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In many group-living mammals, philopatric females form the stable core of
the group and defend food or shelter against other groups of females. Where
males are larger, their participation could give their female group the edge.
How can females secure the contribution of males that are neither the father
of current infants, nor the dominant male expecting to sire the next gener-
ation of infants? It has been proposed that females recruit these males as
‘hired guns’, receiving social support and copulations in exchange for fight-
ing, against the interests of the dominant male. We first develop the logic of
this hypothesis in unprecedented detail by considering the potential pay-off
consequences for females and males. We then provide empirical evidence
for the existence of hired guns in this context in several primate species.
The game-theoretical aspects of the phenomenon remain to be studied, as
is the distribution across contexts (e.g. predation avoidance) and species of
the hired gun phenomenon.
This article is part of the theme issue ‘Intergroup conflict across taxa’.

1. Introduction

In humans, between-group contest competition (further called between-group
conflict or BGC) has become frequent since the Neolithic revolution [1].
Warfare, which we define as repeated hostile acts by an alliance with the aim
of killing or excluding opponents, is hypothesized to be the main reason for
patrilocality and the natal dispersal of women [2]. Among other primates,
only chimpanzees share with us the combination of male philopatry and
warfare [3]. Sublethal BGC is also widespread in primates. However, unlike
in humans and chimpanzees, both sexes tend to participate. Indeed, BGC in
most primates may primarily reflect female interests. Among mammals,
given internal fertilization, gestation and lactation are limited to females,
making females the demographically dominant sex. Hence, their associations
and relationships are expected to respond to the distribution of resources and
risks, whereas male associations and relationships are expected to map onto
them [4,5]. This framework has successfully been applied to nonhuman pri-
mates. Group living, and thus female gregariousness, is largely understood
as an adaptation to reduce predation risk, whereas female relationships are
understood to respond to the nature of competition, within or between
groups [6-9]. For example, female philopatry may evolve if a group of related
females gains inclusive fitness benefits by cooperatively defending territories or
food patches against neighbouring groups and/or allospecific competitors [10].
Thus, female primates are typically seen as the driving force behind between-
group aggression, though usually without escalation to the point of seeking
to kill outgroup individuals. Nonetheless, among social mammals, including
primates, males often participate in these BGCs [11,12], raising the question
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of what role males might play in BGC in these species, and
under which circumstances.

No matter how many males there are in a group, average
male fitness will always be affected by the female group
members’ fertility, and hence by the females” access to food.
Thus, one should expect that males join BGCs to secure
resources for their females. On a most basic level, they
should benefit from excluding other males from the group
to prevent mating, thereby also reducing harassment levels
for females and the number of foraging competitors to
females as a by-product of self-serving actions. Rubenstein
coined the term ‘hired gun’ for these by-product benefits
[13,14]. He aimed to explain why zebras live in year-round
stable single-male groups while other ungulates live in
sexual segregation outside the mating season. Indeed, the
hired gun concept warrants year-round association between
males and females. However, the very term ‘hired gun’
implies that the females are employers who compensate
males for services, or less anthropomorphically, that female
behaviour and physiology changed evolutionarily to produce
additional fitness benefits for the group’s male. In a single-
male system, it is not clear whether females ever need to
‘compensate’ the male. In single-male groups, the male is
the obvious and sole beneficiary of the foraging success of
his females as he will sire all their offspring. Thus, one can
expect such males to help self-servingly in territory or food
patch defence as long as the benefits of increased female
fecundity outweigh the costs of participation. Even if this
inequality does not hold and females would have to compen-
sate the single male for his investments, it is unclear how
they could, as they already give the highest possible pay-off
(i.e. paternity) anyway. Thus, we conclude that males in
single-male groups do not need to be ‘hired’; they provide
services because they benefit directly without having to
share paternity.

The hired gun hypothesis becomes more plausible if
female behaviour and reproductive physiology are moulded
so as to enable the presence of additional males, in most
cases against the fitness interests of the dominant male. If
females do not evolve counterstrategies against dominant
male attempts to monopolize mating, single-male systems
may evolve. Andelman [15] first drew attention to the fact
that groups of up to ca six females could contain either a
single male or multiple males, whereas above that, multi-
male groups are the norm. Diana monkeys may provide an
estimate on how many females a male monkey may maximally
monopolize as long as females evolved to consent: a group
usually has a single adult male, but regularly about 10 females
[16]. The small testes size of males indicates the absence of
any sperm competition [17], suggesting that the single male
monopolizes mating. Diana monkeys dwell in tropical rain-
forests, a habitat that would facilitate hidden extra group
mating if females were seeking them. This example implies
that females in other species that live in multi-male groups
of similar or smaller overall sizes ‘hire’ extra males as guns
for fitness benefits, potentially including fighting neighbouring
groups [9,18]. In fact, females in many primate species
have evolved numerous derived sexual features serving to
break the top-dominant male’s monopoly on mating and
paternity [19,20].

The aims of this paper are to explore the conditions under
which the hired gun hypothesis could theoretically work and
to summarize the current evidence. Completing these tasks
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Figure 1. Various selective forces may cause a shift from a single-male group
structure to a multi-male multi-female structure, owing to females actively
working against the dominant male, or back when the costs for females
of extra males are too high.

will allow us to identify avenues for future theoretical and
empirical research. As we see it, male services such as the
hired gun phenomenon provide ample opportunities to
study cooperation between unrelated individuals, with impor-
tant implications for our understanding of primate social
organization and BGC as a function of resource distribution.

2. Conceptual considerations

The features of female sexuality that enabled females to break
the top male’s monopoly on mating almost certainly evolved
as a counter-strategy against infanticide by non-sire males
[21]. However, they opened the door towards the broader
phenomenon of male services that benefit unrelated females
or their immature offspring yet do not reflect parental care or
investment in secure future fitness benefits. For instance, pri-
mate females can also recruit non-sire males to assist in the
defence against predators [22]. Here, our focus is on BGC.
The absolute and relative importance of these three benefits
is likely to vary between species and between populations of
the same species. For example, infanticide risk is often lower
in seasonal annual breeders, given that male infanticide
would rarely shorten the time window until the mother
enters into oestrus again. Predation risk varies between species
according to habitat (savannah versus forest) and within
species typically owing to variation in human disturbances of
the ecosystem (often driving predators to local extinction out-
side strictly protected areas). The importance of BGC will
vary as a function of food distribution (clumped versus
spread) and territory/home range defensibility (the larger
the home range, the more difficult it becomes to prevent intru-
sions); and the benefit for females of the male contribution in
this context will depend on sexual size dimorphism. The gen-
eral scenario for the implementation of hired guns and the
resulting multi-male multi-female groups is summarized in
figure 1. Figure 1 primarily refers to evolved species differ-
ences, acknowledging that transitions may happen in both
directions [23,24]. Nevertheless, we acknowledge that there
may be sufficient behavioural and physiological plasticity
among females for intraspecific variation as well, as suggested
by the literature on primate sexuality.

To evaluate the potential benefits and costs of adding a
male to the group, we developed a simple mathematical
model, where we focus on the benefits and costs of group
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Figure 2. Effect of varying the fighting ability of males and the turnover rate of alpha male in harem groups, which affects the relatedness between philopatric
group members at any given group size. Panels in the first row show the benefit and cost separately as a function of the group size. Panels in the second row show
the difference between benefit and cost for each type of groups. Male fighting ability is controlled by the parameter p,, which was set to 1.1 and 2.0 for low and
high fighting abilities, respectively. Alpha male turnover rate in harem groups is controlled by the parameter 3, which was set to 0.05 and 0.1 for low and high
turnover rates, respectively. The other parameter values are a=1, b=4, pr = 1, k. = 0.01 and k, = 0.2. For equations and further results, see the electronic

supplementary material. (Online version in colour.)

living from the perspective of females in primate species of female
philopatry. We assume that it is always more beneficial for a
male to join a social group than not to do so. The model is pre-
sented in detail in the electronic supplementary material. Here,
we only present the logic and a few key results. One potential
benefit of group living comes from increased fighting ability of
a group as a whole as the number of group members increases.
Because the benefit of group fighting depends on the number
of competing groups that remain unbeaten, the benefit func-
tions are featured with diminishing return as group size
increases. Because we assume that males have higher fighting
abilities than females owing to their larger sizes, a hired gun
group always has higher fighting abilities than a harem
group of the same size, although the relative benefit contribu-
ted by a single extra male diminishes as group size increases.
The cost of group living contains two additive components—
the coordination cost and the relatedness cost. For simplicity,
we assume that the former only depends on group size and
thus is the same for harem and hired gun groups (see the elec-
tronic supplementary material for a detailed discussion). The
latter differs between group types, because unlike in harem
groups, paternity is shared between two males in hired gun
groups, leading to lower relatedness between individuals,
and also the relatedness cost of including an extra male. We
introduced two parameters that control for the relatedness
cost difference between harem and hired gun groups. The
first parameter 8 controls the shape of relatedness curve as a
function of group size in harem groups. Larger values corre-
spond to higher turnover rates of harem ownership. The
second parameter k, controls the weight of relatedness cost in
the total cost of group living. Increasing k, enlarges the differ-
ence of relatedness cost between hired gun and harem groups,
and thus can be used as a proxy for the degree of reproductive

skew among males in hired gun groups. Everything else being
equal, the smaller k, is, the smaller the relatedness cost differ-
ence is between a hired gun and a harem group, and the
stronger the ability of the alpha male in a hired gun group to
monopolize paternity.

Depending on the relative importance of benefits versus
costs, females may be under selection to hire male(s) as guns
(figure 2). Interestingly, when it is beneficial for females to
hire a male gun, the resulting optimal group size is smaller
with an extra male than with an extra female (figure 2, lower
panels). This is apparently because of groups with an extra
male reaching high fighting potential with smaller group
size, avoiding the extra costs of within-group competition in
a larger group. Our model just focusses on the important tran-
sition from single male to more than one male. It does not
allow us to answer the question of whether for any given con-
dition females should prefer to have two or even more males.
Intuitively, we expect that the larger the group, the more likely
it becomes that females would benefit from including multiple
males for two reasons. First, the benefit contributed by the
fighting ability of one extra male diminishes as group size
increases, and therefore, large groups may only have an evi-
dent fighting advantage over harem groups of similar sizes
by including multiple males. Second, including multiple
males in a large group would not significantly increase the
relatedness cost because the relatedness among individuals
is anyway low in large groups [25].

While hiring males as guns against conspecific and allos-
pecific competitors may potentially benefit females in species
with a strong sexual dimorphism, the question arises why
these hired males should help in BGCs. After all, fighting
requires energy and may cause injury. One possibility is
that joining in fights increases a male’s fitness in the absence



of any explicit payments. However, this can only happen if:
(i) males may secure some sneaky copulations without
female consent, or if becoming a hired gun automatically
increases chances to replace the current alpha male and thereby
gaining mating; and (ii) these mating benefits outweigh the
costs of fighting. If these conditions are not fulfilled, males
may benefit from withholding contributions to fighting. If
that were the case, females would need to become proper
‘employers’” who pay their ‘employees’ and must monitor
that these also deliver the work, or else take action.

As it stands, females may offer compensation in three
ways. The most basic form involves simply tolerating the
male in the group, since being a group member reduces
harassment and provides various anti-predation benefits.
A more active compensation would be to provide socio-
positive interactions, like grooming. Grooming in primates
has both hygienic and stress-reducing functions. Finally, the
most valuable form of payment would involve the per-
mission to copulate, against the interest of the alpha male.
According to our model analyses, the resulting mix in pater-
nity would indeed impose costs on females owing to the
resulting reduced relatedness among them (see the electro-
nic supplementary material). While bird females have the
behavioural freedom to provide such opportunities owing
to their high mobility, mammalian females are more con-
strained because of male mate guarding [25]. However,
mammalian females have evolved various alternative
mechanisms to evade monopolization by a single male,
including longer follicular phases with long periods of
receptivity and multiple cycles for each conception [18], syn-
chronization of oestrus [26], concealed ovulation (bonobos
[27]) and low fertilization probability (lions [28]). Species
with such female traits and larger males than females are
hence logical candidates to test specific predictions based
on the hired gun hypothesis.

To prevent males from withholding their expected contri-
butions to BGCs, females must apply so-called partner
control mechanisms, i.e. they must have responses to such
cheating that lower male fitness [29]. Appropriate responses
by females require monitoring of male behaviour. Responses
to males that do not carry their load can range from with-
holding grooming interactions to trying to avoid or actively
withholding copulation opportunities to evicting a male
from the group. This latter option may not warrant active
aggression by females but mere withholding of protection
against the alpha male, who will then carry out the eviction.
Before taking any extreme actions, females may give feedback
to males regarding their performance.

An example comes from vervet monkeys (see also [30]). In
this species, between-group encounters consist of waves of
attack and counterattack [31]. Between such waves, it has
been observed that females groom males that participated in
the last wave but attack males that had not participated [32].
In return, males may counteract female goals with their own
aggression, leading to a negotiation process [33]: males may
prefer a de-escalation of a BGC for various reasons, including
the presence of probable own vulnerable offspring, the possi-
bility to prospect (i.e. exploring the possibility to join the
opponent group in the future), or own vulnerability because
of recent wounding [33].

A very interesting but underexplored aspect of females
hiring males as year-round guns concerns the time dynamics
of female payment and male work. Females cannot withhold
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Figure 3. Time dynamics of male services and received payment. Males pay
each time they participate in an between-group conflict (BGC; red arrows).
They receive the benefits of group membership constantly (horizontal
line). In addition, they may be rewarded with grooming each time they par-
ticipate in a BGC (yellow arrows). Finally, males may also achieve copulations
in return for their services, which would be rare events and linked to female
fertility/a mating season rather than a specific own service.

group membership, the most basic payment, without losing
the male services. This exchange thus fits the “pay-to-stay’ con-
cept developed to explain helping in cooperatively breeding
species: subordinate individuals must help to rear offspring
or else breeders would benefit from evicting them [34]. Bree-
ders must monitor the helpers’ contributions but they cannot
exploit the helper. If breeders demand too much, helpers will
leave and no more help is provided. Females integrating
males into the grooming network is a potential additional pay-
ment that can be spontaneously adjusted to any changes in
male performance. A specific male service, like participation
in a BGC or an alarm call, can immediately be rewarded with
grooming. Thus, grooming could potentially be used as a
direct payment. Finally, payment in the form of copulations
has a very unusual time dynamic, at least in species with sea-
sonal reproduction or even longer intervals between
reproductive events (figure 3).

First, males have to provide a series of services over a
period of months, raising the question of whether females
could potentially withhold compensation at the end. This is
a quantitative question, as females will tend to mate with
several males in order to reduce infanticide risk [2,35]. In
the resulting lottery, females may bias fertilization probability
by influencing the mating frequency and/or time of the
mating around ovulation. Thus, how can male service provi-
ders ensure that they will be compensated by females
through biased paternity probability? Also, once copulations
took place, how can females be sure that males will provide
future services?

To start with the latter question, one possible scenario is
that copulations induce males to provide services as a form
of parental investment, i.e. male services become self-serving
independently of how the female mating partners behave in
the future. If this were the case, females would not have to
worry about males stopping to do their work. In return,
males may already provide initial services to demonstrate
their capability to provide sufficient paternal investment,
thereby enticing females to accept/seek copulations. The
complete scenario would hence be as follows: initial male
services/investments must be sufficient to make it a self-
serving decision for females to offer an increased share of
copulations (against the interests of the dominant male),
which make it a self-serving decision for males to stay and
provide further services. In other words, males provide ser-
vices to show their genetic quality, which females assess
and base their mating decisions upon. In this scenario, the



highest quality males can afford to provide more services
than other males (handicap principle; [36]; for subtleties
of terminology and logic see [37]). Thus, males compete
among each other over access to females, partly based on
their position in the hierarchy and partly based on the ser-
vices they provide, and females choose accordingly. This is
the concept of reputation-based partner choice (formerly
called ‘competitive altruism’; [38,39]) within a biological
market [40]. The competition between males regarding their
reputation with females introduces a new dynamic regarding
the amount of services provided. Under reputation-based
partner choice, it is not good enough to provide services
above a certain pay-off threshold (like ‘provide more to
between-group fighting than a female could have done’)
but each male has to perform better than the competitors.
Therefore, an increase in the number of males may lead to
a disproportional increase in male services (green region in
figure 3) because of females exerting partner choice.

A point that deserves further exploration is whether
under such conditions, males of a low quality/in a temporary
bad state simply opt out of the competition and try to obtain
the benefits of group living without contributing to the public
good. As females need to monitor male behaviour anyway in
order to identify the best one(s), they should be able to ident-
ify such non-contributors and keep them out of the social
network. Another important point to make is that market
effects can work both ways: the best guns may demand
many mating or else they would switch to another group.
In the worst case, they would join a neighbouring group
and hence become a direct opponent. Clearly, the hired gun
concept provides ample opportunities to explore and
advance both reputation-based partner choice concepts and
biological market theory.

A final point we discuss concerns the potential interaction
structures between females and hired guns. More specifically,
one has to ask whether females act as a community or as
individuals. The answer to this question is important to
understand how males get paid for their services. At first
sight, males provide a public good to all females when
participating in BGCs. Therefore, all females should be willing
to compensate for the service, with immediate grooming after
the conflict ends and/or with copulations later. However, this
scenario might lead to complications. To avoid over-
compensation in terms of grooming, females would have to
monitor each other’s behaviour. The compensation would
also become a public good, and hence females might be
tempted to shirk their own contributions. While there are
potential solutions to ensure female contributions to the
public, a simpler alternative would be that specific females
may develop frequent interactions with specific males.
In other words, females and males develop specific social
bonds, also called ‘friendships’. Bonds could change the
dynamics of the exchange of male services for payment.
A participating male would be groomed by his bonded
female rather than by any female group member, and
increase his chances of mating with her. As a consequence,
males should try to adjust their services such that the
bonded female benefits most. Spatial proximity would be a
simple mechanism to achieve more directed services in
the context of protecting the female’s offspring against
infanticide and/or predatory attacks. In BGCs, males may
join a fight next to their bonded female to specifically protect
her from harm. The resulting asymmetries in how the

benefits of male services are distributed among female [ 5 |

group members would render the system more stable against
cheating [41]. The interaction pattern would become more
like a two-player game, where an initial Prisoner’s Dilemma-
type interaction gets eventually transformed to mutually
beneficial interactions because of the developing bond/
interdependence [42,43].

Our conceptual considerations allow us to make various pre-
dictions that can in principle be tested empirically. First, if
females hire males as guns at least in part to improve chances
to win BGCs, we predict that the number of males will affect
chances of winning and perhaps also home range size. To
assess these predictions, we need to exclude cases of male
participation in BGCs that are purely owing to mate defence.
Where males alone are involved in BGCs, this is a parsimo-
nious explanation of the phenomenon, and no underlying
male—female interactions need to be invoked. This is in fact
the situation pertaining to many southeast Asian forest lan-
gurs [44], where young males attract females to form a
group and retain their females until their ability to defend
them against younger rivals breaks down [45]. A similar pat-
tern may pertain in various African colobines [46—48]: males
are the main participants and group dominance, if present,
may primarily reflect the benefits for the participating male,
who invests in his reproductive future [47]. Female secondary
dispersal is also common [49,50], suggesting a mix of male
take-overs of existing groups and a cycle of group formation
and disbanding in which females are often not close relatives.
Overall, the general lack of female participation indicates that
female groups do not benefit enough from resource defence
to make female participation adaptive, since their partici-
pation would otherwise easily tip the balance. Hence, it
is not warranted to call these male behaviours a service to
the females.

In order to identify male services in the BGC context,
then, it is best to concentrate on species in which philopatric,
gregarious females have a stake in defending their range and
its resources. Joint participation of males and females is in
fact reported for most primate species with female philopatry
[51,52]. There are two experimental studies of such species
that attempted to evoke male defence of resources for
females. One experiment by Scarry [53] showed that tufted
capuchin males approached rich contestable food patches,
regardless of female fertility status, suggesting they are
truly defending access to resources for their females. The
other experiment [31], in which vervet monkey males were
given the opportunity to defend food patches that were
made only accessible to females, yielded no evidence of
males spontaneously providing a resource defence service
to their females (although they did participate when females
led the group to the contested location). In fact, in this same
population, females do reward males with grooming when
they participate, or punish them by attacking them if they
do not [32]. Females also mate more with participating
males [54], although this pattern could potentially be con-
founded by other factors, like male rank. Unfortunately, no
data exist whether (i) an individual male is more likely to
join if his socially closest female participates, and (ii) whether
this female is most likely to reward and punish that male for



his actions. Without such information, we cannot assess how
personalized male services and female assessments are in
vervet monkeys, and hence how the underlying game struc-
ture is best described. Nevertheless, the data reveal several
important building blocks of the game: females monitor
and respond to what they observe both on short- and long-
time scales (indicating reputation-based partner choice), and
males show evidence of providing services quite freely after
mating success (indicating self-serving paternal investment).

The non-experimental approach to test this prediction is
to find cases where between-group dominance exists and is
determined by the number of sexually mature males in the
group and not by the overall group size or the number of
adult females. We found several of these: wedge-capped
capuchins [55], white-faced capuchins [56], tufted capuchins
[53], black and gold howler monkeys [57], chacma baboons
[58], savannah baboons [59], Sulawesi black macaques [60],
Japanese macaques [61] and perhaps Nicobar long-tailed
macaques [62]. There were also cases where such an effect
was not observed, even though it was examined (e.g.
bonnet macaques [63]; crested mangabeys [64]). However,
these cases cannot serve as evidence of the absence of male
services, because they may reflect conditions with lower den-
sity and lower frequencies of BGC, when groups generally
avoid each other.

The second prediction was that the number of sexually
mature or adult males in a group affects the group’s home
range size, beyond the influence of group size and thus ener-
getic needs alone. Few monkey studies report on this
question, but positive evidence exists. Richter et al. [65]
showed it for Assamese macaques. Anderson [66] found that
baboon groups with more adult males occupied more produc-
tive and larger home ranges. C. van Schaik 1985 (unpublished
observation) found for Sumatran long-tailed macaques that a
small group’s home range expanded dramatically after the
single adult male was replaced by a number of other males.
While more data are clearly needed, it is interesting to see
that male services can lead to similar patterns as to what is
expected and well established in primate species that have a
male resource defence polygyny mating system in which alli-
ances of philopatric males defend a joint territory: among
chimpanzees, male lethal between-community aggression
determines territory size [67]; which in turn affects female
reproductive success [68]. Among spider monkeys, which
have a similar social system, the number of males predicts
the length of ‘risky boundary’, the length of territory perimeter
shared with other groups [69], thus indirectly indicating that
more males are needed to defend resources where groups are
surrounded on all sides by other groups.

We had asked whether females may have evolved strategies
to ensure the presence of multiple males as a means (as
‘guns’) to increase resource holding potential in BGCs. Note
that our definition of a ‘hired gun’ hence differs from the
original one by Rubenstein [13], who used the term to explain
the evolution of year-round single-male groups. Defendable
resources selecting for female philopatry provide the basic
conditions. Males being stronger than females and gaining
net benefits from participating in BGCs are additional
requirements. We used game-theoretic considerations to

identify conditions under which females would benefit [ 6 |

from hiring males as ‘guns’. We recommend reading of the
electronic supplementary material, for those readers inter-
ested in the modelling part. The rich number of potential
games requires future detailed investigations in order to sep-
arate by-product benefits owing to group augmentation and/
or paternal investment from pay-to-stay concepts and from
reputation-based partner choice models. As it stands, we
identified some primate species where males apparently act
as hired guns (as defined in this paper): species in which
the number of males in a group predicts winning BGCs
and/or home range size, independently of the number of
females. Thus, the importance of winning BGCs appears to
be strong enough to select for female strategies to ensure
the presence of multiple males in their group. In other
words, BGCs can apparently affect the evolution of primate
social systems.

We found various cases, but for the non-experimental ones,
this does not tell us about the behavioural mechanisms
involved. In some species, males apparently spontaneously
produce services in the BGC context, but in others, females
may actually force males into providing them, at some cost,
by provoking BGCs during times of likely fertility, simply by
approaching neighbouring groups in important resource
patches (or sleeping sites). Then, females force the group’s
males into defending access to them in savannah baboons
and grey-cheeked mangabeys [70-72]. Moreover, in baboons,
males guarding females with swellings are more likely to par-
ticipate in BGCs than other males [71]. Less direct evidence
applies where BGCs are more common during the mating
season (Japanese macaques: [61]; Nicobar macaques: [62]).
Thus, males are often recruited as participants rather than
joining spontaneously or even initiating the conflict.

Females may not elicit male participation in BGCs uncondi-
tionally. Male participation varies across populations of the
same species (Japanese monkeys [73]; baboons [66,74]; black
colobus [75]; white-faced capuchins [56,76]) and perhaps
even over time within the same population. This variability
suggests both plasticity in decision making by males and
females, as well as variation in fitness benefits, depending on
conditions. Primate females are known to show plasticity in
reproductive physiology and behaviour, which will affect the
ability to monopolize mating [77,78]. The participation by pri-
mate males is expected to be plastic as well, because males are
often unrelated and generally compete among each other for
access to females, and we therefore expect they will tend to
avoid BGC expected on the basis of the collective action
problem [79].

Measuring the relative importance of male contribution to
BGCs in the evolution of primate social systems is difficult,
given that males provide two additional benefits to females:
(i) reduced infanticide risk [80,81], which in fact has been
suggested as a major selective influence on female sexuality
in nonhuman primates [2] could also be responsible for the
year-round male—female association in this lineage [82]; and
(ii) multiple males may reduce the risk of predation because
non-dominant males tend to be more peripheral and may
protect females and their offspring through vigilance,
alarms, mobbing and counterattacks [22,83]. Indeed, protec-
tion against predation shows a pronounced male bias
across primates [22,84]. As we see it, sexual dimorphism lead-
ing to infanticide by new harem owners appears to be the
strongest effect on female fitness, where hiding paternity



through multiple mating appears to have been the prime
mover leading to the presence of multiple males, consistent
with the idea that infanticide avoidance selected for mixed-
sex groups in the first place. While dominant males can still
use their status to gain most copulations/the best-timed
copulations, females may bias mating success by males
through indirect (reproductive physiology) and active
choice. Under female choice, males compete among each
other to impress females, and this can be best done by pro-
viding services to females or the group. In other words, we
view male services in multi-male groups largely as the out-
come of reputation-based partner choice by females (see
also [39]). The benefits of these services only arise once
females have evolved promiscuity to reduce infanticide risk
and hence can be considered secondary. Note, however,
that only these secondary benefits warrant year-round associ-
ations between females and extra males, while promiscuous
mating can also be achieved with males visiting during the
reproductive season. Thus, we propose that male services,
including participation in BGCs, may affect the evolution of
primate social organization.

Research on male services is still in its infancy [22]. As a
consequence, we found it impossible to assess what kind of
games best describe the exchanges that take place between
males and females. Given the large reproductive skew in
males based on their rank, benefits in the form of group
membership (pay to stay) and social integration, including
the development of valuable bonds with females, must also
be considered at least on shorter time scales. In this context,
the evolution of close male—female social bonds as a means
to turn a public goods kind of game into a largely dyadic
game should be considered. The resulting interdependence
[43] would lead to a win-win situation and offer an
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alternative reproductive strategy for lower-ranking young
or older males [85]. We consider reputation-based partner
choice by females as the main mechanism promoting services
of newly immigrated males, while males with longer tenure
and likely reproductive success may eventually provide ser-
vices as a form of paternal investment [22]. Further studies
will be necessary to test these predictions.

In conclusion, we found evidence that male primates may
play an important role in BGCs. Being typically larger than
females, extra males add fighting capacity to a group.
Males can hence give their females access to food resources,
which are considered to be the main limiting factor for
female fitness. As a consequence, females may have evolved
means to hire extra males as ‘guns’ against the interests of the
dominant male in order to win BGCs. Currently, few studies
report the detailed dynamics of male and female actions
during intergroup encounters, and the long-term conse-
quences of male services on mating. While we have
focussed entirely on primates in this paper, the logic devel-
oped can be tested with any species in which multiple
males could contribute to securing food resources for the
female group members.

The code of the model is publicly archived at https://
github.com/XiangyiLi/Hired-Guns.
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