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Intergroup conflictis a potent evolutionary force across taxa, but little
research has investigated how social animals pre-emptively change their
behaviourinscenarios where contests with rivals are more likely. Moreover,

the few studies examining this aspect of intergroup conflict fail to consider
rival characteristics despite them determining contest outcomes and
interaction costs, which define the threat level different groups pose. Here

we show how non-human animals can tailor their anticipatory behaviour

to the specificthreat posed by rivals, using 10 years of detailed behavioural
observations and GPS data. We demonstrate that dwarf mongooses (Helogale
parvula) adjust their space use, information provisioning and resource
defence dependent ontherelative group size of neighbours to help them

mitigate the threat from both well-matched competitors and more dangerous
larger rivals. By contrast, behavioural differences between the core and edge of
home ranges were more equivocal, highlighting the importance of considering

rival characteristics rather thanjust spatial location as anindicator of threat
level. Our results showcase how animals have evolved to be best prepared for
akey part of their ecology, potential future contests, indicating abilities that
allow themto survive and thriveinalandscape of intergroup conflict.

Intergroup conflictis a potent evolutionary force that has shaped social
structure, territoriality and cooperation from ants to apes, includ-
ing in humans' . Contests between conspecific groups have been
well-studied in diverse taxa, highlighting a range of immediate and
delayed fitness consequences’* Antagonistic interactions with outsid-
ers, especially those involving physical attacks, can lead to loss of life
or breeding position”®, while there can also be knock-on consequences
from contest-induced injuries and takeovers, including changes in
behaviour and space use’ % The costly nature of intergroup contests
means that, much as information about predator occurrence in the
environment generates a ‘landscape of fear’ for prey to navigate*,
the presence of conspecific rivals creates a ‘landscape of conflict’. In
line with the way that prey pre-emptively alter their behaviour in rela-
tiontothe ecological pressure of the predation landscape (thatis, use
experience and currentinformation to optimize behaviour ahead of a

potential future interaction), animal groups should benefit by respond-
ing to the variation in threat posed by rival groups™'°.

Humans respond to the threat of intergroup contests by increas-
ing their surveillance for rivals when in conflict zones and moving
quietly through enemy territory to avoid detection'”’®, There are also
a few examples of similar location-related behaviour in non-human
animals. For instance, recent work showed that two chimpanzee (Pan
troglodytes) groups used elevated vantage points when moving towards
territorial borders', while raiding parties of males go silent when
entering another territory”. However, research has been largely pri-
mate focused, and the evidence is equivocal: there is inconsistency
between speciesin how space use and behaviour relates to the increase
in intergroup risk that is predicted towards territory borders'**%.
One reason is that the location-based risk of encountering other
groups often correlates with environmental variables, such as food
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availability” or habitat type??, generating edge effects that can mask
the threat attributable to intergroup rivals. Moreover, there is large
variation in the threat posed by different rival groups; this key factor
is currently unexploredin a pre-emptive context.

In contrast to predators, where each individual of a given spe-
cies provides a relatively comparable threat, conspecific groups can
vary hugely in their competitive ability, with the intensity and out-
come of intergroup contests known to depend on the characteristics
of the rivals**?, Arguably the most important single factor is group
size, which relates positively to resource-holding potential in many
social species®***?, As larger groups are usually at an advantage in
contests” %, engaging with them carries greater risks, including poten-
tialmortality; in many cases, early detection and retreat will be the best
strategy for relatively smaller groups®**'. However, well-matched com-
petitors (for example, those with similar group sizes) often participate
in more prolonged, escalated contests, which incur greater costs in
terms of time, energy and injury risk?>%; preparing for such encounters
may give groups an important advantage and be just as important as
preparing for much large rivals. However, it is unknown in what ways

the relative group size of rivals influences the pre-emptive decisions
of non-human animals and how they integrate variable threat levels
into their ecological landscape of conflict.

Here we combine 10 years of global positioning system (GPS) data
and behavioural observations on wild dwarf mongooses (Helogale
parvula)toinvestigate how groups change their pre-emptive behaviour
relative to the specific threat posed by intergroup rivals. We consider
how the pre-emptive behaviour of mongoose groups is affected by
the relative group size of neighbours, predicting that groups would
adjust their space use, information gathering and resource defence
to help them mitigate the threat from both well-matched competitors
and more dangerous (that is, larger) rivals. We also examine the same
behavioursinhomerange core areas versus edge areas, predicting that
behavioural differences commensurate with agreater perceived threat
inedge areas as these are at the borders with other groups.

Results
We mapped the space used by 12 wild, habituated dwarf mongoose
groups over 69 group-years (maximum 8 groups monitored atany one
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Fig.1|Neighbour zones carry an intergroup threat but of varyinglevel.

a, Home ranges (95% UDs) of the eight groups in the study population during
2018, highlighting both exclusive and overlapping areas of space use.

b, When analysing the effect of relative neighbour group size, datafroma
given focal group (grey silhouette, group size of nine) were considered when
they occurred within the home range of aneighbour, termed a neighbour
zone (white silhouettes, black points). Data falling outside of neighbour zones
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(grey points) were not considered. ¢, The number of observed IGIs that fell

within and outside neighbour zones (N =1181Gls). d, The distribution of relative
neighbour group sizes from data aggregated at the month level. Dashed lines
highlight the relative group size of neighbours in ¢ (5,10 and 16 adults) relative to
the focal group (9 adults). Imagery inafrom Google, ©2026 Airbus, CNES/Airbus,
Maxar Technologies.
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Fig. 2| Therelative size of neighbouring groups affects multiple mongoose
behaviours. a-c, The effect of relative neighbour group size on the proportion
oftime spentinside a neighbour zone (N = 511 months with at least five tracked
days) (a), the likelihood that a given sentinel bout was announced vocally
(N=1,936 bouts) (b) and the likelihood that agroup slept in the neighbour zone
ondays they entered it (N =893 days) (c). Lines and shading are model-estimated
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marginal means and 95% Cls. The dashed line in b represents a nonsignificant
quadratic trend. Points and arms are illustratively discretized raw data means and
standard errors, and in b are adjusted for the marginal effect of absolute group
size (Methods and Supplementary Fig.1). Opacity of points/arms represents data
density, with darker points corresponding to more observations.

time), and analysed over 1,600 daily movement tracks, 16,000 sentinel
(raised guarding) observations and 2,000 sleeping burrow returns, to
investigate differences in pre-emptive behaviour depending on the
intergroup threat level. Dwarf mongooses are territorial mammals of
Southern Africa®**, regularly participating inintergroup interactions
(IGIs) with neighbours that can result in injury and even mortality>*.
Crucially, we investigate periods occurring outside the direct context of
anlIGlto assess pre-emptive behaviour; the vast majority of data come
from days without 1GIs—98% of 2,941 days—and for the small proportion
of data from days where IGIs occurred (N = 59 days), only data from
atleast 30 min before the first interaction of the day were included.

Effects of relative group size
We first assessed theimportance of relative neighbour group size (num-
ber of adults; aged 1 year and older), analysing behaviours occurringin
‘neighbour zones’. We used GPS data to generate 95% utilization distri-
butions (UDs) of study groups (Fig. 1a). For each behavioural observa-
tionin our datasets, we assessed whether its location fell within the 95%
UD of aneighbour (Fig. 1b, orange areas; as calculated from the previous
90 days, a balance between data availability and recency); hereafter
‘neighbour zone’. More than three-quarters of IGls occurred in neigh-
bour zones (Fig. 1c), highlighting the escalated risk of encounter whenin
these areas. Using sections of movement tracks, sentinel observations
andreturnsto anevening burrow that fell withinaneighbour zone, we
assessed how therelative group sizes of the focal and neighbour group
affected behaviour of the former. Groups had amean of 7.9 adults, with
amean relative group-size ratio of 1:1.4 between pairs of neighbours
(Fig. 1d); groups often had larger and smaller neighbours simultane-
ously (asinFig.1b), butrelative group size was not significantly related
tothesize of neighbour zones (P=0.839; Supplementary Table1). We
modelled both alinear termand aquadratic term for relative neighbour
group size to assess whether behavioural changes were greatest in
response to the threat from larger (and therefore more competitive—
linear) or similarly sized groups (with whom contests may be most
likely to escalate—quadratic). Unless stated, the quadratic effect was
dropped (as nonsignificant) to enable reporting of the linear term.
When in a neighbour zone, the relative group size of that neigh-
bour affected multiple aspects of focal group behaviour. While there
was no significant effect on the likelihood of entering a neighbour zone
(P=0.274; Supplementary Table 2a), relative group size did affect the
proportion of time spent by the focal group in the neighbour zone.
When accounting for the size of home range overlap between neigh-
bour pairs (Supplementary Table 2b), groups spent more time in the

neighbour zones of similarly sized and slightly smaller neighbours,
andlesstimeinthezones of muchlarger neighbours (quadratic term:
P=0.003; Fig.2a). When groups were inside neighbour zones, relative
neighbour group size affected both sentinel behaviour and burrow
use but not movement characteristics (speed: P= 0.470; area covered:
P=0.839; Supplementary Table 3). When foraging, mongoose groups
exhibit a coordinated vigilance system known as sentinel behaviour
to look for both predators and conspecifics®?*¢. While there was no
significant effect of relative neighbour group size on sentinel effort
(likelihood of sentinel presence: P= 0.171; duration of bouts: P= 0.514;
Supplementary Table 4a,b), relative neighbour group size did affect the
likelihood that sentinels announced their presence to groupmates by
giving ‘surveillance’ calls”. There was anonsignificant trend for a quad-
ratic effect of relative neighbour group size on sentinel vocalizations
(P=0.053;Fig. 2b, dashed line, and Supplementary Table 4c); when this
quadratic termwas removed, there was asignificant linear increasein
likelihood of vocalization (P = 0.042), with sentinels 8.2% more likely
to announce their presence for each doubling of relative neighbour
group size (95% confidence interval (CI) 0.1-13.1%; solid line, Fig. 2b).
Dwarfmongooses are strictly diurnal and rely on underground burrows
for overnight refuge®®; although these are distributed throughout the
landscape (Supplementary Fig.2), around one-quarter of all IGIs occur
atburrows, and more than 5% of burrows are used by multiple groups
ondifferent nights (Dwarf Mongoose Research Project (DMRP), unpub-
lished data). On days when groups entered a neighbour zone, relative
neighbour group size affected whether the group slept within the
neighbour zone (quadratic term: P= 0.028; Supplementary Table 5a).
Groups were least likely to sleep in the neighbour zone of well-matched
competitors than those much smaller or larger than them (Fig. 2c).
There was also a nonsignificant trend for groups to return to the bur-
row later relative to sunset with increasing relative neighbour group
size (P=0.098; Supplementary Table 5b).

Effects of home range location

We then investigated the same behaviours relative to the loca-
tion within a focal group’s home range, with the implicit assump-
tion that intergroup threat is greater in edge than core areas. We
took all behaviours that fell within the 50% UD (core; Fig. 3a) and
compared them with all behaviours occurring outside the 75% UD
(edge). Groups moved 17.6% faster (11.9-23.2%; P < 0.001; Fig. 3b and
Supplementary Table 6a) and covered 39.8% more unique area per unit
time (29.2-50.4%; P=0.002; Supplementary Table 6b) when in edge
areas compared with core areas. When in edge areas, a sentinel was
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Fig. 3 |Locationin ahome range affects mongoose behaviours. a, A schematic
of core and edge area assignment. Core areas were designated as those within the
50% UD (dark) and edge areas those outside of the 75% UD (light). Data falling in
the buffer areabetween (grey points in white area) were not analysed.b-d, The

model-estimated marginal means and 95% Cls of movement speed (N =1,653 days)
(b), thelikelihood that a sentinel was present in a given scan sample (N =16,660
scansamples) (c) and return time to the burrow in minutes before sunset (d), such
that higher on the y axis is closer to sunset (N = 2,013 evenings).

present in 5.5% (2.5-8.1%) fewer scan samples (P = 0.002; Fig. 3c and
Supplementary Table 7a), and sentinel bouts were 15.7% (9.5-22.9%)
shorter in duration (P < 0.001; Supplementary Table 7b) relative to
coreareas, although the location within the home range had no signifi-
cant effect onwhether sentinels vocalized to announce their presence
(P=0.290; Supplementary Table 7c). Groups also returned to their bur-
rows 13.1% (3.3-23.2%) later relative to sunset when the burrow was in
anedgearearelativetowhenitwasinacorearea (P=0.015; Fig. 3d and
Supplementary Table 8). The effects of location on behaviour were qual-
itatively the same if sentinel and burrow observations were assigned
to 5% UDs from 50-100% and modelled with location as a continuous
variable (‘location-based behaviour’ in Supplementary Analysis).

Discussion

Our work demonstrates that dwarf mongooses pre-emptively alter a
suite of behavioursinrelationtointergroup threatlevel. Groups spent
more time in areas shared with more evenly matched rivals but were
morelikely toretreat fromthese areas to sleep when competitors were
similar in group size. Mongoose groups also altered their behaviour
to minimize the potential costs of interactions with those larger in
group size than them by increasing within-group communication.
By contrast, we found mixed evidence that behaviour differs between
core and edge locations in a manner consistent with the likelihood
of intergroup encounter. We provide evidence that the anticipatory
behaviour of non-human animal groups varies with the characteristics
of, and thus level of threat posed by, different rivals. These findings
highlight an important approach for understanding the dangers of
intergroup conflict at the landscape scale.

We found evidence that groups pre-emptively adjust their
behaviour on the basis of the specific threat posed by different rival
groups, in line with what is known about how relative group sizes
affect contests® . For instance, the likelihood of sentinels vocal-
izing increased with relative neighbour group size. Greater vocal
announcement of sentinel bouts highlights a need to provide group
members with up-to-date social information when threat is high, aid-
ing group coordination and enabling adaptive reductionsin vigilance
by foragers**’, even at the cost of increasing detectability to potential
predators. As nearly half of dwarf mongoose IGIs escalate to physi-
cal fights®*, and as multiple group members can attack a single rival
individual simultaneously, smaller groups are clearly disadvantaged
when faced with larger counterparts. Thus, there are potential adap-
tive benefits of sentinels increasing communication when the rival
is larger. By calling when being a sentinel, individuals providing this

valuable serviceinahigh-risk scenario may also be more likely to have
theirinvestment rewarded through grooming*’, anidea that could be
tested experimentally in future work***.

Other behavioural changes showed a quadratic relationship
with relative neighbour group size, indicating how preparing for
well-matched neighbours can be equally important. The change in
the proportion of time spent in the neighbour zone reflects not only
differencesinthe need to defend border areas by occupying contested
spaceand directly repelling rivals (that is, by engaging in IGls) but also
by more thoroughly investigating and depositing scent marks>*>°.
When mismatches in group size are great, smaller groups may not
be able to risk prolonged exposure to large rivals, while those larger
groups need not defend a border so vigorously if they can more eas-
ily repel rivals and take ownership of an area. Failure to maintain a
border presence against similarly competitive groups, however, may
lead to territorial incursions that cannot easily be reversed. We also
saw changes in burrow-selection behaviour relative to neighbour
group size. Reductions in sleeping in neighbour zones could repre-
sent a mitigation against costly conflict at burrows: while burrows
are key resources, around one-quarter of all IGIs occur at burrows
(DMRP, unpublished data), and as burrows are often only accessible
by one or a few entrances, escalation in conflict in these locations
may be especially costly. Groups may instead be retreating to sleep
in locations that they perceive to be less risky when the likelihood of
an escalated conflict is higher. These changes in behaviour may also
be influenced by unmeasured variables such as habitat quality; while
the overlap between groups was not related to their relative group
size, it is unknown how the quality of these areas is perceived by the
study groups. Collectively, these results indicate that, while larger
groups have the potential to be more dangerous, the increased risk of
escalation and lesser certainty in contest outcome when encounter-
ing well-matched competitors**?° may make the latter threat just as
important to mitigate with pre-emptive behaviour.

We also found evidence that mongooses differ in their behaviour
relative to the location within their home range, but the observed
differences are not consistently in line with adaptive responses to
intergroup threat. As suggested by the relative group-size analyses,
we found that mongooses returned later to burrows when the inter-
group threat level was higher (in home range edge areas in this case).
However, the sentinel findings were opposite to the increase in effort
at edges that we would predict if groups were watching out more for
neighbours. Mongooses might be reluctant to place themselvesinan
elevated position where they could be easily detected by rivals, but
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edge effects provide a likely alternative explanation. If groups forage
less successfully in peripheral areas—owing to increased personal vigi-
lance or lesser resource abundance—we may see less sentinel activity
there thanin core areas as it is a state-dependent behaviour**. We did
observe faster movement speeds of groups whenin home range edges,
which could represent efforts to reduce time in areas associated with
intergroup risk or conversely reflect search behaviour of more aggres-
sive groups. However, it is also likely that there are other behavioural
and environmental differences between core and edge that will affect
movementbehaviour. Forinstance, groups need tolay down fresh scent
marks at latrine sites that are found across home range edges***, which
may require groupsto cover large distances quickly, without any need
to evaluate the potential risk of encountering neighbours. In addition,
other variables such as food availability or familiarity with safe refuges
may affect movement characteristics**¢. Combined with an absence of
arelative group-size effect on movement characteristics and sentinel
effort, we remain cautious about interpreting these location-based
differences inmovement as being solely driven by intergroup risk. This
set of results, along with mixed location-related findings in previous
studies'*° highlights the potential difficulty in interpreting spatial
position as a sole proxy of intergroup threat and emphasises the ben-
efit of considering the different threat posed by rivals with different
characteristics (for example, group size).

Pre-emptive behavioural changesinrelation to intergroup threat
have the potential to be amore pervasive consequence of a territorial
life-history than contests alone. Much as the threat of predation alters
the behaviour of prey animals outside of direct interactions', with
impacts on population- and community-level processes**%, the need
to gatherinformation and pre-emptively change behaviour relative to
conspecific groups adds animportant layer to landscapes of conflict.
Behavioural changes tailored to the threat presented by particular
potential rivals may help to explain how groups in many species appear
toshare homerange areas without suffering excess aggressionand the
associated mortality risk'*”". However, these behavioural changes are
unlikely to be cost-free and will be traded off against optimumactions
in other contexts. For example, spending disproportionate amounts
of time occupying certain areas could result in resource depletion
and reductions in foraging success. Some behaviours may be more
constrained and less easily altered over large timescales, and only
show changes when threat reaches a certain likelihood—for instance,
when there has been repeated information indicating imminent rival
presence®.Insuchscenarios, greater information gathering could also
aidin detection of predators**, highlighting how some behaviours can
be synergistic and therefore may evolve concurrently. Increasing our
understanding of how animal groups alter their day-to-day behaviour
to counter the threat of rivals will therefore help us to evaluate the
trade-offs individuals constantly make to balance key needs.

An outstanding question is how animals, including dwarf mon-
gooses, assess intergroup threat when thereis no current direct contact
with rivals. One possibility is information from secondary cues in the
environment. As with many territorialmammals, mongooses are habit-
ual scent markers*, and experimental work has demonstrated immedi-
ate behavioural change in mongooses following the presentation of
faecal samples®***°. However, as only 60% + 25% (mean +s.d.) of adult
group members deposit scent at a given latrine (DMRP, unpublished
data), thisinformation would at best represent a coarse approximation
of neighbour group size. Another non-mutually exclusive explanation
for pre-emptive behaviour is that mongooses use memories of previ-
ous encounters, both of interactions and neighbour’s secondary cues,
to modulate their behaviour. Dwarf mongoose group sizes and home
ranges are relatively stable®***°, and therefore information from an
encounter withaneighbour will probably be accurate in the following
days and weeks, whereas this may not be true for species that exhibit
othersocial structures such as fission-fusion societies™. A requirement
to remember locations and encounters with rivals has been argued

to be adriver of cognitive evolution'®*, but in animal societies where
information is reliable over time, this is not necessarily highly cogni-
tively demanding. A better understanding of the information animals
need to gather, process and retain is required for a robust appraisal
of the cognitive challenge that intergroup conflict presents. Recent
methodological advances are beginning to unpick the neurological
bases of social interactions across space’’; such experiments that can
disentangle the responsesto direct and indirect cues of rival presence
from spatially anchored memories of outsider interactions will help
further our evolutionary understanding of pre-emptive behavioural
changes in the context of intergroup conflict and the underpinning
cognitive apparatus®.

Ourresults reveal how dwarf mongooses can pre-emptively change
their behaviour relative to the intergroup threat level, an ability that
we expect to be widespread across the diverse taxa with life-histories
shaped by intergroup conflict. In this study, we have investigated behav-
ioural changes in relation to relative group size, but the threat pre-
sented by rivalgroupsinother species canalso vary depending on sex
ratio”, relatedness between groups® or fluctuations in motivation®>**
and the environment®. While our focus was on space use, movement,
sentinelling and burrow use, for which we had large sample sizes,
other behaviours such as scent-marking and intragroup affiliation
may also provide importantina pre-emptive context. Studying groups
outside of direct contests will provide insight into an animal’s view of
its landscape of conflict, revealing nuances in behaviour that affect
many aspects of daily life seemingly far-removed from fighting rivals.
To understand fully the pervasive impacts of intergroup conflict, we
must study the complete timeline of behaviours—not just those during
and after contests but also those that occur in anticipation.

Methods

Study species

Dwarf mongooses are sexually monomorphic, group-living, territorial
mammals found throughout Southern Africa**°. They live in coopera-
tively breeding groups comprising adominant breeding pair, their off-
spring and immigrants, with an overall balanced sex ratio®’. Both sexes
disperse and immigrate into new groups resulting in arelatively even
relatedness structure between sexes®. Members of agroup move cohe-
sively inthe environment; larger groups travel further daily distances
and cover more area, ultimately resulting in larger groups occupying
larger areas®®. Groups routinely deposit scent marks at regularly used
latrinesites, which fall predominantly near home range boundaries®***,
While groups do not patrol boundaries in the same way as some other
species®®”, they regularly show directed movement to these marking
locations, and the same latrine sites have been used by pairs of neigh-
bouring groups over multiple years (DMRP, unpublished data). Groups
engage directly with neighbours when they are encountered; these
events are termed IGIs**?***%, When IGIs occur, both male and female
adults participate at equivalent rates, and the majority of IGIs result
in agonistic physical interactions between the groups, occasionally
resultingininjury and even mortality**; unlike some species, IGIs very
rarely involve affiliative behaviour between members of different
groups, and there is no evidence for extra-group paternity as seenin
closely related species®*®. Groups may use indirect cues (for example,
scent marks) and memories of past interactions to assess neighbour
group size and the likelihood of encounter, even when there are no
directindicators that another group is currently nearby**.

In addition to the threat posed by neighbouring conspecific
groups, dwarf mongooses are also depredated by a variety of diurnal
and crepuscular predators, including many mammals and birds of
prey®. Asanadaptation tosuchapredator-rich landscape, dwarf mon-
gooses perform coordinated vigilance known as sentinel behaviour,
where one individual climbs to an elevated position and watches for
danger®**°. During their bout, sentinels often announce their presence
to the group by producing vocalizations termed surveillance calls,
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enabling foragers to reduce their vigilance®”*’. Sentinel behaviour
increases in response to the simulation of intergroup intrusions®*°,
suggesting that sentinels canalso act to detect potentially threatening
conspecifics as well as heterospecifics. Dwarf mongooses are strictly
diurnalandrely on burrows, mostly excavated termite mounds, in which
tospend the nightand avoid crepuscular and nocturnal predators®*°.,
Groupsroutinely switchburrows®, and burrows are found evenly dis-
tributed throughout the habitat (Supplementary Fig. 2).

Ethics

Work was conducted under permission from the Limpopo Department
of Economic Development, Environment and Tourism (permit no.
001CPM403-00013). Ethical approval was granted from the University
of Pretoria, South Africa (Animal Ethics Committee: NAS321/2022) and
the University of Bristol, UK (Animal Welfare and Ethics Review Body:
UB/11/038), and the study was performed in line with The Association
for the Study of Animal Behaviour guidelines for the ethical treatment
of animals®.,

Data collection

All datawere collected at Sorabi Rock Lodge, Limpopo Province, South
Africa (24.211°S,30.775°E), as part of the long-term Dwarf Mongoose
Research Project. Data were collected between September 2013 and
September 2023 from 12 groups of wild, habituated dwarf mongooses.
During the winter months (-May-September), groups were followed for
the entire day, from when they first emerged in the morning from the
overnightsleeping burrow untilthey returned and wentinto asleeping
burrow in the evening. During the hot summer months (-October-
April), groups were followed for -3 hfrom when they left the overnight
sleeping burrow, at which point the observer would leave the group
during the heat of the day, returning to follow the group for 2-3 h
beforetheyreturnedtoasleepingburrowinthe evening. This summer
pattern of data collection was facilitated by mongooses becoming
inactive in the heat of the day, often retreating below ground at a day
refuge until later in the afternoon when it became cooler. Groups were
observed foramean of 9.2 days per month over the study period, usu-
allyin2-3-day blocks®.

Observers collected three core datasets, which we use in this study:
life-history, movement and behaviour data. The identity of all present
group members wasrecorded during every observation session, ena-
bled by the periodic application of unique blonde hair-dye marks for
individual recognition. Birth data were collected to enable accurate
designation of adult group members (individuals >1 year old) and there-
fore calculate adultgroup sizes. To generate agroup size for neighbours
ondayswhenwe did not visit agroup, we used linear interpolation from
the observed group sizes on either side of the unknown date. Observers
continually recorded location data by positioning themselves close
to the centroid of the group, taking the group track on a Garmin Etrex
10 (Garmin) handheld GPS device recording fixes typically at <3 m of
accuracy’®. We use these data to generate UDs and movement metrics,
and to infer the locations of spatially anchored behavioural observa-
tions (that s, sentinel bouts and burrow uses).

Multiple behaviours were recorded during observation sessions.
All observed IGls were noted, and their location was logged with GPS.
Sentinel behaviour was recorded through a combination of routine
scan samples and ad libitum observations®*°, Scan samples were
conducted every 30 minto assess whether asentinel was present. At all
times, other sentinel bouts were recorded with more detailed informa-
tiononthe duration of theboutand whether the sentinelannounced its
presence through vocalizations®; for both duration and vocalization
data, only sentinel bouts where the observer witnessed the full bout
were used for analysis. The location of sentinel scan samples and ad
libitum bouts was inferred from daily GPS tracks. Sentinel data were
assigned alocation on the basis of the closest recorded fix in time within
acut-off of 2 min—any sentinel data without a corresponding location

within 2 min were not analysed. Return time to the evening sleeping
burrow was recorded as the time that 50% of the adult group members
returned to the burrow that they subsequently went to sleep in. The
location of all known burrows where timing data were obtained was
logged with GPS. Over the study period, we observed 728 unique sleep-
inglocations being used by mongoose groups (Supplementary Fig. 2).

Data processing and analysis

Allprocessing and analyses were conducted in R®* (version 4.5.1). First,
we subsampled all GPS data to a target rate of one fix per minute to gen-
erateastandardized samplingrate, using the method outlined inref. 64.
Throughout, we calculated UDs using the most recent 90 days of GPS
datafor those groups with aminimum of 20 days of data available (asin
ref. 38), using functions from the R package ‘adehabitatHR’ ® (version
0.4.22). Aperiod of 90 days was chosen asacompromise between cap-
turing enough data to generate meaningful UDs while keeping assessed
areasrecent enough for the specific aims of the study. When generating
UDs, we chose to use ‘standard’ (not autocorrelation corrected) kernel
density estimation (KDE) to ensure our estimates of where mongoose
groups had moved in the previous 90 days was conservative. When
analysing movement data from our study system, we have previously
found that estimating space use using autocorrelation-corrected KDE
methods has resulted in estimation of home range areas ~1.4x larger
than those estimated using KDE methods, including areas we have
never seen groups over many years of observation®®. Thisreduced the
estimated used space (and therefore number of included behavioural
data points carried into analysis) relative to calculating overlaps using
an autocorrelation-corrected KDE method (implemented through
continuous time movement models®®). However, it ensured higher
confidence in our assessment that a certain location was observed to
be within the space recently used by a neighbour.

To assess the effects of relative neighbour group size on behaviour,
we took each day with a recorded behavioural observation (move-
ment tracking, sentinel observation and/or burrow usein the evening)
and isolated those for each focal group that fell within the 95% UD of
aneighbour (Fig. 1b), termed the neighbour zone, using functions
from the R package ‘sf*” (version 1.0-24). For these behavioural data
in neighbour zones, we calculated the relative neighbour group size
for each identified neighbour as the base 10 logarithm of neighbour
group size/focal group size, such that relative group-size differences
were centred on, and symmetrical around, O (for example, |log;,(2)| =
llog,0(1/2)]; Fig. 1d). Models investigating the effect of relative neigh-
bour group size (Supplementary Tables 2-5) were fitted with fixed
factors for both a linear and quadratic effect of relative neighbour
group size. These models controlled for focal group size as a fixed
factor, as well as being fit with random intercepts for focal group and
neighbour group identity and random slopes for the effects of focal
group size and relative neighbour group size within focal group iden-
tity. Random terms showing zero variance were kept in models, and
thes.d.forthese termsisnoted as 0.000 in Supplementary Tables. To
assess the effects of location within the home range on behaviour, we
assigned all recorded behavioural observations a location within the
focal group’s home range using the same GPS method as above. All
observations withinthe 50% UD were assigned as occurringinthe ‘core’
area, and all observations outside the 75% UD were assigned as occur-
ringinthe ‘edge’ area (Fig. 3a). Observations that fellin the buffer zone
between core and edge (thatis, 50-75% UD) were not analysed. Models
investigating changesin behaviour relative tolocation withinthe home
range (Supplementary Tables 6-8), not just restricted to neighbour
zones, were fitted with fixed terms for absolute group size and location
within the home range, a random intercept for group identity as well
as random slopes for group size and location within-group identity.
While groups consistently had unhabituated neighbours (for exam-
ple, outer edges in Fig. 1a), our approaches are not impacted by these
groups: for relative group-size analyses, we used only data from zones
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with known neighbours; the location-based analyses are egocentric
and are therefore agnostic to whether a potential neighbour is in the
habituated study population or not.

Before statistical modelling, we removed outliers (data points
morethanthrees.d. fromthe mean) toenhance model fitand prevent
models from violating assumptions. We scaled all absolute group-size,
bout durationand overlap-size predictors toamean of 0 and ans.d. of
1to aid model fitting. We assessed significance of terms using likeli-
hood ratio tests between the final model with and without the term
of interest. Nonsignificant quadratic terms were removed to allow
interpretation of the linear term—the model with significant quadratic
term/without nonsignificant quadratic term was considered the final
model, with allother apriorimodelled predictorsretained. Effect sizes
are taken from the model summaries and transformed to the original
datascale where appropriate.

Allpresented models were run using functions from the ‘Ime4"*
(version 1.1-38) and ‘glmmTMB"*’ (version 1.1.14) packages. We
checked all model assumptions using diagnostic tools from the
‘DHARMa’ package’ (version 0.0.7), with variance inflation below 3
foralltermsinallmodels, as checked using the vif() function from the
‘car’ package (version 3.1-5). We checked model residuals for temporal
autocorrelationto ensure behaviour was not significantly correlated
acrossdays. Inaddition, we found little evidence that response metrics
were correlated within group and day (Supplementary Fig. 3). The
likelihood that a sentinel vocalized is weakly but significantly cor-
related with both the likelihood of a sentinel being present (r=0.22,
P < 0.001) and the duration of sentinel bouts (r=0.17, P< 0.001).
Models for vocalization include the log of bout duration as a covari-
ate, as these variables are both gathered at the single bout level,
determined by the log-linear relationship between bout durations
and vocalization likelihood (Supplementary Fig. 4), whereas likeli-
hood of asentinel being present is from theindependent scan-sample
dataset. By nature, movement speed and area covered are also signifi-
cantly correlated (r= 0.25, P< 0.001) but have the potential to high-
light nuanced differences in movement behaviour and are therefore
interpreted together?®,

To assess the factors that influenced the extent to which groups
overlap intheir space use, we calculated 95% UDs for 3-month blocks
(January-March, April-June, July-September and October-Decem-
ber) for all groups. We then calculated the size of areas that over-
lapped between neighbouring pairs, proportional to the full 95% UD
of both groups. To control for potential impacts of environmental
productivity on overlap size®®, we took the 3-month mean normalized
difference vegetation index value for the study area, taken from the
MODIS product MOD13Q17: 16-day, 250 m x 250 m resolution (as in
ref. 38), using functions from the ‘MODISTools’ R package’ (version
1.1.6). Similarly, to control for population density, which could influ-
ence space use and overlap size”*, we summed the size of all measured
group 95% UDs and divided by the number of individuals over 1year
old to achieve a metric of adult mongooses per ha. For this analysis,
absolute group size was calculated as the mean linear interpolation
ofthe number of adultindividuals across the 3-month block (mean of
7.9,s.d.0f 2.0, range of 4.4-13.4, N = 274 group blocks). As each overlap
cangenerate two proportional areas (overlap/group 1versus overlap/
group 2), we ran two near-identical models, from the perspective
of the larger and smaller groups in each pair, respectively, to avoid
pseudo-replication inflating our sample size. Both were modelled
identically, with fixed factors included for normalized difference
vegetation index, population density, time of year, mean group size
(mean ofthe two neighboursin the pair) and the relative group size of
the two neighbours. Both modelsyielded qualitatively identical results
(Supplementary Table 1); we present those from the perspective of the
larger group in the main text.

When assessing the likelihood of entering, and proportion of time
spent within, neighbour zones, data were summarized at the level of

the month. For each group, we took the proportion of daysin whichany
fix was located within a neighbour zone with each neighbour, with a
minimum of 5 days observed inagiven month. We also analysed the pro-
portion of all fixes observed in the neighbour zone with each specific
neighbour, again with aminimum of five observation days per month.
These were analysed using generalized linear mixed models (GLMMs)
withgammaerrorand aloglink function (Supplementary Table 2). All
models contained an additional fixed factor for the proportional size
oftheoverlap betweenthe home ranges of the focal group with agiven
neighbour, relative to the home range size of the focal, to control for
the effect of differences in mutual space use between groups.

We calculated movement speed for each fix (as distance/time
since last fix) that was >50 and <70 s since its predecessor. The mean
of eachspeed was then taken to generate the movement-speed metric.
We determined unique area covered per unit time as the number of
unique 20-m width hexagonal cells the track intersected divided by
the time taken (the full method can be found in ref. 38. Both move-
ment speed and unique area covered per unit time were modelled
as linear mixed models (LMMs) with log-transformed response data
(Supplementary Tables 3 and 6). Models investigating home range
location contained observation day as an additional randomintercept
to capture the non-independence of track segments from within the
same day (Supplementary Table 6); for this analysis, we only included
days that had track segments in both core and edge areas.

Models investigating sentinel presence in a scan sample and
whether asentinel vocalized during agiven bout (each with responses
of yes or no; Supplementary Tables 4a,c and 7a,c) were analysed as
GLMMswith abinomial error structure and logit link function. Models
investigating the duration of sentinel bouts (Supplementary Tables 4b
and 7b) were runas LMMs with the log-transformed bout duration fit-
ted as the response term. Models investigating vocalization had bout
duration (logged) fitted as an additional fixed term. All sentinel models
contained anadditional random intercept for the specific observation
session to account for the non-independence of multiple data points
takeninasingle session.

We took all days in which a group was recorded entering a neigh-
bour zone and noted whether they slept at aburrow in the neighbour
zonethat evening. This was modelled as abinomial GLMM with a logit
link function (Supplementary Table 5a), with an additional fixed fac-
tor for the proportional size of the overlap between the focal group
and given neighbour. Models investigating return time to the evening
sleeping burrow (Supplementary Tables 5b and 8) were run as LMMs
with log-transformed response datawithasmall constantaddedtoall
values before transformation to prevent negative values, thus enabling
the transformation.

To help visualize our main effects, we added discretized raw data
to our plots of model-estimated effects and Cls (Fig. 2). For models
investigating relative group-size effects, where there is also a main
effect of group size with P< 0.1 (Fig. 2b), we adjusted these plotted
values by the estimated group-size effect, given the inherent relation-
shipbetween absolute and relative group size (see Supplementary Fig.1
for further details). Model output tables in Supplementary Informa-
tion represent those values generated directly from running R code,
whereas effect sizes and figures represent the back-transformation
ofthese values, including accounting for any link functionsin models
and scaling of variables.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

All datarequired to reproduce analyses and figures in this article are
availableviafigshare at https://doi.org/10.6084/m9.figshare.28574711
(ref. 74).
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Code availability

All code required to reproduce analyses and figures in this article are
availableviafigshare at https://doi.org/10.6084/m9.figshare.28574711

(ref.74).
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Study description

Research sample

Sampling strategy

Data collection

Timing and spatial scale

Data exclusions

Reproducibility
Randomization

Blinding

This study investigates the behaviour of wild dwarf mongoose groups relative to the group size of their neighbours and their location
within their homerange. This study uses 10 years of GPS, life history and behavioural data to investigate multiple behavioural metrics
in a spatially explicit setting. Group behaviour was analysed both relative to the size of a neighbour group when the group was in a
neighbour zone (within the homerange of the neighbour) as a proxy for a time when inter-group interactions are more common.
Behaviour was also analysed relative to the location within each group's homerange as a different measure of inter-group threat
level.

A local population of up to 8 wild, habituated groups of dwarf mongooses (Helogale parvula). Family groups contained all ages from
breeding adults to pups. For the purposes of these analyses, only individuals over 1 year old were considered.

All data collected during the long-term data collection of the Dwarf Mongoose Research Project were used to maximise statistical
power.

Data were collected by >50 trained observers who recorded GPS data using handheld devices, and noted behavioural observations
into field notebooks that were then transferred to an on-site database.

Data were collected between September 2013 and September 2023. Groups of habituated mongooses were observed for 2-3 days
per week over the period.

Qutlier data (those points falling more than 3*SD from the mean) were excluded to help achieve parsimonious model fit - these are
reported in the methods.

As this is a study on a 10-year observational data sample, no repeats were possible.
As this is observational data from wild groups, there was no randomization process.

All analyses presented were conceived after the end of the data collection period, therefore all observers were blind to the
hypotheses we test

Did the study involve field work? X ves [InNo

Field work, collection and transport

Field conditions

All fieldwork was conducted in a bushveld habitat within the Savanna biome in South Africa. The area is seasonal, with a hot, wet,
summer period (Sep-Mar) and a cooler, drier winter period (Apr-Aug). All fieldwork was conducted on foot.
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Location All data were collected at Sorabi Rock Lodge, Limpopo Province, South Africa (24.211°S, 30.775 E).

Access & import/export  Work was conducted under permission from the Limpopo Department of Economic Development, Environment and Tourism (permit
number: 001CPM403-00013), and ethical approval from the University of Pretoria, South Africa (Animal Ethics Committee:
NAS321/2022) and the University of Bristol, UK (Animal Welfare and Ethics Review Body: UB/11/038), and in line with ASAB
guidelines for the ethical treatment of animals.

Disturbance Observations were conducted by trained researchers to minimise disturbace to the wild animals. All groups were habituated to close
human presence and could be comfortably followed at <5 m.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Plants

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals The study did not involve laboratory animals.

Wild animals The study reports observations of 740 wild dwarf mongooses of all ages (Helogale parvula) over a 10-year period. All individuals were
wild and habituated to the close presence of observers; no animal was ever trapped, tagged or implanted. Individuals were rendered
uniquely identifiable by the application of blond hair dye to their fur with an elongated paintbrush.

Reporting on sex All results reported are the aggregation of observations to the group level. As no individual-level data are reported, it is not possible
to consider individual sex effects.

Field-collected samples  The study did not involve collecting samples from the field.

Ethics oversight Work was conducted under permission from the Limpopo Department of Economic Development, Environment and Tourism (permit
number: 001CPM403-00013), and ethical approval from the University of Pretoria, South Africa (Animal Ethics Committee:
NAS321/2022) and the University of Bristol, UK (Animal Welfare and Ethics Review Body: UB/11/038), and in line with ASAB
guidelines for the ethical treatment of animals.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

Authentication ngsbcb%%”c;;j/ authentication procedures for-each seed stock tised-or novel-genotype generated. Describe-any-experiments-usedto
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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