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Abstract: Housing different animal groups in close-by facilities is common in wildlife centers.
However, the impact on animal welfare is insufficiently studied in the literature. In this study, we
analyzed the behavior of two adjacently housed chimpanzee groups to investigate how intergroup
interactions may affect their behavior and, thus, their welfare. We recorded occurrences of abnormal
and self-directed behaviors, two well-known indicators of stress in chimpanzees. Furthermore, we
explored the social responses to said intergroup interactions by recording all inter- and intragroup
affiliative and agonistic behaviors. Finally, we measured the number of vigilance occurrences that
individuals directed towards other chimpanzees as an indicator of interest. Generalized Linear Mixed
Models (GLMMs) were used to assess whether and how social interactions between neighboring
groups might influence their behaviors, taking gender, age, group, and intergroup participation
into account. Our results suggest that intergroup interactions promoted the occurrence of affiliative
behaviors between group members. However, intergroup interactions caused the chimpanzees to
exhibit a higher number of abnormal and self-directed behaviors and increased vigilance towards
their group members when agonistic intergroup interactions occurred. Thus, adjacent housing does
impact the chimpanzees’ behavior and welfare and should be continuously monitored and assessed
to promote and maximize welfare.

Keywords: welfare; social interactions; intergroup; chimpanzees; primates; captive populations;
well-being; sanctuary

1. Introduction

Studies focusing on animal welfare in captivity [1], conducted at industrial production
farms, zoological gardens, sanctuaries, and/or research centers [2–5], have helped create an
ever-growing knowledge pool regarding the animals’ needs and capacities. The obtained
information is being used to improve animal care procedures and their living conditions
and to raise awareness, thus leading to society’s increasing concern regarding the quality
of life of animals in captivity [6,7]. As a consequence, over the last few decades, more and
more organizations housing wildlife in captivity conduct welfare assessments based on
certain concepts, such as QoL (Quality of life) [8,9] or the Five Domains model, [10,11]
and place increased emphasis on monitoring and improving the animals’ welfare state.
Taking into consideration that positive welfare requires negative factors to be minimized
while promoting positive factors, housing organizations need to provide an adequate
environment and opportunities to facilitate these states [12].

The enclosure complexity and design of captive environments often simulate or
attempt to replicate aspects of the natural habitat [13–16]; dietary plans and feeding pro-
cedures are based on each species’ nutritional needs, as well as the type of items they
would find in the wild [17]. Enrichment programs are established to provide additional
stimulation and to encourage species-specific behaviors [18–20]. Yet the most challenging
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aspect, in the case of social animals, including chimpanzees (Pan troglodytes), may be the
provision of an adequate and functional social environment [21–23]. Considering that
social partners potentially provide continuously changing stimulation and challenges, it
can be understood as one of the most important and essential environmental factors to
promote welfare in captively housed social animals [22,24]. Nevertheless, if not carefully
evaluated and managed, said social environment may also produce important and/or
lasting negative effects on the animal’s behavior and welfare [25–27].

In the wild, chimpanzees may be found living in communities of up to 150 individuals,
structured in hierarchical multimale and multifemale societies [28–30]. Individuals of one
community are rarely seen altogether, as they typically separate into smaller subgroups
(parties) based on fission–fusion dynamics, but they frequently meet up to shuffle, exchange
party members, and separate again [30,31]. Several studies on a variety of species argue
that fission–fusion dynamics arose to reduce intragroup competition for resources, such
as food as well as access to sexually receptive females [32–36]. This social system requires
chimpanzees to possess advanced social skills to navigate these flexible and complex social
networks and to allow them to adapt to continuously changing group sizes and compo-
sitions [37–40]. However, captive chimpanzee groups tend to be much smaller [22,41],
often lacking recommended age diversity and having unbalanced sex ratios [42] when
compared to wild conspecifics. Furthermore, changes to the group formation, comparable
to fission–fusion dynamics in the wild, tend to be much less frequent in captivity or mostly
decided by care management staff, further reducing the amount of potential interaction
partners, social stimulation, and opportunities.

Several studies in chimpanzees have demonstrated that unstimulating social environ-
ments are likely to produce a negative influence on the chimpanzees’ overall behavior and
welfare, while social environments offering more variety and opportunities may promote
positive welfare [21,24,43,44]. For example, Webb et al. [21] reported that captive chim-
panzee groups consisting of seven or more individuals and with a wide age range tend to
exhibit higher levels of locomotion and/or higher levels of social interactions, depending
on the sex ratio. Similarly, in the study conducted by Lehmann et al. [44], larger chimpanzee
groups, i.e., chimpanzees with access to more potential interaction partners, were reported
to spend more time on social grooming than individuals housed in smaller groups.

In addition to the limitations of reduced social opportunities experienced by captive
chimpanzees at the intragroup level (between members of the same group), they rarely
have the opportunity to interact with individuals outside of their own/natal group ei-
ther. In the wild, we can find several types of interactions between chimpanzees from
different communities, ranging from female immigration patterns [45] to long-distance
communications [46–48] and direct confrontations between chimpanzees patrolling their
territories [49–51]. For example, long-distance communication is common among chim-
panzee groups in the wild, both between troupes who are part of the same community
as well as between different communities [46–48]. Direct encounters between different
groups have also been documented, often marked by intense dominance or bluff-displaying
behavior as well as physical aggression and wounding, being part of the species’ typical
patrolling and territorial defense behavior, carried out primarily by adult males of each
group [48,52]. These direct intergroup conflicts can become very violent, producing nu-
merous injuries, including the loss of body parts or even death [49,53]. Nevertheless, it is
worth mentioning that on rare occasions there have been reports of affiliative interactions
between chimpanzees belonging to different groups, as well [51].

Although social complexity is important for chimpanzee welfare, centers are often
unable to provide these conditions for their animals due to a variety of resource con-
straints [22]. Such constraints may be due to physical limitations of enclosure size and/or
design, specific care management needs, and/or incompatibilities between individuals, i.e.,
risk of lethal or repetitive injury between group members. Furthermore, centers that do
not form part of any breeding projects and/or use birth control will likely encounter a lack
of age diversity over time and find that captive populations grow older on average, with
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a strongly skewed age distribution [54]. Considering the available resources, it can be a
challenge for housing organizations to meet the social needs of these animals by providing
them with a stimulating and welfare-enhancing social environment. Nevertheless, for
organizations facing limitations restricting their capacity to establish and maintain larger
and more diverse social groups, one possible method to increase social complexity and
provide more potential social partners as well as opportunities could be to house separate
social groups in adjacent or close-by facilities/enclosures that allow auditory and/or visual
contact at the very least. In this way, chimpanzees could interact partially, that is, via
non-physical interactions with individuals from another group, without the risk of such in-
teractions resulting in a violent physical confrontation, potentially leading to health and/or
care management issues. While there are organizations that house their chimpanzees in this
manner because it facilitates effective care, others recognize the potential welfare benefits
of housing different groups of chimpanzees in contiguous habitats, as well.

However, to our knowledge, reports and research regarding this topic in great apes are
scarce. For example, Grand and colleagues [55] studied the impact of how the proximity
between enclosures affected the behavior of a bachelor and a family group of gorillas
(Gorilla gorilla). Other studies on chimpanzees demonstrated how auditory information,
such as, for example, hearing other chimpanzees socially interacting from physically and
visually separated groups, produced a contagious effect on the social dynamics of adjacently
housed individuals [56]. Gil-Dolz and colleagues [57] reported that interactions between
two physically separated groups of chimpanzees housed in adjoining habitats occurred
frequently enough that they were considered to be in the animals’ social networks, thus
producing an augmentation of the complexity of their social networks. However, to our
knowledge, so far no information has been published on how such interactions between
groups may impact the chimpanzees’ behavior and, in continuation, their well-being
in captivity.

Thus, the main objective of the present study is to follow up on the previously men-
tioned study conducted by Gill-Dolz and colleagues [57] to assess how interactions between
two captive groups of chimpanzees housed in adjoining habitats influence the individ-
uals’ behavior and social dynamics within each group. Specifically, we are expecting to
find that (1) agonistic intergroup interactions will produce an increase in self-directed
and abnormal behaviors; (2) agonistic intergroup interactions will produce an increase
in agonistic inter- and intragroup interactions; (3) agonistic intergroup interactions will
increase the frequency of affiliative interactions between members of the same group; and
(4) affiliative intergroup interactions will have a neutral impact on or produce an increase
in the affiliative interactions between group members.

2. Materials and Methods
2.1. Subjects and Study Site

The study population consisted of two adjointly housed social groups of former
pet and entertainment chimpanzees (N = 10; Table 1) housed at the primate rescue and
rehabilitation center Fundació MONA, located in the north of Spain, Cataluña. The center
is a member of the European Alliance of Rescue Centers and Sanctuaries (EARS), and it has
been providing life-long care to rescued primates since 2001. At the time of data collection,
all chimpanzees were adults (4 females and 6 males), ranging between 20 to 41 years of
age (mean age: 29.60, SD: ±7.69). Both groups of chimpanzees, “Mutamba” and “Bilinga”,
consisted of 5 chimpanzees, with 3 males and 2 females each (mean age Mutamba: 26.60,
SD: ±7.36; mean age Bilinga: 32.6, SD: ±7.50). Depending on their age, animals were
labeled as adults or seniors, with seniors being 35 years of age or older (only three males
were labeled as seniors in our sample). Following regulations established for rescue centers
and sanctuaries, all females in the study sample were given oral contraceptive treatment.
All individuals had been living at the center within a stable social group for at least six years
and were accustomed to being housed in proximity to other chimpanzee groups. Indoor
areas of the adjacently housed groups were located within the same building, allowing
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them to hear but not see each other. To learn more about the behavioral profiles of the
animals, their housing conditions, and group alterations during the previous years, see [58].

Table 1. Characteristics of the study population.

Name ID Sex Year of Birth Group

África AFR F 2000 Mutamba
Bongo BON M 1999 Mutamba
Juanito JUA M 2003 Mutamba
Marco MAR M 1984 Mutamba
Waty WAT F 1996 Mutamba
Tom TOM M 1985 Bilinga

Cheeta CHE F 1990 Bilinga
Coco COC F 1994 Bilinga
Nico NIC M 2001 Bilinga

Víctor VIC M 1982 Bilinga
Abbreviations: F = female; M = male.

Observations were conducted between 10:00 and 18:00 while both chimpanzee groups
had access to their respective outdoor enclosures (Mutamba: 2420 m2; Bilinga: 3220 m2).
The chimpanzees were housed in two adjacent outdoor enclosures divided by a steel mesh
and an electrified fence (Figure 1). Thus, animals belonging to different groups could get
as close as 60 cm to each other, see and hear each other, and interact socially, but physical
contact was completely prevented by the fencing system installed between the outdoor
enclosures. All chimpanzees were already accustomed to the security measures separating
the two groups, and at no time did they attempt to physically touch a chimpanzee from the
neighboring group. Said outdoor habitats consisted of naturalistic terrain with Mediter-
ranean vegetation, additionally equipped with several artificial climbing structures, such as
towers, wooden platforms, bridges, ropes, and daily changing enrichment devices. During
night time or when the climatic weather conditions were not appropriate, all chimpanzees
were restricted to their indoor facilities (140 m2). For more detailed information regarding
their indoor and outdoor facilities, care management, and feeding routines, see [59,60].
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2.2. Data Sampling

All observations were conducted from a single observation tower (Figure 1), located
at the edge of the chimpanzee outdoor enclosures near the end of the separating fence.
This location was chosen to maximize visibility of areas where individuals from different
groups could see and socially interact across the fence.

A total of three observers recorded the chimpanzees’ behavior for 65 days, randomly
distributed over five months between October 2023 and February 2024, resulting in a
total of 147.33 h of multifocal group observations (Table 2). During the absence of social
intergroup interactions, observers recorded baseline observations. Apart from baseline
observations, observation sessions were initiated by one or several chimpanzees exhibiting
social interaction towards members of the neighboring group (intergroup affiliative or
agonistic behaviors), i.e., the observer started observing the behavioral response of the
group receiving the initial intergroup interaction. All observation sessions, both triggered
by intergroup interactions or in its absence, lasted for 20 min. Following this methodology,
observers recorded 125 h (Mutamba 67 h; Bilinga 58 h) in the absence of social interactions
between groups (baseline) and a total of 22.33 h of intergroup interaction (Mutamba 4.7 h;
Bilinga 17.7 h). Sessions initiated by intergroup interactions were labeled according to the
nature of the initial trigger interaction as “affiliative” or “agonistic”.

Table 2. Observation hours and number of sessions collected in each condition and group.

Baseline Affiliative Trigger Agonistic Trigger
Sessions Hours of Observation Sessions Hours of Observation Sessions Hours of Observation

Total 375 125 24 8 43 14.33

Observers were trained over several weeks in behavioral data collection at Fundació
MONA and only started collecting data for this specific project after successfully pass-
ing a three-tier interobserver reliability test. The first step included data collection over
two weeks; these data were checked and eventually deleted. In the second step, observers
had to pass a methodology test, and, in the third step, they had to pass a video test by
identifying animals and behaviors with an agreement of ≥85% with the primary researcher
of this publication.

Behavioral data were collected on tablet devices equipped with the digital data col-
lection software Zoomonitor [62], using multifocal (all members of one social group) All
Occurrence [63] methodology. Therefore, observers recorded all occurrences of abnormal,
self-directed, vigilance, and social behaviors, such as agonistic and affiliative behaviors
(Table S1). A behavior was scored again if the observed chimpanzee stopped performing
said behavior and exhibited another unrelated behavior for more than 5 s.

2.3. Data Analysis

In order to investigate whether intergroup interactions affected chimpanzee wel-
fare, eight Generalized Linear Mixed Models (GLMMs) [64] were run using the package
glmmTMB [65] in the R programming environment (version 4.3.2) [66]. For this purpose,
the occurrences of abnormal and self-directed behaviors (Models 1 and 2) performed by
chimpanzees in the different session-triggering conditions were counted (Table S2). In
this regard, we also recorded the occurrences of social, affiliative, and agonistic behaviors
performed by chimpanzees to members of their own group (Models 3 and 5) and to in-
dividuals from the neighboring group (Models 4 and 6) (Table S2). Finally, we explored
how the three conditions (baseline, affiliative-triggered, and agonistic-triggered) affected
the occurrences of vigilance performed by chimpanzees to members of their own group
(Model 7) and to chimpanzees in the adjacent enclosure (Model 8) (Table S2). All models
were constructed using the session-triggering conditions as predictor variables (baseline,
affiliative, or agonistic) and age, sex, group, and intergroup participation as control vari-
ables. Age was transformed into a categorical variable with two levels, adult or senior. If
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chimpanzees were 35 years of age or older at the start of the study, they were considered
seniors. The typical frequency of an individual’s participation in intergroup interactions
was also included as a control variable. Through an exploratory analysis of the data, this
variable was also categorized into two levels: “occasional” when eight or less occurrences
of participation with individuals of the other group were recorded, and “frequent” when
the frequency of participation was greater than eight occurrences. The levels were cut
empirically with visual inspection of the data distribution using histograms. Because the
affiliative interactions between groups were only performed by males and all of them were
categorized as frequent participants in intergroup interactions, we had to eliminate the sex
and participation variables from Model 4 to avoid errors in the statistical analyses. Finally,
the individual’s ID was added to all models as a random factor.

Models containing all predictors and control variables (full) were compared with
models containing only the random factors and controls (null) by means of an ANOVA
likelihood test [67]. If the full model differed from the null model at a significance level
of 0.05, the drop1 function was used to obtain the p-value for each predictor variable [68].
Finally, to rule out collinearity between predictor variables, variance inflation factors were
calculated [69], which were very good in all models (maximum VIF between models = 2.46).
Finally, to establish post hoc comparisons between the three types of experimental condi-
tions, we used Tukey’s tests in the emmeans package [70].

3. Results

We ran a total of eight GLMMs to investigate the potential impact of intergroup inter-
actions on the behavior of the neighboring chimpanzees, while considering the condition
of the triggering intergroup behavior (affiliative vs. agonistic vs. base) and the receiving
chimpanzee´s sex (male vs. female), age (adult vs. senior), group (Bilinga vs. Mutamba),
as well as intergroup participation (occasional vs. frequent). Out of the eight models,
four models were significantly improved when comparing the full models with their
corresponding null models (Table S2). The significant models were Model 1 (abnormal be-
haviors), Model 2 (self-directed behaviors), Model 3 (affiliative intragroup behaviors), and
Model 7 (intragroup vigilance), while Model 4 (affiliative intergroup behaviors), Model 5
(agonistic intragroup behaviors), Model 6 (agonistic intergroup behaviors), and Model 8
(intergroup vigilance) were not improved by any of the fixed factors.

In Model 1 (abnormal behaviors), the full model differed significantly from the null
model (GLMM: χ2 = 23.629, gl = 2, p < 0.001), with condition being the only signifi-
cant factor (p < 0.001). Baseline condition had a negative association with the number
of occurrences of abnormal behavior (Table S2). Post hoc analyses revealed that chim-
panzees performed a greater number of abnormal behaviors after the occurrence of affil-
iative (affiliative–baseline: z = 4.318; p < 0.001) or agonistic (agonistic–baseline: z = 3.584;
p < 0.001) intergroup interactions in comparison to baseline sessions (Table S3). Confidence
interval plots regarding the significant factor are shown in Figure 2.

In Model 2 (self-directed behaviors), the full model also differed significantly from the
null model (GLMM: χ2 = 10.934, gl = 2, p < 0.01), with condition (p < 0.01) and age (p < 0.05)
significantly impacting the chimpanzees’ self-directed behaviors (Table S2). Regarding the
condition, we found that self-directed behaviors were negatively associated with baseline
sessions, and post hoc analyses revealed that chimpanzees performed a greater number of
more self-directed behaviors after the occurrence of affiliative (affiliative–baseline: z = 2.727;
p < 0.05) and agonistic (agonistic–baseline: z = 2.319; p = 0.05) intergroup interactions,
in comparison to baseline sessions (Table S3). Confidence interval plots regarding the
significant factors are shown in Figure 3.

In Model 3 (intragroup affiliative behaviors), the full model differed significantly from
the null model (GLMM: χ2 = 25.024, gl = 2, p < 0.001). As in the previous two models,
condition (p < 0.001) was a significant factor, providing insights regarding the observed
differences in the number of occurrences of intragroup affiliative behaviors (Table S2).
Specifically, we found that in the absence of intergroup interactions (baseline), chimpanzees
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performed fewer affiliative interactions with group members. With respect to age, we
found that individuals categorized as “senior” exhibited more abnormal behaviors. As in
Model 1, the baseline condition had a negative relationship with the dependent variable
(self-directed). Post hoc analyses supported these results, as chimpanzees performed more
affiliative intragroup behaviors when affiliative (affiliative–baseline: z = 4.606; p < 0.001)
or agonistic (agonistic–baseline: z = 3.081; p < 0.01) interactions occurred between the two
groups (Table S3).
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the different conditions.

Sex (p < 0.05), group (p < 0.001), and participation (p < 0.01) were also significant
variables in explaining differences in the number of occurrences of affiliative behaviors
directed at chimpanzees in the other group (Figure 4, Table S2). Males directed fewer
affiliative behaviors towards members of the other group than females. In addition, those
individuals who were more likely to engage in intergroup interactions (i.e., frequent
participants) engaged in fewer affiliative intergroup interactions. Regarding the fixed
factor group, individuals from the Mutamba group generally engaged in more affiliative
behaviors towards the other group than members from the Bilinga group. Confidence
interval plots regarding the significant factors are shown in Figure 4.

In Model 7 (intragroup vigilance), the full model differed significantly from the null
model (GLMM: χ2 = 6.068, gl = 2, p = 0.048), with condition (p < 0.05) being the only
significant factor (Table S2). Post hoc analyses showed that there were significant differences
between intragroup vigilance behaviors performed during agonistic interaction sessions
and baseline sessions (agonistic–baseline. z = 2.413; p < 0.05) (Table S3). Confidence interval
plots regarding the significant factors are shown in Figure 5.
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4. Discussion

As expected, our results indicate that intergroup interactions between the two ob-
served groups of chimpanzees produce an impact on their social and individual behavior.
We found that during and after these intergroup interactions, affiliative behaviors among
chimpanzees from the same group (Model 3) would increase significantly (Figure 4). Fur-
thermore, this augmentation in affiliative intragroup interactions occurred independently
of the type of social intergroup interaction; that is, chimpanzees of the same group would
exhibit affiliative interactions more frequently during both sessions that were initially
triggered by affiliative as well as agonistic intergroup interactions. An increase in affiliative
intragroup interactions during and/or following affiliative intergroup interactions could
be explained by social contagion, i.e., chimpanzees would be more likely to engage in
affiliative behaviors with group members when seeing other chimpanzees in their sur-
roundings engage in affiliative interactions (for example, group members interacting with
neighboring chimpanzees in an affiliative manner). During the last few decades, several
studies have been published focusing on behavioral contagion in non-human primates,
with some concentrating on the contagion of agonistic behaviors [71–73] while others relate
to the contagion of affiliative behaviors [74,75]. For example, Ostner and colleagues [75]
concluded that female rhesus macaque (Macaca mulatta) are more likely to perform groom-
ing behaviors due to visual contagion (that is, witnessing other group members performing
these affiliative behaviors beforehand). However, to date, few studies have been pub-
lished exploring the contagion of affiliative behaviors in chimpanzees [56,76]. In a study
conducted by Videan and colleagues [56], they were able to demonstrate that hearing
grooming vocalizations encouraged chimpanzees from other groups (who could hear but
not see the grooming activity) to engage in social grooming with their group members.
More recently, observations conducted in a master’s thesis [76] reported clear evidence
of behavioral contagion, suggesting that chimpanzees were more likely to participate
in grooming interactions and social play activities after observing others exhibiting said
behaviors. Considering these findings as well as behavioral contagion reported in other
species, we believe the increase in frequency of affiliative behaviors recorded here during
observation sessions triggered by affiliative intergroup interactions is likely also related to
social contagion dynamics.

On the other hand, our results also indicate that affiliative intragroup interactions
did increase significantly in sessions triggered by agonistic intergroup interactions. One
possible explanation might be that agonistic behaviors received from one or several indi-
viduals from a neighboring group could be perceived as an external outgroup threat, which
has been observed and frequently described in wild populations. Such a perception of
a common external threat could lead to an increase in affiliative intragroup interactions
aiming to reinforce group cohesion [30,77]. While intragroup support is one possibility,
especially when occurring during an agonistic confrontation between groups, another pos-
sible explanation might be group members offering consolation and comfort via affiliative
interactions, such as grooming, after an intergroup confrontation [78,79]. Several studies
in chimpanzees [80–82] and other non-human primates [83–85] describe the patterns and
importance of reconciliation and consolation dynamics after agonistic intragroup events,
i.e., conflict participants and/or those not directly involved engage in affiliative behaviors
to make peace, treat injuries, and/or comfort each other [79,86,87]. Furthermore, chim-
panzees that were labeled frequent intergroup participants (in both agonistic and affiliative
interactions) were generally also socially more active within their social group, exhibiting
frequent grooming and other intragroup affiliative behaviors.

Thus, chimpanzees observed to interact more frequently with individuals from the
other group were also more likely to exhibit affiliative behaviors in situations that could be
explained by social contagion, intragroup cohesion, and/or consolation. Contrary to many
studies on wild populations reporting that affiliative interactions (especially grooming)
tend to be much more frequent between male chimpanzees [83], our data show males
performing fewer affiliative behaviors than females. Although our data show that only
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males participated in intergroup affiliative interactions, females in our population exhibited
more affiliative behaviors with individuals in their own group. These findings on the
social activity of female chimpanzees are consistent with several studies conducted in
captivity, which suggest that females tend to be more socially active in captivity due to the
absence of certain factors, such as resource competition and dispersal patterns [88]. Besides
differences based on the individual’s sex, we also found a clear difference in affiliative
interaction frequency between both groups, with the Mutamba group exhibiting affiliative
intragroup interactions much more frequently, regardless of the context. Considering
that the groups’ sex ratio, group size, and external factors, such as enclosure design and
care management, are identical, these differences could be due to their age distribution
(Mutamba only contains one senior chimpanzee), differences in their upbring and adverse
early life experiences [89], and/or differences in personality [90]. This tendency is not
limited to the affiliative behaviors but can also be observed in the frequency of agonistic
behaviors exhibited (Figure S2).

Regardless of the initial intergroup interaction (either affiliative or agonistic) that
initiated the observation session, no difference was observed in the frequency of intergroup
interactions, nor in their affiliative or agonistic responses. We specifically expected agonistic
intergroup interactions to produce an increase in both agonistic inter- as well as intragroup
interactions. The increase in agonistic intergroup interactions was suspected to occur as a
direct response to the initial agonistic trigger interaction between groups, while an increase
in agonistic intragroup interactions was expected due to potential unresolved tensions
and/or behavioral contagion. Nevertheless, our results suggest that agonistic interactions
between individuals from different groups do not necessarily increase the exhibition of
agonistic behaviors in any way. Thus, while affiliative intergroup interactions produce
more frequent affiliative intragroup interactions, agonistic behaviors do not follow the same
pattern. As explained previously, one very common care management reason to maintain
several smaller chimpanzee groups rather than bigger groups is the occurrence of extreme
or recurring aggressions leading to serious or fatal injuries. Offering (physically limited)
access to adjacent housed groups would still allow for the possibility to express agonistic
and/or dominance-related display behaviors, i.e., allow chimpanzees to express these
behaviors and potentially get rid of pent-up tension, yet without the risk of injuries due to
the separating fencing system. We therefore conclude that intergroup social interactions
in our study population can be understood to contribute positively to the welfare of these
chimpanzees, as they increase social complexity by providing more potential low-risk
relationship partners and lead to a general increase in affiliative responses but not agonistic
intragroup responses. One possible explanation for the chimpanzees’ lack of response to
agonistic interactions is that chimpanzees in our sample were already accustomed to the
displays of individuals from the other group. Thus, unless the intergroup conflict is very
serious or something could be gained by responding in kind, such as demonstrating their
physical capacities to group members without directing the behavior at the group members
themselves, chimpanzees would opt to ignore the provocations of their neighbors.

Although we did not observe a direct negative impact of agonistic interactions on
their social behaviors, in accordance with our predictions, agonistic interactions between
groups did cause an increase in abnormal and self-directed behaviors (Figure 3). It is
well-documented that chimpanzees increase the frequency and/or intensity of self-directed
behaviors, such as yawning, scratching, as well as abnormal or stereotypical behaviors,
when facing stressful situations [91–95]. Furthermore, several studies have reported a direct
relationship between such stress indicators and the initiation of conflicts in chimpanzee
groups [73,96]. Baker and Aureli [73] even demonstrated that agonistic events produced in
neighboring chimpanzee groups can promote the occurrence of self-directed behaviors in
chimpanzees that were not involved in these conflicts. Although we did not find any litera-
ture that clearly states agonistic events lead to more abnormal behaviors in chimpanzees,
we still expected chimpanzees to increase the exhibition of abnormal behaviors due to the
potential increase in stress from being involved in, targeted by, or in proximity to a conflict.
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Considering that the chimpanzees in this population all have a history of adverse early
living conditions, experiencing traumatic events, and suffering prolonged exploitation in
the entertainment industry and/or as pets, they are likely to engage more frequently in
abnormal behaviors during stressful situations [97].

Yet, self-directed and abnormal behaviors did not only increase during sessions trig-
gered by agonistic intergroup interactions but were equally likely to occur more frequently
during sessions triggered by affiliative intergroup interactions. A possible reason for the
observed increase in stress-related behaviors could also be due to the chimpanzees experi-
encing frustration by not being able to physically interact with or follow chimpanzees from
the neighboring group. Such a frustration effect can also be observed in other mammals in
captivity, such as minks or pigs, where abnormal behaviors have been suggested to be mo-
tivated by frustration due to the animal’s inability to physically interact with conspecifics
due to the existence of physical barriers [98,99]. We also found that older chimpanzees (se-
niors) tended to perform more self-directed behaviors than younger chimpanzees (Figure 3,
Table S2), which is in accordance with findings in other studies that found higher frequen-
cies of self-directed behaviors in older chimpanzees (Figure 3, Table S2) [54,100,101].

The last two models (Models 7 and 8) focusing on vigilance behaviors suggest that
chimpanzees would not alter their vigilance behavior towards the neighboring group much,
regardless of the social intergroup context. Considering that vigilance can be understood as
increased interest, caution, and/or attentiveness, they did not seem to feel the need to pay
extra attention to the other group even after social intergroup interactions occurred. This
might indicate a certain awareness of safety in terms of physical danger from members
of the neighboring group. On the other hand, vigilance behaviors directed at members of
their own group did increase during sessions that were triggered by agonistic intergroup
interactions. This increase in vigilance behavior could be due to potentially increased
tensions observed in members of one’s own group triggered by an intergroup conflict that
could, in continuation, lead to an intragroup agonistic event, resulting in a potential injury
risk between members of the same group [102].

5. Conclusions

As expected, intergroup interactions had an impact on chimpanzees’ behavior and
thus, potentially, their overall welfare. In agreement with our predictions, intergroup
affiliative interactions seemed to have a positive impact on the chimpanzees’ social activ-
ity and provided additional social stimulation and complexity, as interactions between
chimpanzees from different groups produced an increase in affiliative relationships within
each group. Contrary to our predictions, yet evaluated as desired and positive in terms
of welfare, agonistic behaviors directed at members from the neighboring group did not
promote agonistic interactions at the intra- or intergroup level. Finally, in agreement with
our first prediction, agonistic interactions led to an increase in abnormal and self-directed
behaviors in chimpanzees. However, we did not expect affiliative interactions between
members of both groups to produce the same result. In addition, chimpanzees were more
attentive to their own group’s activity when intergroup agonistic interactions occurred,
which may reflect increased tension over whether conflict would be transferred within
the group.

As already hypothesized in our previous article [57], we now provide more findings
supporting the original argument that the adjacent housing of different chimpanzee groups
has the potential to provide additional social relationship opportunities, i.e., increased
social complexity and stimulation passively due to the proximity and visual and auditory
contact as well as directly through direct intergroup interactions. However, we strongly
desire to emphasize that while this could be understood as a purely welfare-promoting
factor, an increase in social stimulation and complexity and, to a certain degree, forced
proximity may potentially also produce undesired impacts, such as augmented stress levels
and increases in inter- and/or intra-conflicts, which need to be continuously evaluated and
monitored. We are aware that the sample size of this study is limited to only two groups
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of chimpanzees. We are currently reaching out to and working on replicating this project
with other chimpanzee housing organizations to increase both the sample size and the
variety and to collect some more details of interest regarding the individuals’ biographic
information. Likewise, we encourage and hope to motivate others to replicate this study
and/or work on similar topics in order to help increase our ability to provide these animals
with a suitable social environment in captivity.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ecologies5020018/s1, Table S1: Ethogram used for multifocal All
Occurrence data collection; Table S2: Results of the statistical models. For each model and predictor,
estimators, standard errors (SEs), likelihood ratio tests (LRTs), degrees of freedom (gl), and p-values
(p) are shown. Models 4–6 and 8 are not included in this table because no significant differences
were found between the full model and the null model; Table S3: Results of the post hoc analysis of
the statistical models. For each model and contrast, estimators, standard errors (SEs), z-scores (z),
and p-values (p) are shown. Models 4–6 and 8 are not included in this table because no significant
differences were found between the full model and the null model; Figure S1: Rate of affiliative
behavior according to intergroup participation profiles: frequent or occasional; Figure S2: Graph
showing the rates of affiliative, agonistic, and vigilance behaviors as a function of group (Mutamba
or Bilinga) and type of interaction (intragroup or intergroup).
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