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Although uniquely destructive and wasteful, intergroup conflict and warfare
are not confined to humans. They are seen across a range of group-living
species, from social insects, fishes and birds to mammals, including nonhu-
man primates. With its unique collection of theory, research and review
contributions from biology, anthropology and economics, this theme issue
provides novel insights into intergroup conflict across taxa. Here, we intro-
duce and organize this theme issue on the origins and consequences
of intergroup conflict. We provide a coherent framework by modelling
intergroup conflicts as multi-level games of strategy in which individuals
within groups cooperate to compete with (individuals in) other groups for
scarce resources, such as territory, food, mating opportunities, power and
influence. Within this framework, we identify cross-species mechanisms
and consequences of (participating in) intergroup conflict. We conclude by
highlighting crosscutting innovations in the study of intergroup conflict
set forth by individual contributions. These include, among others, insights
on how within-group heterogeneities and leadership relate to group conflict,
how intergroup conflict shapes social organization and how climate change
and environmental degradation transition intergroup relations from peaceful
coexistence to violent conflict.
This article is part of the theme issue ‘Intergroup conflict across taxa’.

1. Introduction

The members of the Historical Society of Wassenaar, a small coastal town in
the Netherlands, knew their region had been dotted with human settlements
for millennia. As amateur archaeologists, they had regularly found the remnants
of pottery and jewellery that could be dated back thousands of years. Yet in April
1987, they made a unique discovery—a Bronze Age burial site with 12 well-
preserved skeletons of men, women and children (figure 1). The 12 belonged to
several families and were buried all at the same time, around 3400 BP. Each
skeleton had clear marks of lethal violence—the 12 were most likely killed
when a neighbouring group raided their settlement [1].

The excavation at Wassenaar changed the then prevailing view of the
Bronze Age as an Era of Peace [2—4]. Extant work in evolutionary archaeology
and anthropology strongly suggests that intergroup conflict has been a
constant throughout human history [5-11] (but see [12]). Moreover, and in
parallel, it has become clear that intergroup conflict and warfare' are far from
unique to the human species. For example, nonhuman primates, including
chimpanzees (Pan troglodytes) and baboons (e.g. Papio cynocephalus), engage
in violent conflict with neighbouring groups [13-18]. Intergroup conflict has
also been observed in spider monkeys (Ateles paniscus) [19], hyaenas (Crocuta cro-
cuta) [20], wolves (Canis lupus) [21], meerkats (Suricata suricatta) [22], banded
mongooses (Mungos mungo) [23,24], in various group-living birds [25-27] and
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Figure 1. Violent intergroup conflict in humans. The burial at Wassenaar
contains the remains of 12 people possibly murdered during an out-group
raid on their settlement (approx. 3400 BP; reproduced with courtesy of
Dr Louwe Kooijmans and Faculty of Archaeology, Leiden University).

social fishes [28]. Social insects raid neighbouring colonies and
kill enemy conspecifics [29-33].

Exceptions aside, intergroup conflict can be exceedingly
costly to the involved individuals, their groups and the popu-
lation at large. In humans, political revolts, civil wars and
interstate conflict since 1946 resulted in over 40 million
people killed [34,35]. Chimpanzees kill and die from battle-
related injuries [16], and inter-colony warfare among social
insects such as ants and bees can kill tens of thousands
[31,36]. Moreover, and in addition to battle-related trauma,
intergroup conflict has, across species, been linked to
environmental degradation and famine, migration and
forced relocation and the spreading of infectious diseases
[26,37-39].

These two observations—intergroup conflict is seen
across taxa and can be exceedingly costly—raise fundamental
questions about the origins, dynamics and consequences of
intergroup conflict. For example, we can ask when and where
intergroup conflicts emerge and why: are there cross-taxa
commonalities in the preconditions for intergroup conflict?
Relatedly, we can ask what (groups of) individuals gain from
initiating and escalating conflict with neighbouring groups of
conspecifics: what pay-offs make the opportunity costs and
risk of (sub-) lethal injury worthwhile to pursue? Finally, we
can ask whether and how recurrent intergroup conflicts shape
the social organization of groups (e.g. group size, group
composition) and, as a consequence, population structures.

This theme issue addresses these and related questions.
It combines state-of-the-art theory and reviews alongside
new research on intergroup conflict from the perspectives
of neurobiology, animal behaviour, anthropology, economics
and evolutionary theory. It provides, for the first time, to
our knowledge, a side-by-side treatment of intergroup con-
flict across taxa, detailing the origins and consequences of
intergroup conflict. Each in their own way, the contributions
provide insight on intergroup conflict for social insects
[32,33], social fishes [40], group-living birds [26,27], non-pri-
mate mammals such as banded mongoose [24], lions and
wolves [17], several monkey species [41—43], chimpanzees
[18,44] and humans [45-47].

Here, we introduce the theme issue and its contributions
with a coherent framework of intergroup conflict (figure 2).
In §2, we model intergroup conflict as a multi-level ‘game of
strategy’ in which individual animals cooperate in groups
to compete against outsiders [48-52]. In §3, we identify general,
cross-species mechanisms for the initiation and escalation of

intergroup conflict. In §4, we review the possible consequences
of intergroup conflict. We distinguish between immediate con-
flict pay-offs and other, more indirect proximate consequences
of intergroup conflict that occur within the lifetime of (groups
of) individuals and possible ultimate consequences of recur-
rent and impactful intergroup conflict across generations and
evolutionary timescales.” Section 5 concludes with innovative
advances on our understanding of intergroup conflict that
emerge from the contributions to this theme issue.

2. The anatomy of intergroup conflict

Many species across taxa require access to territories and
resources that are shared with and also demanded by other
species, conspecifics included. This can create competition
and conflict both within and between groups of individuals
[59]. Indeed, for intergroup competition to emerge, it is quintes-
sential that individuals are nested in groups and that groups are
nested in a structured population of multiple groups (see e.g.
[60-62]). Groups can differ in size and in internal cohesiveness,
and group boundaries can be permeable such that indivi-
dual members are more or less able to migrate into adjacent
groups or form new groups. Regardless, groups within such
structured populations may collectively compete over scarce
resources such as territory and shelter, access to food and
water and mating opportunities [48-50,52,63]. In humans, inter-
group competition and conflict sometimes also involve
immaterial resources like political influence, the truth and the
validity of worldviews [64,65].

During intergroup conflict, individuals from opposite sides
may fight in one-to-one combat or, alternatively, contribute
metabolic energy, skills, insights and material resources to
a collective ‘fighting capacity’ like an army or building a
collective defence system. In either case, the conflict can be
about something both groups desire, yet only one group can
have. An example is that of two ant colonies aiming to feed on
a resource that provides enough food for only one colony [36].
At other times, conflict is about something that one group
wants and the other group owns and defends [53,66,67]. An
example is that of a raiding party invading its neighbour’s
territory to capture their livestock [68]. Border patrols in chim-
panzees are another example, where one group uses violence
against intruders to protect its territory [16,18,44].

As these examples show, intergroup conflict can be mod-
elled as a two-level ‘game of strategy’ in which (i) individuals
within groups cooperate at a personal cost to (ii) generate a
group-level ‘fighting capacity’ to compete against (groups of)
outsiders. Accordingly, groups need to ensure that (enough
of) their members participate—groups need to overcome pro-
blems of cooperation that emerge from individual temptations
to free-ride on others’ cooperative efforts and avoid the oppor-
tunity costs and injuries associated with joining intergroup
conflict [69]. Relatedly, groups sometimes face problems of
coordination [70-72], for example, when they need to calibrate
how much effort each individual expends [50,67] or when they
need to decide when to intrude into enemy territory and when
to ‘lay low’ [68,73] (further see §3b).

All else equal, the group that can raise more contributions
to conflict is most likely to settle the conflict in its favour or pre-
vent being defeated. This happens, for example, when one
group is substantially larger than its competitor [74] or when
the group solve its collective action problems better than its

YELOLZOT *LLE § 05 Y Subil ‘Jlyd  qis/|eunol/bao BuiysijgndAraposiefos H



Downloaded from https://royal societypublishing.org/ on 04 April 2022

mechanisms

]—>[ intergroup conflict ]—’[ conflict pay-offs ]

[
[individual states and traits] [

initiation ] individual-level
i gains and losses
[ within-group dynamics ] [ escalation ]
group-level i
[environmental pressures ] [ settlement ] gains and losses

{ ultimate consequences }

Figure 2. Framework for analysing intergroup conflict. Mechanisms at the individual, group and environmental level of analysis producing the initiation, escalation
and settlement of intergroup conflict, with conflict pay-offs for individuals and their groups. Recurrent intergroup conflict within and across species’ generations has
possible ultimate consequences on the individual, group and environmental level of analysis. (Online version in colour.)

rivals [69,75]. In these and similar cases, intergroup conflicts
can take the form of ‘win-lose’ conflicts—both sides waste
efforts but individuals in victorious groups typically earn a
share of the resources captured, while defeated groups
remain empty-handed or worse. However, not all intergroup
conflicts result in win-lose outcomes. In many cases, for
example, when rivalling groups are of equal strength and
invest equally in conflict, conflict settlement can take the
form of a ‘lose-lose” conflict. In fact, game-theoretic analyses
and empirical observations of intergroup conflicts across
social vertebrates reveal that in the majority of cases, group
defence is sufficiently strong to prevent defeat [73] (also see
[76,77]). Yet both failed attacks and successful defences are
energetically costly and can involve physical trauma and
casualties—neither side wins, and both lose. Finally, and at
least in humans, conflict sometimes ends in a mutually
beneficial exchange on interests and positions, akin to a ‘win—
win’ conflict in which both sides earn some share of the
contested resource that at least partially offsets the costs of
participation in conflict [78,79].

That often both groups survive intergroup conflict means
that individuals on both sides can recover and reproduce. It
also means that rivalling groups can adapt to each other,
developing strategies for preventing or more successfully
winning future contests and competitions [76,80-82] (also
see [83]). As we will discuss in §§4 and 5, both (not) winning
and (not) losing impact individual and group survival and
fitness and can shape the social organization of groups
and populations.

3. Initiating and escalating intergroup conflict

In theory, the mechanisms that produce conflict are entwined
with the pay-offs of recurrent intergroup conflict. Accord-
ingly, one way to understand when and how individuals
and groups initiate and escalate intergroup conflict is to ask
about the expected value or ‘current utility’, of contributing
to conflict (viz. [84]). In addition, we may identify the control
mechanisms that groups use to solve emerging problems of
cooperation and coordination during intergroup conflict
and how changes in the groups’ environment modulate
group members’ engagement in out-group aggression.

(a) Individual participation in group conflict

Borrowing from standard economic theory, we assume that
choosing a conflictual path of action becomes more attractive
for individuals, relative to less conflictual options, with
increases in several characteristics of the decision situation

[51,52] (also see [84,85]). Adding to past literature, several
contributions to this theme issue converge on five key argu-
ments that determine what we can call the ‘conflict
participation function’ p for individual i:

pi :f(v/ Y, a1, ao, ﬁ)/ (31)

where v refers to the expected material benefits of participat-
ing, such as additional food or territorial access; y captures
the expected benefits of participating in terms of gains in
status and reputation among the members of one’s own
group (‘in-group); and ¢; and og denote the value the indi-
vidual attaches to the welfare and well-being of (members
of) their in-group and rivalling out-group, respectively; S
denotes out-group threat as the magnitude of expected out-
group aggression. Accordingly, arguments v and y capture
the individual’s ‘selfish’” motivation, and oy, o and § capture
the individual’s ‘social’ motivation to join intergroup conflict.

Each argument in f may have a positive or negative effect
on the probability of participating in group conflict. Accord-
ingly, we can expect participation when, first, the expected
material benefits of participating increase (0p;/dv > 0). Being
part of a winning group promises potential material benefits
such as a share in conquered resources and/or mating oppor-
tunities (viz. spoils of war). Mathew [46], for example, shows
how the promise of adding cattle to one’s household can
further motivate members of the Turkana, a tribal society in
East Africa, to join raids on adjacent communities. Some-
times, key group members, such as group leaders, may
reap larger benefits than the rest of the group members or
are at relatively low risk during the fighting [86,87]. Sankey
et al. [24] show evidence for this in banded mongooses
where ‘exploitative’ leaders initiate group conflict and
benefit disproportionately relative to the rest of the group.
In addition to these material benefits, conflict participation
may increase status-ranking (dp;/0y > 0) (i.e. costly signalling
[88,89]). Status and reputation can, in turn, provide access to
valuable resources such as mating opportunities and food
[15,43,90].

In addition to the (im-) material benefits to the individual
themselves, participation in conflict also depends on the indi-
vidual’s social preferences—the value attached to the well-
being of in-group members (o)) and out-group members
(ao) [51]. From both inclusive fitness theory [91] and work
on social preferences in (non-)human primates [92,93], we
can assume that individuals care about the welfare and
well-being of genetically related or culturally similar others
[49,93]. Such ¢ affords parochial cooperation—energetically
costly actions that support the survival and reproductive suc-
cess of conspecifics within one’s group [91] (also see [94,95].
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When winning group conflict benefits in-group members,
parochial in-group concern can motivate conflict partici-
pation (@p;/00y>0) [96-99]. As a case in point, Triki et al.
[40] review evidence that oxytocin, a neuropeptide that is
structurally preserved across taxa, mediates social affiliation
and care and links to participation in group conflict for a
range of vertebrates, including social fishes, gregarious
birds and various mammals, including humans.

Rusch [51] provides a succinct review of social preference
models developed in economics that further detail how social
preferences underlie conflict participation. Key in these
models is that social preferences differ for in-group and out-
group members, respectively. Typically, group conflict has a
negative impact on (members of) the rivalling out-group. Indi-
viduals may be averse to such negative impacts and have pro-
social concerns for out-group conspecifics (0p;/dao <0). This
should reduce conflict participation and afford cooperative
intergroup interactions as seen in, for instance, ant species
[33], bonobos [18,100] and humans [101-103]. However, in
the case of antisocial preferences for out-groups, individuals
may initiate and escalate conflict out of ‘spite’ [104-106].
Revenge killing in primates [13] may reflect such negative
concern for out-group conspecifics. Thus, having negative con-
cern for out-group conspecifics may suffice to produce conflict
participation [105,107].

The final argument in equation (3.1) that modulates conflict
participation is the magnitude of out-group threat 5. Genetic
and cultural relatedness alongside shared histories can create
differential beliefs among individuals about the extent to
which in-group versus out-group conspecifics cooperate or
fight. Individuals contribute to group defence when they
expect (members of) out-groups to initiate group conflict
(0pi/0p > 0)[23,97,108,109]. Indeed, humans strike pre-emptively
to neutralize the threat from out-groups [110,111], primates such
as verreaux’s sifakas (Propithecus verreauxi) are more likely to join
intergroup conflict the more actively participating individuals
are in the out-group [112], and meerkats perform energetically
costly ‘on-guard’ behaviours to warn their group mates against
predators and enemy conspecifics [113].

Whereas each argument in equation (3.1) may contribute to
conflict participation, effects need not be linear. For example,
material benefits (argument v) may have a decreasing marginal
return, with more of the same benefit being increasingly less
‘motivating’. Likewise, some magnitude of out-group threat
may lead to conflict participating, but too high magnitude
may lead to fleeing or surrender, rather than fighting.
Second, some arguments in the conflict participation function
may be present in some animal species and absent in others.
In some species, conflict participation is mainly ‘opportunistic’
and grounded in v and y. In many species, however, social pre-
ferences (elements ¢, o) have been identified as contributing
factors as well. Third, arguments may reinforce or counteract
each other and differ in relative contribution. For example, in-
group concerns o may be strong enough for the individual to
join, despite the expected personal benefits (v, y) being low or
even negative.

The conflict participation function specified in the previous
section leaves open the possibility that some group members
may be driven by different arguments than others and that
there are within-group heterogeneities in the degree to

which group members participate in intergroup conflict. [ 4 |

Such within-group heterogeneities in the expected value
from conflict participation can lead some individuals to initiate
conflict where other group members would not, and they can
create or aggravate problems of cooperation and coordination
that can threaten success in intergroup competition and con-
flict. For example, when ‘spoils of war’ are distributed among
group members regardless of how much individuals contribu-
ted to fighting, individuals may withhold their contributions
and ‘lay low’. Such free-riding weakens the likelihood the
group wins and may leave all group members worse off.

Groups solve problems of cooperation by influencing the
various arguments in the individual conflict participation
function. In humans, for instance, groups shape the rules of
distribution, such that some members can expect a larger
share in the spoils than others (v in equation (3.1)). Mathew
[46] shows how members of the Turkana, a tribal society in
East Africa, build coalitions by promising ‘reluctant” commu-
nity members an enticing share in the spoils of war, and
Bshary et al. [43] discuss how in vervet monkeys, females
incentivize males to engage in intergroup conflict with
mating opportunities. Relatedly, groups can solve the pro-
blem of cooperation by rewarding bravery with status and
reputation (y in equation (3.1)) [114,115]. Conversely, groups
can sanction free-riders through peer punishment, effectively
reducing the individual’s social and material benefits from
free-riding, something seen in various mammalian species
[62,116,117], in social fishes [118] and insect societies [119].
At least in humans, punishing members who did not fight
increases their conflict participation [68,120,121].

Sharing rules, punishment and rewards alter the ‘selfish’
benefits from participation in group conflict. Groups also
increase participation by acting on their group members’
social preferences. In humans, leader rhetoric sometimes
aims at creating hatred for rivalling out-groups (ao) [46,62],
and social bonding rituals increase parochial in-group concern
(o) [122-124]. Lemoine et al. [18] review evidence that such a
mechanism generalizes beyond humans—collective grooming
and food sharing in chimpanzees prior to intergroup encoun-
ters can increase social ties among group members.

To solve problems of coordination—uwho contributes what
and when—individuals within groups can specialize in some
tasks and not others. Task specialization can be horizontal,
dividing the group into ‘fighters” and ‘producers’ [57]. Such
division of labour enables individuals to ‘heuristically” decide
whether to join and expend effort on group conflict or not. Indi-
viduals can also take turns in which role they assume. In a range
of group-living mammals, male and female members take dis-
tinctly different roles, with males often being more directly
involved in coalitional fighting [17]. Or to give another example,
meerkats take turns in standing ‘on guard’ [113,125], and
humans take shifts in positioning themselves at the back or
frontline of group fighting [126]. In addition, solutions to the
problem of cooperation—sanctioning free-riding, rewarding
bravery, and strengthening social bonds—can be selectively
applied to ‘fighters” but not to ‘producers’.

Task specialization can also be vertical, carving up the
group into leaders and followers (see [17,24]). Vertical special-
ization centralizes decision-making and can make collective
action more efficient and effective [127-129]. For example, col-
lective movement in African wild dogs is predicted by a few
dominant individuals taking the initiative [130], and a pack
of hunting wolves closing in on large prey awaits the initiative
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of its most senior member to withdraw or attack [17,131]. In
human groups, ‘leading-by-example’ is an effective means to
coordinate collective action [69,132,133] and can make out-
group attacks more effective [73,134,135].

In theory, horizontal and vertical task specializations can
emerge independently of each other—sub-groups of fighters
and producers can each have (or not) a leader. Furthermore,
both horizontal and vertical specializations can be ‘hard-
wired’. For example, in social insects such as ants and bees,
the individual’s role and hierarchical position have a strong
epigenetic element [136,137], and in many social vertebrates,
task specializations are sexually dimorphic with males and
females taking up different roles and hierarchical positions
during intergroup conflict [17,43]. Sometimes, however, task
specializations are flexible and change over time. Human
groups deliberately select some community members to join
raids on neighbouring tribes, with partner selection depending
on both individual abilities and reputations [46,63,114,138].
Such skill-based partner choice to coordinate collective action
is seen in other species too, including chimpanzees [139], gor-
illas (Gorilla g. gorilla) [140], marmosets (Callithrix jacchus) [141],
harbour porpoises (Phocoena phocoena) [142] and groupers
(Plectropomus pessuliferus marisrubri) [143].

(c) Environmental pressures

For many group-living species, intergroup conflicts emerge
over scarce resources. By implication, changes in the avail-
ability of resources such as food and territory can impact
whether and where intergroup conflicts emerge. Resource scar-
cities can increase owing to exogenous events that groups and
individuals poorly control. For example, climate change,
alongside extreme flooding and droughts, can degrade the
natural environment and make local food supply problematic.
Population-level resource scarcity can also increase because of
endogenous conditions, like growth in group sizes [144]. With
high reproduction and low mortality, prospering groups
increase in size and hence need larger territories with access
to more food, water and shelter. By cooperating well, groups
can thus endogenously create their own ‘carrying-capacity
stress’ [49,145,146].

Carrying-capacity stress increases the probability of
between-group competition and conflict [147-152]. First,
carrying-capacity stress can bind individuals within groups
and promote parochial other-concern (¢p in equation (3.1);
see [153]). De Dreu et al. [45] provide experimental evidence
that environmental unpredictability and ensuing carrying-
capacity stress lead to parochial in-group concerns and
more out-group aggression. Their findings resonate with
findings on clan formation in spotted hyaenas [154] and
can explain how climate change and economic shocks link
to political revolts and civil conflicts in humans [155-157].
Second, carrying-capacity stress increases the expected
benefits from invading adjacent territories. The increased
risk of starvation makes the risk of lethal injury from fighting
comparatively low and aggressing out-groups more ‘attrac-
tive’ (element v in equation (3.1)) [45,158]. Gareta Garcia
et al. [41] provide data conducive to this possibility where
groups of vervet monkeys are more likely to meet and com-
pete with others in areas with higher ecological value.
Likewise, Brown et al. [42] find that victorious groups of
red-tailed monkeys in Kibale National Park, Uganda, experi-
ence greater access to and consumption of food than defeated

groups, yet this largely recoups earlier food deficits. Hunger
drives groups into intergroup contests, and the hungrier a
group is, the more likely it is to win a conflict.

4. Consequences of intergroup conflict

Intergroup conflict can have a range of consequences that
include material and reputation gains and losses, physical
trauma and exhaustion, physiological stress and proneness
to disease. These and other consequences may be distinctly
different for victorious compared to defeated groups, and
they can apply to individuals, their groups and entire popu-
lations. Furthermore, consequences of intergroup conflict can
be separated into immediate and proximate effects on eco-
logical timescales, on the one hand, and distal and ultimate
consequences on evolutionary timescales, on the other hand
(also see [84,85]). For immediate consequences that occur
within the lifetime of individuals, the critical question is
how conflict dynamics, and the way conflict is resolved,
affects the involved individuals and their groups during
(parts of their) life. For distal and ultimate consequences,
the critical question is whether and how intergroup conflict
and its consequences shape, over generations and evolution,
the biological and perhaps cultural development of (groups
of) individuals. For example, bacteria and microbes have a
wide range of chemical, mechanical and biological weapons
to defend against and kill competitors that may have evolved
through recurrent inter-strain warfare [159,160].

(a) Pay-offs and proximate consequences

Conflict pay-offs for (groups of) individuals involved in the
conflict are closely entwined with the elements of partici-
pation in a conflict (equation (3.1)) [26,49]. Intergroup
conflict impacts the individual's food and territorial
resources, social status and mating opportunities
[24,43,114,115]. These impacts can be distinctly different for
some group members compared to others. In some species,
males are more likely to be directly involved in group conflict
than females, and the impact of conflict differs significantly
for male and female group members [17]. Moreover,
Morris-Drake et al. [26] discuss a range of individual-level
pay-offs, some being more ‘hidden’ than others. For example,
non-participating individuals (e.g. ‘producers’; see §3b) may
benefit from participating group members being injured or
killed during conflict—they can usurp their vacated nest-
sites, mating partners or leadership positions. Being part of
a losing group may provide some individuals with perhaps
unanticipated positive pay-offs.

Morris-Drake et al. [26] highlight that, in addition to the
individual and group-level pay-offs, intergroup conflict can
have a range of indirect consequences. For example, the phys-
ical contact among members of rivalling groups can facilitate
the spreading of infectious diseases and individuals not
involved in fighting may endure significant suffering—in
humans, for example, each year about one million children
younger than 5 years of age die because of conflict-related
neglect and malnutrition [161]. Conversely, experiments with
human participants reveal that individual exposure to war vio-
lence increases parochial cooperation and, at the local level,
group cohesion and social bonding [123,162]. Likewise, allopre-
ening frequency increases in groups of the green wood hoopoe
following an intergroup conflict (Phoeniculus purpureus) [163],
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Figure 3. Intergroup conflict as a mechanism in the evolution of group-living species. Populations or species may face intergroup conflict or not within and across
generations (e.g. comparing populations A1, A2 and B1 to population B2), and when intergroup conflict occurs, it may be more or less frequent (e.g. comparing
populations A1 and A2) and with strong versus weak proximate consequences (e.g. comparing populations A2 and B1). Populations can refer to an entire species or
to a species with lineages living in distinct ecological niches. The frequency and impact of intergroup conflict within and across generations shape ultimate con-
sequences in terms of survival and fitness and how groups are socially organized in terms of size, cohesiveness and horizontal and vertical task specializations.
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and chimpanzees engage in more cooperative grooming after
aggressive intergroup encounters [18,164]. These social beha-
viours can reduce the presence of ectoparasites, alleviate
stress from conflict interactions [165,166] and relax within-
group competition and aggression. The proximate conse-
quences of intergroup conflict can thus both reduce and
increase individual and group welfare and well-being.

(b) Distal and ultimate consequences

Some pay-offs from engaging in intergroup conflict, such as
increased access to mates and resources, can lead (some indi-
viduals within) groups to reproduce comparatively better
than others. Through differential survival and reproduction
over time and generations, intergroup conflict may have
ultimate consequences for (groups of) individuals [167].

Asking about the possible distal and ultimate conse-
quences of intergroup conflict shifts the level of explanation
from considering intergroup conflict as the result of individ-
ual and group-level mechanisms, as discussed in §3, to
intergroup conflict as a mechanism or evolutionary selection
pressure (figure 3) [12]. How this works can be difficult to
assess, especially for species with extended lifespans. Archi-
val and historical analyses can help to identify how over
time intergroup conflict relates to reproductive success and
group and population sizes (e.g. [44,168]). Comparative phy-
logenetic analysis of species with recurrent intergroup
conflict can shed light on how conflict shapes (sub-popu-
lations of) group-living species (see [17,43]). Last but not
least, evolutionary agent-based models and simulations
(e.g. [61,169,170] can be useful to compare the evolution of
traits in structured populations with and without recurrent
intergroup conflict).

For intergroup conflict to have ultimate consequences, it
needs to occur with some frequency in an individual’s life,
and it needs to be impactful (figure 3) [163,171]. Among
group-living birds, for example, intergroup conflict often
occurs yet mostly involves ‘shouting contests” with difficult
to decipher influences on fitness and survival probability of
‘winning’ and ‘losing” groups [26]. In some primates, in con-
trast, intergroup conflict also often occurs within an
individual’s lifespan yet can be (sub)lethal and comes with

significant loss of life and (access to) territories, shelter and
mating opportunities [18,168]. Here, recurrent intergroup
conflict more likely exerts significant effects on the course
of behavioural evolution of a species. Of note is that for
some species, different rates and impacts of intergroup con-
flict are observed in some ecological niches than in others.
For example, members of some chimpanzee groups are
more often engaged in intergroup fights than members of
other chimpanzee groups [16].

Provided intergroup conflict is both frequent and impact-
ful, ultimate consequences may be seen at the level of
individuals. Following the logic of natural selection, at least
in some species, the physical and mental capacities of suc-
cessful fighters reproduce and spread more than those of
less successful fighters [80,83,138,167]. For example, Massaro
et al. [44] used 30 years of longitudinal data of 23 male chim-
panzees of the Kasekela community, Gombe National Park, in
Tanzania, to examine what best explain individual partici-
pation in patrol, such as reproductive success, fighting
ability and motivation. They found that mating success, as
well as fighting ability, were the best correlates of boundary
and periphery patrol. Assuming that propensity and capacity
for aggressing outsiders is to some degree heritable, these
findings suggest that recurrent intergroup conflict may
result in groups being increasingly populated with individ-
uals eager and able to fight.

An intriguing possibility is that recurrent intergroup conflict
can have ultimate consequences at the group level, especially in
terms of how groups are socially organized [172]. One idea is
that because groups with more cooperators among their ranks
are more likely to win a conflict compared to groups having
fewer cooperators [75], not only individual but also group-
level mechanisms for within-group cooperation and coordi-
nation may survive and spread more than those producing
free-riders [173-179]. There is some evidence indeed that, at
least in humans, intergroup conflict and warfare reinforce and
replace social institutions for cooperation and coordination,
including rule of law, religions and social norms (viz. cultural
evolution [54,180-182]). These patterns may generalize to
other species as well. Using evolutionary modelling,
Mullon & Lehmann [61] show, for example, how different
traits for task specialization (producers and fighters; see §3b)
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can coexist and coevolve within groups in the context of recur-
rent intergroup conflict. Also, grounded in field observations of
intergroup conflicts in banded mongoose, Sankey et al. [24] pro-
vide evolutionary agent-based modelling of how intergroup
competition contributes to the emergence of ‘exploitative’
leaders.

Within this broad framework on the mechanisms and conse-
quences of intergroup conflict across taxa, the contributions
to this theme issue make a range of innovations and set
goalposts for future research. We list three that crosscut
throughout the theme issue.

Studies in psychology and sociology on human warfare and
intergroup conflict have traditionally focused on intergroup
perceptions, prejudices and histories of conflict as core trig-
gers of violence between groups of people (for reviews, see
[74,103,183]). Next to intergroup histories and perceptions,
several contributions to the current theme issue reveal paro-
chial pro-sociality and within-group cooperation as key to
the initiation and escalation of intergroup conflict. Triki
et al. [40] review evidence from various social vertebrates
that the release of oxytocin strengthens social bonds among
group members and that the ensuing parochial pro-sociality
motivates participation in intergroup conflict. Likewise,
Lemoine et al. [18] review evidence that collective grooming
and food sharing in chimpanzees prior to intergroup encoun-
ters can increase social ties among group members, and
stronger social ties enable collective action during violent
intergroup encounters. Finally, De Dreu et al. [45] show
how solidarity among group members and increased paro-
chialism enable costly investment in out-group aggression,
forcing out-groups to invest resources in group defence.

Common across these studies is that intergroup conflict
resides in enhanced care among individuals for their in-
group, which can be fruitfully captured in economic
models of social preferences reviewed by Rusch [51]. These
studies also suggest that prejudices and negative feelings
towards out-groups often observed in humans are a conse-
quence rather than a cause of intergroup conflict. Dogan
et al. [47] examined this in three natural groups in Ethiopia
that vary in how hostile intergroup relations are. Their exper-
iments show that in-group bias largely manifests as positive
concern for in-group members combined with no concern
for out-group members. Enmity had no effect on in-group
bias. These results thus suggest that policy for reducing con-
flict and its waste may be more effective when (also) focusing
on parochial pro-sociality, rather than exclusively focusing on
‘undoing’ negative perceptions of out-groups.

Past research and theory on intergroup conflict often assumed
that groups are composed of highly similar if not identical
members. Several contributions relax this simplifying assump-
tion and take seriously that individuals within groups differ in
sex, behavioural predispositions, abilities to contribute to col-
lective action and in the fitness costs and benefits they incur

from participating in intergroup conflict. As a case in point,
Glowacki & McDermott [138] show how in various group-
living species, ‘impact individuals’ are pivotal in forming
coalitions (viz. horizontal task specialization; §3b) and in initi-
ating and escalating intergroup conflict. Moreover, these
‘impact’ individuals may benefit disproportionately from
group conflict, face a low risk of injury or stand out in terms
of boldness of character. Massaro et al. [44] suggest, further-
more, how such within-group heterogeneity can emerge and
how it is linked to participation in boundary and periphery
patrols in male chimpanzees of the Kasekela community.
This in turn may shape group-specific temperaments alongside
the likelihood of violent intergroup encounters and conflict.

Several contributions draw attention to within-group het-
erogeneities in horizontal and vertical task specializations
during intergroup conflict. Bshary et al. [43] examine the possi-
bility that female group members ‘incentivize’ males to engage
in intergroup fighting with mating opportunities. Smith et al.
[17] provide an extensive comparative phylogenetic analysis
comprising 72 group-living mammalian species showing that
the mammalian modal pattern for participation in intergroup
conflict is male-biased, while it is female-biased for collective
movements (e.g. migrations, food gathering). Intriguingly,
they also find that male-biased participation in intergroup con-
flicts decreases, and female-biased participation increases with
female-biased leadership in movements. Thus, female-biased
participation in intergroup conflict only emerged in species
with female-biased leadership in collective movement, such
as in spotted hyaenas and some lemurs. Smith ef al. [17] attri-
bute these patterns to costs and benefits of participating in
collective movements (e.g. towards food, water, safety) and
intergroup conflict (e.g. access to mates or resources).

To some extent, within-group heterogeneities impact, and
are further shaped by, partner choice and alliance formation
for and during intergroup conflict. Mathew [46] provides
extensive ethnographic evidence for the factors underlying
partner choice and alliance formation for intergroup raids
and warfare among the Turkana. Ridley ef al. [27] document
an intriguing and hitherto poorly understood form of partner
choice and alliance formation in pied babblers (Turdoides bico-
lor): kidnapping young from rivalling groups and raising
them as one’s own. They reason that although raising kid-
napped young requires energetic investment and abductees
are usually unrelated to their kidnappers, kidnapping may
be beneficial in species where group size is critically a limit-
ing factor on territory defence or reproductive fitness, for
instance. In groups of pied babblers, they observe kidnapping
to be a highly predictable event, especially in groups that fail
to raise their own young and that recruitment of young is a
critical factor in maintaining territory size.

In theory, recurrent intergroup conflict selects on group-
level mechanisms for coordinating collective action (see §4b).
Several contributions to the current theme issue advance
these possibilities with evolutionary agent-based simulations
and computational modelling. Bshary et al. [43] show how
intergroup conflict may be pivotal in creating and maintaining
female-dominated multi-male groups. Mullon & Lehmann [61]
show how intergroup aggression can be a potent mechanism in
favouring within-group social diversity where some group
members participate exclusively in group defence and appro-
priation (scrounger hawks) and others participate only
in common pool resource production (producer doves).
Finally, with an ecological model and agent-based simulations,
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Sankey et al. [24] show how different forms of leadership can
survive in and emerge from intergroup conflict. Their analysis
distinguishes ‘exploitative’ leaders who initiate intergroup
conflict and monopolize the benefits at little cost to themselves
and ‘heroic’ leaders who willingly pay increased costs of con-
flict participation above and beyond their share of the spoils.
Sankey et al. find that small group size, low migration rate
and frequent interaction between groups increase intergroup
competition and the evolution of ‘exploitative’ leadership,
while converse patterns favour the emergence of ‘heroic’ lea-
ders and more peaceful outcomes.

(c) Ecological shifts
The current emphasis on intergroup conflict should not be
taken as if groups within structured populations are bound
to compete and fight. For example, in bonobos, intergroup
encounters can involve some scrimmages but hardly if ever
turn violent [18,26]. For many other species, groups often
coexist peacefully and cooperate across group boundaries
for prolonged periods [49,184]. For example, neighbouring
pods of orcas (Orcinus orca) in the northern Gulf of Alaska
move sequentially through the habitat during periods of rela-
tive prey scarcity, thereby effectively limiting intergroup
resource competition and avoiding intergroup conflict [185].
There is also evidence that orcas prefer mating with rather
than fighting groups of conspecifics upon encountering
them [186]. Thus, both within and across species, intergroup
conflicts differ in intensity and in frequency (also figure 3),
and this requires theory about the rise and fall of intergroup
conflict—when and how do peaceful intergroup relations
turn violent, and what transitions intergroup conflict into
peaceful coexistence and cross-group cooperation?
Rodrigues et al. [33] make an important advance in this
respect by modelling how social insects reduce the costs of
conflict through individual or colony level avoidance, ritua-
listic behaviours and even group fusion. They also provide
a mathematical model of multi-level population structures
wherein the increased likelihood of cooperative partners
being kin is balanced by increased kin competition, such
that neither cooperation nor conflict is favoured. The model
by Rodrigues et al. [33] provides a useful baseline context in
which other intra- and intergroup processes act, tipping the
balance towards or away from conflict. One such factor
may be changes in the groups’ ecology, as suggested by var-
ious contributions to the current theme. For instance,
Neumann & Pinter-Wolman [32] highlight that groups may
need to trade off which resources to compete for under
restricted environments with limited resources. In an exper-
imental set-up, both the invasive Argentine ant (Linepithema
humile) and the native odorous ant (Tapinoma sessile) prefer
to occupy shelter and food locations. However, when both
resources became scarce, the invasive ants controlled the shel-
ter location through aggressive displacement but lost control
over food. Several contributions [41,42,45] provide evidence
that, for primate groups including humans, ecological shifts
through degrading habitats and shrinking territories are
among the key factors that transition peaceful coexistence
among groups into violent interactions and conflict. These
and related findings reveal the potential for climate change
alongside extreme weather events as a potentially disruptive
force in structured populations across taxa and species.

6. Coda

Intergroup conflict can emerge when individuals are nested in
groups that share access to scarce resources with adjacent
groups of conspecifics. Alone and in combination, the contri-
butions to this theme issue reveal how groups initiate and
escalate intergroup conflict and the ultimate consequences in
terms of species survival, fitness and social organization.
These and related insights together suggest an answer to a
question we have not yet asked: how do individuals become
organized in groups, allowing for the ‘us versus them’
dynamics that are core to this theme issue? One possible
answer from the collection of articles in this theme issue is
that population structures emerge and change because individ-
uals form alliances to compete collectively for resources held or
demanded by outsider conspecifics. Seen as such, intergroup
conflict is not only an intricate part of group-living across
species and taxa but also a pivotal mechanism that produces
group-living in the first place.
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Endnotes

The terms ‘intergroup conflict’ and ‘warfare’ are sometimes used
interchangeably and sometimes used to denote different things. In
the present treatise, warfare refers to activities undertaken by a
group to settle intergroup conflict in their favour. In theory, warfare
can be observed in any species involved in intergroup conflict, and
intergroup conflict may or may not involve warfare. Warfare can,
but does not have to, take the form of planned and organized vio-
lence of one group against another.

The current focus on cross-species similarities in the mechanisms
and consequences of intergroup conflict should not be taken as if
important differences do not exist. For example, humans have
comparatively advanced ability for communication and cultural cog-
nition that enable them to initiate, organize and execute intergroup
conflict in ways few other species can (further see [53-58]).
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