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Chapter 1

Introduction

Living in groups has certain benefits like defense from predators, mate defense, finding
suitable patches of food. However, it is not without its challenges (van Schaik 1983). Staying
in close proximity to other individuals leads to competition for space, food, and mates.
Simultaneous needs and consumption of the same resources lead to competition among the
members of a group. Such challenges are underpinnings of conflict and cooperation in animal
societies including primates (Aureli and de Waal 2000). Cooperation, although seen as a
positive effect, has hidden costs as each member has to maintain certain coordination to
achieve maximum benefits from group-living (Dugatkin 1997). However, the interests of
every individual will not be the same as each member has the propensity to maximize their
fitness so that their genes are transmitted to the next generation. The maximum fitness is thus
achieved through accessing valuable resources. Besides, not every animal in a group will
have equal strength to maximize all the resources and hence there is a dissimilarity among the
individuals based on age, sex, rank and reproductive condition. This dissimilarity leads to the
difference in motivations among the members of a group to compete for the resources (Aureli
and de Waal 2000). In other words, patterns of aggression and affiliation vary between

individuals of a group.

Aggression has been a widely studied topic in primatology with two major school-of-

thoughts explaining its role in society:

a)  Aggression is an antisocial tendency: This model suggests that aggression is
detrimental to the relationships and closely-bonded individuals seldom take part
in aggressive encounters (Kummer 1978). It is hence considered as antisocial

behavior (Krebs and Miller 1985).
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b)  Relational Model: It says that aggression and post-aggression affiliation are
common among individuals who have a strong bond among themselves. Post-
conflict contact establishes a “calming effect” among aggressive competitors and
not only restores but also increases friendly interactions among individuals thus
making the relationships stronger. In fact, aggression is considered to be one of

several ways to settle conflict (de Waal 1996, Fig 1.1).

T conflict of interest —
Individual I ¢ v Individual 2
"\'}\@U Tk :'?-‘rb/'

& &%
e N,
‘I Aggr{:ssion -
*
T Reconciliation e
Individual I i Individual 2

conflux of interest

Figure 1.1 Relational Model (de Waal 1996) suggesting that aggression is a model to resolve
conflicts

The relational model suggests that propensity to initiate aggression increases with an
increase in competition, resource availability and the reparability of a relationship. [t
decreases with an increase in the risk of physical injury and value of relationship (Aureli and
de Waal 2000). Hence, individuals are aware of the relationships they have with other
individuals through an experience such as affiliation exchanged over time according to which

the aggression towards those individuals is comparatively lower (Aureli and de Waal 2000).

According to the relational model, one way to understand aggression among the
individuals is to understand the competitive regime of the group which influences individual
fitness. Trivers (1972) suggests that males and females differ significantly for the resources
they compete for. He postulated that males compete for mates, which is a non-sharable

resource and hence it would lead to contest competition and thus aggressive encounters
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among them. However, the patterns of aggression are variable among species as seen in the
case of macaques where it varies among the lineages depending on the synchronicity of
female fertile phases and reliability of sexual swellings (Carnes et al. 2011, Nunn 1999,
Ostner and Schulke 2014). High synchronicity of fertile phases in females would mean that at
a particular time/season most of the females are sexually receptive to the males in the group
and thus monopolization of females for mating is difficult. This leads to conflict between
males for gaining access to females leading to high aggression and low affiliation rates
among the males. If females have deceptive sexual swellings, that would also lead to high
competition among males to access the female showing receptivity through swelling
(Engelhardt et al. 2005). Under such regimes, males do not form differentiated bonds and
usually have a high rate of aggression (Ostner and Schulke 2014). Contrasting results are
found for the species that breed throughout the year and have more reliable signals as seen in

Macaca fascicularis (Engelhardt et al. 2005).

In females, the pattern of conflict is based on the availability of food and thus, ecology-
dependent (Trivers 1972). The dominant model which explains the conflict in females is the
Socioecological model which suggests that females fight for clumped and less abundant food
(Clutton-Brock and Janson 2012, Isbell and Young 2002, Sterck et al. 1997, van Schaik 1989,
Wrangham 1980). Hence, the affiliation is expected more than aggression among females

where food is distributed evenly.

de Waal and van Roosmalen (1979) showed for the first time that two adult female
chimpanzees were involved in friendly interactions after an aggressive encounter. It was
henceforth known as reconciliation. The valuable relationship hypothesis predicts that
individuals form strong bonds with some individuals and will show higher reconciliatory
tendencies (Aureli et al. 2002). The form and function of reconciliation have been described

to reduce aggression between former partners (Petit et al. 1997) and reduce social tension

3
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(Watts 2006). As it is known that animals differentiate among themselves based on costs and
benefits they gain from each other and thus, the measure of conflict resolution varies among
dyads. In fact, it also differs between populations and species as well. This measure of
conflict resolution which is also known as the conciliatory tendency is expected to lower
formore despotic species like Rhesus macaque (M. mulatta), Japanese macaque (M. fuscata)

and long-tailed macaque (M. fascicularis) (Thierry 2007, Thierry et al. 2008).

Rationale

M. f umbrosus is an island-dwelling subspecies of long-tailed macaque found on three
isolated islands of Nicobar group of islands in Andaman and Nicobar Archipelago
(Umapathy et al. 2003). These three populations on the islands viz., Katchal, Great Nicobar
Island and Little Nicobar Island have been separated since last 0.65 mya (Fooden 1995). A
recent study on a population of long-tailed macaques at Great Nicobar Island has shown that
there is low synchronicity in the fertile phases with a mild peak in female receptiveness
among the females i.e only a certain number of females were receptive in a particular season
(Pal 2018). Further, females did not exhibit honest fertility signals (Pal 2018). Thus, | predict
that males will show moderate affiliation among themselves which is characteristic of the
species and lineage (Ostner and Schulke 2014). In addition, affiliation may not be
reciprocated and equitable among the males. Hence, these affiliative interactions will not be
differentiated i.e., some individuals will not be more favored for affiliation, and the rate of
aggression in the males as well as the linearity should be intermediate to species of other
lineages. The conciliatory tendency should then be high which is the characteristic of the

species and the lineage.

The vegetation on Great Nicobar Island is primarily evergreen forest and coastal littoral
forests along the coastline (Hajra et al. 1999). Large extent of forests have been converted to

agricultural land and human settlement after the introduction of settlers on the islands since

4
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1969 (Pabla 2018). The vegetation and habitat was significantly changed after the devastating
tsunami of 2004 which caused further decline in the population of macaques (Sivakumar
2010). Many groups of long-tailed macaques have home ranges overlapping with human

settlements especially after the tsunami (Sivakumar 2010, Velankar et al. 2016).

The human settlements have orchards of fruits dominated by coconut and gardens/fields
with vegetables. Hence, the availability of high quality food is expected to be clumped for
these macaques inhabiting human habitations. Hence, I hypothesised that the

(a) Females in M. f umbrosus will have high aggression rate with linear dominance

hierarchy and high steepness.

(b) Affiliation rate would be low and will be directed more towards the high ranking

females

(¢) Rank-directed grooming is expected to gain proximity towards the high ranking

females for accessing food.

I evaluated the results of female behavior upon change in male migration after an event
of male migration and rank changover. To evaluate these predictions, I conducted a study on
a group of Nicobar long-tailed macaque Temple Run (TR. henceforth), at Great Nicobar

Island.
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Objectives:

1. To study the effects of food availability and distribution, and social factors on within-group

aggression in Nicobar long-tailed macaque

a) Resource factors:

e How spatial abundance of food in the home range influence the aggression in a

group?

e Whether provisioning leads to agonistic interactions in a group? If yes, then how?
b} Social factors:

e How dominance hierarchies in both sexes influence within-group aggression?

e How male migrations affect the hierarchies and aggression in the group?

e How receptivity of females and the presence of infants affect the aggression

within the group?

2. To investigate the conflict resolution in the Nicobar long-tailed macaques.

a) Whether conciliatory tendency is present in the individuals?

b) What are the various modes of conciliation in a group?

¢) How conciliation influence the dominance hierarchies and dyadic aggression in a

group?
Study Area
This is the first-ever study that was planned to understand the social behavior of

Nicobar long-tailed macaques (M. f umbrosus). After the survey of Nicobar long-tailed
macaques in the three islands (Velankar et al. 2016), I selected a group of Nicobar long-tailed

macaques at Campbell Bay, a south-eastern settlement at Great Nicobar Island (93° 53'

8.417"-93° 56'51.95" E and 7° 1' 39.34"- 6° 59' 31.47" N) to carry out the study (Fig 1.2).
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Figure 1.2 Map of Campbell Bay region of Great Nicobar withthe home range of study group
(TR) demarcated by dark blue lines.

The important points that were considered for choosing the site and study were

(a) Ease of access to the island.

(b) Logistical ease to carry out the study.

(¢) Presence of the group in the human-dominated landscape to study the presence of
provisioning and its effect.

(d) Ease of following the group in the human-modified landscape as it was difficult
to follow the group through the dense canopy and understorey flora elsewhere.

(e) Ease of habituation of the group as the group was familiar with humans in the

home range.

Lying in the south of tropic of cancer, the island receives 4200 mm of annual rainfall,
and the temperature varies between 22-32°C (Indian Meteorological Department, Andaman

and Nicobar Islands). The vegetation of the selected site consisted of primary hilly tropical
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evergreen forest, low-land littoral forest, vegetable orchards, and coconut and areca nut

plantations (Hajra et al. 1999).

Study Group

| habituated the chosen group of M. £ umbrosus as the focal group for the study. The
eroup was named TR after differentiating its identity from the neighboring groups. Initially, I
followed the selected group between October 2013 to March 2014 to habituate and identify
the individuals, The nidive range of the group is depicted in Fig.1.2. The group was chosen
due to the ease of following and observing it for longer durations as other groups spent a
considerable time in restricted military areas and/or in very dense evergreen forests. The
individuals were identified based on the facial patterns and body markings. The age of
individuals were determined by their body size, canine size for males and nipple size for
females. The size of the study group changed during the study period between 15-19 as |
recorded 5 deaths/disappearances (3 adult males and 2 adult females) and 8 births (7 males
and 1 female). The mean group size during the study period was 16.67 + 1.70sp (Pal er al.
2018) (Table 1.1). Data were collected for all the 5 males (FY, KU, BE, HK, Al) and 6
females (NI, TE, AU, BY, RE, ST) residing in the study group throughout the study period.

Kinship was not known among the group members.

Table 1.1 Variation in group size and age-sex class during the study period for the group TR
(ADM = Adult Male, ADF = Adult Female, IMM = Immature)

Group ID Year GroupSize ADM ADF IMM
2013 16 3 6 7
TR 2014 19 3 8 7
2015 15 1 6 8
Mean (SD) 16.67 (x1.70)  2.67 (£1.25)  6.67 (£0.94)  7.33 (£0.47)
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Habitat in the naive range of the study group.
(Top: Vegetation structure, Bottom: Human-dominated landscape)
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Methodology

The study was conducted between October 2013 and October 2017 for a total of 2100 h of
observation. The group was followed from 05:00 to 17:00 h and the data were collected by
maintaining a distance of 2-5 m from the group. Because the group spent considerable time in
thick vegetation with cane and pandanus, they could not be kept in eye contact continuously

for a long period of time.

Focal animal sampling : To record individual activities, I used 5 min focal animal sampling
(Altmann 1974). An individual was chosen in a pseudo-random order and was followed for 5
minutes. The activities were divided as frequency-based (self-directed behaviors: scratching,
yawning; affiliative behaviors: muzzle contact, genital touch, silent bared-teeth display.
sitting in contact, inspection, embrace, active and passive touch, lip-smacking; agonistic and
submissive behaviors: slap, bite, lunge, chase, charge, flee, canine flash, brow-raise, open-
mouth threat, tail-raise) (Table 1.2), and duration-based (explore, feed, object/food
manipulation, movement, infant carrying, resting/sleeping, vigilance, social and non-social
play, grooming) (Aureli 1992). For each dyadic interaction from a focal sample, | recorded
the identities of actor and receiver. I collected focal samples of each individual from 05:00 to
17:00 h by dividing it in blocks of 2 hrs. When the focal individual could not be followed or
it moved out of sight, an attempt was made to track it for the next 5 minutes and the duration
of disappearance was recorded. If the individual was not found, I resumed sampling for the
next randomly selected individual and the incomplete sample was not considered for analysis.
In addition, an individual was sampled only once in a two-hour sampling block to maintain
uniformity. Although [ made a subsequent attempt to increase sampling for the less-sampled
individuals, cumulatively there was a considerable variation among the focal samples

between the individuals. A total of 253.62 h of focal data was collected for the study group
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(Females: 190.77 h, Mean + SE = 36.19 £ 13.12 h; Males: 62.85 h, Mean & SE = 12.57 £

7.61 h).
Table 1.2 Description of the behaviors for the focal animal sampling
Affiliation Description
Muzzle Touching the muzzle of another individual by its own muzzle. Displayed by
contact both sexes.
Genital Touch  Touching or holding the penis of another male by an individual. Behavior
exclusive to males.
Silent bared-  Retracting lips upwards to expose teeth to the other individual as a sign of

teeth display
Sitting in

contact

Inspection

Embrace

Active Touch

affiliation. Displayed by both sexes.

Individuals sitting in close proximity with parts of their bodies touching.
Although this behavior is mostly seen among the females, males have been
observed to sit in close proximity as well.

Touching and sniffing the genitals of another individual for mating. This
behavior usually involves a male touching and sniffing the sexual swellings

of a female.

Embracing is defined as wrapping the forelimbs around another individual
while facing it. Displayed by both sexes.

Active touch involves an individual to intentionally touch another individual

and Passive using any part of the body whereas, passive touch involves accidental touch

Touch by one individual to the other using any part of the body.

Lip smacking  Lip smacking involves pursing of lips with the lower jaw moving up and
down in rhythm producing a soft sound audible only at short distances
(Micheletta et al 2013).

Aggression Description

Slap Contact another individual in aggression with rapid and forceful touch with
hand. Displayed in both sexes.

Lunge Sudden thrust to attack another individual with arm outstretched. Displayed
by both sexes.

Chase Following another individual to attack, typically with running after and
driving the other individual. Exhibited by both sexes.

Charge Pursuing towards another individual to attack not followed by the victim
running away. Displayed by both sexes.

Flee Running away and avoiding being attacked by a chasing individual.

Canine Flash

Displayed by both sexes.
Sudden exposure of canines to threaten other individual in visual range, can
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lead to chase or charge. Displayed by both sexes.

Open-mouth Mouth is tensely open and lips cover the teeth from exposure (Symons
threat 1974).

Brow-raise Both eyebrows are raised upwards along with open-mouth threat to threaten
another individual. Displayed irrespective of sex.

Tail-raise Observed usually in the dominant males who raise and arch their tails amd
move towards the subordinate males or females to threaten them.

Scan Sampling (Altmann 1974): Sample was taken every half an hour for 5 minutes to
record the behavior of the group (Table 1.3). Additionally, the interindividual distances
between all the individuals were measured to ascertain the group-spread area.

Table 1.3 Description of the behaviors for the scan sampling

Group

; Description

Behavior P

Movement Locomotion to spatially different location. Vertical movement on the same
tree and movement within the group spread was not considered as
movement.

Feeding Feeding on plant or animal resources. This involves food acquisition,
processing and feeding.

Foraging Moving exploration with intermittent feeding was considered as foraging.

Resting This is comprised of states auch as mastication, self grooming, sleeping or
sitting

Social Behaviors comprising of grooming, play, courtship and mating, and
agonistic interactions with other group members.

Scouting Individuals giving alarm calls to potential threats or being vigilant after

noticing other groups in the vicinity, including behaviors directed towards
other groups or organisms were considered as scouting behaviors.

Ad libitum Sampling (Altmann 1974): | used ad libitum sampling in addition to focal
animal sampling to record the agonistic behaviors as well as submissive behaviors mentioned
above which were used to construct the dominance hierarchy in the group. I also used ad
libitum sampling to observe provisioning and the percentage of aggressive encounters as well

as role of dominance in such conditions.
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PC-MC Sampling (Aureli 1992): Post conflict (PC) data were collected immediately after
an aggressive encounter for 5 minutes, Data on the identities of the participants of the
interaction, type of interaction, context of the aggression, whether the aggression was
renewed among the individuals, and presence of third party intervention were collected.
Behavior of both victim and aggressor was recorded for 5 minutes which included inter-
individual distances between the victim and aggressor and all the affiliative interactions
between them. If there was renewed aggression among the participants, PC data was
collected after the encounter was over for the next 5 minutes. If there were multiple
participants in an encounter, the most intense or the interaction with longest duration was

considered for PC data.

Matched control (MC) samples of 5 minutes were collected from the focal samples
which matched these conditions with PC conditions: group behavior, sub-group composition,
time of the day. A focal sample which was closest to the date of PC occurrence and which

matched the conditions mentioned above was chosen as the MC sample.
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Aggressive behaviors in Nicobar long-tailed macaque.
(Top: Chase, Bottom: Open-mouth threat)
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Analysis

Dominance calculation: To measure the dominance hierarchy among the males and females
of the group using the software DomiCalc developed by Schmid and de Vries (2013). [ used
normalized David Scores (nDS) to evaluate the dominance rank of each individual. David
scores (David 1987, 1988) were appropriate for the study animals as it is a robust measure for
repeated measures and for equal number of interactions when calculating hierarchy for

individuals in a group.

Social Network Analysis: I used the following metrics to understand the exchange of dyadic

interactions in the group among the different individuals:

a) Degree and/or Strength: Degree is the number of connections/edges each
individual/node has (Newman 2003). In case of a weighted network, the sum of
weights (grooming rate in this case) on the edges for each node is the strength of
that node (Barthélemy et al. 2005), In this study, [ tested whether high ranking
individuals have highest node strength which in other words shows that the
dominant individuals play major role in directing the grooming in the group.

b)  Eigenvector centrality: Eigenvector centrality calculates individual with highest
centrality affecting the overall social network; in this case, it shows the influence
of an individual on the overall affiliation and also grooming (Hannemann and
Riddle 2005). I employ this metric to ascertain whether dominant individuals are

the most central individuals in the affiliation network.
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Structure of the thesis

Chapter 1 introduces the study, with the theory of competition and aggression in focus. This
is accompanied by the rationale of my study, area of study, study species and group
description, Chapter 2 is the review of literature describing dfferent school-of thoughts that
evolved the study and understanding of aggression in non-human primates. It also describes
the research which laid path in investigating aggression in Macaca species and on Macaca
fascicularis umbrosus. This chapter clarifies the rationale behind the study. Chapter 3
discusses the competition, affiliation, and aggression in females with respect to the
distribution of food, provisioning and how dominance hierarchy plays a role in female
sociality. It also explains whether male migrations have any effect on hierarchies and
aggression in the group. Chapter 4 explains the competition in males for receptive females in
the group and how the dominance hierarchy plays a role among the males in the group.
Chapter 5 describes the conflict resolution and conciliatory tendency in the individuals and
how these are affected by sociality and dominance hierarchy. Chapter 6 summarizes the
findings of the study and explains the existing patterns of aggression, affilation and conflict

resolution in long-tailed macaques and lays down the roadmap for future research.
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Chapter 2

Review of Literature

Aggression

What is aggression? This question has always intrigued the evolutionary psychologists
and anthropologists. The function of aggression has been a topic that has found major
contradictions and debates. The discussion was based on human aggression which was
believed to be innate and instinctive making it hard to control (Ardrey 1967, Lorenz 1967,
Morris 1967). The thought was cemented that aggression was a detrimental behavior if not
present will wipe out a species. However, the theories were debated and were shown that
restraint on aggression or in other words, controlled aggression can be actually beneficial for
group members (Goodall 1986, Wrangham and Peterson 1996). This concept of aggression
being a disadvantageous behavior was refuted upon finding out that each individual needs to
maximize their fitness based on the available resources and the group-living individuals
would require a certain level of cohesiveness and cooperation to gain maximum advantage

from the group (Dugatkin 1997, van Schaik 1983).

Conflict resolution

Research on aggressive behavior has shown that aggression is not essentially a negative
or otherwise known as anti-social interaction. It is the management of conflict that determines
the value of aggression in the group. In a group, not all the individuals interact with each
other equally, also known as homophily (Lazarsfeld and Merton 1954). This suggests that the
benefits individuals get from one another are strikingly different from each other which
suggests that there are differentiated relationships among individuals that arise due to
differences in the ability to monopolize resources. So in other words, it is competition among

individuals influences the interactions and hence the relationship among individuals is based
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on the competitive regime (Aureli and de Waal 2000). However, escalation of conflict will
lead to a detriment in the group cohesion and deprive individuals of its benefits. Thus there
has to be a balance between costs and benefits in society and thus the risk of conflict has to
be great enough so that valuable relationships are not damaged (de Waal 1996). Hence, the
need for conflict resolution is expected. Reconciliation is the most common mechanism of
conflict resolution which involves friendly interactions between two former opponents (de
Waal and van Roosmalen 1979). Consolation is another mechanism for conflict resolution
where a third individual approach and involves in friendly interactions with the loser of the

conflict (de Waal and van Roosmalen 1979).

Reconciliation

Reconciliation is an affiliative interaction between two participants of an aggressive
encounter (de Waal and van Roosmalen 1979). Although it was not initially accepted as a
valid concept with a notion that animals lack such cognition (Aureli and de Waal 2000).
However, it has been seen widely that reconciliation is present throughout the non-primate
and primate species (Aureli et al. 2002, Cools et al. 2008, Cordoni and Palagi 2008, Fraser
and Bugnyar 2011, McFarland and Majolo 2011a, Schino 2001). The major theory which
describes the function of reconciliation is ‘valuable relationship hypothesis’ (de Waal and
Aureli 1997, Kappeler and van Schaik 1992). It suggests that reconciliation repairs and
restores relationships with group members who are keys for gaining maximum benefits by
involving in affiliative interactions more often than others after an aggressive encounter
(Cords and Aureli 2000, de Waal 1996, Koski et al. 2007, Koyama 2001, Majolo et al. 2009a,
Silk et al. 2003). In summary, reconciliation will be targeted towards the individual who
holds the maximum resources. This differentiation is pronounced between the sexes due to

anisogamy where the competition for resources is different as proposed by Trivers (1972).
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Female Competition

The most dominant hypothesis which has been put forward to explain female
competition is Socioecological Theory (Wrangham 1980). The basic premises around which
the model finds its underpinnings is the limiting resource for fitness in the females which is
food (Wrangham 1980). The females have different needs to increase their fitness as they put
effort to give birth and parental investment which has high nutritional demands and thus they
compete for food (Trivers 1972). In species of macaques, where female is the non-dispersing
sex, females compete for food and their sociality is dependent on the abundance and
distribution of food. If the food is distributed evenly then the competition is expected to be
low among the females and thus less aggression and less pronounced. In the case of high
competition, the food is clumped and not everyone has equal access. Under these conditions,
the dominance hierarchy is highly pronounced with high power differentials (known as
steepness) among the females to monopolize resources (Gammell et al. 2003, Isbell et al.
1998, Koenig 2002, Sterck et al. 1997). Grooming, which is considered as the social currency
is then directed towards the high ranking female to gain maximum access to the food
monopolized by the dominant female (Seyfarth 1977). Under these conditions, reconciliation
is highly differentiated. However, food is a resource that can be shared and thus the
competition is of scramble type with less aggression (Clutton-Brock and Janson 2012, Isbell

and Young 2002, Sterck et al. 1997, van Schaik 1989, Wrangham 1980).

Male Competition

The contrasting pattern is seen in the males where females are the dispersing sex and
thus giving males fewer opportunities to form highly affiliative relationships among
themselves (Dunbar 1991, Hamilton 1964, Kurland 1977, Trivers 1971). The reason for such
a pattern is that males compete for females which are non-sharable resources, to maximize

their fitness (Trivers 1972, Wrangham 1980). This depends on the number of receptive
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females in the group and the reliability of the signals advertising receptivity in females (Nunn
1999b, Engelhardt et al. 2005). It has been observed in various species of different lineages of

macaques: silenus-sylvanus, fascicularis, and sinica-arctoides (Ostner and Schulke 2014).

Macaca fascicularis umbrosus

Long-tailed macaque (Macaca fascicularis), of fascicularis lineage, has the second-
largest distribution after Rhesus macaques among all the non-human primates (Fooden 1995).
The subspecies are usually differentiated into insular and continental (island-dwelling)
populations (Fooden 1995). Thierry (2007) classified the species as moderately despotic and
placed them in Grade 2 of macaque classification (Thierry 2007). Conflict resolution has
been observed in the species (Aureli 1992). However, a lack of subsequent research on
different populations under different ecological conditions has been the gap to validate the
pattern of conflict resolution. M. £ wumbrosus is an insular subspecies of long-tailed macaque
residents of three islands of Nicobar in Andaman and Nicobar archipelago. The first study
that was carried out to understand the distribution and ecology of M. f. umbrosus was in 2003
(Umapathy et al. 2003). After this in 2004, a massive tsunami decimated the populations of
macaques which was recorded by Sivakumar (2010). However, known for their plasticity the
macaques recovered from their population crash (Velankar et al 2016). Under these dynamic
ecological conditions, however, there is a gap in the understanding and data on the sociality

of these macaques with respect to competitive regimes,

The aim of my study was to provide an understanding of aggression and conflict
resolution in the Nicobar long-tailed macaque (M. f. wmbrosus) and add to the existing

knowledge of the species.
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Chapter 3

Food and Females: Female Social Relationships in Nicobar Long-
Tailed Macaques

Introduction

Sociality in females is more pronounced than males as they compete for a sharable
resource i.e., food (Wrangham 1980, Trivers 1972). However, the extent of the sociality in
females depends on the spatial availability of food resources. The socio-ecological model
posits that it is the quality, availability, and distribution of food resources along with the
presence of predators which shapes the relationships among females (Clutton-Brock and
Janson 2012, Isbell and Young 2002, Sterck et al. 1997 van Schaik 1989, Wrangham 1980).
The model suggests that female relationships are dependent on the availability of food and

the presence of predators shapes the nature of social systems (Fig. 3.1 A & B).

This model has explained social relationships in macaque society based on the
competitive regime prevalent within the group which can be of aggressive contest
competition or non-aggressive scramble competition. The competition is of contest type with
high rates of aggression if the high-quality food patch size is relative to the size of the group
(Heesen et al. 2014). In other words, the potential for contest competition is high when food
is monopolizable by a few individuals and less available for others (Isbell et al. 1998, Koenig
2002, Sterck et al. 1997). Here dominance hierarchy plays an important role in understanding
the food-related conflict in females. Conditions with high rates of aggression and high power

differentials
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A Female gregariousness, Female philopatry and Female bonding
feeding competition the formation of ‘female —m (FB): nepotism
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Figure 3.1 A. Flow diagram for evolution of female groups as explained by Wrangham
(1980) B. Flow diagram of primate societies incorporating effects of male infanticide and
habitat saturation as explained by Sterck et al. 1997 (Figure from Clutton-Brock and Janson
2012)

between similar-ranking individuals giving rise to female philopatry, highly linear dominance
relationships and kin-based relations (Heesen et al. 2014, Janson and van Schaik 1988,
Koenig 2002, Sterck et al. 1997, van Schaik 1989, Wrangham 1980). It has been observed
that provisioning of food leads to high rates of aggression and monopolization of food due to
the availability of high-quality in restricted amount for a very short time (Sinha et al. 2003).
In bonnet macaque (M. radiata), it was seen that provisioning increases the aggression within
the group and disrupts the sociality (Sinha et al. 2005). However, if the food is distributed
uniformly, the linearity of the dominance hierarchy is substantially low and monopolizability

of resources by a dominant female is substantially lower.

Grooming is considered as social currency which is exchanged for benefits from
higher-ranking individuals (Seyfarth 1977). Seyfarth (1977) hypothesized that low ranking

females direct their grooming towards the high ranking females to gain proximity, for infant
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Network Analysis: In-degree and out-degree of affiliation and aggression among the females
to find out whether affiliation was distributed according to the rank were measured. To
further understand homophily in the group, the eigenvector centrality was determined which
identifies how well an individual is connected to a well-connected individual. To further
examine whether a high-ranking individual is the most connected individual, Pearson’s
correlation was performed between the individual eigenvector centrality scores and
normalized David’s scores. A sociogram was constructed based on the rate of affiliation and
dominance rank of an individual for an overview of how affiliation is distributed among the
males in the group. The calculations were performed on UCINET version 6 (Borgatti 2002),

and NetDraw 2.158 (Borgatti 2002) was used to construct the sociogram.

Provisioning: 5 provisioning events were observed during the course of study. The lack of

data did not permit the use of robust statistical methods.
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Food-related aggression in the study group.
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Results
Linearity and steepness values for the females were 0.040 and 0.52 respectively, which
suggested a low monopolization of food resources. Female NI had the highest normalized

David score (nDS) and ST had the lowest nDS score.

Table 3.1 Dominance hierarchy in females of the study group TR.

Individuals Rank Position David Score (nDS)  Linearity Steepness

NI 1 3.73
TE 2 1.08
AU 3 0.03

2
BY 4 -0.75 04 R
RE 5 -1.6
ST 6 -2.82

Affiliation and Aggression: The rate of affiliation 0.275/focal hour (Mean + SE = 0.279 +
0.169)was higher than the rate of aggression 0.042/focal hour (Mean + SE = 0.037 + 0.064).
Affiliation given was dependent on the affliation received (TauKr = 0.538, P = 0.005, N = 6,
Permutations = 10000). Similarly, aggression given was dependent on aggression received
(TauKr = 0.485, P = 0.013, N = 6, Permutations = 10000). Affiliation was strongly skewed
towards the high ranking individuals (Double-Dekker MQRAP: R* = 0.841, P <0.05, N = 29,

perm = 2000).
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Social Network: High-ranking females did not receive or give more affiliation than the
subordinates (Table 3.2). Similarly, they did not receive or give higher rates of aggression
(Table 3.2). Eigenvector centrality values for both aggression and affiliation did not
correspond to high-ranking females showing that they did not impart higher tolerance (Table

3.2). The sociograms also depict a similar pattern (Fig 3.4).

Table 3.2 Social network metrics for females in the study group TR.

ID Normalized Outdegree = Normalized Indegree Eége;l:::;t;r
Aggression
NI 0.318 0.046 0.619
TE 0.066 0.217 0.341
AU 0.145 0.145 0.389
BY 0.020 0.000 0.030
RE 0.079 0.246 0.577
ST 0.072 0.046 0.121
Affiliation
NI 0.355 0.300 0.534
TE 0.286 0.202 0.332
AU 0.091 0.217 0.250
BY 0.361 0.296 0.421
RE 0.348 0.486 0.537
ST 0.237 0.176 0.277
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ST NI

BY

AU

Figure 3.4 Sociogram depicting affiliation and aggression among females in the study group
TR. Arrowheads are proportionate to tie strength (proximity). Sizes of the nodes are
proportionate to the ascending order of rank position, with the highest-ranking individual
represented by the largest node.

Grooming and Proximity: Grooming rate and proximity did not show any correlation
(TauKr = 0.022, P = 0.141, N = 6, Permutations = 10000). In addition, the high-ranking

females did not have higher eigenvector centrality values for proximity (Table 3.3). This
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shows that the dominant females did not exchange tolerance in exchange for grooming which

was visible in the sociogram (Fig 3.5).

Table 3.3. Eigenvector centrality values for proximity among the females in the study group

TR.
Rank Individual Eigenvector centrality
1 NI 0.435
2 TE 0.420
3 AU 0.437
4 BY 0.374
5 RE 0.425
6 ST 0.350

ST NI

AU

Figure 3.5 Sociogram for proximity network in female-female dyads of the study group TR.
Arrowheads are proportionate to tie strength (proximity). Sizes of the nodes are proportionate
to the ascending order of rank position, with the highest-ranking individual represented by the

largest node.
Provisioning: In all the 5 provisioning events recorded, NI monopolized the highly valuable

food available for a very short time as it was observed that NI gained the access to food all

the five times and aggressively chased away all the females from the site of provisioning.
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Discussion

M. f umbrosus females in the group have less linear dominance hierarchy and low
hierarchical steepness. The rate of aggression as well affiliation given is dependent on the
amount of affiliation received which suggests that the females keep an account on the
interactions they participate in. The grooming being the currency in social trade was not
being exchanged for social tolerance although there was strong evidence of affiliation
towards the high ranking females (Henzi and Barrett 1999). The high ranking females did not
play a central role in the distribution of affiliation as it was found that neither the indegree
nor the outdegree of affiliation or aggression was highest for the dominant females.
Additionally, the top-ranking females did not have the highest eigenvector values which
strengthen the fact that dominant females are not responsible for the distribution of either

affiliation or aggression in the group.

Distribution of food shapes the relationship amongst the females by shaping the
competitive regime in the group (Isbell and Young 2002, Wrangham 1980). This
competition, on the other hand, is dependent on the resource holding potential of the
dominant individual measured usually as dominance steepness (Gammell et al. 2003). As
steepness is influenced by the local resource availability, it may vary among populations
" (Macdonald 2013). As per the socioecological theory, dominance hierarchies are steeper
when food sources are clumped and thus easily monopolizable (Isbell and Young 2002). In
M. f umbrosus the steepness values are much lower (0.52) than previously found in M.
fascicularis (0.98 and 0.85 in Balasubramaniam et al. 2012, Butovskaya et al. 1995,
respectively). Hence, it is possible that tolerance near food resources is not a valuable
commodity. Thus, low hierarchical steepness might account for the lack of a correlation

between grooming rates and tolerance.
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Besides, Seyfarth (1977) proposed grooming is usually directed towards the high-
ranking female to gain access to food. This hypothesis has found support in the biological
market principle where it is presumed that the grooming is used as social currency to
exchange services from dominant individuals, for example, support in fights, access to infant
and access to food (Henzi and Barrett 1999; Noé and Hammerstein 1994; Schino 2001).
Seyfarth Model has been an influential model in explaining the directionality of grooming
although it lacks a general consistency across different ecological conditions as seen in M.
fascicularis (Gumert 2010). Although, dominance steepness values were not calculated in
two other studies focused on rank-related grooming patterns in M. fascicularis (Gumert 2010,
Wheatley 1999). Gumert (2010) explained the moderate role played by rank in the grooming
network. Thierry (2007) classified macaques into four grades (Grade 1 to 4 in increasing
order of tolerance) and considered M. fascicularis a Grade 2 species, which corresponds to a
weakly despotic society. Gumert (2010) found partial evidence for rank-related grooming
among individuals. The observations corresponded to Thierry’s (2007) classification of long-
tailed macaques (Macaca fascicularis umbrosus) as weakly despotic species which is
hypothesized to exhibit moderate rank-related grooming. However in M. f. umbrosus, 1 found
that rank-biased patterns of grooming can occur in M. fascicularis even when the conditions
are not despotic due to the availability of food. Under these circumstances, grooming towards
the dominant individuals may impart other benefits such as infant handling which might
increase the survivability of the offsprings. This seems to be useful for a population that is

recovering from a drastic decline after the 2004 tsunami (Velankar et al. 2016).
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Top: An event of grooming in the study group,
Bottom: Dominant female NI feeding on the widely distributed mango
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The inconsistency in rank dependent interactions was also seen in the social network
analysis. The high-ranking females were not the key players in the social market place as they
were not found to be the most central in the distribution of both aggression and affiliation.
Thus, my study adds to the existing information on grooming patterns in M. . umbrosus
although it was restricted to a single group, yet the findings establish the baseline pattern of

affiliation and aggression among the females.
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Chapter 4

Mates and Males: Male Social Relationships in Nicobar Long-
Tailed Macaques

Introduction

Social systems in primates are dependent on the interaction between the reproductive
strategies of males and females (Wrangham 1980). The socioecological theory has been
influential in explaining these social systems based on the availability of resources. Females
compete for food and the distribution of food shapes the competition among the females
which ultimately determines their reproductive success (Wrangham 1980). On the other hand,
males compete for access to mating and availability of sexually-receptive females that
influence the competition (Wrangham 1980). The strategies differ for both the sexes to
ensure maximum fitness, in which males try to mate with as many females and thus compete
with each other to gain maximum access to females. Thus, the competitive regime differs
between the sexes based on the shareability of the resources, as contest competition is
prevalent mostly in males as mates are non-sharable in nature (Kodric-Brown and Brown
1987). The competition between males depends on two conditions viz., male co-residency
and synchronicity of female fertile phases. Male co-residency is useful for defense against
group take over, territory defense, between-group competition and forming coalitions to
interfere with mating against high-ranking males, which sometimes lead to rank-changing

coalitions (Ostner and Schulke 2014).

The degree of mate competition in males also depends on the number of fertile females
available at a time in the group, which is determined by the synchronicity of the estrous cycle
among the females and the reliability of fertility signals in the species (Nunn 1999b). In a
seasonally breeding macaque, for example, M. radiata, females synchronize their estrous

phases hence, the potential for contest competition is low and thus, it is difficult for the
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dominant male to monopolize the mating share and thus hierarchy is more relaxed (Singh et
al. 2011). The other determining factor for mate competition is the reliability of the fertility
signals by the females of the species which has been described by the graded-signal
hypothesis (Nunn 1999b). The hypothesis suggests that the degree of fertility signals in the
females is a probabilistic indicator of the stage of fertility. Swelling in the anogenital region
has been found to be a signal of fertility and the degree of swelling determines the stage of
fertility (Nunn 1999b). However, the sexual swelling has not been found to be reliable to
assess fertility in females, for example, in species like Assamese macaque (M. assamensis)

and long-tailed macaque (M. fascicularis) (Engelhardt et al. 2005, Fiirtbauer et al. 2011).

Dominant female NI exhibiting sexual swelling.

Interestingly, macaque species show a wide variation in male-male relationships among
lineages (Ostner and Schulke 2010). Phylogenetically, macaques can be classified into three
distinct lineages: Silenus-svivanus lineage, fascicularis lineage and sinica-arctoides lineage

(Thierry 2007). The male relationships vary significantly among the lineages.

Relationship among the specific males is achieved by stable, reciprocated and equitable

interactions and when these relations are well differentiated, they are termed as bonds (Silk
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1992). This choosing of favorable individuals for specific interaction is known as homophily
(Lazarsfeld and Merton 1954). These bonds are well-differentiated and do not depend on kin
relatedness (Carnes et al, 2011, Nunn 1999b, Ostner and Schulke 2014, Willems et al. 2013).
Studies on different species have shown variation in the affiliative bonding among different
lineages (Ostner and Schulke 2014). The underlying principle of the variation in bonding
among males is the degree of synchronicity in fertile phases of females and the reliability of
sexual swellings, which determines the availability of females and shapes the competition
among males (Carnes et al. 2011, Nunn 1999b, Ostner and Schulke 2014). Species of silenus-
sylvanus lineage except for Barbary macaques (M. sylvanus) that show strong seasonal peaks
of reproductive availability of females and they exhibit reliable fertility signals (Berghénel et
al. 2010, 2011, Kaumanns and Singh 2012, Krishna et al. 2006, Kumara et al. 2010, Thierry
2007, Young et al. 2013b). The males in such situations do not form differentiated bonds
among themselves. On the other hand, species in sinica-arctoides lineage show no
seasonality or reliable fertility signals and thus differentiated as well as equitable male bonds
(Kaumanns and Singh 2012, Krishna et al. 2006, Singh et al. 2010, Thierry 2007). Species of
fascicularis lineage shows moderate seasonality but less reliable fertility signals (Dubuc et al.
2009, Engelhardt et al. 2005, O'Neill et al. 2004, Maestripieri and Roney 2005). In these
species, it has been found that the males will interact differentially with other males although
these relations are not found to be equitable (Ostner and Schulke 2014). Thus, it is interesting
to understand the various reproductive strategies employed by M. f. umbrosus (Pal 2018). The
low synchronicity in the fertile phases was recorded in long-tailed macaque females at Great
Nicobar Island i.e., there was a specific number of receptive females at a particular season
(Pal 2018). Although females showed fertility signals, they were not reliable (Pal 2018).
Hence, the patterns of reproductive behavior in the subspecies followed the species-level

pattern, which led me to predict that:
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(a) males will show affiliation among themselves although the affiliation will not be
reciprocated and equitable.

(b) the affiliative interactions will not be differentiated i.e, some individuals will not
be more favored for affiliation.

(¢) dominance hierarchy will be moderately linear with moderate steepness values

with a moderate rate of aggression and affiliation.

I further explored the data on a group of Nicobar long-tailed macaque (TR group at
Great Nicobar Island) to verify these predictions. During the study, a takeover event was

observed and the effects of such migration were evaluated on the hierarchy of the group.

Analysis

A total of 41 affiliative interactions and 48 aggressive/submissive interactions among
the males were recorded in the focal animal sampling. I calculated the overall rate of
affiliation (dividing the total number of affiliative interactions per focal hour), mean
affiliation among males (total affiliation episodes among males divided by the number of
males), rate of aggression considering the same residency period for the 5 males as they
stayed in the group throughout the study period. Data are reported as a mean and standard

error unless stated otherwise.

I used 85 aggressive encounters from ad [libitum and focal samples to construct a
dominance hierarchy structure using normalized David’s score (nDS) values with DomiCalc
software (de Vries et al. 2006, Schmid and de Vries 2013). | calculated hierarchical linearity
using DomiCalc software using unbiased Landau’s Index. I also calculated the steepness of
the hierarchy using linear regression with the rank position of each individual as an
independent variable and David scores as a dependent variable. The analysis was performed

using “compete” package version 0.1 (Curley 2017) on R 3.4.3 (R Core Team, 2017).
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To investigate whether the rate of affiliation given was dependent on the rate of
affiliation received, | performed Kendall’s TauKr matrix correlation between the matrices of
affiliation given and affiliation received (Hemelrijk 1990, Hemelrijk et al. 2003, Hemelrijk et

al. 2005, Hemelrijk et al. 2008).

Rank-related Differentiation: To check whether the affiliation distribution was
differentiated and skewed towards the high-ranking individuals, I performed double Dekker
semi-partialing multiple regression quadratic assignment procedure (MRQAP) which corrects
for the autocorrelations between the variables viz., rank and affiliation (Dekker et al. 2007). 1
performed linear mixed model (LMM) to test whether the rate of affiliation was biased
towards the rank or identities of the individuals. Two sets of the model were run: (a) full
model with identities of actor and receiver, as well as of dyad considered as random effects
with affiliation rate and normalized David’s score values being the dependent variable and
the response variable respectively. (b) A null model considering only random effects to see
whether affiliation was influenced by random effects only. I compared the full model with a
null model using ANOVA to explain which model fits better to explain grooming
distribution. To estimate the effect size, regression coefficient values were used with 95%
confidence intervals. LMM was performed using the package “lme4” version 1.1-21 (Bates et

al. 2015)on R 3.4.3.

Network Analysis: Affiliation in a group can be better understood with social networking
analysis which has proven to be an important tool to understand interactions and relationships
(Barrett et al. 2012, Brent et al. 2011, Croft et al. 2008, Flack et al. 2006; Kanngiesser et al.
2011, Sueur et al. 2011a, Whitehead 2008, Xia et al. 2012). I performed a social network
analysis of affiliative interactions and calculated the degree or strength and eigenvector

centrality to determine relationships among the individuals in a group.

39



Chapter 4 Mates and Males

[ used SOCPROG 2.7 (Whitehead 2007) for the calculation of network measures and
NetDraw 2.158 (Borgatti 2002) to visualize the grooming networks with the node (point
denoting each individual) sizes representing ascending rank order. Thickness of edge

(connections of the nodes) represents the strength of ties (total bouts of grooming).

Male Migration: I described the social conditions that changed after the immigration event
of adult male FY was observed in the group, which overthrew the reigning dominant male.
The difference in mating rates before and after the takeover was analyzed using the paired

i-test.
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Results

Affiliation and Rank: The mean affiliation rate was 0.946 + 0.718sg/h (N = 5) and the rate
of affiliation given was related to the rate of affiliation received (Linear regression: R? =
0.882, P = 0.018, N = 41), although, the rates were not equitable in nature (Matrix

correlations: Mantel’s Z = 2.011, P=0.079, N= 5, perm = 10000).

There were moderate linearity and steepness values among the males with two

individuals having proportionately more wins than losses (FY and KU) (Table 4.1).

Table 4.1 Hierarchy in the males of study group TR

Individuals Rank Position Normalized David Score (nDS) Linearity Steepness

-

FY 1 3

KU 2 0.98

BE 3 -0.31 0.65 0.79
HK 4 -0.94

Al 5 -2.73

Affiliation was not favored towards the high-ranking individuals thus showing a lack of
differentiated interactions based on rank (Double-Dekker MQRAP: R*= 0.002, P = 0.40, N =

40, perm= 2000). Rank (nDS) did not influence the affiliation (Table 4.2).

Table 4.2 A linear mixed model to test whether affiliative interaction was dependent on rank
or identities of the individual (random effects)

Estimate £ Standard T p
Error
Intercept 0.246 + 0.078 3.17 0.001
Rank (nDS) -0.004 +0.015 -0317 0.751

Null model vs. Full Model : f =0.098, p=0.755, df=5

The high-ranking male did not have the highest values for strength and eigenvector
centrality showing that affiliation was not biased towards the high-ranking individuals (Table
4.3) which were also depicted in the sociogram (Fig 4.1). It shows that the dominant males

did not play a significant role in the distribution of aggression in the group.
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Table 4.3 Eigenvector centrality values for male affiliation network in the study group

Rank ID Strength Eigenvector Centrality
1 FY 0.27 0.132
2 KU 1.35 0.551
3 BE 1.11 0.463
4 HK 1.66 0.632
5 Al 0.53 0.255

KUu@R

HK

Figure 4.1 Affiliation network for the males in the study group TR. The size of the nodes is
proportional to the rank of the individual. Arrowheads and width of the edges (the connection
between the nodes) are proportional to the rate of affiliation among the nodes.

There was no correlation between the nDS values and eigenvector centrality values

(Pearson’s correlation coefficient = -0.259, P = 0.643, N = 5).

Aggression and Rank: The rate of aggression was 0.993 + 0.791se/h. The percentage of high
intensity aggression (chase and charge) (Percentage = 14.583 %, N = 7) and contact
aggression (grab and bite) (Percentage = 4.167 %, N = 2) were low. Rate of aggression was
exchanged among the individuals (Matrix correlations: TauKr = 0.308, P = 0.049, N = 3,
perm = 10000). However, there was no relation between rate of aggression given and rank of
the individual (Double-Dekker MQRAP: R? = 0.041, P = 0.0153, N = 20, perm = 2000).

Rank had no influence on strength or eigenvector centrality of aggression in the group
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explaining that high ranking individuals do not hold important positions in the distribution of

aggression among the males in the group (Table 4.4 and Fig 4.2)

Table 4.4 Eigenvector centrality values for male aggression network in the study group

Rank ID Strength Eigenvector Centrality
1 FY 0.16 0.16
2 KU 1.58 1.83
3 BE 0.83 1.15
3 HK 0.74 0.96
5 Al 1.48 1.84
Hk BE
Al KU
FY

Figure 4.2 Aggression network for the males in the study group TR. The size of the nodes is
proportional to the rank of the individual. Arrowheads and width of the edges (the connection
between the nodes) are proportional to the rate of aggression between the nodes.

Male Migration: The outer group male, later named as FY replaced the alpha male of the
group RY on 14 October 2013 thus changing over the rank. The changeover was violent, and
the former alpha male RY sustained severe injuries and died on March 2014. Subsequently,
the mating rates changed significantly from pre-takeover to post-takeover period (1 = 4.88, df
=54, P<0.001). It was observed that FY participated in 77.78 % of mating whereas RY was
not observed to take part in any mating. The rank changeover event was eventually followed
by males emigrating from the group, and by November 2015 all the males emigrated from the

group and the group was single-male multi-female with FY monopolizing all the mating.
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Discussion

In Nicobar long-tailed macaque, the rate of affiliation, although being high, was not
reciprocated equitably among the individuals. The rate of affiliation given was dependent on
the rate of affiliation received but it was independent of the rank of the individuals. Hinde
(1976) mentions that - if there is a sense of recognition among the individuals, then, every
interaction will influence how future interactions may take place between the individuals. In
other words, preferring specific individuals for specific interactions (homophily) is common
among the individuals (Lazarsfeld and Merton 1954). The rate of affiliation given by the
males was influenced by the rate at which they received affiliation. This showed that there is
a sense of recognition among the individuals towards the affiliation received. However, this
differentiation was not based on the hierarchical status of the individuals. Both aggression

and affiliation rates were independent of the rank of the individuals.

The recognition of individuals was not dependent on their ranks but identities. This
result was further substantiated when the high-ranking males did not take the central
positions in the affiliation network or did not give and receive higher affiliation. Instead,
centrality values were slightly skewed towards the lower-ranking males. Thus, rank-related
social bonding and differentiated relationships based on rank among the males in the group

was not found.
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Adult male KU touching genital of dominant male FY as an affiliative gesture.

Differentiation of relationships and bond formation is perhaps the unit of sociality in
primates which are reciprocal, equitable and stable through time (Silk 2002). The strongest
bonds are the ones that follow all the conditions and there will be no bond if there is no
differentiation. There was a differentiation among the males regarding the identities of the
individuals as some of the relations were stronger than the others in Nicobar long-tailed
macaque. However, there was no equity in the payoffs between the interactions in these
relations. In the study population, the females show low synchronicity although they have
mild peaks and lack reliable fertility signals. Therefore, under these circumstances, the
contest potential is high as it is easier to monopolize the females (Pal 2018). This resembles
the patterns found in the fascicularis group (Dubuc et al. 2009, Engelhardt et al. 2005,
O’Neill et al. 2004, Maestripieri and Roney 2005). Under such circumstances, it has been
seen that males have frequent affiliative interactions and coalitions; however, no
differentiation or equitability has been found (Hill 1994). The affiliation rate was high 0.946
£ 0.718se/h (N = 5) and was higher than the grooming rates found in males in the species of

the same lineage Macaca fuscata (0.38 = 0.20sp) (Horiuchi 2005) and M. cyclopis (0.05 =
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0.04sp) (Lin et al. 2008). Males favor certain individuals for interactions in Nicobar long-
tailed macaque. Fascicularis group species are expected to show male-male bonding which
will be intermediate to the silenus-sylvanus group and sinica-arctoides group (Ostner and
Schulke 2014), where the former does not form strong affiliative bonds because of high
synchronicity in the fertile phases but the latter group has been seen to maintain strong
affiliative bonds due to the low synchronicity (Ostner and Schulke 2014). This is in
congruence with the moderate linearity (0.65) and steepness values (0.79) which suggests that
the hierarchy is not strong and opportunities for affiliation are high, as the high rate of

affiliation found in our study (0.946 = 0.718sg/h).

The lack of seasonality in the females and absence of reliable fertility signal also led to
high rates of aggression in the group (0.993 + 0.791se/h) and the rate of aggression received
was matched with the rate of aggression given. However, most of the aggression was not
directed from the high-ranking individual towards the low ranking individual and the highest-
ranking male FY was not found to be the most aggressive individual. This may be because of
the fact that the group size is the smallest in the area and the group faces the average number
of between-group encounters (0.47 £ 0.37sp) (Pal et al. 2018). In such a situation, it may be
imperative for the top-ranking male to maintain affiliation and less aggression with the males

of the group in order to guard the males from extra-group mating (Girard-Buttoz et al. 2014).

Sudden immigration of outer males changes the social organization and has drastic
changes in the group (Kumar et al. 2001, Singh et al. 2006). It was seen in the study group
that when an immigrating male FY took over the highest rank in the group, it changed the
dominance hierarchy of the group and acquired the monopoly of mating in the group,
whereas the overthrown male RY lost his share of the most critical resource for fitness as a

male.
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In conclusion, the study explains the relationship among males in a group of Nicobar
long-tailed macaques and provides an understanding of the social and resource constraints
that underpin these relations. The results are in partial agreement with the predictions as there
was a differentiation in the interactions, but they were not balanced; which is consistent with
the previously found results in the fascicularis group of macaques (Ostner and Schulke
2014). Perhaps, it seems that the pattern of affiliation is conserved among different classes of

macaques and is influenced by within-group competition.

47



THE BEST FRIENDSHIPS
ARE THOSE THAT
HAVE SURVIVED THE
TEST OF TIME, CONFLICT

AND CHANGE.

Karen Salmansohn
©NOTSALMON.COM

Chapter 5:

Conflict Resolution in

Nicobar Long-Tailed Macaques




Chapter 5

Conflict Resolution in Nicobar Long-Tailed macaques

Introduction

When the competition for food or mate is of contest type (due to lack of resources or
clumping of resources) the interactions among the individuals are aggressive to maximize the
monopolization of resources (Trivers 1972). This leads to physical aggression which is costly
to the individuals involved in fights as they face physical injury, renewed aggression, high
anxiety and damage to social relationships (Aureli et al. 2002, McFarland and Majolo 201 1a,
b). Hence to reduce these costs, mechanisms exist among the individuals to engage in
behavior which diffuses the tension between the individuals and restores relationships.
Together these mechanisms are broadly termed as conflict resolution (de Waal and van

Roosmalen 1979, Aureli et al. 2002).

Conflict resolution through affiliation is also known as ‘reconciliation’ (de Waal and
van Roosmalen 1979). Reconciliation is any friendly interaction within minutes after a fight
between the former opponents involved in the fight. It has now been observed among various
taxa to resolve conflicts among the opponents and various hypotheses have been put forward
to explain the role of reconciliation. Reconciliation reduces the stress after an aggressive
encounter, stabilizes the heart rate and reduces self-directed behavior which is an indicator of
anxiety (Aureli and Smucny 2000, Smucny et al. 1997). In addition, reconciliation patterns

are variable and differentiated among the individuals in the group.
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Top: Individuals fighting for food,
Bottom: Reconciliation (embrace) among former opponents
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One major hypothesis explaining this variation in reconciliation is valuable-relationship
hypothesis which suggests that reconciliation patterns will be based on the quality of
relationships in the group (Aureli et al. 1989, de Waal and Yoshihara 1983, Kappeler and van
Schaik 1992). The basis of this value to every other individual they interact with. This was
furthered by Cords and Aureli (2000) who suggested that the quality of any relationships is
based on the value it holds for the partners with clear fitness returns, compatibility among the
partners and security in the relationship. The predictions of the hypothesis have been
observed in both primate and non-primate species (Aureli et al. 2002, Cools et al. 2008,
Cordoni and Palagi 2008, Fraser and Bugnyar 2011, McFarland and Majolo 2011a, Schino
2000).

The strength of relationships have been usually tested through the grooming
interactions among the individuals in a dyad as grooming is considered the most important
social interaction as alleviates stress (Aureli et al. 1999, Schino et al. 1988, Wittig et al.
2008), maintains hygiene (Hutchins and Barash 1976, Tanaka and Takefushi 1993, Zamma
2002) and acts as a social currency (Barrett et al. 1999). It has been postulated that other
social measures like the directionality of grooming, dominance hierarchy, kin relations, and
sociality can have a significant impact on reconciliation among dyads which is usually
calculated as a conciliatory tendency (CT) (Arnold and Aureli 2010, de la O et al. 2013). CT
is the propensity of individuals to involve in a friendly interaction after a fight to reconcile
among them which differs between and within dyads, groups, and species (Thierry et al.
2008, Veenema et al. 1994),

Studies on conflict resolution in M. fascicularis have mostly been carried out in the
captive environments except for a study by Aureli (1992). He found that reconciliation and
redirection of aggression were major post-conflict behaviors in the species and reconciliation
was considerably less when the aggressive conflict was about the food. This was the first

study that explained the patterns of conflict resolution in the wild long-tailed macaque. The
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difference in the competitive regimes has set differences in the way males and females to
interact with each other. Females compete over food which is sharable in nature and hence
the competition is lower than that of males who compete for non-sharable resource i.e., mates
(Trivers 1972). Hence, social relationships are stronger among females than in males. Hence
according to the valuable relationship hypothesis females are thus expected to have a higher
conciliatory tendency than males.

Aureli et al. (2002) founr:i that the pattern of conflict resolution in captive long-tailed
macaques was similar to the wild populations. This also assisted Thierry (2007) to classify
long-tailed macaque in Grade 2 which suggests that they are less tolerant. If socioecological
conditions influence the competitive regime in males and females, then the difference in the
reconciliation between the sexes is expected. In this chapter, 1 discuss the basic patterns of
aggression and the socioecological conditions that influence the aggression, the patterns of
conflict resolution which would provide validity to conflict resolution patterns under different
conditions, the social conditions under which reconciliation operates and compared it

between the sexes.

Analysis

I enumerated the proportion of each individual who participated in aggression as a
victim and aggressor. | then performed a Pearson’s correlation test to find the relation
between Normalised David Scores (nDS) and aggression proportion to understand whether
high ranking individuals initiated more aggression. | performed a Generalised Linear Model
to evaluate whether the context, type of aggression (contact and non-contact) and kind of
dyad (Male-Male, Male-Female, Female-Male, and Female-Female) had an impact on the PC

affiliation.

Composite Sociality Index (CSI): I computed Composite Sociality Index for each dyad of

the group, based on Silk et al. (2006) equation with a modification where | used affiliation
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frequency instead of approach frequency to understand overall sociality based of affiliation

and not based approach alone.

where Gj; and A4 are frequencies of grooming and affiliation for the dyad comprising of / and
j while G and 4 are the total frequency of grooming and affiliation for all the dyads. The

greater the value of dCSI, the stronger is the relationship between individuals i and ;.

Directional Consistency Index (DCI): To measure asymmetry in the distribution of
affiliation among the members of a dyad, | calculated DCI and approaching after van Hooff

and Wensing (1987):

DC!—H_L
TH+L

where H is the number for times affiliation was directed towards the more favoured
individual and L is the number of time affiliation was directed towards the less favoured

individual in a dyad.

Conciliatory Tendency (CT): I paired the MC samples with the PC samples based on the
criterion mentioned above. I calculated the number of attracted pairs (pairs of samples where
affiliation was solely found in PC or found in PC earlier than it was found in MC), dispersed
pairs (pairs of samples where affiliation was found solely in MC or found earlier in MC than
in PC) and neutral pairs (where no affiliation was found in either PC or MC). I then used the
formula by Veenema et al. (1994) to calculate the conciliatory tendency of each dyad and for

the overall group:

Attracted Pairs — Dispersed Pairs

CT =
Attracted Pairs + Dispersed Pairs + Neutral Pairs
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I'used GEE (Generalised Estimation Equation) which is an extension of Generalised
Linear Model dealing with correlated response data which are produced by repeated
measures. The method used quasi-likelihood estimation instead of the Akaike Information
Criterion (AIC) values (Cui 2007, Pan 2001). The lower values of quasi-likelihood under the
independence model criterion (QICC) for a particular model suggest the best fitting model. I
used GEE to investigate whether the rank difference (absolute difference in the Normalised
David Score between the members of a dyad), dCSI and DCI influenced the CT among the

dyads.

Results
A total of 83 PC samples were collected and it was found that the proportion of
aggressor and victim roles differed for females and males. NI had the highest aggressor to

victim ratio among the females and FY had the highest ratio among males (Table 5.1).

Table 5.1 Aggression proportion and normalized David’s Score Values (nDS) among the
individuals of the study group TR

nDS Aggression Proportion
Females
NI 3,73 0.736
TE 1.08 0.333
AU 0.03 0.382
BY -0.75 0.25
RE -1.6 0.25
ST -2.82 0
Males
FY 3 0.963
KU 0.98 0.167
BE -0.31 0.2
HK -0.94 0
Al -2.73 0.5

There was a significant relation between the nDS and proportion of aggression in

females (R = 0.959, P = 0.002, N = 6) suggesting that high ranking individuals initiated more
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aggression in females. However, in case of males this relationship was not present (R =

0.500, P=0.391,N = 5).

PC Affiliation: 4 models were run to find what influences the PC affiliation and it was found
that combination of aggression type and the type of dyad (male: male, female: female, male:
female, female: male) (Table 5.2). Parameter estimates for the best model results showed that
for intercept (female to female aggression dyad) propensity for PC affiliation decreased
(Table 3). Aggression type when increases from non-contact to contact type increase the
tendency for PC affiliation in the group (Table 5.3). In addition, for a male to female

aggression dyad, PC affiliation increased (Table 5.3).

Table 5.2 The best candidate models for PC affiliation

Model df AlIC AAIC Model Weight
Agg + Type 5 97.9 0.0 0.66
Agg + Type + Context 11 100.2 2.33 0.21
Agg 2 101.1 3.25 0.13
Agg + Type + Dyad 46 136.1 38.2 0.00

Agg = Aggression type (contact and non-contact), Type = Type of dyad (Male : Male,
Female : Female, Female : Male, Male : Female), Context = Context of fight, Dyad = Dyad
identity (unique dyad with aggressor and victim pair)

Table 5.3 Parameters estimates for the best model

Parameter Estimate Std. Error Walds ¥2 P
Intercept -1.01 0.38 6.92 <0.01*
Agg 1.74 0.63 7.72 <0.01*
Female to Male -0.56 0.82 0.46 0.49
Male to Female -1.47 0.74 3.90 0.048%*
Male to Male 1.14 0.76 2.23 0.13

Agg = Aggression type (contact and non-contact)

Conciliatory tendency: Overall conciliatory tendency for the group was found to be 5.6. For
males, the value of CT (30) was lower than the CT value of females (76). GEE results show

that the model with the cumulative effect of DIC and DNDS was the best model which
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explained conciliatory tendency among the males (Table 5.4). Parameters estimate shows that

DIC influenced the conciliatory tendency among the males (Table 5.5)

Table 5.4 The 4 best candidate models for the conciliatory tendency among the males

Model K QIC AQIC Weight
CCT ~DIC + DNDS 3 16.0 0 0.356
CCT ~DCSI + DNDS 3 16.5 0.47 0.281
CCT ~DIC + DCSI 3 17.1 1.07 0.208
CCT ~ DIC + DCSI + DNDS 4 17.7 1.67 0.155

CCT= Corrected Conciliatory Tendency, DIC = Directional Consistency Index, DNDS =
Differences among normalised David’s Scores, DCSI = Dyadic Composite Sociality Index

Table 5.5 Parameter estimates for the best model influencing CCT among males

Parameter Estimate Std. Error Walds ¥ P
Intercept -0.20 0.07 0.08 0.774
DIC 0.93 0.44 4.52 0.034%
dNDS -0.01 0.02 0.36 0.549
DIC = Directional Consistency Index, DNDS = Differences among normalised David’s
Scores

In females, the best model with DIC had the lowest QIC value (Table 5.6) although

none of the parameters significantly influence the conciliatory tendency (CT) among the

females in the group.
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Table 5.6 The 4 best candidate models for the conciliatory tendency among the males

Model K QIcC AQIC Weight
CCT~ DIC 2 17.8 0.00 0.380
CCT ~ DCSI 2 18.1 0.32 0.325
CCT ~ DNDS 2 19.7 1.83 0.152
CCT~DII+DNDS 3 20.8 2.97 0.086

CCT= Corrected Conciliatory Tendency, DIC = Directional Consistency Index, DNDS =
Differences among normalised David’s Scores, DCSI = Dyadic Composite Sociality Index

Discussion

The study explains why the individuals in a group of wild Nicobar long-tailed macaque
involve aggression when it is detrimental to their social living. The study provides evidence
of reconciliation in Nicobar long-tailed macaque. Consolation was not found in the study
group, where a third individual usually ameliorates the anxious situation by providing
affiliation to the victim after an aggressive encounter. Results also expand the validity of
understanding conflict resolution in different ecological conditions and subspecies. The study
finds contact aggression has a direct relationship with PC affiliation, and PC affiliation is
dependent on aggression type and type of dyad. Aggression type when shifts from non-

contact to contact, it increases the chances of PC affiliation.

M. fascicularis have low conflict resolution and are classified as intolerant species after
inducting in Grade 2 (Thierry 2007). The CT value found in the study (5.6) is in congruence
with Thierry’s classification (2007). The CT value is close to Rhesus macaques (Macaca
mulatta) and Japanese macaques (Macaca fuscata, Thierry et al. 2008) where only 5 % of
conflicts are resolved. Thus, the values are in accordance with values found in other despotic
species such as M. mulatta, and M. fuscata which are classified as Grade 1 macaque with
high levels of intolerance marked by a steep dominance hierarchy. The value of CT in our
study was higher than that of tolerant macaques, for example, Tonkean macaques (Macaca
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fonkeana) and crested macaques (Macaca nigra) where almost 50% of the conflicts are
reconciled (Thierry et al. 2008). It corresponds to the gradation as these macaques are known
for higher tolerance and less linear dominance hierarchy and ranked Grade 4 in Thierry’s
classification (2007). These results also suggest that CT in my results also corresponded to
the phylogeny of the macaques as Rhesus and Japanese macaques share the same lineage to

that of long-tailed macaque.

The PC affiliation was significantly related to the type of aggression that took place
between individuals which means that individuals participated more in affiliative interactions
if the aggression remained of the non-contact type which is considered as less severe. This is
intuitive because if the severity is high the damage to a relationship is more and the less is the
opportunity to repair it. This is also in congruence with valuable relationship hypothesis
which suggests that the PC affiliation is more towards the relationships which are valuable to
a particular individual (Aureli et al. 1989, de Waal and Yoshihara 1983, Kappeler and van
Schaik 1992). The female to female aggression tends to decrease the propensity in the PC
affiliation, however, no change of PC affiliation was detected for the male to male
aggression. This was an interesting finding as the females are usually known to compete for
resources and thus form stable bonds when the resources are abundant. The dominance
hierarchy and competition for food is significantly lower in the study group than what is
expected from the species which ideally should make females form better bonds and should
lead to higher PC affiliation according to valuable relationships hypothesis (Aureli et al.

1989, de Waal and Yoshihara 1983, Kappeler and van Schaik 1992).

Dominance hierarchy is an indicator of competition for resources and it changes
between species as well as sexes because of difference in resource reliance (Emlen and Oring
1977, Schulke and Ostner 2012). Results of the study using information theory (GEE) shows

that in males, rank distance (DNDS) and directionality of affiliation (DIC) influenced CT:;
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where it was found that CT is higher when the rank distance is lower and DIC is higher
suggesting that CT is favoured towards the males with whom affiliation is higher. The males
in the group TR form bonds which can be considered as valuable relationships (Chapter 4).
Hence, CT among the males was based on a valuable relationship hypothesis. The CT values
for male-male aggression were similar (30%) to Rhesus macaques (Petit et al. 1997) showing
that CT values also corresponded to the lineage of the macaques. In females, CT was higher
(76) which is higher than males and it is expected as females are more social among
themselves than males. However, none of the parameters influenced the CT in the group as
there was no significant impact of DIC, DNDS, and DCI on the CT in the group. However,
lack of further parameters did not enable us to verify the influencing factor for the CT among

the females and is an avenue for further research including data on kin relationships.

Hence, the study provides the basic pattern of PC affiliation in M. f wmbrosus and
compares the patterns between sexes which compete over different resources. It also adds to
the validity of conflict resolution between different species/subspecies (phylogeny) and under
diverse ecological conditions showing that overall CT is close to the value found in the

Jfascicularis lineage and the conflict resolution follows the valuable relationship hypothesis.
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Chapter 6

Summary

“Peace is not the absence of conflict, it is the ability to handle conflicts by peaceful
means.” — Ronald Reagan

This quote from a former US President finds its core in the understanding of conflict,
aggression and conflict management in animal societies. In group-living animals, choices are
made to maximize individual fitness in an evolutionary sense. Such decisions are made to
gain maximum advantage from group-living without losing a major share of any valuable
resources. Macaques are such group-living primates that live in a matrilineal, female
philopatric group where the members compete to maximize their fitness, leading to constant
competition among themselves, which eventually leads to aggression. However, they are also
known to reside in a highly cohesive group where cooperation imparts its benefits for the
members. That being said, not all species have the same approach to aggression and
cooperation. Thierry (2007) classified macaques into four grades based on tolerance, Grade 1
being the least tolerant and Grade 4 being the most tolerant, High tolerance towards other
individuals is related to a high aggression rate, strict dominance hierarchy, and less conflict

mitigation.

Long-tailed macaques are classified as Grade 2 macaques which are intolerant species
and thus expected to have high competition, strong hierarchy, low affiliation, and low
conciliatory tendencies. However, it differs between the sexes as females form a strict
dominance hierarchy with more aggression and less affiliation based on clumped food
resources found in my study area. In such a case, it is expected that affiliation and especially

grooming is directed towards high ranking females to gain access for food.
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A strong dominance hierarchy with high linearity and steepness in females indicates
high competition among the females for food. This pattern was absent in the study with a
moderately strong hierarchy, possibly due to the avoidance of competition for food. This, in
turn, suggests that food distribution is uniform and abundant for each individual of a small
group, which is the foundation of the socioecological theory. Furthermore, low competition
in the group allows females to form close bonds and exchange affiliative behaviors as
recorded in the study. Low monopolization is depicted by low steepness values and under
such a regime, subordinate females do not use grooming as currency to gain access to food

from dominant females.

Grooming can also be used to exchange other services in return for example infant
handling and support during fights. The females in the study group did not exchange
grooming for accessing food as the dominant females did not play a major role in the
affiliation, However, the direction of grooming towards the high ranking females could be to
gain access to infants for maximizing survivability and better survival rate of the immature
individual. High numbers of immature individuals are important in a population, which is
recovering from a drastic dip in the number as in the case of the study group. However, in a
situation where a high-quality food was available for a small time and for minimal quantity as
in case of provisioning, it was observed that the dominant female monopolized all the food

and aggressively kept the food away from other females.

On the other hand, males are expected to have higher aggression, lower affiliation and
lower conciliatory tendencies than females, which was observed in the group. The bonding
among males based on reciprocity of affiliation is expected to be a function of the lineage
based on the female reproductive phase and less reliable fertility signals. In M. f umbrosus
females, reproductive phases are moderately synchronized and have less reliable fertility

signals, hence competition for females was moderately low. Resultantly, the rate of affiliation

60



Chapter 6 Swmmary

among males was observed to be high, although the exchange of affiliation was inequitable.
Also in such a competitive regime, the monopolizability of mates is moderately strong and it
was observed in the study group where the dominant males did not enjoy biased affiliation
towards themselves. Besides, high ranking males did not play a significant role in the
distribution of affiliation or aggression. M. fascicularis males show differentiated bonding
without equity, which was reflected in the study. Additionally, bonding was independent of
rank effect as expected in the species. In other words, males of the group exhibited species
level social characteristics. Male immigration caused a change in dominance hierarchy and

mating was monopolized by the male who overthrew the former alpha male.

As found in various taxa, reconciliation was the most common form of conflict
resolution in the group which repairs the relationships. Females being more social than males
reconciled more than males. The conciliatory tendency (CT) is variable among the macaque
species and found to be high in despotic macaque societies. The CT was found to be similar
to other despotic species like Rhesus and Japanese macaque. CT also differs among the
members of the group and in my study it was influenced by the type of dyad (male: male,
female: female, male: female, female: male) and type of aggression (from non-contact to

contact). There was no evidence of consolation found in the study group.

Therefore, my study shows that aggressions in female M. f wmbrosus follow the
socioecological theory and are less aggressive than other subspecies due to the availability of
resources. Males follow the species trait of aggression depending on the female receptivity.
The study provides the baseline information on the conflict resolution in the previously
understudied M. f wmbrosus and shows that the patterns of conflict resolution could a
conserved trait within the lineage. My study shows that there is “peace without the absence of

conflict” in the study group TR.
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Group living primates often participate in between-group encounters to defend
monopolizable resources. Participation in an encounter is influenced by the density and
abundance of resources and the relative fighting ability of groups. We studied between-
group encounters in three groups of Nicobar long-tailed macaques (Macaca fascicularis
wnbrosus) in the Great Nicobar Island, with one group, TR, being the focal study group
to measure the influence of these factors on between-group encounters. Encounters
varied from mutual tolerance to aggressive fights, with females participating less aggres-
sively than males. Sleeping site and vegetation cover were the primary influences on the
nature of interaction in the areas where home range overlapped. The initiation and
intensity of an encounter were influenced by relative group size. The focal group (TR)
was the smallest of the three groups in the area and it actively avoided confrontation with
the other two groups (MG and PI), resulting in a lower observed encounter rate than
expected. Both the frequency and aggressiveness of encounters was influenced by the
number of females cvcling and the number of males present in the study group.
Inasmuch as encounters were influenced by the number of females and the distribution
of food, rather than geography, we conclude that encounters serve to defend food
resources and mates rather than that they are examples of territoriality.

KEY WORDS: aggression, intergroup encounters, mate defense, resource defense,

INTRODUCTION

The between-group encounters are a regular phenomenon in group living pri-
mates (Cheney 1987). The nature of between-group encounters, however, is influenced
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A rank changeover is a sexual strategy by primate
males to gain access to reproductive females. We
observed one such event in the Nicobar long-tailed
macaque (Macaca fascicularis umbrosus) at the Great
Nicobar Island, India. In the three and half months of
the post-rank changeover period, the home range
reduced significantly while there was no change in the
intensity of range use and day range length. The sleep-
ing sites in the post-rank changeover period were
confined to the centre of the home range. The overall
mating rate and aggressive mating approach by males
increased significantly during the post-rank chan-
geover period. The females developed sexual swelling
and started soliciting the immigrated males within two
weeks after the rank changeover event. During this
period no female conceived, which suggests that they
used situation-dependent receptivity with deceptive
swelling as a counter strategy to avoid male aggression
for copulation.

Keywords: Between-group encounters, grid use, Nico-
bar long-tailed macaque, rank changeover, reproductive
behaviour.

IN many group-living species, dominance rank or status is
a good predictor of mating success in both males and
females'. This relation is strong among males in the
species that mate polygynously’. Although the influence
of social rank on mating success varies, a top rank can
help a male to monopolize mating resources’. A male can
acquire the top dominance rank in three different ways:
(1) a rank changeover by challenging and defeating the
present dominant male by a resident or an oui-group
male, (2) by forming a new group by ousting the resident
males, or (3) through succession, after the death or emi-
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gration of the previous dominant male®, In large groups
of the Japanese macaque (Macaca fuscata), when the
prime male (alpha) dies or becomes inactive, hierarchy
shifts to the next dominant male without much aggres-
sion, whereas in smaller groups, it happens through an
aggressive challenge by the outer males™. van Noord-
wijk and van Schaik’ reported from a long-term study on
the long-tailed macaque (Macaca fascicularis) that resi-
dent males generally succeeded in reaching the top rank
(100% of replacements), while outer group males were
less often successful (29% of replacements). Moreover, in
crested macaque (Macaca nigra) of South Sulawesi, 56%
of the rank changeover events happen through severe
aggressive fight between a top rank male and outer group
male, where 44% rank changeover occur events after
opportunistic invade of outer group male when the resi-
dent male left the group or was injured”.

A sudden change in the social organization of a group
has immense impact on its members™'”, In the case of a
rank changeover with an aggressive approach by a chal-
lenger male towards the dominant male of the group, the
duration and intensity of the agonistic interactions vary
with the response of the prime male™'’. After being
defeated, the former dominant male may leave the group
immediately®'’, or stay with the group as a subordinate
individual®'""*. The new alpha male may be involved in
agonistic interactions to establish dominance over the
other group members'*'*. The new dominant male tries to
increase reproductive access by initiating mating with
adult females of the group'. If most females in the group
are lactating or are in the non-cycling phase, they may
not positively respond to the mating-initiation approaches
by the male. In such a situation, the male may adopt
strategies like forced mating with a female' and probable
infanticide'® ™" to attain reproductive success. In response,
the females may also adopt various counter-strategies
such as group defence to protect themselves from sexual
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