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ABSTRACT 

 

Interactions between social groups of animals can vary widely: from animosity to 

tolerance, and the nature of such interactions can depend on a variety of ecological, 

life-history and social factors. However, few studies have examined multiple 

determinants of intergroup conflict, and there is a lack of research considering the 

behavioural consequences of intergroup conflict; despite the potential for intergroup 

interactions to affect both individual fitness and group stability. In this thesis, I tested a 

range of existing hypotheses to determine the factors that influence (1) the escalation 

of intergroup conflict, (2) variation in participation during intergroup interactions, and 

(3) the behavioural consequences of intergroup conflict in a fully habituated population 

of mountain gorillas (Gorilla beringei beringei). I observed four mountain gorilla 

groups for 12 months in the Volcanoes National Park, Rwanda and conducted 

behavioural observations in the presence and absence of intergroup interactions. These 

data were combined with 13 years of intergroup interaction data on the mountain gorilla 

study population. 

  

I found strong evidence for the ‘social familiarity’ effect, where tolerant and affiliative 

intergroup interactions were more likely to involve groups that had historically 

fissioned, and thus contained individuals that were previous group members, and in 

many cases relatives. Both social and kin relationships can therefore have a significant 

effect on the types of intergroup interactions observed. Although recent studies suggest 

there may be an increase in fatal intergroup interactions with population size increases, 

kin selection across social groups may reduce the costs of conflict, which may allow a 

greater degree of home range overlap. 
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Aggressive interactions between extra-group individuals were driven by male-mating 

competition; higher-ranking group-living males (that had more mating opportunities) 

were most likely to participate in group defence, and solitary males (with little to lose 

and much to gain in terms of reproductive opportunity) evoked higher participation 

rates among individuals in the group. During aggressive intergroup interactions, 

participation by both males and females decreased as the number of group members 

increased, illustrating the ‘collective action problem.’ Conflict between two groups that 

were evenly matched (i.e. same number of resident adult males) was more aggressive 

and lasted longer than interactions between groups with a larger disparity in 

size/composition. Similar to finding from previous studies on mountain gorillas, there 

was no effect of food availability on intergroup conflict. Combined, my results suggest 

that variation in behaviour during intergroup interactions is due to multiple factors, 

including familiarity, individual dominance rank and the relative threat of the opponent. 

 

In addition to the immediate responses of individuals to an extra-group opponent, 

significant changes in longer-term behaviour between group members were observed. 

Following intergroup conflict, individuals spent more time travelling, and groups that 

lost spent less time resting. Intragroup aggression decreased following longer 

intergroup conflict, suggesting that the changes in activity of groups (more moving, 

less resting) may reduce the time group members spend interacting with one another. 

Intragroup affiliation rates were also affected by intergroup conflict. Changes in the 

rates of intragroup interactions as a result of intergroup conflict are important because 

of the potential impact on group cohesion. 
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Intergroup interactions in group-living species can influence survival and reproduction 

of individuals, and my study has shed light on the major causes and consequences of 

intergroup interactions, which is especially important in critically endangered species 

such as mountain gorillas. Moreover, conflict between social groups can be a powerful 

selective force, and determining the causes and consequences of variation in intergroup 

relations is important for understanding social dynamics across all group-living species, 

including humans. 
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1.1 Intergroup encounters across the animal kingdom: form and function 

From affiliative interactions with mingling and co-feeding, to lethal attacks on extra-

group conspecifics, the nature of encounters between social groups of animals can vary 

widely. Most research has focused on the factors influencing aggressive intergroup 

encounters because (a) aggressive interactions are conspicuous, (b) there are immediate 

benefits that can be gained by collectively defending access to fitness-limiting 

resources, i.e. food or mating opportunities (reviewed in Harris 2007), and (c) in some 

species, intergroup conflict can account for a high proportion of mortality (Heinsohn 

1997; Mitani et al. 2010; Crofoot 2013; Rosenbaum et al. 2016b; Heslin Piper et al. 

2017). However, considering that only the benefits of intergroup conflict will influence 

the behaviour of group-living animals compromises our full understanding of the 

strategies individuals use in intergroup encounters. For example, social groups may 

tolerate or even engage in intergroup affiliation with one another (Bradley et al. 2004; 

Radford 2005; Wich and Sterck 2007; Ishizuka et al. 2018). Group-level responses to 

extra-group conspecifics can therefore differ depending on a suite of ecological, 

demographic and social factors (Harris 2007; Kitchen and Beehner 2007) such as the 

number of opponents, fighting ability, perceived resource value and intergroup 

familiarity (Temeles 1994; Crofoot et al. 2008; Arnott and Elwood 2009; Markham et 

al. 2012).  

 

Determining the relative importance of different ecological, demographic and social 

factors on the behaviours observed during intergroup encounters has proven difficult, 

because the factors influencing intergroup relations are unlikely to be mutually 

exclusive. Understanding the selective forces on particular behaviours may therefore 

require long-term data to more clearly elucidate patterns of behaviour under different 
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conditions (Clutton-Brock and Sheldon 2010). Despite these obstacles, variation in 

behaviour is important to understand as intergroup interactions can affect individual 

fitness (Cheney and Seyfarth 1987; Robinson 1988) and potentially the nature of 

within-group relationships (Majolo et al. 2016) in a diverse range of taxa, including 

mammals, birds, reptiles, fishes and insects (Hölldobler 1981; Whiting 1999; Cant et 

al. 2002; Radford and du Plessis 2004; Harris 2007; Pal 2014). Understanding the 

factors driving variation in behaviour during intergroup interactions may also shed light 

on the causes and consequences of conflict and warfare in humans (Wrangham 1999; 

Bowles 2009; Glowacki et al. 2017). 

 

Causes of variation in behaviour during intergroup interactions 

Interactions between social groups can occur by chance; for example where two groups 

encounter each other while moving through their habitat (e.g. Perry 1996; Sugiura et 

al. 2000; Robbins and Sawyer 2007), or as intrusions into a neighbouring group’s home 

range to access resources (Wrangham 1999; Pandit et al. 2015). Behaviour during 

intergroup encounters can range from low intensity vocal exchanges, to physical fights 

and chases, with potentially lethal consequences for the individuals involved (Cheney 

and Seyfarth 1987; Fashing 2001; Scarry 2012; Thompson et al. 2017). Extra-group 

individuals may avoid each other following the detection of long-distance auditory cues 

(Markham et al. 2013; Seiler et al. 2017), or they may tolerate each other’s proximity, 

sometimes resulting in intergroup affiliation or copulations (Furuichi 2011). Because 

of the potential high costs of intergroup interactions, aggressive defence of a specific 

territory or resource should only occur only if the costs of aggression are outweighed 

by the benefits of exclusion (Brown 1964; Kinnaird 1992). The benefits of exclusion 
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can include access to food, mates and infant survivorship, and the relative importance 

of these potential payoffs can differ among individuals (Fashing 2001). 

 

Because food resource availability has a higher impact on reproductive success in 

females than males, female ranging patterns are often determined by the distribution of 

important food resources (Trivers 1972). Females will therefore have high payoffs of 

investing in conflict with conspecifics when food resources are limiting (Wrangham 

1980). Empirical evidence suggests that female participation (a) is most common in 

territorial, female-philopatric species and (b) varies with the seasonal and spatial 

availability of high-quality food (see Kinnaird 1992; Isbell and Young 2002; Korstjens 

et al. 2005; Harris 2006). On the other hand, male fitness is ultimately limited by access 

to female mates, and aggressive interactions between male conspecifics are often driven 

by competition to gain/defend mating opportunities (Trivers 1972; Wrangham 1980; 

Fashing 2001; Cant et al. 2002; Scarry 2013). Competition between extra-group males 

is most often observed in species (a) with female transfer between groups and (b) when 

there is a low adult male: female ratio (see Sicotte 1993; Fashing 2001; Cooper et al. 

2004; Majolo et al. 2005; Koch et al. 2016). The extent to which each sex will 

participate in resource competition with extra-group individuals can therefore depend 

on dispersal patterns, reproductive skew and individual differences such as rank and 

reproductive state (Nunn 2000; Cooper et al. 2004; Kitchen et al. 2004b; Kitchen 2006; 

Kitchen and Beehner 2007). 

 

However, even when food is a limiting resource, participation during intergroup 

conflict is more common in males, while female participation is minimal or absent, 

particularly in mammals (Perry 1996; Fashing 2001; Sicotte and Macintosh 2004; 
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Williams et al. 2004; Kitchen and Beehner 2007; Mares et al. 2012). Food resources 

can impact the reproductive success of females, which ultimately impacts the 

reproductive success of males (Reichard and Sommer 1997; Saito et al. 1998; Cooper 

et al. 2004; Sicotte and Macintosh 2004; Williams et al. 2004; Majolo et al. 2005; Zhao 

et al. 2013). Male aggression during intergroup interactions can therefore function to 

reduce competition by injuring or killing opponents, to attract females through 

displaying relative strength, and to defend food resources (Fashing 2001; Cant et al. 

2002; Zhao et al. 2013; Elhers Smith 2014). 

 

In addition to sex, variation among individuals during intergroup interactions can arise 

due to age and dominance rank differences among group members (Majolo et al. 2005; 

Kitchen and Beehner 2007). Males that have greater mating opportunities will have 

higher benefits from competing with extra-group males (Fashing 2001), and the 

plasticity of behaviour during intergroup interactions may therefore reflect individual 

variation in the costs and benefits of competition (Kitchen and Beehner 2007; Koch et 

al. 2016). When such variation exists among group members, some individuals may 

make individually costly contributions towards a collective good (i.e. defence of 

territory or food resource), which can lead to a collective action ‘problem’ (Olson 1965; 

Nunn 2000; Willems et al. 2013). The collective action problem arises when some 

individuals can receive the benefits of collective action without contributing (i.e. ‘free-

riding’), and the incentive to contribute to intergroup conflict is therefore low (Nunn 

2000, Willems et al. 2013). Individuals in larger groups may experience a bigger 

division of resources, which can reduce individual payoffs of competition for some 

group members and make collective action in large groups difficult (Olson 1965). Thus, 

the greatest contributors to intergroup conflict are often those with the largest payoffs 
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(i.e. lowest costs and highest potential benefits), such as higher-ranking individuals or 

those with superior body condition (Olson 1965; Gavrilets 2015; von Rueden et al. 

2015).  

 

Intergroup contests over access to resources are often asymmetric, whereby the fighting 

ability and number of individuals in each group differ (Parker 1974; Maynard Smith 

and Parker 1976; Enquist and Leimar 1990; McComb et al. 1994). Game theory models 

predict that the outcome of conflict will be determined by these asymmetries, since the 

relative strength of a group can be determined by the number of participating 

individuals (Maynard Smith 1974; Wrangham 1999; Cooper et al. 2004; Kitchen et al. 

2004a). These measures indicate each opponent’s resource holding potential, which is 

its ability to win an escalated contest to gain access to limiting resources (Parker 1974). 

Large groups often outcompete smaller groups, and individuals may therefore benefit 

from living in large groups if the payoffs of intergroup competition can benefit group 

members equally (van Schaik and van Hooff 1983; Cheney and Seyfarth 1987; Caillaud 

et al. 2014; Richter et al. 2016; Langergraber et al. 2017).  

 

However, the winner of an intergroup conflict is not always the group with the highest 

relative group strength. Resource holding potential can also be influenced by the 

attributes of individual group members where the physical size, age, experience and 

temperament of individuals may influence the success of a competing group (Heinsohn 

and Packer 1995; Lazaro-Perea 2001; Majolo et al. 2005; Harris 2006). In addition, 

encounter location can affect the outcome of intergroup interactions, as territory 

‘owners’ may invest more than intruders because of the payoff gained through 

maintaining access to a territory (Crofoot et al. 2008; Furrer et al. 2011). Thus, 
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asymmetries in payoffs and in resource holding potential can affect the threat from an 

opponent, which can subsequently influence behaviour during an intergroup encounter. 

 

Theory predicts that animals fight to gain information about extra-group conspecifics 

(e.g. mating opportunities and relative strength), and groups that have more knowledge 

about each other (i.e. neighbouring groups) are less likely to engage in high level 

aggression than ‘stranger’ groups (Getty 1989; Wich and Sterck 2007). Neighbouring 

groups may interact to maintain home range boundaries and monitor each other, 

whereas ‘stranger’ groups may enter a home range or territory for permanent access to 

resources (Temeles 1994). The latter is therefore more likely to result in a more 

aggressive interaction, a behavioural pattern known as the ‘dear enemy’ effect (Getty 

1987; Temeles 1994). Research in Thomas langurs (Presbytis thomasi), chimpanzees 

(Pan troglodytes verus), green woodhoopoes (Phoeniculus purpureus) and red squirrels 

(Tamiasciurus hudsonicus) support the ‘dear enemy’ effect, finding that groups interact 

less aggressively when they have encountered each other more frequently in the past 

(Radford 2005; Wich and Sterck 2007; Herbinger et al. 2009; Siracusa et al. 2017). 

Moreover, research in western gorillas (Gorilla gorilla) has found that groups 

containing related males are involved in fewer aggressive interactions but more 

peaceful encounters in comparison to groups containing unrelated males (Bradley et al. 

2004). Thus, familiarity between groups may affect behaviour during intergroup 

interactions as well as influence the range of behavioural consequences observed 

following intergroup conflict. 
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The aftermath of intergroup conflict 

Habitat use and movement patterns can be affected by intergroup interactions, and 

studies have shown that groups that lose an interaction travel farther and faster than 

groups that win (Cheney and Seyfarth 1987; Crofoot 2013). In addition, groups that 

lose an intergroup interaction may experience a loss in mating opportunities (Sicotte 

1993; Kitchen et al. 2004a; Mares et al. 2011; Scarry and Tujague 2012), short-term 

reduction in access to resources (e.g. Janson and van Schaik 1988; Harris 2006; Crofoot 

2013) or long-term exclusion from areas of high-quality habitat (Pride et al. 2006; 

Mitani et al. 2010). Energy spent on travelling further to access resources and to avoid 

intergroup conflict may affect time spent in other important behaviours, such as 

vigilance (Ridley et al. 2010), offspring care (Mares et al. 2012), and resting (Dunbar 

and Dunbar 1988), and the frequency and outcomes of intergroup conflict may 

therefore have significant effects on individual fitness. 

 

Because collective action is important for determining the outcome of intergroup 

contests (Koch et al. 2016; Richter et al. 2016; Langergraber et al. 2017), intragroup 

cohesion should be the greatest when intergroup competition is highest (Radford 2008; 

Monclus et al. 2014). Maintaining or improving the affiliative relationships between 

group members following intergroup conflict may enhance social cohesion, which can 

increase the likelihood that individuals will participate in future intergroup contests 

(Radford 2011; Ibáñez et al. 2013; Arseneau-Robar et al. 2016). On the other hand, 

increases in aggression between group members may (1) be the proximate consequence 

of increased stress levels and/or (2) act to punish group members depending on their 

participation in a given intergroup contest (Arseneau-Robar et al. 2016). Encounters 

with unfamiliar groups may last longer and be more ‘stressful’ (e.g. Moser-Purdy et al. 
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2017), and the extent of intragroup behavioural change in response to an intergroup 

interaction may therefore depend on the characteristics of the encounter, including the 

level of aggression and the identity of the opponent group (Radford 2008, Moser-Purdy 

et al. 2017). There is increasing evidence that intergroup conflict can subsequently 

affect behavioural interactions between group members (di Sorrentino et al. 2012; 

Radford et al. 2016; Seiler et al. 2017), however the factors influencing these changes 

remains poorly understood but potentially important for our understanding of group 

dynamics. 

 

Studying intergroup encounters in the wild 

Testing hypotheses regarding causes of variation in behaviour intergroup interactions 

has proved difficult for several reasons. In particular, conducting an analysis with 

multiple predictors of intergroup aggression typically requires a large sample size of 

encounters between identifiable and habituated groups (Harris 2007). In many species, 

intergroup encounters may be infrequent and difficult to predict, and may be hard to 

observe in full due to low visibility and/or habituation levels of the groups involved 

(Harris 2007). Playback experiments have been used in both captive and natural settings 

to investigate responses of social groups to the simulated presence of another group, 

primarily to test responses according to simulated group location and familiarity (see 

Wilson et al. 2001; Wich et al. 2002; Herbinger et al. 2009; Moser-Purdy et al. 2017). 

However, a single playback from a rival only represents the start of an interaction, and 

does not incorporate the variation in duration, intensity and outcome that may follow 

(Radford et al. 2016). Therefore, observations of full interactions between wild groups 

are important to establish the range of natural behaviours both during and following 

interactions (Radford et al. 2016; Christensen and Radford 2018). 
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A major advance in understanding the variation in the nature and consequences of 

intergroup interactions is to analyse long-term records of naturally occurring intergroup 

interactions, which is available for several populations of mountain gorillas (Gorilla 

beringei beringei). Mountain gorillas are an interesting species to study intergroup 

encounters because of the high variability in social organisation, structure and feeding 

ecology (Watts 1984; Robbins 2001; Ganas and Robbins 2005). Moreover, both males 

and females can disperse from their natal group (Harcourt et al. 1976), and 

neighbouring groups are likely to contain familiar, and potentially related, extra-group 

individuals (Caillaud et al. 2014). Such variability is expected to influence the relative 

roles of resource and mate defence during intergroup encounters, and thus the nature of 

those encounters (Sicotte 1993; Robbins and Sawyer 2007). Using long-term studies to 

investigate naturally-occurring intergroup encounters in mountain gorillas will 

therefore allow a better understanding of the social and ecological processes that can 

affect within-group behaviour, ranging patterns, and population demography in a 

critically endangered species (Bales et al. 2001; Clutton-Brock and Sheldon 2010), as 

well as shed light on the role of intergroup tolerance and conflict on sociality across the 

primate order. 

 

1.2 Study species: mountain gorillas  

The mountain gorilla is a large, group-living primate that has been continuously 

observed in the wild at the Karisoke study site for over 50 years (e.g. Harcourt et al. 

1976; Sicotte 1993; Caillaud et al. 2014). Despite a number of records of overt 

aggression observed during intergroup interactions in this species (Yamagiwa 1987; 

Watts 1989; Sicotte 1993; Rosenbaum et al. 2016b) the causes of individual and group-

level behavioural plasticity associated with such interactions remains relatively 
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unknown. Published reports are limited to (1) a 20-month field study on three 

habituated groups (Sicotte 1993), (2) a seven-year study on one habituated group 

(Robbins and Sawyer 2007), both of which highlighted the importance of male-mating 

competition on intergroup behaviour, (3) a descriptive report of three lethal coalitionary 

attacks on extra-group males (Rosenbaum et al. 2016b), and (4) evidence for the 

influence of intergroup encounters on ranging behaviour (Yamagiwa 1987; Caillaud et 

al. 2014). There is evidence for variation in behaviour both during and following 

intergroup interactions (Caillaud et al. 2014; Seiler et al. 2017), however 

comprehensive integration of group-level patterns and individual behaviour is yet to be 

conducted. 

 

Gorillas are the largest of the great apes, and are highly sexually dimorphic, with males 

weighing 162.5 kilograms on average, which can be twice as large as adult females 

(Ishizuka et al. 2018). Mature males (12+ years old) are known as silverbacks, and can 

possess secondary sexual traits, including large canines, which may aid in intrasexual 

competition (Plavcan and van Schaik 1992). Intrasexual competition is more intense 

among males than females (Watts 1991), which is primarily due to the highly skewed 

operational sex ratio (there is a 3.9 year average inter-birth interval for females, Watts 

1989). Females are considered adults at 8 years old, and those without dependent 

infants (offspring younger than 3 years old) are considered potentially migrant because 

they may transfer between groups (Harcourt et al. 1976), which can elicit high 

competition between males in different groups (Sicotte 1993). Group home ranges vary 

in average annual size from 3 to 24 km2, and a high degree of home range overlap exists 

(Caillaud et al. 2014). Intergroup conflict in mountain gorillas is therefore not driven 

by territory defence (Sicotte 1993; Robbins and Sawyer 2007). 
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Long-term studies of mountain gorillas indicate that encounters can occur all year 

round, and can involve between three types of social units: solitary silverbacks, single-

male and multi-male social groups (Sicotte 1993). Social groups typically contain one 

top-ranking silverback male, several adult females and their offspring, and can range in 

size from 2 to 40+ adults (Harcourt 1979; Robbins 2001). In single-male groups, the 

silverback male sires all offspring in the group (Yamagiwa 1987; Bradley et al. 2005). 

In multi-male groups the top-ranking silverback male has primary access to mates, but 

lower-ranking males have regular mating opportunities and can sire up to 15% of 

offspring (Bradley et al. 2005). Young mature males (beginning around 11 years old) 

either stay in their natal group, or disperse and travel alone until they successfully 

attract females to start their own group (Harcourt et al. 1976). However, subordinate 

silverback males often have higher lifetime reproductive success than dispersing males 

that become solitary (Bradley et al. 2005; Robbins and Robbins 2005). Multi-male 

groups have been shown to benefit from a higher probability of attracting females, 

earlier female fertility and reduced risk of infanticide (Koenig 1995; Robbins 1995). 

However, the role of subordinate males in intergroup contests remains unclear (but see 

Robbins and Sawyer 2007). 

 

Encounters between mountain gorilla groups can be relatively frequent (groups can be 

observed to interact up to 4 times per month, Robbins and Sawyer 2007), and the 

intensity of aggression during encounters has been strongly related to the number of 

potentially migrant females (Sicotte 1993). Interactions between social groups and 

solitary males may be more aggressive than between two groups, since solitary males 

have little to lose and much to gain in terms of access to reproductive opportunities 

(Robbins and Sawyer 2007). Aggressive intergroup interactions can be lethal 
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(Rosenbaum et al. 2016b) and result in larger daily and monthly ranging distances 

(Caillaud et al. 2014). To minimise these costs, groups may benefit from maintaining 

familiarity with neighbouring groups. Groups that historically fissioned tend to remain 

in the same area of the habitat as their natal group, which may reduce the frequency of 

intergroup aggression (Caillaud et al. 2014), similar to that observed in western gorillas 

(Bradley et al. 2004). Tolerance during encounters with familiar individuals may 

therefore be promoted by social familiarity. However, besides aggressive encounters, 

little is known about the causes and consequences of different behaviours expressed 

during intergroup interactions in mountain gorillas. 

 

The daily presence of researchers and high levels of habituation of the study groups, 

which have been studied in the Volcanoes National Park, Rwanda since 1967, allows 

behaviours during intergroup interactions to be recorded with accuracy (see 

Rosenbaum et al. 2016a). Highly trained field staff and researchers from the Dian 

Fossey Gorilla Fund’s Karisoke Research Center collect daily demographic and 

behavioural data on the habituated gorilla groups in a standardised manner. Previous 

studies on the Karisoke population have recorded between 3-12 social groups in the 

population per year, containing between 75 and 130 gorillas (Gray et al. 2013; Caillaud 

et al. 2014). Data collection protocols involve observing known gorillas from a distance 

of 7m for a maximum of four hours per day (per national park regulations). Due to the 

long observation history, extensive life history information is available for the majority 

of individuals, with staff able to conclusively identify the groups and individuals 

involved in intergroup interactions. Details on intergroup interactions have been 

recorded systematically since 2003, and an extensive database includes information on 
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the date, GPS location and group identities, as well as the identities and behavioural 

exchanges of the individuals involved. 

 

1.3 Overview of this thesis 

This thesis aims to understand the causes and consequences of different types of 

intergroup interactions on individual behaviour and intragroup relationships. 

Interactions between mountain gorilla groups are classified as visual or non-visual, and 

may or may not escalate to physical contact, such as kicking or biting. The data used in 

this study include daily observations of baseline behaviour and intergroup encounters 

between multiple habituated groups. Throughout this thesis, I aim to contribute detailed 

knowledge to our understanding of the causes of intergroup interactions and why 

individuals vary in their responses to such group-level events. Previous studies of 

intergroup encounters have improved our understanding of the drivers of conflict in 

group-living societies (e.g. Cheney and Seyfarth 1987; McComb et al. 1994; Fashing 

2001; Cant et al. 2002; Radford and du Plessis 2004; Wilson et al. 2012; Markham et 

al. 2013), but it remains unclear (a) why individuals sometimes interact peacefully, (b) 

why there is variation in participation during intergroup encounters, and (c) how 

intergroup conflict can affect subsequent intragroup behaviours.  

 

While there has been extensive research into the ecology, behaviour and reproduction 

of mountain gorillas (Harcourt et al. 1976; Watts 1989; Watts 1998; Robbins 1999; 

Sicotte 2001; Bradley et al. 2005; Robbins et al. 2006; Harcourt and Stewart 2007; 

Robbins et al. 2009; Stoinski et al. 2009; Grueter et al. 2013; Caillaud et al. 2014), gaps 

remain in our understanding of their intergroup relations. In light of the impact that 

intergroup interactions can have on survival, reproduction and group stability (Robbins 
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et al. 2013; Caillaud et al. 2014; Rosenbaum et al. 2016b), addressing this gap is 

imperative. Intergroup encounters may account for a large proportion of recent 

mortality events; from 2008-12 approximately 25% of deaths were considered a direct 

result of intergroup interactions (Caillaud et al. 2014). Furthermore, an increase in 

intergroup encounters may lead to an increase in disease transfer rates, regardless of the 

nature of intergroup encounters (Caillaud et al. 2014). Mountain gorillas are critically 

endangered and face multiple threats to their survival (Bales et al. 2001; Gray et al. 

2013). Due to successful conservation efforts, the mountain gorilla population has 

increased by about 50% to approximately 480 individuals since the 1980’s, and the 

number of social groups has tripled (Gray et al. 2013). This has led to a sixfold increase 

in the rate of intergroup encounters (Caillaud et al. 2014), and consequently, it is 

important to understand the factors influencing intergroup relations in mountain 

gorillas, and how changes in such interactions over time may affect intragroup 

behaviour and population dynamics. 

 

In this study, I examine three main aspects of intergroup interactions. First, in chapter 

two, I determine the factors associated with the escalation of intergroup aggression, 

which can range from no aggression (i.e. peaceful) to agonistic (with or without 

physical contact, Sicotte 1993; Robbins and Sawyer 2007). I use group familiarity, size 

and composition differences, and the resource value being contested (i.e. availability of 

mates) to explain variation in the types of intergroup encounters observed over the last 

13 years.  

 

Second, in chapter three, I determine the causes of individual variation in behaviour 

during intergroup interactions. Although group-level responses can reveal significant 
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ecological and social factors influencing behaviour in wild primates (Harris 2007), 

individuals within a group rarely respond uniformly to external threats (Nunn 2000). 

While previous studies have focused on aggression between competing males (Sicotte 

1993; Robbins and Sawyer 2007), females and juveniles are also occasionally involved 

in intergroup interactions (Rosenbaum et al. 2016), and intergroup interactions in 

mountain gorillas are not always aggressive (Sicotte 1993; Robbins and Sawyer 2007). 

In chapter three, I examine the factors that influence each group member’s behaviour 

during intergroup interactions, including intragroup social influences, potential 

reproductive gains and intergroup familiarity. I use the familiarity of opponents, 

measures of group size and composition, as well as individual characteristics (e.g. 

social rank) to investigate variation in participation during different types of intergroup 

encounters. Identifying the factors influencing the tendency for individuals to ‘free-

ride’ from their group members will reveal the extent of cooperation in mountain 

gorillas, as well as the potential costs and benefits of group-living. 

 

Finally, in chapter four I determine the consequences of intergroup interactions on 

within-group behaviour. Interactions between groups can be highly stressful (Eckardt 

et al. 2016) and result in changes to group structure, composition and individual fitness 

(Watts 1989; Rosenbaum et al. 2016b). Additionally, different types of intergroup 

interaction may have variable effects on within-group behaviour. However, the 

influence of the type of interaction on subsequent behaviour has rarely been 

investigated empirically. Thus, I explore how intergroup conflict affects within-group 

social interactions and time individuals spend feeding, resting and moving. The 

implications of intergroup conflict may be long-lasting (i.e. extending beyond 

immediate costs such as injury or loss of a group member), and may relate to important 
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aspects of group-living such as group cohesion, which can eventually affect long-term 

group stability and individual fitness (Cheney and Seyfarth 1987). Elucidating the 

causes of behavioural plasticity in all aspects of intergroup interactions (i.e. cause of 

escalation, individual roles during interactions and subsequent effects on behaviour) 

will help us understand the major driving factors and implications of interacting with 

extra-group conspecifics. 

 

The specific objectives of this research are: 

(1) identify the factors that cause variation in the types of intergroup interactions 

observed in wild mountain gorillas (i.e. peaceful or aggressive) 

(2) investigate the causes of differences in individual participation during 

intergroup interactions relative to individual characteristics, group dynamics and the 

nature of the encounter itself 

(3) determine whether there is an effect of intergroup conflict on intragroup 

behaviour  

 

1.4 Significance of this research 

Although the population size of Rwanda’s mountain gorillas is increasing, a highly 

limited habitat range restricts the spatial expansion of the social groups beyond the park 

borders. Thus, an increasing density of gorillas in a limited-space protected area is 

likely to result in increasing competition for resources, which has the potential to impact 

gorilla survival and fecundity and thus future population growth. It is therefore essential 

to understand the primary causes of intergroup aggression (since this is a significant 

cause of mortality), and the subsequent effects on intragroup behaviour in order to 

predict the potential impact of an increasing population. Moreover, a better 
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understanding of changes in intragroup behaviour in response to intergroup relations 

may reveal information about the benefits of sociality. In humans, aggressive 

tendencies and warfare feature prominently throughout discussion of intergroup 

interactions, despite peaceful and cooperative alliances among different groups also 

being a human universal (Chapais 1988; Wrangham 1999; Grueter and White 2014). 

Exploring the similarities between intergroup interactions across group-living species 

may reveal important evolutionary factors influencing the balance between cooperation 

and conflict in social animals. 
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CHAPTER TWO 

 

Low familiarity and similar ‘group strength’ between opponents increases the 

intensity of intergroup interactions in mountain gorillas 
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Pictured: young males from different groups resting in between playing bouts during 

a peaceful intergroup interaction 
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2.1 Abstract 

Intergroup interactions in social animals can vary from hostility to affiliation and may 

be influenced by factors such as competitive ability, resource values and existing 

intergroup relationships. Despite the potential for intergroup interactions to affect 

individual fitness and group stability, few studies have comprehensively tested how 

social, demographic and ecological factors may simultaneously influence intergroup 

interactions. Using 13 years of continuous data on intergroup interactions (n=464), 

group composition, range use and diet, I investigated the factors that influenced the 

initiation and escalation of intergroup interactions in a fully habituated subpopulation 

of mountain gorillas in Volcanoes National Park, Rwanda. The majority of interactions 

resulted in agonistic displays (57%), while peaceful exchanges and physical aggression 

were less common (18% and 25% of interactions respectively). Solitary males and 

young top-ranking silverbacks were the most likely to initiate an intergroup interaction 

because these males have the highest incentive to attract mates. Aggressive interactions 

between a group and a solitary male involved a high number of participants from the 

group, reflecting the group-level incentive to avoid potential injury and infanticide 

associated with encountering a solitary male attempting to gain mating opportunities. 

Aggression between social groups escalated when groups were similarly sized, perhaps 

because these groups have similar competitive abilities and compete more aggressively 

to reach an outcome. Peaceful interactions were most common between groups 

containing familiar and related individuals, suggesting that the limited dispersal of 

gorillas may facilitate kin-selected intergroup tolerance. Variation and plasticity in 

behaviour during intergroup interactions is therefore dependent on the opponent’s 

familiarity and threat level. 
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2.2 Main text 

Introduction 

The role of resource competition and territory defence as important drivers of 

intergroup conflict have been well-established in many group-living species (Brown 

1964; Enquist and Leimar 1990; Harris 2007). The temporal and spatial patterns of 

resources, such as food and mates, can elicit aggressive interactions between groups of 

conspecifics when these resources are limiting and defendable (Mech 1994; Boydston 

et al. 2001; Harris 2007; Mosser and Packer 2009; Golabek et al. 2012; Thompson et 

al. 2017). Interactions involving mate and/or resource defence can affect the 

reproductive success and survival of all group members, and can therefore have 

significant fitness consequences (Trivers 1972; Wrangham 1980; Cheney and Seyfarth 

1987; Harris 2006; Golabek et al. 2012; Sorato et al. 2015). The escalation and duration 

of intergroup conflict is largely a result of the difference in competitive abilities 

between interacting groups and the potential payoffs of a particular interaction 

(Wrangham 1980; Cheney and Seyfarth 1987; Robinson 1988; Mech 1994; Reichard 

and Sommer 1997; Watts et al. 2006; Mosser and Packer 2009; Crofoot 2013). 

However, the specific factors influencing the occurrence of peaceful and/or affiliative 

interactions between social groups are much less well understood. Studies have 

suggested that social and kin relationships existing among individuals across social 

groups may result in higher levels of tolerance, such that the response of one social 

group to another may depend on the opponent’s identity (Radford 2005; Wich and 

Sterck 2007; Mosser and Packer 2009). 

 

In territorial species, the ‘dear enemy effect’ suggests that the likelihood of aggression 

is inversely related to the degree of familiarity between groups (Getty 1987). This 
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hypothesis suggests that a social group is more likely to tolerate neighbouring groups 

that they may encounter more frequently, compared to distant territory holders (Getty 

1989; Wich and Sterck 2007; Markham et al. 2013; Moser-Purdy and Mennill 2016). 

Individuals that have encountered each other more frequently may be able to predict 

one another’s actions, whereas the threat of an unfamiliar group entering the territory 

is unknown and potentially costly, subsequently resulting in more aggressive 

interactions between unfamiliar groups (Getty 1987; Stanford 1991; Temeles 1994; 

Whiting 1999; Radford 2005; Herbinger et al. 2009; but see: Müller and Manser 2007). 

Less aggressive interactions may also result from existing relationships between 

dispersed individuals, such as relatedness among neighbouring conspecifics (Bartlett 

2003). For example, related extra-group male western gorillas (Gorilla gorilla) respond 

less aggressively to each other, suggesting that kin tolerance may influence intergroup 

relations (Bradley et al. 2004; Greenway 2015). However, empirical support for the 

influence of existing relationships between dispersed individuals on intergroup 

interactions is limited. 

 

The occurrence of an aggressive intergroup interaction can also depend on asymmetries 

in both competitive ability and perceived resource value. A group’s competitive ability, 

or ‘resource holding potential’ is often associated with group size and/or the physical 

abilities of individual group members (Milinski and Parker 1991; McComb et al. 1994; 

Wrangham 1999; Lazaro-Perea 2001; Wilson et al. 2001; Batchelor and Briffa 2010; 

Bonanni et al. 2011; Furrer et al. 2011; Cassidy et al. 2015). However, large groups 

may be unsuccessful in intergroup conflict if they enter into a smaller group’s home 

range, as the smaller group may respond with more aggression to defend the area (i.e. 

asymmetry in resource value, Crofoot et al. 2008). Outnumbered or less ‘motivated’ 
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groups may therefore benefit from avoiding extra-group conflict, as the costs of 

aggression may be larger than the payoffs (Maynard Smith and Parker 1976). When 

groups are evenly matched and/or have equal value on the contested resource, escalated 

aggression may be required to reach an outcome because the mutual assessment of each 

opponent does not indicate the likely winner of the contest (Radford and du Plessis 

2004; van Belle and Scarry 2015; for humans see: Briffa 2014; Grueter et al. 2016). 

Thus, the number of opponents and the motivation of individuals can influence the 

extent to which groups will compete with each other, and thus the extent to which 

aggression is likely to occur. 

 

Observations of naturally occurring intergroup interactions in fully habituated, free-

ranging mountain gorilla (Gorilla beringei beringei) groups have been conducted since 

2003 by the Dian Fossey Gorilla Fund International’s Karisoke Research Center, and 

the long-term dataset provides a unique opportunity to expand on the knowledge of 

intergroup dynamics in social primates. Mountain gorillas demonstrate a great range of 

intergroup interactions, involving social groups and/or a solitary male, ranging from 

highly aggressive, lethal attacks (Rosenbaum et al. 2016b) to peaceful mingling 

between social groups (Sicotte 1993). Aggressive intergroup interactions can cause 

large shifts in group ranging patterns, and can account for up to 25% of annual mortality 

in mountain gorillas; primarily involving loss through infanticide, and mortality of 

silverbacks as a result of injury or direct fighting (Caillaud et al. 2014). Each study 

group is involved in an average of 15 interactions per year, and the study groups have 

highly overlapping home ranges (up to six groups can share a home range, Caillaud et 

al. 2014). 
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Intergroup interactions are the primary opportunity for female gorillas to assess mate 

quality and potentially transfer between groups, and females without a dependent infant 

(referred to as potentially migrant) are more likely to transfer (Harcourt et al. 1976; 

Watts 1989; Sicotte 1993; Robbins and Sawyer 2007; Robbins et al. 2013). A social 

group can contain up to 10 potentially migrant females, and previous research has 

suggested that a greater number of females in one group is expected to increase the 

aggressive behaviour of males in both competing groups (Sicotte 1993). Infanticide can 

reduce the inter-birth interval of females, and is a known outcome of interactions with 

extra-group males (Yamagiwa 1987; Watts 1989; Sicotte 1993; Robbins et al. 2013). 

Extra-group males may therefore engage in intergroup aggression to defend females 

and infants, as well as to prompt females to transfer into their group (supporting the 

mate-defence hypothesis). 

 

Females and their offspring are defended by one or more adult males, and groups can 

range in size from 2 to 40+ adults (Gray et al. 2013). Multi-male groups on average 

contain 4 silverbacks (12 years or older) but can range up to 8, including one that is the 

highest-ranking and has primary access to mating opportunities (Stewart and Harcourt 

1987; Robbins and Robbins 2005; Caillaud et al. 2014). Males may disperse from their 

natal group and be solitary for various periods of time (Harcourt et al. 1976). Solitary 

males pose a particularly high threat to social groups during intergroup interactions 

because of their high likelihood to take risks for mate acquisition (Robbins and Robbins 

2005; Robbins and Sawyer 2007). Previous studies have indicated that the frequency at 

which a specific male will approach social groups is high when he is solitary, and 

reduces when he gains females (Watts 1994). Thus, interactions involving a solitary 

male are likely to be highly aggressive, as they can involve lengthy attempts by the 
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solitary male to acquire mates, as well as defence by group-living male(s) to retain 

mates (Rosenbaum et al. 2016b). 

 

Mountain gorillas are non-seasonal breeders and their diet consists primarily of 

herbaceous vegetation that is relatively abundant throughout the year, with the 

exception of bamboo shoots (Watts 1984; Watts 1998). Some study groups in the 

Virunga population use the seasonal bamboo forests more heavily than others (Watts 

1998), and time spent feeding on bamboo shoots can positively affect energy intake 

rates (Grueter et al. 2014; Wright et al. 2015). However, it is unknown if the mutual 

attraction of groups to bamboo affects the occurrence of intergroup aggression. 

Mountain gorillas are non-territorial (Vedder 1984; Sicotte 1993), although the recent 

population increase (in a restricted habitat) may result in groups engaging more 

aggressively within their home range due to limiting space and changes in food 

abundance within the suitable habitat (Grueter et al. 2013; Caillaud et al. 2014; see also 

Wal et al. 2014).  

 

Prior to 2007, the study population consisted of three study groups, which fissioned 

into a total of twelve social groups (figure 2.1). Groups that formed as a result of 

fissioning demonstrated high home range fidelity to the area of their natal group 

(Caillaud et al. 2014), indicating the potential for frequent intergroup interactions with 

kin. However, despite significant population growth and changes in group structure 

(Gray et al. 2013), an investigation of the relative influence of social history, 

demographic changes and ecological conditions on the outcome of intergroup 

interactions in mountain gorillas is lacking. Long-term studies of multiple habituated 

groups are of considerable value for improving our understanding of complex group-
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level interaction patterns, although the availability of such long-term data are often 

limited (Harris 2007; Kitchen and Beehner 2007, but see: Boesch et al. 2008; Markham 

et al. 2012; Wilson et al. 2012). My study aims to reveal which factors best predict the 

drivers of intergroup conflict to better understand why some intergroup interactions are 

more aggressive than others in mountain gorillas, which may reveal more about the 

costs and benefits, as well as the predictability, of intergroup interactions in group-

living species. 

 

Methods 

Study site and collection protocol 

The study included 13 years of data (2003-2015) on naturally occurring intergroup 

interactions in a subpopulation of fully habituated mountain gorillas monitored by the 

Dian Fossey Gorilla Fund’s Karisoke Research Center (I will use the term ‘intergroup 

interactions’ throughout, but this term includes both interactions between two groups, 

Figure 2.1: Dynamics of the 14 study groups across the study period (1 Jan 2003 – 30 June 2015). 

Branching indicates a permanent group split and the ending of each branch indicates group extinction (i.e. 

significant group fragmentation following loss of highest-ranking silverback). Each group is identified 

using three letter codes on the y-axis 
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and interactions between a social group and a solitary male). The Karisoke study 

population ranged over an area of approximately 18 km2 (Gray et al. 2013; Caillaud et 

al. 2014), and the study population ranged in size from 97 to 130 adult individuals 

(2003-2015, Caillaud et al. 2014; Rosenbaum et al. 2016b). My data included 

interactions involving a total of 14 unique study groups that were each monitored daily 

for four hours (per national park regulations) by a team of field staff and researchers. 

All data were collected by observers that passed animal identification tests and repeated 

reliability tests. 

 

Details on each interaction included the GPS location and date of the interaction, which 

group initiated the interaction (made first display or approached opponent) and the 

identity of the groups involved. An observer present in one or both of the interacting 

study groups completed an interaction report including the type and duration of 

interaction, all of the behaviours exchanged and the actor/receiver of each behaviour 

(for full list of behavioural definitions used to classify intergroup interactions see 

supplementary table S2.1). Information from both participating groups were later 

compiled if two reports were made (i.e. if groups were exchanging long-distance 

vocalisations, the observer in each group could confirm the identity of both groups 

involved). Only interactions where the initiation and completion of the behavioural 

exchange was observed were included in the dataset, which included 464 independent 

events over the study period. 

 

I defined an intergroup interaction as when observers detected a response by at least 

one study group to the presence of another gorilla (group-living or solitary individual, 

sensu Doran-Sheehy et al. 2004; Robbins and Sawyer 2007), which could be detected 
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up to two kilometres apart (Schaller 1963; Robbins and Sawyer 2007). Reponses 

included (1) approaching: individuals from one or both group(s)/solitary male 

approached the other, (2) displaying: behaviours directed towards the other 

group/solitary male which may or may not have involved one opponent approaching 

the other, (3) tolerating: individuals stopped their current activity to look in the direction 

of the other group/solitary male but resumed activity with no movement towards or 

away from opponent, or (4) avoidance: individuals stopped their current activity to 

move in the opposite direction of the other group/solitary male. An intergroup 

interaction was considered to have finished at the time the last exchange of behaviour 

was recorded and/or when both group(s)/solitary male were out of visual contact. If the 

opponents remained out of visual contact for the entirety of the interaction, I considered 

it an auditory interaction. When the opponents made clear visual contact I considered 

this a visual interaction. Interactions typically began with non-visual display 

behaviours, such as vocalisations and chest beating, which may have escalated to either 

1) visual, non-physical display threats, or 2) physical aggression between opponents. 

Each interaction was classified as one of the following types: 

1. Peaceful: auditory and/or visual interaction between two groups/group and 

solitary male did not lead to aggressive behaviours or avoidance by either 

opponent (i.e. tolerance), and may have involved affiliative behavioural 

exchanges (e.g. playing) 

2. Non-visual agonistic: at least one group/the solitary male directed behaviours 

towards the opponent, and observers were not aware of any visual contact 

between opponents e.g. chest-beating out of sight in direction of opponent 

(opponent may have tolerated, returned display or avoided the interaction) 
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3. Visual, non-physical agonistic: agonistic behaviours directed from at least one 

group/the solitary male towards another within visual contact that did not 

escalate to physical contact e.g. smashing plants, strut-stance (opponent may 

have tolerated, returned display or avoided the interaction) 

4. Physical agonistic: when contact aggression between members of the two 

interacting groups/the solitary male was observed e.g. biting 

In some cases an interaction would involve a combination of agonistic and neutral/non-

agonistic behavioural exchanges, in which case the most common type of behaviour 

during the encounter was used to classify the interaction (e.g. an interaction involving 

one instance of playing between extra-group individuals and 10 instances of agonistic 

displays between extra-group individuals was classified as agonistic). Any interactions 

involving groups from outside the study population (with unknown group compositions 

and unidentifiable group members) or unidentifiable solitary males were not included 

in the analysis (n=52 excluded from 2003-2015). 

 

Factors affecting the initiation of an intergroup interaction 

Since my dataset included interactions where the both opponents were with a team of 

observers and therefore their identities were known (including solitary males), I 

randomly assigned one group/solitary male as the ‘focal’ to test if specific 

characteristics may make one opponent more likely to initiate an interaction with the 

other. To determine which factors best predicted the probability of a solitary male or a 

social group approaching another group, I used generalised estimating equations (GEE) 

with a binary response variable; 1= focal approached opponent and 0=focal was 

approached by opponent. I tested if group size, composition or experience (e.g. the age 

of the highest-ranking silverback/solitary male) influenced the probability of the focal 
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unit approaching another group (table 2.1). I ran a separate analysis excluding 

interactions involving a solitary male, as social groups may have different factors 

affecting the likelihood of approaching another group than a solitary male would. 

 

Factors affecting intergroup aggression 

To determine what factors predicted different types of agonistic intergroup interactions, 

I conducted multinomial GEEs with the interaction type as the response variable (where 

1= auditory agonistic, 2= visual/non-physical agonistic or 3= physical agonistic). I 

expected that interactions involving solitary males would be determined by different 

factors to those involving two groups, and therefore analysed these interactions 

separately (see introduction and Harcourt et al. 1976; Watts 1994). Males defend fertile 

females and attempt to acquire females during intergroup interactions, and more 

females in one group will thus affect behaviour in males of both groups (Sicotte 1993). 

I therefore considered the following parameters could potentially influence interaction 

type: highest number of potentially migrant females between both competing groups 

(females 8 years old+ without a dependent infant), the highest number of unweaned 

infants between both competing groups (less than 3 years old, sensu Sicotte 1993; 

Robbins and Sawyer 2007), duration of the interaction, difference in group size, 

difference in the number of adult males, difference in the number of participating group 

members, population size (total number of adults across all study groups) and total 

number of study groups on the date of each intergroup interaction (table 2.1). 
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Table 2.1 Variables selected for use in model analyses of intergroup encounters in mountain gorillas.  

 

 *indicates variables used only in analysis of likelihood of social unit to initiate an interaction with another (excluded from 

analysis of interaction escalation) ^ indicates variables used only in analysis of interaction escalation (excluded from analysis of 

likelihood of social unit to initiate an interaction with another) 

 

Factors affecting peaceful intergroup interactions 

To determine whether familiarity would reduce intergroup aggression (between (a) two 

groups and (b) between a group and solitary male), I tested whether the number of times 

opponents had recently encountered each other (i.e. in the last 6 months) influenced the 

likelihood of a peaceful intergroup interaction. I considered the following additional 

Predictor variables Description 

Mate/infant defence  

Potentially migrant 

females 

a) Highest number of adult females (≥ 8 years old) without dependent infant (≤ 3 

years old) between interacting units (e.g. if group A had 1 potentially migrant 

female and group B had 6 potentially migrant females, value used in analysis was 

6)^, b) number of adult females without dependent infants in focal*, c) difference 

in number of adult females without infants between interacting units^: included in 

group vs group analysis only 

Infants a) Highest number of dependent infants between interacting units^, b) number of 

dependent infants in focal group* 

Asymmetry in resource holding potential 

Relative group size Number of adults in focal unit minus number of adults in opposing unit 

Relative number of  

   adult males 

Number of adult males in focal unit minus number of adult males in opposing unit 

Relative number of    

   participants^ 

Number of a) adult participants and b) adult male participants in focal group minus 

number of a) adult participants and b) adult male participants in opponent group 

Adult males (focal)* Number of adult males (≥ 12 years old) in focal unit 

Group size (focal)* Number of adults (males ≥ 12 years old, females ≥ 8 years old) in focal unit 

Highest-ranking 

   silverback/solitary 

   male age* 

Age (years) of highest-ranking silverback of focal group at date of interaction 

Group familiarity 

Groups had split Interacting units had split from a single group in the past (score=1) or not (score=0). 

Group splits prior to study period were still considered 

Highest-ranking 

   silverback relation 

Present (score=1): DSB of interacting units were half/full siblings or father-son or 

‘absent’ (score=0): no immediate relation 

Previous interactions  

   

Number of interactions involving the interacting units in the 6 months prior to the 

date of the interaction of interest 

Time since fission Number of years since groups had fissioned from each other^: included in post-hoc 

analysis of interactions involving split groups only 

Food/home range defence 

Bamboo shoot 

consumption 

Proportion of the population’s monthly diet that included bamboo shoots 

Bamboo zone Interaction occurred within the bamboo vegetation zone (score=1) or not (score=0) 

Core home range Interaction occurred within the core home range of at least one group (score=1) or 

outside of core home range of both groups (score=0) 

Demographic changes 

Population size Total number of adults in study population at date of interaction of interest 

Number of groups Total number of social groups in study population at date of interaction of interest 
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parameters could potentially influence the occurrence of peaceful interactions: whether 

groups/solitary male had fissioned in the previous 7 years (i.e. such that the majority of 

individuals are previous group members), and relatedness between the highest-ranking 

silverback/s or solitary male. All maternal relatedness between silverbacks was known, 

however paternal relatedness was only available for 37% of adult males over the study 

period (Karisoke Long Term Records). To overcome the lack of paternal data I 

considered only the maternal relatedness between a dyad, and relatedness was scored 

as ‘present’ (i.e. when the highest-ranking silverbacks were half/full siblings) or 

‘absent’ (no immediate relation). 

 

Feeding behaviour and home range location 

I tested whether the monthly consumption of bamboo shoots influenced aggression and 

the probability of (a) a solitary male or (b) a social group approaching another group. 

Bamboo shoots are the only known food source to influence large-scale group ranging 

patterns in mountain gorillas (Vedder 1984), and no recent study has investigated if 

there have been any changes in intergroup aggression related to bamboo shoot 

availability as the gorilla population has increased. Daily feeding data over the study 

period were collected during 50-minute focal follows on all individuals in the study 

population >1 year old (data was collected by researchers and field staff, and were 

extracted from the long-term database). Instantaneous scan samples were collected at 

10-minute intervals at which the activity of the focal individual was recorded (i.e. each 

focal sample included six entries of activity and observers typically focal four animals 

per group per day). If that activity was ‘feeding’ the species and part of the food item 

being eaten was recorded. The measure used for analysis was the number of foraging 

observations across all study groups in which bamboo shoots were being eaten in one 
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month divided by the total number of activity recordings of ‘feeding’ across all study 

groups in the same month. 

 

The GPS location of each interaction was overlaid onto vegetation maps of the 

population’s habitat using QGIS 2.10 (Free Software Foundation, Inc.). Vegetation 

within the study population’s range was classified as alpine, subalpine, brush ridge, 

herbaceous, Hagenia, Bamboo, Mimulopsis, meadow and mixed forest (McNeilage 

2001). This classification system was used to determine whether intergroup interactions 

that occurred within the bamboo vegetation zone were more aggressive than those 

outside the zone. Geographic modelling was also used to calculate the yearly kernel 

density estimates for habitat use for each group using ArcGIS 10.2 (Esri, Redlands, 

CA) in tandem with the freeware Geospatial Modeling Environment 0.7.3.0 (Spatial 

Ecology LLC). The locations of each group were taken three times daily (at nest 

location, where the group was reached and where the group was left for the day) and 

were used for construction of the 90% kernel density home range polygon and 50% 

core home range polygon. The peripheral home range was the 90% polygon excluding 

the core polygon. The plugin bandwidth function (or smoothing parameter) was used 

for the kernel density estimations, as this unconstrained data-driven bandwidth matrix 

provides the most accurate levels of smoothing of the home range estimate for each 

group (Duong 2007). This data was used to test if interactions occurring within the core 

area of a group’s home range were more aggressive than those occurring in the 

peripheral area, and if groups within their core home range were more likely to initiate 

an interaction. 
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Statistical analysis 

All analyses were performed in SPSS Statistics (Version 23, IBM Corporation 2015) 

using GEEs. The dyad identity of (a) the interacting group and solitary male or (b) the 

interacting groups was included as a random effect in all analyses to account for the 

potential influence of repeated measures on the distribution of the data. A model 

selection approach was used to determine the most significant predictors of 1) the 

probability of one group approaching another and 2) the probability of a peaceful 

interaction. Predictor variables included in the same model that represented a 

biologically meaningful hypothesis were checked for multicollinearity by producing 

Variance Inflation Factors (VIF) in a linear regression. Any variables with a VIF larger 

than 4 were considered to be highly correlated and were therefore not included in the 

same model (Hill and Gelman 2007). Terms were ranked in order of their QICc values 

(corrected quasi-likelihood under independence model criterion, Pan 2001), such that 

lower values were considered to have more statistical power (Burnham and Anderson 

2002). All models that had confidence intervals that did not intersect zero, explained 

more variation in the data than the null model, and explained at least 20% of the 

variation in the data (predictor weight above 0.20) were considered for further 

interpretation of the data (sensu Grueber et al. 2011; see supplementary tables). Model 

averaging was carried out on all the ‘top model set’ including all possibly influential 

models, where predictor weights for all individual terms that appeared in the full model 

set were calculated using the sum of the QICc weights for each top model that contained 

that variable, such that more important terms had a value approaching unity (Symonds 

and Moussalli 2011). 
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To determine what factors predicted the types of agonistic intergroup interactions 

observed, I used a multinomial model with a cumulative logit function. As above, no 

collinear terms were included in the same global model. I eliminated variables until the 

model included only terms with significance values less than 0.05. These remaining 

terms were considered the best to explain the variation in escalation of intergroup 

aggression (for full list of terms included in global model see supplementary data tables 

S2.4 and S2.5). 

 

Results 

Factors affecting the initiation of an intergroup interaction 

Intergroup interactions occurred all-year round, and the majority were between groups 

(n=289 group vs group, n=175 group vs solitary male) and involved non-physical 

agonistic exchanges (figure 2.2). Of the 38% of interactions that were between a group 

and a solitary male, the majority (77%) were initiated by the solitary male (table 2.2). 

 

Table 2.2 Top model set of the parameters influencing whether a group initiated an intergroup interaction 

(only models with averaged weight of >0.20 presented, for all models see supplementary tables) 

 
Model QICc ΔQICc Effect size ± S.E. Wi 95% C.I. 

Group vs solitary male:      

Solitary male opponent 436.72 0.00 Group approached: -1.66 ± 0.32 >0.99 -2.29,-1.04 

Solitary male approached: 0^   

Null 473.20 36.48 - - - 

Group vs group:      

Highest-ranking  

   silverback age 
339.96 0.00 0.06 ± 0.03 1.00 0.002,0.11 

Null 343.93 3.97 - - - 
^
terms with effect size ‘0’ are the reference category in SPSS 
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Figure 2.2 Percentage of intergroup interactions classified as one of four behavioural categories 

 

 

 

 

For interactions between social groups, I found that the age of the highest-ranking 

silverback was the most significant influence on interaction initiation (table 2.2). 

Specifically, younger top-ranking silverbacks initiated interactions with another group 

more often than older top-ranking silverbacks (age range 14.74-36.52 years, figure 2.3). 

Neither the number of potentially migrant females, familiarity or relatedness, nor 

resource holding potential (larger groups or groups with more adult males) influenced 

the likelihood of one social unit to initiate an interaction with another group or a solitary 

male (see supplementary tables S2.2 and 2.3). 
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Figure 2.3 The effect of a highest-ranking male’s age (mean ± 1 S.E.) on the likelihood that a social 

group would approach and initiate an interaction with another group in mountain gorillas (0=did not 

initiate encounter, 1=initiated encounter) 

 

 

 

Factors affecting intergroup aggression 

Interactions between a solitary male and a social group were typically agonistic (96% 

of interactions), and contact aggression was more likely when there were a high number 

of participating group members (p=0.005, table 2.3, figure 2.4). This suggests that a 

higher disparity in numbers between a solitary male and a social group led to escalated 

aggression. Moreover, longer intergroup interactions (involving both a solitary male vs 

group and two groups) were more likely to involve contact aggression between 

opponents, while non-visual interactions were typically the shortest (group vs. solitary 

male: p=0.008, group vs group: p=0.000, table 2.3, figure 2.5).  

 

 

 

 

 

 

 



 52 

Table 2.3 Parameters determining the escalation of an intergroup interaction 

 

Model Effect size ± S.E. Wald 95% Sig. 95% C.I. 

Group vs solitary male     

Interaction duration 0.45 ± 0.17 6.99 0.008 0.12, 0.79 

Relative # participants 0.41 ± 0.15 7.79 0.005 0.12, 0.69 

Group vs group:     

Relative # adult males -0.53 ± 0.17 9.77 0.002 -0.86, -0.20 

Interaction duration 0.40 ± 0.10 14.37 0.000 0.19, 0.60 

 

 

 

 
 

Figure 2.4 The relationship between agonistic interaction type and the number of group members 

participating in as interaction with a solitary male  
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Figure 2.5 The relationship between agonistic interaction type and encounter duration (hours) 

 

 

 

 

 

 

When there was a low disparity in numbers between groups, i.e. groups had a similar 

number of adult males, intergroup interactions were significantly more likely to involve 

contact aggression (p=0.002, table 2.3, figure 2.6). Neither the number of potentially 

migrant females, the number of infants, nor bamboo shoot availability influenced the 

level of aggression observed during an intergroup interaction (see supplementary tables 

S2.4 and S2.5). 
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Figure 2.6 The relationship between agonistic interaction type and the difference in the number of 

resident silverback males between competing groups 

 

 

 

 

Factors affecting peaceful intergroup interactions 

Only 7 interactions (4%) involving a solitary male and a social group were peaceful, 

and 6 of these involved males that had once belonged to the same group as their 

opponent (see table 2.4). This pattern was consistent for peaceful interactions between 

social groups, such that peaceful interactions were more likely when the interacting 

groups had fissioned from a single group, (i.e. many extra-group individuals were 

former group mates, table 2.4, figure 2.7). Furthermore, peaceful interactions were 

significantly more likely to occur between groups that were led by related males, with 

74% of peaceful interactions occurring between groups with related silverback males 

(table 2.4). Therefore, opposing males interacted peacefully when they were related, 

but non-aggressive responses were also observed between unrelated extra-group males 
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that originated from the same natal group (79% of peaceful interactions). No other 

factors were significant in determining peaceful interaction between social groups (see 

supplementary tables S2.6 and S2.7). 

 

Table 2.4 Top model set of the parameters influencing a peaceful intergroup interaction (only models 

with averaged weight of >0.20 presented, for all models see supplementary tables) 

 

Model QICc ΔQICc Effect size ± S.E. Wi 95% C.I. 

Group vs solitary male:     

Groups had split 49.02 0.00 Not split: 2.49 ± 1.06 1.00 0.42,4.45 

   Split: 0^   

Null 54.75 5.73 - - - 

Group vs group:      

Groups had split 175.89 0.00 Not split: 2.24 ± 0.53 0.72 1.20,3.28 

   Split: 0^   

Highest-ranking silverback     

   relation 

177.75 1.86 Unrelated: 2.11 ± 0.52 0.28 1.09,3.12 

Related: 0^   

Null 208.49 32.60 - - - 
^
terms with effect size ‘0’ are the reference category in SPSS 

 
 

 

 
 
Figure 2.7 The relationship between peaceful interactions and existing group familiarity (whether they 

had/had not fissioned from the same group in the last 5 years)  
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Discussion 

My findings suggest that males with the greatest potential to enhance their mating 

opportunities (i.e. solitary males and young top-ranking silverbacks) are responsible for 

initiating the majority of intergroup interactions, which is in line with previous findings 

that male mating competition is a major driver of intergroup interactions in mountain 

gorillas (Sicotte 1993; Watts 1994; Robbins and Sawyer 2007). However, unlike my 

prediction and the findings in Sicotte (1993), the level of aggression observed during 

an intergroup interaction was not affected by the number of potential female mates. 

Instead, similarity in group numbers had the strongest influence on the level of 

intergroup aggression. Aggression between groups was more likely when interacting 

units were similarly matched (numerically), supporting the ‘equal strength’ hypothesis 

of conflict escalation (dyadic conflict: Parker 1974; group conflict: Maynard Smith and 

Parker 1976). It is therefore likely that higher levels of intergroup aggression (i.e. 

contact aggression) between opponents may have an expansive function, such as 

intergroup dominance and permanently driving away aggressive competitors (i.e. 

solitary males). I also observed that peaceful interactions are more common between 

groups that comprise prior group members who are often, but not always, related to 

each other. This finding suggests that historical relationships between individuals can 

play an important role in defining relationships between groups. 

 

An important factor in determining the rate and intensity of intergroup competition in 

many species is the distribution of food (e.g. Harris 2006; Golabek et al. 2012; 

Markham et al. 2013; Scarry 2013). However, in contrast to the food defence 

hypothesis, greater bamboo shoot consumption and interactions occurring within areas 

where bamboo shoots are abundant did not influence the intensity of intergroup 
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interactions. Intergroup aggression was not therefore influenced by food availability  or 

home range location, suggesting that feeding competition is not required for 

coalitionary violence to occur in social animals (e.g. chimpanzees, Pandit et al. 2015; 

mountain gorillas, Rosenbaum et al. 2016b, birds, Radford 2005). This finding is in line 

with previous studies investigating intergroup interactions in mountain gorillas, which 

also found no significant influence of food availability on the occurrence of intergroup 

aggression (Yamagiwa 1987; Robbins and Sawyer 2007). Mountain gorillas in the 

Virunga study population exhibit a seasonal preference for bamboo shoots as a calorie-

rich food source (Vedder 1984; Watts 1998; Grueter et al. 2014) and the gorillas’ 

energy balance is more positive during periods of high bamboo shoot consumption 

(Grueter et al. 2014). However, the extra energy to be gained from this resource may 

be modest and therefore not influence the likelihood of escalated intergroup interactions 

(Wright et al. 2015). Thus, although the study population is increasing in size in a 

relatively restricted area of habitat (Caillaud et al. 2014), I did not observe an increase 

in intergroup competition related to food resources or home range boundaries. 

 

Initiation of an intergroup conflict: solitary and young top-ranking silverbacks 

Although I found no direct support for a link between the type of intergroup aggression 

and the number of potentially migrant females, my findings suggest that male mating 

competition influences intergroup interactions. Solitary males can only increase their 

reproductive output by gaining access to females, whom always reside within 

established social groups (Harcourt et al. 1976). Even though solitary males are 

typically outnumbered during an interaction with a social group, the potentially life-

threatening cost of conflict may be outweighed by the potential reproductive payoffs 

(Watts 1990). The trend for solitary males to approach and initiate interactions with 
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social groups suggests that numeric odds may be unimportant in conflicts where the 

potential benefits of winning are very high (Maynard Smith 1974; Zhao and Tan 2010). 

 

Furthermore, the benefits of intergroup conflict may be higher for younger top-ranking 

silverbacks, leading to a higher likelihood of initiating interactions with other groups 

(Steenbeek 1999). Older males are more likely to have already accumulated 

reproductive resources (c.f. younger males) and are therefore more likely to defend their 

current group females and/or offspring rather than attempt to obtain new females 

(Robbins and Sawyer 2007). A similar pattern was found in Thomas langurs (Presbytis 

thomasi); males in the later phases of tenure initiated significantly fewer intergroup 

interactions than those in early tenure (Steenbeek 1999). Moreover, the highest-ranking 

individuals in their early tenure are less likely to have established relationships with 

neighbouring groups (Steenbeek 1999). Thus, younger top-ranking males may be more 

likely to initiate intergroup interactions due to a) higher propensity to attempt to gain 

mating opportunities and b) low familiarity with other groups and therefore more 

incentive to approach and assess neighbouring groups. 

 

Contact aggression resulting from evenly matched groups and greater participation 

About 25% of all interactions were characterised by contact aggression between extra-

group individuals, which is higher than previously reported in the Karisoke study 

population by Sicotte (17%, 1993) and in the Bwindi population by Robbins and 

Sawyer (2.5%, 2007). My study suggests that physically aggressive interactions are a 

result of asymmetries existing in 1) individual payoffs and 2) group strength. Solitary 

males have been known to follow a single group for several days, which may cause 

group members to increase their participation incrementally to resolve the conflict and 
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avoid the risk of group members being injured/killed (Willems and van Schaik 2015). 

Thus, the potential for injury or death during conflict with highly aggressive solitary 

males may have promoted higher participation in intergroup aggression, even by group 

members that normally do not participate such as females, juveniles and subordinate 

males (Rosenbaum et al. 2016b). This finding indicates that although groups may have 

a competitive advantage over a solitary male, the high payoffs for solitary males may 

cause an escalation in aggression; resulting in higher participation by group members 

to avoid defeat. Thus, high resource value may drive intergroup aggression between the 

group and the solitary male. 

 

Males are the main participants in intergroup conflict in mountain gorillas (Robbins 

and Sawyer 2007), and a recent study by Rosenbaum (2016) found that highly 

aggressive intergroup interactions were associated with an increase in the number of 

multi-male groups in the study population. Social structure is therefore a key predictor 

of physical aggression in the absence of ecological resource limitations. I found that 

intergroup interactions involving groups with an equal number of resident males were 

longer and more aggressive. Longer interactions may be required for opponents with 

similar competitive abilities to assess each other, and may also require higher levels of 

aggression to reach an outcome (Radford and du Plessis 2004; van Belle and Scarry 

2015; Willems and van Schaik 2015). On the other hand, groups that are outnumbered 

may avoid physical (and potentially fatal) exchanges in interactions they are likely to 

lose by withdrawing following auditory exchanges or non-visual display threats. Thus, 

agonistic behaviour during intergroup interactions may function to demonstrate size 

and strength, and physical aggression may be the most valuable when the costs and 

benefits of such behaviours are similar among opponents.  
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Group familiarity and relatedness promotes intergroup tolerance 

Although familiarity is a primary predictor of peaceful interactions, there is no evidence 

that this is due to the ‘dear enemy’ effect, where more frequent interactions result in 

less aggression between social units. Rather, it is due to the existing social bonds formed 

between dispersed individuals (i.e. prior group members). Relationships between 

young mountain gorillas can be retained into adulthood (Rosenbaum et al. 2016a), and 

due to non-exclusive paternity in multi-male gorilla groups these bonds can include 

both kin and non-kin group members (Rosenbaum et al. 2016a). Males originating from 

the same natal groups are also likely to be aware of each other’s relative fighting 

abilities (Getty 1989; Wich and Sterck 2007) which may reduce the need for individuals 

to provoke a potentially costly interaction. Moreover, males may be less likely to 

engage in intergroup competition for access to females that they are related to 

(Lehmann and Perrin 2003; Vigilant et al. 2015). Intragroup relationships may be long-

lasting and have a strong effect on the relationships between groups, and my study 

therefore provides further evidence for a dispersed network of socially familiar and/or 

related individuals as described by Bradley (2004; but see Inoue et al. 2013). 

 

Since Sicotte’s (1993) early research on intergroup interactions in the Karisoke study 

population of mountain gorillas, social familiarity between groups may be an 

increasingly important influence on behaviour during intergroup interactions, since 

each group shares a significantly larger proportion of their home range with other 

groups. The frequent nature of intergroup interactions in the study area suggests that 

distinguishing between familiar and unfamiliar groups may be particularly important in 

reducing the frequency of intergroup aggression. Therefore, familiar groups (especially 

those containing related individuals), may benefit from clustering in overlapping home 
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ranges so that interactions are more likely to involve familiar conspecifics rather than 

strangers, the latter being more likely to engage in competition with high potential 

fitness costs (Markham et al. 2013; Greenway 2015). 

 

General conclusions 

A number of recent studies have begun to move beyond the idea that food and/or mate 

competition are the primary functions of intergroup aggression, and have suggested that 

there are additional interdependent factors that may influence intergroup interactions, 

such as relatedness (Bradley et al. 2004) and numerical strength (Boesch et al. 2008; 

Markham et al. 2012; Wilson et al. 2012). By analysing one of the largest datasets on 

non-territorial, herbivorous primates to date, I have provided evidence for the diversity 

of naturally occurring intergroup interactions. My findings suggest that intergroup 

interactions are determined by long-term individual relationships and disparities in 

group composition rather than ecological limitations. Previous associations between 

competing individuals may be sufficient to avoid aggression and may instead promote 

peaceful interactions. Peaceful interactions may be beneficial by allowing groups to 

coexist in highly overlapping home ranges without a fitness cost. This information is 

important because the outcome of intergroup interactions can have long-term 

implications for individual reproductive success (Williams et al. 2004; Kitchen and 

Beehner 2007), and therefore is an important management issue in endangered species 

inhabiting protected areas with limited space, such as the mountain gorilla. 

 

zz(Parker 1974) 
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2.4 Supplementary data 

Table S2.1 Behavioural data collection protocol with definitions of the behaviours exchanged between 

mountain gorillas that have been used to classify the level of intergroup aggression in the study 

 

 

 

 

 

 

 

 

 

 

BEHAVIOR TYPE DEFINITION 

Pig-grunting 

vocalization 

Agonistic A grunt-like vocalization (Fossey, 1972; Harcourt et al., 1993; Seyfarth et al., 

1994) that occurs under a variety of circumstances, but it is usually noted in mildly 

agonistic situations such as disputes over personal space or feeding sites. If the 

individual resumes vocalizing after any intervening activity (including resting) of 

5 seconds or longer, then a separate vocalisation event is recorded.  

Scream 

Vocalisation 

Agonistic A loud roar or high-pitched, high volume scream most often used in tense or 

aggressive situations. If the individual resumes vocalising after any intervening 

activity (including resting) of 5 seconds or longer, then a separate vocalisation 

event is recorded. 

Strut Stance Agonistic An individual postures quadrapedally with back arched, head up, tight lips and 

limbs straight and stiff. This often precedes or follows an actual display.  

Display Agonistic An individual performs chest beating, hooting, smashing/dragging plants, 

pounding the ground, symbolic feeding or some combination of these activities. 

Display can be distinguished from play behaviour by the aggressive context and 

lack of play face. 

Aggression Agonistic Aggression that demonstrates active agonistic behaviour directed at an individual, 

indicated by an open-mouthed threat face and threatening movements towards the 

individual. This category can include chasing, lunging and physical contact. 

Physical contact can include hitting, shoving, dragging, kicking, grabbing or biting 

(but mock-biting distinguished by play face, to be recorded as play). If directed at 

more than one individual then each aggression event directed at each individual is 

separate and is to be recorded as a series of events. This behavioural category is to 

be recorded even in the event of the focal animal not being involved (where 

possible) and in this case focal sampling should be temporarily suspended whilst 

the ad lib event is noted. 

Groom Affiliative An individual picks through the hair of another individual with fingers or lips, 

removing dry skin, dirt, insects, etc. If the individual resumes grooming after any 

intervening activity, including resting, of 1 minute or longer, then a separate 

grooming event is recorded.  

Play Affiliative An individual engages in wrestling, chasing and/or mock-biting with another 

individual. If the individual resumes play behaviour after any intervening activity 

(including resting) of 1 min or longer, then a separate play event is recorded. The 

second individual may or may not respond. Infants and juveniles may play on a 

disinterested adult. Play can be distinguished from display behaviour by the 

affiliative manner of the interaction, a play face (open mouth, not displaying teeth) 

and soft grunting play vocalisation. 

Rest in physical 

contact 

Affiliative Two individuals resting together in physical contact, exclusive of other 

behaviours. If the individual resumes rest in physical contact after any intervening 

activity of 1 minute or longer, then a separate rest in physical contact event is 

recorded. 

Touch Affiliative An individual puts a hand, finger or foot on another individual in an affiliative 

manner. This is frequently used as an appeasement gesture to prevent escalation of 

acts of aggression, but noted regardless of context. 
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Table S2.2 Full model set of predictor terms affecting initiation of an interaction between social groups 

used in model selection. N=169 interactions. Group dyad identity was included as a random term.  

1although QICc lower than null model, not included in model averaging set as the confidence intervals 

intersected zero 

 

 

Table S2.3 Full model set of predictor terms affecting initiation of an intergroup interaction (solitary 

male vs. group and group vs group) using model selection. N=211 interactions. Group dyad identity 

was included as a random term 

1although QICc lower than null model, not included in model averaging set as the confidence intervals 

intersected zero 

 

 

 

 

Predictor term QICc QICc Wi 95% C.I. 

Null 343.37 3.41 - - 

Hypothesis: asymmetry in resource holding potential 

Highest-ranking silverback/solitary male age 339.96 0.00 1.00 0.002, 0.11 
# adult males (focal) 344.74 4.78 - - 

Group size (focal) 345.87 5.91 - - 

Hypothesis: mate/infant defence 

# potentially migrant females 344.88 4.92 - - 

# infants 344.90 4.94 - - 

Hypothesis: group familiarity 

Groups had split 345.91 5.95 - - 

Highest-ranking silverback relation 345.16 5.20 - - 

# previous interactions (six months) 345.49 5.53 - - 

Hypothesis: food/home range defence 

Monthly bamboo shoot consumption 345.88 5.92 - - 

Bamboo zone 345.86 5.90 - - 

Core home range1 343.37 3.41 - -0.13, 0.97 

Hypothesis: demographic changes 

Population size 344.53 4.57 - - 

Number of groups 344.63 4.67 - - 

Predictor term QICc QICc Wi 95% C.I. 

Null 473.20 36.48 - - 

Hypothesis: asymmetry in resource holding potential 

Solitary male opponent 436.72 0.00 >0.99 -2.29, -1.04 
# adult males (focal) 465.01 28.29 <0.01 0.04, 0.38 

Highest-ranking silverback/solitary male age 459.19 22.47 <0.01 0.02, 0.14 

Group size (focal)1 470.92 34.20 - -0.01, 0.10 

Hypothesis: mate/infant defence 

# potentially migrant females 466.43 29.71 <0.01 0.05, 0.33 

# infants 474.36 37.64 - - 

Hypothesis: group familiarity 

Groups had split 475.18 38.46 - - 

Highest-ranking silverback relation 475.19 38.47 - - 

# previous interactions (six months) 475.02 38.30 - - 

Hypothesis: food/home range defence 

Monthly bamboo shoot consumption 475.18 38.46 - - 

Bamboo zone 474.73 38.01 - - 

Core home range 467.90 31.18 <0.01 0.17, 1.04 

Hypothesis: demographic changes 

Population size 465.91 29.19 <0.01 -0.09, -0.01 

Number of groups1 473.00 36.28 - -0.20, 0.05 
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Table S2.4 Full global model of predictor terms affecting agonistic escalation of an interaction 

between a social group and solitary males (non-collinear terms only). N=169 interactions (agonistic 

only). Group dyad individual identity was included as a random term 

 

Term Wald D.F. Sig. 

Relative # participants 6.65 1.00 0.01 

Population size 1.83 1.00 0.18 

Interaction duration 1.5 1.00 0.22 

Core home range 1.5 1.00 0.22 

Interaction duration* Relative # participants 1.22 1.00 0.27 

Interaction duration*# previous interactions (six months) 0.47 1.00 0.50 

# previous interactions (six months) 0.43 1.00 0.51 

LSB/Group had split 0.13 1.00 0.72 

Monthly bamboo shoots in diet 0.12 1.00 0.74 

 

 

Table S2.5 Full global model of predictor terms affecting agonistic escalation of an interaction 

between social groups. N=211 interactions (agonistic only). Group dyad identity was included as a 

random term 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Term Wald D.F. Sig. 

Duration* Relative # adult males 6.03 1.00 0.01 

Relative # adult males 4.42 1.00 0.04 

Monthly bamboo shoots in diet 1.67 1.00 0.20 

Relative # adult males*# previous interactions (six months) 1.33 1.00 0.25 

Duration* Relative # potentially migrant females 1.31 1.00 0.25 

Relative # potentially migrant females 1.00 1.00 0.32 

Interaction duration 0.91 1.00 0.34 

# potentially migrant females 0.75 1.00 0.39 

# previous interactions (six months) 0.40 1.00 0.53 

Population size 0.24 1.00 0.62 

Core home range 0.21 1.00 0.65 

# infants 0.17 1.00 0.68 

Relative # adult males*# potentially migrant females 0.06 1.00 0.80 

Duration*# previous interactions 0.06 1.00 0.80 

# groups in population 0.02 1.00 0.88 

Relative # participants 0.00 1.00 0.96 
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Table S2.6 Full model set of predictor terms affecting peaceful interactions between a solitary male 

and a social group. N=176 interactions (peaceful and agonistic). Group dyad identity was included as a 

random term 

1although QICc lower than null model, not included in model averaging set as the confidence intervals 

intersected zero 

 

Table S2.7 Full model set of predictor terms affecting peaceful interactions between social groups. 

N=288 interactions (peaceful and agonistic). Group dyad identity was included as a random term 

 1although QICc lower than null model, not included in model averaging set as the confidence intervals 

intersected zero 

 
 

 

Predictor term QICc QICc Wi 95% C.I. 

Null 54.75 5.73 - - 

Hypothesis: group familiarity 

Groups had split 49.02 0.00 1.00 0.42, 4.55 

Highest-ranking silverback relation 56.73 7.71 - - 

# previous interactions (six months) 56.72 7.70 - - 

Hypothesis: mate/infant defence 

# potentially migrant females 55.98 6.96 - - 

# infants 56.75 7.73 - - 

Relative # adult males*# potentially migrant females 56.44 7.42 - - 

Hypothesis: asymmetry in resource holding potential 

Relative group size 56.70 7.68 - - 

Relative # adult males 56.74 7.72 - - 

Relative # adult male participants 56.24 7.22 - - 

Highest-ranking silverback/solitary male age     

Hypothesis: food/home range defence 

Monthly bamboo shoot consumption 56.57 7.55 - - 

Bamboo zone 55.44 6.42 - - 

Core home range 56.71 7.69 - - 

Hypothesis: demographic changes 

Population size1 50.39 1.37 - -0.32, 0.05 

Number of groups1 51.93 2.91 - -1.09, 0.10 

Predictor term QICc QICc Wi 95% C.I. 

Null 208.49 32.60 - - 

Hypothesis: group familiarity 

Groups had split 175.89 0.00 0.72 1.20, 3.28 

Highest-ranking silverback relation 177.75 1.86 0.28 1.09, 3.12 

# previous interactions (six months) 199.22 23.33 <0.01 -0.45, -0.14 

Hypothesis: mate/infant defence 

# potentially migrant females 207.35 31.46 <0.01 0.00, 0.43 

Relative # potentially migrant females 209.73 33.84 - - 

# infants 208.90 33.01 - - 

Relative # adult males*# potentially migrant females1 207.67 31.78 - -0.03, 0.07 

Hypothesis: asymmetry in resource holding potential 

Relative group size 209.77 33.88 - - 

Relative # adult males 208.57 32.68 - - 

Relative # adult participants1 206.70 30.81 - -0.32, 0.08 

Relative # adult male participants 207.03 31.14 <0.01 0.02, 0.33 

Hypothesis: food/home range defence 

Monthly bamboo shoot consumption 209.09 33.20 - - 

Bamboo zone 209.64 33.75 - - 

Core home range 209.72 33.83 - - 

Hypothesis: demographic changes 

Population size1 207.35 31.46 - -0.14, 0.04 

Number of groups 210.40 34.51 - - 

Groups had split* Population size1 177.18 1.29 - -0.31, 0.00 
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CHAPTER THREE 

 

Factors influencing individual participation during intergroup encounters in 

mountain gorillas  

 

Submitted to Animal Behaviour for publication 

 

 

Pictured: a silverback male performs ‘chest-beating,’ which is one of the most common 

non-physical agonistic displays observed during intergroup interactions 
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3.1 Abstract 

In group-living species, encounters with extra-group rivals can be one of the riskiest 

actions in which individuals participate. Different group members often have different 

incentives to participate during intergroup interactions, and individuals with fewer 

payoffs of competition, including those of the smaller sex and/or lower rank, may ‘free-

ride’ to avoid the costs of conflict. However, there is little evidence for how different 

types of intergroup interactions (e.g. interactions that do not involve conflict) can 

influence the participation of individuals. I examined the ecological, demographic and 

social predictors of individual participation in interactions between fully-habituated 

mountain gorilla groups in Volcanoes National Park, Rwanda from 2003-2015. The 

probability of an individual participating decreased with group size, illustrating the 

collective action problem. Males with fewer mating opportunities participated less 

often than the highest-ranking males with more mating opportunities, however male 

participation was significantly higher than female participation across all types of 

intergroup interactions. Females were more likely to be involved in aggressive 

interactions with solitary males, possibly to avoid the potential cost of infanticide if a 

resident male is killed or injured. Both sexes demonstrated more affiliative behaviours 

towards familiar groups, indicating a benefit of maintaining social relationships with 

familiar groups. In summary, individuals show considerable variation in behaviour 

during intergroup interactions, and my results suggest that this variation is primarily 

driven by intergroup familiarity and individual reproductive benefits, both of which 

may have long-term consequences for individual fitness.  
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3.2 Main text 

Introduction 

In group-living species, individuals regularly engage in collective intergroup 

aggression with conspecifics for access to fitness-limiting resources, sometimes with 

lethal consequences (Cheney and Seyfarth 1987; Mech 1994; Wrangham 1999; Gros-

Louis et al. 2003; Watts et al. 2006; Radford and Fawcett 2014; Rosenbaum et al. 2016). 

Group defence can benefit all group members, but defensive actions against rivals are 

often performed by only a sub-set of group members (Elgar 1989; Nunn 2000; 

Markham et al. 2012). Individuals can vary in their contributions to intergroup 

aggression depending on the different costs of effort (e.g. body size and condition) as 

well as the expected gains from defeating the opponent (e.g. reproductive access, 

Kitchen and Beehner 2007; Gavrilets 2015; von Rueden et al. 2015; Willems et al. 

2015). Aggressive intergroup interactions represent a typical example of the collective 

action problem, whereby the interests of different group members are not aligned 

(Olson 1965), and the individuals participating in a given interaction are often the 

individuals with the largest benefits of competition. However, intergroup interactions 

can be highly variable, and do not always involve aggressive competition between 

opponents. Thus, the patterns characterising participation in a range of intergroup 

interactions remain poorly understood, perhaps because they reflect a complex 

integration of individual and group-level strategies. 

 

Variation in individual behaviour during intergroup interactions can often be explained 

by sex differences in energetic requirements and reproductive strategies (Kitchen et al. 

2004; Kitchen 2006; Kitchen and Beehner 2007; van Vugt et al. 2007). In mammals, 

aggression involving extra-group males is predicted when reproductive access to 
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females can be gained or defended, and female aggression is expected when access to 

food resources are at stake (Trivers 1972; Wrangham 1980; Fashing 2001). The costs 

of conflict can also vary within each sex. Females have been found to be less likely to 

participate in intergroup aggression if they have a dependent infant, to avoid the risk of 

infanticide (Arseneau-Robar et al. 2017). Low-ranking males (with fewer opportunities 

to mate and inferior body condition) tend to contribute less to intergroup conflict than 

their higher-ranking counterparts (Robbins 1999; Cooper et al. 2004; Caillaud et al. 

2008; Mares et al. 2011; Arseneau-Robar et al. 2017; Langergraber et al. 2017). 

Moreover, in many sexually dimorphic species participation in intergroup conflict by 

the larger sex can often suppress participation by the smaller sex (Willems et al. 2013).  

 

When group members have different costs and benefits of intergroup interactions, 

individuals may ‘free-ride’ and reap the benefits of group defence without actively 

incurring the costs of intergroup aggression (van Schaik 1996; Nunn 2000). Empirical 

evidence finds that participation by all group members in large groups is unlikely, 

because the large division of resources tends to result in a decrease in individual effort 

during collective action (Willems et al. 2013; Gavrilets 2015). However, group size is 

closely related to the fighting ability of groups (or their ‘resource holding potential,’ 

Maynard Smith 1974; Parker 1974), with larger groups and/or those with more males 

often dominating smaller ones in intergroup contests for a number of mammalian 

species (McComb et al. 1994; Bonanni et al. 2011; Markham et al. 2012). Thus, 

although not every group member in a large group participates in intergroup contests, 

large groups may still have more participating individuals than smaller groups, and thus 

maintain a competitive advantage (von Rueden et al. 2015; Langergraber et al. 2017). 
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Although the causes of variation in individual participation during intergroup conflict 

have been described in a number of primate studies (e.g. reviewed in Kitchen & 

Beehner 2007), the dynamics of individual participation under different types of 

intergroup interaction are not well understood. One factor resulting in different types 

of behaviour exchanged during intergroup interactions is the opponent’s identity 

(reviewed in Christensen and Radford 2018). Groups are thought to fight in order to 

learn more about each other (i.e. in terms of relative size and mating opportunities), and 

more frequent interactions with extra-group conspecifics may therefore reduce 

intergroup aggression (Maynard Smith 1974). The ‘dear enemy’ effect implies that 

interactions between unfamiliar groups are more costly than interactions between 

familiar groups (Getty 1987; Temeles 1994) and empirical evidence in mammals 

supports this idea to the point where groups may even intermingle and interact 

affiliatively (French et al. 1995; Reichard and Sommer 1997; Wich and Sterck 2007; 

Furuichi 2011; Siracusa et al. 2017). Moreover, a study on intergroup interactions in 

western gorillas (Gorilla gorilla) found that related extra-group males interacted less 

aggressively than unrelated males (Bradley et al. 2004), indicating that kin-selected 

behaviours may contribute to intergroup familiarity and account for some variation in 

behaviour during intergroup interactions. 

 

I set out to study the patterns and factors influencing individual variation in the 

participation in intergroup interactions in mountain gorillas (Gorilla beringei beringei). 

Mountain gorillas live in groups ranging from 2 to 40+ adults (Robbins 1995; Gray et 

al. 2013), and are an interesting species to test factors influencing individual 

participation for several reasons. First, males are larger and dominant over females 

(Fleagle 1988; Plavcan 2012), and when conflict does arise, males tend to be the main 
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participants (Robbins and Sawyer 2007; Rosenbaum et al. 2016). This is due to the 

direct implications for male mating opportunities, since females may use intergroup 

interactions to transfer between groups (Sicotte 1993; Watts 1998). However, a recent 

study by Rosenbaum et al. (2016) reported several lethal attacks on intruder males 

between 2004 and 2013 that involved aggressive participation by every group member, 

including females. Thus, participation by individuals during intergroup conflict in 

mountain gorillas must have significant benefits beyond those pertaining to adult males, 

however no research has explicitly determined these benefits of participation. 

 

Second, the social structure of mountain gorilla groups is highly variable. They can live 

in either multi-male/multi-female or single-male/multi-female groups, and 

approximately 40% of mountain gorilla groups contain multiple adult males (Gray et 

al. 2013), in which case the highest-ranking silverback male has primary access to 

mating opportunities (Bradley et al. 2005; Stoinski et al. 2009). A study on the 

mountain gorilla population in Bwindi, Uganda found that a top-ranking silverback was 

less likely to participate in an intergroup interaction if there were secondary males 

present in the social group (Robbins and Sawyer 2007). If co-residing males are related, 

individuals may benefit from forming coalitions during intergroup competition to 

increase their own inclusive fitness (via the survival of their relative’s offspring, 

Hamilton 1964). However, the effect of relatedness on male participation, and group 

composition on female participation during intergroup conflict has not been explored. 

 

Third, intergroup interactions in mountain gorillas can range from highly aggressive, 

lethal interactions with extra-group males (Sicotte 1993; Robbins et al. 2013; 

Rosenbaum et al. 2016), to peaceful mingling (Caillaud et al. 2014). It is well-
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established that variation in intergroup interactions can be related to multiple ecological 

and social factors, including the opponent’s identity, which has been demonstrated in 

other group-living taxa (e.g. birds, Radford 2005 and primates, Herbinger et al. 2009). 

While some of the costs and benefits of participation in intergroup interactions are clear, 

such as defending access to mates, others are less obvious, including the payoffs of 

intergroup tolerance (Christensen and Radford 2018). Thus, to better understand the 

variation in costs and benefits of individuals during intergroup interactions in mountain 

gorillas, I investigated the factors influencing participation during different types of 

intergroup interactions. 

 

I aimed to determine whether (a) fewer individuals participate in larger groups (Olson 

1965), (b) males participate more than females (Fashing 2001), and (c) participation 

varies with individual characteristics (i.e. dominance status or presence of dependent 

offspring). I also aimed to determine whether unfamiliar groups and solitary males elicit 

a stronger response (i.e. proportionally more participants), and if the number of actively 

participating individuals in the opponent group positively influenced participation in 

both sexes. For instance, if one group was outnumbered by their opponent, I expected 

that a higher proportion of the smaller group would participate (including females). 

Understanding the drivers of participation during intergroup interactions can shed light 

on the individual fitness consequences of intergroup conflict, which may extend beyond 

access to mates, as indicated by participation by females and subordinate males (i.e. 

group members with fewer direct fitness benefits to defend). 

 

Behavioural data have been collected from the Karisoke study population of mountain 

gorillas located in Volcanoes National Park, Rwanda, since 1967 by the Dian Fossey 
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Gorilla Fund’s Karisoke Research Center. Detailed observations of interactions 

between identifiable study groups in the Karisoke population of mountain gorillas are 

available from 2003, and are observed relatively frequently (up to 15 per year, Chapter 

1) due to the highly overlapping home ranges of several social groups (Caillaud et al. 

2014). This long-term dataset therefore provides the opportunity to examine patterns in 

individual participation during intergroup interactions, including those that are 

peaceful- of which little is currently known in social species. 

 

Methods 

Study site and population 

The habituated Karisoke study groups ranged throughout approximately 18km2 within 

the Volcanoes National Park, Rwanda (Caillaud et al. 2014). All gorillas in the study 

population were habituated to human presence and were individually recognisable 

using unique nose prints. Each study group was visited daily from 2003-2015 for a 

maximum duration of four hours (as per national park regulations). Data collection 

followed a focal individual protocol, whereby all behavioural interactions involving a 

particular individual (as well as several ad libitum behaviours, see supplementary data 

table 3.1) were recorded for 50 minutes. All individuals in the study population over 

the age of one year (excluding solitary males) were followed. All data were collected 

by researchers and field staff trained using standardised protocols and definitions of 

behaviour. Over the duration of the study period, 14 unique social units were observed 

(range: 3-12 groups per year) and the population size ranged from 99 to 130 individuals. 
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Intergroup interaction data 

An intergroup interaction began when individuals in one study group responded to the 

presence of extra-group individuals (i.e. another social group or a solitary male). 

Responses included: approach (movement towards the opponent until visual contact is 

made), auditory (e.g. chestbeat or vocalisation without movement towards the 

opponent), avoid (direct and quick movement away from the opponent) and tolerate 

(temporarily stopping their current activity to watch in the direction of the opponent 

but continuing their previous behaviour with no movement towards or away from the 

opponent). Vocalisations could be detected between groups up to two kilometres apart 

(Robbins and Sawyer 2007), in which case the identity of the opponent group was 

confirmed by communication with observers in other study groups. Only interactions 

that were observed from start to finish were included in the analysis, giving a total of 

517 interaction events over 13 years. 

 

Details of intergroup interactions included the date, location, duration, group identities 

and behavioural exchange between participants. The behaviours of gorillas used to 

classify each intergroup interaction were obtained during focal animal follows, which 

routinely included recording ad libitum behaviours such as high-level aggression (e.g. 

kicking, biting) and affiliative behaviour (e.g. grooming involving silverbacks) that 

may or may not have involved the focal (for full list of behavioural definitions see 

supplementary data table S3.1). I recognise that all behaviours cannot be observed 

during an intergroup interaction (especially if the focal animal did not participate in the 

interaction), but there was typically at least one observer recording ad libitum behaviour 

over the duration of an observation session so that the interaction could be characterised 

by its level of aggression. 
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I distinguished four different types of intergroup interaction: (i) peaceful (i.e. tolerating 

once detected and/or affiliative exchanges, occasionally peaceful interactions would 

begin with several agonistic displays but the remainder/majority of the interaction was 

non-agonistic), (ii) non-visual agonistic (group members from one or both social units 

directed agonistic behaviours towards opponent without making visual contact, e.g. 

chestbeating), (iii) visual, non-physical agonistic (group members from one or both 

social units directed non-physical agonistic behaviours towards opponent within visual 

contact, e.g. pounding ground, smashing plants) and (iv) visual physical agonistic 

(interaction between individuals involved contact aggression, e.g. kicking, biting). 

Group members were considered to actively participate in an interaction if they directed 

any agonistic (e.g. chest beating, chasing, aggressive vocalisations, biting) or affiliative 

behaviours (e.g. playing, touching) towards a member of another social unit. Although 

herding (where males physically obstruct females from approaching an intergroup 

interaction, Sicotte 1993) is a behaviour exclusive to intergroup interactions (Sicotte 

1993), I did not consider an individual to have actively participated in an intergroup 

interaction if they only displayed herding behaviours and did not interact with extra-

group gorillas. Herding does not incorporate the costs of engaging with extra-group 

individuals, and the potential role of herding individuals is considered in the discussion. 

 

Testing for individual differences in participation 

The likelihood of participating in any interaction with extra-group individuals was 

analysed separately for males (n=74) and females (n=79) in order to understand the 

factors affecting sex-specific participation in intergroup interactions (Kitchen and 

Beehner 2007; Zhao et al. 2013). Three analyses for each sex were conducted, including 

(1) whether the individual participated in the interaction (yes/no), (2) whether the 
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individual directed aggression during the interaction (yes/no), and (3) whether the 

individual directed affiliative behaviours towards extra-group gorillas during the 

interaction (yes/no). Analysis included adult males (males aged >12 years) and adult 

females (aged >8 years; mountain gorillas have a sex-specific age of adulthood, Watts 

and Pusey 1993). I included the following predictors in the analysis: adult group size, 

the number of adult males in the focal group, relative adult group size (total number of 

adults in focal group minus total number of adults in the opponent group), and relative 

number of adult males (total number of adult males in focal group minus total number 

of adult males in the opponent group) to determine whether individuals were more 

likely to participate when there was a larger threat from the opponent group. 

 

I included the presence of a dependent infant as a predictor variable for female 

participation in intergroup interactions (dependent infants are <3 years of age). For 

males, I included social rank as a predictor variable for participation in intergroup 

interactions. Each male was ranked as single-male (only resident adult male in social 

group), top-ranking or subordinate; this was determined at the date of each interaction 

based on ongoing observations of non-aggressive displacement patterns between adult 

male group members. In the male analysis, I also included the number of potentially 

migrant females (adult females without a dependent infant) and the number of 

dependent infants in the group (i.e. mate/infant defence by males). Finally, I included 

each male’s intragroup relatedness coefficient as a predictor for participation. All 

maternal relatedness between adult males was known, however paternal relatedness 

was only available for 37% of adult males over the study period (Karisoke Long Term 

Records). To overcome the lack of paternal data, I considered only maternal relatedness 

between a dyad. 
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Testing for the effect of the opponent’s identity 

To test the prediction that familiarity between social groups would influence individual 

behaviour, I included the number of previous interactions (of any behavioural nature, 

i.e. all peaceful and non-peaceful interactions combined) between the two groups in the 

6 months prior to the interaction of interest as a predictor variable. Long-term 

familiarity between interacting groups scored ‘1’ for groups that had permanently split 

from the same group in the 7 years prior to the interaction of interest, and ‘0’ if 

interacting groups had not fissioned from the same group in the last 7 years. I scored 

the type of opponent during each interaction as either a solitary male or a social group. 

 

Feeding data 

Although previous studies do not indicate an influence of food availability on 

intergroup conflict in mountain gorillas (Sicotte 1993; Robbins and Sawyer 2007), I 

wanted to test if there was an effect of food availability at the individual level. I 

therefore calculated the proportion of bamboo shoots (Yushania alpina) in the monthly 

diet, as this is the only temporally and spatially limited food resource in the preferred 

habitat of the Karisoke gorillas (Watts 1998; Grueter et al. 2014; Wright et al. 2015). 

Daily feeding data were collected as part of the standard data collection protocol: at 10-

minute intervals during 50-minute focal follows for the duration of the study period. If 

the focal individual was feeding at the 10-minute interval, the species and part of the 

plant feeding on was recorded. The number of observations involving focal individuals 

feeding on bamboo shoots out of the total number of observations of feeding per month 

was calculated and included as a predictor variable for participation. Typically, data on 

four group members were recorded per researcher per group per day, resulting in 200 
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minutes of daily observation and a total of 24 instantaneous samples of gorilla activity 

per researcher (sometimes there were multiple researchers per group). 

 

Data analysis 

Analyses were performed in SPSS Statistics (Version 23, IBM Corporation 2015), 

using generalised estimating equations (GEEs) with a binomial distribution and a logit 

link function. The identity of each individual and their group were included as random 

factors to account for the possible influence of repeated measures on the distribution of 

the data. All predictor variables described above, and the biologically relevant two-way 

interactions between them were included in each analysis. Collinearity between 

predictor terms was checked using Variance Inflation Factors (VIF). Any variables with 

a VIF greater than 4 were considered to be highly collinear, and no collinear terms were 

included in the same model (Hill and Gelman 2007). The models were compared using 

QICc (corrected Quasi-likelihood under independence Information Criterion) model 

selection: the model/s with QICc values lower than the null model, with confidence 

intervals not intersecting zero and explained at least 20% of the variation in the data 

(predictor weight above 0.20) were considered to have the most significant influence 

on the data (Pan 2001; Burnham and Anderson 2002). Model averaging was conducted 

on all valid models, which involved calculating the relative weight of the significant 

terms within the ‘top model set’ (Grueber et al. 2011). For the full list of models see 

supplementary data. 

 

Results 

Data on 517 interactions between social groups of mountain gorillas were collected 

over the study period. However, only 464 were included in analyses as they involved 
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known study groups or recognisable solitary silverback males (35% involved a solitary 

male). Interactions typically lasted 1.5 ± 0.08 hours. Full participation by all group 

members was uncommon; on average 33.0 ± 0.3% of group members participated 

during an intergroup interaction, and only 11 of the 464 interactions involved 

participation by all group members (group size ranged from 2-30 adults). On average, 

57 ± 1.3% of adult males (range 0-100%) and 12 ± 1.4% (range 0-100%) of adult 

females participated in intergroup interactions, indicating that both sexes regularly do 

not participate, but females participate less than males (no participation was observed 

when two groups tolerated one another in close proximity but did not exchange 

behaviour). 

 

Table 3.1 Top model set of the parameters influencing whether a (a) male and (b) female participated 

in an intergroup interaction, GEE models using a binomial distribution where 0=no participation and 

1=participated in the interaction (only models with averaged weight of >0.20 presented, for all models 

see supplementary tables) 

Model QICc ΔQICc Effect size ± S.E. Wi 95% C.I. 

(a) Males      

# adult males  

   (focal)* 

   Interaction type 

1667.49 

 

0.00 

 

Peaceful: 0.18 ± 0.04 >0.99 0.10, 0.25 

Non-visual agonistic: 0.24 ± 0.04   0.15, 0.32 

Visual agonistic (non-physical):  

0.13 ± 0.02  

 0.09, 0.17 

Physical agonistic: 0.06 ± 0.02  0.01, 0.10 

Null 1820.92 153.43 - - - 

(b) Females      

Group size  

   (focal)* 

   Interaction type 

543.88 0.00 Peaceful: 0.05 ± 0.04 0.80 -0.03, 0.13 

Non-visual agonistic: 0.34 ± 0.09   0.17, 0.52 

Visual agonistic (non-physical): 

0.09 ± 0.03  

 0.02, 0.15 

Physical agonistic: 0.04 ± 0.02  -0.00, 0.08 

Null 582.06 38.18 - - - 

 

 

Variation in participation: agonistic interactions 

The majority of intergroup interactions were classified as non-physical agonistic, where 

individuals exchanged display threats such as chestbeating, smashing plants and strut-

stance (33% were non-visual, 29% were visual). Only 23% were classified as physical 
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agonistic, which typically involved gorillas kicking and biting their opponent. The 

probability that a male participated decreased with an increasing number of intragroup 

males (table 3.1, figure 3.1). Similarly, the probability that a female participated 

decreased in larger groups (i.e. rather than just the number of intragroup males, table 

3.1). Individual participation was further influenced by the type of intergroup 

interaction (table 3.1), where more aggressive intergroup interactions involved a higher 

proportion of group members participating (figure 3.2). For both sexes, food and mate 

availability did not influence individual participation, nor did the presence of infants or 

the relative ‘resource holding potential’ (i.e. disparity in group size or number of adult 

males, see supplementary data table S3.2 and S3.3). 

 

 

Figure 3.1 The relationship between the number of intragroup adult males and male participation 

during an intergroup interaction in mountain gorillas. Participation was scored as yes (1) or no (0) and 

the predicted outcome is presented based on participation by 71 different males from 14 groups over a 

total of 464 intergroup interactions. Grey area represents ± 1 S.E. 
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Figure 3.2 The effect of sex and interaction type on individual participation during an intergroup 

encounter in mountain gorillas. Participation was scored as yes (1) or no (0) and the mean outcome is 

presented based on participation by 150 different individuals from 14 groups over a total of 464 

intergroup interactions 

 

 

Silverbacks leading single-male groups were the most likely to direct agonistic 

behaviours to their opponent, followed by the highest-ranking silverbacks leading 

multi-male groups, and subordinate silverbacks in multi-male groups, indicating that 

males with lower mating opportunities participate less frequently in intergroup conflict 

(table 3.2, figure 3.3). Relatedness among male group members did not affect 

participation in intergroup interactions (see supplementary table S3.4). 
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Table 3.2 Top model set of the parameters influencing whether a (a) male and (b) female participated 

in agonistic exchanges during an intergroup interaction. GEE models used a binomial distribution 

where 0=no participation and 1=participated in the interaction (only models with averaged weight of 

>0.20 presented, for all models see supplementary tables)  

Model QICc ΔQICc Effect size ± S.E. Wi 95% C.I. 

(a) Males    

Social status 

 

1750.58 

 

0.00 

 

DSB: -0.27 ± 0.25 0.53 -0.75, 0.22 

DSB (single-male group): -1.75 ± 0.39  -2.52, -0.99 

Subordinate: 0^   

# adult males  

   (focal) 

1750.86 0.28 0.11 ± 0.02 0.46 0.07, 0.16 

Null 1824.92 74.34 - - - 

(b) Females    

Solitary male  

   opponent 

243.43 0.00 Solitary male opponent: 1.55 ± 0.32 0.97 0.93, 2.17 

Group opponent: 0^  - 

Null 255.45 11.66 - - - 
^
terms with effect size ‘0’ are the reference category in SPSS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3 The relationship between a male’s social status and the probability of directing agonistic 

behaviours towards at least one extra-group individual during an intergroup encounter in mountain 

gorillas based on participation by 71 different individuals from 14 groups over a total of 464 intergroup 

interactions 
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Females were more likely to direct aggression towards solitary males (table 3.2, figure 

3.4). No other factors influenced agonistic participation by females (see supplementary 

data table S3.3 and S3.5). 

 

 

Figure 3.4 The relationship between opponent type and the probability that a female would participate 

in agonistic behaviour during an intergroup encounter in mountain gorillas based on participation by 79 

different individuals from 14 groups over a total of 464 intergroup interactions 

 

Variation in participation: peaceful interactions 

Only 15% of observed intergroup interactions were peaceful, such that no individuals 

exchanged agonistic behaviour once groups had detected each other and were in close 

proximity. Peaceful interactions sometimes involved affiliative exchanges, which 

typically included intergroup play by young adult males, staring and/or affiliative 

touching, where adult females touch members of another group, and occasionally adult 

males touch females in another group. Both males and females were more likely to be 

involved in affiliative behaviours when the interacting groups had fissioned previously 

(table 3.3, figure 3.5). Males were less likely to engage in intergroup affiliation when 
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the opponent was a solitary male, regardless of familiarity (table 3). No other factors 

influenced affiliative behaviours during intergroup interactions (see supplementary 

data table S3.6 and S3.7). 

 

Table 3.3 Top model set of the parameters influencing whether a (a) male and (b) female participated 

in affiliative exchanges during an intergroup interaction. GEE models used a binomial distribution 

where 0=no participation and 1=participated in the interaction (only models with averaged weight of 

>0.20 presented, for all models see supplementary tables) 

Model QICc ΔQICc Effect size ± S.E. Wi 95% C.I. 

(a) Males   

Groups had split 335.44 0.00 Split: 1.27 ± 0.31 0.57 0.67, 1.87 

Not split: 0^   

Solitary male  

   opponent 

336.51 1.07 Solitary male opponent: -2.33 ± 1.00 0.33 -4.31, -0.35 

Group opponent: 0^   

Null 346.21 10.77 - - - 

(b) Females   

Groups had split 144.32 0.00 Split: 3.33 ± 0.78 >0.99 1.80, 4.86 

Not split: 0^   

Null 174.36 30.04 - - - 
^
terms with effect size ‘0’ are the reference category in SPSS 

 

 

Figure 3.5 The effect of intergroup familiarity on an individual directing affiliative behaviours towards 

at least one extra-group individual during an intergroup encounter in mountain gorillas based on 

participation by 71 males and 79 females from 14 groups over a total of 464 intergroup interactions 
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Discussion  

The aim of this study was to determine the factors influencing individual participation 

during different types of intergroup interaction in a wild population of mountain 

gorillas. I found no support for an ecological influence on the likelihood that an 

individual would participate in intergroup interactions, supporting previous findings 

that the relatively abundant distribution of mountain gorilla food resources does not 

influence intergroup conflict at a group or individual level (Sicotte 1993; Robbins and 

Sawyer 2007). I found that, on average, a third of each study group’s adults were 

involved in any given interaction. The collective action problem describes the pattern 

of behaviour where group-living individuals with the highest payoffs of group defence 

will be the main participants during intergroup contests, and that this skew in 

participation between group members should be especially evident in large groups 

(Olson 1965; Nunn 2000; Willems et al. 2013). In support of these predictions, both 

male and female participation decreased with increasing group size, and male gorillas 

were more likely to participate in intergroup aggression when they were higher ranking 

(and thus had more mating opportunities and offspring in the group). However, both 

females and lower-ranking males were more likely to be involved in highly aggressive 

intergroup interactions, which suggests the extent to which the collective action 

problem occurs may depend on the intensity of intergroup competition. My results 

indicate that when there are high costs of interacting with another group (reflected by 

high levels of aggression), more individuals may participate, perhaps to increase the 

competitive success of the group or avoid the costs of losing.  
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Male participation during aggressive intergroup interactions 

The majority of intergroup interactions were agonistic and predominantly involved 

adult males, which likely reflects the immediate impact intergroup interactions can have 

on male fitness (Sicotte 1993). I found that single-male silverbacks, with high paternity 

certainty, participated in intergroup interactions more frequently than the highest-

ranking silverbacks in multi-male groups. This finding supports Robbins and Sawyer 

(2007), who found that the highest-ranking silverbacks participate less often when a 

subordinate silverback is present. Empirical evidence shows that groups with multiple 

males are better at retaining females (Robbins et al. 2009), perhaps due to the 

opportunity to herd females away from extra-group males (Sicotte 1993). Herding 

behaviours function to prevent the loss of mating opportunities to extra-group males, 

but do not require males to actively participate in exchanging behaviour with their 

opponent. Thus, males may benefit from living in multi-male groups by 1) lowering the 

frequency of exposure to the risks of intergroup aggression and 2) better retention of 

mates during intergroup competition through simultaneous group defence and herding. 

 

Subordinate silverbacks participated less frequently, but were regularly involved in 

intergroup interactions (~35% of aggressive intergroup interactions). This finding 

likely reflects the regular opportunities subordinate silverbacks have to mate with 

females (subordinate silverbacks may sire up to 15% of the group’s young, Bradley et 

al. 2005). Subordinate males may participate in intergroup conflict to display their 

quality to influence female mate choice, since females initiate the majority of 

copulations in mountain gorillas (Watts 1990; Watts 1991; Bradley et al. 2005; Robbins 

and Robbins 2005). Rewards to participants of intergroup conflict have been observed 

in a number of species, for example in bonnet macaques (Macaca radiata) females 
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preferentially mated with males that frequently participated in intergroup interactions 

(Cooper et al. 2004). Thus, the potential long-term payoffs of group membership for 

subordinate males supports the ‘group augmentation theory,’ where individuals may 

participate in group defence to receive long-term payoffs of group membership (i.e. 

access to intragroup females, Richter et al. 2016; Langergraber et al. 2017).  

 

Female participation during aggressive intergroup interactions 

I found that female participation in intergroup interactions was highest during highly 

aggressive interactions with solitary males. This indicates that the cost of participation 

to females must be outweighed by the benefit of maximising collective action during 

such interactions (Watts 1989; Rosenbaum et al. 2016). Collective effort may increase 

the group’s likelihood of defeating their opponent, which can assist in avoiding the 

threat of infanticide (Rosenbaum et al. 2016). The highest threat to offspring survival, 

and thus female reproductive success, comes from solitary males, as they can be highly 

aggressive and are known to follow social groups for up to several days in an attempt 

to increase their reproductive opportunities by obtaining females from established 

groups (Watts 1994; Robbins and Sawyer 2007). The potential benefits of aggressive 

participation by females have not been described before in the absence of meaningful 

resource competition, and this result is therefore of considerable significance. 

 

Male and female participation during peaceful intergroup interactions 

Relatively few empirical studies have addressed the factors influencing affiliative 

behaviours during intergroup interactions, despite the regular occurrence of peaceful 

interactions in some species/populations (e.g. Cheney 1987; Bradley et al. 2004; 

Furuichi 2011). The limited distance at which mountain gorilla groups disperse after 
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fissioning indicates that many of the neighbouring groups contain familiar individuals, 

some of which are led by related males (Caillaud et al. 2014). My research infers that 

interactions within a social group of mountain gorillas prior to fissioning may facilitate 

participation in peaceful intergroup interactions post-fissioning. Intergroup affiliation 

may be beneficial for both males and females if it reduces the risk of future intergroup 

aggression, and may provide opportunities for information exchange, future dispersal, 

extra-group copulations or immigration of new group members (Wilson 1975; Perry 

1996; Lazaro-Perea 2001; Radford and du Plessis 2004). My study therefore adds to 

the limited pool of evidence suggesting that familiarity, and potentially kin-selection, 

not only reduces intergroup aggression (i.e. through less aggressive encounters), but 

can promote intergroup affiliation and the maintenance of long-term relationships with 

extra-group members (Bermejo 2004; Bradley et al. 2004). 

 

Conclusion 

Interactions between groups of mountain gorillas, like many primate species, are 

typically characterised by aggression. Adult males tend to be the most frequent 

participants due to their high incentive to attract or defend female mates. However, 

temporary interactions between groups can have permanent repercussions for 

individual fitness in both sexes (Cheney and Seyfarth 1987; Fashing 2001; Cant et al. 

2002; Radford et al. 2016), and I found that both males and females may face the short-

term costs of participation, such as contributing to intergroup aggression. These short-

term costs have the potential to lead to long-term reproductive payoffs, such as long-

term access to mates and longevity of offspring (Langergraber et al. 2017). In addition, 

opportunities to maintain relationships with dispersed individuals may be one of the 

primary payoffs of participation (especially for females), an incentive that is easily 
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overlooked when only intergroup conflict is considered. Therefore, the interplay 

between interaction type and individual behaviour are important for understanding the 

causes of behavioural variation, and multiple social factors played a significant role in 

the behavioural plasticity observed during intergroup interactions. The long-term 

database allowed us to identify consistent patterns in individual participation, which 

improves our understanding of the differential payoffs of conflict among individuals in 

social groups. 
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3.4 Supplementary data 

Table S3.1 Behavioural data collection protocol with definitions of the behaviours exchanged between 

mountain gorillas that have been used to classify the level of intergroup aggression in the study 

 

 

 

 

 

 

 

 
 

 

BEHAVIOR TYPE DEFINITION 

Pig-grunting 

vocalization 

Agonistic A grunt-like vocalization (Fossey, 1972; Harcourt et al., 1993; Seyfarth et al., 

1994) that occurs under a variety of circumstances, but it is usually noted in mildly 

agonistic situations such as disputes over personal space or feeding sites. If the 

individual resumes vocalizing after any intervening activity (including resting) of 

5 seconds or longer, then a separate vocalisation event is recorded.  

Scream 

Vocalisation 

Agonistic A loud roar or high-pitched, high volume scream most often used in tense or 

aggressive situations. If the individual resumes vocalising after any intervening 

activity (including resting) of 5 seconds or longer, then a separate vocalisation 

event is recorded. 

Strut Stance Agonistic An individual postures quadrapedally with back arched, head up, tight lips and 

limbs straight and stiff. This often precedes or follows an actual display.  

Display Agonistic An individual performs chest beating, hooting, smashing/dragging plants, 

pounding the ground, symbolic feeding or some combination of these activities. 

Display can be distinguished from play behaviour by the aggressive context and 

lack of play face. 

Aggression Agonistic Aggression that demonstrates active agonistic behaviour directed at an individual, 

indicated by an open-mouthed threat face and threatening movements towards the 

individual. This category can include chasing, lunging and physical contact. 

Physical contact can include hitting, shoving, dragging, kicking, grabbing or biting 

(but mock-biting distinguished by play face, to be recorded as play). If directed at 

more than one individual then each aggression event directed at each individual is 

separate and is to be recorded as a series of events. This behavioural category is to 

be recorded even in the event of the focal animal not being involved (where 

possible) and in this case focal sampling should be temporarily suspended whilst 

the ad lib event is noted. 

Groom Affiliative An individual picks through the hair of another individual with fingers or lips, 

removing dry skin, dirt, insects, etc. If the individual resumes grooming after any 

intervening activity, including resting, of 1 minute or longer, then a separate 

grooming event is recorded.  

Play Affiliative An individual engages in wrestling, chasing and/or mock-biting with another 

individual. If the individual resumes play behaviour after any intervening activity 

(including resting) of 1 min or longer, then a separate play event is recorded. The 

second individual may or may not respond. Infants and juveniles may play on a 

disinterested adult. Play can be distinguished from display behaviour by the 

affiliative manner of the interaction, a play face (open mouth, not displaying teeth) 

and soft grunting play vocalisation. 

Rest in physical 

contact 

Affiliative Two individuals resting together in physical contact, exclusive of other 

behaviours. If the individual resumes rest in physical contact after any intervening 

activity of 1 minute or longer, then a separate rest in physical contact event is 

recorded. 

Touch Affiliative An individual puts a hand, finger or foot on another individual in an affiliative 

manner. This is frequently used as an appeasement gesture to prevent escalation of 

acts of aggression, but noted regardless of context. 
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Table S3.2 Full model set of predictor terms affecting participation of silverback males in an 

intergroup interaction using model selection. N=74 silverback males from 14 groups. Group and 

individual identity were included as random terms 

1although QICc lower than null model, not included in model averaging set as the confidence intervals 

intersected zero 

 
Table S3.3 Full model set of predictor terms affecting participation of adult females in an intergroup 

interaction using model selection. N=79 adult females from 14 groups. Group and individual identity 

were included as random terms 

1although QICc lower than null model, not included in model averaging set as the confidence intervals 

intersected zero 

Predictor term QICc QICc Wi 95% C.I. 

Null 1820.92 153.43 - - 

Interaction characteristics 

Interaction type*# SB males (focal) 1667.49 0.00 1.00 0.10, 0.25 

Interaction type 1769.29 101.80 <0.01 0.52, 1.46 

Interaction type*Group size 1693.64 26.15 <0.01 0.04, 0.15 

Interaction duration 1804.42 136.93 <0.01 -0.26, -0.07 

Hypothesis: mate/infant defence 

# potentially migrant females 1813.73 146.24 <0.01 0.01, 0.16 

# infants 1789.05 121.56 <0.01 0.05, 0.12 

Social status*# potentially migrant females1 1780.26 112.77 - -0.06, 0.19 

Social status*# infants (focal) 1760.94 93.45 <0.01 0.05, 0.15 

Hypothesis: asymmetry in resource holding potential 

Relative group size 1790.27 122.78 <0.01 0.02, 0.06 

Relative # adult males 1773.85 106.36 <0.01 0.08, 0.25 

Solitary male opponent 1822.09 154.60 - - 

Hypothesis: collective action problem     

# adult males (focal) 1742.89 75.40 <0.01 0.08, 0.16 

Group size (focal) 1774.65 107.16 <0.01 0.03, 0.08 

Relatedness coefficient 1803.92 136.43 <0.01 1.42, 5.99 

Social status1 1754.15 86.66 - - 

Hypothesis: food defence 

Monthly bamboo shoot consumption 1821.83 154.34 - - 

Hypothesis: group familiarity     

Groups had split1 1818.01 150.52 - -0.65, 0.10 

Highest-ranking silverback relation 1821.38 153.89 - - 

# previous interactions (six months)1 1820.12 152.63 - -0.01, 0.15 

Predictor term QICc QICc Wi 95% C.I. 

Null 582.06 38.18 - - 

Interaction characteristics 

Interaction type*Group size (focal) 543.88 0.00 0.80 0.17, 0.52 

Interaction type 547.11 3.23 0.16 1.33, 3.29 

Interaction duration 570.11 26.23 <0.01 -0.33, -0.12 

Interaction type*# adult males (focal) 550.01 6.13 0.04 0.23, 1.81 

Hypothesis: mate/infant defence 

# infants 576.81 32.93 <0.01 0.01, 0.18 

Dependent infant 582.85 38.97 - - 

Interaction type *Dependent infant1 552.35 8.47 - -0.40, 1.25 

Hypothesis: asymmetry in resource holding potential 

Relative group size 582.64 38.76 - - 

Relative # adult males1 582.01 38.13 - -0.03, 0.18 

Solitary male opponent 584.00 40.12 - - 

Hypothesis: collective action problem     

# adult males (focal)1 580.28 36.40 - -0.01, 0.12 

Group size (focal) 576.67 32.79 <0.01 0.01, 0.10 

Multi-male/single-male group 582.35 38.47 - - 

Hypothesis: food defence 

Monthly bamboo shoot consumption1 580.55 36.67 - -0.02, 0.00 

Hypothesis: group familiarity     

Groups had split 578.75 34.87 <0.01 0.12, 1.06 

Highest-ranking silverback relation 569.12 25.24 <0.01 0.61, 1.45 

# previous interactions (six months)1 581.77 37.89 - -0.25, 0.02 
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Table S3.4 Full model set of predictor terms affecting agonistic participation of silverback males in an 

intergroup interaction using model selection. N=74 silverback males from 14 groups. Group and 

individual identity were included as random terms 

1although QICc lower than null model, not included in model averaging set as the confidence intervals 

intersected zero 

 
Table S3.5 Full model set of predictor terms affecting agonistic participation of adult females in an 

intergroup interaction using model selection. N=79 adult females from 14 groups. Group and 

individual identity were included as random terms 

 

Predictor term QICc QICc Wi 95% C.I. 

Null 1824.92 74.34 - - 

Interaction characteristics 

Interaction duration 1815.74 65.16 <0.01 -0.20, -0.04 

Hypothesis: collective action problem 

Social status 1750.58 0.00 0.53 -2.52, -0.99 

# adult males (focal) 1750.86 0.28 0.46 0.07, 0.16 

Relatedness coefficient 1808.70 58.12 <0.01 0.41, 5.90 

Group size (focal) 1777.27 26.69 <0.01 0.03, 0.08 

Hypothesis: asymmetry in resource holding potential 

Relative group size 1800.77 50.19 <0.01 0.01, 0.05 

Relative # adult males 1785.39 34.81 <0.01 0.07, 0.24 

Solitary male opponent 1825.26 74.68 - - 

Relative # adult males*# potentially migrant females 1806.90 56.32 <0.01 0.01, 0.04 

Hypothesis: mate/infant defence     

# potentially migrant females 1816.45 65.87 <0.01 0.02, 0.16 

# infants 1793.24 42.66 <0.01 0.05, 0.12 

Social status*# potentially migrant females1 1777.99 27.41 - -0.04, 0.20 

Social status*# infants (focal) 1763.39 12.81 <0.01 0.05, 0.16 

Hypothesis: food defence 

Monthly bamboo shoot consumption1 1824.79 74.21 - -0.01, 0.00 

Hypothesis: group familiarity     

Groups had split1 1818.54 67.96 - -0.73, 0.00 

Highest-ranking silverback relation 1826.89 76.31 - - 

# previous interactions (six months) 1821.56 70.98 <0.01 0.01, 0.19 

Predictor term QICc QICc Wi 95% C.I. 

Null 255.09 11.66 - - 

Hypothesis: asymmetry in resource holding potential 

Solitary male opponent 243.43 0.00 0.97 0.93, 2.17 

Relative # adult males 251.70 8.27 0.02 -0.35, -0.04 

Relative group size 252.29 8.86 0.01 -0.09, -0.01 

Hypothesis: mate/infant defence 

# infants 256.94 13.51 - - 

Dependent infant 256.29 12.86 - - 

Interaction characteristics 

Interaction duration 256.25 12.82 - - 

Hypothesis: collective action problem     

# adult males (focal) 256.22 12.79 - - 

Group size (focal) 256.01 12.58 - - 

Multi-male/single-male group 255.79 12.36 - - 

Hypothesis: food defence 

Monthly bamboo shoot consumption1 255.45 12.02 - - 

Hypothesis: group familiarity     

Groups had split 256.19 12.76 - - 

Highest-ranking silverback relation 256.25 12.82 - - 

# previous interactions (six months) 256.07 12.64 - - 
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Table S3.6 Full model set of predictor terms affecting affiliative participation of silverback males in an 

intergroup interaction using model selection. N=74 silverback males from 14 groups. Group and 

individual identity were included as random terms 

1although QICc lower than null model, not included in model averaging set as the confidence intervals 

intersected zero 

 
Table S3.7 Full model set of predictor terms affecting affiliative participation of adult females in an 

intergroup interaction using model selection. N=79 adult females from 14 groups. Group and 

individual identity were included as random terms  

1although QICc lower than null model, not included in model averaging set as the confidence intervals 

intersected zero 

 

 

 

 

Predictor term QICc QICc Wi 95% C.I. 

Null 346.24 10.80 - - 

Hypothesis: group familiarity 

Groups had split 335.44 0.00 0.57 0.67, 1.87 
Highest-ranking silverback relation 342.41 6.97 0.02 0.23, 1.42 

# previous interactions (six months) 346.98 11.54 - - 

Hypothesis: asymmetry in resource holding potential 

Solitary male opponent 336.51 1.07 0.33 -4.31, -0.35 
Relative # adult males 343.19 7.75 0.01 0.04, 0.27 

Relative group size 340.42 4.98 0.04 0.02, 0.09 

Hypothesis: mate/infant defence     

# potentially migrant females 347.48 12.04 - - 

# infants 347.92 12.48 - - 

Social status*# potentially migrant females 349.39 13.95 - - 

Social status*# infants (focal) 349.04 13.60 - - 

Hypothesis: food defence 

Monthly bamboo shoot consumption1 344.70 9.26 - -0.03, 0.00 

Interaction characteristics     

Interaction duration 342.56 7.12 0.02 -0.29, -0.05 

Predictor term QICc QICc Wi 95% C.I. 

Null 174.36 30.04 - - 

Hypothesis: group familiarity 

Groups had split 144.32 0.00 0.99 1.80, 4.86 

Highest-ranking silverback relation 154.59 10.27 <0.01 1.25, 4.31 

# previous interactions (six months) 170.57 26.25 <0.01 -0.45, -0.14 

Hypothesis: mate/infant defence 

# infants1 169.19 24.87 - -0.04, 0.54 

Dependent infant 176.00 31.68 - - 

Interaction characteristics 

Interaction duration 169.12 24.80 <0.01 -0.49, -0.05 

Hypothesis: collective action problem     

# adult males (focal)1 173.38 29.06 - -0.04, 0.26 

Group size (focal) 172.21 27.89 <0.01 0.01, 0.17 

Multi-male/single-male group 176.02 31.70 - - 

Hypothesis: food defence 

Monthly bamboo shoot consumption1 176.34 32.02 - - 

Hypothesis: asymmetry in resource holding potential     

Relative group size 169.20 24.88 <0.01 0.02, 0.16 

Relative # adult males 169.87 25.55 <0.01 0.05, 0.49 
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CHAPTER FOUR 

 

Intragroup behavioural changes following intergroup conflict in mountain 

gorillas 

 

Pictured: a top-ranking silverback male and an infant male on the move 
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4.1 Abstract 

Group-living animals face a number of threats from extra-group conspecifics: from 

individuals looking for mating opportunities, to rival groups seeking access to limited 

resources. The consequences of intergroup interactions can include loss of mates, 

increased daily travel distances and injury or death. Additionally, there is increasing 

evidence that aggressive intergroup interactions can affect subsequent intragroup 

behavioural interactions, and that such post-conflict behaviour may be directly related 

to different threats posed by different opponent groups (e.g. familiar versus unfamiliar). 

However, empirical evidence for changes in intragroup behaviour following 

intergroup conflict in social animals is limited. I compared the proximity and behaviour 

of group members before and after 84 aggressive intergroup interactions involving 14 

study groups of wild, habituated mountain gorillas (Gorilla beringei beringei) in 

Volcanoes National Park, Rwanda. I found that familiar groups were less likely to 

withdraw from each other following intergroup conflict compared to unfamiliar groups. 

Both winning and losing groups spent twice as much time moving in the hour following 

the interaction, and losing groups also spent less time resting than groups that did not 

lose. Moreover, there was an increase in intragroup affiliative interactions involving 

females and a decrease in intragroup agonistic interactions involving males after 

intergroup conflict. These results demonstrate that intergroup interactions can cause 

direct behavioural changes for group members, suggesting that such interactions 

influence intragroup dynamics beyond the immediate period of interaction. 
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4.2 Main text 

Introduction 

Intergroup conflict occurs in many social species and is a major selective force shaping 

the evolution of complex societies (Bowles 2009; Willems et al. 2013; Majolo et al. 

2016). Similar to the social and ecological factors that influence contests between 

individuals, group-level competition can vary depending on perceived resource values, 

relative familiarity and differences in fighting abilities (reviewed by Harris 2007; 

Kitchen and Beehner 2007). Costs of intergroup conflict can affect both participating 

groups, and can include reduced access to resources (e.g. female transfers and/or 

exclusion from food patches), increased daily travel distances, and severe injuries or 

death (reviewed by Harris 2007), all of which can ultimately affect the fitness of group 

members. More strongly bonded social groups may be favoured to win intergroup 

contests, as they should act more cohesively during intergroup competition (Cheney 

1992; Aureli et al. 2002; Palagi et al. 2008; Majolo et al. 2016). Thus, intergroup 

conflict may be associated with changes in intragroup behavioural interactions to 

promote group cohesion and collective action (Radford et al. 2016). However, 

empirical evidence for the link between intergroup conflict and subsequent intragroup 

behaviour is limited to several recent studies (di Sorrentino 2012; Grueter 2013; 

Arseneau-Robar et al. 2016; Majolo et al. 2016; Radford et al. 2016). Further 

comprehensive investigations are needed for a better understanding of intergroup 

influences on intragroup relationships. 

 

In addition to the physical costs to participants, intergroup conflict has been shown to 

increase the rate of intragroup aggression, a behaviour known as redirected aggression, 

which can potentially lead to the deterioration of social relationships (di Sorrentino et 
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al. 2012). On the other hand, individuals may spend more time reinforcing social 

relationships following intergroup conflict (Radford 2008b; Majolo et al. 2016), and 

increases in behaviours like grooming may act to reduce post-conflict stress (Cords 

2002; Payne et al. 2003; Arseneau-Robar et al. 2016). Changes in intragroup behaviour 

may therefore be an immediate consequence of increased stress, and/or may function 

to punish those that that did not participate in collective group defence (Fischer et al. 

2014; Arseneau-Robar et al. 2016). Changes in intragroup behavioural rates following 

intergroup conflict may cause a reduction in time individuals invest in other important 

activities, such as feeding and offspring care (Dunbar and Dunbar 1988). 

 

Asymmetries in group size and participation during intergroup contests can often 

determine which group will be successful, such that the weaker group is likely to 

withdraw from the contest to avoid exerting time, energy and risk injury in conflict they 

are unlikely to win (Arnott and Elwood 2009). Relatively weaker groups may therefore 

face additional costs of intergroup conflict, such as travelling farther and lower quality 

home ranges to avoid interactions with larger/stronger groups (Wrangham 1980; 

Cheney and Seyfarth 1987; Crofoot 2013; Markham et al. 2013). Relocating home 

range as a result of losing an intergroup contest can result in more interactions with 

unfamiliar groups in the new area, and in many group-living species interactions with 

unfamiliar groups are often more aggressive than interactions with familiar groups (i.e. 

the ‘dear-enemy’ effect, Temeles 1994; French et al. 1995; Bradley et al. 2004; Radford 

2005; Wich and Sterck 2007). Unfamiliar groups represent an unknown threat and may 

be more likely to compete for permanent exclusivity to resources than familiar groups 

(Siracusa et al. 2017). In comparison, familiar groups are more likely to intrude only 

temporarily, perhaps to gather updated information on neighbouring groups in terms of 
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threat and mating opportunities (Temeles 1994; Radford et al. 2016). Only one study 

has shown that intragroup behaviours can be affected by the familiarity of the opponent, 

where affiliation between group members increased following intergroup interactions 

with unfamiliar groups but not familiar groups (Radford 2008b). Thus, research into 

how different types of intergroup interactions (and their outcomes) will influence 

subsequent intragroup behaviour is lacking, and variation in familiarity between social 

groups may have important effects on post-conflict behaviour (see Christensen and 

Radford 2018). 

 

Although long-term data and detailed observations of intergroup conflict are typically 

difficult to acquire, this information is necessary to understand the behavioural 

consequences of intergroup conflict (Radford et al. 2016). One species that experiences 

highly variable intergroup interactions is mountain gorillas (Sicotte 1993; Robbins and 

Sawyer 2007; Caillaud et al. 2014). The subpopulation of mountain gorillas inhabiting 

the Volcanoes National Park, Rwanda is fully habituated, individually identifiable, and 

have been monitored daily by the Dian Fossey Gorilla Fund’s Karisoke Research 

Center since 1967. Details of intergroup interactions, daily focal behaviour and ranging 

patterns of the Karisoke study groups are available from 2003, providing a unique 

opportunity to better understand the behavioural consequences of intergroup conflict in 

a wild, group-living species. 

 

Karisoke study groups live in highly overlapping home ranges, and can experience up 

to 15 interactions with neighbouring groups a year (Caillaud et al. 2014). The majority 

of intergroup interactions in mountain gorillas involve one or both groups directing 

agonistic behaviours (Sicotte 1993; Robbins and Sawyer 2007), and can escalate to 
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physical fights resulting in injury or death (Watts 1989; Caillaud et al. 2014; Eckardt et 

al. 2016; Rosenbaum et al. 2016c). Intergroup interactions typically last several hours 

(Sicotte 1993) and can result in heightened stress levels for the individuals present 

(Eckardt et al. 2016). Females may use intergroup interactions to transfer between 

groups, and intergroup aggression is therefore mainly driven by males competing to 

retain or recruit females (Sicotte 1993; Robbins and Sawyer 2007).  

 

Social groups of mountain gorillas consist of one or multiple silverbacks (males aged 

12 years or older), multiple adult females (aged 8 years or older), and juvenile offspring 

(Harcourt et al. 1976; Harcourt 1979b; Robbins 1995; Rosenbaum et al. 2016b). Group 

size and composition can be highly variable, ranging from 2 to 40+ adults (Caillaud et 

al. 2014). Dyadic bonds between group members are maintained through interactions 

including grooming, playing and other affiliative behaviours, while agonistic 

behaviours function to reinforce dominance and settle foraging location disputes (Watts 

1994a; Wright and Robbins 2014; Grueter et al. 2016; Rosenbaum et al. 2016a; 

Rosenbaum et al. 2016b). The strongest social relationships exist between silverbacks 

and adult females, and between silverbacks and infants, while bonds between same-sex 

adults are weak (Watts 1994b; Rosenbaum et al. 2016b). The silverback-female and 

silverback-infant relationships are likely formed in response to external threats, 

primarily extra-group male competitors (Watts 1989) and paternal care (Rosenbaum et 

al. 2016a). Thus, a higher ratio of silverback males to females and silverback males to 

infants results in stronger social bonds between group members and more centrality of 

the top-ranking silverback, since there are fewer relationships to maintain and there is 

less competition between females for proximity to silverbacks for protection 

(Rosenbaum et al. 2016b). Thus, group size and structure plays a large role in the 
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strength of relationships between mountain gorilla group members, and perhaps on the 

extent of collective action during intergroup interactions. 

 

Groups containing multiple adult males tend to be better at defending themselves 

against extra-group male competitors (Robbins et al. 2009), and individuals may 

therefore benefit from maintaining group cohesion if it promotes collective action in 

the face of intergroup competition. However, the relationship between intergroup 

conflict and intragroup interactions has mixed evidence in other taxa (Radford 2008a; 

Batchelor and Briffa 2010; di Sorrentino 2012; Majolo et al. 2016), and has not been 

investigated in mountain gorillas. I investigated how intergroup conflict will affect 

intragroup behaviour in a high-density population of mountain gorillas using a 13-year 

dataset by comparing behaviour one hour before and after an aggressive intergroup 

interaction (see also Radford 2008a). Comparing individual behaviour in the one hour 

immediately before and after an intergroup interaction allows us to minimise the 

variation in behaviour associated with potentially confounding factors such as 

vegetation type and weather conditions (Schaller 1963; Ganas and Robbins 2005). 

 

I therefore investigated whether (a) intergroup conflict affected intragroup behaviour 

in the hour following conflict, (b) participation in intergroup conflict influenced 

intragroup behaviour in the hour following conflict, and (c) the respective changes in 

intragroup behaviour following intergroup conflict depended on if the group lost or was 

involved in a more intense intergroup interaction (i.e. longer or involving higher levels 

of aggression).  
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Methods 

Study population and data collection 

I used data collected on the habituated mountain gorilla population in Volcanoes 

National Park, Rwanda, between January 2003 and June 2015. From 2003-2007 

Karisoke monitored three large study groups, all of which contained multiple 

silverbacks and many adult females and their offspring (Caillaud et al. 2014). In 2007 

the three study groups fissioned into a total of 12 unique study groups, consisting of 

both multi-male and single-male social groups (Caillaud et al. 2014). Over the entire 

study period, the population size ranged from a yearly average of 99 to 130 adult 

individuals. All individuals in the study groups were individually recognisable using 

unique nose prints, and were observable from a minimum distance of seven meters. 

 

Behavioural data were collected in each study group daily by researchers and data 

technicians that had been trained to collect data using a standardised protocol and were 

regularly tested for reliability. From 2014-2015, I collected data on behaviour, group 

activity, proximity, and any observed intergroup interactions. My dataset was 

supplemented using the data from 2003-2015 that were collected and managed by the 

Karisoke Research Center. Behavioural data were collected using 50-minute focal 

animal follows for all individuals over one year old. During a 50-minute focal period, 

all observed social interactions involving the focal individual were recorded, including 

the context of the behaviour (e.g. feeding) as well as the identity of the actor and 

recipient (where applicable). Several behaviours were also collected ad libitum (i.e. 

may or may not have involved the focal individual) and included (1) affiliative 

interactions involving the highest-ranking silverback, including grooming or playing, 

and (2) high-level aggressive exchanges involving group members (e.g. biting, kicking, 



 121 

chasing; for all behaviours included in analysis see supplementary table S4.1). Ad 

libitum behaviours were used to classify the level of aggression for each intergroup 

interaction, but only behaviours involving the focal individual were used in the analysis 

of behaviour change following an interaction.  

 

The data also included instantaneous group scans performed every 10 minutes. During 

each scan, the group’s primary activity (e.g. more than 50% of adult group members 

were feeding, resting or moving) as well as the proximity of the focal individual to other 

group members within 0 and 5m was recorded. Data collection in each study group did 

not exceed four hours per day as per national park regulations, which typically resulted 

in four focal animals followed per researcher per day. Therefore, for each study group 

at least 200 minutes of observational data and 24 total interval samples of group activity 

were collected per day (sometimes multiple researchers were in one study group in 

which case these values increased). 

 

Ideally, data on behaviour and proximity would be collected from the same individual 

before and after an intergroup contest, however only 17% of the pre- & post-conflict 

behavioural comparisons included data on the same individual, of which 2% were 

participants in the intergroup conflict. This limitation was a result of using an existing 

database, so I was unable to tailor the protocol to suit my study. Therefore, while 

controlling for the focal individual’s age, I compared rates of individual behaviour and 

proximity before and after an aggressive intergroup interaction from different 

individuals of the same sex in the same group (i.e. intragroup behaviour following 

intergroup conflict was analysed separately for males and females). Time of day, total 

group size, number of adult males and females in the focal individual’s group were also 
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included as potential influencing factors (i.e. included as control predictor variables). 

Finally, since I required one hour of data collection in the same group both before and 

after an intergroup contest, intergroup conflict starting less than one hour after arriving 

in the group for data collection was excluded, as well as any interactions finishing 

within the last hour of observation. My comparison of pre- and post-intergroup 

interaction behaviour included data from 84 aggressive intergroup interactions 

involving 14 unique groups over the study period, while the analysis predicting the 

outcome of an aggressive intergroup interaction included all aggressive intergroup 

interactions in the data set (n=345). 

 

Intergroup conflict and outcome 

I defined an aggressive intergroup interaction as any occasion where individuals within 

one study group directed agonistic behaviours to members of another social unit (group 

or solitary male). When intergroup conflict was observed, the location, duration, ‘loser’ 

(i.e. which group was first to retreat from the interaction site) and the outcome was 

recorded (i.e. injury/death/transfers). The behaviours exchanged between intergroup 

individuals were recorded during the focal animal follows, such that any behaviours 

involving the focal individual were recorded as well as the actor/recipient of any ad 

libitum exchanges of behaviours. The type of behaviours exchanged were used to 

classify each intergroup interaction as (1) non-visual agonistic: vocalisations or display 

threats (e.g. chest beating) were directed from one or both social units towards each 

other without making visual contact for the entire interaction or (2) visual agonistic: 

displays and/or physical aggression performed by one or both social units in sight of 

each other (for definitions of all specific behaviours that were used to classify the types 

of intergroup conflict see supplementary table S4.1). Conflict between two social units 
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was considered to have finished at the time the last exchange of behaviour was recorded 

and/or when the opponents were out of sight. 

 

A group was considered to win an intergroup contest if their opponent was the first to 

withdraw from the interaction, which meant they stopped interacting with the opponent 

to move in the opposite direction of the interaction site. A ‘draw’ was when neither 

group moved away from each other before they resumed ‘normal’ behaviours (i.e. 

feeding/resting), following the last exchange of behaviour. Both opponents could be 

identified and had a team of observers present, except for identifiable solitary males. 

Thus, to test what factors influenced a social group to win, lose or draw, I first randomly 

assigned one study group (or solitary male) as the focal and one as the opponent for 

each intergroup interaction. I tested if the tenure length and age of the highest-ranking 

silverback in the focal group influenced the group’s propensity to win an intergroup 

interaction. I also tested if the following factors influenced the outcome of an aggressive 

intergroup interaction, which were all relative to the opposing group (i.e. number of 

individuals in the focal group minus number of individuals in opponent group): relative 

group size (i.e. the number of adults in the focal group minus number of adults in 

opponent), relative number of silverbacks, relative number of adult females, relative 

number of potentially migrant females (i.e. adult females without dependent infant less 

than 3 years of age, Sicotte 1993; Robbins and Sawyer 2007), relative number of total 

participants and the relative number of silverback male participants during the 

interaction. 
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Intragroup behaviour following intergroup conflict 

To test the effect of variation in the nature of each intergroup conflict on subsequent 

intragroup behaviour, I included (1) the type of conflict (e.g. visual agonistic), (2) the 

duration of the interaction and (3) if the group lost, won or drew the contest. I also 

tested if measures of familiarity/relatedness between groups affected intragroup 

behavioural following an intergroup conflict by including the following measures: (1) 

groups had formed as a result of a large group permanently fissioning (yes/no), (2) 

number of times the groups had interacted with each other in the last 6 months prior to 

the interaction and (3) relatedness between the highest-ranking silverbacks of the focal 

and the opponent group. The mother of each top-ranking silverback in the study 

population was known, and paternity data was known for most (78% of top-ranking 

silverbacks included in the analysis of the subset of interactions with one hour pre- and 

post- conflict behavioural observations). Thus, using mother and father identify (when 

available), I considered relatedness between the highest-ranking silverbacks in 

competing groups to be present (father-son or sibling) or absent. 

 

Statistical analysis 

I compared group observations of feeding, moving and resting one hour before and 

after intergroup conflict. I also compared the rate of affiliative and agonistic behaviour 

involving a focal individual one hour before and after intergroup conflict for males 

(n=25) and females (43) separately. Analyses were performed in SPSS statistics 

(Version 23, IBM Corporation 2015). I used generalised estimating equations (GEEs) 

with a binomial distribution and logit link function to analyse what parameters 

predicted (a) if the focal group drew or not, (b) if the focal group won or lost, as well 

as changes in group behaviour pre- and post-conflict including if the focal group was 
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observed (a) moving, (b) resting or (c) feeding (yes/no). Group identity was included 

as a random factor to account for repeated measures. To test what factors influence 

changes in individual behaviour for males and females (i.e. affiliation, aggression, 

proximity), I used GEEs with a Tweedie distribution and a log function, including 

individual and group identity as random factors to account for repeated measures.  

 

All of the hypothesis-derived models and two-way interaction terms were compared to 

find the most significant influence on changes in behaviour between the pre- and post-

intergroup conflict period. Variables were only included in the same model if they were 

not significantly collinear, and were checked for multicollinearity by producing 

Variance Inflation Factors (VIF) in a linear regression. Any variables with a VIF larger 

than 4 were considered to be highly correlated and were therefore not included in the 

same model (Hill and Gelman 2007). I used Corrected Quasi-likelihood under 

Independence Model Criterion (QICc) values to determine which variables provided 

the best-fit model, such that the model with the lowest QICc value was considered the 

best fit. Any models with a QICc lower than the null model, with confidence intervals 

that did not intersect zero and explained at least 20% of the variation in the data 

(predictor weight above 0.20) were considered significant predictors of the data (sensu 

Grueber et al. 2011). I then conducted model averaging to determine which terms had 

the most significant influence on the data from a top model set (Grueber et al. 2011; 

Symonds and Moussalli 2011).  

 

 

 

 



 126 

Results 

Factors influencing the outcome of intergroup conflict 

Only 16% of aggressive intergroup interactions resulted in a draw, i.e. where competing 

groups continued to rest/feed in close proximity of their opponent once behavioural 

exchange between extra-group individuals stopped. This was significantly more likely 

when groups consisted of familiar (and potentially related) individuals. Specifically, 

61% of ‘draws’ were between groups that split from the same group historically, such 

that most extra-group individuals were previous group members (table 4.1). No other 

factors influenced whether an intergroup interaction ended in a draw (see 

supplementary data table S4.2), and no measure of group size, composition or 

participation influenced the likelihood of winning or losing an intergroup conflict (see 

supplementary data table S4.3). 

 

Table 4.1 Top model set of parameters influencing whether an intergroup conflict would result in a 

‘draw’ between competing groups, where 1 = draw, 0 = win/loss (1 is reference, 0 is response).  

Analysis was conducted on 345 intergroup interactions between 14 social units over 13 years. Group 

identity was included as a random factor (only models with averaged weight of >0.20 presented, for all 

models see supplementary tables) 

Model QICc ΔQICc Effect size ± S.E. Wi 95% C.I. 

Groups had split 241.11 0.00 Groups had not split: 1.36 ± 0.39 0.97 0.59, 2.13 

Groups had split: 0^   

Null 256.48 15.37 - - - 
^
terms with effect size ‘0’ are the reference category in SPSS 

 

Group activity changes following intergroup conflict 

The most common group activity observed was ‘feeding’ (occurred during 56% of 

group scans), which was not significantly affected by intergroup conflict (see 

supplementary data table S4.4). Groups that were involved in intergroup conflict spent 

significantly more time moving after the interaction compared to before the interaction, 

especially after interactions that involved visual contact (which comprised 53% of 
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intergroup conflict, table 4.2, figure 4.1). In groups that lost intergroup conflict, resting 

decreased significantly during the post-conflict period. On average, the proportion of 

time groups spent resting pre-conflict was 42%, which decreased to only 22% if the 

group ‘lost’ the contest (table 4.2, figure 4.2). Neither the level of familiarity between 

opposing groups, nor the duration of the conflict influenced feeding, moving or resting 

rates between the pre- and post-conflict period (see supplementary data tables S4.4, 

S4.5 & S4.6). 

 

Table 4.2 Top model set of parameters influencing group behaviour in the hour before and after a 

intergroup conflict, analysis was conducted on 84 intergroup interactions between 14 social units over 

13 years. Group identity was included as a random factor (only models with averaged weight of >0.20 

presented, for all models see supplementary tables) 

 

Model QICc ΔQICc Effect size ± S.E. Wi 95% C.I. 

Moving   

Pre-/post-conflict 

 

134.97 0.00 Post: -1.08 ± 0.49 0.36 -0.20,-0.12 

Pre: 0^   

Pre-/post-conflict*  

   Interaction type 

135.20 0.22 Pre*Non-visual: 1.25 ± 0.94 0.32 -0.60, 3.10 

Post*Visual: -0.94 ± 0.24  -1.41, -0.47 

Post* Non-visual: 0.03 ± 0.64  -1.22, 1.28 

Pre*Visual: 0^   

Interaction type 135.20 0.22 Non-visual: 1.03 ± 0.49 0.32 0.06, 1.99 

Visual: 0^   

Null  136.84 1.87 - - - 

Resting      

Pre-/post-

conflict*outcome  

   (retreat/not) 

521.72 0.00 Pre*Lost: -0.37 ± 0.30 0.98 -0.97, 0.23 

Post*Won: -0.56 ± 0.40  -1.36, 0.22 

Post*Lost: 0.99 ± 0.36  0.29, 1.69 

Pre*Won: 0^   

Null 542.87 21.15 - - - 
^
terms with effect size ‘0’ are the reference category in SPSS 



 128 

 

Figure 4.1 A comparison of the probability that a group was observed moving during observation 

sessions one hour before and after intergroup conflict in mountain gorilla groups, according to 

interaction type. Data are generated from the outputs of the analysis presented in table 4.2 

 

Figure 4.2 A comparison of the probability that a group was observed resting during observation 

sessions one hour before and after intergroup conflict in mountain gorilla groups, according to 

interaction type. Data are generated from the outputs of the analysis presented in table 4.2 
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Individual behavioural changes following intergroup conflict 

While there was no effect of intergroup conflict on the proximity of group members to 

each other (see supplementary data table S4.7), there were significant differences in 

intragroup affiliation and aggression between pre- and post-conflict periods. Adult 

females displayed an increase in affiliative intragroup interactions following shorter 

intergroup conflict, but there was no significant change following longer interactions 

(table 4.3, figure 4.3). There was no difference in intragroup affiliative interactions 

involving silverback males pre- and post-intergroup conflict (see supplementary data 

tables S4.8). 

Table 4.3 Top model set of parameters influencing affiliative behaviour in females in the hour before 

and after a intergroup conflict, analysis was conducted on 84 intergroup interactions between 14 social 

units over 13 years. Group identity was included as a random factor (only models with averaged weight 

of >0.20 presented, for all models see supplementary tables) 

Model QICc ΔQICc Effect size ± S.E. Wi 95% C.I. 

Females   

Pre-/post-conflict* 

   conflict duration 

152.18 0.00 Pre-conflict: -0.02 ± 0.02 >0.99 -0.05, 0.01 

Post-conflict: -0.04 ± 0.02  -0.08, -0.01 

Null 168.90 16.72 - - - 
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Figure 4.3 The effect of the duration of intergroup aggression on the hourly rate of affiliative 

intragroup behaviours involving females based on focal data from 43 different individuals from 14 

groups over a total of 84 intergroup interactions 

 

Longer intergroup conflict led to a larger decrease in intragroup agonistic interactions 

involving silverback males (table 4.4, figure 4.4). There was no difference in intragroup 

agonistic interactions involving adult females pre- and post-intergroup conflict (see 

supplementary data tables S4.11). Finally, the level of familiarity between competing 

groups did not affect subsequent intragroup behaviour, nor did the outcome of the 

contest (see supplementary data tables S4.8, S4.9, S4.10 and S4.11).  

 

Table 4.4 Top model set of parameters influencing agonistic behaviour in males in the hour before and 

after a intergroup conflict, analysis was conducted on 84 intergroup interactions between 14 social 

units over 13 years. Group identity was included as a random factor (only models with averaged weight 

of >0.20 presented, for all models see supplementary tables) 

Model QICc ΔQICc Effect size ± S.E. Wi 95% C.I. 

Pre-/post-conflict* 

   conflict duration 

151.18 0.00 Pre-conflict: -0.01 ± 0.01 1.00 -0.25, 0.01 

Post-conflict: -0.02 ± 0.01  -0.04, -0.002 

Null 155.93 4.75 - - - 
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Figure 4.4 The effect of the duration of intergroup aggression on the hourly rate of agonistic intragroup 

behaviours involving males based on focal data from 25 different individuals from 14 groups over a total 

of 84 intergroup interactions 

 

 

 

Discussion 

Patterns of aggressive intergroup conflict are a central topic of many studies of social 

animal species (e.g. Cant et al. 2002; Crofoot et al. 2008; Mares et al. 2011; Golabek et 

al. 2012; Wilson et al. 2012; Markham et al. 2013), however my study is one of the few 

that has investigated its potential impact on intragroup behaviour. The results from this 

study demonstrate that aggressive group-level interactions can alter the patterns of 

intragroup behaviour, resulting in potential energetic and social costs. I have 

demonstrated that movement in mountain gorilla groups increased after visual exposure 

to the opponent group, perhaps to avoid prolonged hostility and minimise the risks of 

physical fighting. This confirms previous findings on mountain gorillas that daily travel 

distance increases on days that groups interact with one another (Robbins pers comm), 
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and shows that this is due to the movement after the intergroup interaction rather than 

the possibility that on days that groups travel more, they are more likely to encounter 

another group. Additionally, losing groups experienced a greater reduction in time 

spent resting following conflict in comparison to winning groups. This reduction in 

resting may occur to recover the costs incurred after being displaced, e.g. to ensure they 

spend the same amount of time feeding (Pride et al. 2006; Crofoot 2013). Moreover, 

decreases in intragroup aggression involving silverback males and concurrent increases 

in affiliative behaviours in adult females following intergroup conflict (depending on 

the duration of the conflict) supports previous studies that the relative threat and/or 

intensity of intergroup conflict can have subsequent effects on the extent to which 

intragroup behaviour changes (Radford 2008a). 

 

Outcomes of intergroup conflict 

The greatest costs of intergroup aggression arise from physical contests between 

opponents, which can result in injury or death (Cant et al. 2002; Mitani et al. 2010; 

Rosenbaum et al. 2016c). Thus, a group is more likely to withdraw from a contest to 

avoid these costs when it is likely to lose (Arnott and Elwood 2009; Markham et al. 

2012). When neither group withdraws, it is likely that the level of threat posed by each 

opponent is low. I demonstrated this effect in mountain gorillas, where a draw was more 

likely when two familiar groups were competing. Familiarity between the Karisoke 

gorilla groups increases as more extra-group members have existing relationships, 

which may be maintained as a result of low dispersal distances following fissioning 

events and significant home range overlap (Caillaud et al. 2014). Information gathered 

during prior interactions (in this case between previously co-residing individuals) can 

allow individuals to predict the outcome of conflict with familiar extra-group gorillas 
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without resorting to high levels of aggression (French et al. 1995; Wich and Sterck 

2007). Groups may therefore ‘draw’ the contest, rather than withdraw, since as there 

can be costs associated with the latter in terms of moving and resting behaviour (see 

discussion below). This finding is consistent with the ‘social familiarity’ hypothesis 

(Wilson 1975), where the costs of interacting with a familiar group are lower than the 

costs of interacting with an unfamiliar group, and suggests that group movements may 

be, at least partially, determined by relationships with extra-group individuals. 

 

Activity costs of intergroup conflict 

There was no significant effect of intergroup conflict on the time groups spent feeding. 

This is likely due to the abundant availability of food within the habitat of the study 

population (Watts 1998; Grueter et al. 2013). Feeding would be most impacted 

following conflict where groups are excluded from feeding sites that are of high quality 

and are limited throughout the habitat (Janson and van Schaik 1988; Harris 2006; 

Crofoot 2007). Although there is some evidence that vegetation can impact group 

ranging patterns and energy balance in the Karisoke gorilla population (Harcourt 

1979b; Watts 1994b; Caillaud et al. 2014; Grueter et al. 2014), the movement of groups 

to specific food sources does not influence intergroup aggression (Chapter 2), and 

groups may avoid areas heavily used by others without compromising their access to 

food resources (Sicotte 1993; Robbins and Sawyer 2007; Seiler et al. 2017). 

 

The intragroup consequences of conflict in mountain gorillas are therefore primarily 

concerned with resting and moving. Increased moving and decreased resting as a result 

of close-range intergroup conflict can decrease the amount of energy invested into 

maintenance, recovery and reproduction (Pontzer and Kamilar 2009; Scarry and 
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Tujague 2012). Recovery following intergroup aggression is important, as mountain 

gorillas have been found to experience a marked increase in stress hormones for up to 

3 days following intergroup interactions (Eckardt et al. 2016). Prolonged exposure to 

heightened stress can lead to deleterious health outcomes, including impaired immune 

system function, growth and development (Eckardt et al. 2016). Previous studies have 

found that groups spend significantly more time moving on days that an intergroup 

interaction occurred (Seiler et al. 2017), raising the possibility that they were more 

likely to encounter a group as a result of moving more. However, although my study 

only shows changes in moving and resting one hour after intergroup conflict, I 

demonstrate that the observed increase in moving is a direct result of an intergroup 

interaction because the of the change in moving behaviour between the pre- and post-

intergroup conflict period. This finding therefore indicates a potential energetic cost of 

aggressive intergroup interactions. Female fecundity is a direct consequence of physical 

state, and the daily energetic requirements of individuals may be affected by changes 

in moving/resting rates following intergroup conflict (van Schaik and van Hooff 1983). 

Thus, intergroup aggression could have significant implications on an individual’s 

ability to reproduce. 

 

Intragroup behaviour following intergroup conflict 

Previous studies have suggested that changes in intragroup affiliative behaviours are 

more likely following conflict between unfamiliar groups than between familiar groups 

(Radford 2008b; Radford et al. 2016). Although, I did not find an effect of familiarity 

on intragroup behaviour following intergroup conflict (see also di Sorrentino et al. 

2012). Instead, I found that the length and outcome of intergroup conflict affected the 

extent of behavioural change in the aftermath. Changes in intragroup affiliation and 
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aggression may therefore be a result of 1) maintaining group cohesion and 2) the 

changes in activity following aggressive intergroup interactions. Intragroup aggression 

typically involves silverback males, while adult females are most commonly involved 

in affiliative intragroup interactions (Harcourt 1979b). The reduction in agonistic 

behaviours following longer intergroup conflict therefore suggests that aggressive 

intergroup interactions can affect the time mountain gorillas invest in maintaining 

typical social intragroup interactions relative to when individuals are feeding or resting. 

Aggressive intergroup interactions may therefore disrupt the normal behaviours of 

individuals after the interaction has finished, especially if the interaction is more 

intense. 

 

Longer intergroup interactions typically involve higher levels of aggression (Chapter 

2), which also results in an increased amount of group movement post-conflict. The 

increased time groups spend moving (and possibly the decrease in resting following a 

loss) may reduce the time females have to invest in maintaining group cohesion 

following intergroup conflict. Affiliative behaviours in mountain gorillas typically 

involve a female-male: female-female and male-male dyads are rare (Harcourt 1979b; 

Harcourt 1979a). Although typically uncommon, the change in affiliative behaviours 

must therefore represent a significant impact on female-female affiliative interactions. 

Reinforcing affiliative bonds may be important for maximising future success in 

intergroup conflict by increasing group cohesion (Nunn 2000; van Belle and Scarry 

2015), as strongly affiliated individuals are more likely to collectively participate in 

group defence (Arseneau-Robar et al. 2016). However, following longer conflict, 

groups (including females) spend more time moving away from the interaction site, 

resulting in a reduction of time available to spend on interacting with group members. 
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Importantly, changes in individual behaviour as a result of aggressive intergroup 

interactions may reduce time allocated to other important behaviours, such as infant 

care, which may have cumulative effects on reproductive success (Dunbar and Dunbar 

1988). 

 

Conclusion 

Involvement in intergroup competition can lead to increased time spent moving, and 

early withdrawal from the conflict can result in less resting time, which can potentially 

affect recovery from stressful and physically demanding conflict. These changes in time 

budgets may be avoided when the competing groups are familiar, and social groups 

may therefore benefit from maintaining relationships with neighbouring groups. My 

findings are consistent with previous studies that demonstrate that intergroup 

aggression can influence intragroup relationships, and that more intense (i.e. longer) 

intergroup conflict can influence subsequent intragroup aggression and affiliation in the 

short-term (Radford 2008a; di Sorrentino et al. 2012; Majolo et al. 2016; Radford et al. 

2016). Intergroup conflict can therefore influence the rates of intragroup interactions, 

suggesting that the intensity of the encounter may affect individual behaviour and time 

budgets beyond the immediate responses of opponents. These potential long-term 

implications following aggressive intergroup interactions lends support to recent work 

suggesting that ranging patterns and home range use can be significantly influenced by 

interactions with other groups (Seiler et al. 2017). Further studies are needed to 

ascertain the magnitude of these costs, by exploring how long the change in group 

behaviour is maintained post-intergroup conflict. Although the changes observed in this 

study were immediate, an increase in rates of intergroup conflict may have additive 
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effects on the time spent maintaining intragroup social relationships, which may 

influence the fitness of individuals in the long-term. 
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4.4 Supplementary data 

Table S4.1 Behavioural data collection protocol with definitions of the behaviours exchanged between 

mountain gorillas that have been measured before and after an intergroup conflict 

 

 
 

 

 

 

 

 

 

 

BEHAVIOR TYPE DEFINITION 

Pig-grunting 

vocalization 

Agonistic A grunt-like vocalization (Fossey, 1972; Harcourt et al., 1993; Seyfarth et al., 

1994) that occurs under a variety of circumstances, but it is usually noted in mildly 

agonistic situations such as disputes over personal space or feeding sites. If the 

individual resumes vocalizing after any intervening activity (including resting) of 

5 seconds or longer, then a separate vocalisation event is recorded.  

Scream 

Vocalisation 

Agonistic A loud roar or high-pitched, high volume scream most often used in tense or 

aggressive situations. If the individual resumes vocalising after any intervening 

activity (including resting) of 5 seconds or longer, then a separate vocalisation 

event is recorded. 

Strut Stance Agonistic An individual postures quadrapedally with back arched, head up, tight lips and 

limbs straight and stiff. This often precedes or follows an actual display.  

Display Agonistic An individual performs chest beating, hooting, smashing/dragging plants, 

pounding the ground, symbolic feeding or some combination of these activities. 

Display can be distinguished from play behaviour by the aggressive context and 

lack of play face. 

Aggression Agonistic Aggression that demonstrates active agonistic behaviour directed at an individual, 

indicated by an open-mouthed threat face and threatening movements towards the 

individual. This category can include chasing, lunging and physical contact. 

Physical contact can include hitting, shoving, dragging, kicking, grabbing or biting 

(but mock-biting distinguished by play face, to be recorded as play). If directed at 

more than one individual then each aggression event directed at each individual is 

separate and is to be recorded as a series of events. This behavioural category is to 

be recorded even in the event of the focal animal not being involved (where 

possible) and in this case focal sampling should be temporarily suspended whilst 

the ad lib event is noted. 

Groom Affiliative An individual picks through the hair of another individual with fingers or lips, 

removing dry skin, dirt, insects, etc. If the individual resumes grooming after any 

intervening activity, including resting, of 1 minute or longer, then a separate 

grooming event is recorded.  

Play Affiliative An individual engages in wrestling, chasing and/or mock-biting with another 

individual. If the individual resumes play behaviour after any intervening activity 

(including resting) of 1 min or longer, then a separate play event is recorded. The 

second individual may or may not respond. Infants and juveniles may play on a 

disinterested adult. Play can be distinguished from display behaviour by the 

affiliative manner of the interaction, a play face (open mouth, not displaying teeth) 

and soft grunting play vocalisation. 

Rest in physical 

contact 

Affiliative Two individuals resting together in physical contact, exclusive of other 

behaviours. If the individual resumes rest in physical contact after any intervening 

activity of 1 minute or longer, then a separate rest in physical contact event is 

recorded. 

Touch Affiliative An individual puts a hand, finger or foot on another individual in an affiliative 

manner. This is frequently used as an appeasement gesture to prevent escalation of 

acts of aggression, but noted regardless of context. 
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Table S4.2 Full model set of predictor terms affecting if a group drew or not (i.e. lost or won) an 

aggressive intergroup interaction using model selection. N=345 interactions. Group identity was 

included as a random term 

 

1although QICc lower than null model, not included in model averaging set as the confidence intervals 

intersected zero 

 
Table S4.3 Full model set of predictor terms affecting if a group lost or won an aggressive intergroup 

interaction using model selection. Where no models provided a better fit to the data than the null 

model, model averaging was not performed. N=291 interactions. Group identity was included as a 

random term 

1although QICc lower than null model, not included in model averaging set as the confidence intervals 

intersected zero 

 

 

 

 

 

 

 

Predictor term QICc QICc Wi 95% C.I. 

Null 256.48 15.37 - - 

Hypothesis: group familiarity 

Groups had split 241.11 0.00 0.97 0.59, 2.13 

Highest-ranking silverback relation 250.49 9.38 0.01 0.20, 1.73 

# previous interactions (six months) 249.97 8.86 0.01 -0.44, -0.10 

Hypothesis: mate/infant defence 

# potentially migrant females1 254.58 13.47 - 0.00, 0.38 

# infants1 169.19 24.87 - -0.04, 0.54 

# adult females1 255.30 14.19 - -0.01, 0.17 

Interaction characteristics 

Injury or female transfer 257.36 16.25 - - 

Hypothesis: collective action problem     

# adult males (focal) 250.97 9.86 0.01 0.11, 0.48 

Hypothesis: food defence 

Monthly bamboo shoot consumption 176.34 32.02 - - 

Hypothesis: asymmetry in resource holding potential     

Relative group size 258.22 17.11 - - 

Relative # participants 258.48 17.37 - - 

Relative # adult male participants 258.46 17.35 - - 

Predictor term QICc QICc Wi 95% C.I. 

Null 301.71 5.20 - - 

Hypothesis: mate/infant defence 

# potentially migrant females 303.46 6.95 - - 

# adult females1 301.04 4.53 - -0.13, 0.02 

Interaction characteristics 

Injury or female transfer1 296.51 0.00 - -0.04, 1.95 

Hypothesis: collective action problem     

# adult males (focal) 303.40 6.89 - - 

Hypothesis: asymmetry in resource holding potential     

Relative group size 303.59 7.08 - - 

Relative # participants 303.27 6.76 - - 

Relative # adult male participants 302.08 5.57 - - 

Highest ranking silverback age 301.82 5.31 - - 

Group age 303.39 6.88 - - 
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Table S4.4 Full model set of predictor terms affecting feeding during observation session before and 

after an aggressive intergroup interaction using model selection. Where no models provided a better fit 

to the data than the null model, model averaging was not performed. N=84 interactions. Group and 

individual identity were included as random terms 

1although QICc lower than null model, not included in model averaging set as the confidence intervals 

intersected zero 

 

Table S4.5 Full model set of predictor terms affecting moving during observation sessions before and 

after an aggressive intergroup interaction using model selection. N=84 interactions. Group and 

individual identity were included as random terms 

1although QICc lower than null model, not included in model averaging set as the confidence intervals 

intersected zero 

 

 

 

 

 

 

 

Predictor term QICc QICc Wi 95% C.I. 

Null 547.33 11.31 - - 

Hypothesis: group familiarity 

Pre-/Post-conflict*Groups had split1 545.09 9.07 - -0.29, 1.61 

Pre-/Post-conflict*# previous interactions (six months) 547.80 11.78 - - 

Interaction characteristics 

Pre-/Post-conflict 549.33 13.31 - - 

Pre-/Post-conflict*Interaction duration1 545.41 9.39 - -0.40, 0.15 

Pre-/Post-conflict*Interaction type1 547.18 11.16 - -0.71, 2.06 

Pre-/Post-conflict*Conflict outcome1 536.02 0.00 - -1.28, 0.18 

Pre-/Post-conflict*Time from conflict 561.62 25.60 - - 

Control variables     

Interaction type1 541.80 5.78 - -0.62, 0.76 

Interaction duration1 543.65 7.63 - -0.02, 0.00 

Groups had split1 545.03 9.01 - -0.24, 1.13 

Conflict outcome1 545.42 9.40 - -0.86, 0.05 

# previous interactions1 545.80 9.78 - -0.33, 0.06 

Time of day 549.25 13.23 - - 

Time from conflict 554.42 18.40 - - 

Predictor term QICc QICc Wi 95% C.I. 

Null 136.84 1.87 - - 

Interaction characteristics 

Pre-/Post-conflict 134.97 0.00 0.36 -0.20, -0.12 

Pre-/Post-conflict*Interaction type 135.19 0.222 0.32 -1.41, -0.47 
Pre-/Post-conflict*Interaction duration 137.12 2.15 - - 

Pre-/Post-conflict*Conflict outcome1 135.99 1.02 - -3.46, 0.06 

Pre-/Post-conflict*Time from conflict 147.47 12.5 - - 

Hypothesis: group familiarity 

Pre-/Post-conflict*Groups had split 138.76 3.79 - - 

Pre-/Post-conflict*# previous interactions (six months) 140.09 5.12 - - 

Control variables     

Interaction type 135.194 0.224 0.32 0.06, 1.99 

Interaction duration 138.84 3.87 - - 

Groups had split 138.72 3.75 - - 

Conflict outcome1 136.18 1.21 - -1.83, 0.14 

# previous interactions 138.48 3.51 - - 

Time of day1 135.32 0.35 - 0.00, 0.00 

Time from conflict 144.23 9.26 - - 



 149 

Table S4.6 Full model set of predictor terms affecting resting during observation sessions before and 

after an aggressive intergroup interaction using model selection. N=84 interactions. Group and 

individual identity were included as random terms 

1although QICc lower than null model, not included in model averaging set as the confidence intervals intersected 

zero 

 
 

Table S4.7 Full model set of predictor terms affecting proximity of individuals (within 0-5m) before 

and after an aggressive intergroup interaction using model selection. N=84 interactions. Group and 

individual identity were included as random terms 

1although QICc lower than null model, not included in model averaging set as the confidence intervals intersected 

zero 

NA: result is not interpreted as model does not indicate a relationship between variable and intergroup conflict 

without “Pre-/Post-conflict” included in model 

Predictor term QICc QICc Wi 95% C.I. 

Null 542.87 21.15 - - 

Interaction characteristics 

Pre-/Post-conflict*Conflict outcome 521.72 0.00 0.98 0.29, 1.69 
Pre-/Post-conflict*Interaction type1 532.50 10.78 - -2.21, 0.93 

Pre-/Post-conflict*Interaction duration1 538.16 16.44 - -0.16, 0.44 

Pre-/Post-conflict 544.10 22.38 - - 

Pre-/Post-conflict*Time from conflict 556.30 34.58 - - 

Hypothesis: group familiarity 

Pre-/Post-conflict*Groups had split1 538.62 16.90 - -1.47, 0.41 

Pre-/Post-conflict*# previous interactions (six months)1 542.13 20.41 - -0.16, 0.51 

Control variables     

Interaction type 530.00 8.28 0.02 -1.70, -0.32 

Interaction duration1 537.94 16.22 - 0.00, 0.12 

Groups had split1 539.32 17.60 - -1.27, 0.25 

Conflict outcome 538.19 16.47 <0.01 0.09, 0.99 

# previous interactions1 540.18 18.46 - -0.04, 0.36 

Time of day 544.79 23.07 - - 

Time from conflict 548.90 27.18 - - 

Predictor term QICc QICc Wi 95% C.I. 

Null 433.59 34.58 - - 

Interaction characteristics 

Pre-/Post-conflict 435.55 36.54 - - 

Pre-/Post-conflict*Focal participated in conflict 435.03 36.02 - - 

Pre-/Post-conflict * Injury or female transfer 435.55 36.54 - - 

Pre-/Post-conflict*Interaction type 434.88 35.87 - - 

Pre-/Post-conflict*Interaction duration 437.42 38.41 - - 

Pre-/Post-conflict*Conflict outcome 438.06 39.05 - - 

Pre-/Post-conflict*Time from conflict 443.73 44.72 - - 

Hypothesis: group familiarity 

Pre-/Post-conflict*Groups had split 435.12 36.11 - - 

Pre-/Post-conflict*# previous interactions (six months) 436.11 37.10 - - 

Control variables     

Group size (focal) 399.01 0.00 NA -0.14, -0.05 

Age/Sex class of focal 402.29 3.28 NA -2.33, -1.28 

Resting (group activity at time of observation)  427.18 28.17 NA -0.72, -0.01 

Feeding (group activity at time of observation) 1 431.00 31.99 - -0.07, 0.60 

Interaction type1 431.02 32.01 - -0.16, 0.82 

Moving (group activity at time of observation) 432.21 33.20 NA 0.04, 1.33 

Injury or female transfer 433.59 34.58 - - 

Focal participated in conflict 434.95 35.94 - - 

Interaction duration 435.59 36.58 - - 

Groups had split1 433.20 34.19 - -0.59, 0.19 

Conflict outcome 435.59 36.58 - - 

# previous interactions 434.14 35.13 - - 

Time of day 435.57 36.56 - - 

Time from conflict 442.95 43.94 - - 
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Table S4.8 Full model set of predictor terms affecting intragroup affiliative behaviours of silverback 

males before and after an aggressive intergroup interaction using model selection. N=25 silverback 

males involved in 84 interactions. Group and individual identity were included as a random term 

1although QICc lower than null model, not included in model averaging set as the confidence intervals 

intersected zero 

NA: result is not interpreted as model does not indicate a relationship between variable and intergroup 

conflict without “Pre-/Post-conflict” included in model 

 

 
Table S4.9 Full model set of predictor terms affecting intragroup affiliative behaviours of adult 

females before and after an aggressive intergroup interaction using model selection. N=43 adult 

females involved in 84 interactions. Group and individual identity were included as a random term 

1although QICc lower than null model, not included in model averaging set as the confidence intervals 

intersected zero 

 
 

 

 

 

Predictor term QICc QICc Wi 95% C.I. 

Null 114.81 11.41 - - 

Interaction characteristics 

Pre-/Post-conflict1 109.89 6.49 - -0.64, 2.99 

Pre-/Post-conflict*Interaction duration1 110.98 7.58 - -0.01, 0.02 

Hypothesis: group familiarity 

Pre-/Post-conflict*Groups had split1 111.93 8.53 - -0.88, 4.45 

Pre-/Post-conflict*# previous interactions (six months)1 107.79 4.39 - -0.05, 0.96 

Control variables     

Group size (focal)1 108.24 4.84 - -0.42, 0.06 

# adult males (focal) 1 114.74 11.34 - -0.37, 0.17 

Social status 115.86 12.46 - - 

Interaction type 116.42 13.02 - - 

Focal participated in conflict 116.23 12.83 - - 

Interaction duration 116.79 13.39 - - 

Groups had split 116.79 13.39 - - 

# previous interactions1 108.67 5.27 - -0.10, 0.85 

# adult females (focal) 103.40 0.00 NA -0.78, -0.27 

Predictor term QICc QICc Wi 95% C.I. 

Null 168.90 16.72 - - 

Interaction characteristics 

Pre-/Post-conflict*Interaction duration 152.18 0.00 1.00 -0.08, -0.01 
Pre-/Post-conflict 170.37 18.19 - - 

Pre-/Post-conflict*Interaction type 167.12 14.94 <0.01 48.73, 52.18 

Pre-/Post-conflict*Focal participated in conflict 169.78 17.60 - - 

Hypothesis: group familiarity 

Pre-/Post-conflict*# previous interactions (six months) 172.67 20.49 - - 

Control variables     

Group size (focal)1 155.08 2.90 - -0.43, 0.02 

# adult males (focal)  167.38 15.20 <0.01 -0.26, -0.02 

Interaction type 170.41 18.23 - - 

Focal participated in conflict1 168.88 16.70 - -1.95, 0.86 

Interaction duration1 154.06 1.88 - -0.06, 0.00 

Groups had split 170.43 18.25 - - 

# previous interactions 170.88 18.70 - - 

# adult females (focal)1 152.01 - - -0.74, 0.04 
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Table S4.10 Full model set of predictor terms affecting intragroup agonistic behaviours of silverback 

males before and after an aggressive intergroup interaction using model selection. N=25 silverback 

males involved in 84 interactions. Group and individual identity were included as a random term 

1although QICc lower than null model, not included in model averaging set as the confidence intervals 

intersected zero 

 
 

Table S4.11 Full model set of predictor terms affecting intragroup agonistic behaviours of adult 

females before and after an aggressive intergroup interaction using model selection. Where no models 

provided a better fit to the data than the null model, model averaging was not performed. N=43 adult 

females involved in 84 interactions. Group and individual identity were included as a random term 

1although QICc lower than null model, not included in model averaging set as the confidence intervals 

intersected zero 

 

 

 

Predictor term QICc QICc Wi 95% C.I. 

Null 155.93 4.75 - - 

Interaction characteristics 

Pre-/Post-conflict*Interaction duration 151.18 0.00 1.00 -0.04, -0.002 
Pre-/Post-conflict 157.86 6.68 - - 

Pre-/Post-conflict*Interaction type1 151.35 0.17 - -1.30, 1.53 

Pre-/Post-conflict*Focal participated in conflict1 151.19 0.01 - -2.11, 0.60 

Pre-/Post-conflict*Social status 161.71 10.53 - - 

Hypothesis: group familiarity 

Pre-/Post-conflict*# previous interactions (six months) 157.59 6.41 - - 

Pre-/Post-conflict*Groups had split1 154.57 3.39 - -1.92, 0.36 

Control variables     

Group size (focal) 157.43 6.25 - - 

# adult males (focal) 157.31 6.13 - - 

Interaction type 156.37 5.19 - - 

Focal participated in conflict1 150.31 NA - -2.35, 0.64 

Interaction duration1 152.36 1.18 - -0.03, 0.00 

Groups had split1 154.26 3.08 - -1.77, 0.59 

# previous interactions 156.87 5.69 - - 

Social status 157.81 6.63 - - 

# adult females (focal) 157.92 6.74 - - 

Predictor term QICc QICc Wi 95% C.I. 

Null 152.98 3.99 - - 

Interaction characteristics 

Pre-/Post-conflict 154.38 5.39 - - 

Pre-/Post-conflict*Interaction duration 156.90 7.91 - - 

Pre-/Post-conflict*Interaction type 156.43 7.44 - - 

Pre-/Post-conflict*Focal participated in conflict 154.38 5.39 - - 

Hypothesis: group familiarity 

Pre-/Post-conflict*# previous interactions (six months)1 150.13 1.14 - -0.22, 0.72 

Pre-/Post-conflict*Groups had split 155.04 6.05 - - 

Control variables     

Group size (focal) 154.89 5.90 - - 

# adult males (focal) 154.96 5.97 - - 

Interaction type 154.49 5.50 - - 

Focal participated in conflict 152.98 3.99 - - 

Interaction duration 154.96 5.97 - - 

Groups had split 153.86 4.87 - - 

# previous interactions1 148.99 0.00 - -0.00, 0.66 

# adult females (focal) 154.38 5.39 - - 



 152 

CHAPTER FIVE 

 

GENERAL DISCUSSION AND CONCLUSIONS 

 

 

 

 

 



 153 

5.1 Intergroup interactions in mountain gorillas: discussion and future directions 

Variation in intergroup interactions is widely understood to involve trade-offs between 

the advantages and costs of engaging with extra-group conspecifics, particularly under 

competitive circumstances where behaviour can influence individual fitness. Intergroup 

competition over mates and resources is an important factor in theoretical models of 

the evolution of sociality, and for many primates, the factors affecting intergroup 

conflict are well understood (see: Wrangham 1980; Wrangham and Rubenstein 1986; 

van Schaik 1996; Isbell and Young 2002). In contrast, the occurrence of peaceful 

intergroup interactions and the behavioural outcomes of such intergroup interactions 

are less understood. Peaceful and aggressive intergroup interactions are a regular 

feature of mountain gorilla society (Yamagiwa 1987; Sicotte 1993; Robbins and 

Sawyer 2007; Caillaud et al. 2014; Seiler et al. 2017). Although males often compete 

for mating opportunities during intergroup interactions, mountain gorillas (and other 

primates) may be observed tolerating or affiliatively interacting with extra-group 

conspecifics. The nature of an interaction, and the type of participants involved in 

intergroup encounters, can therefore depend on multiple social and ecological factors. 

The goals of my research were to 1) identify the factors that cause variation in the types 

of intergroup interactions observed in wild mountain gorillas (i.e. peaceful or 

aggressive), 2) investigate differences in individual participation during intergroup 

interactions, and 3) determine whether there is an effect of intergroup conflict on 

intragroup behaviour. 

 

Familiarity and mate defence define intergroup interactions 

Aggressive encounters can be highly costly, with potentially lethal outcomes for the 

individuals involved (Rosenbaum et al. 2016), and understanding the factors that 
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promote aggressive encounters is therefore important. There are several hypotheses that 

have been developed to explain intergroup aggression. Firstly, the food defence 

hypothesis suggests that intergroup aggression is driven by individual demands 

associated with competition for access to limiting food resources (Wrangham 1980; 

Janson and van Schaik 1988). Empirical evidence indicates that levels of competition 

between groups can vary with seasonal food availability and the distribution of food 

throughout the habitat (e.g. Kinnaird 1992; Golabek et al. 2012). However, in my study, 

no measure of population size, group density or food intake influenced intergroup 

aggression. Therefore, my study indicates that competition between groups for access 

to food is not increasing with population growth and is in line with previous studies on 

mountain gorillas that found an absence of evidence for food-related aggression 

between social groups (Sicotte 1993; Robbins and Sawyer 2007).  

 

Secondly, the mate-defence hypothesis predicts that intergroup aggression can either 

increase or defend the fitness of males (Trivers 1972; Wrangham 1980). Specifically, 

males may compete to defend existing access to females and/or to attract females from 

opponent groups (Sicotte 1993). In chapters two and three, gorilla behaviour during 

intergroup interactions was consistent with the male-mate defence hypothesis. Chapter 

two found that the initiation of intergroup interactions (which were primarily agonistic) 

are primarily driven by young top-ranking or solitary silverbacks- the individuals that 

would have the highest benefits from gaining access to females through aggressive 

conflict. Chapter three indicated that interactions involving aggression between groups 

most commonly involved silverback males with greater access to mating opportunities. 

These findings add support to previous research on intergroup interactions in mountain 

gorillas by Sicotte (1993) and Robbins and Sawyer (2007) by providing evidence for 
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the significant role of male behaviour in the initiation of, and level of aggression 

displayed in intergroup interactions in mountain gorillas. My results suggest that males 

with more exclusive access to mating opportunities are the main participants in group 

defence (i.e. from extra-group males attempting to gain access to mating opportunities), 

but participation did not increase with the number of females present or food 

availability. Thus, although all group members may be affected by extra-group 

competitors (i.e. via infanticide), mating competition appears to be the main driver of 

intergroup aggression in this group-living species with high reproductive skew. 

 

The findings from chapter four indicate that following intergroup aggression, rates of 

affiliation and aggression between group members changed. My research therefore 

suggests that changes in the frequency of interactions between group members can be 

a direct result of intergroup conflict. Thus, intergroup conflict may reduce the amount 

of time individuals have to spend in other behaviours, such as self-maintenance and 

offspring care. Previous studies suggest that competition with extra-group conspecifics 

may favour within-group cohesion, however my study indicates that social interactions 

between group members only increase following shorter interactions between groups. 

Shorter interactions are likely to be less aggressive, and groups may be less likely to 

travel far following less aggressive interactions. Longer interactions may result in time-

consuming costs of moving away to avoid intergroup conflict may therefore have 

significant effects on the time budgets of individuals, and my study was able to provide 

insight into the potential for intergroup interactions to affect subsequent intragroup 

behaviour (see also di Sorrentino et al. 2012; Majolo et al. 2016; Radford et al. 2016). 
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Intergroup conflict can also be related to asymmetry in the number of individuals in 

two competing groups. Specifically, the outcome of a contest between similarly sized 

groups is often less certain, resulting in longer interactions that require higher levels of 

aggression to reach resolution (Maynard Smith and Parker 1976; Radford and du Plessis 

2004). I found that the relative number of individuals in opponent groups predicted the 

length and likelihood of contact aggression. This result is in line with findings from 

several empirical studies on green woodhoopoes (Phoeniculus purpureus, Radford and 

du Plessis 2004) and black howler monkeys (Alouatta pigra, van Belle and Scarry 

2015), and is also similar to competitive interactions between human groups (Grueter 

et al. 2016). Specifically, the length and level of aggression during competitive contests 

between human groups is more likely to escalate when groups have similar payoffs of 

conflict and/or when groups have a similar rank or competitive ability (Grueter et al. 

2016). Thus, evenly matched gorilla groups may be driven to interact more aggressively 

to establish their dominance over one another, whereas the outcome of conflict between 

groups of different size and composition (i.e. competitive ability) may be achieved 

through shorter and less aggressive conflict. 

 

Hypotheses focusing on social influences on behaviour during intergroup interactions 

suggest that varying levels of aggression should reflect the relative familiarity of 

opponents, which can influence the perceived threat of a specific group or individual 

(Getty 1987; Temeles 1994). In support of the social familiarity hypothesis, I found in 

chapters two and three that tolerant and affiliative intergroup interactions were more 

likely between social groups that had historically fissioned from one large group. In 

addition, chapter four demonstrated that familiar groups were less likely to displace 

each other following interactions that involved aggression. Thus, relationships formed 



 157 

between individuals prior to group fissioning may persist once individuals are dispersed 

in different groups, which adds to the findings of Rosenbaum et al. (2015), who found 

that group membership and relatedness can have a significant influence on long-term 

relationships between mountain gorillas. Therefore, I have demonstrated strong 

evidence that social familiarity (and potentially kin selection) influences intergroup 

interactions, a finding recently demonstrated in western gorillas (see Bradley et al. 

2004), and previously postulated for mountain gorillas (Yamagiwa 1987; Caillaud et 

al. 2014). 

 

The reasoning behind my expectation that familiarity between dispersed individuals 

would have a significant effect on intergroup interactions in the mountain gorilla groups 

was based on the demographic changes experienced by the population during the study 

period. Following the significant group fissioning events that began in 2007, the newly 

formed groups remained roughly in the areas where their group of origin had formerly 

ranged (Caillaud et al. 2014). This led to a circumstance where many individuals in 

neighbouring groups were former group mates, and very likely relatives. Kin selection 

can play an important role in primate social behaviour, both within (e.g. Lehmann et al. 

2006) and between groups (Bradley et al. 2004), as the benefits of tolerating and/or 

cooperating with kin can outweigh the potential fitness costs (Vehrencamp 1979). 

Rosenbaum et al. (2015) reported that mountain gorillas maintain relationships with 

socially familiar individuals and do not preferentially maintain relationships with kin, 

but genetic analysis conducted by Bradley et al. (2005) revealed that many of the 

silverback males in neighbouring groups in the Karisoke study population are related. 

Thus, familiarity and relatedness among neighbouring males may promote intergroup 

tolerance, which may facilitate the high degree of home range overlap observed in the 
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population (Caillaud et al. 2014). My findings add to a growing body of evidence 

recognising that tolerance of familiar individuals may therefore be important for 

reducing intergroup conflict (Lazaro-Perea 2001; Bradley et al. 2004; Radford 2005; 

Wich and Sterck 2007). Therefore, the distribution and ranging patterns of social groups 

are likely to reflect the relationships groups have with each other that are of high value 

in order to reduce conflict, rather than food availability. 

     

The consistent trend of familiarity reducing conflict during intergroup interactions in 

group-living species (this study, western gorillas: Bradley et al. 2004; Greenway 2015, 

chimpanzees: Herbinger et al. 2009, marmosets Callithris kuhli: French et al. 1995, 

song sparrows Melospiza melodia: Moser-Purdy et al. 2017, and green woodhoopoes: 

Radford 2005) suggests that the ability to maintain long-term social bonds may explain 

variation in conflict across many social species, including human society. Evidence for 

social familiarity influencing intergroup interactions in humans has been demonstrated 

when comparing conflict between coalitions within the same society, versus conflict 

between societies occupying different areas or territories (Wrangham and Glowacki 

2012). Specifically, hostility toward members of different societies is more frequent 

than hostility toward opponents within the same society because individuals in the latter 

are linked to each other through a variety of alliances and are more likely to interact 

peacefully (Wrangham and Glowacki 2012). Moreover, the conditions under which 

human groups will benefit from tolerating each other have been found to relate to the 

probability of interactions continuing (Cashdan et al. 1983). Specifically, human groups 

are most likely to invest in affiliative or cooperative relationships with neighbouring 

communities that they are likely to encounter in the future (Cashdan et al. 1983; Grueter 

and White 2014; Pisor and Gurven 2016). Thus, by demonstrating the effect of 
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familiarity on intergroup aggression, my results suggest that the ability to recognise 

familiar versus unfamiliar conspecifics can reduce the risks of intergroup conflict, 

which may be common to a number of group-living species. 

 

Future directions 

The answer to many important questions in behavioural ecology and evolutionary 

biology require long-term data that include records of life histories of recognisable 

individuals (Clutton-Brock and Sheldon 2010). Understanding the causes of variation 

in behaviour during intergroup interactions is important, as some behaviours can 

significantly affect individual survival and reproduction (Cheney 1992; Cant et al. 

2002; Watts et al. 2006). One major limitation to understanding behaviour in natural 

populations of animals is incorporating a large enough breadth of observations to 

conduct meaningful comparisons (Clutton-Brock and Sheldon 2010). Databases over 

multiple years can overcome this limitation of empirical studies, especially when 

several habituated groups are observed. Research on intergroup interactions in natural 

populations is becoming increasingly more comprehensive (e.g. Boesch et al. 2008; 

Harris 2010; Markham et al. 2012; Wilson et al. 2012; Brown 2014; Langergraber et 

al. 2017), significantly advancing our understanding of the topic. These studies have 

primarily focused on the proximate responses of social groups to intruding conspecifics 

(see Fashing 2001; Harris 2010; Pandit et al. 2015). However, the long-term 

implications of behavioural variation associated with intergroup conflict is yet to be 

well-understood. This is an important point, because many studies often imply the 

likely effects of intergroup conflict on lifetime individual fitness (e.g. Sicotte 1993; 

Crofoot 2013; van Belle et al. 2014; Arseneau-Robar et al. 2016; Langergraber et al. 

2017; Thompson et al. 2017). Thus, future studies should aim to consider the potential 
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long-lasting consequences of different behaviours and levels of participation by 

individuals during intergroup interactions, in terms of post-conflict behaviour, 

reproductive success and costs to different group members.  

 

Many studies on intergroup interactions utilising long-term data have strengthened 

support for the influence of mating and feeding competition on intergroup relations in 

a number of species (Kinnaird 1992; Fashing 2001; Cooper et al. 2004; Kitchen et al. 

2004; Majolo et al. 2005; Zhao and Tan 2010; Wilson et al. 2012). The strong effect of 

mating competition on intergroup interactions in mountain gorillas suggests that 

intergroup interactions may result in the loss of mating opportunities for individuals in 

less competitive groups, which may result in variation in lifetime reproductive success 

between individuals in a population. However, the influence of an individual’s 

contribution to intergroup interactions on their subsequent reproductive success 

remains unknown.  

 

We know that the highest-ranking male mountain gorilla sire the majority of offspring 

in multi-male groups, however reproductive access is not exclusive to the highest-

ranking male (Bradley et al. 2005). Thus, how does participation in intergroup conflict 

by subordinate or sub-adult males affect their reproductive success? It would be useful 

to compare the frequency that subordinate males participate in intergroup interactions 

with the likelihood that they 1) mate with female group members and 2) become top-

ranking in the future. These results would indicate whether the behaviour of males is, 

at least partially, based on long-term fitness benefits, which may outweigh the short-

term costs of aggression (Langergraber et al. 2017). Moreover, females were more 

likely to participate in intergroup aggression to avoid the potential consequences of 
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defeat (i.e. infanticide), also suggesting that differences in participation by females 

during intergroup conflict can impact their long-term reproductive success. The 

relationship between (a) male dominance status and participation in intergroup 

interactions, and (b) female participation in aggression with solitary males found in my 

research implies that there may be long-term reproductive payoffs of participation in 

group defence, however a stronger link between individual behaviour and reproductive 

success needs to be made to confirm this.  

 

My research has added to the small number of empirical studies that found that 

participation in intergroup contests has consequences for individual behaviour (see 

also: Radford 2011; Arseneau-Robar et al. 2016), however one of the limitations to my 

research was the relatively small sample size of pre- and post-conflict behaviours, 

especially for the same individual. The sampling approach used by the Karisoke 

Research Center is such that each group member is followed equally, resulting in very 

rare instances when the same individual is followed twice on a single day (i.e. every 

other group member will be followed before the same individual is followed again). In 

addition, the rates of aggressive and affiliative intragroup behaviour between group 

members in mountain gorillas were relatively low (i.e. only several per hour), which 

may also be a result of the time period of observation chosen. To improve this 

limitation, future studies could focus behavioural data collection on one individual per 

day, and/or the same age/sex classes each day to increase the comparable sample size 

to allow for more precise analyses of behavioural changes following intergroup 

conflict. In addition, studies could compare behaviour over longer time periods, i.e. 

testing the difference in behaviour on days where an interaction occurred to days when 

there was no intergroup interaction. Such data would improve conclusions regarding 
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whether post-conflict changes in behaviour are temporary or longer-term changes 

(Majolo et al. 2016). 

 

5.2 Conservation implications 

Although mountain gorillas are the only species of great ape that is increasing in 

number due to successful conservation efforts (Robbins et al. 2011; Gray et al. 2013), 

they have been listed as critically engendered by the IUCN since 1996 (Bales et al. 

2001). The population lives in a protected forest that is bordered by high densities of 

human populations (Gray et al. 2013), and the increasing gorilla population density may 

impact the level of competition between individuals, especially between males 

competing for access to mates. Competition between gorilla groups can account for a 

relatively high proportion of fatalities (up to 25%, Caillaud et al. 2014), and increases 

in competition due to increasing population density may increase mortality rates and 

thus impact population growth. My study shows that social familiarity between groups 

may reduce intergroup aggression, which may subsequently reduce the negative 

impacts intergroup conflict can have on mortality rates. However, the extent to which 

familiar groups tolerate each other may change as competition levels increase. 

 

Moreover, an increase in the human use of land near gorilla habitat may influence 

ranging patterns of gorillas as the population increases in an area-limited habitat 

(Morgan et al. 2017). There are anecdotal reports of mountain gorillas ranging outside 

of the park to forage on eucalyptus (Eucalyptus sp., Seiler and Robbins 2016), which 

may act as a sodium dietary supplement, a mineral that is not abundant within the 

gorillas’ natural habitat and is important for growth and other physiological processes 

(Rothman et al. 2006). Although I did not find an effect of competition for food or space 
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on intergroup aggression, movement to these food sources may cause intergroup 

interactions; in the dataset I used, 5 intergroup interactions occurred outside of the park 

boundary from 2010-2015. Aggressive resource competition between extra-group 

individuals may therefore increase in response to crops, such as eucalyptus, that are 

more limited in availability and distribution than their naturally growing counterparts 

within the forest boundary (Seiler and Robbins 2016). Alternatively, avoidance of the 

areas in proximity to human activity may further reduce the amount of suitable habitat 

available for gorillas. Thus, with population growth and restricted expansion of the 

habitat, it is likely that competition for space will inevitably rise between mountain 

gorilla groups, which may have implications for the frequency of intergroup conflict. 

 

5.3 Conclusion 

Intergroup aggression can be a costly behaviour that is common in many taxa, and 

studies of behaviour during and following intergroup interactions can contribute to our 

understanding of behavioural plasticity in group-living species. Intergroup interactions 

in mountain gorillas can result in death, via direct aggression, secondary infection or 

infanticide (Caillaud et al. 2014; Rosenbaum et al. 2016), and investigations into the 

causes and consequences of intergroup interactions provide important information 

about resource competition as population size continues to increase. Responses of 

groups to one another vary depending on intruder identity and threat level, which 

indicates the flexibility in behaviour according to the current social environment. 

Understanding how complex social relationships can influence the (potentially) highly 

costly intergroup behaviours is important for any group-living species, as there may be 

fitness benefits of recognising familiar conspecifics and using prior information for 

strategic decisions. Moreover, by demonstrating that both the intensity and outcome of 



 164 

intergroup conflict can affect intragroup behaviour, my results suggest that external 

factors, such as intergroup conflict, can play an important role in the strength of 

relationships between group members. These findings continue to refine our 

understanding of the plasticity of social primate behaviour and potentially, the complex 

interactions between different groups in our own charismatic society. 
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