
royalsocietypublishing.org/journal/rstb
Research
Cite this article: Massaro AP, Gilby IC, Desai
N, Weiss A, Feldblum JT, Pusey AE, Wilson ML.

2022 Correlates of individual participation in

boundary patrols by male chimpanzees. Phil.

Trans. R. Soc. B 377: 20210151.
https://doi.org/10.1098/rstb.2021.0151

Received: 22 October 2021

Accepted: 14 February 2022

One contribution of 19 to a theme issue

‘Intergroup conflict across taxa’.

Subject Areas:
behaviour, ecology, evolution

Keywords:
intergroup aggression, territorial behaviour,

collection action problems, boundary patrols,

hunting, Pan troglodytes
© 2022 The Author(s) Published by the Royal Society. All rights reserved.
Electronic supplementary material is available

online at https://doi.org/10.6084/m9.figshare.

c.5879936.
Correlates of individual participation in
boundary patrols by male chimpanzees

Anthony P. Massaro1, Ian C. Gilby2,3, Nisarg Desai4, Alexander Weiss5,6,
Joseph T. Feldblum7,8, Anne E. Pusey9 and Michael L. Wilson1,4,10

1Department of Ecology, Evolution, and Behavior, University of Minnesota, St. Paul, MN 55414, USA
2School of Human Evolution and Social Change, and 3Institute of Human Origins, Arizona State University,
Tempe, AZ 85281, USA
4Department of Anthropology, University of Minnesota, Minneapolis, MN 55414, USA
5National Evolutionary Synthesis Center, Durham, NC 27705, USA
6Department of Psychology, School of Philosophy, Psychology and Language Sciences, University of Edinburgh,
7 George Square, Edinburgh EH8 9JZ, UK
7Department of Anthropology, and 8Society of Fellows, University of Michigan, Ann Arbor, MI 48109, USA
9Department of Evolutionary Anthropology, Duke University, Durham, NC 27708, USA
10Institute on the Environment, University of Minnesota, St. Paul, MN 55414, USA

APM, 0000-0003-4774-5010; ICG, 0000-0002-8782-930X; ND, 0000-0003-3210-9409;
AW, 0000-0002-9125-1555; JTF, 0000-0002-7515-4632; AEP, 0000-0002-2280-8954;
MLW, 0000-0003-3073-4518

Group territory defence poses a collective action problem: individuals can free-
ride, benefitingwithoutpaying the costs. Individual heterogeneityhasbeenpro-
posed to solve suchproblems, as individuals high in reproductive success, rank,
fighting ability or motivation may benefit from defending territories even if
others free-ride. To test this hypothesis, we analysed 30 years of data fromchim-
panzees (Pan troglodytes) in the Kasekela community, Gombe National Park,
Tanzania (1978–2007).Weexaminedtheextent towhich individualparticipation
in patrols varied according to correlates of reproductive success (mating rate,
rank, age), fighting ability (hunting), motivation (scores from personality rat-
ings), costs of defecting (the number of adult males in the community) and
gregariousness (sighting frequency). By contrast to expectations from collective
action theory, males participated in patrols at consistently high rates (mean ±
s.d. = 74.5 ± 11.1% of patrols, n = 23males). The best predictors of patrol partici-
pation were sighting frequency, age and hunting participation. Current and
former alpha males did not participate at a higher rate than males that never
achieved alpha status. These findings suggest that the temptation to free-ride
is low, and that a mutualistic mechanism such as group augmentation may
better explain individual participation in group territorial behaviour.

This article is part of the theme issue ‘Intergroup conflict across taxa’.
1. Introduction
Many group-livingmammals defend group territories (e.g. meerkats, Suricata sur-
icatta [1]; free-ranging dogs, Canis lupus familiarus [2]; lions, Panthera leo [3]; ring-
tailed lemurs, Lemur catta [4]; white-faced capuchins, Cebus capucinus [5]; vervet
monkeys Chlorocebus pygerythrus [6]; red-tailed monkeys, Cercopithecus ascanius
[7]; chimpanzees, Pan troglodytes [8,9]; other primates [10,11]). These territories
provide benefits to group members, including resources such as food, water and
shelter [12–15], and safety from intergroup attacks [16]. These benefits are public
goods, because group members can obtain these benefits regardless of whether
they have paid the costs of production [17]. This poses a collective action problem
[18]: insofar as territorial effort is costly, individuals will be tempted to free-ride,
benefiting from the public goods without paying the costs. But if all individuals
free-ride, the good will not be produced. A group composed entirely of free-
riders eventually will have no territory to defend. What motivates individuals to
participate in territorial behaviour, despite the temptation to defect?
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Heterogeneity among individuals has been proposed as a
solution to this collective action problem [19]. Although
assuming homogeneity among group members can make
mathematical models of behaviour easier to construct, in
the real world, individuals are unlikely to be identical to
one another [20]. Individuals may vary in their fighting abil-
ity or tolerance of risk, and thus experience differing costs
from participation in territorial behaviour. Additionally,
despite assumptions of earlier models, public goods are not
necessarily shared equally [19–21]. Individuals with high
dominance rank may produce a disproportionate share of off-
spring, which then benefit from the food resources and safety
provided by their parent’s territorial effort. Thus, apparently
altruistic territorial behaviour could instead result from het-
erogeneity in individual costs, propensities or benefits of
participation in collective action [19,20].

Findings from field studies of chimpanzees (Pan troglo-
dytes) have supported this theoretical expectation. In the
Ngogo community of Kibale National Park, Uganda, individ-
ual participation in boundary patrols by male chimpanzees
correlated with measures of reproductive success, rank and
hunting success [22]. These findings have since been partially
supported by a follow-up study examining 20 years of data
from Ngogo [23], which found that males participated more
in patrolling if they had more offspring and were high in
dominance rank. Additionally, they found that males
patrolled more when the group had fewer males, suggesting
that males increased participation when the costs of defecting
were higher [23]. However, this study also found results con-
trary to some predictions of collective action theory. In
particular, males had generally high rates of participation,
with each male participating in a mean of 33% of patrols.
Additionally, despite the expectation that patrolling should
be based on reproductive success, some males that had no
offspring in the group participated frequently in patrols.
Based on these and other considerations, Langergraber et al.
[23] proposed that a group augmentation model was a
better predictor of individual participation in patrols.

Group augmentation theory, which posits that individuals
benefit directly from living in larger groups and thus behave
in seemingly altruistic ways to increase reproductive success of
groupmembers,wasdeveloped to explainwhyhelpers in coop-
eratively breeding species delay or even forgo their own
reproduction to help others raise their young [24]. If individuals
survive or reproduce better in larger groups, then they may
benefit from the increased production of new group members,
even if they are unrelated. In one extreme example, groups of
pied babblers (Turdoides bicolor) that fail to raise their own
young, may even ‘kidnap’ young birds from neighbouring
groups [25]. Research suggests that larger group size may be
the benefit driving this peculiar behaviour. Applying this logic
to chimpanzees, Langergraber et al. [23] argued that because
reproductive skew is generally low among male chimpanzees,
and all males depend on successful defence of a territory to
ensure safety and sufficient food for themselves, their mates
and their offspring, individuals have lower incentives for free-
riding than predicted by a collective action framework.

Chimpanzees are an excellent study system to investigate
collective action problems, as they have been studied
intensively at multiple long-term field sites [26–29]. Chimpan-
zees live in groups (‘communities’ [8] or ‘unit-groups’ [30])
that exhibit fission-fusion dynamics, in which individuals
travel in subgroups (‘parties’) that vary in size and
composition [8,31]. Male chimpanzees defend group terri-
tories and maintain hostile relations with neighbours
[8,32,33], sometimes killing members of other groups [34,35].
Chimpanzees conduct boundary patrols, during which par-
ties, often mainly of males, travel to the periphery of their
home range, behaving as if they are searching for signs of
chimpanzees from other communities [8,22,32]. Males can
adjust their participation in boundary patrols by associating
with or avoiding parties with many males, which are more
likely to visit boundaries [36], or by going with or staying
behind if a party travels toward the periphery [23,37]. Inter-
group encounters occur most frequently when seasonally
abundant fruit attracts members of rival communities to bor-
derlands [37]. Participating in a patrol also likely increases
the chances of encountering neighbours. Most intergroup
encounters involve only auditory contact, in which individ-
uals hear vocalizations from distant chimpanzees, and may
respond with vocalizations of their own [37,38], and/or
approach or retreat, depending on their apparent relative
numerical strength [37,39,40]. If chimpanzees come within
visual range, they may chase, attack and sometimes kill mem-
bers of rival groups [33,38,41]. Intergroup killings occur
mainly when attackers greatly outnumber victims (median
ratio of attackers to victims = 8 : 1 [35]).

Winners of intergroup contests may increase their
territory size [8,41], which can result in community-wide
benefits, particularly increased access to food resources, as
indicated by heavier body mass [13] and larger parties [12]
in years with larger territory size. Increased food provides fit-
ness benefits: in years with larger territory size, females have
shorter interbirth intervals [12,15]. Thus, group territorial
effort creates the public good of increased food supply.
Additionally, communities with larger territories suffer
lower rates of intergroup mortality, perhaps as a consequence
of reduction in the relative size of the periphery as the terri-
tory increases in area [16]. Participating in patrols appears
to be costly for individuals, including energetic costs from
travelling further [42], and physiological costs, including
higher levels of cortisol [43] and testosterone [44]. Insofar as
patrolling borders increases the likelihood of meeting and
fighting with members of rival communities, participating
in patrols potentially increases risks of injury or death.

While the collective action framework focuses on how
these costs may promote free-riding, two factors may miti-
gate these costs. First, as Langergraber et al. [23] argue, the
benefits of territorial effort may be distributed more evenly
than would appear from a focus on individual differences.
In a world divided among competing social groups, individ-
ual survival and reproduction may depend so critically on
intergroup effort that all individuals or all individuals of a
particular sex are motivated to participate, such that partici-
pation in territorial behaviour evolves through mutualistic
benefits, as in lions [45]. Second, while patrolling incurs ener-
getic and physiological costs, these may be offset by various
direct benefits to patrollers. Travelling with many males
reduces the risks of being injured or killed [33,46,47], and tra-
velling to the periphery may provide opportunities to find
and exploit new food resources [7,37], monitor females with
peripheral home ranges [48], recruit new females [49] and
participate in other activities that benefit from larger numbers
of males, such as hunting [50].

To provide an additional test of factors affecting individ-
ual participation in territorial behaviour, we examined data
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from the Kasekela community of chimpanzees in Gombe
National Park, Tanzania. The Ngogo community is excep-
tionally large, with up to 206 members [23]. Additionally,
this community fissioned into two mutually hostile commu-
nities in 2017 [51]. Given the expectation that larger group
size exacerbates collective action problems, and the possi-
bility that substructuring within Ngogo affected patterns of
cooperation in that community, we sought to test whether
similar patterns held in a community that is more typical in
size and not undergoing a fission. With a median population
of 50 individuals (range 39–61, 1978–2007), the Kasekela
community is close to the median size for chimpanzee com-
munities in long-term studies (median = 42.3 members;
range: 6.7–144; including a median 8.2 males (range: 1.9–37)
and 14.4 females (range: 2.1–51) at least 12 years old; N = 18
communities [35]). Additionally, by using 30 years of data,
we sought to explore how individual participation in
boundary patrols varies across the male lifespan.

In the present study, we tested four sets of variables pre-
dicted to promote individual participation in boundary
patrols. First, according to the collective action problem fra-
mework, individuals should participate according to their
expected returns [18,19]. Insofar as males defend a feeding
territory for themselves, their mates and offspring, males
with more mating opportunities and more existing offspring
stand to benefit more. Because we do not have genetic pater-
nity data for the early decades of the study, we considered
three main proxies of reproductive success: mating rate, age
and dominance rank. In the short term, males that mate
more frequently with fertile females should have a higher
chance of siring offspring. In the long term, if males continue
to sire offspring, older males should have more offspring.
High-ranking males sire more offspring [52], although
recent analysis indicates that only the highest-ranking males
(alphas) sire a disproportionate share [53].

Second, collective action theory predicts that individuals
may contribute territorial effort if the costs of doing so are
low, because they are strong fighters and/or highly
motivated [19,54]. In male chimpanzees, dominance rank
typically peaks in early adulthood [55], and thus likely
reflects peak physical condition and competitive ability, in
addition to being correlated with reproductive success as dis-
cussed above. Individuals may also differ in motivation due
to differences in propensity for boldness, exploration or
aggression [54]. Inter-group aggression may be a driving
force behind such behavioural variation [56]. We considered
two additional factors associated with individual fighting
ability and motivation: hunting and personality ratings.
Chimpanzees engage in group-level hunts of monkeys,
which like intergroup contests involve collective efforts to
attack and kill victims [50]. Watts & Mitani [22] found that
at Ngogo, males who hunted more often and were more suc-
cessful at hunting also participated in patrols more often. For
measures of motivation, we considered personality scores
derived from a modified version of the Hominoid Personality
Questionaire wherein researchers scored individuals on 24
items [57]. Weiss et al. [57] used these scores to calculate six
personality factors identified in a previous personality
study of captive chimpanzees [58]: Dominance, Extraversion,
Agreeableness, Conscientiousness, Neuroticism, and Open-
ness. We considered scores for two personality dimensions
expected to correlate with willingness to patrol boundaries:
Dominance and Conscientiousness. These personality
dimensions are derived differently and independently from
behavioural measures such as dominance rank. Based on
studies of personality in captive chimpanzees [58,59], we pre-
dict that individuals with high Dominance scores should
patrol more often, due to being bolder, and that individuals
with low Conscientiousness scores should patrol more
often, due to reduced concern for the associated risks.

Third, the ‘group size paradox’ contends that collective
action should break down more readily in larger groups
due to increased opportunity for free-riders and decreased
benefits for individuals [18]. Studies of individual species
[2,5,23] and comparative analysis [11] indicate that coopera-
tive investment decreases with increase in group size.
Because chimpanzees are more likely to initiate boundary
patrols when travelling in larger parties [47], in communities
with fewer males, a larger proportion of males may be
required to mount an effective patrol. Furthermore, individ-
uals may be more sensitive to the costs of defecting when
in smaller groups, because each individual’s contribution
matters more to the success of the collective effort. In this
case, individual participation in boundary patrols should
increase when the number of males in the community is low.

Fourth, variation in patrolling frequency potentially
reflects differences in gregariousness, or an individual’s pro-
pensity to travel in larger groups. Because patrols typically
involve parties with many males, an individual who rarely
spends time travelling in large parties will likely participate
in patrols less frequently. To control for this possibility, we
included a measure of sighting frequency, the proportion of
days on which an individual was observed.
2. Methods
(a) Study site
The site of long-term chimpanzee research since 1960 [8], Gombe
National Park (4°400 S 29°380 E) covers a rugged landscape with a
land area of 35.69 km2 along the shore of Lake Tanganyika as
well as 20.72 km2 of the lake itself [60]. During our study
period, three chimpanzee communities lived in Gombe. We
analyze data from the Kasekela community, which occupied a
large range at the centre of Gombe during our study period
(1978–2007; median = 12.17 km2, range 5.30–19.16 km2), with a
median population of 50 individuals (1978–2007, range 39–61,
n = 30 years). To the north, the Mitumba community (1994–
2007; median = 4.63 km2, range 3.19–5.91 km2) had a median
population of 22 individuals (range 20–25, 1996–2007). To the
south, the Kalande community [61] remained unhabituated for
most of this study period. Observational monitoring and non-
invasive genetic sampling indicated that Kalande had a median
population of 14.5 individuals (range 12–19, 2001–2007). Both
communities were likely larger and more formidable earlier in
the study period [61,62].

In Kasekela, researchers conducted all-day focal follows of
individual chimpanzees on a nearly daily basis [63]. Chimpan-
zees use branches to make simple sleeping platforms in trees
each night. Ideally, follows started at the focal target’s sleeping
site before dawn, and continued until the target nested that
night. Observers recorded party location at 15-minute intervals
while maintaining a continuous record of party composition
and focal feeding behaviour. Researchers collected continuous
data on the behaviour of a single focal individual, while also
recording an ad libitum narrative of the day’s events. Behaviors
collected in the ad libitum narrative included aggression, mating,
boundary patrols and intercommunity interactions. Observers
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documented the reproductive state of all adult females seen each
day, based on the size of anogenital sexual swellings [64], and
recorded the dates of births, deaths and changes in community
membership.

(b) Study subjects
We analysed 30 years of behavioural observations of male chim-
panzees of the Kasekela community, starting with the first year
for which daily dominance hierarchy data have been calculated
(1978 [55]) and ending with the most recent year for which
boundary patrol data have been extracted (2007 [50]). To include
all potential sires, we included males starting from 12 years old,
the age of the youngest known sire from Gombe [52]. We refer to
these males as ‘adult males’, though we recognize that most
males do not reach full adult size (median = 39 kg [13]) and be-
haviour until later. Our sample included 23 males that were
≥12 years old during the study period, excluding from analysis
one male (PX) who was effectively castrated by a scrotal injury
at a young age [8]. We calculated annual records for each male,
which resulted in 283 male years with complete data, with a
median of 12 years per male (range = 2–22 years), during
which males had a median age of 22.8 years (range = 12.1–40.6
years). Because some males reached 12 years of age and/or
died part way through the year, observation days per year
ranged from 20 to 366 days (median = 365 days). We calculated
the mean number of adult males present in the community
each year based on the number of days each male was known
to be alive and ≥12 years old. Over these years, Kasekela had a
median of 11.1 males (range = 7.6–13.0 males).

(c) Boundary patrols
We extracted boundary patrols from long-term records, based on
explicit statements that chimpanzees were patrolling, and
descriptions of cautious travel where individuals appeared to
be looking and/or listening for chimpanzees from neighbouring
communities [50]. We considered all adult males present in the
party at the start of the boundary patrol to be participants. We
used records of party composition to calculate the proportion
of time each participant stayed for each patrol.

(d) Periphery visits
To capture any visits to the far periphery missed by our method
of extracting boundary patrols, we used map location data to
identify all occasions on which parties travelled≥ 3 standard
deviations north or south of the annual north-south range
centre. We chose this benchmark as it identified periphery
visits on approximately the same order as boundary patrols.
Kasekela faced intergroup threats to the north (Mitumba) and
south (Kalande), but not from Lake Tanganyika to the west, or
the human-dominated village lands to the east. Any boundary
patrols that also met the criteria for periphery visits were con-
sidered solely as boundary patrols for purposes of analysis. We
identified all adult Kasekela males present during a periphery
visit as participants. We considered all adult Kasekela males
alive at the time, but absent from the visit, to be non-participants.

(e) Comparison of boundary patrols and periphery visits
Visits to the periphery could serve other purposes, such as
searching for food or females. We, therefore, compared party
composition and feeding behaviour during each of these two cat-
egories of event, using a set of boundary patrols (N = 180) and
periphery visits (N = 147) for which we had complete party com-
position and feeding data. We used Mann-Whitney U-tests with
corrections for the false discovery rate [65] to test for differences
in party size, number of adult males and number of adult
females. We used Poisson regression to compare time spent feed-
ing during boundary patrols and periphery visits. To model rates
with a Poisson regression, we use the log of the denominator as
an offset. The regression modelled the count variable (minutes
spent feeding) as the dependent variable with duration of bound-
ary patrols as an offset to model the rate of time spent feeding.
Model diagnostics indicated overdispersion for this model,
hence we used the quasi-Poisson family to account for this
overdispersion [65].

( f ) Mating frequency
To obtain unbiased estimates of mating frequency, we estimated
each male’s rate of mating on days when he was the focal follow
target. We limited analysis to matings with females that had
given birth (parous females) because they are more likely to con-
ceive than females who had not given birth (nulliparous
females), and males compete more intensively over access to
parous females [66,67]. Researchers observed each male as a
focal target for a median of 137.8 h annually (range 1.57–
941.9 h per male per year). Males mated with parous females a
median of 2 times during focal follows per year (range: 0–60
mating events per year).

(g) Dominance rank
Chimpanzees give pant-grunt vocalizations to indicate sub-
mission towards higher-ranking individuals [8,68,69]. To
determine relative dominance rank for each individual in each
year of observation, we used rank data from Foerster et al. [55],
who calculated mean daily Elo scores based on pant-grunt
records, using a modified method that employed maximum-like-
lihood fitting to optimize starting parameters, using the
EloOptimized package in R [70]. From these daily scores, they
calculated cardinalized Elo scores, which take into account the
Elo scores of all males in the community and specify the prob-
ability that an individual will succeed in a given contest
[55,70]. Males had a median annual cardinalized daily Elo
score of 0.536 (range 0.014–1.000).

(h) Hunts
We extracted hunts from narrative notes of focal follows [50],
counting hunts only if at least one individual climbed in pursuit
of prey. For each hunt, we extracted the identities of all individ-
uals that observers named as participants. Each male had the
opportunity to join a median of 38 hunts (range: 2–64 hunts)
annually and participated in a median of 8 hunts (range: 0–39
hunts) annually.

(i) Personality
For measures of personality traits, we use scores from Weiss et al.
[50]. For this study, long-term Tanzanian field researchers rated
chimpanzees using a 24-item version of the Hominoid Personal-
ity Questionnaire [57]. For each item, raters scored each
individual on a 7-point scale, based on the extent to which that
individual’s behaviour and interactions with others corre-
sponded to a particular adjective (e.g. ‘Fearful’, ‘Dominant’,
‘Persistent’). Each adjective was followed by a brief explanation
of how that trait may be manifested in chimpanzees. For
example, researchers scored the personality dimension Domi-
nance according to their assessment that the individual ‘is able
to displace, threaten, or take food from other chimpanzees’ or
that the subject ‘may express high status by decisively interven-
ing in social interactions’ [57]. These ratings were then used to
estimate each chimpanzee’s standing on six personality factors
identified in captive studies of chimpanzees [58]: Dominance,
Extraversion, Agreeableness, Conscientiousness, Neuroticism



Table 1. Minimally sufficient adjustment sets (i.e. confounding variables to control for) for the tests of relationships of interest.

model ID relationship of interest dependent variable (DV) confounding variables to control for

independent variable (IV)

1 patrolling/periphery visits <— age DV: patrolling or periphery visits none

IV: age

2 patrolling/periphery visits <— rank DV: patrolling or periphery visits (1) personality, if model 1 relationship

does not hold

IV: rank (2) personality & age, if model 1

relationship holds

3 patrolling/periphery visits <— mating DV: patrolling or periphery visits (1) personality, if neither model 1 or 2

relationships hold

IV: mating (2) personality & age, if model 1

relationship holds AND model 2

relationship does not hold

(3) personality & rank, if model 2

relationship holds

4 patrolling/periphery visits <— no. of adult males DV: patrolling or periphery visits none

IV: no. of adult males

5 patrolling/periphery visits <— hunting DV: patrolling or periphery visits personality & sighting frequency

IV: hunting

6 patrolling/periphery visits <— personality DV: patrolling or periphery visits none

IV: personality

7 patrolling/periphery visits <— sighting frequency DV: patrolling or periphery visits none

IV: sighting frequency
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and Openness. For this study, we used scores for two dimensions
that had high inter-observer reliability: Dominance and Con-
scientiousness. Dominance is similar to, but not synonymous
with, dominance rank. Conscientiousness can best be described
as the degree to which individuals are predictable and careful.
Multiple researchers rated each chimpanzee. Males from our
sample had median scores of 4.2 for Dominance (range: 2.8–
5.7, N = 23 males) and 4.0 for Conscientiousness (range: 2.4–5.2,
N = 23 males).

( j) Sighting frequency
To control for variation in observation time for each individual,
we calculated the proportion of days on which each male was
recorded as present during a focal follow within each obser-
vation period.

(k) Statistical analyses
All statistical analyses were performed using R v. 4.1.2 [71]. We
performed model diagnostics using the DHARMa package
[72]. We used the DAGitty [73], lme4 [74] and AICcmodavg
[75] R packages to conduct analysis.

(l) Causal inference
To minimize the chances of discovering spurious or misleading
relationships among the variables of interest, we employed a
causal inference framework to inform our modelling [76,77].
We incorporated our prior understanding of causal relationships
among the variables using a directed acyclic graph (DAG; elec-
tronic supplementary material figure S1). DAGs facilitate
causal inference by allowing researchers to identify causal
relationships that result in (i) spurious statistical correlations
between variables and (ii) masking of real statistical correlations
between variables. This knowledge allows researchers to make
causally informed decisions about which variables should and
should not be controlled for in the statistical analysis. Using
the R-package DAGitty [73], we specified the DAG and ident-
ified the minimally sufficient adjustment sets of confounding
variables to be controlled for when testing for relationships of
interest in our multiple regressions using the adjustmentSets func-
tion. A minimally sufficient adjustment set is a set of variables
that is sufficient to control for to obtain an unbiased estimate
of the effect of an independent variable on a dependent variable
[77]. We summarize these sets for the relationships of interest in
table 1.
(m) Model fitting and model selection
We used binomial Generalized Linear Mixed Models to model
the relationships in table 1. The dependent variable in each
model was a binary variable for either patrols, representing
whether an individual participated in a given boundary patrol
(N = 1945 opportunities to patrol), or periphery visits, represent-
ing whether an individual participated in a given periphery visit
(N = 1511 opportunities to participate in a periphery visit). These
models examined the effect of variables associated with repro-
ductive success (mating rate, age, dominance rank), costs of
participation (hunting), motivation (personality scores), costs of
defecting (number of males ≥12 years old) and a measure of gre-
gariousness (sighting frequency) on patrolling and periphery
visit behaviours. All models included individual identity as a
random intercept to control for individual variation. Models 2,
3 and 5 (table 1) included additional independent variables to
account for their confounding effects.
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We used information-theoretic model selection [78] to assess
the relative importance of different variables hypothesized to
predict participation in patrols and other periphery visits. We
used the AICcmodavg package [75] in R to calculate each
model’s weight (w). Model weight represents the probability
that each model is the best model of a set of models. We used
these model weights to identify the best predictors of patrolling
and periphery visits. Furthermore, we report the unbiased esti-
mates of the causal effects of each independent variable on
patrolling and periphery visits and its 95% confidence interval.
Finally, we calculated marginal and conditional R2 values for
each candidate model using the piecewiseSEM package in R [79].
3. Results
(a) Boundary patrols and periphery visits
During the study period, we documented 180 patrols and 147
other periphery visits. Thirty of the 180 identified boundary
patrols also met the criteria to be considered periphery
visits. The number of such events varied from year to
year (patrols: median = 4.5, range = 0–19; periphery visits:
median = 4, range = 0–11). Boundary patrols (median =
88.5 min, range = 3–595) and periphery visits (median =
90 min, range = 15–735) did not differ significantly in
duration (Mann-Whitney U test, U = 13080, p = 0.86, BH
correction p = 0.86). Boundary patrols contained more indi-
viduals (patrols: median = 14 independently travelling
individuals, range = 1–32; periphery visits: median = 12 indi-
viduals, range = 1–47; Mann-Whitney U test, U = 14922,
p = 0.05, BH correction p = 0.06), and also contained more
adult males than other periphery visits (patrols: median = 8
males, range = 1–13; periphery visits: median = 7 males,
range = 0–13; Mann-Whitney U, U = 16214, p < 0.01, BH cor-
rection p < 0.01). After correction for multiple testing,
boundary patrols and periphery visits did not differ signifi-
cantly in the number of adult females present (patrols:
median = 3 females, range = 0–20; other periphery visits:
median = 2 females, range = 0–15; Mann-Whitney U,
U = 15022, p = 0.03, BH correction p = 0.06) or the number of
adult females with sexual swellings (patrols: median = 1
swollen female, range = 0–6; other periphery visits: median = 1
swollen female, range = 0–4; Mann-Whitney U, U= 14956,
p= 0.03, BH correction p= 0.06). Chimpanzees on boundary
patrols spent less time feeding than those on other periphery
visits (patrols: median = 6.51 min per hour, range = 0–60; other
periphery visits: median = 17.2 min per hour, range = 0–60;
quasi-Poisson regression, β= 0.30, 95% CI = [0.13–0.46], n1 =
180 patrols, n2 = 147 periphery visits, z= 18.3, p< 0.01).
(b) Individual variation in participation
Over the entire study period, individuals participated in a
mean of 74.5 ± 11% of boundary patrols (figure 1). The few
males with extremely low or high rates of participation
were young males who reached age 12 only during the last
years of the study, and therefore had small sample sizes
(50%: ZS, b. 1993, N = 4 patrols; 100%: TN, b. 1994, N = 5
patrols; 95%: FE, b. 1992, N = 18 patrols). All other males
exhibited strikingly similar patrol participation rates, between
58 and 85%. Moreover, males identified to be present at the
start of the patrol stayed for a median 96% of the duration
of the patrol (range = 92–100%, N = 23 males). We, therefore,
considered each male present at the start of a patrol to have
participated in that patrol.

For both boundary patrols and periphery visits, infor-
mation-theoretic model selection identified the hunting
model, which also controlled for sighting frequency and
personality dimensions, to be the most-likely candidate model
(boundary patrols, table 2: w= 0.99, periphery visits, table 3:
w = 0.80), followed by the model with sighting frequency
alone. Males varied considerably in the percentage of days
they were recorded by observers (mean = 0.52 ± 0.13% of days
per year; N= 283 male-years). Males who were observed
more frequently participated in more patrols (figure 2,
β= 3.37, 95% CI = [2.42–4.35]), as did males who participated
in more hunts (figure 3, β= 1.83, 95% CI = [0.79–2.92]).

For the remaining variables tested, the 95% confidence
interval of the parameter estimate included zero. Though we
therefore lack confidence in the effect of these parameters,
some variables had effects in the direction predicted by collec-
tive action theory: higher rank, greater mating success, high
scores for Dominance, and low scores for Conscientiousness
correlated with higher patrol participation. The estimates for
periphery visits closely resembled those for boundary patrols
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Figure 2. Boundary patrol participation versus sighting frequency. Each point
represents the percentage of patrols in which a male participated for a given
year. Plotted regression line represents the probability of a male participating
in a given patrol relative to annual sighting frequency. The grey area rep-
resents the 95% confidence interval for the regression line. (Online version
in colour.)
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Figure 3. Boundary patrol participation versus hunting participation. Each
point represents the percentage of patrols in which a male participated for
a given year. Plotted regression line represents the probability of a male par-
ticipating in a given patrol relative to annual hunting participation. The grey
area represents the 95% confidence interval for the regression line. (Online
version in colour.)

royalsocietypublishing.org/journal/rstb
Phil.Trans.R.Soc.B

377:20210151

9

(table 3), with the exception that males who mated more often
during focal follows were more likely to participate in periph-
ery visits (β = 9.16, 95% CI = [3.90–14.69]).

Mating frequency is admittedly an imperfect measure
of reproductive success, given that chimpanzees mate
promiscuously. Given that only alpha males obtain a dispro-
portionate share of paternities [53], we compared patrol
participation rates for current and former alpha males with
those of males that never reached top rank. However, the
patrol participation rate for current and former alpha males
(mean = 75 ± 3%, N = 8) did not differ significantly from that
of males who had never reached alpha status (70 ± 3%,
N = 15; binomial regression, β = 0.11, z = 1.00, p = 0.32).
4. Discussion
Collective action theory predicts that individuals in group-
territorial species should be strongly tempted to free-ride
[11,17,18]. As a result, territorial effort should be undertaken
disproportionately by individuals that expect to gain a
greater share of the spoils, or that can afford the costs because
they are high-ranking, strong, or highly motivated [17,19]. By
contrast to these expectations, we found that male chimpan-
zees in the Kasekela community participated in patrols at
an exceptionally high rate (mean = 74.5%). Kasekela males
participated at more than double the rate of Ngogo males
(mean = 33%), which Langergraber et al. [23] considered to
be higher than expected from collective action theory. More-
over, we found little evidence that individual traits, such as
rank, mating rate or age explained variation in patrolling.
Instead, all Kasekela males participated in at least half of all
boundary patrols. Recent paternity analysis at Gombe indi-
cate that the alpha male obtains a disproportionate share of
paternities in Kasekela [53]. Despite these reproductive
benefits, current and former alpha males did not patrol at sig-
nificantly higher rates than other males. Indeed, one male
that we excluded from our analysis because he was not a
potential father (PX) nonetheless participated in patrols at a
high rate (78.4%; figure 1; electronic supplementary material
figure S1D); higher, indeed, than some males (e.g. FR, SL) that
attained alpha status and sired many offspring.

Why did Kasekela males join patrols at such high rates,
regardless of their rank or mating rate? Potential motivating
factors include (a) a broader than expected distribution of
benefits; (b) lower than expected costs of participation;
(c) effects of group size; and (d) benefits of gregariousness.

(a) Distribution of benefits
If males participate in patrols mainly to benefit their own cur-
rent or future offspring, then correlates of reproductive
success, such as rank, mating rate and age should predict
patrol participation. However, we did not find strong effects
of rank, mating rate or age on patrol participation. One poss-
ible explanation for this is that the benefits of territorial
behaviour are distributed broadly enough that each male
has a strong incentive to participate. This is the perspective
of group augmentation theory: if individual survival and
reproduction depend strongly on group size, then each indi-
vidual can be motivated to invest in increasing group size,
even if reproductive skew is high [23,24]. All males partici-
pate because they all benefit from raising more future
fighters to defend their community.

(b) Costs of participation
Based on collective action theory, we expected to find evi-
dence that males with individual traits that made patrolling
less costly for them would patrol more often. Males that
hunt frequently might also be expected to be good fighters;
and individuals with certain behavioural tendencies or per-
sonality traits might be more strongly motivated to patrol.
Males that hunted more did patrol more as well—though
the possibility exists that this correlation results, at least to
some extent, from the fact that both patrols and hunting
occur more often when males group together and travel
long distances [50]. Personality scores correlated in the
expected directions with patrolling, but the model including
personality scores received weak support. This may partially
result from the temporal scale of these measures. The person-
ality questionnaire produced a single value for each
personality dimension for each individual, whereas hunting
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observations reflected the behaviour of each individual in a
given year. We found substantial variation in patrol
participation rates both between individuals and within indi-
viduals over their lifetime (electronic supplementary material
figure S1). With a single value per individual, the personality
scores do not capture such variation.

While patrols entail energetic and physiological costs [42–
44], they may also provide direct benefits to patrollers, such
as providing opportunities to find food and females in
areas that would otherwise be unsafe to visit. While chimpan-
zees spent less time feeding during patrols than other visits to
the far periphery, patrols nonetheless may provide opportu-
nities to find remote food resources and assess the safety of
visiting them. Travelling in large groups may also provide
increased opportunities to eat meat. Hunting and patrolling
are temporally correlated because both are more likely to
occur when parties contain many males and travel long dis-
tances [50]. In our dataset, 26% of patrols (N = 47) took
place on the same day that a hunt occurred. With all
of these direct benefits from patrol participation, the
temptations to free-ride may in fact be low.

Additionally, while we might expect patrols to be costly
because of the increased risk of encountering neighbours,
the costs of such encounters might in fact be low, provided
chimpanzees travel in sufficiently large parties. Because
chimpanzees prefer to attack when they greatly outnumber
their opponents [35,46], attackers rarely suffer injuries in
intergroup fights. Indeed, if travelling with many males in
the periphery, staying with those males is likely safer than
attempting to defect by dropping away. Both chimpanzees
[39] and another group territorial species, lions [45], exhibit
low rates of defection in response to simulated intruders.

(c) Group size effects
Following Olson’s [18] argument that collective action is
more effective in smaller groups, Watts & Mitani [22] pre-
dicted that participation in boundary patrols would be
more consistent among males living in smaller communities.
We found mixed support for this prediction. As noted above,
Kasekela males participated in a much larger percentage of
patrols than males in the much larger Ngogo community.
Nonetheless, in our analysis, the model including the
number of males received weak support, and the parameter
estimate was positive instead of negative. Perhaps the
number of males in Kasekela during our study period (7–13
males) remained within a range conductive to collective
action in chimpanzees.

The mean participation rate in patrols is mathematically a
function of the mean number of males patrolling and the
mean total number of males in the community. For Kasekela,
these numbers yield an expected participation rate of 8/11 =
0.73, close to the observed mean of 74.5%. If safety requires
an average of eight males to patrol, then either 73% of
males will need to participate 100% of the time, or each
male must participate on average 73% of the time. Similarly,
at Ngogo, patrols contained a mean 37.5% of the group’s
males, similar to the mean rate of participation (33%) [23].
Kasekela differs strikingly from Ngogo both in the higher
overall rate of participation, and in the much narrower
range of participation among males (Kasekela: range =
50–100%; Ngogo: range = 2–74%).
(d) Benefits of gregariousness
The factor that best predicted participation in patrols by
Kasekela males was sighting frequency, which likely reflects
gregariousness. Males that spend more time with other chim-
panzees are more likely to be observed by researchers, and
also more likely to be present when a patrol starts. Males
likely gain many benefits from gregariousness, including
opportunities for mating, grooming, coalition building and
hunting. The costs of patrolling may thus be negligible
compared to these benefits of socializing.

In summary, our study provides further insight into how
collective action problems are solved in nature. By contrast to
expectations that group territorial effort would be undertaken
primarily by those males with more to gain, we found that
males consistently participated in patrols at a high rate. Par-
ticipation may be encouraged by an even distribution of the
benefits accrued to individuals, an increased cost of defection
in smaller groups, and/or direct benefits from travelling in
large parties.
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