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Male food defence as a by-product
of intersexual cooperation in a nonhuman primate
T. Jean M. Arseneau-Robar1,2, Eliane Müller1,2, Anouk L. Taucher1,2, Carel P. van Schaik1,2 &
Erik P. Willems1,2
Males in a number of group-living species fight in intergroup conflicts to defend access to food
resources, a seemingly paradoxical behaviour, given that this resource does not usually limit male
fitness directly. We investigated the mechanism(s) driving apparent male food defence in wild vervet
monkeys (Chlorocebus aethiops pygerythrus) by testing the effect that female resource access, and
female audience size and activity had on the response of focal males during simulated intergroup
encounters. Males do not appear to defend food to increase the reproductive success of female group
members because their response was not influenced by the presence of provisioning boxes that only
females could access. Female audience size was also unimportant, suggesting males do not participate
in intergroup encounters to advertise their quality to potential mates. However, focal males almost
always followed/supported female group members who initiated an approach towards simulated
intruders, supporting that male participation largely functions to gain status as a cooperative group
member, and that apparent male food defence in this species arises as a by-product of intersexual
cooperation. Our study highlights that considering audience composition and activity can reveal the
presence of social incentives and illuminate the evolutionary mechanism(s) promoting joint action in
intergroup aggression.
Although groups of many social species engage in aggressive intergroup conflicts with their neighbours1–5, in a
number of species (including many primates), males are either the only sex that fights, or the sex that participates
most actively6–10. In humans, males may gain both resource based and immaterial benefits from participating
in intergroup conflicts (i.e. warfare)11,12. Resource-based benefits are obtained from seizing valuable items from
neighbouring groups, including food, mates and territory; conversely, immaterial benefits are social incentives
that group members bestow on warriors12. For example, men who participate in intergroup conflicts may improve
their status with group members, and as a result enjoy increased access to allies or wives11,12. There is little evidence, however, that non-human animals use such social incentives to promote participation in intergroup conflicts, or in any other cooperative activity13,14.
In many non-human animals, males fight in intergroup conflicts to protect their offspring or defend access
to mates3,15–17, both of which could be considered resource-based benefits. There is also evidence for male food
defence in some species9,18–21, but given that male fitness is primarily limited by access to receptive females22
rather than food resources, this behaviour is seemingly surprising. It is possible that males defend access to food
resources to enhance the reproductive output of females and/or the survival of their offspring9,18, or to attract
more mates (resource defence polygyny23). Alternatively, male food defence may simply arise as a by-product
when males fight for other resource-based benefits24 or to gain social incentives. For example, while protecting
their mates from harassment by extra-group males, males may end up defending food resources (the ‘Hired Guns’
hypothesis25). Potential social incentives gained from food defence include social prestige, or building status as
a cooperative group member. According to the social prestige hypothesis, males participate in high-risk and
energetically costly intergroup conflicts to signal their genetic quality to potential mates26; females who choose
to mate with the best fighters ensure their offspring will have these superior genes. The status building hypothesis proposes that because range defence is often a joint action, participation in intergroup conflicts is typically
a cooperative activity; therefore, males may participate in intergroup conflicts to enhance their status as a ‘good
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cooperative partner’. Given that food defence improves access to the resources that limit female fitness, doing so is
most likely to enhance status with female group members rather than with males. If this is the case, apparent male
food defence may be driven by mechanisms that promote intersexual cooperation (e.g. direct and/or indirect
reciprocity mechanisms27–30). For example, a number of studies have found evidence that direct reciprocity can
promote cooperative behaviour in primates, and that various services are often traded (e.g. tolerance, grooming,
support in agonistic interactions, food sharing and sex31–37). It is possible that defending resources that limit
female fitness is a service that males trade with females. In return, females may also provide a variety of services,
but when females are able to exert choice in mating partners, sex is the most valuable commodity with obvious
fitness benefits for males who are preferred partners.
A recent study on intergroup aggression in vervet monkeys (Chlorocebus aethiops pygerythrus) found apparent
evidence for male food defence19, but the mechanism(s) that drive this behaviour are unclear. As noted above,
male food defence possibly serves to increase female reproductive success, to gain social prestige, to build status
as a cooperative group member, or males may simply be acting as ‘Hired Guns’. All these functions are possible
in vervet monkeys and the four mechanisms are not mutually exclusive. Vervet monkeys live in multi-male,
multi-female groups in which females are philopatric and males disperse multiple times throughout their lives,
starting at sexual maturity38. Parallel dispersal of males does occur38, but it is not common. Therefore, adult males
are unrelated to their female group members, and also usually unrelated to each other. Males are approximately
1.5 times larger than females, yet both sexes participate actively in intergroup conflicts19. Females often initiate
intergroup aggression and males frequently support them when they do so19. Both sexes direct aggression at both
male and female members of opposing groups19,39. Because the ‘Hired Guns’ hypothesis predicts that food defence
arises only as a by-product of male-male competition over mates, and male intergroup aggression is often targeted
at females19,40, the ‘Hired Guns’ function is unlikely in this species. However, larger vervet groups tend to have
higher-quality home ranges and experience slightly higher infant survival41, indicating that greater resource availability could potentially increase female reproductive success. Female vervet monkeys are able to refuse matings
(i.e. exert mate choice) and are highly promiscuous, mating with multiple male group members19,42. Mating skew
is low with two or three males typically gaining a high proportion of matings each year, and male mating success
correlates with their propensity to participate in intergroup conflicts19. As such, apparent male food defence
could be a by-product, produced as males signal their genetic quality to female group members. Alternatively,
this correlation could equally mean that apparent male food defence is a by-product of mechanisms that promote
intersexual cooperation, for example, that males trade support in intergroup conflicts for sex. Recent experimental work in vervet monkeys demonstrates that females trade grooming for tolerance and support in intragroup
conflicts37, indicating that a reciprocity-type mechanism could potentially function to promote intersexual cooperation as well.
To elucidate which mechanism(s) underlie apparent male food defence in a wild population of vervet monkeys, we took an experimental approach in which we used playbacks to simulate the presence of a neighbouring
group nearby when females had, or did not have, access to provisioning boxes (i.e. a high-quality food resource).
Provisioning boxes contained slices of apple with two pieces of corn imbedded in them, and were operated by
observers such that access was restricted to female group members. During all playback trials we recorded the
response of focal males, as well as the composition of their audience and the response of audience members to the
simulated intruders. If males defend food resources to increase female reproductive success, then males should
exhibit the strongest response to simulated intruders when females had access to high-quality resources, and their
response should be independent of the composition and/or response of audience members. If males participate
in intergroup conflicts to gain social prestige, then the size of the female audience (i.e. number of potential future
mates) present to observe the honest and costly signal should have the strongest influence on the response of
males. Conversely, if apparent food defence is a by-product of intersexual cooperation, then the response of males
should be most influenced by the presence of a cooperative partner. Therefore, if a female group member instigates an approach towards the simulated intruders, then focal males should follow and support them.

Results

We conducted a total of 24 playback experiments in three wild groups of vervet monkeys. During playback
experiments, the presence of an intruding group was simulated and the response of one to three focal males
was recorded. In 12 of these playback trials, females had access to provisioning boxes that were a source of
high-quality food resources, and in the remaining 12 trials, no provisioning boxes were present. Focal males
had previously been trained to learn that provisioning boxes could only be accessed by female group members,
and therefore, that they would personally gain no resource-based benefit from defending them. Males typically
responded to the playback stimulus by orienting their bodies towards the speaker and so we did not include any
trials in which the focal male did not acknowledge the playback stimulus in this manner in our analyses. Males
usually remained vigilant towards the simulated intruders for 5 to 10 seconds before beginning to monitor the
behaviour of their group members. In some cases, males began to approach the speaker soon after checking on
their group members, while in other cases they monitored the behaviour of their group members for many minutes before approaching.
We found that dominant males were no more likely to approach the simulated intruders than subordinate
males (GLMM: B =  0.44, SE =  1.10, z =  0.40, N =  34, P = 0.692; Fig. 1a). Similarly, males were no more likely to
approach the speaker when females were accessing high-quality food resources than when there were no provisioning boxes present (B =  1.14, SE =  1.22, z =  0.94, N =  34, P = 0.349; Fig. 1b). The presence of a large female audience at the time the stimulus was played also had no significant effect on the response of focal males (B =  −0.47,
SE =  0.58, z =  −0 .81, N =  34, P = 0.421; Fig. 1c). However, the presence of a female leader had a strong and highly
significant effect on the tendency for males to approach simulated intruders (B =  4.73, SE =  1.81, z =  2.62, N =  34,
P = 0.009; Fig. 1d). In fact, the odds ratio (calculated from the raw data) indicates that males were 35 times
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Figure 1. Probability that male vervet monkeys approached simulated intruders during playback
experiments. Probability that males approached the speaker during playback experiments, depending on
(a) their rank, (b) whether female group members did versus did not have access to provisioned resources
(c) the number of females in their audience, and (d) whether or not a female group member led an approach
first. Predicted values and predicted standard errors (error bars and dotted lines) were obtained by setting all
additional factors in the GLMM model to their mean (or median for binary variables) value.

more likely to approach the playback stimulus when a female group member began to vocalize and approach
the speaker first. In only one of the observed cases in which a female leader was present, did the focal male
ignore (rather than follow and support) her. In all cases where the focal male followed a female leader, only a
single female needed to vocalize and approach the speaker before the male followed; therefore, we were unable to
consider the effect that the number of female leaders had on the propensity of males to approach the simulated
intruders. In only three trials did the focal male have another male in his audience, and in none of these cases did
either male approach the simulated intruders. Thus, although we lacked the data for a formal investigation of the
effect of male audience members, the presence of another male, or potential cooperative partner, appears to have
had little effect on the response of focal males during playback experiments. Notably, there was also not a visible
female leader in any of these three cases.

Discussion

Male food defence is a seemingly puzzling behaviour given that food is not the primary resource that limits male
fitness. Male food defence in vervet monkeys potentially functions to increase female reproductive success and
increase male fitness indirectly, build social prestige, or improves status as a good cooperative partner. To test
these three hypotheses, we employed a novel experimental approach in which we manipulated male and female
access to high-quality resources and simulated an intruding group nearby. These experiments were conducted in a
season when naturally occurring resources were scarce and females were gestating; thus, male food defence in this
season could have a large impact on the reproductive success of female group members. However, males showed
no greater tendency to engage in an intergroup encounter when females had exclusive access to high-quality food
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resources, than when they did not. Therefore, our results are inconsistent with the hypothesis that males defend
food to improve female reproductive success in this species. This mechanism is most likely to function in territorial species where males are the philopatric sex, as these are the conditions in which the benefits of improving
resource access for females could accrue over long time periods (e.g. chimpanzees18).
It has also been suggested that males may defend food to improve female reproductive success, even when
they are the dispersing sex and their tenure in a given group is relatively short9. However, despite the potential
indirect fitness benefits, males may fail to defend food resources on behalf of females as doing so is vulnerable to
the free-rider problem43,44. In vervet monkeys for example, females are highly promiscuous, mating with multiple
male group members throughout the mating season42; all male group members obtain at least some matings, and
mating skew is often relatively low among males19. As a result, males who would defend food resources to indirectly increase their fitness would also provide similar benefits to their fellow male group members. Males who
refrain from food defence would gain indirect fitness benefits without paying any cost, and selection would favor
a defection strategy. This strategy of male food defence for indirect fitness benefits is therefore unlikely to evolve
unless reproductive skew is high or males are close relatives. Neither condition applies to vervet monkeys42.
If male participation in intergroup conflicts functioned as a costly signal, we would expect males to show the
strongest response to simulated intruders when there was a large audience of females (i.e. many potential future
mates) to observe them. However, despite the fact that many of our playbacks occurred during the mating season,
we found no effect of female audience size on the likelihood that males approached the speaker, suggesting that
males do not use intergroup encounters as an opportunity to advertise their genetic quality to females26. Instead,
we found that the response of males was highly dependent on the behaviour of female audience members during
playback experiments. Males rarely led the approach towards simulated intruders, suggesting that it is unlikely
that they were motivated by resource-based benefits. Conversely, if female group member(s) initiated an approach
then males almost always followed and supported them, which supports that male participation in intergroup
conflicts largely functions as intersexual cooperation. Therefore, apparent male food defence appears to be a
by-product, arising from the combination of female food defence and intersexual cooperation. Previous work
on our study population found that approximately a third of the variability in male mating success was related to
the frequency with which males supported females in intergroup conflicts19, indicating there are tangible fitness
benefits associated with being a cooperative group member. Future studies are necessary to determine the precise
evolutionary mechanism(s) by which males build their status as a cooperative group member (e.g. direct reciprocity and/or indirect reciprocity).
Support during intergroup encounters is likely only one of many services that males provide in this species,
with other potential services including predator vigilance and mobbing, coalitionary support in intragroup conflicts, tolerance around valuable food resources and grooming. Furthermore, such male services are likely more
widespread among social animals than is generally appreciated, and may thus represent an important proportion
of cases of male assistance in primates, other mammals, and birds. An interesting avenue of future investigation
lies in understanding how the amount of choice that females are able to exert in their mating partners influences
the extent and type of male services observed.
Our findings highlight that when intergroup aggression is a cooperative activity involving the joint action
of multiple individuals, who an individual participates in aggressive intergroup interactions with can be
more important than the resources they end up defending. Therefore, it is important to investigate both the
resource-based benefits and social incentives gained from participation in intergroup aggression, and considering
both the ecological and social contexts in which individuals participate is critical to doing so. Examining audience
effects is a useful approach as the makeup of the audience (e.g. the number of individuals, their sex, relationships
and reproductive status) as well as their activity (e.g. whether they are active or not, and who leads versus follows)
can illuminate the role that social incentives play in the evolution and maintenance of cooperation45,46.

Methods

Field Experiments. Data were collected on three habituated groups of vervet monkeys at the Mawana Game

Reserve (28°00′S, 31°12′E) in South Africa. Groups consisted of 30 to 56 individuals, with between 1 and 7 adult
males and 5 and 14 adult females. We first trained individuals on the provisioning boxes between May 2012 and
July 2013. The goal of training was for females to learn that the boxes contained high-quality food resources they
could access, and for males to learn that because the boxes were opened only for females, they were excluded from
accessing the high-quality resources within. Male exclusion ensured that males understood they would gain no
direct personal benefit from defending provisioning boxes against simulated intruders so that if males did defend
the provisioning boxes during playback experiments, they did not do so to increase their own food intake.
In each training session, we deployed six boxes and allowed females to access them until they lost interest.
During the summer, when high-quality foods were available in the environment, females were often not interested in the boxes. During the winter, when food resources were scarce, females interacted with the provisioning boxes for 75 minutes on average. Boxes were provisioned with apple wedges embedded with two pieces of
corn. All boxes were opened simultaneously to ensure that high-ranking females could not displace low-ranking
females from a box. Each time the boxes were opened, researchers played a particular audible sound effect (of a
musical instrument) so that group members who were out-of-sight of the provisioning boxes would be aware that
females were accessing the high-quality resources (see electronic Supplementary Information for a sample video).
On average, males experienced 14 training sessions before the playback experiments commenced. During
each training session, we recorded the number of box openings in which males attempted to gain access to the
food within the provisioning boxes. When males stopped trying to open the provisioning boxes, this was taken to
indicate that they had learned that they were excluded from access. Some of the males quickly learned exclusion
and no longer attempted to gain access to the boxes (Fig. 2); however, other males would still test if they were able
to access the boxes at the start of most training sessions. However, by the end of the training period, these males
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Figure 2. Number of attempts that each male made to access the female-only provisioning boxes. Circles
represent training sessions before playback experiments commenced, triangles represent sessions after playback
experiments started.

typically “gave up” and moved away from the boxes after they had observed females feeding, and saw that they
were excluded, for one opening of the boxes (the maximum number of openings before giving up was 3). Once
they had left (>5 m up into the tree canopy or out of sight of the provisioning boxes’ location) they never returned
to attempt accessing the provisioning boxes again. Therefore, when we conducted playback trials in which females
had access to high-quality resources, we always set up the provisioning boxes and allowed females to access them for
~30 minutes before conducting the playback experiment. This ensured that males who would test their access/exclusion could do so. If a male did attempt to access a provisioning box, we waited for him to move more than 5 m away
from the boxes, and maintain that buffer distance for at least 10 minutes. We took this to indicate that he understood
he would not gain any direct personal benefits from defending the provisioning boxes against simulated intruders.
Playback experiments were conducted in the dry season (July to November 2013) when naturally occurring
fruits and seeds were scarce and females were most interested in the provisioning boxes. This period included the
latter half of the mating season, the time of gestation and the beginning of the birth season. The playback stimulus
consisted of a female-female conflict (recorded in a feeding context), followed 30 seconds later by a chorus contact
call, which is the vocalization typically made by females during intergroup encounters. Vocalizations were recorded
using a Marantz Professional solid state Recorder PMD 660 with a directional Sennheisser MKH416P48U microphone. The amplitude of stimuli was standardized (Audacity 2.0.3) so that all vocalizations sounded natural to experienced observers at 65–90 m. In each playback trial, the speaker (MiniVox Lite, Anchor Audio Ltd.) was placed so
that the stimulus came from a location that was credible for the group being broadcast. The speaker was placed 65
to 90 m away from the focal individuals to ensure that the stimulus was audible but that the observer playing the
stimulus was not visible. All playback experiments were conducted in areas that were used intensively by the focal
group to decrease the potentially confounding effect of location47. In playback trials performed in conjunction with
the provisioning boxes, the stimulus was played approximately 30 minutes after the boxes were first presented.
We recorded the response of one to three focal males (as well as one or more females) using handheld and
time-synchronized camcorders. In each group we focal sampled both dominant and subordinate males; the number of subordinate males that were focalled varied from one to four, depending on the number of male group
members and the occurrence of male immigration/emigration events. We attempted to sample focal males within
each group at equal frequencies, however, this was not possible as some males immigrated/emigrated during the
study period. Additionally, focal males typically needed to be near the front of the group to be within the 65 to
90 m range from the speaker, and not all males were equally likely to be in this position in the group. As a result,
the number of trials per male varied from one to three in group A, one to five in group B and six to eight in group
C. Focal males were usually not part of the same subgroup, and as such, were only in visible range of each other
during three experimental trials (see Results section).
For each focal individual we noted the number, identity, and location (relative to the focal) of all visible group
members (i.e. the audience) just prior to playing the stimulus. This ensured that when analyzing the video, we were
able to determine which audience members the focal male looked at during the experiment. Once the stimulus was
played back, each observer recorded the response his/her focal male, whilst speaking to the camera, noting if and
when the focal moved more than 5 m from their initial location, and which visible neighbours vocalized and/or
moved. The observer at the speaker also noted if and when any individuals approached the speaker. Video recordings and recorded notes from all observers present were pieced together for each trial to create a comprehensive
picture of which group members vocalized and/or approached the speaker, and the exact time they did so; with these
data, we were able to determine if focal males either followed, led or ignored group members.
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Focal individuals were scored as approaching if their initial response was to move at least 5 m towards the
speaker during the trial (i.e. within 5 minutes of the stimulus)16,47. Focal males were scored as following a female
leader if this approached occurred after one or more female group members who were visible to the focal had
already begun to approach the speaker (usually while vocalizing). Female vervet monkeys often initiate intergroup conflicts19, and to recruit support they begin to approach the opposing group while vocalizing and being
vigilant. Group members who approach instigator females signal a willingness to support them and engage in an
intergroup encounter. Thus, an approach was considered to indicate the willingness of the focal male to participate in an intergroup encounter.

Statistical Analyses. We used a generalized linear mixed model (GLMM) to test if males were more likely to
approach the simulated intruders when females had, versus did not have, access to high-quality food resources (provisioning boxes). We also tested the importance of male rank, the size of the female audience, and the presence of a
visible female leader by including these three terms as predictor variables in the model. Because the response variable
was binary, we set a binomial error structure and fit a logit link function in the model. To control for repeated observations we included the trial number, as well as the focal individual nested within group as crossed random effects48. We
based our inferences on the full model rather than using a stepwise procedure to avoid false positives and biased effect
size estimates49. All statistical analyses were conducted in R (version 3.0.3)50 using the lme4 package51.
Ethical Considerations. The experimental protocol was approved by the Ezemvelo KZN Wildlife Board in

South Africa and field experiments were carried out in accordance with the relevant guidelines and regulations.
In addition, we took numerous steps to ensure that our experiment had a minimal effect on the behaviour of our
study subjects. Because the study site is a large private game farm used for hunting (as opposed to crop farming),
there was little risk that introducing the study subjects to corn in the experiment could dispose them to crop raiding. Moreover, to ensure that provisioning did not dispose the study subjects to becoming human food stealers,
we trained the monkeys to only expect food in a highly specific set of conditions; if these conditions were not
met, the study subjects never showed any sign that they expected humans to provide them with food. First, all
researchers wore blue hats in the field. Second, on days when only observational data were collected, researchers
always made “habituation” calls as they approached the study group; conversely, on days when experiments that
included provisioning occurred, researchers made an alternative “food” call as they approached. Third, food was
always provisioned via an experimental box (which were decorated so as to be distinct and unique), and was
never given directly from a researcher to a monkey.

References

1. Hölldobler, B. Foraging and spatiotemporal territories in the honey ant Myrmecocystus mimicus Wheeler (Hymenoptera:
Formicidae). Behav Ecol Sociobiol 9, 301–314, doi: 10.2307/4599451 (1981).
2. Manson, J. H. et al. Intergroup aggression in chimpanzees and humans. Current Anthropology 32, 369–390, doi: 10.2307/2743814
(1991).
3. Boydston, E. E., Morelli, T. L. & Holekamp, K. E. Sex differences in territorial behavior exhibited by the spotted hyena (Hyaenidae,
Crocuta crocuta). Ethology 107, 369–385, doi: 10.1046/j.1439-0310.2001.00672.x (2001).
4. Mosser, A. & Packer, C. Group territoriality and the benefits of sociality in the African lion. Panthera leo. Animal Behaviour 78,
359–370, doi: 10.1016/j.anbehav.2009.04.024 (2009).
5. Mares, R., Young, A. J. & Clutton-Brock, T. H. Individual contributions to territory defence in a cooperative breeder: weighing up
the benefits and costs. Proceedings of the Royal Society B: Biological Sciences 279, 3989–3995, doi: 10.1098/rspb.2012.1071 (2012).
6. Goodall, J. The chimpanzees of Gombe: patterns of behavior. (Harvard University Press, 1986).
7. Sicotte, P. Inter-group encounters and female transfer in mountain gorillas: Influence of group composition on male behavior.
American Journal of Primatology 30, 21–36, doi: 10.1002/ajp.1350300103 (1993).
8. Steenbeek, R. Tenure related changes in wild Thomas’s langurs I: between-group interactions. Behaviour 136, 595–625, doi:
10.1163/156853999501487 (1999).
9. Scarry, C. J. Between-group contest competition among tufted capuchin monkeys, Sapajus nigritus, and the role of male resource
defence. Animal Behaviour 85, 931–939 (2013).
10. Willems, E. P., Hellriegel, B. & van Schaik, C. P. The collective action problem in primate territory economics. Proceedings of the
Royal Society B: Biological Sciences 280, 1–7, doi: 10.1098/rspb.2013.0081 (2013).
11. Wrangham, R. & Glowacki, L. Intergroup aggression in chimpanzees and war in nomadic hunter-gatherers. Hum Nat 23, 5–29, doi:
10.1007/s12110-012-9132-1 (2012).
12. Glowacki, L. & Wrangham, R. W. The role of rewards in motivating participation in simple warfare. Hum Nat 24, 444–460, doi:
10.1007/s12110-013-9178-8 (2013).
13. Bergmüller, R., Johnstone, R. A., Russell, A. F. & Bshary, R. Integrating cooperative breeding into theoretical concepts of cooperation.
Behavioural Processes 76, 61–72, doi: 10.1016/j.beproc.2007.07.001 (2007).
14. Wedekind, C. & Milinski, M. Cooperation through image scoring in humans. Science 288, 850–852, doi: 10.1126/science.
288.5467.850 (2000).
15. Kitchen, D. M. & Beehner, J. C. Factors affecting individual participation in group-level aggression among non-human primates.
Behaviour 144, 1551–1581, doi: 10.2307/4536533 (2007).
16. Kitchen, D. M. Alpha male black howler monkey responses to loud calls: effect of numeric odds, male companion behaviour and
reproductive investment. Animal Behaviour 67, 125–139, doi: 10.1016/j.anbehav.2003.03.007 (2004).
17. Grinnell, J., Packer, C. & Pusey, A. E. Cooperation in male lions: kinship, reciprocity or mutualism? Animal Behaviour 49, 95–105,
doi: 10.1016/0003-3472(95)80157-X (1995).
18. Williams, J. M., Oehlert, G. W., Carlis, J. V. & Pusey, A. E. Why do male chimpanzees defend a group range? Animal Behaviour 68,
523–532, doi: 10.1126/science.327542 (2004).
19. Arseneau, T. J. M., Taucher, A., Van Schaik, C. P. & Willems, E. P. Male monkeys fight in between-group conflicts as protective
parents and reluctant recruits. Animal Behaviour 110, 39–50, doi: 10.1016/j.anbehav.2015.09.006 (2015).
20. Harris, T. R. Multiple resource values and fighting ability measures influence intergroup conflict in guerezas (Colobus guereza).
Animal Behaviour 79, 89–98, doi: 10.1016/j.anbehav.2009.10.007 (2010).
21. Fashing, P. J. Male and female strategies during intergroup encounters in guerezas (Colobus guereza): evidence for resource defense
mediated through males and a comparison with other primates. Behav Ecol Sociobiol 50, 219–230, doi: 10.1007/s002650100358 (2001).
22. Trivers, R. L. In Sexual selection and the descent of man (ed. B. Campbell) 136–179 (Aldine Publishing Company, 1972).

Scientific Reports | 6:35800 | DOI: 10.1038/srep35800

6

www.nature.com/scientificreports/
23. Emlen, S. T. & Oring, L. W. Ecology, sexual selection, and the evolution of mating systems. Science 197, 215–223, doi: 10.1126/
science.327542 (1977).
24. Willems, E. P. & van Schaik, C. P. Collective action and the intensity of between-group competition in nonhuman primates.
Behavioral Ecology 26, 625–631, doi: 10.1093/beheco/arv001 (2015).
25. Rubenstein, D. I. In Ecology and Social Evolution: Birds and Mammals (eds Daniel I. Rubenstein & Richard Wrangham) 282–302
(Princeton University Press, 1986).
26. Zahavi, A. Mate selection - A selection for a handicap. Journal of Theoretical Biology 53, 205–214, doi: 10.1016/0022-5193(75)90111-3
(1975).
27. Trivers, R. L. The evolution of reciprocal altruism. Quarterly Review of Biology 46, 35–57 (1971).
28. Axelrod, R. & Hamilton, W. D. The evolution of cooperation. Science 211, 1390–1396, doi: 10.1126/science.7466396 (1981).
29. Alexander, R. D. The biology of moral systems. (Transaction Publishers, 1987).
30. Nowak, M. A. & Sigmund, K. Evolution of indirect reciprocity by image scoring. Nature 393, 573–577 (1998).
31. Seyfarth, R. M. & Cheney, D. L. Grooming, alliances and reciprocal altruism in vervet monkeys. Nature 308, 541–543, doi:
10.1038/308541a0 (1984).
32. de Waal, F. B. M. The chimpanzee’s service economy: food for grooming. Evolution and Human Behavior 18, 375–386, doi: 10.1016/
S1090-5138(97)00085-8 (1997).
33. Koyama, N. F., Caws, C. & Aureli, F. Interchange of grooming and agonistic support in chimpanzees. International Journal of
Primatology 27, 1293–1309, doi: 10.1007/s10764-006-9074-8 (2006).
34. Ventura, R., Majolo, B., Koyama, N. F., Hardie, S. & Schino, G. Reciprocation and interchange in wild Japanese macaques: grooming,
cofeeding, and agonistic support. American Journal of Primatology 68, 1138–1149, doi: 10.1002/ajp.20314 (2006).
35. Gumert, M. D. Payment for sex in a macaque mating market. Animal Behaviour 74, 1655–1667, doi: 10.1016/j.anbehav.2007.03.009 (2007).
36. Tiddi, B., Aureli, F., Polizzi di Sorrentino, E., Janson, C. H. & Schino, G. Grooming for tolerance? Two mechanisms of exchange in
wild tufted capuchin monkeys. Behavioral Ecology 22, 663–669, doi: 10.1093/beheco/arr028 (2011).
37. Borgeaud, C. & Bshary, R. Wild vervet monkeys trade tolerance and specific coalitionary support for grooming in experimentally
induced conflicts. Current Biology 25, 3011–3016, doi: 10.1016/j.cub.2015.10.016 (2015).
38. Cheney, D. L. & Seyfarth, R. M. Nonrandom dispersal in free-ranging vervet monkeys: social and genetic consequences. The
American Naturalist 122, 392–412, doi: 10.1086/284142 (1983).
39. Cheney, D. L. In Primate societies (eds Barbara B. Smuts et al.) 267–281 (University of Chicago Press, 1987).
40. Cheney, D. L. Intergroup encounters among free-ranging vervet monkeys. Folia Primatologica 35, 124–146, doi: 10.1159/000155970
(1981).
41. Cheney, D. L. & Seyfarth, R. M. The influence of intergroup competition on the survival and reproduction of female vervet monkeys.
Behav Ecol Sociobiol 21, 375–386, doi: 10.1007/BF00299932 (1987).
42. Struhsaker, T. T. Social structure among vervet monkeys (Cercopithecus aethiops). Behaviour 29, 83–121, doi: 10.2307/4533186 (1967).
43. Olson, M. The logic of collective action: Public goods and the theory of groups. Vol. 124 (Harvard University Press, 1965).
44. Hardin, G. The tragedy of the commons. Science 162, 1243–1248, doi: 10.1126/science.162.3859.1243 (1968).
45. Heinsohn, R. & Packer, C. Complex cooperative strategies in group-territorial African lions. Science 269, 1260–1262, doi: 10.1126/
science.7652573 (1995).
46. Meunier, H., Molina-Vila, P. & Perry, S. Participation in group defence: proximate factors affecting male behaviour in wild whitefaced capuchins. Animal Behaviour 83, 621–628, doi: 10.1016/j.anbehav.2011.12.001 (2012).
47. Crofoot, M. C. & Gilby, I. C. Cheating monkeys undermine group strength in enemy territory. Proceedings of the National Academy
of Sciences 109, 501–505, doi: 10.1073/pnas.1115937109 (2012).
48. Zuur, A. F., Ieno, E. N., Walker, N. J., Saveliev, A. A. & Smith, G. M. Mixed effects models and extensions in ecology with R. (Springer
Science + Business Media, 2009).
49. Forstmeier, W. & Schielzeth, H. Cryptic multiple hypotheses testing in linear models: overestimated effect sizes and the winner’s
curse. Behav Ecol Sociobiol 65, 47–55, doi: 10.1007/s00265-010-1038-5 (2011).
50. R Core Team. R: a language and environment for statistical computing, http://www.R-project.org/(2014).
51. Bates, D., Maechler, M., Bolker, B. & Walker, S. Fitting Linear Mixed-Effects Models Using lme4. Journal of Statistical Software 67,
1–48, doi: 10.18637/jss.v067.i01 (2015).

Acknowledgements

We are grateful to K. van der Walt for permission to conduct the study at the Mawana Game Reserve and A.
Driescher for support in the field. We thank E. van de Waal, C. Borgeaud, S. Mercier, M. Alvino, F. de Antonio, A.
Basetti, M. Blaser, A. van Blerk, A. Bono, N. Caduff, M. Chretien, D. Disla, K. Gordon, H. Ismail, K. van Leeuwen,
Z. Mills, T. Montgomery, K. Neldner, J. Rosen, Y. Rothacher, T. Sharkey, J. Spiby, L. Talens, F. Villa, L. Violetti, S.
Watson, T. White and T. Zimmerman for assistance in data collection. We are also grateful to two anonymous
reviewers, whose constructive criticism improved the manuscript greatly.

Author Contributions

T.J.M.A.-R., C.P.v.S. and E.P.W. conceived the study, T.J.M.A.-R., E.M. and A.L.T. collected the data, T.J.M.A.-R.
and E.M. analyzed the data, and all authors wrote the paper.

Additional Information

Supplementary information accompanies this paper at http://www.nature.com/srep
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Arseneau-Robar, T. J. M. et al. Male food defence as a by-product of intersexual
cooperation in a non-human primate. Sci. Rep. 6, 35800; doi: 10.1038/srep35800 (2016).
This work is licensed under a Creative Commons Attribution 4.0 International License. The images
or other third party material in this article are included in the article’s Creative Commons license,
unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/
© The Author(s) 2016

Scientific Reports | 6:35800 | DOI: 10.1038/srep35800

7

