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ABSTRACT. Intergroup conflicts are energetically more costly than intra-group disputes, and thus typically occur in contexts 

in which the energetic returns are relatively high. In anthropogenic environments, provisioned resources tend to be rich in 

energy and highly agglomerated. While females are expected to defend provisioned resources, the adult males, in turn, are 

expected to defend the females. Based on this premise, the present study focused on an urban forest in the city of Goiânia 

(Goiás, Brazil), which is inhabited by two groups of bearded capuchins. Behavioral data were collected using instantaneous 

scan sampling and all-events records to document intergroup conflicts and define their context. We used a backward logistic 

regression and stepwise linear regression to analyze the participation of the individuals in the conflicts. Conflicts were more 

frequent in the context of provisioning, although the number of neither females nor males involved in the conflict varied 

significantly between contexts. The females did avoid participating in conflicts involving adult males, however, to minimize 

the risk of being attacked by them. The adult males participated more in the presence of other adult males, which is partly 

consistent with the hypothesis of the defense of reproductive partners. The conflicts were not more intense in the context 

of provisioned resources, which contrasted with expectations. The hierarchical relationship between the two study groups, 

and the fact that the groups were derived from the same social unit, may have contributed to a reduction in the intensity 

of the conflicts.

KEY WORDS. Dear enemy, defense of reproductive partners, inter-group hierarchy, provisioned resources, risk avoidance, 

urban environment.

INTRODUCTION

The home ranges of free-ranging primate groups often 
overlap, resulting in areas within which neighboring groups 
may encounter each other. These “intergroup encounters” often 
involve aggressive disputes which, from a socioecological pers
pective (Wrangham 1980), may ensure the access of the group 
to resources that are important for reproduction and survival, 
such as key sources of food or reproductive partners (Scarry 2016, 
Cooksey et al. 2020). Each individual will decide whether or not 
to participate in an intergroup dispute. In fact, each individual 
will decide whether or not to enter the “conflict zone”, which 
may be a large fruiting tree to threaten, chase or attack specific 
individuals, individuals will also choose whether to associate or 
not with other individuals already involved in the dispute (i.e., 

form coalitions). During disputes, opportunities may arise for 
males to approach females from other social groups, providing 
opportunities for extra-group copulations (Scarry 2016). In other 
words, although intergroup disputes affect the whole group, the 
decisions to participate (or otherwise) in the defense of a resource 
tend to be made individually (Majolo et al. 2020).

The costs and benefits associated with disputes are differ-
ent for males and females (Kitchen and Beehner 2007), so the 
strategies adopted during encounters are sex-specific. Female 
mammals have a high energetic investment in gestation, lacta-
tion, and infant caregiving, and require access to an adequate 
supply of nutrients (Trivers 1972). On the other hand, females 
tend to be smaller than males in most species of mammals, 
which implies that engaging in aggressive interactions with 
males entails a high risk of injury (Koch et al. 2016, Mirville et 
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al. 2018). Males also need food to survive, but their evolution-
ary fitness is more dependent on the number of females they 
are able to copulate with. In this way, males should prioritize 
strategies that increase their access to reproductive females, 
while also restricting the access of other males to these females 
(Trivers 1972, Georgiev et al. 2013). Dominant males are also 
expected to participate more in direct disputes than subordinate 
males, given that the potential return, in terms of reproductive 
success, are much greater for these males than for subordinate 
ones (Koch et al. 2016).

One other key factor directing decision-making is the 
magnitude of the benefit represented by the disputed resource. 
In anthropogenic environments, for example, provisioned 
resources may be extremely important for the survival of the 
population (Spehar 2018). These food sources are, in general, 
more palatable, digestible, and energy-rich than wild foods, be-
ing denser in simple sugars, saturated fats, and proteins (Milton 
1999). Provisioned resources tend to be available year-round and 
may be consumed more during periods when natural resources 
are scarce (Shochat et al. 2006, Sha and Hanya 2013). This 
implies that the provisioned resources found in anthropogenic 
environments would be defended more intensively by the local 
social groups, principally the female members, than natural 
resources (Sterck 1999). In fact, the females should cooperate 
to guarantee access to the provisioned resources.

Robust capuchins (Sapajus spp.) are found throughout 
most of tropical South America and are dimorphic, with the 
males being heavier than the females (Fragazy et al. 2004). In 
the specific case of Sapajus libidinosus (Spix, 1823), the adult 
males (3.8–4.4 kg) are approximately one third heavier than 
the females, and the dominant males are around 20% heavier 
than subordinate males (Fragaszy et al. 2016). The adult males 
are normally dominant over the females, although the alpha 
females tend to be dominant over the beta males (Fragazy et al. 
2004). In Sapajus, the number of males involved in an intergroup 
conflict generally determines which group wins the conflict, 
with the males defending the feeding resources (Scarry 2013).

Given these theoretical expectations, we verified whether 
the availability of provisioned resources determines an increase 
in the frequency of agonistic intergroup encounters. We also 
verified the relative importance of the participation of adult 
males and females. For this, we tested two hypotheses: resource 
defense and risk avoidance. The resource defense hypothesis, 
derived from socioecological models (Wrangham 1980), pre-
dicts that the females should defend feeding resources from the 
opposing group (Scarry 2016), particularly when the dispute 
involves resources of greater energetic value (Brown 1964). On 
the other hand, demographic and sexual factors may determine 
differences in the strategies of males and females. According to 
the risk avoidance hypothesis (Koch et al. 2016, Mirville et al. 
2018), the females should avoid conflicts that involve males. 
In this case, the presence of adult males in the opposing group 
would inhibit the participation of the females in intergroup 

conflicts. The adult males may also defend the females from the 
males of other groups, based on the hypothesis of the defense 
reproductive partners (Kitchen and Beehner 2007).

MATERIAL AND METHODS

Study population and site

The present study was carried out in the Bosque Bougain-
ville Padre Cesário Galvão, or Bosque Bougainville (-16.722443°; 
-49.228041°), a heavily forested urban park in the city of Goiânia, 
capital of the state of Goiás, Brazil, which has an area of 9 ha 
(Fig. 1). The park had negligible constructed infrastructure at 
the time of the study, which meant that the capuchins had little 
direct contact with the local residents from the neighborhood 
in which the park is located, and this type of interaction was 
observed very infrequently during the study period in 2009 
and 2010. The contact of the capuchins with the provisions left 
regularly in the park was more frequent. The central region of 
Brazil has two climate seasons, one rainy and one dry, with the 
period between May and September being considered to be the 
dry season and the period between October to March comprising 
the rainy season (Costa et al. 2012).

The study site offers several distinct food resources for the 
local capuchins. On a specific part of the park, food is offered 
on platforms. On most days, except during heavy rain, a local 
resident puts 4–5 kg of bananas on a platform near the fence at 
around the same time each day, despite having been warned by 
the local authorities and researchers not to feed the monkeys. 
Personnel from the Goiânia Environment Agency (Agência 
Ambiental de Goiânia, or AMMA) place several types of fruits 
and vegetables on a platform at the center of the park regularly 
once a week, and irregularly on other days during the week. On 
a second platform in the center of the park, a variety of food 
is offered once a month as part of naturalistic experiments in 
the study area. In other parts of the park, the capuchins exploit 
domestic refuse from the plastic garbage bags left outside by 
local residents for collection. The capuchins rip open the bags to 
reach the leftover food. In the forest of the park, the capuchins 
spend more time feeding on wild fruit and insects.

The study population was formed by 31–35 capuchins 
during the study period. These individuals were divided into 
two stable social groups (see Supplementary Material – Tabs S1 
and S2): the Dom Pedro group (two adult males, one of which 
disappeared at the beginning of the study, eight females, and 10 
juveniles) and the Cicatriz group (one adult male, two subadult 
males, four females, and six juveniles). All the individuals were 
identifiable in the field.

Collection of behavioral data

Behavioral data were collected systematically between 
March and November 2009 and in January 2010. Aggressive 
behaviors included both active aggression (i.e.,threats, lunges, 
bites, and displacements) and submissive responses (i.e., avoid, 
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flee, and weep), based on Vogel and Janson (2007). An intergroup 
conflict was defined as any type of aggressive encounter between 
individuals of different groups, which were recorded using the 
all-events method (Altmann 1974).

For each intergroup conflict event, we recorded the iden-
tity of the individual that initiated the interaction with active 
aggression, the identity of individual(s) that reacted (usually 
with submissive responses), and whether a coalition was formed 
during the conflict. Coalitions were formed when at least two 
individuals directed a type of aggressive behavior simultaneously 
toward one or more individuals of the same species (following 
Gilby et al. 2013). The initiator and respondent of each event 
were obligatorily members of different groups. We also classi-
fied the events according to their context – (i) non-feeding (no 
feeding resource involved), (ii) feeding on provisioned resources 
(food provided by humans, intentionally or otherwise), and (iii) 
feeding on natural resources (plant or animal foods available 
naturally within the forest).

The all-events data were complemented with scan sam-
pling (5-minute scans at 15-minute intervals), which was used 
to determine the activity budgets of the two study groups (Alt-
mann 1974). During each scan, we recorded the identity of each 
visible individual and its behavior (forage/feed, move, rest or 
socialize). When the individual was observed feeding, the type 
of food (wild or provisioned) was also recorded.

All applicable international, national, and institutional 
guidelines for the care and use of animals in research were 
followed during data collection.

Data analysis

All the individuals involved in a conflict were considered 
to have participated in this event. The individuals may either 
initiate or react to aggression, as well as form a coalition with 
individuals that had either initiated or reacted to the aggression. 
The total number of initiators in a conflict was defined by the 
individual that initiated the interaction, together with all the 
individuals that entered into the coalition with this capuchin. 
Similarly, the number of reactors was defined by the original 
reactor, together with all the individuals that formed the coa-
lition. The total number of individuals involved in the conflict 
was used as a proxy for the intensity of the aggression.

The analyses were run in the WINKS SDA 7.0.7 statistical 
package (unlicensed, http://www.texasoft.com, 972-325-4415). 
We applied an Analysis of Variance (ANOVA) to evaluate the 
variation in the mean frequency of conflicts (dependent variable) 
per context (independent variable), that is, feeding (wild food or 
provisions) or non-feeding. Normally, the context was recorded 
in the field, but when no specific record was obtained, the con-
text was defined by the feeding activity recorded immediately 
prior to and following the conflict. We used the number of scans 

Figure 1. The study site is an isolated fragment of forest, surrounded by an urban matrix: Bosque Bougainville in Goiânia, Goiás, Brazil. 
Source: ArcGIS Data and Maps©.
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during which members of the two groups were in close proximity 
to one another to determine which context was responsible for 
the highest conflict rate. We defined the context from the scan 
data using the same criterion used to define that of the conflicts 
(see above). To calculate the duration of the different contexts, 
we multiplied the number of scans in which each context was 
recorded by the 15-minute sampling interval, and then divided 
the number of conflicts recorded in each context by this time, 
to provide a rate of conflict per hour of activity.

We tested the hypotheses that the participation of the 
adult females and males of one group in a conflict will depend on 
the participation of the males and females of the opposing group 
and the context of the conflict using backward binary logistic 
regressions (backward LR). This approach was selected because 
it minimizes the probability of type II errors (Field 2009). In this 
analysis, we used the total number of events according to the 
sex and age of the individuals that initiated the aggression and 
reacted to it as the variables. In the first model, the dependent 
variable (DV) was the participation or absence of females, while 
in the second model, the DV was the participation or absence 
of the adult males in the conflict. In the first model, the inde-
pendent variables (IVs) were the number of adult males, the 
number of subadult males, the context (provisioning, wild food 
or non-feeding), and the climate season. In the second model, 
the IVs were the number of females, as well as the number of 
subadult males, the context, and the season.

We used two stepwise models of linear regression to test 
whether the number of adult females and males increases as a 
function of the presence or absence of males and females of the 
other group, or as a function of the availability of provisions and 
the climate season. In WINKS SDA 7.0.7, the stepwise approach 
combines forward and backward procedures, and removes the 
variables with little or no explanatory power that may arise in 
either case (George and Mallery 2016). In the first model of linear 
regression, we used the number of female initiators as the DV, 
while the IVs were the presence or absence of females reactors 
from the opposing group, adult male reactors from the opposing 
group, adult males from the initiating group that participated 
in a coalition, subadult males from the opposing group that 
reacted, the context of the conflict (provisioning, wild food 
ou non-feeding), and the climate season (rainy or dry). In the 
second model, the DV was the number of adult male from the 
initiating group, with the following IVs – the presence or absence 
of male reactors in the opposing group, the number of females 
reactors in the opposing group, females from the initiating group 
that participated in a coalition, and the subadult males from 
the opposing group involved in the intergroup interaction, in 
addition to the context and climate season.

RESULTS

Frequency of intergroup aggressions in different contexts

We recorded a total of 66 conflicts during 556 hours of 
observation (11.87 events per 100 hours of monitoring). On 

average, 2.70 (SE = 1.07, maximum = 6) individuals participated 
in each event. The non-feeding encounters involved the largest 
number of individuals, on average, although the difference 
among contexts was not significant (F = 0.85, df1 = 2, df2 = 63, p 
= ns). Overall, 359 (16.80%) of the 2137 scans conducted during 
the present study recorded at least one individual from each 
group. Although the majority of these scans did not involve 
feeding behavior, the frequency of conflicts in the context of 
provisioned food was greater than in both the other contexts 
combined. This is reflected in the much higher conflict rate 
(events per hour) recorded in the provisioned context, in com-
parison with the other two contexts (Table 1).

Table 1. Number of conflicts between the two study groups recorded 
in the three different contexts, the encounter rates, and the mean 
number of individuals involved in the conflicts.

Context
Number 
of scans

Conflicts
Conflicts 
per hour

Mean number of individuals 
involved in the conflicts

Provisioning 91 36 1.58 2.56

Wild food 88 8 0.36 2.75

Not feeding 192 22 0.45 2.91

Total 359 66 0.73 2.70

Participation in intergroup conflicts

The participation or absence of females in the conflicts 
was predicted by the reduction in the number of adult males (B 
= -1.76, WAID = 17.49, p < 0.001, R2 = 0.41), that is, more adult 
males were present in the aggression when females were absent 
in the event (average = 1.17) than when females participated 
in the event (average = 0.23). Similarly, the participation or 
absence of males was predicted by the reduction in the number 
of females in the conflict (B = -1.33, WAID = 12.29, p < 0.001, 
R2 = 0.32); more females participated in the aggression when 
adult males were absent (average = 1.51) than when they were 
present in the aggression (average = 0.52). Neither provisioning 
nor climate season were good predictors of the participation of 
the capuchins of either sex in the intergroup conflicts.

Number of participants in events of intergroup aggression

An increasing number of female participants in the 
group that initiated a conflict was predicted (R2 = 0.23) by the 
absence of adult males from the opposing group (Beta = -0.48, 
t = -4.37, p < 0.001). No conflicts were initiated by the females 
of one group when the adult male of the opposing group was 
present. By contrast, an increase in the number of adult males 
in the initiating group was predicted (R2 = 0.60) by the presence 
of adult males in the opposing group (Beta = 0.59, t = 7.28, p 
< 0.001), by the presence of females in the initiating group in 
coalition with the adult males (Beta = 0.50, t = 6.19, p < 0.001), 
and by the occurrence of the conflict in the rainy season (Beta 
= 0.24, t = 3.00, p < 0.001). Neither the context (provisioning) 
nor the dry season provided any insight into the number of 
adult females and males in the group that initiated the conflict.
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DISCUSSION

Intergroup conflicts were more frequent in the context of 
provisioned food resources than in either wild food or non-feeding 
contexts, although the total number of participants did not vary 
significantly among these contexts. Our prediction that adult 
females would participate more in intergroup conflicts in the 
context of provisioned food resources was not supported. Neither 
feeding context nor climate season had any influence on the 
participation of the females. The adult males participated more 
in the intergroup interactions during the rainy season, which 
contradicts the resource defense hypothesis, given that resources 
are more abundant during this period (unpublished data).

The females participated more in the disputes as the 
presence of adult males declined, which is consistent with the 
hypothesis of risk avoidance. The males participated more in 
the conflicts as the participation of other adult males increased, 
which is consistent with the hypothesis of the defense of repro-
ductive partners.

Defense of feeding resources: provisioning and seasonality

Feeding resources were expected to become scarcer during 
the dry season, which would have led to an increase in the par-
ticipation of the females in the intergroup conflicts, although 
no such process was observed. The need for fewer individuals 
to defend the provisioned resources may be related to either 
intergroup dominance and/or the “dear enemy” effect (see 
below). Some of ours unpublished data showed that the Dom 
Pedro group wins most intergroup conflicts and has priority of 
access to the principal feeding resources. Established dominance 
may reduce the intensity conflicts between groups at important 
resources (Crofoot and Wrangham 2014), given that the advan-
tage of the dominant group has been pre-defined in previous 
interactions. This may have been the scenario during the dry 
season in the present study.

One other possible factor is the influence of the abun-
dance and predictability of the provisioned resources, which 
accounted for half of the feeding time of the subjects in the 
present study (unpublished data). As the resource is relatively 
large, it may require less defense, given that all the individuals 
are able to satisfy their nutritional requirements (Hirsch 2007). 
The temporal and spatial predictability of most provisioned 
resources, which are replenished daily, facilitates the capacity 
of the animals to locate and defend these resources, and may, 
in turn, have reinforced the dominance relationship between 
the two groups (Grant 1993). The dominant Dom Pedro group 
controlled the access to the feeding platforms without necessa-
rily investing energy in intergroup conflicts, given that, once 
the members of this group had satisfied their nutritional needs, 
they would leave the site free to be visited by the members of 
the subordinate Cicatriz group (unpublished data).

Previous studies have found that provisioned resources 
tend to result in an increase in the frequency of aggressive 
encounters in comparison with natural resources (Cooper et al. 

2004). In an experimental study using playback, Scarry (2017) 
found that groups of Sapajus nigritus (Goldfuss, 1809) preferred 
to defend high-value provisioned resources rather than other 
types of resource, such as females in estrus. In the present study, 
we recorded an increase in the frequency of conflicts at provi-
sioned resources, although these conflicts did not involve more 
individuals, nor the increased participation of adult males and 
females, in other words, they were not more intense.

In comparison with previous studies of free-ranging 
Sapajus, however, the rates of conflict observed in the present 
study were very high. Izar et al. (2012) recorded a rate of 1.1 
intergroup conflicts per 100 hours of observation of S. libidinosus 
on the Fazenda Boa Vista (FBV), in the Brazilian state of Piauí, 
and 1.4 events per 100 hours of observation of S. nigritus in the 
Carlos Botelho State Park (PECB), in São Paulo state. These rates 
are very much lower than the overall rate of 7.9 events along 
100 hours recorded in the present study. While many different 
factors may have contributed to these differences, the availability 
of provisioned resources and the limited size of the forest in the 
Bosque Bougainville, which determines a high level of overlap 
between the two study groups, may have been decisive. However, 
to confirm this suspicion, more studies on populations that live 
in small urban forests are needed.

Intersexual aggression: sexual dimorphism and sexual selection

There was a reduction in the participation of the females 
in intergroup conflicts when adult males participated, and vice 
versa. This may be explained by the risk avoidance hypothesis, 
which predicts that the smaller sex will tend to avoid partici-
pating in encounters that involve members of the larger sex 
– adult males in this case (Kitchen and Beehner 2007). In the 
two capuchin genera (Cebus and Sapajus), females normally 
participate less in intergroup encounters than males (Perry 1996, 
Scarry 2017), with no relationship being found between the 
number of females in a group and the probability of its victory 
in a conflict (Scarry 2013).

Sexual dimorphism limits the participation of the females 
in intergroup conflicts that involve adult males, although it 
does not impede the participation of the females when the 
adult males are not present. The effects of sexual dimorphism 
were clear in the present study, because, while not significant, 
the subadult males were the target of more than half of the ago-
nistic interactions that involved females (Table S1). As subadult 
males have little chance of copulating in their natal groups, they 
may take advantage of intergroup conflicts to approach adult 
females and attempt to copulate (Kitchen and Beehner 2007). 
According to the principles of intersexual selection, the females 
may depend on the protection of the dominant males (Koch et 
al. 2016) or establish coalitions to defend themselves from the 
subadult males (Watson-Capps 2009). This did not appear to be 
the case in the present study, however, as females did not appear 
to be protecting themselves from attempted matings. Rather, 
the females were simply competing for feeding resources with 
smaller-bodied males (i.e., reduced effect of sexual dimorphism).

Inter-group conflicts involving bearded capuchins in the context of provisioned resources
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Intra-sexual aggression: protection of the females?

The females did not target primarily other females during 
intergroup conflicts and their participation did not shift in 
relation to the context of the encounter. The adult males did 
increase their participation, however, in the presence of adult 
males in the opposing group in the conflict, which is consistent 
with the hypothesis of the defense of reproductive partners. One 
other important factor was the coalition between adult males. As 
the number of individuals participating in one of the groups in-
volved in a conflict increases the probability of victory (Majolo et 
al. 2020), the females in the present study may have established 
coalitions with adult males to reinforce the chance of victory 
during disputes for feeding resources. However, the adult males 
did not participate more in conflicts that involved the presence 
of subadult males in the opposing group, which contradicts the 
hypothesis of the defense of reproductive partners.

Although no significant relationship was observed, it is 
important to note that the adult males of the two study groups 
(DP and CI) established two coalitions between themselves in 
agonistic interactions with the subadult males. In this case, the 
adult males may have acted together to guarantee their prefe-
rential access to the females, in relation to the subadult males.

One other factor that may be relevant here is the relatively 
small number of males in the two study groups. The male to 
female ratio of the Dom Pedro group was 0.12, while that of 
the Cicatriz group was 0.6. Izar et al. (2012) recorded sex ratios 
of 0.58 in the group from the FBV and 0.65 in that from the 
PECB. The two study groups from the Bosque Bougainville thus 
appear to be single-male groups that are, essentially, harems. The 
subadult males of the Cicatriz group may not yet represent a 
challenge to the leadership of this group, given that they were 
clearly subordinate, despite the fact that one of these males was 
observed copulating with a subordinate female from the Dom 
Pedro group. This biased sex ratio, in particular in the Dom 
Pedro group, may be linked to the spatial isolation of the park, 
which prevents the immigration of new males.

Dear Enemy and inter-group dominance

The two study groups arose from the fission of a single 
social group following a forest fire, which occurred prior to the 
study period (Table S2). As all the study animals were originally 
members of the same group, they would have had long-term 
social relationships prior to the fission, and probably also a 
certain degree of genetic relatedness, and may thus be “dear 
enemies” (Temeles 1994, Mirville et al. 2018). The Dear Enemy 
effect refers to a scenario in which territorial groups interact 
with known neighbors, which may also be genetically related. 
These interactions tend to be less intense than those with un-
known invaders.

The Dear Enemy effect is probably a factor in the Bosque 
Bougainville population. The Dom Pedro is dominant in the 
intergroup conflicts and the access to provisioned and natural 
resources (unpublished data). Despite having preferential access 

to the provisioned resources, the dominant Dom Pedro group 
does not appear to resort invariably to aggressiveness to gain 
access to these resources, given that the subordinate group ap-
pears to avoid the presence of the dominant group, principally by 
not visiting these resources during periods when the dominant 
group was present.

One other behavior pattern that supports the idea of the 
Dear Enemy effect is the fact that individuals from different 
groups formed coalitions, in particular, the two dominant adult 
males, which formed a coalition against the subordinate males 
of the Cicatriz group. This would appear to reflect a social rela-
tionship that predates the fission of the original group.
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