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Abstract

Chimpanzees hunt cooperatively in the wild, but the factors influencing food sharing after
the hunt are not well understood. In an experimental study, groups of three captive chimpan-
zees obtained a monopolizable food resource, either via two individuals cooperating (with
the third as bystander) or via one individual acting alone alongside two bystanders. The indi-
vidual that obtained the resource first retained most of the food but the other two individuals
attempted to obtain food from the "captor" by begging. We found the main predictor of the
overall amount of food obtained by bystanders was proximity to the food at the moment it
was obtained by the captor. Whether or not an individual had cooperated to obtain the food
had no effect. Interestingly, however, cooperators begged more from captors than did
bystanders, suggesting that they were more motivated or had a greater expectation to
obtain food. These results suggest that while chimpanzee captors in cooperative hunting
may not reward cooperative participation directly, cooperators may influence sharing behav-
ior through increased begging.

Introduction

Sharing the spoils of cooperatively gained rewards is key to maintaining cooperation. Human
societies often have very clear rules about how the products of collaborative hunting or forag-
ing should be shared among the participants and the wider community [1]. Chimpanzees, one
of our closest living relatives, are known to hunt in groups and share the meat amongst group
members [2]. This behavior is of particular interest to understanding the evolution of human
cooperation. In the following experiment we aim to investigate the factors influencing the dis-
tribution of cooperatively gained resources amongst chimpanzees.

Group hunting of medium-sized mammals is widespread across chimpanzee communities.
There is variation between communities in many aspects of the hunt; including the preferred
prey, the composition of hunting parties, and how a hunt unfolds (see [3] for a review) but,
typically, on encountering potential prey (usually arboreal monkeys) one or more male chim-
panzees will initiate the chase through the canopy and others may join. A successful hunt can
result in capture of several prey, the largest portion of which the captor(s) retain. However, a
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significant proportion of the group get meat, including bystanders who did not take part in the
hunt [3].

Boesch [4] found participants in the hunt in Tai National Parkgained access to more meat
than bystanders and suggested that it was because they participated in the collaborative activity
and captors or meat possessors rewarded their partners’ efforts. This implies that the possessor
recognizes the merit of their collaborative partners, skills that are seen in human children from
around the age of 3-4 (e.g. [5-7]. If sharing is determined by participation in the hunt it would
suggest that chimpanzees have an enforcement mechanism to sustain cooperation in groups,
and would explain why individuals will initiate a hunt even if they are unlikely to be the cap-
tors [8]. However, there is evidence from chimpanzees in Gombe National Park suggesting
that sharing is primarily determined by begging [9]. Begging behaviors can take several forms,
such as sitting next to the possessor and staring at the meat or reaching towards the carcass.
The authors considered begging to be harassment when the beggar touched the carcass or pos-
sessor, and there is evidence suggesting that such begging reduces possessor’s feeding speed
[9]. Although sharing is costly to the possessor it also produces an immediate gain by reducing
harassment from others. There is also some evidence for sharing with preferred social or mat-
ing partners [10]. Some of these factors could result in the same distribution pattern as
described by Boesch (4). For example: if hunters are closer to the captor at the time of capture
than the average bystander they may gain more meat as a byproduct of proximity (opportu-
nity). A more recent study (31) in the same chimpanzee population has also found evidence
that participation in the hunt predicts access to meat afterwards. This study measured patterns
of begging and harassment and found that both hunters and bystanders begged and harassed
at similar levels (in this case the authors considered begging to be harassment as whenever beg-
ging resulted in a change in the possessor’s feeding behavior or posture, which differs from the
definition described above which defined harassment as contact from the beggar to the posses-
sor or meat). The study also discusses that the results are unlikely to be an artifact of hunters
being more motivated or closer to the captor (31). However, proximity was not a variable ana-
lyzed in this study and which can be difficult to incorporate in an observational study. Thus,
the aim of the present study is to investigate the proximate mechanisms underlying distribu-
tion patterns experimentally with captive chimpanzees.

Captive populations do not have the opportunity to hunt but they do share food, including
desirable and rare items [11-14]. Previous experimental studies portray a complex relationship
between sharing and cooperation. Melis and colleagues [15] found both that making food
more monopolisable (more like captured prey) decreased cooperation success (Experiment 1)
and that increased sharing between partners was associated with higher cooperative success
(via tolerance; Experiment 2). In addition, two other studies looked specifically at the effects of
collaboration on sharing behaviour. Hamann and colleagues [16] tested whether chimpanzees
were more likely to share food they had obtained by working together (by operating an appara-
tus together) in comparison to food released by an experimenter. They did not find that coop-
eration increased the likelihood to share but the rate of sharing was very low overall and the
mechanism that allowed sharing was quite different from what would occur in the wild where
individuals are in close proximity to each other. Melis, Schneider & Tomasello [17] enabled
more typical sharing behavior in another study. They manipulated whether chimpanzees
acquired food through cooperation (the loose string task) or individual work. In addition, they
manipulated the distance a potential recipient was at the point of ‘capture’, thereby testing one
simple alternative explanation offered for the patterns of meat distribution described by
Boesch (4). The clear finding was that cooperating had no effect on the amount of food a non-
captor obtained. Instead, the non-captor’s proximity to the food at the point of retrieval
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predicted sharing. These studies would suggest that the division of the spoils is not influenced
by the role an individual had in the acquisition process.

In the current study we seek to expand the study by Melis and colleagues [17] by investigat-
ing the sharing patterns between three individuals as opposed to the dyads tested in the origi-
nal study. With three individuals the roles of interest—captor, helper and bystander- emerge
naturally within the same interaction. This is more comparable to the hunting context in the
wild in which there are several potential recipients present. The simultaneous presence of help-
ers and bystanders can also facilitate a comparison between the two roles, potentially making it
easier for captors to choose with whom to share. If captors recognize and reward the role help-
ers play in acquiring the resource we expect helpers to gain access to more of the reward than
bystanders. Therefore, we analyzed sharing and begging patterns after collaborative food
acquisition with regard to the role individuals played (helper vs. bystander, excluding the
“food captor”), and the proximity to the captor. We also ran a control (solo) condition, in
which one chimpanzee alone obtained the food. The goal was to compare sharing levels with
the helper individuals in the cooperation condition to those with the same individual in the
solo condition when they were a bystander.

Materials and methods

The research was approved by the management, board members and veterinarian at the Chim-
panzee Sanctuary and Wildlife Conservation Trust (CSWCT). It was also approved by the Ugan-
dan National Council for Science and Technology (EC635) and Uganda Wildlife Authority.

Thirteen unrelated chimpanzees (M = 14.77 years, range = 12 to 21 years; 8 male, 5 female)
living at Ngamba Island Chimpanzee Sanctuary, Uganda (www.ngambaisland.com) partici-
pated in this experiment. The chimpanzees at the sanctuary (47 at the time of the current
study) are orphans rescued from illegal pet and bushmeat trade and remain at sanctuary for
their lifetime. They have access to 95 acres of secondary forest during the day. In the evening,
they can choose to enter a roofed enclosure to sleep (approx. 140m?). The chimpanzees receive
four feedings per day in addition to food available in the forest and ad libitum access to water.
Testing takes place in the roofed enclosure in the morning and participation is voluntary. The
chimpanzees were not deprived of food or water at any point during the study.

All subjects had previously participated in Melis, Schneider & Tomasello [17] and demon-
strated their collaborative problem-solving abilities in several other previous experimental
studies (e.g. [15, 17, 18]. They had all demonstrated that they understood the need to coordi-
nate their behavior with that of their partner to succeed in the collaboration task used in this
study. The chimpanzees were grouped into eight tolerant triads, based on the knowledge from
long-term caretakers. Each individual was a member of up to two triads, see Table A in S1 File
for triad composition.

The apparatus was a flat 3.4m long platform with a food dish in the center, also used in pre-
vious collaborative problem-solving tasks (e.g. [15, 18]. The apparatus was placed 1 m outside
the test enclosure, out of reach for the subjects (see Fig 1). The test enclosure was 5m x 3m x
4m.

Before the test phase, we performed dominance tests according to the methods in Melis and
colleagues [17] to establish the dominance hierarchy within each triad. Each pair completed
one session of six trials. The apparatus was set-up with a single rope and was baited with two
banana slices. Two individuals entered the testing room together and the individual monopo-
lizing the platform in the majority of trials determined dominance.

All triads participated in two experimental conditions: solo and cooperation. In both condi-
tions, the platform was placed outside the testing enclosure and was baited with a
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Fig 1. Experimental set-up for a) the solo condition and b) the cooperation condition. The individual who obtained the food was considered the captor (C); the other
rope-pulling individual was considered the helper (H, Cooperation condition only); any individual not involved in food acquisition were considered bystander (B).

https://doi.org/10.1371/journal.pone.0222795.9001

monopolizable food item (half a watermelon or half a papaya). In the solo condition a rope
(1.6 m) was attached to the center of the platform with the end placed inside the testing enclo-
sure. All three individuals were allowed to enter the room simultaneously and one individual
alone could pull the platform within reach. The individual who obtained the food was consid-
ered the “captor”; the other two were considered “bystanders” (Fig 1A).

In the cooperation condition a longer rope (5.8 m) was placed through the loops on top and
across the length of the platform. Both ends of the rope extended from the platform through
the metal bars into the test enclosure but were too far apart for one individual to pull both
ends alone (approx. 3m apart). Again, all three individuals entered the room simultaneously.
Two individuals needed to collaborate to pull the tray within reach. We considered the indi-
vidual who pulled one end of the rope and obtained the food the “captor” (the individual first
accessing the food was also always one of the two pulling the ropes); the other rope-pulling
individual was considered the “helper”. The individual not involved in food acquisition was
considered the “bystander” (see Fig 1B).

Each triad received six trials per condition but only one trial per day. The order of the con-
ditions was randomized within triads across sessions, with the caveat that the same condition
never occurred for more than two consecutive sessions. The type of food (either papaya or
watermelon) alternated across sessions. Trials in which the triads did not succeed in pulling
the tray were repeated a maximum of two times per session. If they did not succeed on the
third attempt, the trial was considered unsuccessful and not repeated. Testing continued the
following day with the next condition. If one individual was able to pull the tray in alone in the
cooperation trial, the trial was cancelled and repeated after the triad was finished with all other
test trials (8.33% of the cooperation trials were repeated for this reason).

Coding

All trials were filmed and recorded with two non-stationary video cameras following the indi-
viduals handling of food. To quantify sharing we measured the time spent feeding (time spent
chewing) in each trial. Analyses were conducted using the percentage of time feeding per trial.
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A trial lasted from the moment one individual touched the food for the first time until the last
piece of food was consumed.

Additionally, we coded four different kinds of begging behavior following the categories
used by Gilby (9):

i. Sitting and staring: beggar is located within arms” reach of the food possessor, bodily ori-
ented towards him and staring at the fruit or possessor.

ii. Reaching: beggar reaches with hand/arm towards possessor/fruit or pouts lips towards the
food, there is no physical contact.

iii. Holding: touching the food or possessor.
iv. Hand-Mouth: beggar places a hand directly over the possessor ‘s mouth.

As some categories were rare, analyses were conducted using the total percentage of time
per trial each individual spent begging (the sum of all four begging categories).

We coded the distance from the food at the moment of ‘capture’ for each individual. For
every trial each individual was assigned one of the following four levels: 0) touching the food-
the captor was always assigned this level; 1) within arm’s reach of the food; 2) one to two arm’s
lengths from the food; 3) more than two arm’s lengths away.

Inter-observer reliability was determined for a randomly chosen 25% of all trials, by a coder
blind to the conditions and hypotheses being tested. Inter-observer reliability was good for the time
individuals spent feeding (r; = 0.92, N = 24, P < 0.001) and begging (r, = 0.96 N = 24, P < 0.001).

Analysis
To assess which factor influenced how much helpers and bystanders fed and begged, we con-
ducted four general linear mixed models (GLMMs; [19]. The analyses were conducted in R v3.5.2
[20] using the function Imer of the R-package Ime4 [21]. As an overall test of the predictor vari-
ables, and to minimize Type 1 errors, we compared the full model with a null model lacking the
test predictors using a likelihood ratio test [22]. P values for the individual effects were based on
likelihood ratio tests comparing the full with respective reduced models (R function drop1).
Captors were excluded from this analysis because they spent nearly the whole trial feeding
and they never begged (since they were in possession of the food). The first two GLMM:s inves-
tigated the (1) feeding behavior and (2) begging behavior of helpers and bystanders in the
cooperation condition (only in the cooperation condition were there both helpers and
bystanders present). A third GLMM (3) investigated the relationship between feeding behavior
and begging in the cooperation condition by testing whether time spent begging predicted the
time spent feeding in the cooperation condition. The final two GLMMs investigated the (4)
feeding and (5) begging behavior of the helper individuals in the cooperation condition com-
pared to the behavior of the same individual in the solo condition when they were a bystander.
The response variable was either proportion of spent feeding or proportion of time spent beg-
ging. Rank, role (helper, bystanders) as well as proximity at the moment of food acquisition
were predictor variables in all models. Additionally, we included trial number as a control vari-
able; the identity of the individual and the identity of the triad as random effects; and a maxi-
mal random slopes structure [23]. See S1 File for further details of model construction.

Results

All eight triads succeeded in pulling the tray in all solo condition trials, but some of the triads
did not always succeed in the cooperation condition. In 5 out of 48 (10.42%) cooperation trials
individuals failed to pull the rope simultaneously and the rope went out of reach.
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Captors, i.e. the individual obtaining the food, consumed most of the food in both the solo
and the cooperation conditions. The proportion of time they spent feeding was very similar
in the solo (M(solo) = 83.05% of trial spent feeding) and cooperation conditions (M(coopera-
tion) = 82.83% time). In 54% of all trials the captors were the most dominant individuals in the
triad; Table 1 displays full details for captor rank across conditions. The captors were all males,
except in the all-female triad. In the four triads where the bystander and helper roles were
divided between one male and one female, males and females took both bystander and helper
roles.

Our main analysis concerned the behavior of helpers and bystanders in the cooperation
condition. The main variable affecting the proportion of time feeding by non-captors (our
proxy for amount of food obtained), was distance from the food at the moment of capture (see
Fig 2A; estimate+SE = -0.4610.14, ¢ = 5.40, df = 1, P = 0.02, N = 84 trials). Individuals that
were closer in proximity to the captor and food spent more time feeding overall, supporting
the findings of Melis et al. [17]. We did not find evidence that the role as helper or bystander,
nor the individual’s rank, influenced the time spent feeding (see Tables B-F in S1 File) for full
model results. Analysis of begging behavior indicated that helpers spent a higher proportion of
time begging than bystanders did (see Fig 3; estimate+SE = 1.83+0.52, y = 4.99, df = 1,

P =0.03). In addition, we found, that closer proximity also predicted an increase in time spent
begging (see Fig 2B; estimate+SE = -0.33£0.14, x = 3.85, df = 1, P = 0.049, N = 84 trials). In
light of the finding that, in the cooperation condition, helpers spend more time begging than
bystanders we ran further analysis to investigate whether begging leads to increased access to
the food. To do this, we tested whether the addition of time spent begging in the cooperation
condition improved the model of time spent feeding. We found that there was a trend towards
increased time feeding with increased begging (estimate+SE = 0.42+0.20, x2 = 3.54,df=1,p =
.06, N = 84).

We also compared how helpers behaved in the cooperation condition to how the same indi-
viduals behaved as bystanders in the solo condition. We found, as with the previous results,
that increased proximity predicted increases in feeding and begging behavior (feeding: esti-
matexSE = -0.6710.14, 3 = 10.69, df = 1, P = 0.001, N = 115 trials; begging: estimate+SE =
-0.29+0.14, x = 6.64, df = 1, P = 0.01). Rank and role did not seem to influence either behavior
although (but note that the GLMMSs were not very stable with regard to these predictors; see
S1 File materials for further details).

Discussion

This study investigated sharing of cooperatively produced resources in semi-captive chimpan-

zees. Overall, we observed a typical pattern of sharing: the individual who first gains possession
retains the vast majority of the resource but a proportion of it is shared, similar to other previ-

ously described situations with monopolisable resources in the wild [9, 10, 24-27] and in

Table 1.

Rank
Condition 1st 2nd 3rd No Captor
Cooperation 0.44 0.27 0.19 0.10
Solo 0.56 0.25 0.19 NA

Proportion of trials as captor according to rank position within the triad. Trials in which there are no captor are

failures to pull the rope together.

https://doi.org/10.1371/journal.pone.0222795.t001
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captivity [13, 14, 28]. Our main question was whether sharing favoured individuals helping to
acquire the resource over bystanders. We found this was not the case: captors of the resource
did not seem to differentiate sharing according to the role the recipient played in acquiring the
resource.

Our results replicate previous findings by Melis and colleagues [17]; they also found that
captors did not share more with whom they had collaborated to acquire the resource. We
expected any preference for sharing with the collaborator to be more salient in the current
study where the captor could choose directly between their collaborator (helper) and a
bystander because they were tested in triads rather than dyads. However, in both the current
experiment and Melis et al. [17], we have found that the main predictor of sharing was the
physical proximity of the recipient to the captor at the acquisition moment and not their role
in obtaining the resource. In other words, those that were at the resource first, were likely to
gain more.

Although helpers were not rewarded for their role in acquiring the resource, they did beg
significantly more than bystanders. This indicates that individuals expected more of the
resource that they had worked to acquire and demand more from possessors. This increased
begging could lead to a pattern in which collaborators do gain more of the resource, if
increased begging leads to increased likelihood to share as has been observed with meat shar-
ing [9]. Our results did suggest an overall trend in this direction and Melis et al. [17] also
found a correlation between begging and increased sharing in three of the seven pairs they
tested. This result emphasizes the importance of considering recipients’ expectations and
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behaviour in sharing patterns and further studies should aim to determine why helpers may be
more motivated to get the food.

Naturally, there are differences between the cooperative task used in this experiment and
group hunting that need to be acknowledged. The rope-pulling task in the current study is
designed so that cooperation is necessary if the chimpanzees want to ‘capture’ the food and we
have evidence from several experiments that these chimpanzees understood the role of the
partner in the task (e.g. [15, 18, 29]. This could be a difference to hunting in wild communities,
where a larger hunting party does increase the likelihood of hunting success, but cooperation
is not strictly necessary as individuals do also hunt alone [3].This would predict captors in the
current study should be more likely to share with their collaborators because of the essential
role of their partner. On the other hand, although we did use large, monopolizable pieces of
favored fruits, the chimpanzees in our study were ‘hunting’ for fruit rather than meat. There
are examples of non-meat foods in the chimpanzee diet that are large and monopolizable or
difficult to get, such as Treculia africana fruit or the proceeds of crop raiding, and these are
more likely to be shared than other non-meat foods [24, 26] but there may be additional
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properties that change begging or sharing behavior for meat. For example, raw meat could
simply allow for more time begging and sharing because it is more difficult and time consum-
ing to eat than the fruits used for these captive studies. Additionally, although we tested triads
of tolerant chimpanzees in the current study, in the wild captors have many beggars around
them with whom they have different relationship qualities, which could also influence the
sharing dynamics, motivating captors to share more, or more selectively, in order to avoid
harassment. Finally, we recognize that we base our conclusions on 13 individuals from one
social group. Given the variation in hunting behavior observed across chimpanzee communi-
ties in the wild (3), we hope future studies might determine whether the same mechanisms
govern sharing and begging behavior in other groups.

The results from the current study, in combination with previous experimental findings
[16, 17, 30], suggest that the instrumental act of collaborating in itself is not enough to prompt
preferential sharing. Rather, sharing probably occurs through other proximate mechanisms.
One important aspect that is repeatedly shown to be important in determining who gains
from sharing is the simple factor of proximity-naturally, those who have opportunity are more
likely to get access. This is also in line with the harassment hypothesis of sharing: meat posses-
sors will share primarily to reduce harassment [9, 31]. A recent presented chimpanzees with
the choice between delivering a food reward to themselves only, or delivering a reward to a
partner as well as themselves. The authors found that chimpanzees were more likely to deliver
food to a partner when that partner had made that choice possible in the first place by unlock a
door. Especially when their partner paid a cost to unlock the door by forgoing an immediate
food reward [32]. One important difference to the current study is that the food is not in physi-
cal possession of the chimpanzee at the time of making the decision. Furthermore, note that
the study by Schmelz and colleagues does not create a context in which chimpanzees can/must
choose between several individuals to share with (as is the case after group hunts in the wild
and our current collaboration task). The study by Schmelz et al. shows that chimpanzees keep
track of previous “favours” and reciprocate in dyadic interactions, but does not directly test
rewarding mechanisms in a collective action scenario.

Our results complement and add to the most recent findings of meat-sharing in the wild
[33]. Samuni et al. have found that hunt participants are more likely to get meat than bystand-
ers. This would mean that, at a functional level, there is a mechanism in place that rewards par-
ticipation in the hunts. However, this sharing pattern could come about through a different
proximate mechanism from that in humans. One possibility could be that hunters beg more,
either because they are more hungry or motivated, or more interestingly, because they expect
to get part of the share after participation in the hunt. However, Samuni et al. found that hunt-
ers and bystanders begged at similar levels. Another possibility is that hunters tend to be closer
allies and friends [10]. Finally, it is possible that hunters end up being closer to the meat pos-
sessor and therefore have more opportunities to get part of the spoils, so that it is proximity
not hunting per se that drives the findings.

Samuni et al. also measured oxytocinergic system activity in hunt and hunting patrol partic-
ipants and found increased levels after both hunting and patrols. This increased activity in the
oxytocinergic system has also been associated with food sharing and social bonding in chim-
panzees [27, 34]. The authors suggest that the increase in oxytocin during coordinated and
cooperative activities such as hunting, hunting patrols, border patrols and food sharing [33,
35] create a positive feedback loop to prompt further prosocial behavior between those indi-
viduals. Further experimental studies could benefit from the addition of hormone measures to
test whether cooperative and coordinated tasks in captive settings result in similar hormone
level changes observed in the wild (and if this is not the case: why?), or if the lack of any
changes could be one explanation for the difference in findings.
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In summary, we do not find evidence in this experiment that chimpanzees preferentially
share with those that helped them acquire the resource. This is in line with the results from
previous experiments [16, 17] but in contrast to the positive effect of collaboration on sharing
in humans from age 3 [7, 16, 36] and in a recent study with wild chimpanzees (31). Increased
begging time did suggest that individuals helping to acquire the reward were more motivated
or had a higher expectation of gaining some of the resource, a finding which deserves further
investigation. We suggest that food-sharing in chimpanzees may be more strongly influenced
by other factors such as opportunity, harassment avoidance and social bonds, and that findings
that hunters are more likely to obtain meat than bystanders may be supported by different
proximate mechanisms to those found in humans.

Supporting information

S1 File. Supplementary materials. Supplementary methods, analysis and results.
(DOCX)

S1 Data. Data file. Supporting data files.
(XLSX)

Acknowledgments

We are very thankful to L. Ajarova, J. Rukundo, T. Mukungu, the trustees and all staff of the
Chimpanzee Sanctuary and Wildlife Conservation Trust (CSWCT) (www.ngambaisland.org)
for their continuous help and support. In particular, we appreciate the hard work of the animal
caregivers and their support helping us to conduct the experiments. We thank also Roger
Mundry for his advice and support with the statistical analyses. We also appreciate permission
from the Ugandan National Council for Science and Technology and the Uganda Wildlife
Authority for allowing us to conduct our research in Uganda. Shona Duguid was supported by
a grant from the Templeton World Charity Foundation while writing the paper.

Author Contributions

Conceptualization: Michael Tomasello, Alicia P. Melis.

Data curation: Maria John.

Formal analysis: Maria John, Shona Duguid.

Funding acquisition: Alicia P. Melis.

Investigation: Maria John.

Project administration: Maria John, Michael Tomasello, Alicia P. Melis.
Resources: Michael Tomasello.

Supervision: Michael Tomasello, Alicia P. Melis.

Writing - original draft: Maria John, Shona Duguid.

Writing - review & editing: Shona Duguid, Michael Tomasello, Alicia P. Melis.

References

1.  Gurven M. Reciprocal Altruism and Food Sharing Decisions Among Hiwi and Ache Hunter-Gatherers.
Behavioral Ecology and Sociobiology. 2004; 56(4):366—80. https://doi.org/10.1007/s00265-004-0793-6
PubMed PMID: PREV200400421840.

PLOS ONE | https://doi.org/10.1371/journal.pone.0222795 September 23, 2019 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0222795.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0222795.s002
http://www.ngambaisland.org/
https://doi.org/10.1007/s00265-004-0793-6
https://doi.org/10.1371/journal.pone.0222795

@ PLOS|ONE

Sharing the spoils

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Mitani JCC, Watts DP. Demographic Influences on the Hunting Behavior of Chimpanzees. American
Journal of Physical Anthropology. 1999; 109(4):439-54. https://doi.org/10.1002/(SICI)1096-8644
(199908)109:4<439::AID-AJPA2>3.0.CO;2-3 PMID: 10423261.

Newton-Fisher NE. The Hunting Behavior and Carnivory of Wild Chimpanzees. In: Henke W, Tattersall
I, editors. Handbook of Paleoanthropology: Vol I:Principles, Methods and Approaches Vol Il:Primate
Evolution and Human Origins Vol lll:Phylogeny of Hominids. Berlin, Heidelberg: Springer Berlin Heidel-
berg; 2013. p. 1-27.

Boesch C. Cooperative Hunting in Wild Chimpanzees. Animal Behaviour. 1994; 48(3):653—67. https://
doi.org/10.1006/anbe.1994.1285 PubMed PMID: WOS:A1994PG43600015.

Baumard N, Mascaro O, Chevallier C. Preschoolers are able to take merit into account when distributing
goods. Developmental Psychology. 2012; 48(2):492-8. https://doi.org/10.1037/a0026598 PMID:
22148948.

Warneken F, Lohse K, Melis AP, Tomasello M. Young Children Share the Spoils After Collaboration.
Psychological Science. 2011; 22(2):267-73. https://doi.org/10.1177/0956797610395392 PubMed Cen-
tral PMCID: PMCYvonne. PMID: 21196533

Melis AP, Altrichter K, Tomasello M. Allocation of resources to collaborators and free-riders in 3-year-
olds. J Exp Child Psychol. 2013; 114(2):364—70. https://doi.org/10.1016/j.jecp.2012.08.006 PMID:
23073366.

Gilby IC, Machanda ZP, Mjungu DC, Rosen J, Muller MN, Pusey AE, et al. ‘impact hunters’ catalyse
cooperative hunting in two wild chimpanzee communities. Philosophical Transactions of the Royal Soci-
ety B: Biological Sciences. 2015; 370(1683):20150005.

Gilby IC. Meat sharing among the Gombe chimpanzees: harassment and reciprocal exchange. Animal
Behaviour. 2006; 71(4):953-63.

Mitani JC, Watts DP. Why do chimpanzees hunt and share meat? Animal Behaviour. 2001; 61(5):915—
24.

de Waal FBM. The Chimpanzee’s Service Economy: Food for Grooming. Evolution and Human Behav-
ior. 1997; 18(6):375-86. https://doi.org/10.1016/S1090-5138(97)00085-8 PubMed Central PMCID:
PMCAmanda Keith Josep.

Nissen HW, Crawford MP. A Preliminary Study of Food-Sharing Behavior in Young Chimpanzees. Jour-
nal of Comparative Psychology (1921). 1936; 22(3):383—419. https://doi.org/10.1037/h0062234
PubMed Central PMCID: PMCKeith.

Liebal K, Rossano F. The give and take of food sharing in Sumatran orang-utans, Pongo abelii, and
chimpanzees, Pan troglodytes. Animal Behaviour. 2017; 133:91-100.

Silk JB, Brosnan SF, Henrich J, Lambeth SP, Shapiro S. Chimpanzees share food for many reasons:
the role of kinship, reciprocity, social bonds and harassment on food transfers. Animal behaviour. 2013;
85(5):941—7. hitps://doi.org/10.1016/j.anbehav.2013.02.014 PMID: 25264374

Melis AP, Hare B, Tomasello M. Engineering Cooperation in Chimpanzees: Tolerance Constraints on
Cooperation. Animal Behaviour. 2006; 72(2):275-86. https://doi.org/10.1016/j.anbehav.2005.09.018
PubMed PMID: PREV200600602340; PubMed Central PMCID: PMCAlicia Amanda Heinz Keith.

Hamann K, Warneken F, Greenberg JR, Tomasello M. Collaboration encourages equal sharing in chil-
dren but not in chimpanzees. Nature. 2011; 476(7360):328-31. http://www.nature.com/nature/journal/
v476/n7360/abs/nature10278.html#supplementary-information. https://doi.org/10.1038/nature10278
PMID: 21775985

Melis AP, Schneider A-C, Tomasello M. Chimpanzees, Pan troglodytes, Share Food in the Same way
After Collaborative and Individual Food Acquisition. Animal Behaviour. 2011; 82(3):485-93. hitps://doi.
org/10.1016/j.anbehav.2011.05.024

Melis AP, Hare B, Tomasello M. Chimpanzees recruit the best collaborators. Science. 2006; 311
(5765):1297-300. https://doi.org/10.1126/science.1123007 PMID: 16513985

Baayen RH, Davidson DJ, Bates DM. Mixed-effects modeling with crossed random effects for subjects
and items. Journal of Memory and Language. 2008; 59(4):390—412. https://doi.org/10.1016/j.jm|.2007.
12.005 PubMed PMID: WOS:000261651700003.

R Development Core Team. R: A Language and Environment for Statistical Computing. R Foundation
for Statistical Computing. Vienna, Austria2018.

Bates D, Maechler M, Bolker B, Walker S. Fitting Linear Mixed-Effects Models Using Ime4. Journal of
Statistical Software. 2015; 67(1):1-48. https://doi.org/10.18637/jss.v067.i01 PubMed Central PMCID:
PMCYvonne.

Dobson AJ. An Introduction to Generalized Linear Models. 2nd ed. Boca Raton, FL: Chapman & Hall/
CRC; 2002. 225 p.

PLOS ONE | https://doi.org/10.1371/journal.pone.0222795 September 23, 2019 11/12


https://doi.org/10.1002/(SICI)1096-8644(199908)109:4<439::AID-AJPA2>3.0.CO;2-3
https://doi.org/10.1002/(SICI)1096-8644(199908)109:4<439::AID-AJPA2>3.0.CO;2-3
http://www.ncbi.nlm.nih.gov/pubmed/10423261
https://doi.org/10.1006/anbe.1994.1285
https://doi.org/10.1006/anbe.1994.1285
https://doi.org/10.1037/a0026598
http://www.ncbi.nlm.nih.gov/pubmed/22148948
https://doi.org/10.1177/0956797610395392
http://www.ncbi.nlm.nih.gov/pubmed/21196533
https://doi.org/10.1016/j.jecp.2012.08.006
http://www.ncbi.nlm.nih.gov/pubmed/23073366
https://doi.org/10.1016/S1090-5138(97)00085-8
https://doi.org/10.1037/h0062234
https://doi.org/10.1016/j.anbehav.2013.02.014
http://www.ncbi.nlm.nih.gov/pubmed/25264374
https://doi.org/10.1016/j.anbehav.2005.09.018
http://www.nature.com/nature/journal/v476/n7360/abs/nature10278.html#supplementary-information
http://www.nature.com/nature/journal/v476/n7360/abs/nature10278.html#supplementary-information
https://doi.org/10.1038/nature10278
http://www.ncbi.nlm.nih.gov/pubmed/21775985
https://doi.org/10.1016/j.anbehav.2011.05.024
https://doi.org/10.1016/j.anbehav.2011.05.024
https://doi.org/10.1126/science.1123007
http://www.ncbi.nlm.nih.gov/pubmed/16513985
https://doi.org/10.1016/j.jml.2007.12.005
https://doi.org/10.1016/j.jml.2007.12.005
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1371/journal.pone.0222795

@ PLOS|ONE

Sharing the spoils

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Barr DJ, Levy R, Scheepers C, Tily HJ. Random effects structure for confirmatory hypothesis testing:
Keep it maximal. Journal of memory and language. 2013; 68(3):255-78.

Samuni L, Preis A, Mielke A, Deschner T, Wittig RM, Crockford C. Social bonds facilitate cooperative
resource sharing in wild chimpanzees. Proceedings of the Royal Society B: Biological Sciences. 2018;
285(1888):20181643. https://doi.org/10.1098/rspb.2018.1643 PMID: 30305438

Boesch C, Boesch-Achermann H. The Chimpanzees of the Tai Forest. Oxford: Oxford University
Press; 2000. 316 p.

Hockings KJ, Humle T, Anderson JR, Biro D, Sousa C, Ohashi G, et al. Chimpanzees Share Forbidden
Fruit. PLoS ONE. 2007; 2(9):e886. PubMed Central PMCID: PMCDavid Keith. https://doi.org/10.1371/
journal.pone.0000886 PMID: 17849015

Crockford C, Wittig RM, Langergraber K, Ziegler TE, Zuberbuhler K, Deschner T. Urinary oxytocin and
social bonding in related and unrelated wild chimpanzees. Proceedings of the Royal Society B: Biologi-
cal Sciences. 2013; 280(1755):20122765. https://doi.org/10.1098/rspb.2012.2765 PMID: 23345575

de Waal FBM. Food Sharing and Reciprocal Obligations Among Chimpanzees. Journal of Human Evo-
lution. 1989; 18(5):433-60. PubMed PMID: PREV 199089000343 Copyright BIOSIS 2003.; PubMed
Central PMCID: PMCAmanda Josep Keith.

Bullinger AF, Melis AP, Tomasello M. Chimpanzees, Pan troglodytes, prefer individual over collabora-
tive strategies towards goals. Animal Behaviour. 2011; 82(5):1135—41. http://dx.doi.org/10.1016/].
anbehav.2011.08.008.

Greenberg JR, Hamann K, Warneken F, Tomasello M. Chimpanzee helping in collaborative and non-
collaborative contexts. Animal Behaviour. 2010; 80(5):873-80.

Gilby IC, Emery Thompson M, Ruane JD, Wrangham R. No Evidence of Short-Term Exchange of Meat
for Sex Among Chimpanzees. Journal of Human Evolution. 2010; 59(1):44-53. https://doi.org/10.1016/
j.jhevol.2010.02.006 PubMed Central PMCID: PMCClaudio. PMID: 20493515

Schmelz M, Grueneisen S, Kabalak A, Jost J, Tomasello M. Chimpanzees return favors at a personal
cost. Proceedings of the National Academy of Sciences. 2017; 114(28):7462—7.

Samuni L, Preis A, Deschner T, Crockford C, Wittig RM. Reward of labor coordination and hunting suc-
cess in wild chimpanzees. Communications biology. 2018; 1.

Wittig RM, Crockford C, Deschner T, Langergraber KE, Ziegler TE, Zuberbuhler K. Food sharing is
linked to urinary oxytocin levels and bonding in related and unrelated wild chimpanzees. Proceedings of
the Royal Society B: Biological Sciences. 2014; 281(1778):20133096. https://doi.org/10.1098/rspb.
2013.3096 PMID: 24430853

Samuni L, Preis A, Mundry R, Deschner T, Crockford C, Wittig RM. Oxytocin reactivity during intergroup
conflict in wild chimpanzees. Proceedings of the National Academy of Sciences. 2017; 114(2):268-73.

McGrath MC, Gerber AS. Experimental evidence for a pure collaboration effect. Nature Human Behav-
iour. 2019. https://doi.org/10.1038/s41562-019-0530-9 PMID: 30971785

PLOS ONE | https://doi.org/10.1371/journal.pone.0222795 September 23, 2019 12/12


https://doi.org/10.1098/rspb.2018.1643
http://www.ncbi.nlm.nih.gov/pubmed/30305438
https://doi.org/10.1371/journal.pone.0000886
https://doi.org/10.1371/journal.pone.0000886
http://www.ncbi.nlm.nih.gov/pubmed/17849015
https://doi.org/10.1098/rspb.2012.2765
http://www.ncbi.nlm.nih.gov/pubmed/23345575
http://dx.doi.org/10.1016/j.anbehav.2011.08.008
http://dx.doi.org/10.1016/j.anbehav.2011.08.008
https://doi.org/10.1016/j.jhevol.2010.02.006
https://doi.org/10.1016/j.jhevol.2010.02.006
http://www.ncbi.nlm.nih.gov/pubmed/20493515
https://doi.org/10.1098/rspb.2013.3096
https://doi.org/10.1098/rspb.2013.3096
http://www.ncbi.nlm.nih.gov/pubmed/24430853
https://doi.org/10.1038/s41562-019-0530-9
http://www.ncbi.nlm.nih.gov/pubmed/30971785
https://doi.org/10.1371/journal.pone.0222795

