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Summary 

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. 
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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 related offspring is relatively common in various 

animal taxa (Clutton-Brock, 1991; Ydenberg, 1994; Brown et al., 

2004), and its evolution can be explained by kin selection 

(Hamilton, 1964). In contrast, sharing among independent 

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 questions 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 
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chimpanzees: reciprocity and harassment. 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 currency such as coalitions or mating). This hypothesis 

is supported by previous studies on chimpanzees, which 

detected statistical associations between sharing food with 

socially established partners (de Waal, 1989a, 1997; Mitani & 

Watts, 2001; Gomes & Boesch, 2009; Hockings et al., 2007). 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. sharing 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 experimental studies involving chimpanzees 

(Stevens, 2004; Gilby, 2006; Gilby et al., 2010), and it provides a 

more simple and parsimonious explanation for sharing 

behaviour (Stevens & Gilby, 2004; Stevens & Hauser, 2004). 
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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 chimpanzees (e.g. in Gombe: Goodall, 1986; 

Teleki, 1973; in Mahale: Kawanaka, 1982; Nishida et al., 1992; 

in Kibale: Mitani & Watts, 1999, 2001; and in Tai: Boesch, 1994; 

Boesch & Boesch, 1989). Meat is a rare commodity and at some 

sites might be difficult to obtain without cooperation between 

individuals (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 comparative 

context, adult male chimpanzees at Bossou often enter 'risky' 

parts of their habitat to acquire large cultivated foods. In these 

cases, only a few ‘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). 
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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; however, 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 characterized 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 mutualism, is a more plausible explanation than 

reciprocity (Fruth & Hohmann, 2002) because sharing increased 

with the number of beggars. Lomako bonobos 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 mutually 
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benefited. Meanwhile, detailed video analysis of meat and fruit 

sharing by a specific dyad of non-kin adult female bonobos in 

Wamba forest suggested that neither reciprocity nor 

harassment appeared to completely explain 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 differential 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, considering 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 
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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 cooperative task and subsequent co-feeding 

(Hare et al., 2007). The bonobos even exhibited a preference for 

voluntary food sharing rather than eating alone with 

monopolizable food sources (Hare & Kwetuenda, 2010), even 

with unfamiliar individuals (Tan & Hare, 2013). However, an 

experimental study with chimpanzees and bonobos in several 

European zoos reported the opposite; 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 difference. 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 
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this sense, comparisons between bonobo field sites where food 

sharing can be frequently observed are important to obtain 

ecological insights into the nature 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 established a 

tracking record that began 1976 and allows for individual 

identification. Thus, I could investigate the detailed social 

relationships among sharing individuals. The excellent 

observational conditions and rich environment 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 (Fruth & Hohmann, 

2002; Hirata et al., 2010; Kano, 1980; Kuroda, 1984; White, 

1994).  

 The shared item, i.e. abundant fruit and not rare meat, 
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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 individual could acquire more of the 

same food by implementing an alternate strategy, another 

perspective may be required to understand this sharing 

behaviour (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 than meat in the 

chimpanzee studies and Treculia fruit in the bonobo studies 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 0.49 Treculia fruits on average were eaten per 
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day in Lomako (Fruth & Hohmann, 2002). On the basis of these 

quantitative data, I examine some previously postulated 

hypotheses and propose another hypothesis from the recipient’s 

perspective to explain this sharing behaviour and its evolution.  

 

Materials and methods 

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 the 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 to 7: juvenile, 8 to 14: adolescent, ≥15: adult; and I 

adjusted it for the purpose of the present study. In the present 
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study, the distinction between a dependent infant and a juvenile 

was based on whether an individual was carried by his/her 

mother or walked independently 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. I categorized a young female as juvenile 

if she remained in her natal group. Corresponding to this 

categorization of females, I used females’ average emigration 

age, i.e. 8 years (Furuichi, 1989; Furuichi et al., 1998, 2012; 

Hashimoto, 1997; Hashimoto et al., 2008), for the categorization 

of males into juveniles and adults. The distinction between 

adolescent and adult is not so meaningful for the present study, 

and thereafter I fused these two as “adult”. In this study, I 

focused on sharing among independent 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 independent individuals were considered. For each 
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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 previously described 

by Kano (1992), Furuichi et al. (1998, 2012), Hashimoto et al. 

(2008) and Idani et al. (2008).  

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 
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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 process 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).  

 

 <Figure 1 around here> 

 

 I defined food sharing as the unresisted transfer of food 

from A (the owner) to B (the recipient) (Feistner & McGrew, 

1989; Kano, 1980; Kuroda, 1984). 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 
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(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). 

 Based on Jaeggi et al. (2010b) and other psychological 

experimental studies of ape prosociality (Ueno & Matsuzawa, 

2004; Warneken, et al., 2007; Yamamoto et al., 2009, 2012), I 

examined which individual, the owner or recipient, 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 taking upon the recipient’s begging; and 

passive transfer where the owner did not facilitate taking but 

they simply tolerated the recipient’s taking. 
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 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 Furuichi (1989)) was often included in the category of 

‘begging’ in previous studies (Gilby, 2006; Fruth & Hohmann, 

2002). However, I excluded this from my ‘begging’ category 

because (1) close observation has almost no effect on the 

soliciting of sharing (Furuichi, 1989; Kuroda, 1984); (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 
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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 agonistic interactions and non-agonistic 

displacement (approach–retreat). With the help of experienced 

local assistants, I confirmed dominant–subordinate 

relationships 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.  
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 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’.  

 

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.  

 

 <Table 1 around here> 

 

Junglesop fruit eating 

 The junglesop fruit was obtained independently by 
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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 (Table 3), although the adult 

females consumed them more frequently and the adult males 

and juveniles consumed them less than expected, based on the 

number of individuals in each age–sex class (age–sex class, 

observed versus expected: adult female, 531 versus 409.5; adult 

male, 290 versus 368.6; juvenile female, 12 versus 41.0; juvenile 

male, 68 versus 81.9; χ2 = 75.6, 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. 
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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. 

 

 <Table 2 & 3 around here> 

 

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 

individuals (non-kin sharing) and 55 (36.7%) between 

independent kin individuals (sharing between mother and 

offspring or between brothers). Analysis of the age–sex class of 
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the owners and recipients in all the sharing events showed that 

adult females account for the majority of either role (Table 3). 

Adult females accounted for 92.7% of the owners, whereas adult 

males accounted for only 7.3%. Sharing never originated from 

juvenile individuals. 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 recipients (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%, respectively). 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 females; 17.9% juvenile 

males; there was no adult male recipient).  

 

 <Figure 2 around here> 

 

 No significant relationship was observed between the 

number of times of individual eating and the number of times of 
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receiving [Pearson’s product-moment correlation: t = 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.  

 

 <Figure 3 around here> 

 

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; 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 
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events), An (three events) and Nv (two events).  

 

 <Figure 4 around here> 

 

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 [Tau Kr-test: 

Tau Kr = 0.068, permutations = 2000, Pr (one-tailed probability 

value in the right tail of the permutation distribution) = 0.22] 

nor with the 95 non-kin sharing [Tau Kr-test: Tau Kr = 0.074, 

permutations = 2000, Pr = 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 subordinates. Among 150 sharing events, 129 

events (86.0%) were from dominants to subordinates, 10(6.7%) 

were from subordinates to dominants and 11 (7.3%) were 



25 
 

between individuals where the dominance relationship was 

ambiguous.  

 Next, I examined whether a recipient received fruits 

from a specific individual. 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 received 

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 recipient 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).  

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 
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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%).  

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 
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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.  

 

Discussion 

 The present study demonstrates peaceful fruit sharing 

among wild bonobos 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 

abundant compared to meat, and could be obtained without any 

cooperation or specialized skills. Bonobos also share meat 

infrequently, but there is no reported evidence of group 

cooperation in hunting (Fruth & Hohmann, 2002; Hirata et al., 
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2010; Hohmann & Fruth, 2008; Ihobe, 1992; Ingmanson & Ihobe, 

1992; Surbeck & Hohmann, 2008; White, 1994). 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 precious 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 others. 

This clearly shows that bonobos do not share food because the 

recipients cannot obtain the target food by themselves. This is 

one of the clear differences 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 
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among chimpanzees at some sites, but it does not appear to be 

a good explanation for fruit sharing 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 previous 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 

frequent and supporting behaviours among females 

(particularly support from a subordinate to a dominant) are not 

conspicuous, although mothers often support their sons (Kano, 
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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 bonobos’ 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 reciprocity 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, 
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may disprove their expectation of future benefits, which is 

assumed in the reciprocal hypothesis.  

 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 and Hohmann (2002) suggested 

that the owners benefited by sharing with only a small number 

of recipients who assisted them in defending their possession of 
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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 between bonobos and 

chimpanzees, the present study also suggests that there are 

differences among the sites where wild bonobos were studied. In 

comparison with Lomako, Wamba seems to have greater 

quantities of sharable fruit. In the present study, 7.1 fruits 
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(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 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 greatest 

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.  
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 This analysis of fruit sharing in bonobos encouraged us 

to investigate the sharing interactions from the viewpoint of the 

recipients. It may be interesting 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 access to junglesop fruits was not 

severely restricted during the study period and even 

subordinate males who are considered to have the least access 

priority to food (Furuichi, 1989, 1997; Kano, 1992; White & 

Wood, 2007) could eat the fruit without any expectation of 

sharing. The results show that individuals 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 (Furuichi, 2011; Idani, 1991; Kano, 1992). It is 

also possible that the subordinates begged to strengthen social 

bonds, rather than to obtain the food itself, i.e. ‘courtesy’ food 
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sharing. Of course, the food itself would still have been 

attractive to them and this cannot be excluded; however, the 

begging-for-social bond hypothesis may be a better explanation 

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 considerable differences 

between the two study sites in terms of the food types shared 

and the sharing frequency, which might have been influenced by 

possible differences in the fruit and tree compositions between 

the two forests. At present, however, no exact comparative data 
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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 frequency 

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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Table 1. Shared food types among independent individuals 

observed in the Wamba E1 group.  

Species *1 Local name Food 

type 

Size of 

food *2 

# 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 Bofiningo Fruit Small 1 
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congolana 

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 

*1: The species identification of plant food referred to Idani et 

al.’s (1994) plant list. 
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*2: 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 

# of fruits 

eaten 

# of fruits 

shared 

Shared/eaten 

(%) 

2010 35 337 54 16.0 

2011 37 347 56 16.1 

2012 37 2 2 100 

2013 20 215 13 6.1 

Total 127 901 125 13.9 
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Table 3. Numbers of junglesop (Anonidium mannii) fruit eaten 

and shared by each age–sex class of independent individuals. 

The number of individuals in each age-sex class in the E1 group 

is represented by the median number throughout the study 

periods. “Adult” in the present study includes adolescent and 

adult individuals in the typical categorization (Hashimoto, 

1997) (see text for details of age-sex categorization). 

Eaten individually (%) Shared to     

from Adult 

female 

Adult 

male 

Juvenile 

female 

Juvenile 

male 

Total (%) 

Adult female 

(median N = 10) 

531 (58.9) Adult 

female 

72 5 16 46 139 (92.7) 

Adult male  

(median N = 9) 

290 (32.2) Adult 

male 

4 0 0 7 11 (7.3) 

Juvenile female 

(median N = 1) 

12 (1.3) Juvenile 

female 

0 0 0 0 0 (0.0) 

Juvenile male 

(median N = 2) 

68 (7.5) Juvenile 

male 

0 0 0 0 0 (0.0) 

Total 901 (100) Total (%) 76 (50.7) 5 (3.3) 16 (10.7) 53(35.3) 150 (100) 
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Figure captions 

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). 

 

Figure 2. Sharing between adult females. Sl (above) begged for 

a portion of junglesop (Anonidium mannii) fruit from Nv’s 

mouth. (photo by Shinya Yamamoto). 

 

Figure 3. Numbers of times eating junglesop fruits individually 

and receiving them through sharing. Each dot represents an 

independent individual.  

 

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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