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Intergroup conflict is a powerful selective force throughout the animal kingdom.
While research has traditionally focused on actions during and after contests,
animals also exhibit behavioural flexibility in anticipation of potential intergroup
encounters. Synthesising findings from diverse taxa, we describe how social
species adjust pre-emptive information gathering, resource use, cohesion,
synchrony, and intragroup interactions across a heterogeneous ‘landscape of
intergroup conflict’. We show how variation in threat level, driven by spatial
context, rival characteristics, and individual motivation, affects these
behaviours, and how balancing sensed information and memories of past
interactions underlies associated decision-making. Testing the consequences
of intergroup pre-emptive behaviour using experimental, technological, and
analytical advances will develop understanding of its role in socio-cognitive
evolution, population dynamics, and community structure.

A landscape of intergroup conflict

Intergroup conflict (see Glossary) is prevalent throughout the natural world, acting as a
powerful evolutionary force across taxa [1-4]. In social species, groups often compete with
conspecific outsiders who are seeking resources such as mates, breeding positions, food,
shelter, and space [3,5,6]. Intergroup contests can have significant immediate and delayed
consequences for individual fithess and group survival [7,8], and thus intergroup conflict exerts
a strong selective pressure on animal behaviour. Traditionally, research has focused on actions
during contests between rival groups—for example, interindividual variation in participation and
factors determining who wins [5,6,9]—and the behavioural consequences in the aftermath,
including changes in intragroup affiliation, movement patterns, and resource use [10-12].
However, there is an emerging awareness that evolution can also select for pre-emptive
behaviours that optimise the likelihood of encountering rivals and maximise the chances of
winning any ensuing contests—anticipatory behaviours that occur before, and even without,
any current interaction with another group.

In general, pre-emptive behaviour includes relatively fixed actions in preparation for future events
that occur in response to specific environmental cues. For example, various bird species migrate
or store food to mitigate forthcoming winter conditions, with these behaviours initiated by a
reduced photoperiod. However, our focus in this review is behavioural flexibility in response to
more rapidly fluctuating circumstances; whilst the seasons change reliably, particular social
interactions might not happen at all and can vary greatly in their occurrence across time and
space. It is well established that prey species alter, for instance, their travel routes and
vigilance—foraging trade-offs to minimise predation risk, drawing on spatial and temporal variation
in information about the ‘landscape of fear’ to aid decision-making [13,14]. Social species
should similarly adjust their behaviour according to the ‘landscape of intergroup conflict’
arising from the heterogeneity in threat posed by conspecific outsiders [15,16]; rivals can vary
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hugely in their competitive ability and motivations [3,17-19], generating a nuanced
threat landscape.

Pre-emptive behaviours are important to consider because the threat of conflict is more pervasive
than the often-infrequent contests themselves. Moreover, pre-emptive behaviours could affect
individual fitness, group distributions, population density, and community-level processes in
ways that do not obviously link to contests themselves. As with the landscape of fear, navigating
a landscape of intergroup conflict has implications for future planning, spatial memory, and there-
fore cognitive evolution, but there are also unique consequences for territoriality, group dynamics,
cooperation, and sociality. Whilst humans have long been known to exhibit pre-emptive behav-
iour in an intergroup conflict context—preparing for warfare by increasing surveillance, using
elevated areas to gather information, showing greater affiliation and cohesion, conducting
ambushes and raids, and moving quietly through enemy territory to avoid detection [20-23]—
recent studies of wild animal groups provide analogous examples of many of these behaviours.
Studying other species experimentally and in natural conditions can therefore help to provide
insights into our own conflict ancestry.

Pre-emptive behavioural changes and potential benefits

In anticipation of encounters with rival groups, nonhuman animals adjust various behaviours to
enhance information gathering, incentivise contest participation, reduce anxiety, and minimise
collective and individual risk. Interactive displays between rivals can be described as
‘pre-emptive’ in a broader sense (e.g., pre-contest assessment of rival strength during
vocal or visual exchanges), but our focus is behaviour before any direct engagement with
outsiders. To illustrate our ideas, we provide examples from diverse social species across
the animal kingdom; some of the identified pre-emption is present in animals that defend
resources as individuals or pairs, but we concentrate on group-living species as they can
exhibit a wider range of behaviours including interactions between groupmates.

Information aids decision-making [24], so selection should favour behaviours that allow more
informed tactical choices about engagement with intergroup rivals (e.g., whether to advance or
retreat) and preparation for potential contests (e.g., how much to invest in intragroup cohesion).
For example, just as slower movement with intermittent pausing increases predator sensing [25],
slower-moving groups might better detect rival vocalisations or scent cues. Likewise, minimising
engagement in noisy activities may enhance acoustic information gathering and reduce a group’s
own detection by rivals, whilst adopting elevated positions could provide both longer lines-of-
sight and improved long-distance sound detection. Detailed observations indicate that
chimpanzee (Pan troglodytes verus) groups are more likely to climb hilltops when travelling
towards areas where intergroup contests occur; on hilltops, groups engage in more resting
(which is not due to the hill-climbing per se), rather than noisier feeding or travelling [15].
Experimental increases in intergroup threat caused dwarf mongooses (Helogale parvula) to
move slower, interact for longer with scent marks, and conduct more sentinel (raised guarding)
behaviour when they can monitor the area more easily (Figure 1). Information about rivals often
informs immediate decisions [15,29], but may also update baseline prior knowledge about
neighbour characteristics (Figure 2). Moreover, individuals can travel considerable distances to
eavesdrop on the contests of other groups to gather social information that is used only days
or weeks later, as seen in acorn woodpeckers (Melanerpes formicivorus) [30].

Intergroup threat can affect the relative use of different areas. Contest costs [7] mean that animals
should avoid unnecessary encounters where possible. Groups of Japanese macaques (Macaca

fuscata) and long-tailed tits (Aegithalos caudatus), for example, use areas shared with rivals less
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Glossary

Collective-action problem: a
collective effort (e.g., an intergroup
contest) where nonparticipation by
some group members reduces the
likelihood of the group’s success.
Conspecific outsiders: other
individuals, subgroups, or full groups of
the same species who threaten the
resources of a particular group of
individuals.

Free-riding: when an individual
benefits from a shared outcome

(e.g., winning an intergroup contest) but
does not contribute their fair share of the
costs (e.g., time and risk from
participation).

Interactive displays: back-and-forth
signalling (e.g., visually or vocally) by
rivals.

Intergroup conflict: disagreements
(i.e., conflicts of interest) between
members of different conspecific groups
over resources such as territorial space,
food, mating opportunities, or breeding
positions.

Intergroup contest: an aggressive
interaction event between a group and
one or more conspecific outsiders,
where each party attempts either to
defend or gain access to indivisible
resources.

Landscape of fear: spatiotemporal
variation in the perceived threat posed
by predators. Generally, increased
predator presence equates to increased
risk and, thus, for instance, increased
vigilance and avoidance.

Landscape of intergroup conflict:
spatiotemporal variation in the threat
presented by conspecific groups.
Groups might choose to approach or
avoid areas and either increase or
decrease other behaviours, depending
on the relative threat presented by a
particular rival.

Pre-emptive behaviour: actions taken
in advance of a specific event; in the
case of intergroup conflict, before a
potential contest with conspecific
outsiders. The initial stages of an
intergroup interaction may include pre-
emptive assessment of relative strength
(including from interactive displays), but
the focus in this review is on actions
taken prior to any such event and often
in the absence of a rival.

Raiding: actively seeking out rivals
when intruding into the area occupied by
them; we do not include, in our
definition, intrusions made to seek
resources such as food.
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Social buffering: the reduction in
anxiety experienced by an individual due
to the presence or behaviour of others.
Social incentives: an act

Space Use & (e.g., allogrooming) that encourages
another individual to behave in a certain
way to the benefit of the actor

(e.g., participating in a subsequent
intergroup contest).
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Figure 1. Pre-emptive behaviour of dwarf mongooses in an intergroup context. Immediate [26,27] and cumulative
[28] responses to experimentally elevated intergroup threat (call playbacks and faecal presentations of rival groups).
Behavioural changes in areas where intergroup contests are more likely and on borders where neighbours have a relatively
larger group size [16]. Mongoose drawings by Martin Aveling.

than expected by chance [31,32], whilst chacma baboons (Papio ursinus) detour to avoid
encountering groups detected nearby [33]. By contrast, increased use of shared or valuable
areas can be beneficial in intergroup contests through a home-field advantage [10], or it can result
from groups attempting to detect intruders and/or announce ownership using vocalisations or
scent marks when patrolling territorial boundaries [34-37]. Such signalling should increase
when the intergroup threat level is elevated, and dwarf mongooses engage in more latrining
(depositing of scent marks) in response to experimental simulations of rival intrusions (Figure 1).
Olfactory signals might also be positioned strategically: for instance, meerkats (Suricata suricatta)
scent-mark disproportionately near burrows, as this is a resource examined by intruders [36].
Similarly, with acoustic signalling, black howler monkey (Alouatta pigra) groups return to past
contest locations in a goal-directed manner, potentially to advertise their presence at locations
recognisable to neighbours [34]. Beyond space-use patterns within a commonly used area
(e.g., 2 home territory), a more extreme pre-emptive behaviour is raiding into space occupied
by rivals and actively seeking them out (Box 1).
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Figure 2. The information pathways animals use to guide pre-emptive behaviour. (A) Content and recency of
different primary and secondary sensing. ‘Information content’: any aspect of rival characteristics (e.g., group size and sex
ratio). ‘Information recency’: timeframe over which detection informs about rival presence. ‘Scent’ and ‘products’
(e.g., fruit husks) fade as the cue itself decays. Silhouettes illustrate examples, from left to right: cichlids see neighbouring
groups; woodhoopoes hear neighbour alarm calls (low content) or territorial choruses (high content), illustrated by silhouette
arms; ants detect rival pheromone trails; lemurs determine neighbour reproductive state from scent deposits; wolves find
carcasses killed by neighbours; dwarf mongooses gain neighbour sex and body-size information from latrines. Many species
can occupy multiple areas of parameter space. (B) Memories of previous direct and indirect information form the basis of a
landscape of intergroup conflict; colour represents intergroup threat level in that area. (C) Current sensing and memories
of past interactions integrate to form the certainty a group has about the characteristics (e.g., group size) of its rivals. Reliability
of information, and therefore certainty, decreases over time with decay dependent on the social system. Memories alone may
guide behaviour in the absence of sensed information; direct interactions or indirect sensing will update information to
increase certainty about characteristics, but by different amounts. (D) The certainty of the threat posed by rivals will affect
pre-emptive behaviour. For a given threat, high certainty should produce well-matched behaviour, whereas low certainty
may result in more variable behaviour (general) or higher levels of pre-emptive behaviour to buffer against a potential larger
threat (conservative).

In the face of elevated intergroup conflict, increased spatial cohesion and behavioural synchrony
can provide various benefits. When the threat from outsiders is greater, groupmates of various
mammal species stay closer to one another [44,45] (Figure 1), whilst green woodhoopoe
(Phoeniculus purpureus) group members are more likely to roost together [46]. There can also
be active recruitment: for instance, banded mongooses (Mungos mungo) and meerkats vocalise
to recruit others when encountering latrines containing recent evidence of rival-group activity
[47,48], and chimpanzees detecting another group drum on buttress roots to attract the atten-
tion of groupmates [49]. Recruitment can be context-dependent: for example, threatened turtle
ant (Cephalotes rohweri) groups reduce the movement of soldiers to nests with large entrances
(which are harder to defend), focusing on those that are easier to retain [50]. Spatial cohesion
likely facilitates intragroup communication and information exchange; closer proximity to
others can also reduce anxiety via social buffering [51]. Behavioural synchrony may have a
similar bonding function via the release of analgesic and reward-inducing endorphins [52].
Synchronous activities can additionally signal cohesion, as with bottlenose dolphin (Tursiops
aduncus) male alliances [53]. An extreme case in some army ant species (e.g., Eciton burchellii
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Box 1. Raiding

Whilst all intrusions into areas occupied by other conspecifics to obtain resources could be described as ‘pre-emptive’ to
some extent, a special case concerns ‘raids’, where the goal appears to be the seeking out of rivals themselves and not
just, for instance, food.

The most extreme example is targeted killing: by reducing the current fighting force of a rival, groups can increase the
chances of expanding their own resource base, recruiting new females, and reproducing successfully. Famously, male
coalitions of chimpanzees (Pan troglodytes verus) undertake coordinated incursions (silently, in single file) into
neighbouring territories with the apparent intention of attacking rivals, evidenced by them moving towards sounds of
the other group’s vocalisations [38]. Similar lethal gang attacks occur in various other mammals (see [39)).

Raids to kill offspring in rival groups occur in species such as banded mongooses (Mungos mungo) and greater anis
(Crotophaga major) [17,40]. In anis, groups evict eggs from a rival’s nest; in almost all cases, this results in abandonment
by the targeted group and thus reduced food competition for the attacking group [17]. By contrast, honey ant
(Myrmecocystus mimicus) and fire ant (Solenopsis invicta) workers in young colonies raid nearby conspecific nests to steal
brood and thus augment their future workforce [41].

Raids can also be attempts to create opportunities: for instance, dampwood termites (Zootermopsis nevadensis) tunnel
through to another colony, potentially aiming to merge and thus gain the advantages of a larger group size [42]; if the domi-
nants are killed in a contest, creating a breeding vacancy, this can result in a further benefit to some individuals. More
generally, in many species, the active seeking out and winning of contests may reinforce a pattern of intergroup dominance
that has later benefits through winner-and-loser effects [43].

and Labidus praedator) involves multiple individuals standing side-by-side and posturing in the
threat direction, thus forming a living boundary that reduces aggressive intergroup interactions
[54]. Closer proximity to groupmates also means a larger potential fighting force if a physical
contest develops; victory can require coordinated timing and intensity of actions [55,56], and
widely scattered individuals are more easily outnumbered or outmanoeuvred with potentially
lethal consequences [5].

Beyond spatial cohesion and behavioural synchrony, individuals may actively attempt to increase
groupmate participation in a future contest. This is important because relative group size often
drives contest outcomes, and maximising a fighting force requires solving collective-action
problems [57]. Most obviously, there can be the use of social incentives (potentially
underpinned by hormonal changes): for instance, chimpanzees groom and play with one another
more in advance of collective territory defence [58,59], whilst green woodhoopoes increase
allopreening when the intergroup threat is greater [46,60]. Experimental presentation of vocal
and olfactory cues from rival groups led to greater allogrooming between dwarf mongoose
groupmates (Figure 1). Aggression can also be used to increase subsequent contest participation
by reticent individuals, as seen in vervet monkeys (Chlorocebus pygerythrus) [61]. Alternatively,
within-group behaviours might be used to inhibit participation in intergroup contests. For exam-
ple, male vervet monkeys who have sired current offspring (which might be vulnerable during
fighting) or who want to assess dispersal opportunities through peaceful mingling with another
group use physical aggression to prevent their female groupmates from instigating intergroup
contests [62].

Variation in intergroup threat level

A baseline level of pre-emptive behaviour (e.g., time invested in seeking information, patrolling,
and intragroup affiliation) will have evolved in a given species. However, to minimise the risk of
costly contests with rivals, plasticity is expected depending on the current intergroup threat
level. Threat level can vary depending on the location of the likely encounter and group character-
istics, whilst group members may perceive the threat level differently depending on interindividual
variation in potential costs and benefits.

¢? CellPress
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In general, pre-emptive behaviour should be greater where contests are most likely; for territorial
species, this is often in peripheral versus core areas [12,16]. However, if secondary cues indicating
the recent presence of rivals are discovered, then a threat might be deemed even higher in the territory
core, nearer valuable resources or, in the case of neighbours, when they appear in an unexpected
place [35,63]. Chimpanzees enter peripheral areas in larger parties than when moving elsewhere
[64], Thomas’s langurs (Presbytis thomasi) exhibit greater vigilance in overlap zones with neighbours
[65] and green woodhoopoes allopreen more where contests with rival groups are more likely to
occur [60]. However, care is needed with interpretations of location-based data, as simple null models
of movement can often indicate lower use of peripheral areas [66]. There could also be edge effects:
food abundance, predation risk, vegetation density, and anthropogenic pressures—not just intergroup
threat—may differ between the edge and centre of territories, and thus explain observed behavioural
differences [67,68].

Intergroup threat level also depends on various absolute and relative group characteristics (Box 2).
Most obviously, relative group size affects contest outcomes: larger groups tend to beat smaller
ones in many mammals and birds [5,73,74], though free-riding (when some group members
do not participate and rely on the actions of others) can result in victories by those of intermediate
or even smaller size [75,76]. Game theory predicts that animals should therefore evaluate the
strength of potential opponents, as well as themselves, before approaching [9,77]. Indeed,
chimpanzees, lions (Panthera leo), and spotted hyenas (Crocuta crocuta) use vocalisations to
assess rival numbers from a distance, approaching only when there are favourable numerical
odds [78-80]. More broadly, dwarf mongooses exhibit several pre-emptive behaviours that
depend on the relative group size of the neighbours they risk encountering (Figure 1), whilst larger
African wild dog (Lycaon pictus) packs prioritise scent-marking when in the territories of similarly
sized competitors but not those of smaller packs [19]. Over a longer timeframe, smaller colonies
of Zootermopsis nevadensis termites invest in ‘faecal fortresses’ as barriers to intrusion by larger
colonies [81]. Factors such as relative group size do not operate in isolation (Box 2): for instance,
whilst white-faced capuchin (Cebus capucinus) group size is most important on the periphery of
a territory, home advantage plays a larger role in core areas where the costs of losing are greater
for the resident group [63].

Threats and opportunities arising from intergroup contests vary amongst group members due to
differences in relative costs and benefits [5], so pre-emptive behaviours are not expected to be
conducted equally by all individuals. In white-browed sparrow weavers (Plocepasser mahali),
dominant males face extra-group threats to both their position and paternity, so they dispropor-
tionately increase sentinel effort compared to their groupmates when the threat from outsiders is
greater [82]. Certain individuals might also seek additional information (e.g., mating or dispersal
opportunities), which could explain why subordinate male meerkats conduct the most sentinel
duty when other groups are potentially nearby [83]. In terms of movement, banded mongoose
females lead their group into rival territories to seek extra-group matings, with males paying the
costs of ensuing contests as they are most heavily involved in the fighting [70]. To assess the
composition of a rival group for dispersal options, young adult male crested macaques
(Macaca nigra) sometimes leave the main body of their own group, which negatively affects
spatial cohesion and behavioural synchrony (Waterman, J.O. PhD thesis, Liverpool John Moores
University, 2021). Particular groupmates might be targeted with social incentives if their help is
especially valuable. For instance, subordinate green woodhoopoes contribute more to contests
and receive more allopreening from dominants in zones of intergroup conflict [60], whilst
in primate species where males are larger than females and can make a bigger difference in
intergroup contests, females recruit males as ‘hired guns’ by providing social support and
copulations [84].

6 Trendsin Ecology & Evolution, Month 2026, Vol. xx, No. xx
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Box 2. Group characteristics that affect relative threat level

Group composition (e.g., sex ratio). In Phayre’s leaf
monkeys (Trachypithecus phayrei; Figure 1), only males
participate in intergroup contests: one-male groups most
frequently used border areas without neighbours, whereas
a multimale group was mostly present in areas with neigh-
bours [69].

Figure I: Phayre’s leaf monkey

Reproductive stage. Banded mongoose (Mungos
mungo; Figure Il) females in oestrus are more likely than at
other times to lead their group into rival territories to initiate
intergroup contests and gain potential extra-group mating
opportunities [70]. Groups are less likely to use overnight
dens in areas where rivals may be encountered when they
have vulnerable young [12].

Figure Il: Banded mongoose

Tenure duration. Greater ani (Crotophaga major; Figure |ll)
eviction of eggs from a rival nest is most often by groups
who have been in the area for some time targeting new
arrivals, and this effect increases with the number of years
that the attacking group has nested there [17].

Figure Ill: Greater ani

Neighbour versus stranger. \When encountering experi-
mentally presented faeces from rival groups, banded
mongooses gave more worry calls to recruit others in
response to cues from neighbours than strangers [47],
whereas Eurasian badger (Meles meles; Figure IV) groups
showed heightened behavioural responses towards
stranger scents but not to those of neighbours [71].

Figure IV: Eurasian badger

Relatedness. In addition to an influence of relative group
size, there is a negative relationship between avoidance of
other flocks and the number of kin-connections between
the groups in nonbreeding long-tailed tits (Aegithalos
caudatus; Figure V) [32].

Factors acting in combination. For instance, as
evidenced from a faecal-presentation experiment, the
intensity of response to neighbours decreases and that to
strangers increases with increasing pack size in Asiatic
dholes (Cuon alpinus; Figure VI) [72].

Figure VI: Asiatic dhole

The cognition of pre-emption

Animals have access to many sources of information through the sensing of primary and second-
ary signals and cues, as well as memories of past encounters. This information encompasses the
likelihood of an interaction occurring (i.e., threat immediacy) and rival characteristics that influence
threat severity. The quality, and therefore reliability, of information decays over time, both as past
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information becomes outdated and as cues/signals and memories fade. To understand how all
this potential information leads to a pre-emptive behavioural change, we need to consider how
animals sense, process, retain, and act on information about outsider threats. This will then
give us a better understanding of how intergroup conflict impacts cognitive evolution.

One form of information about the current intergroup environment comes from the sensing of
primary cues, where animals can see or hear conspecifics before any direct interaction with
them [15,85] (Figure 2A). Primary information provides the greatest certainty about threat imme-
diacy, although in some cases (such as hearing distant vocalisations) there can be uncertainty
about the exact location of rivals. However, information relating to threat severity can vary greatly:
for instance, group chorusing can inform about rival-group identity, size, and composition, but
there is likely little such information available when overhearing an individual conspecific alarm
calling [35,86] (woodhoopoe silhouette—Figure 2A).

Many species also leave widespread secondary cues and signals in the environment
(Figure 2A). Detecting a carcass or fruit husks may suggest little more than the recent presence
of conspecifics. By contrast, scent marks can contain a wealth of information about the char-
acteristics of those who deposited them, including the number of markers, their body size,
sex, and reproductive state [9,87,88]. Secondary cues have the advantage of being detect-
able for much longer than primary cues. However, as they decay, this generates uncertainty
both in how easily the information is assessed (e.g., as volatile compounds break down) and
how reliable it is even if assessed correctly (e.g., characteristics and locations of groups
change). Integrating knowledge from sensory ecology with our understanding of assessment
strategies [9] will help generate testable predictions regarding what information animals are
gathering and how reliable they perceive it to be.

Information about the likely location and characteristics of rivals can also be recalled from past
interactions to guide current pre-emptive behaviour. The most obvious interactions will be
those directly with rivals, but animals are also known to retain memories of interactions with
scent cues [87], integrating these into an olfactory landscape [88]. Memories of past interactions
can be conceived as a spatial map of intergroup threat, analogous to the landscape of fear [13,14]
(Figure 2B). Such stored information can inform behavioural decisions in the absence of current
primary or secondary cues or be remembered to supplement sensed information (Figure 2C).
For instance, hearing a rival can reveal their presence, but recall of past interactions may be
required in at least some species to assess their identity, size, and other characteristics (Box 2)
that generate the perceived level of threat severity. Like secondary cues, the reliability of memo-
ries will decay over time, but the decay rate will be influenced by factors such as the social system
(Figure 2C). In cooperatively breeding species, groups often move cohesively and have stable
compositions [89,90], meaning information continuity over weeks or even months. By contrast,
information from previous encounters will be less likely to accurately reflect a current threat in
species that live in larger, more dynamic fission—fusion groups [15,80]. Similarly, living in more
dynamic social systems makes it harder for individuals to assess their own current fighting
force, increasing the challenge of determining the relative level of intergroup threat. Certainty
about the current threat level is expected to influence the amount of pre-emptive behaviour
shown; low certainty may result in more variable behaviour or could lead to higher levels as a
bet-hedging strategy against the worst-case scenario (Figure 2D).

Statistical decision theory provides a valuable framework for considering pre-emptive decisions
[24,91]. Past experiences act as informative priors, whilst sensed inputs integrate with these

memories to form a posterior estimate of current threat through Bayesian updating, thus guiding

8 Trendsin Ecology & Evolution, Month 2026, Vol. xx, No. xx
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pre-emptive behaviour. Bayesian approaches have recently been used to increase our under-
standing of how animals make decisions regarding many aspects of behaviour [92], including
in contests [93]. The weighting of each input depends on both its reliability and the cost to gather
and process, whilst the decay of priors is governed by the reliability of the information type in the
species in question. Previous experience and knowledge likely pertain much more to neighbours
than strangers, which could generate differences in the balance in the use of cue information and
memories depending on rival identity.

Testing of pre-emptive behaviour and its consequences

Furthering our evolutionary understanding of pre-emptive behaviour in the context of intergroup
conflict, and the underpinning cognitive apparatus, requires experimental testing. Evidence
already exists that various species change their immediate behaviour following the presentation
of rival-group faeces [26,47]; the next stage would be the manipulation of the landscape of
conflict. For instance, this could involve using repeated presentations in specific areas to alter
the perceived threat level and to examine behavioural changes in the following days. However,
doing so is logistically challenging, and there are ethical considerations, especially as intergroup
conflict can cause stress and have lasting consequences [7,8]. Recent methodological advances
allow for the unpicking of the neurological bases of social interactions across space [94]. Such
approaches may help disentangle the responses to primary and secondary cues of rival presence
from spatially anchored memories of outsider interactions, as well as identify which brain regions
are important in pre-emptive decision-making. Technological improvements in GPS telemetry,
biologging, accelerometers, camera traps, and passive acoustic recorders for the collection of
animal movement and geospatial data could allow for the quantification of spatially explicit risk
landscapes. Moreover, this could enable the analysis of the simultaneous space-use patterns
of rival groups, as has been done with predators and prey [95].

Currently, there has been little testing of how pre-emptive behavioural changes influence either subse-
quent decision-making or contest engagement. For instance, we know of only one explicit example of
how information gathered ahead of potential contests is used: chimpanzees assess from hilltops how
far away rivals appear to be, using that information to inform tactical decisions about advancing or
retreating [15]. Similarly, there is limited knowledge about how within-group behavioural changes
affect subsequent contest contributions. In vervet monkeys, males receiving more affiliation or
aggression from females are more likely to participate in the next contest bout [61], but experimental
tests are lacking. It is feasible, in dwarf mongooses, for example, to manipulate either actual within-
group aggression levels by providing large desirable prey items to subordinates—inducing aggressive
chasing and stealing by a dominant [96]—or perceived levels of within-group aggression by playback
of calls associated with foraging displacements [97,98]. Likewise, anti-parasite solutions can be
applied to individual meerkats, reducing their ectoparasite load and thus manipulating
allogrooming (affiliation) levels [99]. In each case, the goal would be to determine how those
intragroup changes affect the occurrence of, participation in, and outcome of natural inter-
group contests or the responses to the presentation of taxidermy models in association with
relevant call playbacks as an experimental simulation of a rival intrusion.

Concluding remarks and future perspectives

Intergroup conflict exerts a pervasive selection pressure not only through direct contests but
also via the need to produce pre-emptive behaviours in the absence of current interactions
with rivals. Whilst there is emerging evidence of intergroup cooperation in a few species
[100], which could influence the anticipatory behaviours observed before encountering a
conspecific group, our focus has been on the intergroup conflict that is widespread across
social species. Spatiotemporal variation in the likelihood and severity of intergroup encounters
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Outstanding questions

In some species, such as stingless
bees and ants, threats can come from
both conspecific and heterospecific
groups. Does the former drive more
dynamic pre-emptive behavioural strat-
egies rather than constitutive changes,
such as the production of soldiers and
toxins?

Some species exhibit intergroup
cooperation as well as conflict. How
does that dual relationship influence
pre-emptive behaviours?

Do smaller animal groups make pre-
emptive strikes against larger rivals,
rather than avoiding them, to benefit
from the element of surprise and thus
help overcome unfavourable numerical
odds?

If attacks are a surprise, defenders
may not have the opportunity to
prepare in the short-term. Equally, if
defence is intrinsically more motivat-
ing, there might be a greater need
for pre-emptive inducement in groups
preparing to attack. Does pre-
emptive behaviour, therefore, differ
between attacking and defending
groups?

How do group members coordinate
their behaviour into effective joint
actions before any intergroup
contests, and what is the neuro-
hormonal basis of coordinated actions?

Especially in species where lethal
intergroup contests are relatively
common (e.g., chimpanzees and
banded mongooses) and mortality
risks are high, are pre-emptive actions
stronger both compared to other
species and in relation to the actual
threat of a contest?

Could commonly observed
behaviours, such as playfighting and
alliance formation, serve as longer-
term preparations in an intergroup
context?

What are the cognitive demands
associated with pre-emptive actions?
In which social systems and circum-
stances does intergroup conflict place
the largest selection pressure on cogni-
tion associated with pre-emption?
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Box 3. Implications of pre-emptive behaviour across different biological scales

Behavioural changes are unlikely to be cost-free, and there will be trade-offs against optimum actions in other contexts.
For example, investing more in patrolling and scent-marking can come at the expense of feeding [19]. By contrast, the
increased vigilance associated with intergroup conflict could synergistically aid in the detection of predators [102].

In turn, conflict-induced increases in vigilance have the potential to generate knock-on fithess consequences, such as
better pup survival and thus adult reproductive success [102]. More generally, elevated intergroup threat, especially over
an extended period, can cause chronic stress; behavioural changes arising as a consequence can result in reduced repro-
ductive success [103].

Impacts on individual fithess will feed into population dynamics. Predator-driven landscape-of-fear effects on populations
are predicted to be most pronounced in highly heterogeneous landscapes [13]. Intergroup conflict generates such hetero-
geneity because the threat posed by rival groups varies both spatially (e.g., across a territorial gradient from core to edge)
and temporally (e.g., due to differences in the same neighbouring group at different times).

These effects of alandscape of intergroup conflict could also be felt at the community level through behaviourally mediated
trophic cascades [14]. For instance, if areas of overlap are underused by neighbouring groups of a predatory species, that
creates potential safer havens for their prey. Similarly, variation in space use could generate changes in the physical land-
scape, such as vegetation cover, by animals that act as ‘ecosystem engineers’ [104]; there could be both direct and indi-
rect knock-on consequences for other species.

generates a heterogeneous ‘landscape of intergroup conflict’, in response to which social
animals flexibly adjust their information gathering, space use, synchrony, signalling, and
intragroup dynamics. These pre-emptive responses are shaped by multiple interacting
factors and are mediated by the integration of sensed information with memories of past
encounters. Just as the risk of predation can have a greater influence on prey than consumptive
effects [13,101], the threat of intergroup conflict stands to have far wider-reaching consequences
than the contests themselves (Box 3). Studying groups outside of direct contests—investigating
how animals perceive, update, and make decisions about intergroup threat levels—will therefore
reveal nuances in dynamic risk-limiting behaviour that affect many aspects of dalily life, both for a
given species and for those in its community (see Outstanding questions). To fully understand
the influence and importance of intergroup conflict, including its role in our own evolution, we
must study the complete timeline of behaviours—not just those during and after contests, but
also those that occur in anticipation.

Acknowledgments

J.J.R. and A.N.R. were supported by a Natural Environment Research Council grant (NE/W00545X/1) awarded to A.N.R..
We are grateful to Amy Morris-Drake, Becky Padget, James Robertshaw, Lauren Vane, and Yoonjung Yi for insightful discus-
sions on the topic, and to four anonymous reviewers for useful comments on the article.

Declaration of interests
The authors declare no competing interests.

References
1. Wrangham, R.W. (1980) An ecological model of female-bonded
primate groups. Behaviour 75, 262-300
2. Bowles, S. (2009) Did warfare among ancestral hunter—
gatherers affect the evolution of human social behaviours?
Science 324, 1293-1298

(o2}

. Champer, J. and Schlenoff, D. (2024) Battles between ants
(Hymenoptera: Formicidae): a review. J. Insect Sci. 24, 25

. Braga Goncalves, |. et al. (2022) Fitness consequences of
outgroup conflict. eLife 11, e74550

. Morris-Drake, A. et al. (2022) Variation between species, popula-

~

w
o]

o

10

. Christensen, C. and Radford, A.N. (2018) Dear enemies or

nasty neighbours? Causes and consequences of variation in
the responses of group-living species to territorial intrusions
Behav. Ecol. 29, 1004-1013

. Ashton, B.J. et al. (2020) Interactions with conspecific

outsiders as drivers of cognitive evolution. Nat. Commun.
11, 4937

. Majolo, B. et al. (2020) Effect of group size and individual char-

acteristics on intergroup encounters in primates. Int. J. Primatol.
41, 325-341

Trends in Ecology & Evolution, Month 2026, Vol. xx, No. xx

©

i

tions, groups and individuals in the fitness consequences of
outgroup conflict. Philos. Trans. R. Soc. B 377, 20210148

. Green, P.A. et al. (2021) Assessment during intergroup

contests. Trends Ecol. Evol. 36, 139-150

. Markram, A.C. et al. (2012) Intergroup conflict: ecological

predictors of winning and consequences of defeat in a wild
primate population. Anim. Behav. 84, 399-403

. Radford, A.N. et al. (2016) Within-group behavioural conse-

quences of between-group conflict: a prospective review.
Proc. Biol. Sci. 283, 20161567


http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0005
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0005
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0010
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0010
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0010
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0015
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0015
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0015
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0015
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0020
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0020
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0020
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0025
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0025
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0025
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0030
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0030
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0035
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0035
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0040
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0040
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0040
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0045
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0045
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0050
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0050
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0050
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0055
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0055
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0055

Trends in Ecology & Evolution

12.
18.

14.
16.
16.
17.

18.

19.

2l

o

2

22.

2

(5]

24.

25.

26.

27.

28.

29.

30.

31.

=

3!

33.

34.

3

36.

37.

38.

N

a

Sankey, D.W.E. et al. (2025) A landscape of intergroup
conflict shapes den site choice in banded mongooses. bioRxiv
https://doi.org/10.1101/2025.09.23.678029

Gaynor, K.M. et al. (2019) Landscapes of fear: spatial patterns
of risk perception and response. Trends Ecol. Evol. 34,
355-368

Palmer, M.S. et al. (2022) Dynamic landscapes of fear: under-
standing spatiotemporal risk. Trends Ecol. Evol. 37, 911-925
Lemoine, S.R.T. et al. (2023) Chimpanzees make tactical use of
high elevation in territorial contexts. PLoS Biol. 21, e3002350
Arbon, J.J. et al. (2026) Dwarf mongooses pre-emptively alter
their behaviour relative to the threat posed by different rival
groups. Nat. Ecol. Evol. https://doi.org/10.1038/s41559-026-
03104-3

Strong, M.J. et al. (2018) Home field advantage, not group size,
predicts outcomes of intergroup conflicts in a social bird. Anim.
Behav. 143, 205-213

Green, P.A. et al. (2022) Fighting force and experience combine
to determine contest success in a warlike mammal. Proc. Natl.
Acad. Sci. U. S. A. 119, e2119176119

Hansen, K.W. et al. (2025) To hunt or patrol? Social composi-
tion and location mediate scent marking decisions of a large
carnivore. Ecol. Evol. 15, e71567

. Gat, A. (1999) The pattern of fighting in simple, small-scale,

prestate societies. J. Anthropol. Res. 55, 563-583

. Mawson, A.R. (2005) Understanding mass panic and other

collective responses to threat and disaster. Psychiatry
Interpers. Biolog. Processes 68, 95-113

Wrangham, R.W. and Glowacki, L. (2012) Intergroup aggres-
sion in chimpanzees and war in nomadic hunter-gatherers.
Hum. Nat. 23, 529

. Sample, S.G. (2018) Anticipating war? War preparations and

the steps-to-war thesis. Br. J. Polit. Sci. 48, 489-511

Dall, S.R.X. et al. (2005) Information and its use by animals in
evolutionary ecology. Trends Ecol. Evol. 20, 187-193
McAdam, A.G. and Kramer, D.L. (1998) Vigilance as a benefit of
intermittent locomotion in small mammals. Anim. Behav. 55,
109-117

Christensen, C. et al. (2016) Rival group scent induces changes
in dwarf mongoose immediate behavior and subsequent move-
ment. Behav. Ecol. 27, 1627-1634

Morris-Drake, A. et al. (2019) Experimental field evidence that
out-group threats influence within-group behaviour. Behav.
Ecol. 30, 1425-1435

Morris-Drake, A. et al. (2021) Extended and cumulative effects
of experimentally induced intergroup conflict in a cooperatively
breeding mammal. Proc. Biol. Sci. 288, 20211743

Classe, M.J. et al. (2024) Size matters: natural experiments
suggest the dear enemy effect is moderated by pack size in
African wild dogs. Ecol. Evol. 14, 11298

Barve, S. et al. (2020) Tracking the warriors and spectators of
acorn woodpecker wars. Curr. Biol. 30, R982-R983

Kurihara, Y. and Hanya, G. (2018) Within-population variations
in home range use and food patch use of Japanese macaques:
a perspective of intergroup hostility. Folia Primatol. (Basel) 89,
397-414

Ellison, N. et al. (2020) Mechanistic home range analysis reveals
drivers of space use patterns for a non-territorial passerine.
J. Anim. Ecol. 89, 2762-2776

Noser, R. and Byrne, R.W. (2007) Mental maps in chacma
baboons (Papio ursinus): using inter-group encounters as a
natural experiment. Anim. Cogn. 10, 331-340

De Guinea, M. et al. (2021) Disentangling the importance of
social and ecological information in goal-directed movements
in a wild primate. Anim. Behav. 173, 41-51

Radford, A.N. (2005) Neighbour-stranger discrimination in the
group-living green woodhoopoe. Anim. Behav. 70, 1227-1234
Jordan, N.R. et al. (2007) Latrine distribution and patterns of
use by wild meerkats: implications for territory and mate
defence. Anim. Behav. 73, 613-622

Benadi, G. et al. (2008) Intergroup relations and home range
use in Verreaux's sifaka (Propithecus verreauxi). Am.
J. Primatol. 70, 956-965

Sandel, A.A. et al. (2026) Lethal conflict after group fission in
wild chimpanzees. Science 392, 216-220

39.

40.

4

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Martinez-lfiigo, L. et al. (2021) Intergroup lethal gang attacks
in wild crested macaques, Macaca nigra. Anim. Behav. 180,
81-91

Cant, M.A. (2016) Banded mongooses: demography, life
history and social behaviour. In Cooperative Breeding in
Vertebrates: Studies of Ecology, Evolution and Behaviour
(Koenig, W.D. et al., eds), pp. 318-337, Cambridge University
Press

. Pollock, G.B. and Rissing, S.W. (1989) Intraspecific brood

raiding, territoriality and slavery in ants. Am. Nat. 133, 61-70
Johns, P.M. et al. (2009) Nonrelatives inherit colony resources
in a primitive termite. Proc. Natl. Acad. Sci. U. S. A. 106,
17452-17456

Yan, J.L. et al. (2024) Winner and loser effects: a meta-analysis.
Anim. Behav. 216, 15-22

Aureli, F. et al. (2006) Raiding parties of male spider monkeys:
insights into human warfare? Am. J. Phys. Anthropol. 131,
486-497

Brooks, J. et al. (2021) Uniting against a common enemy:
perceived outgroup threat elicits ingroup cohesion in chimpan-
zees. PLoS One 16, e0246869

Radford, A.N. and Fawcett, T.W. (2014) Conflict between
groups promotes later defence of a critical resource in a coop-
eratively breeding bird. Curr. Biol. 24, 2935-2939

Muiller, C.A. and Manser, M.B. (2007) ‘Nasty neighbours’ rather
than ‘dear enemies’ in a social carnivore. Proc. Biol. Sci. B 274,
959-965

Mares, R. et al. (2011) Responses to intruder scents in the
cooperatively breeding meerkat: sex and social status differ-
ences and temporal variation. Behav. Ecol. 22, 594-600
Boesch, C. and Boesch-Achermann, H. (2000) The
Chimpanzees of the Tai Forest: Behavioural Ecology and Evolu-
tion, Oxford University Press

Powell, S. et al. (2017) Context-dependent defences in turtle
ants: resource defensibility and threat level induce dynamics
shifts in soldier deployment. Funct. Ecol. 31, 2287-2298
Kikusui, T. et al. (2006) Social buffering: relief from stress and
anxiety. Phil. Trans. R. Soc. Lond. B Biol. Sci. 361, 2215-2228
Tarr, B. et al. (2015) Synchrony and exertion during dance inde-
pendently raise pain threshold and encourage social bonding.
Biol. Lett. 11, 20150767

Connor, R.C. et al. (2006) Synchrony, social behaviour and alli-
ance affiliation in Indian Ocean bottlenose dolphins, Tursiops
aduncus. Anim. Behav. 72, 1371-1378

Baudier, K.M. and Pavlic, T.P. (2020) Incidental interactions
among Neotropical army-ant colonies are met with self-
organised walls of ants (Hymenoptera: Formicidae). Myrmecol.
News 30, 251-258

De Dreu, C.K.W. et al. (2016) In-group defense, out-group
aggression, and coordination failures in intergroup conflict.
Proc. Natl. Acad. Sci. U. S. A. 113, 10524-10529

Zhang, H. et al. (2019) Oxytocin promotes coordinated
outgroup attack during intergroup conflict in humans. eLife 8,
40698

De Dreu, C.K.W. and Triki, Z. (2022) Intergroup conflict: origins,
dynamics and consequences across taxa. Philos. Trans. R.
Soc. Lond. B Biol. Sci. 377, 20210134

Samuni, L. et al. (2017) Oxytocin reactivity during intergroup
conflict in wild chimpanzees. Proc. Natl. Acad. Sci. U. S. A.
114, 268-273

Samuni, L. et al. (2024) Social play fosters cooperation in wild
adult chimpanzees. Curr. Biol. 34, 5839-5845.e3

Radford, A.N. (2011) Preparing for battle? Potential intergroup
conflict promotes current intragroup affiliation. Biol. Lett. 7,
26-29

Arseneau, T.J.M. et al. (2016) Female monkeys use both the
carrot and the stick to promote male participation in intergroup
fights. Proc. Biol. Sci. 283, 20161817

Arseneau-Robar, T.J.M. et al. (2018) Male monkeys use
punishment and coercion to de-escalate costly intergroup
fights. Proc. Biol. Sci. 285, 20172323

Crofoot, M.C. et al. (2008) Interaction location outweighs the
competitive advantage of numerical superiority in Cebus
capucinus intergroup contests. Proc. Natl. Acad. Sci. U. S. A.
105, 577-581

¢ CellP’ress
OPEN ACCESS

Trends in Ecology & Evolution, Month 2026, Vol. xx, No. xx 11



https://doi.org/10.1101/2025.09.23.678029
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0065
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0065
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0065
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0070
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0070
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0075
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0075
https://doi.org/10.1038/s41559-026-03104-3
https://doi.org/10.1038/s41559-026-03104-3
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0080
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0080
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0080
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0085
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0085
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0085
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0090
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0090
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0090
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0095
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0095
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0100
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0100
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0100
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0105
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0105
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0105
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0110
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0110
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0115
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0115
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0120
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0120
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0120
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0125
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0125
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0125
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0130
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0130
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0130
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0135
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0135
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0135
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0140
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0140
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0140
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0145
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0145
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0150
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0150
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0150
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0150
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0155
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0155
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0155
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0160
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0160
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0160
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0165
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0165
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0165
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0170
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0170
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0175
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0175
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0175
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0180
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0180
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0180
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0185
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0185
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0190
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0190
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0190
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0195
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0195
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0195
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0195
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0195
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0200
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0200
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0205
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0205
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0205
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0210
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0210
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0215
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0215
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0215
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0220
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0220
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0220
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0225
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0225
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0225
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0230
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0230
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0230
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0235
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0235
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0235
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0240
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0240
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0240
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0245
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0245
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0245
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0250
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0250
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0255
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0255
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0255
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0260
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0260
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0260
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0265
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0265
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0265
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0265
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0270
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0270
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0270
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0275
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0275
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0275
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0280
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0280
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0280
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0285
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0285
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0285
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0290
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0290
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0295
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0295
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0295
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0300
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0300
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0300
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0305
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0305
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0305
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0310
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0310
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0310
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0310

¢? CellPress
OPEN ACCESS

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

12

Wilson, M. et al. (2007) Chimpanzees (Pan troglodytes) modify
grouping and vocal behaviour in response to location-specific
risk. Behaviour 144, 1621-1653

Steenbeck, R. et al. (1999) Vigilance in wild Thomas’s langurs
(Presbytis thomasi): the importance of infanticide risk. Behav.
Ecol. Sociobiol. 45, 137-150

Van Moorter, B. et al. (2009) Memory keeps you at home: a
mechanistic model for home range emergence. Oikos 118,
641-652

Torrez-Herrera, L.L. et al. (2020) Do monkeys avoid areas of
home range overlap because they are dangerous? A test of
the risk hypothesis in white-faced capuchin monkeys (Cebus
capucinus). Int. J. Primatol. 41, 246-264

Bolt, L.M. et al. (2025) Edge effects and social behaviour in
three platyrrhines. Am. J. Primatol. 87, e23610

Gibson, L. and Koenig, A. (2012) Neighbouring groups and
habitat edges modulate range use in Phayre’s leaf monkeys
(Trachypithecus phayrei crepusculus). Behav. Ecol. Sociobiol.
66, 633-643

Johnstone, R.A. et al. (2020) Exploitative leaders incite
intergroup warfare in a social mammal. Proc. Natl. Acad. Sci.
U. S. A 117, 29759-29766

Palphramand, K.L. and White, P.C.L. (2007) Badgers, Meles
meles, discriminate between neighbour, alien and self scent.
Anim. Behav. 74, 429-436

Ghaskadbi, P. et al. (2022) Stranger danger: differential response
to strangers and neighbours by a social carnivore, the Asiatic wild
dog (Cuon alpinus). Behav. Ecol. Sociobiol. 76, 86

Radford, A.N. and du Plessis, M.A. (2004) Territorial vocal rally-
ing in the green woodhoopoe: factors affecting the contest
length and outcome. Anim. Behav. 68, 803-810

Dyble, M. et al. (2019) Intergroup aggression in meerkats. Proc.
Biol. Sci. B 286, 20191993

Lewis, R.J. et al. (2020) The collective action problem but not
numerical superiority explains success in intergroup encoun-
ters in Verreaux’s sifaka (Propithecus verreauxi): implications
for individual participation and free-riding. Int. J. Primatol.
41, 305-324

Garcia, M.G. et al. (2022) Drivers and outcomes of between-
group conflict in vervet monkeys. Phil. Trans. R. Soc. Lond. B
Biol. Sci. 377, 20210145

Rayner, C.W. et al. (2025) Collective self-assessment in banded
mongoose intergroup contests. Behav. Ecol. 37, araf133
McComb, K. et al. (1994) Roaring and numerical assessment in
contest between groups of female lions, Pantera leo. Anim.
Behav. 47, 379-387

Wilson, M.L. et al. (2002) Chimpanzees and the mathematics of
battle. Proc. Biol. Sci. 269, 1107-1112

Benson-Amram, S. et al. (2011) Numerical assessment and
individual call discrimination by wild spotted hyaenas, Crocuta
crocuta. Anim. Behav. 82, 743-752

Thorne, B.L. et al. (2003) Evolution of eusociality and the soldier
caste in termites: influence of intraspecific competition and
accelerated inheritance. Proc. Natl. Acad. Sci. U. S. A. 100,
12808-12813

Walker, L.A. et al. (2016) Sexually selected sentinels? Evidence
of a role for intrasexual competition in sentinel behaviour.
Behav. Ecol. 27, 1461-1470

Clutton-Brock, T.H. et al. (2002) Evolution and development of
sex differences in cooperative behaviour in meerkats. Science
297, 253-256

Trends in Ecology & Evolution, Month 2026, Vol. xx, No. xx

84.

85.

86.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Trends in Ecology & Evolution

Bshary, R. et al. (2022) Male services during between-group
conflict: the ‘hired gun’ hypothesis revisited. Philos. Trans. R.
Soc. Lond. Ser. B Biol. Sci. 377, 20210150

Braga Goncalves, I. and Radford, A.N. (2022) Intraspecific
variation in audience effects during outgroup conflict in a coop-
eratively breeding fish. Anim. Behav. 190, 81-92

Radford, A.N. (2003) Territorial vocal rallying in the green
woodhoopoe: influence of rival group size and composition.
Anim. Behav. 66, 1035-1044

. Roberts, S.A. et al. (2012) Pheromonal induction of spatial

learning in mice. Science 338, 1462-1465

Finnerty, P.B. et al. (2022) The olfactory landscape concept: a
key source of past, present, and future information driving
animal movement and decision-making. BioScience 72,
745-752

Arbon, J.J. et al. (2024) Social and seasonal variation in dwarf
mongoose home-range size, daily movements and burrow
use. Behav. Ecol. 35, arae082

Radford, A.N. (2004) Vocal co-ordination of group movement
by green woodhoopoes (Phoeniculus purpureus). Ethology
110, 11-20

McNamara, J. and Houston, A. (1980) The application of statis-
tical decision theory to animal behaviour. J. Theor. Biol. 85,
673-690

Webb, J. et al. (2025) Foraging animals use dynamic Bayesian
updating to model meta-uncertainty in environment representa-
tions. PLoS Comput. Biol. 21, 1012989

Perkes, A. and Laskowski, K. (2025) Bayesian updating for self-
assessment explains social dominance and winner-loser
effects. Anim. Behav. 224, 123191

Ray, S. et al. (2025) Hippocampal coding of identity, sex, hierar-
chy, and affiliation in a social group of wild fruit bats. Science
387, eadk9385

Suraci, J.P. et al. (2022) Beyond spatial overlap: harnessing
new technologies to resolve the complexities of predator-prey
interactions. Oikos 2022, e09004

Sharpe, L.L. et al. (2013) Individual recognition in a wild cooper-
ative mammal using contact calls. Anim. Behav. 86, 893-900
Arbon, J.J. et al. (2026) The combined effects of elevated
within-group aggression and inter-group threat on dwarf
mongoose behaviour. Anim. Behav. 234, 123474
Morris-Drake, A. et al. (2021) Experimental evidence for delayed
post-conflict management behaviour in wild dwarf mongooses.
eLife 10, 69196

Madden, J.R. and Clutton-Brock, T.H. (2009) Manipulating
grooming by decreasing ectoparasite loads causes
unpredicted changes in antagonism. Proc. Biol. Sci. 276,
1263-1268

Anténio, M.M. et al. (2023) The evolution of intergroup coopera-
tion. Philos. Trans. R. Soc. Lond. Ser. B Biol. Sci. 378, 20220074
Zanette, L.Y. and Clinchy, M. (2020) Ecology and neurobiology of
fear in free-living wildlife. Annu. Rev. Ecol. Evol. Syst. 51,297-318
Morris-Drake, A. et al. (2023) A positive effect of cumulative
intergroup threat on reproductive success. Proc. Biol. Sci. B
290, 20231853

Braga Goncalves, |. and Radford, A.N. (2022) Experimental
evidence that chronic outgroup conflict reduces reproductive
success in a cooperatively breeding fish. eLife 11, e72567
Coggan, N.V. et al. (2017) A global database and “state of the
field” review of research into ecosystem engineering by land
animals. J. Anim. Ecol. 87, 974-994


http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0315
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0315
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0315
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0320
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0320
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0320
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0325
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0325
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0325
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0330
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0330
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0330
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0330
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0335
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0335
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0340
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0340
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0340
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0340
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0345
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0345
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0345
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0350
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0350
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0350
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0355
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0355
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0355
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0360
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0360
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0360
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0365
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0365
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0370
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0370
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0370
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0370
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0370
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0375
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0375
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0375
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0380
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0380
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0385
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0385
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0385
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0390
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0390
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0395
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0395
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0395
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0400
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0400
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0400
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0400
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0405
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0405
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0405
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0410
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0410
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0410
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0415
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0415
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0415
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0420
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0420
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0420
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0425
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0425
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0425
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0430
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0430
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0435
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0435
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0435
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0435
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0440
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0440
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0440
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0445
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0445
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0445
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0450
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0450
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0450
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0455
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0455
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0455
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0460
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0460
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0460
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0465
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0465
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0465
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0470
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0470
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0470
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0475
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0475
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0480
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0480
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0480
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0485
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0485
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0485
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0490
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0490
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0490
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0490
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0495
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0495
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0500
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0500
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0505
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0505
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0505
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0510
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0510
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0510
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0515
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0515
http://refhub.elsevier.com/S0169-5347(26)00145-X/rf0515

	Pre-�emptive behaviour in a landscape of intergroup conflict
	A landscape of intergroup conflict
	Pre-emptive behavioural changes and potential benefits
	Variation in intergroup threat level
	The cognition of pre-emption
	Testing of pre-emptive behaviour and its consequences
	Concluding remarks and future perspectives
	Acknowledgments
	Declaration of interests
	References




