be-
havior, while an additional 9 % of all events were coded by a
third person with focus on transfer types; both raters were
unfamiliar with the hypotheses. We calculated Cohen’s kappa
coefficient of agreement (Cohen 1960) for both comparisons,
using function kappa2 from the R package irr (Gamer et al.
2012). Both raters showed good agreement with KSK (second
rater: κ= 0.736, n= 210, p< 0.001; third rater: κ= 0.605,
n=85, p<0.001). It was not possible to record or code data
blindly with regard to the identity of the individuals, because
our study required the focus on interactions involving the
particular individual who was in possession of the food.

Statistical analysis

Descriptive statistics

In a first step, we analyzed the data with regard to character-
istics of food possession, dynamics, and types of food inter-
actions on a group and dyadic level using descriptive statistics.

Analysis of active sharing in comparison to chimpanzees
and bonobos

To test our prediction that the frequency of active food
transfer differs between the great ape species, we

Fig. 1 Coding scheme for the identification of different types of food interactions and transfers
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compared our data to the data of chimpanzees and bono-
bos retrieved from a meta-analysis on food sharing in
primates by Jaeggi et al. (2010a), which comprised data
from both the wild and captivity, as well as three more
recent studies (Crick et al. 2013; Silk et al. 2013;
Yamamoto 2015). To ensure comparability, we had to
subset our data as follows: we excluded all cases of tol-
erated transfer for which a categorization as passive or
active was impossible, since the meta-analysis by Jaeggi
et al. (2010a) did not consider indeterminable cases.
Likewise, we excluded all cases with immatures as pos-
sessors. Since there were only marginal occurrences of
proactive sharing across the species, we subsumed both
re- and proactive transfers as active sharing. Furthermore,
while Jaeggi et al. (2010a) included all non-human great
apes into one category, we computed the percentage of
active sharing with regard to all food-sharing events sep-
arately for chimpanzees, bonobos, and Bornean and
Sumatran orangutans. Following Jaeggi et al. (2010a),
we counted the percentage of active sharing from each
study or independent population within a study as data
points. However, contrary to their original paper, we com-
puted medians, not means, due to the small number of
data points. In their meta-analysis, Jaeggi et al. (2010a)
distinguished two conditions: sharing with infants and
sharing among adults. Since two of the three immatures
in our study were already independent (Table 1; the
distinction between age classes follows van Noordwijk
and van Schaik 2005), we grouped those food interactions
where an immature had been the recipient into a broader
third class sharing with immatures regardless whether it
was already weaned or not. We conducted a Mann-
Whitney’s U tests for comparing genera using R function
wilcox.exact from R package exactRankTests and
assessed statistical significance at the α level of 0.05.

To avoid a possible influence of the setting (wild or
captive), we conducted a second comparison that was
restricted to data from captivity. Due to small sample
sizes, we restricted the statistical analysis to the compar-
ison of chimpanzees and orangutans for the condition
sharing among adults, by conducting Mann-Whitney’s
U test with an assessed statistical significance at the α
level of 0.05.

Test of potentially influencing factors on the probability
of food sharing

We conducted a generalized linear mixed model (GLMM,
Baayen 2008) to test the influence of different factors on food
sharing (Table 2), both to control for non-independence of
observations from the same dyad—and therefore to avoid
pseudo-replication—and to account for random effects within
particular dyads or possessors.

a) Test predictors and control variables
Social relation was included as the test predictor.

We established a sociality index as a measure for re-
lationship quality generally following Silk et al.
(2006) with some important alterations which account
for the possessor’s perspective and for some charac-
teristics of the study groups. As proposed by Silk
et al. (2006), we coded the frequencies of contact
and proximity for each dyad. Using randomly chosen
videos from an observational study on prosocial be-
havior conducted in 2012 and in the summer of 2013
(KSK and KL unpublished data), we carried out group
scans (Altmann 1974) on 8 days in Berlin and 10 days
in Dortmund for approximately 1 h per day which
cover the daily main activity period. We coded the
relative positions of all group members as contact,
proximity and out of reach, respectively, on every
15 s. This resulted in a total of 2147 scans per group.
We did not include grooming as a measure, because
this behavior occurred only very rarely in orangutans.
To account both for the possessor’s perspective and
the considerable variation of general gregariousness
among individuals, we used the mean frequencies of
contact and proximity of all dyads that included the
particular possessor x (Contactmean(x) and Proximean(x),
respectively) as reference values, instead of referring
to groups’ means. We then computed the possessor-
centered sociality index for each dyad xy (PSIxy) as
follows:

PSIxy ¼
Contactxy

Contactmean xð Þ
þ Proxixy

Proximean xð Þ

� �

2

In this equation, the terms Contactxy and Proxixy, refer
to the frequencies of contact and proximity, respectively,
for a directed dyad xy. The PSIxy measures the relation-
ship quality of this dyad from the possessor’s perspective
and relative to the general sociability of the possessor x.
The value of the PSI is a rational number with a minimum
at zero, while a value around one indicates a middle rela-
tionship quality. The higher the PSI value, the stronger is
the social relationship with regard to all social relation-
ships the possessor is involved in.

Food value was included into the model as a control
variable, with pumpkin coded as medium-preferred food,
and melon and pineapple coded as highly preferred food,
since the preference for the particular food might influ-
ence the willingness for the possessor to share.

Latency with regard to monopolization by the posses-
sor was included as a control variable, since it probably
reflected the degree of repletion, which might affect the
motivation of the possessor to share or not.
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b) Statistical analysis
We used a GLMM with a binomial error structure and

logit link function. Into the full model, we included social
relation, food value, and latency with regard to
monopolization as fixed effects and dyad and possessor
as random effects (Table 2). Furthermore, we included
random slopes components (social relation within
possessor) and the respective correlation between random
slope and intercept. We compared the full model with a
null model that lacked the test predictor but contained the
control variables as well as the random effects of the full
model, using a likelihood ratio test (R function anova with
argument test set to BChisq^).

Before fitting the model, we log-transformed the data of the
predictor variable latency with regard to monopolization due
to their right skewed distribution. Moreover, the data were
unbalanced with regard to the frequency of interactions per
dyad, but due to the already relatively small sample size, we
dropped only one dyad level (with only one observed interac-
tion) tominimize unwanted effects due to unbalanced data and
to allow for the inclusion of random slopes components. Since
no interaction took place during the fourth trial in the
Dortmund group A, only ten trials were included into the
model for this group. This resulted in a total sample size of
954 observations (727 of them were determinable food inter-
actions) of ten possessors and 23 dyads.

To rule out multicollinearity, we computed variance infla-
tion factors (VIF) for a standard linear model excluding the
random effects using the R package car version 2.0–26 (Fox
andWeisberg 2011). The VIF of 1.0 for social relation and 1.1
for latency with regard to monopolization as well as for food
value indicated that there was no collinearity problem. Over-
dispersion was revealed not to be an issue either (dispersion
parameter 0.98). We used the functions influence and dfbetas
provided by the R package influence.ME (Nieuwenhuis et al.
2012) to detect influential data. According to the calculated
values for DFBETAS, we determined some cases on posses-
sor and dyadic level as probably influential. Nonetheless,
performing the sigtest diagnostic, the deletion of none of these

data changed the level of significance of the social relation
variable. In contrast, for the control predictor food value, we
detected an influential case on each level of random effects
that changed the level of significance. Given the small sample
size, we did not exclude the influential cases from the model.
As elaborately discussed by Nieuwenhuis et al. (2012), influ-
ential cases are not necessarily outliers. An expansion of the
sample size (not possible for this study) might reveal that a
previously influential observation is no longer influential.
However, the outcome of the model for the effect of food
value should be extremely cautiously interpreted. (online re-
source 1, ST4–ST9).

The model was implemented in the R 3.2.2 (R Core Team
2015) using the function glmer of the R package lme4 1.1–10
(Bates et al. 2015). To derive predictions for the particular
fixed effects, we conducted likelihood ratio tests using the R
function drop1. Statistical significance was assessed at the α
level of 0.05. Confidence intervals for predictions were com-
puted using the function confint.merMod.

It was not possible to include kin relation as a separate
factor with three levels (parent-offspring, offspring-parent,
and non-kin), as originally intended, because of its collinearity
with social relation (rpb =−0.61). When we restricted kin
relation to a factor with two levels (mother-offspring vs. all
other combinations), collinearity became even stronger
(rpb=−0.75). However, when we included kin relation de-
spite the collinearity issue, this did not lead to an improvement
of the model (online resource 1, ST10).

Results

First we describe the dynamics and patterns of food interac-
tions on group and dyadic level in the three orangutan groups,
including those interactions between the two Dortmund
groups. Then we compare sharing patterns with regard to the
active involvement to those published in studies on other great
apes. Finally, we specifically analyze factors potentially
influencing food sharing to test whether stronger social rela-
tionships are indicative of higher proportions of food sharing.

Table 2 Response variables, covariates, and factors included into GLMM

Effect Levels/measure Annotations Included as

Food sharing Factor with two levels:
no food sharing vs. food sharing

Binary response Response variable

Social relation Covariate: PSI Possessor-centered sociality index Fixed effect (test variable)

Food value Factor with two levels:
medium vs. high food value

Medium= pumpkin; high =melon in Berlin,
pineapple in Dortmund

Fixed effect (control variable)

Latency with regard
to monopolization

Covariate: time in seconds Duration from monopolization to
the respective food interaction

Fixed effect (control variable)

Possessor Factor with ten levels All individuals Random effect

Dyad Factor with 23 levels 1 of 24 levels dropped Random effect
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Description of food interactions

Across trials and groups, food was monopolized immediately
after provisioning. On average, a trial lasted 16.6 min
(SD = 4.8) for melons and pineapples and 39.5 min
(SD=22.5) for pumpkins (online resource 2, SF1). Although
each individual was at least twice in food possession over all
trials, adult and dominant individuals were the main posses-
sors and monopolized the food on average for 14.7 min
(SD=15.9). Immature and subordinate individuals monopo-
lized the food less frequently and mostly for only short periods
(online resource 2, SF2). Food possessors varied in their rates
of food interactions, i.e., the number of food interactions per
minute while they monopolized the food (online resource 2,
SF3). In all groups, the number and the order of food-
possessing individuals as well as the identities of the main
possessors varied considerably across the trials (online
resource 2, SF4).

In total, we observed 1018 food interactions. Almost all
food interactions were initiated by a non-possessing individu-
al, except five instances of proactive food sharing (for an
example cf. online resource 3, SV1). Only 21 % (n=216) of
all food interactions were direct attempts to take food, while
most food interactions (68 %, n=693) included at least one,
but often more elements of request behavior like extended
peering, manual and/or tactile gestures, or actions. In another
64 cases, the possessor acted on the mere approach of the
solicitor or tolerated collecting food. For 40 food interactions,
the request behavior could not be determined.

A variety of resistance behavior has been observed in re-
sponse to request. In 25 % of all instances of resistance, the
possessor showed no reaction until the solicitor stopped the
request, while slight resistance occurred in 3 %, moderate re-
sistance in 42 %, and strong resistance, which mainly consisted
in move away, in 26 %. Threat occurred only rarely (4 %).

The vast majority (94 %) of food transfers was tolerated;
either without any resistance (79 %) or with initial slight re-
sistance, which was ultimately abandoned (15 %). Tolerated
transfers occurred in several forms. In case of passive transfer,
tolerated taking was the most frequent transfer type (80 %).
For active transfers, active giving was the most common be-
havior (67 %), though facilitated taking was with 26 % quite
frequent.

Inmost cases, the amount of shared foodwas small, usually
a mouthful or less, and often of lower quality. However, there
were considerable exceptions: in some cases, a possessor di-
vided the food and handed over the larger piece, or the food
had been broken into large pieces which were subsequently
shared, or a solicitor was permitted to take several bites from
the pulp in a row (online resource 3, SV2–SV3).Moreover, all
parts of the pumpkins and melons including peels and seeds
were eatable; even the pineapple peels were totally consumed.
For active sharing, most instances (72 %, n=108) included

pieces of good quality, i.e., pulp, flesh, or seeds; only 19 %
(n=28) of the cases regarded low quality food, i.e., peel. For
the remaining 14 instances, the quality was not determinable.

Frequencies and patterns of food interactions within and
between the groups

Sharing within groups In total, we observed 955 food
interactions within the groups of which 728 cases were
identifiable with regard to tolerance. The number of food
interactions as well as the total proportion of food sharing,
i.e., the food-getting success (de Waal 1997a), and the
proportion of active sharing varied both across groups
(Table 3) and dyads (Fig. 2, also online resource 2,
SF5). While most interactions took place within the two
mother-daughter dyads (Berlin 125, Dortmund 112), the
food-getting success differed considerably between them
(Berlin 51.2 %, Dortmund 99.1 %). However, there were
two dyads of unrelated adults with both a high number of
interactions and a high proportion of sharing: the male-
female dyad Enche-Djasinga in Berlin (68 food interac-
tions, 91.2 % sharing) and the female-female dyad Suma-
Djamuna of the Dortmund group B (51 food interactions,
70.8 % sharing). On the other hand, although a large
number of food interactions took place in the female-
female dyad Njamuk-Djasinga in Berlin, the proportion
of sharing was very low (80 food interactions, 7.5 %
sharing).

Sharing between groups The setting in Dortmund was ex-
ceptional because the adjacent indoor enclosures enabled food
interactions between groups, while simultaneously the mesh
prevented harassment by members of the other group. In total,
we observed 63 food interactions of which 58 cases were
determinable with regard to tolerance (Table 3). Half of these
interactions took place between Toba and her older daughter
Tao, of which 75% ended in food sharing and all but one were
active. In some cases, Toba moved toward her requesting
daughter and held the whole pineapple in position to enable
Tao to bite off from the fruit, even at the very beginning of a
session and before Toba had had a proper bite for herself. The
other food interactions occurred mostly between the adult fe-
males, including two proactive transfers, and within the
female-male dyad Djamuna-Walter (Fig. 2, also online re-
source 3, SV4–SV7).

Comparison of active sharing in orangutans,
chimpanzees, and bonobos

For this analysis, we compared a subset of our data (cf.
section BMethods^) with the data from Jaeggi et al.
(2010a) and three more recent studies (Crick et al. 2013;
Silk et al. 2013; Yamamoto 2015). The data subset
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consisted of a total 368 food sharing events, of which
were 210 cases sharing with immatures (Berlin 75,

Dortmund A 102, Dortmund B 33) and 158 cases sharing
among adults (Berlin 91, Dortmund A 16, Dortmund B

Table 3 Frequencies of food interactions in the three study groups and
between the Dortmund groups. Food interactions, for which it was not
determinable whether a transfer took place or whether it was tolerated,
had to be excluded from the analysis. In Berlin, interactions were more
often hidden from view than in Dortmund, either by structures of the

enclosure or by the individuals themselves gathering around the
possessor. Those cases of food sharing, for which it was unclear
whether they were active or passive, were referred to as Bpassive or
active^

Berlin Dortmund A Dortmund B Intergroup Total

Food interactions 598 170 187 63 1018

Indeterminable 189 17 21 5 232

Identified cases 409 153 166 58 786

Number Percent (%)a Number Percent (%)a Number Percent (%)a Number Percent (%)a Number Percent (%)a

Food sharing 183 44.7 137 89.5 102 61.4 39 67.2 461 58.6

Passive transfer 97 23.7 98 64.1 62 37.3 10 17.2 267 34.0

Reactive transfer 71 17.4 23 15.0 25 15.1 26 44.8 145 18.4

Proactive transfer 1 0.2 2 1.3 0 0.0 2 3.5 5 0.6

Passive or active 14 3.4 14 9.2 15 9.0 1 1.7 44 5.6

No food sharing 226 55.3 16 10.5 64 38.5 19 32.8 325 41.4

Non-tolerated transfer 18 4.4 2 1.3 9 5.4 0 0.0 29 3.7

No transfer (resistance) 208 50.9 14 9.2 55 33.1 19 32.8 296 37.7

For all determinable cases (italicized numbers), both absolute and relative frequencies for interaction and transfer types are presented
a Totals may not sum exactly to 100 due to rounding

Fig. 2 Absolute frequencies of determinable food interactions (n= 786)
with regard to the transfer type for each dyad of the three study groups and
for interactions between the two Dortmund groups. Each bar represents a
particular dyad; black (at the bottom) indicates the proportion of
interactions that did not resulted in food transfer due to resistance by
the possessor, dark gray indicates non-tolerated transfer despite the

possessors’ resistance, while all other shades indicate food sharing,
differentiated with regard to the active involvement of the possessor.
The particular age-sex class for an individual is referred to as follows: f
adult female, m adult male, i immature. Mother-daughter dyads are
indicated with asterisks
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51). Comparing the proportions of active sharing between
adults across species, Sumatran orangutans were revealed
to share more frequently actively (median = 40.84) than
both bonobos (median = 0.0), chimpanzees (median = 0.2)
and Bornean orangutans (only one field study 0.0) (for
details cf. online resource 2, SF6). A comparison of the
genera Pongo vs. Pan, however, did not indicate a signif-
icant difference (Mann-Whitney’s U test: U = 33, exact
p= 0.23).

In a second analysis, which comprised only studies in cap-
tivity to eliminate potential effects of the setting, we compared
the proportion of active transfer for chimpanzees, bonobos,
and Sumatran orangutans (Fig. 3) and found a clear difference
between the species; while there were no active transfers
among adults in both bonobo studies, chimpanzees shared
considerably less actively than Sumatran orangutans (sharing
among adults: medianchimp=8.0 vs. medianorang =48.4; shar-
ing with infants/immatures: medianchimp = 3.41 vs.
medianorang =15.15). For the condition sharing among adults,
we found a significant difference between chimpanzees and
orangutans (Mann-Whitney’s U test: U=0, exact p=0.0357).

Factors that influence food sharing

We tested the impact of different factors on the probability of
food sharing by conducting a generalized linear mixed model.
The comparison of the full model with the test predictor social
relation (measure: PSI) excluded, but with all control vari-
ables and random effects included, and the null model with
those factors excluded revealed a clear effect of social relation
on the probability of food sharing (likelihood ratio test:
χ2 =9.069, df=1, p=0.003; Table 4). More precisely, the in-
dividual probability to share food with another conspecific
increased with the strength of their social relationship, as in-
dicated by their corresponding PSI. The estimated effect of
PSI as relative odds ratio shows that if the PSI increases by
one unit, the predicted probability to share increases by factor
7.96, with all other factors constant. Furthermore, the model
revealed a significant effect of food value, which was a fixed
effect we controlled for (Table 4). Medium-preferred food
increased the probability of sharing compared to highly pre-
ferred food. However, since we determined influential cases
on both levels of random effects, which could not be excluded,
this result has to be treated with caution. The latency between
food monopolization by the possessor and the actual food
interaction (latency with regard to monopolization) as a mea-
sure of the degree of repletion had no obvious impact on the
probability of food sharing. Overall, the predictions derived
by the model support our hypothesis on the effect of social
relation on food sharing (Table 4).

Due to its collinearity with social relation, we could not
include kin relation as a separate predictor into the model (cf.
section BMethods^). However, when we ran a respective ex-
panded model while ignoring the collinearity, neither did this
alter the level of significance of social relation (likelihood
ratio test: χ2 =9.041, p=0.0026), nor was kin relation a sig-
nificant predictor itself (p=0.719). The comparison of the
expanded model with the original full model revealed no sig-
nificant improvement due to the inclusion of kin relation
(p=0.712, for more details cf. online resource 1, ST10).

Discussion

The current study demonstrated that provisioning socially
housed Sumatran orangutans with a monopolizable food item
induced a large number and variety of food interactions
among individuals of all age and sex classes, which frequently
resulted in tolerated, often active transfers. Although the un-
equal possession of food created a potential conflict situation,
both forced transfers despite the possessor’s resistance and
aggressive responses to requests were uncommon. Request
behavior very often involved persistent periods of peering
and begging gestures awaiting a reaction, even by males and
dominant females. This reflects inhibitory control in the

Fig. 3 Percentage of active sharing in tolerated transfers for bonobos,
chimpanzees and Sumatran orangutans in studies with a captive setting.
The additional Binf.^ following the species name means sharing with
infants, Bim.^ means sharing with immatures and Bad.^ means sharing
among adults. Black triangles show data points, each referring to a study
or independent group within a study. Boxplots summarize these data for
the particular species and condition. Horizontal black lines indicate
medians, colored boxes indicate interquartile ranges, whiskers indicate
minima and maxima, and outliers are plotted as single data points. The
numbers below the species names indicate the number of data points. The
brace with asterisk indicates a significant difference. The data of the
following Pan studies have been retrieved from a meta-analysis by
Jaeggi et al. (2010a), Electronic supplementary information, Table S2):
deWaal (1992) and Jaeggi et al. (2010c) for bonobos; deWaal (1989); de
Waal (1997a) and Jaeggi et al. (2010c) for chimpanzees. These data have
been supplemented with results from Crick et al. (2013) and Silk et al.
(2013) for chimpanzees and from the present study for Sumatran
orangutans
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presence of food by the solicitor and tolerance by the posses-
sor which is consistent with more general observations that
captive orangutan rarely engage in severe agonistic interac-
tions (Jantschke 1972; Edwards and Snowdon 1980; Poole
1987) and show a moderate social tolerance (Amici et al.
2012), despite their unusual group structure in the zoo.

Social bonds and selective food sharing

While food sharing was frequent across groups, the probabil-
ity for an individual to share food with another one increased
with their relationship quality. Food sharing was not restricted
to mother-offspring dyads which are naturally closely bonded
(van Noordwijk and van Schaik 2005), but occurred frequent-
ly also among particular unrelated adults, both of the same sex
and different sexes. Moreover, in Dortmund, food sharing
took place even between groups, i.e., among individuals
who were separately housed during the winter, but joined each
other during the summer. Although the steel mesh between the
groups restricted their opportunities to interact, it apparently
did not prevent long-term associates from maintaining their
relationships.

Especially the found selective sharing among adults con-
curs with the approach by Jaeggi and Gurven (2013a). They
suggested that the actual readiness to share food depends on
the value of the partner and therefore on their relationship
history consisting of a succession of social interactions, in-
cluding given, received, and denied benefits, which modulates
the sharing psychology. In the wild, adult orangutans do not
form coalitions, neither males nor females, and are barely
involved in affiliative interaction (Utami Atmoko et al.
2009b; van Noordwijk et al. 2012). In captivity, on the other
hand, orangutans regularly engage in affiliative interactions,
e.g., social play (Jantschke 1972; Zucker et al. 1978, 1986),
contact sitting and—though less frequently—allogrooming
(Edwards and Snowdon 1980; Maple 1980), and even third-
party intervention to cease conflicts (Tajima and Kurotori
2010; KSK and KL unpublished data). We therefore suggest
that food sharing alongside other affiliative behaviors might
serve as a means to strengthen social bonds in captive orang-
utans as in other primate species.

Mother-offspring sharing We found high proportions of
food sharing within the mother-daughter dyads, even when

they were housed in neighboring groups, which concurs with
observations in the wild, where sharing with offspring pro-
vides nutritional, but mainly informational benefits (Jaeggi
et al. 2010b). Mothers, who are—at least until weaning—the
only role models for young orangutans to acquire essential
skills as to identify and process eatable food, frequently com-
ply to begging infants and even facilitate the access to food
(van Noordwijk et al. 2009). After weaning, mothers and their
offspring spent increasingly less time in association and
mothers become less tolerant toward their older offspring,
especially when a new sibling has been born (van
Noordwijk and van Schaik 2005; Jaeggi et al. 2008).
However, there seems to be individual and—probably—spe-
cies variation with regard to closeness and duration of those
post-weaning relationships in orangutans (van Noordwijk
et al. 2009). In our study, the mother in the Dortmund group
A complied with the majority of requests by her independent
immature daughter in the neighbored enclosure indicating still
strong bonds between them. Our finding that nearly all solic-
itations by the dependent immature in Dortmund resulted in
food transfer, while only half of the solicitations by the inde-
pendent one in Berlin were successful, might reflect the de-
crease of food sharing with age observed under natural con-
ditions (van Noordwijk and van Schaik 2005; Jaeggi et al.
2008), though, given the small sample size, these data are
not representative.

Sharing between sexes Both males were largely tolerant
when they were in possession of food. While the male in
Dortmund monopolized the food only on a few occasions,
the male in Berlin particularly monopolized high-valued food
and shared preferentially with the female with whom he was
most closely associated. The male in Dortmund even received
food from a female of the neighboring group. These findings
concur with reports on female partner choice and male-female
food sharing within consortships and the hypothesis that male
generosity and tolerance in the presence of food might have
been favored by sexual selection (Utami Atmoko et al. 2009a;
van Noordwijk and van Schaik 2009). But again, the sample
size hardly allows for an extrapolation.

Sharing within sex Food sharing also occurred frequently
among unrelated females with close social relationships,
which recently has been demonstrated also for captive

Table 4 Estimated coefficients,
standard error (SE), confidence
intervals (lower CI at 2.5 % and
upper CI at 97.5 %) and results of
likelihood ratio tests (χ2 and p) of
the GLMM

Term Estimate SE Lower CI Upper CI χ2 p

Intercept −3.460 0.716 −5.055 −2.001 a a

Social relation (PSI) 2.075 0.399 1.144 2.855 9.069 0.0026

Food value (medium) 1.016 0.272 0.492 1.564 14.895 <0.001

Latency w.r.t. monop. 0.052 0.105 −0.153 0.260 0.246 0.6198

aNot shown, since there is no meaningful interpretation
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chimpanzees (Eppley et al. 2013). Long-term studies on wild
orangutans provide evidence for female philopatry, which is
uncommon in other great apes and most probably has an im-
pact on female association and bonding (van Schaik 1999;
Singleton et al. 2009; Arora et al. 2012; van Noordwijk et al.
2012). While mature males disperse, orangutan females tend
to stay in their natal area (Mitra Setia et al. 2009). Maternally
related females form clusters, show more tolerance and less
aggression, and frequently associate among each other.Within
these Bsafe^ associations with familiar relatives, females tol-
erate or even enable social play among their offspring, which
probably promotes the development of motor and cognitive
skills and behavioral flexibility. Moreover, immatures might
improve their ecological competence by social learning from
other trustworthy role models than their mothers (van
Noordwijk et al. 2012). While affiliative interactions among
females themselves are uncommon in Bornean populations; in
Sumatra, feeding in proximity and occasional food sharing
has been observed (Singleton and van Schaik 2002).
Although the question of direct fitness benefits for females
is still unsettled, the observed patterns strongly suggest that
female philopatry is an effective selection pressure in favor of
social tolerance and bonding among maternally related,
familiar females (van Noordwijk et al. 2012). The fact that
most intergroup transfers in Dortmund took place between a
female and her older daughter is in line with this explanation.
Contrary to natural female clusters, our study groups also
comprised unrelated females. However, although they had all
been reared in different zoos, at the time of our study, they had
already lived together for 5–8 years and had developed
differentially strong long-term relationships, as proxied with
the PSI. We suggest that food sharing among unrelated, but
familiar females demonstrates the orangutan’s flexibility to use
particular behaviors and abilities, which have evolved for other
reasons, to meet the challenges of permanent group life.

In summary, informational dependence from the mother,
female choice and female philopatry might have been effec-
tive selection pressures in favor of tolerant tendencies and
social bonding and correspondingly might have shaped the
species-specific sharing psychologies (Jaeggi and Gurven
2013a) in orangutans.

Unfortunately, it was not possible to provide a statistical
prediction for the effect of relationship quality on the proba-
bility for sharing actively. Since sharing with immatures is
mostly passive in non-human primates (Jaeggi et al. 2010a)
and at the same time the strongest bonds are those between
mothers and their immature offspring, we had to exclude im-
matures as solicitors to avoid this antagonizing effect, which
resulted in a sample size too small and with data too unbal-
anced to build a stable model. In further studies, the effect of
relationship quality on the probability of active sharing should
be investigated by including more and larger groups with un-
related adults.

Active sharing across species

In the current study, orangutans engaged significantly
more frequently in active food transfers than chimpanzees
in similar studies. Species-specific sharing psychologies
and differences in resulting behaviors are most likely
due to different past selection pressures, i.e., differential
necessities for sharing or needs for partners (Jaeggi et al.
2010a; Jaeggi and Gurven 2013a). Female philopatry has
probably been a relevant selection pressure for orangu-
tans, but not for chimpanzees (van Noordwijk et al.
2012), for whom need for supporters and direct food com-
petition were probably more important. Reactive food
transfer, the almost only type of active transfer in great
apes, requires certain cognitive abilities in both sharing
partners, especially inhibitory control as well as the pro-
duction and the comprehension of signals of need (Jaeggi
and Gurven 2013a). However, while these cognitive pre-
conditions are present in great apes (Pika et al. 2005;
Amici et al. 2008), direct food competition might have
been a much stronger selective pressure in favor of suc-
cessful competitive behavior for chimpanzees than for
orangutans (Pelé et al. 2009), who adopted dispersion as
a strategy to avoid direct food competition. This might
have led to differing predispositions for active food shar-
ing. A similar explanation has been suggested by
Shumaker et al. (2001), who found that orangutans show
better results than chimpanzees in a particular physical
cognition task that required inhibitory control when
confronted with highly preferred food (but see Vlamings
et al. 2006). The fact that actively sharing orangutans in
our study transferred more frequently good quality food
than low quality food, which is contrary to findings for
chimpanzee (Ueno and Matsuzawa 2004), also suggests
different sharing psychologies with regard to active
sharing.

It might be argued that the found species difference in
active sharing may rather be the result of different food types
used in tests with chimpanzees and orangutans, respectively.
We cannot exclude that the food type has an influence on the
sharing type. For example, in contrast to the provided food in
our study, leafy branches or paper bags filled with vegetables
as used in a part of the Pan studies (de Waal 1989, 1992,
1997a; Jaeggi et al. 2010c; Crick et al. 2013) are less compact
and therefore more difficult to monopolize. The effort of
defending them could be more costly than tolerating the oc-
casional taking, which might result in a lower proportion of
active in favor of passive sharing. However, other studies with
chimpanzees included in this comparison used ice blocks con-
taining banana sections or peanuts (Crick et al. 2013; Silk
et al. 2013) which were as compact and defensible as pump-
kins, melons, and pineapples provided in our study. Crick
et al. (2013), who used both branches and ice blocks, found
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that trials with ice blocks induced more active sharing than
those with branches, but the difference was not significant.
Moreover, despite the usage of paper bags, the chimpanzees
in the study by Jaeggi et al. (2010c) shared more often actively
than in the studies using ice blocks (Crick et al. 2013; Silk
et al. 2013). To investigate the possible separate effects of
species-specific sharing psychologies and food type, food
sharing in chimpanzees, bonobos, and Bornean orangutans
should be similarly tested with large fruits as used in our study.

Proximate aspects

Psychological and contextual aspects of food sharing and
other prosocial behaviors in non-human primates receive
increasing attention (e.g., Penner et al. 2005; Schino and
Aureli 2009; Cronin 2012; Yamamoto and Takimoto
2012). However it is often difficult to determine the actual
motivations that bring about food sharing (de Waal and
Suchak 2010), or to reliably identify whether the food is
transferred voluntarily (e.g., Bullinger et al. 2013).
Therefore, we conducted our analysis on the behavioral in-
stead of motivational level to categorize transfers with re-
gard to their tolerance, identified by certain request and re-
sistance behaviors and the possessor’s active contribution to
the transfer. This approach allows for ascribing directedness
and intentionality to active food transfers at least (Pelé et al.
2009). Moreover, the two neighboring groups in Dortmund
engaged repeatedly, mostly actively, in food transfers
through the mesh. These instances indicated that sharing
occurred voluntarily, because the possessor would have
had the opportunity to feed outside the reach of their neigh-
bors, but instead stayed close to the mesh and actively trans-
ferred food to particular individuals. To gain deeper insight
into proximate mechanisms of food sharing and bonding,
future studies on socially housed orangutans should account
for the dynamic of social relationships within groups and the
relationship between food sharing and relationship quality.

Methodological issues

The test setting did not allow for investigating the value of
sharing partners with regard to direct, short-term reciprocity,
because food possession was not equally distributed among
the individuals. Most individuals who received food were
rarely in a position to give food. Nonetheless, we do not con-
sider this as a flaw of the study design. In contrast to previous
studies with pre-established dyads (e.g., de Waal 1997b;
Burkart et al. 2007; Hare and Kwetuenda 2010), the current
study—as in similar studies with chimpanzees and bonobos
(e.g., deWaal 1989; Jaeggi et al. 2010c; Crick et al. 2013; Silk
et al. 2013)—enabled the individuals to potentially interact
with all other individuals of their respective group and to
choose with whom to share.

Summary

In this study, we investigated the behavior of captive, group-
living orangutans in the context of food sharing.We found that
orangutans, when provided with monopolizable food, shared
frequently, selectively, and actively with close social partners.
A comparison with the results of previous studies demonstrat-
ed a significantly higher proportion of active transfers than
found for captive chimpanzees. These results support recent
findings from long-term studies onwild populations regarding
the role and evolution of social bonds in orangutans.
Moreover, since permanent group living differs from their
social organization in the wild, the observed complex food
interactions indicate a remarkable flexibility of orangutans’
social behavior in captive settings.
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