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Abstract

This genetic study is based on a geographically isolated population of Hanuman langurs
that live around the city of Jodhpur, north-west Rajasthan. Here, the majority of langurs
live in harem troops (with a single resident male for 95% of the troop’s history) and
bachelor bands. Behavioural studies of these langurs suggest that the troops are
matrilineal, with males being the dispersing sex. It has therefore been hypothesised that
females of a troop are closely related, both through their mothers and through cohorts
sharing the same father. This would explain the high levels of cooperation seen
between females, such as allogrooming and home range defence. Conversely, members
of all male bands, particularly the young adults who control the bands’ movements, are
unlikely to be related, because of the constantly changing membership and the high

mortality rate suffered by the nomadic males.

This study has tested these hypotheses using non-invasive techniques to obtain DNA
samples from troops and bands in the population. 89 individuals of five troops and one
band have been genotyped at eight polymorphic microsatellite loci. Analysis of the
microsatellite data using Queller and Goodnight’s RELATEDNESS and KINSHIP programs
has shown that on average, troops are related by 0.17 + 0.04, troop females by 0.14 +
0.07, and non-adult troop members by 0.27 + 0.07. Conversely, the relatedness of the
band was only 0.05 = 0.08. In three troops the resident male could not be excluded as
the father of any non-adult, suggesting that these residents had had long term mating
monopoly in these troops, whereas in the remaining two troops where takeover had
recently occurred, the new residents could be excluded as fathers in all but 2/12 cases.
Additionally, the population proved to be highly structured, and troops appeared
outbred, an indication of female philopatry combined with polygyny. These results
provide genetic evidence in support of the social organisation suggested from long-term

behavioural data.
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Chapter 1 - Introduction

1. THE INTERPLAY BETWEEN RELATEDNESS AND COOPERATION

1.1 ALTRUISM OR GENETIC SELFISHNESS?

Examples of cooperative behaviours are seen across a variety of animal taxa, including
allomaternal behaviour in elephants (Lee, 1987), food sharing in vampire bats
(Wilkinson, 1984), helpers at the nest in many species of birds (e.g. the Seychelles
warbler, Komdeur, 1992), and individuals sacrificing their own reproduction to help
another reproduce, as seen, for example, in wild dogs (Girman et al., 1997), naked mole
rats (Sherman et al., 1992) and eusocial insects (Bourke and Franks, 1995). Until the
1960s, cooperative behaviours were explained as being ‘good for the species’, an
argument that proposed that selection operated at the level of social groups. It was the
publication of Wynne-Edwards’ (1962) review of social behaviour, paradoxically
championing the group selectionist theory, that led others (e.g. Lack, 1966) to the
realisation of the flaw of this idea - that such a system would be open to invasion by
selfish ‘cheats’ acting for their own benefit. Group selectionist reasoning, it was
highlighted, contradicts Darwin’s evolutionary theory (1859), which emphasises the
struggle of the individual to outcompete other members of the population, in order that
it may leave the greatest number of surviving offspring. Natural selection thus operates
at the level of the individual, not at that of the group, and can easily account for
observations of competition and conflict between individuals. However, it was not
immediately apparent how such a framework could accommodate cooperative
behaviours, in which animals spend time and resources investing in the survival of

others, often to the detriment of themselves.

A convincing explanation for the evolution of cooperative behaviours was given by
Hamilton (1964), who recognised that if an individual preferentially directed helping
behaviours toward its kin, it would be benefiting genes that it shared with the recipient
by descent. The most obvious example of this ‘kin selection’ is parental care. It is not
questioned that parents, especially mothers, should invest in their young, for offspring
carry their parents’ genes into future generations. In a diploid organism, offspring
inherit half of their genes from their mother and half from their father; the parent-
offspring coefficient of relatedness, r, in an outbred mating is 0.5. Parental care, though
phenotypically altruistic, is therefore genotypically selfish behaviour, as investment in
the offspring ensures the survival of the parent’s genes and benefits the parent’s direct

fitness (Brown, 1980). However, there is genetically nothing unique about the
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relatedness of parent to offspring. Full sibs share 50% of their genes on average, being
related through both parents; their coefficient of relatedness is also 0.5. Similarly,
grandparents are related to grandchildren by 0.25, aunts to nieces by 0.25, and cousins
by 0.125. The advantages of helping closely related kin are greater than helping less
related individuals; nevertheless, to help any of these relatives in surviving to reproduce
will be beneficial to the genes that the actor and recipient have in common by descent,
and will benefit an individual’s indirect fitness. Direct and indirect fitness combine to

give an individual’s inclusive fitness, an overall measure of reproductive success.

There are, however, costs to helping behaviours; by aiding another individual, a helper
may be reducing its own reproductive chances. Behaviours such as sharing food with
another individual, rather than selfishly defending it, may increase the recipient’s fitness
whilst decreasing that of the donor. The relative gains in terms of inclusive fitness
(directly and indirectly related offspring) need to be taken into account before it can be
estimated whether the helping behaviour is ultimately beneficial to the altruist in terms

of increasing its overall genetic contribution to future generations.

Situations in which altruistic behaviours will spread by kin selection are quantified by
Hamilton’s rule (1964), in which
rB>C

where r is the relatedness of the actor to the recipient, B is the benefit to the recipient,
and C is the cost to the actor. Costs and benefits may be measured in terms of survival
chances, or in terms of number of offspring gained or lost through the act. Hence it can
be seen that if the relatedness of the actor and recipient is high (as in the case of close
relatives) the benefit of the act to the recipient need not be many times greater than the
cost of performing the act to the actor, whereas if they are distantly related, the benefit
to the recipient must be very much greater than the cost to the actor. The latter situation
of costs and benefits is less likely to occur; therefore altruistic acts between distantly

related individuals will be very unlikely to spread through a population.

Extreme altruistic and cooperative behaviours between close kin are observed in social
insects; worker castes can forgo reproduction completely, or even sacrifice their lives to
enable a close relative, usually their mother, to reproduce (Bourke and Franks, 1995).
In mammals, there is not usually such a division of reproduction, although this is seen
in, for example, naked mole rats (Sherman et al., 1992) and wild dogs (Girman et al.,

1997). More often altruism and cooperation in mammals is manifested in behaviours
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such as alarm calling in Belding’s ground squirrels (Sherman, 1977), allomothering in
many primates (Nicolson, 1987) and the formation of large coalitions amongst male
lions (Packer et al., 1991a). The effect of the degree of relatedness is illustrated in the
case of Belding’s ground squirrels. These rodents give alarm calls when predators
approach. Giving alarm calls is costly, as it makes the actor more prone to attack. The
beneficiaries of the alarm call (other individuals in the vicinity) gain by being made
aware of the presence of the predator. Individuals are more likely to give alarm calls
when close relatives are near, whether these relatives are offspring or non-descendant
kin. Males are less likely to give alarm calls; being the dispersing sex, they are not
often in the company of close kin, therefore there is less benefit to offset the cost of
making the alarm call. A comparison in primates comes from a study of co-feeding in
Japanese macaques (Belisle and Chapais, 2001); aggression over a limited supply of
desirable food is lessened with increasing kinship, suggesting that primates are able to
differentiate between differing degrees of relatedness. The role of kin selection in

primate groups is reviewed by Silk (2002).

An alternative mechanism by which cooperative acts may be perpetuated is reciprocal
altruism, or reciprocity. Interacting individuals can balance the cost and benefit of
altruistic acts over time; on one occasion one individual will benefit from the altruism
of another, and will repay this act — reciprocate - at some time in the future (Trivers,
1971). This tit-for-tat scenario necessitates individuals encountering each other over a
period of time, so they have the opportunity to engage in a series of interactions. They
must also have the capacity to recognise one another, and so identify individuals who
will reciprocate and those who may be inclined to cheat on an altruistic act (Axelrod
and Hamilton, 1981). Thus, as noted by Silk (2002), bofh reciprocity and kin selection
rely on altruists being able to interact selectively with other altruists. An example of
reciprocity is found in vampire bats (Wilkinson, 1984). Individual bats that fail to feed
during the course of a night will beg blood meals from others in the communal roost.
Regurgitation of blood meals occurs only either between relatives, or between roost-
mates, who are familiar with one another and can be depended upon to reciprocate this
donation in the future. Reciprocity is invoked as the driving force behind cooperative

behaviours in many species of mammals and birds (see Ligon, 1991, for review).

For mammals living in groups, it is difficult to determine what drives them to cooperate.
Philopatric individuals are likely to be in the company of relatives — females are often

the philopatric sex, so matrilineal relatedness can be determined. However, often the

10
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genetic relationships between individuals are not known; this is especially true of
animals which are long lived, so long term field data is not always available, individuals
may disperse over large distances, and paternity is often uncertain. In these situations,
cooperative behaviours cannot unambiguously be attributed to kin selection without the
support of genetic measures of relatedness, which has only recently become possible to
investigate on a large scale for wild primates because of limitations of DNA sampling.
If cooperating individuals within a group are closely related then the evolution and
maintenance of the cooperative behaviours can be attributed to kin selection; this is the
most parsimonious explanation for their occurrence. To infer reciprocity in such a
situation is a plausible explanation but is unnecessarily complex if kin selection can be

invoked.

If, however, individuals are found to be unrelated, then the occurrence of cooperative
behaviours cannot be explained by kin selection. Individuals should act to maximise
their own direct fitness, as they cannot gain indirect fitness benefits in a group where
they have no relatives. Members of alliances of many mammals, particularly males
who have dispersed from their natal groups, are unlikely to be in the company of
relatives. Any apparently cooperative behaviours must here be attributed to alternative
mechanisms, such as reciprocity (Ligon, 1991), manipulation of some group members
by others (Hrdy, 1977), or even a revised group selection theory (Sober and Wilson,
1998). There are several explanations currently proposed for the occurrence of altruistic
behaviour, compounded by the continued redefining of terms such as ‘altruism’ and
‘reciprocity’ by theorists (Ligon, 1991). The present study is therefore confined to
exploring the potential effects of kin selection on both cooperative and competitive

behaviours.

1.2 AIMS OF THESIS

The Hanuman langur, Presbytis entellus, is a primate of great behavioural flexibility.

Across its range, it exhibits a variety of social organisations, from one-male multi-
female troops and all male bands, to multi-male, multi-female troops. (Terms used to
describe the langurs’ social organisation are given in TABLE 1.1.) These different social
groups are likely to contain differing proportions of related and unrelated individuals,
providing an ideal species to test predictions of how relatedness may affect the

occurrence of cooperative and competitive behaviours. Langur behaviours raise a

11



Chapter 1 - Introduction

number of questions; for example, why do females cooperate in defence of their home
ranges? Why do bands of males take over troops together, when only one male will
ultimately remain as resident? Why do incoming males often attack unweaned infants?
By measuring the genetic relatedness of various groups and subgroups of a population
of langurs at Jodhpur, Northwest India, it is possible to quantify the role that kin

selection may have in the occurrence of some of these behaviours.

TABLE 1.1 Definitions of terms used to describe langur social organisation in this study.

Term Definition

Group A discrete social unit of langurs living and moving in the
same home range and interacting socially with one another

Troop A group of females and their offspring accompanied by
one or more adult males

All male band (AMB) A group of males ranging from juveniles to old adults

Subgroup A subset of individuals within a group, defined by age
class and sex

Adult females Female members of a troop who have given birth, or are
pregnant

Offspring Male and female juvenile and white coat members of a
troop, assumed to be the offspring of adult females in the
troop

Langurs have been studied most intensively at Jodhpur, Rajasthan, for over 30 years,
leading to an unrivalled database from which many hypotheses regarding the social
behaviours of the monkeys have been formulated (e.g. Sommer, 1994; Sommer and
Rajpurohit, 1989; Borries et al., 1994; Rajpurohit et al., 1995). These hypotheses
highlight the interplay between the ecology and behaviour of the langurs, demonstrating
the profound effect the habitat has on their social organisation. Socioecology now has a
new tool available in non-invasive genotyping, which means that unique genetic
identities of many individuals can be obtained, allowing the test of hypotheses
pertaining to the relatedness of members of different groups. This thesis addresses
issues of relatedness at various levels within the Jodhpur population, and compares the
results with the previously studied population at Ramnagar, Nepal (Launhardt, 1998),

which has a contrasting social organisation.

12
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1.3 STRUCTURE OF THESIS

Six further chapters are presented here. Beginning with Chapter 2, the sociobiology of

the Hanuman langur, with particular reference to the Jodhpur population, is outlined. A
popular science article addresses the main assumptions about their behaviour, followed
by an overview of the derivations of these theories and exploration of how genetic data
can be used to test them. The chapter concludes with a review of the molecular genetic

techniques that have been applied to this and similar primate studies.

Chapter 3 introduces the study site and langur groups sampled, and the materials and
methods used. It includes the results of the population microsatellite genotyping, and

discusses the problems encountered when working with these non-invasive samples.

In Chapter 4, genetic data is analysed at the level of dyadic relatedness scores and
relatedness of groups of langurs, testing hypotheses about the cooperative behaviours
seen within troops and all male bands. Chapter 5 explores different methods of
assigning parentage in the sample in an attempt to assess the breeding monopoly of
resident males. An analysis of population structure is provided in Chapter 6, giving
further insights to the breeding structure and implications this may have for the

evolution of social behaviour.

Finally, Chapter 7 reiterates the main findings and outlines the major problems
encountered in this study, and suggests improvements that should be considered for
future similar work. Further investigations that could be undertaken, particularly in the

comparison of contrasting social organisations, are also proposed.
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